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PART ONE
GENERAL

CHAPTER I
INTRODUCTION

1. General will make possible the proper use of one of the

a. Purpose. This manual presents and explains most effective tools available to the combat
field artillery gunnery and presents a solution, commander. The principal characteristics and
based on practical experience, to the gunnery capabilities of field artillery are as follows:
problem. Gunnery includes a practical applica- a. Destructive power obtained through accu-
tion of the science of ballistics and a system com- rate and timely delivery of large numbers of heavy
bining those principles, techniques, and proce- projectiles, regardless of visibility, weather, and
dures essential for the delivery of timely and terrain, in a very short period of time.
effective artillery fire. This manual cannot cover b. Versatility through rapid maneuver of massed
all weapons and all situations. However, by fires over a wide front from widely dispersed
minor modifications of the methods and principles positions without a change in position areas.
set forth, this manual can provide a guide for c. Mobility, which permits the commander to
solving field artillery gunnery problems within displace his artillery quickly while providing con-
the scope set forth below. tinuous fire support.

b. Scope. Gunnery in this manual encompasses d. Demoralizing effect on enemy ground forces
all current weapons which can be employed in a by fires delivered from positions some distance
field artillery role, except the 762-mm rocket from the point of contact, thereby limiting their
(HONEST JOHN) and guided missiles. The ability to strike back or to locate the source of
material presented herein is applicable without their casualties
modification to both atomic and nonatomic war-
fare. The scope includes- 4. Missions of Field Artillery

In the application of gunnery, the ultimate
(1) Fundamentals of field artillery gunnery. objective is to insure that the field artillery
(2) Characteristics and capabilities of weap- objective is to insure that the field artiller

ons and ammunition. carries out effectively its two principal mission;;.

(3) Firing battery gunnery. Those missions are
(4) Conduct of fire. a. To give close support to other arms by fire,
(5) Fire direction. neutralizing or destroying those targets which are

(6) Use of aerial photographs. most dangerous to the supported arms.
(7) Miscellaneous gunnery information. b. To give depth to combat and isolate the

battlefield by counterfire, fire on hostile reserves,
c. Changes or Corrections. Users of this manual restricting movement in rear areas, and disrupting

are requested to submit recommendations for hostile command facilities and other installations.
changes or corrections to the Commanding Gen-
eral, United States Continental Army Command, 5. Basic Principles of Employment of Field
Fort Monroe, Va. For format and guidance, see
AR 310-3. Artillery Fire PowerAR 310-3.

a. Field artillery doctrine demands the timely
2. References and accurate delivery of fire to meet the require-

See appendix I for list of references. ments of supported troops. All members of the
artillery team must be continuously indoctrinated

3. Characteristics of Field Artillery with the sense of urgency, striving to reduce by
Knowing and understanding the principal all possible measures the time required to execute

characteristics and capabilities of field artillery an effective fire mission.
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b. To be effective, artillery fire of suitable be increased in most instances by surprise fire.
density must hit the target at the proper time and If surprise massed fires cannot be achieved, the
with the appropriate projectile and fuze. time required to bring effective fire to bear on

c. Good observation permits the delivery of the target should be reduced to a minimum.
the most effective fire. Limited observation f. The greatest demoralizing effect on the enemy
results in a greater expenditure of ammunition can be achieved by delivery of a maximum number
and reduces the effectiveness of fire. Some type of rounds from many pieces in the shortest possible
of observation is desirable for every target fired time and without adjustment. Accurate massed
upon in order to insure that fire is placed on the fire with I round per weapon from 6 batteries
target. Observation of close-in battle areas is will be much more effective than 6 rounds per
usually visual; when targets are hidden by terrain weapon from I battery, provided that they arrive
features or when greater distances or limited on the target simultaneously.
visibility are involved, observation may be either g. Artillery units must be prepared to handle
visual (air or flash) or electronic (radar or sound). multiple fire missions when the situation so
When observation is available, corrections can be dictates.
made to place artillery fires on target by adjust-
ment procedures; however, lack of observation 6. Field Artillery Gunnery Team
must not preclude firing on targets that can be (fig. 1)
located by other means. For targets that cannot The field artillery normally emplaces its weapons
be observed, effective fire must be delivered by in defilade so that they cannot be seen or easily
unobserved fire procedures. located by the enemy. Since this measure pre-

d. Field artillery fires must be delivered by the cludes sighting the weapon directly at most targets
most accurate means which time and the tactical (direct fire), another method of pointing the
situation permit. Whenever possible, survey will weapon, called indirectfire, is used. (Both methods
be used to locate the weapons and targets are explained in detail in later chapters.) The use
accurately. Under other conditions, only a rapid of indirect fire requires the coordinated efforts of
estimate of the relative location of weapons and the field artillery gunnery team which includes
targets may be possible. However, survey of all observers, fire direction centers (FDC's), and
installations should be as complete as time permits weapons' crews. These elements are intercon-
in order to achieve the most effective massed fires. nected by wire and/or radio communications.
Inaccurate fire wastes ammunition and weakens Thorough and detailed training of all elements of
the confidence of supported troops in the artillery. the gunnery team is essential to accomplishment of

e. In order to inflict a maximum number of the artillery mission. It is only through constant
casualties, the immediate objective is to deliver and aggressive supervision of training that the
a mass of accurate and timely fire. The number highest standards of performance can be achieved
of casualties inflicted in a specific target area can and maintained.

<____ > ax ~---a. Observers. Observers detect and report the
locations of suitable targets to the FDC and re-
quest fire. The observers are so located that col-
lectively they have surveillance of the zone of
action.

b. Fire Direction Centers. Fire direction centers
determine firing data and furnish fire commands to
the weapons' crews of firing units. A firing unit
may be a firing battery, a firing platoon, or an indi-
vidual piece depending on the type of unit and/or
the tactical situation. The term "firing battery,"
as used herein, includes all firing units.

c. Weapons' Crews. The weapons' crews apply
the fire command data to the pieces for pointing
(laying) and firing. The term "pieces," as used

Figure 1. The field artillery gunnery team and herein, includes individual guns, howitzers, mor-
communication facilities. tars, or rocket launchers at the firing position.
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CHAPTER 2
FUNDAMENTALS OF FIELD ARTILLERY GUNNERY

Section 1. ELEMENTS OF FIRING DATA
7. General are laid for direction with reference to one of the

a. The information necessary to point (lay) following:
artillery weapons is termed firing data and includes (1) Grid north. Grid north is the north
direction, distribution, vertical interval, and direction of the vertical grid lines usually
range. These data may be obtained by computa- found on military maps. Since deter-
tion, estimation, or graphical means based on mination of firing data for direction is
locations obtained by observation (visual or elec- based on grid north, the term "azimuth"
tronic) or by map or photographic analysis (fig. is normally used to mean grid azimuth.
2). The pattern of burst distribution in the target Grid azimuth is the horizontal, clockwise
area usually involves computations. The FDC angle from grid north to any designated
converts firing data to fire commands, which are direction. Laying with reference to grid
transmitted to the firing battery (weapons). north is normally accomplished by using

b. The principal unit of angular measurement an aiming circle or a compass.
in the artillery is the mil. A mil is the angle (2) Orienting line. The orienting line is a
subtended by an arc which is one-sixty-four- line of known direction materialized on
hundredths of the circumference of a circle. For the ground. The horizontal, clockwise
practical purposes, 1 mil is the angle subtended angle from the line of fire to the orienting
by 1 yard (meter) at 1,000 yards (meters). line or orienting line extended is called

the orienting angle (fig. 3). The orient-
8. Direction (Deflection) ing angle is never greater than 3,200

Direction is determined graphically, by compu-
tation, or by estimation and is always expressed I
as an angular measurement in mils. Later chap- I
ters explain in detail techniques of determining I
direction and procedures for pointing (laying) the
weapon for direction.

a. Upon first occupying a position, the weapons

I

Figure 2. Elements fronm which firing data are determined. Figure 3. Orienting angle.
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mils. Laying by use of orienting line c. Immediately upon occupation of a position,
(direction of which is established in ref- an artillery weapon is laid in a specifie direction
erence to grid north) is accomplished (initial direction). This facilitates later shifts to
by using one end of the orienting line, designated targets. Any shift from the initial
rather than magnetic north, as a reference direction is accomplished by setting a new deflec-
point. tion on the sight, then traversing the tube to bring

(3) Distant aiming point. The distant aiming the sight back into alinement with the aiming
point must be visible. It may be a lone point.
tree, a church steeple, or any other easily
identified object. 9. Distribution

(4) Special methods. Sighting on an airplane, Distribution is the arrangement of bursts in the
a high air burst, or a flare are special target area. Since targets are of various shapes
methods which may be used for initial and sizes, provisions must be made for controlling
laying for direction. the distribution of a battery (batteries) and bat-

talions. Although time can be saved in some cases
Target To, et by causing all weapons to fire at the center of a

large area, more effective fire may be obtained by

Aiming point use of a planned pattern of uniform density. This
n/ Aiming POflt pattern may be about a point or spread to cover

I \ a desired frontage and/or depth. The fire com-
/ \ mands determined by the FDC to provide for the

! \ desired burst distribution are applied at the firing
-/ \ battery as corrections to each weapon within the

/\ /i battery. Distribution of fire for more than one
-\ / battery or battalion on a target consisting of a

Defletion\ large or odd-shaped area is usually secured by
-.4/ --o,,f~tion \ assigning individual target grid references to each

! \ / unit. In the firing battery, the coverage of a
/~\ ~ target by fire is normally obtained by the control

of the sheaf. A sheaf consists of planned planes
of fires which produce a desired pattern of bursts
with rounds fired by two or more pieces. The
width of a sheaf is the lateral interval between the
centers of flank bursts of a sheaf. The front

ff covered by any sheaf is the width of the sheaf plus
Deflection the effective width of a burst. A sheaf may be

Figure 4. Deflection. formed in any of the following patterns:

a. Normal (Parallel) Sheaf. A normal sheaf

b. The horizontal, clockwise angle from the line consists of parallel planes of fire which produce a
of fire or line of fire extended to a designated pattern of bursts resembling the pattern of the
aiming point is called deflection (fig. 4). A de- pieces in the position area (fig. 5). All pieces are
flection set on the sight of an artillery weapon will laid parallel and are normally fired at the same
cause the tube to be pointed in the desired direc- elevation; however, elevation (range) may be
tion when the tube has been traversed to the point altered to correct for large variations in shooting
where the sight is alined on the aiming point. strength of the pieces by application of calibration
The main scale of the sight (panoramic telescope) corrections (ch. 28).
consists of 2 halves, each graduated in units of b. Special Sheaf. A special sheaf is any sheaf
hundreds of mils from 0 to 3,200 mils in a counter- other than a normal sheaf and consists of planned
clockwise direction. The applied deflection is planes of fire which produce a pattern of bursts
therefore never greater than 3,200 mils. providing the desired distribution of fire on a given
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target. A special sheaf is obtained by applying
corrections to individual pieces for ue'cction,
height, variations in shooting strength, fuze time,
and range as necessary to form the desired pattern.
Special sheaves include, but are not limited to,
the following:

(1) Linear (regular) sheaf. A linear sheaf is
one in which the bursts are planned to
occur on a line perpendicular to the line
of fire and are equally spaced laterally
(fig. 6).

(2) Converged sheaf. A converged sheaf is one
in which all bursts are planned to occur
at a common point (fig. 7).

~~~~~~~~~~~~~~~~~k * .z~~~~~~~~~~oget

Figure 6. Normal sheaf.

/1 \\

Figure 7. Converged sheaf.

(3) Open sheaf. An open sheaf is one in which
the planned interval between the points
of impact of adjacent bursts is equal to
the maximum effective width of burst of
the type shell being used (fig. 8). All
pieces are fired at the same elevation
(range), except when corrections are
applied as stated in a above for a normal
sheaf. Table I is presented as a guide for
the most desirable widths of open

Figure 6. Linear sheaf. sheaves.
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Table I. Open Sheaves a. Map (chart) measurement.

Width (in yards) for an Front (In yards) covered b. Survey.
Caliber effective open sheaf effectively by open sheaf C. Estimation.

2-piece 4-piece 6-plece 2-piece 4-piece 6-plece
battery battery battery battery battery battery 12. Conditions Affecting Firing Data

A number of conditions can cause artillery fire
75-m - --- 60 80 to miss the target. Paragraphs 13 through 16
105-mm - - 90 150 -- 120 180
155-mm ----- 150 250 ------ 200 300 deal with some of these conditions and the factors
8-inch ------ 80 240 ------ 160 320 - involved.
240-mm ----- 100 ----------- 200
280-mm 60 ------.--- 120
4.2-inch Front of sheot

(mortar) - ........... 250 ------...... 300 Width of sheaf

10. Altitude and Height -
Altitude is defined as the vertical distance or

elevation of a point on the earth in its relation to
sea level. For gunnery purposes, height has two
uses; namely, height of target and height of burst.

a. Height of Target. The height of target is the
vertical interval between the target and the
horizontal plane through a weapon. The height
of a target with respect to the weapon can be
determined-

(1) From maps.
(2) By survey.
(3) By reference to a point of known altitude. Il A

b. Height of Burst. The height of burst is the
vertical interval from the ground or target to the 1
point of burst.

11. Range
Range is the horizontal distance between the burst

weapon and a target. It can be determined by- Figure 8. Open sheaf (corrections applied).

Section II. ELEMENTARY BALLISTICS

13. General a. Wear of the Tube. Wearing away of the bore
Ballistics is the science which deals with the (erosion) is caused by the movement of high-tem-

motion of projectiles and the conditions which perature gases and residues generated from the
affect that motion. An understanding of interior burning of the propellant, by chemical action, and
and exterior ballistics and proper application of by friction between the projectile and the bore.
that knowledge will improve the accuracy of This enlargement of the bore allows the propelling
artillery fire. For a more advanced discussion on gases to escape as the projectile moves through the
ballistics, see chapters 25 and 26. tube, thereby reducing gas pressure, muzzle ve-

locity (speed of the projectile when it leaves the
14. Interior Ballistics tube), and range. Erosion is usually greatest at

Interior ballistics is the science which deals with the start of rifling, allowing the projectile to be
the factors affecting the motion of projectiles rammed further forward. This circumstance
before they leave the muzzle of the piece. Certain causes an increase in chamber volume and a corre-
factors influencing the motion of projectiles within sponding decrease in gas pressure, resulting in de-
the tube are- creased muzzle velocity. Tube erosion is more

10



ar..ch .ece.s itzers, excessive coppering can be removed. for all
S Powder ^ ,practical purposes, by firing several rowu ds with

1 hombsr Tube Bore
=_____________ / minimum charge. Excessive coppering in high ve-

Br.ech M--uzzle locity weapons (guns) should be referred to
ordnance for removal.

\ < Forc~ing cone if. Weight of Projectile. Projectiles of the same
Co- ene h*k .. P caliber may vary in weight. A heavier-than-stand-

ard projectile, all other conditions remaining un-
changed, will leave the muzzle with a lower ve-
locity than a projectile of standard weight.

g. Manufacturers' Tolerances. Slight variations
from standard in the manufacture of the tube, pro-
pellant lots, and primer lots will cause minor varia-

Groo,e tions in the muzzle velocity.
h. Oily Tube. Before firing, oil must be removed

from the tube of a weapon. Oil in a tube will cause
abnormal variations in muzzle velocity. Projec-
tiles should not be oiled for the same reason. A
detailed explanation of the effects of an oily tube,

Dloni.ar velocity trends, and related matters is covered in
of bore
(Icliber) chapter 25.

Figure 9. Interior components of a tube. 15. Exterior Ballistics

rapid when firing higher charges than lower Exterior ballistics is the science which deals with
charges. Therefore, undue wear of the tube is re- the factors affecting the motion of projectiles after
duced by firing the lowest charge consistent with they leave the muzzle of the piece. Certain factors
the effect desired and the accuracy required. influencing the motion of projectiles after they
Cleanliness of the tube and ammunition will reduce have left the tube are-
erosive and abrasive wear (fig. 9). a. Drift. To keep a projectile (other than one

which is fin-stabilized) from tumbling during
flight, it is given a rotating motion (spin) around

quires hard, uniform ramming. Unless the round- its longitudinal axis by the rifling (lands and
to-round ramming is hard and uniform, the cham- grooves) of the tube. In United States artillery,
ber volume will vary due to the nonuniform seating this spin is always to the right. The action of air
of the projectile, resulting in nonuniform muzzle resistance, rotation and gravity causes the pro-
velocities and range inaccuracies. jectile to deviate to the right from the plane of fire.

c. Rotating Band. The rotating band must be This deviation is termed "drift" (fig. 10).
smooth and free of burrs and scars to permit proper b. Weight of Projectile. At the same muzzle
seating of the projectile. If the projectile is im- velocity, a heavier projectile tends to travel farther
properly seated, gas will escape, muzzle velocity because it is affected less by air resistance than a
will decrease, and shearing and gouging of lands lighter projectile of the same size and shape.
may result. c. Air Density. An increase in air density

d. Propelling Charge. Differences in propelling causes greater resistance to the movement of the
charge temperature and moisture content will projectile and, therefore, decreases the range.
cause variations in rates of burning with resultant d. Air Temperature. A variation in air tem-
variations in muzzle velocity. Variations in the perature causes a variation in range. As the air
position of the charges in the powder chamber temperature increases, the range of the projectile
change the speed of burning with a resultant may increase or decrease, depending on the ve-
variation in muzzle velocity. locity.

e. Coppering. Firing with higher charges will e. Wind. Wind will modify the normal trajec-
cause the rotating bands to deposit metal on the tory of a projectile. For example, a headwind
lands within the tube (coppering). This condition decreases the range; wind from the right moves
causes a variation in muzzle velocity. With how- the projectile to the left; and the effect of an
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oblique wind is divided into components parallel ferences in form, shell finish, diameter, and mass
to, and perpendicular to, the direction of fire. of different projectiles.

f. Muzzle Velocity. A variation in muzzle ve- j. Ballistic Coefficient Change. The ballistic
locity causes a variation in range (fig. 11). coefficient change is essentially the difference in

g. Rotation of Earth. Although the rotation of efficiency between any given projectile lot and the
the earth is a natural phenomenon, it is treated specific projectile lot used for construction of the
as a nonstandard condition. This is done for firing tables.
simplicity in the construction of firing tables. k. Drag. Air resistance affects the flight of the
Magnitude and direction of projectile displace- projectile both in range and deflection as compared
ment from the target owing to rotational effect to the hypothetical flight of the projectile in a
are derived from azimuth of fire, time of flight, vacuum. That component of air resistance which
projectile velocity, and relative position of piece resists the forward motion (range) of the projectile
and target with respect to the Equator. Firing is called drag.
tables have combined these effects into convenient 16 Corrections
tabular form.

h. Shell Surface Finish. A rough surface on In paragraphs 14 and 15, certain factors were
the projectile or fuze will increase air resistance, discussed which affect the motion of a projectile.
thereby decreasing range. Some of these factors differ from day to day, hour

i. Ballistic Coefficient. The ballistic coefficient to hour, and lot to lot. When the variance of these
of a particular projectile is the measure of the factors can be determined, corrections are applied
ability of that projectile to overcome air resistance, to compensate for the variations.
Ballistic coefficient varies, dependent on the dif- a. Standard Conditions. In practice, certain

conditions are assumed and accepted as standard.
D dif The values assigned to these standard conditions

/ for weather and materiel may be found in the
current firing tables. Weather includes air tem-
perature, air density, and wind. Materiel includes

/ muzzle velocity and weight of projectile.
/ b. Nonstandard Conditions. Actually, all the

standard conditions for which the firing tables
were constructed never exist at any one time.
Therefore, the difference between the nonstandard
condition and a standard condition must be deter-
mined and a compensating correction applied. In
the following conditions, the firing tables provide
the factors to be used in determining corrections
for differences:

(1) Drift.
(2) Powder temperature.
(3) Weight of projectile.
(4) Air density.
(5) Air temperature.
(6) Differences in muzzle velocity.
(7) Horizontal wind.

Figure 10. Drift of a projectile. (8) Nonrigidity of the trajectory.
(9) Effects of rotation of the earth (some

weapons).
(10) Amount of jump.
(11) Amount of variation in barrel curvature

(some weapons).
Note. Corrections for other conditions, such

as manufacturers' tolerances and wear of the
oriqin tube, must be determined by test firing (cali-
Figure 11. Variable muzzle -' 'ity, constant elevation. bration, ch. 28).

12



Section III. TRAJECTORY

17. General the descending branch of the trajectory which is
The trajectory is the curve traced by the at the same altitude as the origin.

center of gravity of the projectile in its flight from g. Base of Trajectory. The base of the trajec-
the muzzle of the weapon to the point of impact tory is the straight line from the origin to the level
or burst. point.

18. Elements of the Trajectory 20. Initial Elements
The elements of a trajectory are classified into (fig. 13)

three groups: first, those which are characteristic a. Line of Elevation. The line of elevation is
of a trajectory by its very nature are intrinsic the axis of the tube prolonged when the piece is
elements; second, those which are characteristic at laid.
the origin are initial elements; and third, those b. Jump. Angle of jump, or jump, is the angu-
which are characteristic at the point of impact lar displacement of the projectile from the line of
(point of burst) are terminal elements, elevation and direction at the time the projectile

19. Intrinsic Elements leaves the tube. Jump is caused by the shock of
(fig. 12) firing during the interval from the ignition of the

a. Origin. The origin of the trajectory is the powder charge to the exit of the projectile from
position of the center of gravity of the projectile the piece.
at the time it leaves the muzzle of the piece. c. Line of Site. The line of site is the straight
However, in order to simplify other related line joining the origin and a point, usually the
definitions herein, the term "origin" may also be target.
used to indicate the center of the muzzle when d. Line of Departure. The line of departure is
the piece is laid. a line tangent to the trajectory at the instant of

b. Ascending Branch. The ascending branch is the projectile's departure from the origin. It is
that portion of the trajectory traced while the displaced vertically from the line of elevation by
projectile is rising from the origin. the amount of the vertical jump.

c. Descending Branch. The descending branch e. Angle of Departure. The angle of departure
is that portion of the trajectory traced while the is the vertical angle, at the origin, between the
projectile is falling. line of site and the line of departure.

d. Summit. The summit is the highest point f. Angle of Elevation. Angle of elevation is
on the trajectory. It is the end of the ascending the vertical angle at the origin between the line
branch and the beginning of the descending branch of site and the line of elevation.
of the trajectory. g. Angle of Site. The angle of site is the vertical

e. Maximum Ordinate. The maximum ordinate angle formed by the line of site and the base of the
is the difference in altitude between the origin trajectory. The angle of site is plus when the
and the summit. Firing tables express maximum line of site is above the base of the trajectory and
ordinates at convenient intervals of range. minus when the line of site is below the base of the

I. Level Point. The level point is the point on trajectory.

Summit

Maximum
Zord inte \

Origin Bose of trojectory Level
point

Figure 12. Intrinsic elements of a trajectory.
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h. Complementary Angle of Site (Comp Site). 21. Terminal Elements
Complementary angle of site is a correction ap- (fig. 14)
plied to correct for the nonrigidity of the trajec- a. Point of impact. The point of impact is the
tory. In theory the trajectory may be rotated point where the projectile first strikes in the target
up or down through small vertical angles about area. (The point of burst is an extension of this
the origin without materially affecting its shape. definition to air bursts.)
When large angles of site are used, this assumption b. Line of Fall. The line of fall is the line tan-
will cause significant errors to be introduced, gent to the trajectory at the level point.

c. Angle of Fall. The angle of fall is the vertical
angle, at the level point, between the line of fall
and the base of the trajectory.

d. Slope of Fall. Slope of fall is the tangent of
the angle of fall. It is expressed as a ratio 1: a

,4alev of on S High f (1 is the vertical distance and a is the horizontalgtaret
Oriin distance; e. g., I over 9).

e. Line of Impact. Line of impact is a line
( Hypothetical (rigid) trajectory tangent to the trajectory at the point of impact.

Line of departur¢ . Vertical jump f. Angle of Impact. Aagle of impact is the
acute angle, at the point of impact, between the

//wLirn of eevoition line of impact and a plane tangent to the surface
glela of LI Roige erro at the point of impact. This term should not be

d.Angi..s confused with the term "angle of fall."

Dr~in gse to o

() Actuol (nonrigid) trajectory

An Lie of elevation

AOrig le in~e .... ' / - dose 01 t 0 g

L_ omplerentory angle of site e ofvl poto
Leel point

Figure 14. Terminal elements of the trajectory.

( The solution

Figure IS. The initial elements. 22. Form of Trajectory
a. In a vacuum, the form of the trajectory

would be determined entirely by the elevation of
Therefore, in carefully prepared firing data, cor- the tube, the muzzle velocity, and gravity. The
rections should be determined from the comple- form would be parabolic with the angle of fall
mentary angle of site tables listed in the firing equal to the angle of elevation. The summit
tables. would be at a point halfway between the origin and

i. Site. The term "site" as used in artillery the level point.
denotes the sum of the angle of site and the com- b. Air resistance retards the projectile from the
plementary angle of site. instant it leaves the piece. This makes the tra-

j. Quadrant Elevation (QE). The quadrant jectory (fig. 15) a more complex curve than it
elevation is the vertical angle at the origin formed would be in a vacuum; the angle of fall is greater
by the line of elevation and the base of the trajec- than the angle of elevation; the summit is closer
tory. It is the algebraic sum of the angle of eleva- to the level point than to the origin; and the range
tion, the angle of site, and the complementary is greatly reduced. Air resistance is approxi-
angle of site. mately proportional to the square of the velocity
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and varies with the shape of the projectile. Re- of projectile. In general, retardation is less for
tardation (the effect of air resistance on a projec- large projectiles than for smaller ones of the same
tile) depends on the ratio of air resistance to mass shape.

4.. .

Mortar

Howazer_

Figure 15. Typical trajectories in air.

Section IV. PROBABILITY AND DISPERSION

23. General (l) Ctonditions in the bore. Muzzle velocity is
a. Probability is the ratio of chances favoring an affected by minor variations in weight,

event to the total number of chances for and moisture content, and temperature of
against the event; that is, the number of times the propelling charge; variation in arrange-
event can occur divided by the number of times it ment of powder grains; difference in
can and cannot occur. After phenomena are ignition of the charge; differences in the
observed over a period of time, a pattern becomes weight of the projectile and in the form
apparent. By tabulating the data, certain aspects of the rotating band; variations in ram-
of the pattern become evident. ming; and variations in the temperature

(1) A relatively high percentage is grouped in the bore from round to round. Varia-
about the mean. tions in the bourrelet and rotating band

(2) A curve describing the pattern is similar may cause inaccurate centering of the
for practically all phenomcna. projectile; hence, inaccurate flight.

(3) The curve can be described by a formula. (2) Conditions in the carriage. Direction and
b. Dispersion is the scattering of points of elevation are affected by play (looseness)

impact when several rounds of the same propellant in the mechanisms of the carriage,
and projectile lot are fired from a piece under physical limitations on precision in set-
conditions as nearly identical as possible. The ting scales, and nonuniform reaction to
points of impact of the projectiles will be scattered firing stresses.
both laterally (deflection) and in depth (range). (3) Conditions duringflight. Air resistance is
Dispersion is caused by inherent errors and must affected by differences in weight, veloc-
not be confused with variations in point of impact
caused by mistakes or constant errors. Disper-
sion is the result of minor variations of many changes in wind, density, and tempera-
elements from round to round. Mistakes and ture of the air from round td round.
constant errors can be eliminated or compensated c. Dispersion zone is the area over which the
for. Those inherent errors which are beyond points of impact are scattered, owing to inherent
control and cause dispersion are caused in part errors. The center of the dispersion zone is calledb
by- the center of impact. Either dimension, length or,
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Ronge probobility
Curve impact (excluding any erratic rounds) is called a

'Y l 100-percent rectangle (fig. 17). If this rectangle
is divided into eight equal parts by lines drawn
perpendicular to the line of fire, the percentage of
points of impact to be expected in each part is as
indicated in figure 18. This percentage of points

/ 1 25% 5 \ of impact is the same as found under the normal
/] 160% 1 6% I\< probability curve. This divided rectangle is

/il l , \ called a range dispersion ladder. Likewise, if this
ladder is divided similarly by lines parallel to the

2% ! 2% direction of fire, the percentages will again be the
same as found under the normal probability curve
as indicated in figure 19. This divided rectangle
is called a deflection dispersion ladder. Each

(1 proboble error in ronge) division of these dispersion ladders is called one
Figure 16. Areas under the normal probability curve. probable error. A probable error is an error in

range (deflection, height of burst) that a weapon
width, of the zone can be described by the normal may be expected to exceed as often as not.
probability curve.

24. Normal Probability Curve ° ° Ln e of
a. A normal probability curve is a curve that I tol q,,*8 ° n ·

represents the probability of the occurrence of an 0O C0 0 0
error of any given magnitude in a series of samples. O O

b. Distances of points on the horizontal (base) Fioure 17. The 100-percent rectangle.
line (fig. 16), measured to the right and left of the
center, represent errors in excess and in deficiency,
respectively. The area of the figure vertically
above any portion of the base line represents the
probability of the occurrence of any error within = _
that portion. The curve expresses the following 2% 7% 1 6% 5% 25% 16% 7% 2, % bn
facts: -p, ,- , ..II I .p,, p,,.

(1) Errors in excess and in deficiency are
equally frequent and probable in a large c*Me of
number of samples, as shown by the t

symmetry of the curve. Figure 18. Range dispersion ladder.
(2) In every kind of sample, there is a limit

which the greatest random errors do not 2%
7%exceed, as shown by the curve's ap- 6%

proaching the horizontal line at the sides. T 2!S Line of
(3) The errors are not uniformly distributed, '25% fin

but the smaller errors occur more fre- 16%
quently than the larger, as shown by the 7%
greater height of the curve in the middle, 2%
close to the vertical axis. deflection probable error ( pd)

25. Dispersion Rectangles Figure 19. Deflection dispersion ladder.

a. When numerous rounds are fired with the b. If the range and deflection dispersion ladders
same piece settings, the points of impact form a are superimposed, the result is the assemblage of
pattern which is roughly elliptical, with its longer small rectangles shown in figure 20. This result
axis lying along the line of fire (except in the case is called the dispersion rectangle. The percentage
of the 4.5-in. rocket). The smallest rectangle that of points of impact occurring in any particular
can be constructed to include these points of small rectangle is the product of the percentages
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in the two strips, range and deflection (figs. 18 range probable errors short; 96 percent fall
and 19), whose intersection forms the small within 3 range probable errors beyond and 3
rectangle. The application of the dispersion range probable errors short; and 100 percent fall
rectangle is covered in chapters 23 and 27. within 4 range probable errors beyond and 4

range probable errors short. Actually, a small
number of projectiles (about 7 in 1,000) fall
outside the 100-percent rectangle, but, for con-

.02 .07 .16 25 .25 16 07 02 venience of computation, these are counted within
.02 .0004 0014 0032 0050 '0050 0032 0014 10004 the 2-percent zone. For example, in firing a
.07 014 .0049 0112 0175 .0175 0112 0049 0014 105-mm howitzer, charge 5, at a range of 5,000
.16 0032 0112 0256 040 .0400 0256 .0112 0032 yards, from the tabular firing tables it is deter-
.25 0050 0175 0400 0625 0625 0400 0175 0050 iLne mined that 1 range probable error is 20 yards.

25 0050 0175 0400 .0625 0625 0400 0175 0050 fire In other words, 50 percent of the projectiles fired
.16 0032 .0112 0256 .0400 0400 0256 0112 .0032 will hit within 20 yards of the center of impact
07 0014 0049 0112 .0175 0175 0112 .0049 .0014 and 96 percent will hit within 60 yards. For
.02 .00041 0014 0032 0050 0050 0032 .0014 .0004 practical purposes, it is assumed that all of the

projectiles will fail within four probable errors of
the center of impact.

Figure 20. Dispersion rectangle. 27. Fork

Fork is the term used to express the change in
26. Range Probable Error (e,) elevation in mils necessary to move the center of im-

a. The range probable error is the error in pact four range probable errors. The value of the
range that a weapon may be expected to exceed fork is given in the firing tables. For example, in
as often as not. In figure 18, the line A through firing a 105-mm howitzer, charge 5, at a range of
the center of impact (CI) is perpendicular to the 5,000 yards, from the tabular firing tables it is de-
line of fire. The distance between A and C termined that the fork is 6 mils or, converted to
contains as many points of impact as there are yards, 80 yards.
beyond C; that is, 25 percent of the points of
impact fall within the distance A-C and 25 percent 28. Deflection Probable Errors (epd)
beyond C. The distance (AC) is one range In the deflection dispersion ladder (fig. 19), the
probable error. The value of the range probable points of impact to the right and left of the line of
error for a given charge for a gun, howitzer, or fire follow the principles of distribution given in
mortar varies with the range. The approximate paragraph 26. For practical purposes, the deflec-
value of the range probable error is found in the tion probable error is taken as one-eighth the
firing tables and can be taken as an index of the width of the deflection dispersion ladder. The
precision of the piece. Firing table values for value of the deflection probable error is given in the
probable errors were based on the firing bf care- firing tables. For example, in firing a 105-mm
fully selected ammunition under controlled condi- howitzer, charge 5, at a range of 5,000 yards, from
tions. The actual probable errors experienced in the firing tables it is determined that the deflection
the field will vary from the firing table value and probable error is 3 yards. In other words, 50 per-
may be as large as twice those listed in the firing cent of the projectiles fired will hit within 3 yards
tables. of the center of impact, 82 percent will hit within

b. From a study of the range dispersion ladder, 6 yards, and 96 percent will hit within 9 yards.
it will be noted that, for any given range, 50
percent of the projectiles fired will fall beyond 29. Circular Probable Error (CPE)
and 50 percent will fall short of the center of A circular probable error is the radial error that
impact. Fifty percent of the projectiles fall within a weapon may be expected to exceed as often as
the 50-percent zone. Further, 50 percent of not. The term "circular probable error" is nor-
these projectiles fall within a zone which includes mally used in the high level bombing and guided
I range probable error beyond and I range proba- missile fields. When several missiles (bombs) are
ble error short of the center of impact; 82 percent fired (released) under conditions as nearly identical
fall within 2 range probable errors beyond and 2 as possible, the points of impact form a pattern
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3 CPE called a normal circular distribution. The radius
of the smallest circle that can be constructed to

2 CPE include 50 percent of these points of impact is 1
circular probable error. The center of the circle
is the center of impact (fig. 21).

I CPE \30. Vertical Probable Error (eT)
a. Firing at a vertical plane, for example, a wall,

results in a vertical dispersion pattern which is
500/0 Y I directly related to a corresponding range dispersion

pattern (fig. 22). The vertical probable error is
the vertical expression of a range probable error
at a given angle of fall.

43.7% b. Sometimes it is desirable to convert the height
of a target into an expression of horizontal range
as shown in figure 23. This is helpful, for example,
in firing at the vertical surface of a target. Rounds

6.1% which miss the target- in deflection but may be
correct for range (elevation) will appear to have

Total: 99.8 % within 3 CPE been fired with too great an elevation because they
Figure 21. Circular probable error. will land beyond the target. A knowledge of the

I vertical probable error

Vertical o.

/. \ N XI horizontal probable error( pr )

Anglr of fOal
t j25%8 25%

Horizontal CI

Figure 22. Relation of vertical probable error to horizontal (range) probable error.

magnitude of the horizontal range equivalent to
_ r I>~,. the height of a target will facilitate adjustment.

Tr.g.t h.ight 31. Height of Burst Probable Error (eph)
Angl or With shell fuzed to burst in the air, vertical and

Volt horizontal dispersion is increased due to the varia-
///A ' --- ~':~~, E rttions in the time of functioning of the fuze (fig.

24). Thus, the height of burst probable error

Tn~geont of .. * of o fll lheight reflects the combined effects of dispersion caused
Efl.ti. l.ngtlh- targt height by variations in the functioning of fuzes (fig. 24)

nti l .gi. o foill and of dispersion due to the factors discussed in
Figure 23. Target height converted to range. paragraph 23. Height of burst dispersion follows
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the same laws of distribution that were discussed fuze cannot be predicted because the height of
under range dispersion. For practical purposes, burst for this particular fuze is dependent on the
the height of burst probable error is taken as one- angle of fall of the projectile and the type of terrain
eighth the height of the total pattern. Values of over which the projectile is falling. By observing
the height of burst probable error for a particular and analyzing results obtained from firing on a
time fuze are given in the firing tables. Height given terrain, the height of burst probable error
of burst probable error for the variable time (VT) can be estimated.

fuze probable error in the vertical plane

Mean fuze action-
* %

I fuzr probable error in
the horizontal plane

Note. Height of burst probable error is a combination of the vertical
probable error related to range probable error(fig22) and the vertical
probable error related to fuze probable error (fig24).

Figure 24. Relation of fuze probable error to height of burst probable error.
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CHAPTER 3
CHARACTERISTICS AND CAPABILITIES OF FIELD ARTILLERY

WEAPONS AND AMMUNITION

Section 1. FIELD ARTILLERY WEAPONS

32. General exceed approximately 50,000 pounds in

a. Field artillery weapons in the United States weight.
Army include towed guns and howitzers, self- (4) Very heavy artillery is larger than 200-
propelled guns and howitzers, pack howitzers, mm caliber, which, in a trailed mount,
mortars, free rockets, and guided missiles. The normally weighs more than 50,000

weapons are classified according to caliber and pounds.
weight as light, medium, heavy, or very heavy. b. Field artillery weapons are also classified

according to their organic transport as towed,
Self-propelled versions are given the same classifi- ording to their organic transport as towed,

self-propelled, or pack.cations as their towed counterparts. Self-propelled, or pack.
c. Rockets are classified as either free rockets or

(1) Light artillery is under 115-mm caliber, guided missiles. The surface-to-surface free
which, in the trailed mount, normally rockets or guided missiles are classified as field
does not exceed 7,000 pounds in weight. artillery free rockets or guided missiles.

(2) Medium artillery is 115-mm caliber or 33. Caracteristic and Capabilities
larger, which, in the trailed mount, nor-

Some of the characteristics and capabilities of
mally is greater than 7,000 but does not field artillery weapons and other weapons em-
exceed approximately 18,000 pounds in ployed in the field artillery role are listed in table
weight. II. More technical details may be found in refer-

(3) Heavy artillery is 155-mm caliber and ences listed in the table. Additional information
larger, which, in the trailed mount, nor- on antiaircraft and tank weapons is covered in
mally is greater than 18,000 but does not appendixes V and VI.

Section II. AMMUNITION

34. General Rocket ammunition information is published in

a. Complete Round. A complete round of artil- TM 9-1950.
lery ammunition is a projectile with all of the b. Primer. Primers are used to ignite the pro-
components necessary to propel it from the weapon pelling charge. They vary in size and complexity,
and burst it at the desired time and place. These depending on the type and the quantity of pro-
components are the primer (ignition cartridge), pelling charge to be ignited. Percussion primers
propelling charge, projectile, and fuze. Dependent are ignited by a sharp blow with a firing pin. In
on the manner in which these components are fixed or semifixed ammunition, they are placed
assembled for firing, complete rounds of field in the cartridge case. For weapons employing
artillery ammunition are known as fixed, semi- separate-loading animunition, they are placed in
fixed, or separate-loading (fig. 25). Some antiair- the breechblock. Electric primers, used only in
craft rounds are referred to as separated. See TM the breechblock of the weapon, are ignited by
9-1901 for details on artillery ammunition. sending a small electric current through a resist-
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Table II. Characteristics and Capabi'lities of Artillery Weapons

· ;~ '~ ~ FIELD ARTILLERY WEAPONS

Elevation Traverse Recoil Rate of Principal references

Classification as to caliber Caliber, type, and carriage model Tube assembly Weight in travel Time to emplace Min Max Left - Right Min - Max Range Max (yards) fire-max

and weight model No. position (pounds) (minutes) (mils) (mils) (inches) (rd/min) SNL FM TM
SNL FM TM

Light artillery .-- ---- 75-mm how M1A1, carriage M1A1 ----- 1,440 --------- 3-.-----3----- -89 +800 53L 53R 25 32 9,620 ------------- 6 C-20 6-110 9-319

M8 (pack).

105-mm how M2A2, carriage M2A2 --- 4,980 ---------- 3 --------.---- -89 +1156 400L 409R 39 44 12,330 ----- - 4 C-21 6-75 9-325

M2A2. 9-3007

105-mm how M4, motor car- M4 -------- 46,000 ___----- 1------------- -178 +750 486L 442R 12% 14 12,330 ------------ 4 C-63 6-76 9-324

riage M37. G-238 9-717

105-mm how T96E1 motor T96E1 .-- 54,100 ______.. 1-------------- -89 +1156 1066L 1066R 12 13½ 12,330 ------------ 4 C-86 6-77 9-324A

carriage M52. G-258 9-717A

4.2-inch mortar M30, mount M30 ------- 654 ..... ______ 1-3 ..--------- +706 +1156 125L 125R 0 6,00015-20 A-85 23-92 9-2008

M24. 6-50 9-2009

4.5-inch multiple, rocket M21 ------ 1,530 --------- 5-------------- 0 +1333 57L 64R 0 9,000 -------------- 25 C-90 6-55 9-3036

launcher M21.

Medium artillery -------- 155-mm how MI or M1A1, M1 or M1--12,700 ___- 5-------------- 0 +1156 418L 448R 41 60 16,355 ------------ 3 C-39 6-81 9-331A

carriage M1A2. MIAL. M1A1--12,950

155-rm how M1, motor ear- I M1-..... 42,500 .... 1.......... -89 +800 302L 365R 41 60 16,355 ----- 3 C-39 6-82 9-331B3 C-39 6-82 9-331B

riage M41. G-236 9-744

155-mm how M45, motor car- M45 ------ 42,500 --____- 1-------------- 89 +1156 533L 533R 19% 19% 16,355----- - 3- D-63 6-92 9-7004

riage M44. G-279

Heavy artillery --------- 155-mm gun M2, carriage M2 ------- 30.100 --------- to 6 hours____ -36 +1156 533L 533R 29 70 25,715 ------------ 2 D-24 6-90 9-350

Ml.

155-mm gun M2, motor car- M2 ------- 81,000 -_____-- 1----..__-- . .... --89 +800 320L 320R 29 70 25,715 ------------ 2 D-24 6-87 9-350

riage M40. G-232 9-747

155-mm gun T80, motor car- T80 ------- 96,000 -__------ 1-------------- -89 +1156 534L 534R 18 20 25,715 ----- - 2 D-49- -- - 9-7212

riage M53. G259

8-inch how M2, carriage M1__ M2 ------- 32,000_- '--- M to 6 hours-... -36 +1156 533L 533R 29 70 18,510 ---- ------- 1 D-29 6-90 9-3004

8-inch how M2, motor car- M2 -------- 80,000 -_____--- 1-------------- -89 +800 320L 320R 29 70 18,510 -1 D-29 6-87 9-3004D-29 -8 9-3004
riage M43. G-232 9-747

8-inch how T89, motor car- T89 - _---- 96,000 -- ___--- 1-------------- -89 +1156 533L 53311R 18 20 18,510--- -- 1 D-49 . .------ 9-7220

riage M55. G259

Very heavy artillery ----- 8-inch gun M1, carriage M2__ M1I .------ G-52,620 - i--- 1 to 6---------- +178 +890 356L 356R 50 35,490 ---- - 1 D-33 6-95 9-336

C-51,100

240-mm how Ml, carriage Ml MI_ -- 11-- H-47,720 - i--- 1 to 6 .------ +267 + 1156 400L 400R 60 25,255 -1---------- I D-31 6-95 9-341

C--51,100

280-mm gun T131, carriage T131 _.... 166,638 ___---- 12 ------------ 0 +978 6400 Secondary 31,200 ------------- D-57 6-96 9-338-1

'I72. 267 fine 40 95

Primary
32 42

ANTIAIRCRAFT ARTILLERY WEAPONS USED IN THE SURFACE ROLE

Light -89-+-47-400-.4 .3.M 40-mm gun M2 (twin), car- M2- ------ 48,500 ... ..... 1------------- --89 +1547 6400 7. 4 8.3 Mk 11- H 5,200 120 G-253 44-61 9-761A

riage M42. V 5,100 per
bbl

M3AI_ H 5,700
V 5,400

75-mm gun T83E7, mount T83E7 -... 19,200--------- 3-5--.---.---- -- 106 +1511 6400 24 32 15,000 45-55 D-48 44-69 9-361

T69. Time fire 13,000

Medium ---------- ------ 90-mm gun M2A1, AA mount M2A1 ..._ 32,300 -------- (On-carriagefire - 178 +1420 6400 26 44 19,560 28 D-38 44-27 9-372

M2. control equip- Hor_- -_

ment) 5. TF 13,100

13,426
Ver -.--

TF 11,800

Heavy ..------------ 120-mm gun M1, AA mount M1l . ..-. .61,500 ------- (On-carriagefire -89 +1420 6400 33 36 27,160 10-16 D-32 44-28 9-380

M1A1. control equip- Hor_- -

ment) 40. TF 15,900

19,150
Ver-- ..

TF 15,500

TANK WEAPONS USED IN THE FIELD ARTILLERY ROLE

Light gun tank ------- Tank, 76-mm Gun, M41Al1 _ M32_---- 52,000_--- 1------- -173 +351 6400 9 12 15,6804 C-82 1712 9730
17-80 9-308A

Medium gun tank - Tank, 90-mm Gun, M47 ....- M36 - 98,000-1 ----------- - 173 +351 6400 12 1 1 13,967------------ 4 D-52 17-12 9-718A
17-78

Medium gun tank -__--- Tank, 90-mm Gun, M48 _ _- M41_---- 99,000_ _---- 1-------- -- 173 +351 6400 12 14 13,967-4 D-58 1712 9-7012
17-79



A-FUZE
B - BOOSTER A H
C - PROJECTILE
D-BURSTING CHARGE B
E-CARTRIDGE CASE 9

F-PROPELLING CHARGE
G-PRIMER C
H-LIFTING PLUG LOT 5r 78
I-GROMMET r.LL s L'
J -IGNITER
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FIXED SEMIFIXED JG
AMMUNITION AMMUNITION SEPARATE-LOADING AMMUNITION

Figure 25. Types of complete rounds of artillery ammunition.

ance wire embedded in an explosive. If sufficient detonates. The burning propellant in a closed
black powder cannot be loaded into the primer chamber generates tremendous pressure, furnish-
body to insure proper ignition, a separate bag of ing the energy to propel the projectile.
black powder, called an igniter charge assembly, (1) Increments. Propelling charges are pack-
is placed with the propellant. aged in cloth bag increments (semifixed

c. Propelling Charge. A propelling charge is a or separate-loading ammunition), loose
low-order explosive which burns rather than in shell cases (fixed ammunition), or, in
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the case of the 4.2-inch mortar, in sheet- the circumstances desired. Artillery fuzes are
like bundles attached to a cartridge con- classified according to their location on the pro-
tainer. Greater flexibility in projectile jectiles as base or point detonating (det) and
range and angle of fall is provided by according to the method of functioning as impact,
varying the muzzle velocity through time, or variable time (VT) or as a combination of
varying the number of increments to be these.
fired. (1) Impact fuzes are classified as superquick,

(2) Positioning propelling charge. In fixed nondelay, or delay.
and semifixed ammunition, the propellant (2) Time fuzes contain a graduated time ele-
has a relatively fixed position with re- ment in the form of a compressed black
spect to the chamber. In the case of powder train or a mechanical clockwork
separate-loading propellants, the farther mechanism which may be set to a pre-
forward in the chamber the propellant is determined time. In addition, time
placed, the slower the rate of burning, fuzes may contain an impact element.
the lower and more erratic is the sub- (3) VT fuzes contain self-powered radio
sequent velocity. In order to provide transmitting and receiving units which
uniform positioning and to insure uni- cause the projectile to burst on approach
form propellant performance, the base of to the target or any reflecting object.
the powder bag should be flush against In addition, VT fuzes used by field artil-
the mushroom head at the instant of lery contain certain impact elements and
firing. mechanical time elements.

(3) Tie straps and wrappings. Loose tie f. Lot Number. Each component of ammunition
straps or wrappings have the effect of is assigned a lot number, and, in addition, each
allowing an increase in bag diameter complete round of fixed or semifixed ammunition
from the original. A change in bag diam- is assigned an ammunition lot number. To -pro-
eter will change the time of burning for vide for the most uniform functioning, all of the
a given propellant and may result in components in any one lot are manufactured under
erratic velocity. as nearly identical conditions as practicable.

d. Projectile. A projectile is a missile for dis- Complete rounds of any one lot are similarly
charge from a cannon (mortar, launcher). Some manufactured and consist of components, each
types of projectiles are listed in table III. Al- type of which is of one lot. Hence, to obtain
though differing in characteristic details, pro- accuracy when fixed or semifixed ammunition is
jectiles are of the same general shape in that they fired, successive rounds must be of the same lot
have a cylindrical body and an ogival head. The number; when separate-loading ammunition is
principal characteristic differences in projectiles fired, successive rounds must consist of projectiles
are in- of one lot number and propelling charges of one

(1) Fuzing-point or base. lot number. Segregation of ammunition by lot
(2) Radius of ogive-smaller for low velocity numbers is a mandatory requirement for accurate

projectiles, larger for high velocity pro- fires.
jectiles.

(3) Rotating band-narrow for low velocity 35. Types oF Projectiles
projectiles, wide for high velocity pro- a. General. The artillery projectile is painted
jectiles (free rockets fired from smooth- primarily to prevent rust. Secondary purpose of
bore launchers are fin-stabilized and painting is to provide, by color and marking, a
have no rotating bands). ready means of identification. For example, the

(4) Base tapering (boattailed)-for improved color schemes include olive drab for high explosive
ballistics or cylindrical (square base). (HE), black for armor-piercing (AP), and gray for

(5) Armor-piercing cap-only for certain chemical shell. TM 9-1901 explains in detail
armor-piercing projectiles. the marking of artillery projectiles. Projectiles

(6) Windshield, ballistic cap, or false ogive- of all types must be kept clean and the rotating
when required for improved ballistics. bands must be kept free of nicks or burrs if opti-

e. Fuzes. A fuze is a device used to set off an mum accuracy is to be expected during firing.
explosive in the projectile at the time and ulnder Projectiles should not be oiled.

22



i) J I

%a ii,~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

i i

I i r0- L I

s ss "

.0 .0 4) 0

RI|* 4

4)t ! )

.e '0~

I L1a1 I ' I ' 1 ' I: I I I

I, I 1111111 t I I I I I 1

S e 1. t 1 -1 '11-- '0I>, I '1 1 , ' 1

:o to R La '

l ii 1], 1 1 ,1 1 1, , 1 , 1 1

4)

4) , 4)) i -1 I I

i I:

~~4)ol '\= >' '4' 1 'l ,l l

Ca w m. .E

4' 11 l 11

4. i i
I~~~~~~~~~~~~~~~~~~~

g~~~~~~~~~~~~~~~~~

I i L 1 I i I rlY

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i

12 H~2 H F-

I i i U I J rI a a i r i I J I r

I I~~~~~"

r 6 6~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i i i il

i~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ s

[ai - -~ N~S

aa I J a I

i a a I 4 i .- a t a a

- i i I i I I i I i a a I

a ~ ~ ~ ~~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~ a a a II iI I

I: : : ,

~~~~~~~i i - I i I I a i a i ii Jii

ii;

i i 4 i F ii ~i

m ~~~ E

a ~ ~~~~ a; I a II II

a~~~~~~~~~~~~~~~~ I II I a t I

· · " ' . '

* a a" i~O a a a a a I

a ~ ~ ~ i a ~ ~ ( I a a I I I I a

al a Co : i a a

a a a a a

,~~~. ~

I I aj~~ ~ ~ ~ ~ ~~~~~~ : a a:o l ii'

.~ o o E E

a a a a a a a~ a a a a

I - II a II I

a~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ a

I I I$ I

a aII I I I I I I I

a~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~IO Iadod Ir I I I i a

a a a I a i a I I

* ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~I IO a id aoa a ,:a- a I/ I:I[I



,QM0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0,

0.~~~~~~ ~ 4,. I ."=...

4, I

,I .dI j ; i 4=.

~'%~~~~~~~~~~~~~. v)~ It If I

c l i

i ii ,

~~~" ~~" l

- 0 0 s W, 0 :-

.tt - -- ~~~ ~ ~~~~~~~~~~~~~~ .0 I
0.04

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

c4: .. . . 4, , , ,,

1

,of U) ',, 0 0
4, o~ , ~ - It -e a,

: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~S,, , ,, ,

:~0~~ 0

~~~~~~~~.0

.....0 0:

, ~, ~ ~ I:"

i i i o i

-C: ', ' I ,
'I ' I I I I

'~ ~ i : " " " " " " ', ', : ', ,~ . . . . .. ', ', ', ',3 3 I

I ~ a 3 3 I~ Is I

C~ ,

*~ ~ ~ ~ ~ ~~~~~~i I I I

a'~~~~~~~~~~~~~ : :

I I I , I I, i : p I

, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~i

.....',~~~~~~~~~~~~~~~~~ , ' I, I I ' , : I ' , I ' , : 1 ', I ' ' , ',.....~~~~~~~~~~~~~~~~~II I I I I 4 I 3~~~,=- , I : ' I ' I ' , ' ' I ' '

* I p 3 I 3 3 3 I I I 3 I I I 3

0~~~t I 3 I I I 3 I 3 I I I I I I I I~~~~~~~, : I :1 ' :I CqC , I I I I ~ ~ ~ ~ I : 3 3, ',3 I ', , IIeq~~~~~~~~~~~~~~~~~~~.... '1'1 ' ' I ' ' I '1 I
· ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~ , ', : I 3 I II ,: I I, ' 1 ' I , ' I 3

'~~~ ~ I~ 3 I ' I

I I I I I ~ I I I: Iii .< I I

a - a E E W - B ~~~~~~~~~~~~ i " B B~~C-

.... ,, ..... I ' , , , , i , i, I ; ' , , , I , ,I o... II i i I I IpI I II I
' I ' I ' ' I ' ' , I I ...

I ~ ~~~ I I 3 3 I I 3I I I II I III
I , . .. . . . .I ' 1 ,I ,I , I ' 1 , I , , i , I

· i i c~~~~~~~~~~~~~~~~' ~, i :1'l','l,

....... I I I I3 I I I I 3 3
= i I I 3 I 3

i' , C

r~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~:

.~~ . . . . . II~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ tI~.4 ~ ~ . .3 I I I I .I : ' , I I~ li I 4 I ', t I '

- I I 1 * I _ _ _ _

: ~ : . . . . . . . . . . I 3

~~~~~~~~~~

'~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 3 I 3 I , I , I ' I

3, ;I I I": ' ' ' I . .4_ 3 I I 3 3 I .I I I , 3 I ,I

.;S"'~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

0 3 I I I 3 3 3' 3 I 3'

0~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I~ II Id~I~' I I I I I I I I

', I -' ,_

~~~~~~ ~~~ . . ,, I I I I~, . ~ ~ J
33, ~ ~ 0. ~ ~

-3~~~~~~~~ - I p

· ~ ~~ ~ ~ ~~~ .. -, : .~ ·4



F ,: ; |a

E ? S i :

010 |~~ap11,1
a ~~ ~ - %2 j

1~ " -:

>~~ a

E~~ se, a

& 2 0 @ : -3 X

a



r,~~~~'I-~

, 0o =

,d~~~~' 0 . d

0~~~~. =. 0~.

= ..

"~~~ r

:~~~~~~'" 2
C)2 C)

0.~ 0 . 0.a .4
4'.-· 0 .-

· ~~ ~

5>~ ~ ~ ~~~~~~~~~~~~~~~~~~' ~-4 0 0

aa d

-~~~~~ C U,

r- ~~t 0~ - C

t .14 .14 .14

o4 ~~~~~~~~~~~~

~~~~~~ H

a'~

i...... : I P I '- 'I P I P ¢'I .I ..... : I L, -IH U, I

"~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I i I HI
I I I I I S I~~~~~~~~~~~~~ I H=

eqe

, i

r~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~' ~

H 'e

I I P H L F eq

, : II

t c ' H :

m ~ , E

Hi-~~~~~~~tO II d')1~- 0((

"~~~~~~~~~~~~ I H

S~ ~ ~ ~ t I I I I Co I Co H CO~~~~~~~~~~~m

, I I I

I~~ ~ ~~~~~~~~~~~~~~~~~~~~ I I I I ,
' ' ~ ~ ~~~~~ ~ ~~~~~~~~~~~I IP I I Pm ' ' I ' I I ' '

m I H II I~~~~~ ~ ~~~~~ I I I m m m

m~~~ m m m I m PI J J I H
CD ' ' I ' m '' '' 'I

~ m~~~ ~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I I

I{ I H H I

I I P I I I I I I .,I I , ' I
, I P , I , I I I,

t H I I I I I I , I
I ~ ~ ~ ~ I I I___I I P I H I I I ~ ~ ~ ~ ~ ,I I I I I I I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

to~~~~~~~~

o ' I U, I I C) I I Q I H ,

I~~ ~ ~~~~~~~~~~~~~~~~~~~~ , IN I~ o '~c

P ~ ~ ~ ~ ~ ~~ { I m H I I I m 9 I I

m I m m
, I L I II 4, I I I H I H I I

t ' ~~' I I :) . . . . C I 0~~~ t 0 ~~~~ i m m~ m

C ' C 0

I I I I F I I 4 H I H ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I
- I I P I I I I H H I P +~~~~~~~~~~~~~~~~~~~~~~~~~ I

0.~ ~ ~ ~ ~~~~~ j m m m I m H I P I P I Ia~~ ~ ~ ~ ~ ~ ~ ~ H I i m + P I H m I P H m

C i I I I I I I I I
.0 U~~ ~~ ~~ ~~ ~~~~~~~~~~~~, C

I I I I I I I 4 I ~ , I I

C I { 4 F I C

I I I P I H 4 I I I I I~I

, L , I I I I I I
I I p i 'I ~ ~ ~ ~ ~ ~ ~ ~~~ P , I I I I I I IH P I

~~~~~~~~~~'' I 4 I '
I~~~~~~~~~~~~~~~ I

'-'0.~ ~ ~ ~~ ~ ~ ~~ ~~~~~ , I H , I ,

I H I I I I H 4 I I m I

.2 m

o~~~~~~~~, ' - ' I >4 ' ' >
I~~~~~~CC- 0 , ,to

a 0 0. ,4 o °' . 4c
It)~~~~~ .C) bE ,) 4J ' -

,4 ,) -~ -

p p~ , F 4 I p,. 4 I P

F - I I I 4
' I I I I p : i H :

'p p p I I I p I I P
m m I I I I H i I I I p

m m I m m L I m > I H

0 ) I : mE I

a~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ I

,~ H4~~ ~~~~~~~~~~~ I

Ht.4

~ ~ ~ ' ~ O ~ O ~ O ~ O '~~~~~~~~A ~ '

-~ ~ C

IC~~~~~~~~ C
U,~~~~~~~~~~~~~~~~~~

*44~~~~~~~~ ~00 ~d d0 ,



Table IV. Fuze Interchangeability Chart

CODE

X Authorized fuses, as issued. A Fuzes for battle emergency only, after addition of M20, M21, or M24 types of boosters. For deep-cavity shell, the
S Authorized fuzes if supplementary charge is present in shell. For fuzes without boosters, boosters must be assembled supplementary charge must be in shell.

to fuses before use. R Fuzes for battle emergency only, after removal of M20, M21, or M24 types of boosters from fuses with booster as-
P Authorized fuzes if supplementary charge is not present in shell. sembly.
E Fuzes for battle emergency only, without additions or modifications. If deep-cavity shell, supplementary charge B Authorized fuses with addition of boosters.

must be in shell.

40~~~~~~~~~~~~~~~~~~~~~ ~- r a E.n E.E.E......... C Q P -g q Ygvgf f atridgeHE-, MK2g ............ P ............................
75-mhwiter...... Sel, HM8, oralaviy ........ X...-X--X--]]][]]][----[]]-[']]]]]]-]- ........... X> -- A_>_- XX>A__]-X-A;l']--'--A-E[]__'_'__-_-_[[]_-_.-[>-['_

C1~~~ ci c iS C I I i~ 8 o ) oom
E- 11 E E- E-E- E- - E. E

XE E
a ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~a aa

&~~~OpI E- - E

40-mm gun ---------- Cartridge, HE-T, MK2--X ------------ --------- --
75-mm howitzer -------- Shell, HE, M48, normal cavity -------- - -- X ---- X X ------------------- - ------ ---- X X A A ---- E X X A ---- XX A -- EA E -E X A E

Shell, HE, M48, w/suppcharge .--------. X . X X . .--- P .----------- P .------.---.------ X A A E---...- X X A .X X A ---- E X A E .............
Shell, HE, M48,deep-cavity .........-... S ---.. 8 S .---- X .---- X ----------X --------.. S S A A E S S A..S A .... E S A E .............
Shell, smoke,M64 ------------------ ---- R ---- R R- - R R X E - R R R E - R X -- R R E R ........
Shell, HEAT and HEAT-T, M66 --.-----------------------------------........--- ---.---------- ---------------- ----------- X------- ----- _--------------

75-mm gun ------------ Shell, HE, T50E6 ---------------- X X ----------------- X ------------ E E E ........................ ....

90-mm gun ------------ Shell, HE, M71, normal cavity ---- X X ....--X X-.........................-----------. X X A A X X X A X A E X A X X.............
Shell, HE, M71, w/supp charge --- X X --- X X .. P - . .. .. P -....... X X A A -X X X A -- X A - E X A X .............
Shell, HE, M71, deep cavity -------- S S - S S ---- X - ... . ........ X ------------------------.- S S A A ---- S S S A .. ..S A.. E S A S-----
Projectile, APC-T, M82--- ................................................-- - - - - - - - - - - - - --- -----X
Shell, HE marker, M71 ------....------- . X ---- X X X-- X X A A ---- X X X A -- X A - E X A X .............
Shell, smoke, WP, M313 -----.----------- R ---- R R ------- ------- ----------------------------.... R R X X ---- R R R E - R X --- R R E R .............

105-mm howitzer -__--- Shell, HE, M1, normal cavity ---------.... X ---- X X .........................................- X X A A X X X A A XX XA X.A E X A , E......
Shell, HE, M1, w/supp charge ------------ X ---- X X ---- P ----------- _ P ------------------------.. X X A A X X X A .-X A ___-E X A E
Shell, HE, M1, deep cavity --------------- S .... S S ---- X ------------ X ............................ A-- S S A A S S S A S S A E S......A.
Shell, HEAT-T, M67 --------------------------------------...- --------------------------......------------------------------------------------------- x
Shell, smoke, WP, or gas, M60 .--------... X ---- E --- E E A A X X X A X A E X A E
Shell, smoke, M8481 ------------.---------------- R ----------------------------------------- - - ------. R E E ---- R R R X --- R E - R R X R .............
Shell, illuminating, M314A-- - -- --1 ...................................................................---------. X ------------------------ .X ....

4.2-inch mortar ---- ___-- Shell, HE, M3, normal cavity . . ... .... ...............................-- - ---- E ---- X ---- X .....
Shell, HE, M3Al, w/supp charge ------.. ..........----------.---------- P -------- E _--- X ---- X ----.--- --------- X X X --
Shell, HE, M329, w/supp charge ------------------ X ------------------------ P . .....................................-- - -.---- X X X . .-..... E -........... X ----.............................
Shell, smoke, WP or gas, M2 .---------------------------------------- E -------- E X ..................................................

Shell, smoke, WP or gas, M2Al1.------------------------------------- E -------- E X ------- ----------- -----......... X - --- ---------

120-mm gun ---- ___--- Shell, HE, M73, normal cavity -------. ....... ..... ..........--------- x---- -----------------........................................... X.........---.....
Shell, HE, M73, w/supp charge --------------- . .... ........P P ---- P ---- P P --- -- -- -- ---- -- -- -- ----------------------............... X --------........ x X- ---

155-mm howitzer ___---- Shell, HE, M107, normal cavity .---....... X .. X X XE E A A - X X X A -- X A - E X A E
Shell, HE, M107, w/supp charge ---------- X ---- X X P -- -- - P -- P -- F----- E E A A ---- X X X A --- E X A E --------
Shell, HE, M107, deep-cavity ---------.. .. S ---- S S X ------------ X ---- X ------------------------ E E A A ___ S S S A - S A E S A E
Shell, smoke, M116.-R- ..... R------ ----.. . .---- R E-------- E- R R E E -R R X -- R E -- R R X R.........
Shell, smoke, WP or gas, MIl10 .----------- - --- E EE E E - - -A A--....-X--X-X-A--....-X--A- . E A E .A. .. X X A - - X AE E . E-
Shell, illuminating, M118A1-- .................................................................-- X----- ----.............. X ....................

155-mm gun- --- ___--- Shell, HE, M101, normal cavity -------.... X ---- X X -------------------... ...........-- - -F------- E E A A ---- X X X A E E A E X A E
Shell, HE, MI01, w/supp charge ---------- X .X X P -..... P -- P --------- - E E A A -X X X A E E A ---- E X A E
PoetlPM2................................................Projectile, AP, M112----.................................................
Shell, smoke or gas, M104 ---__---------. X ---- E E . ........................................ E E A A - X X X A E EA- E X A A.
Shell, illuminating, M18AIS ------ ----------------------- X --- ----- . .................... --- X .---..........

8-inch howitzer -.. ___ .Shell, HE, M106, normal cavity ---- - X -- X . ......................... E E A A ---- E X X A ---- X A F--- E X A E----
Shell, HE, M106, w/supp charge ---------- X ---- X X P ------------ P ---- P --------------------.. E E A A .E X X A . . . . -X F ..X A E

8-inch gun ------ ___--- Shell, HE, M103, normal cavity -------.... E ---- X X .............................................. E E A A X E E E A F--- E A ---- E X A E

240-mm howitzer --___- Shell, HE, M114, normal cavity-- -X -X X----- ------------ E F A A -- E X X A .. E A E X A E
Shell, HE, M114, w/supp charge ---- X . . X X --- P--- -P -_-- P ------- F F A A- E XX A - A E X A E

280-mm gun ---- ___-- Shell, HE, T122, w/supp charge-...... X E E E ......... E A ----......--------........ P X

4.5-inch rocket -------- Rocket, HE, M16A2, w/supp charge --------------- P -- x- --B B- --- X ------------
Rocket, HE, M32 ------------------------- P ------------ X -- B B -------------- - X ---

I I I I-I I - -- - - --- -



b. High Ezplosive Shell. f. Shell, High Ezplosive Antitank (HEAT).
(1) HE shell is a hollow shell which is filled Shell, HEAT, is provided for the 75-mm and

with either Composition B or TNT. 105-mm howitzers for use against tanks and other
The terminal ballistics and effects anal- armored materiel. The construction of the shell
ysis of this shell are discussed in chapter differs materially from the standard types of
27. armor-piercing projectiles. The shell body is a

(2) High explosive cavitized shell has a deep thin-walled casing containing a shaped, high ex-
fuze cavity in its bursting charge which plosive filler and is closed off at the forward end
is required to accommodate the increased by a ballistic cap in the form of a thin steel cone.
length of VT fuzes. A supplementary The base is boattailed and fitted with a base
charge of TNT is provided to shorten the detonating fuze which functions with nondelay
cavity for use with point detonating im- action.
pact or time fuzes. When VT fuzes are
used, this supplementary charge must 36. Types of Fuzes
be removed. The proper fuze must be used with the selected

c. Base Ejection Shell. Base ejection shells are projectile to cause the projectile to function at the
smoke, propaganda, or illuminating. Since the time and under the circumstances desired. Table
fuze cavity is very shallow in these shells, a fuze IV lists the more common fuzes available for each
without a booster must be used. To provide projectile, their interchangeability, and the modi-
effective action of the projectile, a time fuze must fications which may be made thereto.
be used. While the projectile is still well above
the point of impact, the action of the fuze and 37. Fuze Wrenches and Fuze Setters
expelling charge ignites the canisters (with the Description and operation of the various fuze
exception of the propaganda shell) and/or forces wrenches and setters may be found in the specific
them out of the base of the shell with a relative technical manual for the weapon.
velocity of about 200 feet per second. The a. Fuze Wrenches. Fuze wrenches are required
empty projectile continues along the trajectory, to insure a tight fit of the fuze to the projectile
and the canisters follow with reduced velocity, and are used for screwing the fuze to and unscrew-
emitting their contents (parachute flare, smoke, ing the fuze from the projectile.
or leaflets). The lowest practical charge should (1) M18 fuze wrench is standard for use with
be used with base ejection shells in order that the the M51, M54, M55, M67, M81,
terminal velocity of the projectile may be low and M500A1, M501AI, M513, and M514
thus reduce the possibility of damage to the ex- fuzes. The screwdriver end of this
pelled portion of the shell (e. g., the parachute for wrench is used for setting the M51 fuze
flares). selective setting sleeve from SQ to

d. Burster-Type Chemical Shell. Burster-type DELAY, or vice versa.
chemical shells include gas shell or smoke shell. (2) M16 fuze wrench is for use with the CP
A burster charge running through the long axis of fuze M78 series. The booster end of the
the shell is exploded by the activation of a fuze wrench is used for the M20 series type of
with booster. Superquick, delay, or time action boosters, if they are not secured to the
may be used. The white phosphorus, irritant, or fuze, and the M25 boosters.
toxic agent contained in the shell is expelled upon b. Fuze Setters. Fuze setters for use or field
action of the burster. artillery fuzes are of two types-hand (wrenich)

e. Armor-Piercing Shell. Projectile, AP, M112, and hand (mechanical). Some fuze setters are
for 155-mm guns is designed for use against constructed for a particular fuze or type of fuze.
armored targets, concrete emplacements, and Other models are built for several different types
similar targets. This projectile consists of a of fuzes. When a choice exists between the use of
hardened steel body, which contains a cavity in a hand (wrench) and a hand (mechanical) type of
the base filled with an explosive, and a base setter, the mechanical type of setter will give more
detonating fuze, which functions with delay action. consistent, accurate and finer readings and should
For better ballistic qualities, a steel windshield is be used. A knowledge of the inner mechanism of
employed on this shell. A base cover is fitted over the fuze is helpful in determining which direction
the fuze in the base of the projectile. to turn the fuze setter to obtain the proper setting
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(for details, see TM 9-1901). The fuze setter setter for use on fuzes M67, M500AI,
must be turned so that the reading will increase as and M501AI; its mechanical function is
the setter is applied to the lower cap or movable identical to the M22 setter but offers a
time ring. time scale of 0-75 seconds in 0.2-second

(1) M14 is a hand (wrench) type of fuze increments.
setter which is placed on the fuze with (4) M26 is a hand (mechanical) type of fuze
the key engaging the slot in the fuze. It setter for use on all time fuzes 0-25
can be used on all time fuzes but. should seconds or 0-75 seconds ill time range.
not be used if other types of fuze setters It has two time scales but no corrector
are available. scale.

(2) M122 is a hand (mechanical) type of fuze (5) M27 is a hand (wrench) type of fuze
setter for use on fuzes M54 and AM55. It setter for use on all field artillery time
has 2 separate scales and indices which fuzes.
permit the making of fuze time and (6) M28 is a hand (mechanical) type of fuze
corrector settings independently time setter which mav be used on fuzes M1513
scale 0-25 seconds at 0.1-second incre- and 'I.514. It has 2 time scales-0-45
ments. seconds and 0-100 seconds in 0.2-second

(3) M23 is a hand (mechanical) type of fuze increments.
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PART TWO
FIRING BATTERY

CHAPTER 4
FIRING BATTERY GENERAL

Section I. GENERAL

38. Introduction tive to indicate the grid azimuth of the

a. Effective fire on a target is achieved by a direction of fire is AZIMUTH (SO
smooth-working, 3-component team: the observer, MUCH).
who selects, reports, and requests fire on a target; f. Back-Azimuth. The back-azimuth is equal to
the fire direction center (FDC), which converts the azimuth plus or minus 3,200 mils. The azi-
fire requests and subsequent corrections into fire muth of line AB (fig. 27) is 500 mils. The back-
commands; and the firing battery which executes azimuth of line AB is 3,700 mils (500 plus 3,200).
the fire commands. The azimuth of line CD is 3,700 mils, and the

b. The firing battery consists of the firing battery back-azimuth is 500 mils (3,700 minus 3,200).
headquarters, the weapon sections, and, in some g. Magnetic Declination. Magnetic declination
units, an ammunition (ammo) section. The bat- is the smallest angle between true north and mag-
tery FDC does not function as part of the firing netic north. On maps this angl is indicated in
battery. the marginal data as east or west of true north.

c. Field artillery procedures are simplified by the As the magnetic declination varies slightly from
use of common map and firing battery terms. year to year, a correction factor the annual mag-

netic change-also is shown in the marginal data

39. Map and Azimuth Terms of military maps.
(fig. 26) h. Grid Convergence. Grid convergence is the

smallest angle between true north and grid north.
a. Grid Line. A grid line is a line extendiig On maps, grid convergence east or west of true

north and south or east and west on a map, photo north is indicated in the marginal data.
map, or grid sheet and is used in locating points
(fig. 27).

b. Magnetic North. Magnetic north is the direc- Grid north

tion to the magnetic North Pole. Mogmti north

c. True North. True north is the direction to the
geographic North Pole. Tru. north

d. Grid North. Grid north is the north direction
of the vertical grid lines on a military map, photo-
map, or grid sheet. Grd convrgence

e. Azimuth. Azimuth is a horizontal clockwise Declinotion

angle measured from north. This angle may be constant

a-
(1) Magnetic azimuth, measured from mag-

netic north. dcllnotion

(2) True azimuth, measured from true north.
(3) Grid azimuth, measured from grid north.

This is the azimuth normally employed
in the field artillery. The artilleryman
uses the term "azimuth" to mean "grid
azimuth." The command to the execu- Figure £6. Map and azimuth terms.
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practicable; and pieces will not be parallel

Grid line$s when they are laid with a common
deflection.

(2) Close-in aiming point. A close-in aiming
q________ o_____ f _ _point requires 2 fixed points, normally 2

aiming posts, 1 of which is at a greater
.o4,~ distance from the piece than the other.

° | ,o7/C The two points establish a line along (or
parallel to) which the panoramic tele-
scope is sighted. The near aiming post
must be alined and located at a point
exactly one-half the distance between the
telescope and the far aiming post. To

- _,____./¢ ___ _ '/ facilitate the use of aiming post lights,

toP·~~~~~~~~~~ | ^,0.the far light should be installed so that it
will appear above the near light. It
may be necessary to remove the upper
section of the near aiming post to prevent
its obscuring the far light.

b. Battery Center. The battery center is a point
materialized on the ground at the approximate
geometric center of the pieces of the battery.-the
chart location of the battery.

Figure 27. Back-azimuth. c. Base Piece. The base piece is the piece
nearest the battery center, which is normally used

i. Declination Constant. Declination constant for registration.
is the horizontal, clockwise angle from grid north d. Registration Point. A registration point is a
to magnetic north; in other words, the grid azimuth point in the target area whose location is known
of magnetic north. This constant is recorded for on the ground and on a firing chart. This point
any instrument equipped with a magnetic needle. is used as a basis for computing data resulting
The constant for any one instrument will vary in from registration on that point and as a reference
different localities; the constants of different in- point. Some of the desirable characteristics of a
struments in the same locality will vary also. good registration point are that it is-

(1) Readily identifiable.
40. Common Firing Battery Terms (2) Located horizontally and vertically in

a. Aiming Point. An aiming point must have a the approximate center of the target
sharply defined point or vertical line clearly area or zone(s) of action.
visible from the pieces so that the vertical cross (3) Semipermanent or permanent in nature.
hair of the panoramic telescope can be accurately e. Meteorological (Met) Check Point. A met
alined on it. There are two general types of check point is an arbitrary point in the target
aiming points-distant and close-in. area for which corrections for known variations

(1) Distant aiming point. A distant aiming from standard conditions are computed.
point is one at sufficient distance (2,000- f. Orienting Line. An orienting line is a line of
3,500 yds) so that normal displacements known direction materialized on the ground near
of the piece in firing or traverse will not the firing battery, which serves as a basis for
cause a horizontal angular change in laying for direction. The azimuth of the orienting
direction (with the same settings on the line is stated as the direction from the orienting
azimuth scales) of more than one-half station to a designated end of the orienting line.
mil. An advantage is that it may be g. Orienting Station. An orienting station is a
used immediately upon occupation of point on the orienting line established on the
position. Disadvantages are that it may ground, over which the battery executive sets up
be obscured by darkness, dust, fog, or an aiming circle to lay the pieces.
smoke; illumination, when needed, is not h. Orienting Angle. An orienting angle is the
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horizontal, clockwise angle from the line of fire 41. Aiming Circle
to the orienting line or the orienting line extended; (TM 6-200)
it is never greater than 3,200 mils. a. The aiming circle is an instrument for

i. Reference Point. A reference point is a measuring horizontal and vertical angles. The
prominent and easily located point on the terrain head of the instrument consists of two sections
which is used for orientation to locate targets or defined as the lower motion and the upper motiondefined as the lower motion and the upper motion
other points.other points. (fig. 28). The lower motion has an azimuth

j. Deflection. Deflection (par. 8b) is the hori-
zontal, clockwise angle from the line of fire to a scale The upper motion has an index in relation
designated aiming point (post), with the vertex to this azimuth scale and an azimuth micrometer
at the sight. Deflection never exceeds 3,200 mils. scale and contains a compass and a telescope. All

k. Refer. To refer is to measure (by using the horizontal angles measured with the aiming circle
panoramic telescope) the deflection to a given are clockwise from the 0-3200 line.
aiming point without moving the tube. The b. When the compass of the aiming circle is used,
command REFER means to measure and to steel helmets, small arms, steel-rimmed eyeglasses,
report the deflection. If it is desired to record and other objects which may affect the magnetic
this deflection, the command is RECORD RE- needle must be kept away from the instrument.
FERRED DEFLECTION. The aiming circle should be set up at least the fol-

1. Indirect Laying. When indirect laying pro- lowing minimum distances from objects that will
cedure is used, the piece is laid for direction by
setting a given deflection on the sight and tra- affect the magnetic needle:
versing the tube until the line of sight of the
telescope is on the aiming point with the appro-
priate bubbles leveled. The piece is laid for
elevation by setting off the elevation or quadrant
on the range quadrant or gunner's quadrant and
elevating or depressing the tube until the appro-
priate bubble is level.

m. Direct Laying. When direct laying pro-
cedure is used, the piece is laid by sighting directly
on the target (pars. 96-110).

Upper motion

Left Right

MogneticS A c

Index
Figure 28. Schematic diagram of aiming circle. Figure 29. Panoramic telescope main scale.
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Yards that grid azimuths may be read directly. The
High-tension powerlines- --------------- 150 same precautions stated in paragraph 41b must be
Railroad tracks or very heavy pieces . ....... 75
Miledium and heavy pieces 60 observed when the magnetic needle of the compass
Light pieces, telegraph wire, or vehicles ------ 40 is employed.
Barbed wire and small metal objects - . .. 10

43. Panoramic Telescope
42. Compass M2 The panoramic telescope (usually called the

(TM 9-575) sight), mounted on the piece, is used to measure

The compass M2 is similar in principle to the horizontal, clockwise angles. The main scale of
aiming circle. The compass M2 has a circular the telescope consists of 2 halves, each half gradu-
level which is used in measuring azimuths and a ated in 100-mil increments from 0 to 3,200 mils in
tubular level which is used in measuring angles of a counterclockwise direction. A micrometer scale,
site. This instrument has an azimuth scale ad- graduated in l-ril increments from 0 to 100 mils,
juster for setting off the declination constant so is geared to the main scale. When a zero of the

Axis of tube

400 / <

Iex

Ais of tube

2,900

Figure 80. Clockwise angle from axis of tube to line of sight.
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main scale is opposite the stationary index, the horizontally, the scales turn with it, and the clock-
zero of the micrometer scale is also opposite its wise angle from the axis of the tube to the line of
index, and the line of sight is parallel to the axis sight is measured and indicated opposite the in-
of the tube (fig. 29), the telescope is in proper ad- dexes (fig. 30). (For details of operation, see the
justment. When the telescope head is rotated field manual for the weapon.)

Section II. FIRE COMMANDS AND THEIR EXECUTION

44. Introduction to be properly understood. Numbers are an-
a. Fire commands convey all the information nounced as follows:

necessary for commencement, conduct, and cessa- Number Announced a-
tion of fire. Initial fire commands include all ele- 0- Zero
ments necessary for laying, loading, and firing the 1--. .............. Wun
pieces. Subsequent fire commands include only 2------------------ Too
those elements that are changed, except that the 3------- - Thuh-ree

4 ................ Fo-werrange, quadrant, or elevation is always announced. Fi-viv
b. The basis for fire commands is the data proc- 6 - - Si

essed in an FDC. These data are received in re- 7------------------- Seven
quests for fire; e. g., from an observer, the FDC of 8--_---- - Ate
another headquarters, or a supported unit. The 9 -- Niner
fire commands are sent to the battery executive by 44 z- - FoAeero80 --------------------- A te zero
the best available means of communication. The 100.7 - - Wun zero zero point seven
executive insures that the weapon sections receive 136 --------- Won thuh-ree six
and execute the fire commands as prescribed in this 500 . Fi-viv hun-dred
manual and unit SOP's. 1478 ------------------ Wun fo-wer seven ate

c. Accuracy in the firing battery is dependent 7000 ----------------- Seven thow-zand

on complete understanding of commands by all 16000 -- Wn six thow-zand
personnel. Since numbers make up a large por- 45 Se ce
tion of all commands received or given in the
firing battery, they must be announced in a clear, a. Information given in fire commands to a
precise manner, in a tempo consistent with the firing battery is announced in the following
execution of the command, and sufficiently loud sequence:

SEQUENCE WHEN ANNOUNCED
No. Element offire command Example (inilial finitiol Ire commands Subsequent ire commends

I Pieces to follow commands_ BATTERY ADJUST ------ Always ---------- - ------- Never.
2 Special corrections ------- SPECIAL CORRECTIONS- When applicable ---- When applicable.
3 Prpjectile - ......... SHELL HE Always - - -When changed.
4 Ammunition lot --------- LOT X .-............ When applicable .----- - When changed.
5 Charge -....... CHARGE5 Always (except in fixed When changed.

anmmo.).
6 Fuze -............ FUZE TIME - . .... Always - ---------------- When changed.
7 Pieces to fire - . .. CENTER -......... Always ---------- - --- - When changed.
8 Method of fire - . .1I ROUND -.... Always ...-- -- When changed.
9 Direction .- . .... CORRECTION L1 -.------ Always ---------- - --- - When changed.

DEFLECTION 2500.
10 Site -............... SITE 305 -. ......... \When applicable ------ - When changed.
11 Time setting -TIME 18.0 --------------- When applicable .----- When changed.
12 Elevation - . .... ELEVATION 293 - . ..... Always ---------- - ------- Always.

b. A list of all elements of the fire commands 46. Pieces to Follow Commands
with explanation and examples is presented in The element designating the pieces to follow
paragraphs 46 through 57. Some of the elements
listed are used only under special circumstances the commands indicates and alerts those pieces
and are not announced when they have no that are to follow commands and is always
practical application. announced in the initial fire command and is not
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repeated thereafter. A change of the element initial fire command and is not repeated thereafter,
(all pieces to follow the commands) during a unless a change is desired.
mission constitutes a new mission, and a new Example: SHELL HE; SHELL WP.
series of commands is given. The command
consists of two parts, first, designation of pieces 49. Ammunition Lot
to follow the commands and second, the word The element, ammunition lot, indicates the
ADJUST. Examples of pieces to follow designa- ammunition lot number. Lot number may be
tions are as follows: announced in the initial fire command and is not

a. To alert all pieces, the command is repeated thereafter, unless a change is desired.
BATTERY ADJUST. In fixed and semifixed ammunition, the lot number

b. To alert base piece, the command is BASE pertains to an assembled projectile-propellant
PIECE ADJUST (NO. 3 ADJUST). combination and, for simplicity, may be coded as

c. To alert the left (right) (center) pair of lot X, lot Y, etc. In separate-loading ammunition
pieces, the command is LEFT (RIGHT) (CEN- when a specific projectile-propellant combination
TER) ADJUST. is desired, the lot code may be X-Y with "X" the

d. To alert any other combination of pieces, the projectile lot and "Y" the propellant (charge) lot.
pieces are designated by number; e. g., No. 2, 3, Large quantity lots are reserved for registration
4, and 5 ADJUST. and subsequent transfer of fires, and the dot

number will be announced or prearranged between
47. Special Corrections the FDC and the firing battery. Small quantity

a. The command SPECIAL CORRECTIONS lots should be used on battery will adjust missions
indicates that individual piece corrections will be and lot numbers may be omitted. The weapons'
applied during the fire mission. These corrections crews must segregate ammunition by lot number
compensate for individual piece displacements in and keep an accurate record of lots available.
range or height of weapon and/or muzzle velocity
variations in individual weapons as related to the 50. Charge
base piece. Special corrections are computed at a. The element, charge, indicates the type or
the FDC and are normally announced as part of number of charge. Charge is always announced
the element to which they pertain. For examples (except with fixed ammunition) in the initial fire
of special corrections, see paragraphs 54, 55, 56, command and is not repeated thereafter, unless a
and 57. The procedure indicated in these para- change is desired.
graphs may be altered to allow announcement of b. The command may specify the type of charge
separate corrections for each piece for each when more than one type is available. With am-
element of the command. However, this is done munition having numbered charges, the command
only when time allows and extreme accuracy is specifies the number of charges to be fired. If the
desired. To insure greater accuracy in applying charges are designated as super, normal, or re-
special corrections as parts of a command, the duced, they are designated as such instead of by
executive officer may allow the applicable special numbers.
corrections to be written on a convenient part of Ezample: Commands with numbered charges:
the weapon, e. g., the weapon shield, or combined CHARGE 4; CHARGE 5, GREEN BAG;
with the common command by the chief of section. CHARGE 6, M4. Commands with charges not
The determination and application of special numbered SUPER CHARGE, REDUCED
corrections are covered in chapters 19 and 28.

b. The command SPECIAL CORRECTIONS CHARGE, NORMAL CHARGE.
is announced for each mission in which special
corrections are to be used. Once the command is
given it need not be reannounced during the A command indicating the type of fuze to be
mission. employed is always announced in the initial fire

command and is repeated only when changed.
48. Projectile Example: FUZE QUICK (DELAY), FUZE

The type of projectile that will be used to TIME, FUZE VT, FUZE CP DELAY (NON-
attack the target is always announced in the DELAY).
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52. Pieces to Fire more than one round per weapon is to be fired, the

a. Any or all of the pieces alerted under the command would be LEFT (RIGHT), (NO)
first element of the fire commands may be further ROUNDS, AT (NO) SECONDS.
designated to do the actual firing. If an adjust- c. Continuowus Fire. When it is desired to fire
ment is to take place, usually no more than two continuously at a target, the command is CON-
pieces will be fired during the adjustment. TINUOUS FIRE. This command will cause the

b. The element designating the pieces to fire is weapons' crews to load and fire as rapidly as con-
always announced in the initial fire command and sistent with accuracy within the prescribed rate
is reannounced only when the number of pieces of fire for the weapon (ch. 23). The crews will
firing will be changed or when the method of fire continue to fire until commanded CEASE
is changed. To fire the battery, the command is FIRING.
BATTERY. To fire any combination of pieces d. At My Command. AT MY COMMAND
within the battery, the pieces are specified by may be announced from the FDC immediately
platoon or by number. after the method of fire is announced. AT MY

Example: LEFT (RIGHT) (CENTER); BASE COMMAND is then part of the method of fire.
PIECE; No. 2, 3, and 4; No. 2; etc. When the pieces are ready to fire, the executive

reports BATTERY IS READY to the FDC and
53. Method of Fire fires when he receives the command FIRE from

There are a number of methods of fire which can the FDC. AT MY COMMAND continues in
be selected depending on the size, shape, and nature effect until a new method of fire not including
of the target; observation conditions, and other AT MY COMMAND is ordered.
considerations. Although the command for each e. By Piece At My Command. To fire each
method is distinctive, it generally consists of two piece individually at a time to be controlled from
parts-the number of rounds to be fired and the the FDC, the command is BY PIECE AT MY
method in which these rounds will be fired. The COMMAND. The pieces are fired by number as
command is always given in the initial fire com- ordered from the FDC to the executive; e. g.,
mands. The method of fire must be reannounced NO. -_ FIRE. When BY PIECE AT MY
when changed or when the number of pieces to COMMAND is in effect, the executive will report
fire is changed. BATTERY IS READY when all pieces are

a. Volley Fire. To fire volley fire, the com- prepared to fire.
mand is (SO MANY) ROUNDS. Fire is opened f Fire Al Will. If the method of fire is for
at the executive's command FIRE, given after pieces to fire at will, the command is TARGET
the elevation, unless a command for holding fire (SO-AND-SO) FIRE AT WILL. If a method
is prescribed. Each round is fired at the corm- of close defense has been prearranged, the com-
mand of the chief of section: No. I (OR OTHER mand is simply FIRE AT WILL. At this com-
PIECE) FIRE. Each designated piece fires the mand, the designated piece or pieces will fire
specified number of rounds as rapidly as con- under the control of the chief of section as the
sistent with accuracy and without regard to the situation and target necessitate.
readiness of other pieces. The command for a g. Zone Fire.
specific time interval is (SO MANY) ROUNDS (1) Zone fires are delivered in a constant
AT (SO MANY) SECONDS or (SO MANY) direction at varying ranges. The normal
ROUNDS PER MINUTE. In this case, a single command consists of three parts-the
round per piece, at the time interval indicated, is number of rounds, the zone, and- the
fired at the executive's command. This method initial elevation (quadrant). The an-
may be used to maintain a smoke screen or night nounced elevation or quadrant estab-
illumination. lishes the center of the zone. The

b. Salvo Fire. To fire salvo fire, the command executive has the designated pieces fire
is RIGHT (LEFT). Each piece fires in a definite at three elevations, in the sequence-
sequence. The designated flank piece (right or center elevation and then the elevations
left) will fire first, followed at 2-second intervals differing from the center elevation by the
by each succeeding piece. If a time interval other announced number of mils, in any order.
than 2 seconds is desired, it must be announced To attack a target deployed in depth,
as LEFT (RIGHT), AT (NO) SECONDS. If the command is (SO MANY) ROUNDS,
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ZONE (SO MANY) MILS, ELEVA- j. VT in Effect. When VT fuze is to be used
TION (SO MUCH); e. g., BATTERY, 3 after an impact fuze adjustment, it is necessary to
ROUNDS, ZONE 5 MILS, ELEVA- include the warning phrase VT IN EFFECT in the
TION 190-the executive has the battery method of fire so that the weapons' crews will be
fire 3 rounds at elevation 190, 3 rounds prepared to fire VT. This warning is given as a
at 195, and 3 rounds at 185. In some part of the method of fire, after the method com-
cases, the executive may receive the manded for the impact adjustment.
command (SO MANY) ROUND(S), Ezample: FUJZE QUICK, CENTER 1 ROUND,
ZONE (SO MANY) MILS, 5 ELEVA- BATTERY 3 ROUNDS, VT IN EFFECT.
TIONS, ELEVATION (QUADRANT)
(SO MUCH). The announced elevation
is the elevation for the center of the zone.
The executive has the designated pieces
fire at 5 elevations, the announced num-
ber of mils apart in the sequence-the
center elevation, then the 4 other eleva-
tions in any order; e. g., if the command
is BATTERY 1 ROUND, ZONE 5
MILS, 5 ELEVATIONS, ELEVATION
190, the executive has the battery fire
1 round at elevations 190, 200, 180, 185,
and 195.

(2) The executive may keep close control of
the battery by announcing the separate
elevations or quadrants. He may (ex-
cept during time fire) repeat the entire
zone command and require the chiefs of
section to give the elevation or quadrant
commands.

h. Shifting Fire.
(1) When the width of the target is too great

to be covered with an open sheaf, the
target may be attacked by successive
shifts.

(2) Shifting fire is accomplished by laying
the battery first on one portion of the
target and then successively laying it
on the other portions to be covered.
Volley fire by battery is delivered alter-
nately on each portion of the target.

i. Do Not Load. When exact firing data or
time of firing has not been determined it may be Figure 51. Corrections L3, deflection 2,720.

desirable for the pieces of a unit to be laid but not
loaded. In such a case, preliminary data must 54. Direction
be sent to lay the tubes approximately on the a. To lay the tube for direction, the command is
target and the command DO NOT LOAD (DNL) DEFLECTION (SO MUCH). This element is
is announced after the method of fire is announced. always given in the initial fire commands and is
As soon as the weapons are laid, the executive reannounced only when changed. Deflection cor-
reports BATTERY IS LAID. When the exact rection is always announced with this element;
data have been prepared and immediate firing is e. g., CORRECTIONS L3, DEFLECTION 2720
desired, the necessary elements in the sequence of (fig. 31), or AIMING POINT, MARKER ON
commands will be reannounced without the HILL 609, CORRECTIONS 0, DEFLECTION
command DO NOT LOAD. 2644. The announced deflection correction is set
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on the gunner's aid and carried throughout the site corrections for each piece; e. g., SITE 310;
mission. NO. 1, UP 2; NO. 2, UP 3; NO. 3, 0; NO. 4,

b. If a deflection correction and a special cor- DOWN 1; NO. 5, DOWN 3; NO. 6, DOWN 5.
rection for deflection are applicable, they will The No. 1 cannoneer will apply the individual site
normally be combined in the FDC and announced correction to the site announced. Individual site
as CORRECTIONS 0, DEFLECTION (SO corrections announced with the initial commands
MUCH): NO. 1, LEFTI' 1; NO. 2, LEFT 2; NO. 3, are carried throughout the mission. For pieces
0; etc. The announced special correction is set on that do not have an on-carriage site scale, these
the gunner's aid and carried throughout the special corrections are incorporated as part of the
mission. elevation or quadrant command. In this case,

each piece is given a different elevation or quadrant.
d. These special corrections, applied as stated in

a. For those weapons equipped with an on- c above, are to compensate for range and height
carriage site scale, site is handled as a separate displacement and muzzle velocity variation of
element when the gunner's quadrant is not used individual weapons as related to the base piece.
(fig. 32). Site is always announced with the
initial fire commands and is reannounced only
when changed.

Examples: SITE 300 (this is actually a site of 0
mils; the horizontal setting is marked 300).

A site below the horizontal plane is subtracted
from 300; one above the horizontal plane is added,
as SITE 287 (-13 mils of site), SITE 310 (+10
mils of site).

b. For those weapons not equipped with an on-
carriage sits scale, or when the gunner's quadrant
is used, site is combined with elevation.

c. When special corrections have been ordered,
the command for site for weapons having an on-
carriage site scale is a common site plus individual

Figure 83. i126 fuze setter set at Time 9.0.

56. Time Selting
.'~ zZ ~ ~ -~'~ ~ :~J a. When a time fuze has been specified, a time

setting will be required (fig. 33) in the initial fire
commands. This element is announced with the
initial fire commands and is reannounced only when
changed. The same procedure applies when a
time setting with variable time fuze is used.

Examples: TIME 17.4, TIME 11.9, TIME 26.0.
b. When special corrections have been ordered,

the command for time setting consists of a common
-time plus individual time corrections for each

Figure 32. Site 305, elevation 864, 105-mm howitzer. piece. The appropriate cannoneer will apply the
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individual time correction to the time announced;
e. g., TIME 18.2, No. 1, PLUS .1; No. 2, 0; No. 3,
PLUS .1; No. 4, MINUS .2; No. 5, MINUS .3;
No. 6, MINUS .5.

c. These special corrections applied as individual :

time corrections are to compensate for the varia- -
tions in time of flight corresponding to varied
ranges resulting from the special corrections ap-
plied to site or elevation.

57. ElevationJ
a. The command to lay the piece for range is ' '1

ELEVATION (SO MANY MILS) or QUAD-
RANT (SO MANY MILS). The use of the
gunner's quadrant (fig. 34) is mandatory when
the command QUADRANT (SO MANY MILS)
is given; otherwise, the on-carriage elevation scale
is used (fig. 35). This element is always given in
fire commands except when salutes are being fired
(par. 58c). When the command is announced as _
elevation, if the weapon has an on-carriage site
scale, the number of mils announced represents
only elevation; if the weapon has no on-carriage
site scale, the number of mils announced is the
algebraic sum of site and elevation. For applica-
tion of special corrections pertaining to range, see n.
paragraph 55.

6b The command ELEVATION (QUADRANT) Figure 35. On-carriage elevation scale-elevation 373,
b. The command ELEVATION (QUADRANT) 155-mm howitzer.

is also the command for weapons' crews to load
the weapons, provided that DO NOT LOAD was MAND, AT MY COMMAND, or FIRE AT
not announced. It should be noted that a sepa- WILL and, when salutes are being fired, in which
rate command to load is not used (except in firing case the command is FIRE. The executive's
salutes). command which always must be given to the chiefs

c. ELEVATION (QUADRANT) is the corn- of sections is FIRE. This command immediately
mand to the executive to fire except when the follows the command ELEVATION unless a
method of fire is BY PIECE AT MY COM- command for holding fire has been announced.

When the command FIRE has been given, the
weapons' crews will load and fire at the command
of the chief of section as soon as they are ready.
This command FIRE should be delayed by the
executive only; when a reason exists; for example,
safety or accuracy check.

58. Examples of Typical Fire Commands
In the examples in a through c below, a partic-

ular weapon is indicated in most cases, but the
commands generally are applicable to all calibers.
All commands are repeated by the executive or
designated personnel of the firing battery unless
otherwise stated.

a. Example of commands for precision adjust-
ment for registration for the 105-mm howitzer

Figure 34. Setting the gunner's quadrant. are-
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BASE PIECE ADJUST is immediately repeated to the battery by the
SHELL HE first individual receiving it. At the command,
LOT X regardless of its source, firing will cease immedi-
CHARGE 4 ately. If this command originated from the
FUZE QUICK observer or FDC and the piece is loaded, the
BASE PIECE, 1 ROUND executive reports No. 2 (OR OTHER PIECE)
CORRECTIONS 0 LOADED. If firing is stopped by someone at
DEFLECTION 2850 the position, the executive reports that fact and
SITE 305 the reason therefor to the FDC: Firing is
ELEVATION 210 resumed at the announcement of elevation.
FIRE

b. Example of commands for zone fire, 105-mm 60. End of Mission
howitzer, are- The command END OF MISSION means that

BATTERY ADJUST the fire mission has been completed and, if a
SHELL HE barrage has been assigned, the battery will lay on
LOT Y its barrage. However, the command CEASE
CHARGE 5 FIRING, END OF MISSION may be used for
FUZE QUICK added emphasis.
BATTERY 1 ROUND
ZONE 4 MILS 61. Repetition of Commands
CORRECTIONS 0 a. By Chief of Section.
DEFLECTION 2680 (1) Voice communication. Chiefs of sections
SITE 307 repeat the commands FIRE and CEASE
ELEVATION 268 (elevations 268, 272, and FIRING. Any other commands given

264 will be fired) by the executive are repeated only when
FIRE requested, or when they obviously have

c. Example of commands and the methodsused not been heard or understood. The
for firing a salute are as follows: request for repetition is a question.

(1) Commands. Example: DEFLECTION NO. (SO-
WITH BLANK AMMUNITION AND-SO)? ELEVATION NO. (SO-
21 (OR SO MANY) ROUNDS AND-SO)?
BATTERY BY PIECE AT MY COM- (2) Intrabattery communication. When wire

MAND, LOAD communication is used between the bat-
NO. 1 FIRE tery executive and the individual weapon
NO. 2 FIRE sections, the repeat back of elements of
NO. 3 FIRE the fire commands will be governed by
NO. 4 FIRE unit SOP. Each chief of section must
NO. 5 FIRE announce each element of the fire com-
NO. 6 FIRE mands to his section.
NO. 1 FIRE
END OF MISSION (after the required b. By Executive Officer. The repetition of com-

number of rounds have been fired) mands by the executive officer is always preceded
(2) Method. The method of fire may also be by THE COMMAND WAS .

CONTINUOUS FIRE, RIGHT AT 5 Example: THE COMMAND WAS DEFLEC-
(OR SO MANY) SECONDS. In this TION 2768.
case it would not be necessary for the
executive to command FIRE for each 62. Signals
piece. A chief of section extends his right arm verti-

cally, with palm of hand toward the executive
59. Cease Firing (the ready position), to indicate that his piece is

The command CEASE FIRING normally is ready to fire. When he cannot be seen by the
given by the executive but in an emergency may executive, he reports orally NO. (SO-AND-SO)
may be given by anyone present. This command READY. The commands FIRE and CEASE
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FIRING usually are given by arm signals as well b. ROUNDS COMPLETE-when the final
as by voice. The signal for FIRE is to drop the round of fire for effect (other than one volley) has
right arm sharply from the ready position to the been fired.
side or to point with the right hand at the piece to c. MISFIRE NO, (SO-AND-SO)-when there
be fired, extend the arm to the ready position, and has been a misfire. NO. (SO-AND-SO) IS
drop it sharply to the side. The signal for CEASE READY-when again ready to fire, if fire mission
FIRING is to raise the hand in front of the fore- has been completed.
head, palm to the front, and swing hand and fore- d. NO. (SO-AND-SO) IS OUT (REASON)-
arm up and down in front of the face. Another when a piece has been called out.
signal for CEASE FIRING is one long blast on a e. Number of rounds expended, by type (and
whistle. lot number when required)-at the completion of

63. Barrages each fire mission.
. Chiefs of sections must report immediately

a. The battery barrage is designed to be fired to the executive all errors that have caused a round
quickly on a critical line. It is a high priority fire, to be fired with improper data. The executive
usually taking precedence over all other fire mis- has these errors corrected and reports to the
sions. When the battery is not firing other mis- FDC; e. g., NO. 2 FIRED 20 MILS RIGHT:
sions, it is laid on its barrage and appropriately ERROR HAS BEEN CORRECTED.
prepared rounds are kept by the pieces.

b. The barrage may be initiated by the command 65. Checking Settings During Firing
BARRAGE or by a prearranged signal. When The executive usually checks settings and laying
personnel are resting, the piece sentinels begin during lulls in firing. When the executive ques-
firing immediately on the command BARRAGE or tions the accuracy of the laying of any piece, he
on receipt of the prearranged signal. calls that piece out, reports to the FDC (par. 64d),

and has the necessary checks made. When the
64. Reports battery is firing close to friendly troops, frequent

The executive reports to the FDC all actions that checks must be made to insure safety.
affect the firing of the battery. In addition to those
reports previously mentioned (BATTERY IS 66. Correcting Fire Commands by Executive
READY, BATTERY IS LAID, CEASE FIR- Officer
ING), the following specific reports are made: a. If an incorrect command has been given but

a. ON THE WAY (NO. 1 ON THE WAY)- FIRE has not been given, the correct command is
when the first round of salvo, volley, zone, or other given preceded by CORRECTION.
series of fire has been fired. This method is pre- b. If FIRE has been given, the executive will
ceded by the piece that is firing only when infor- announce CEASE FIRING. He will then give the
mation is necessary for coordination; for example, proper commands, the elevation, and repeat the
BY PIECE AT MY COMMAND. command FIRE.
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CHAPTER 5
FIRING BATTERY PROCEDURES

Section I. LAYING THE BATTERY

67. Introduction
Training, control, and operation of the firing

battery involve the use of procedures and various
terms that must be understood by all personnel
concerned. This chapter presents the systems
and techniques and the terms and definitions that
must be understood and observed by proficient
artillerymen.

68. Reciprocal Laying
Reciprocal laying is a procedure by which the

0-3200 line of an instrument (aiming circle, etc.)I
and the axis of the tube of a weapon are laidmic elescope

parallel, or the tube of one weapon is laid parallel i

to another and in the same direction, or the
0-3200 line of one instrument is laid parallel to
another. This procedure is based on the follow- /
ing geometric principle: If parallel lines are cut
by a transversal, the alternate interior angles are
equal. The line of sight between an instrument Aiming circle
and a weapon sight is considered as the trans-
versal. When the scale readings of the two are
equal when they are sighted on each other, the Figure 56. Reciprocal laying.
0-3200 line of the instrument and that of the
sight will be parallel (fig. 36). The methods in this deflection on the sight, the gunner
a through c below may be used in reciprocal laying. lays on the instrument (objective lens)

a. Reciprocal Laying by Means oq an Aiming and announces NO. (SO-AND-SO),
Circle. READY FOR RECHECK. The line

(1) Procedure. The 0-3200 line of the in- of sight of the instrument is again re-
strument is established in the desired ferred back to the panoramic telescope,
direction. The operator, using the upper and a deflection is announced. This
motion, turns the head of the aiming process is repeated until the gunner
circle until the line of sight is on the reports no difference between successive
panoramic telescope of the piece (objec- deflections announced by the operator.
tive lens), reads the azimuth scale (scale (2) Commands. The following commands
with smaller numbers because deflection are used in laying a battery parallel by
is never greater than 3,200 mils) and the means of an aiming circle:
azimuth micrometer scale, and announces Ezecutive: BATTERY ADJUST, AIM-
the reading as a deflection. Setting off ING POINT THIS INSTRUMENT.

37



All gunners identify the aiming point. TION 2800, REFER. (Aiming post
(It is desired to lay the center platoon deflection will vary with the weapon.)
first.) b. Reciprocal Laying by Means of the Telescope
Gunner of No. 3: NO. 3, AIMING of a Piece. The tube of No. 2 piece having been
POINT IDENTIFIED. laid in the desired direction, the gunner refers to
Executive: The executive by using the the telescope of No. 1 piece which is pointed in
procedures in (1) above determines the the same general direction and reads and announces
deflection to No. 3 and announces NO. 3, the deflection on the No. 2 piece telescope. The
DEFLECTION 3091. gunner of No. 1 piece sets the announced deflection
Gunner oqf No. 3: NO. 3, DEFLECTION on the No. I piece telescope and lays on the
3091. The gunner assures that the telescope of No. 2 piece (center of traverse).
tube is approximately in the center of No. 1 and No. 2 recheck; the gunner of No. 1
traverse. He sets this deflection on the re-lays if necessary, and, when the two telescopes
panoramic telescope of the piece and are sighted on each other with the same deflection
causes the trails to be shifted until he settings, the pieces are laid parallel. The process
can sight approximately on the aiming may be repeated for as many pieces as are visible
circle. He then traverses the tube until through the telescope of No. 2 piece, or No. 1
he is sighted exactly on the aiming piece may lay others reciprocally. This method
circle. should not be employed when it is possible to
Executive: NO. 4, DEFLECTION (SO lay all pieces parallel by using a single aiming
MUCH). The executive continues giv- circle. The command is ON NO. 2 (OR OTHER
ing readings until each piece has been PIECE), LAY PARALLEL.
given a deflection. By this time the c. Orienting an Aiming Circle by Means of a
gunner of No. 3 has completed his laying Piece. The tube of a piece is laid for direction,
with deflection 3091 and announces NO. and it is desired to point the 0-3200 line of an
3, READY FOR RECHECK. aiming circle in a parallel direction. The operator
Executive: Sights (refers) the aiming of the aiming circle commands NO. 3, AIMING
circle again on the sight of No. 3 and POINT, THIS INSTRUMENT, REFER. The
commands NO. 3, DEFLECTION 3093. No. 3 gunner refers to the aiming circle and an-
Gunner of No. 3: NO. 3, DEFLECTION nounces the deflection on the No. 3 piece telescope.
3093, 2 MILS. This indicates a differ- The operator of the aiming circle sets this deflec-
ence of 2 mils from the original deflection tion on the scales of the aiming circle and then
of 3091 which the gunner now has on the turns the lower motion until he is sighting on the
panoramic telescope. Therefore, the telescope of the piece. The 0-3200 line of the
gunner sets 3093 on the telescope and aiming circle is now parallel to the axis of the
again traverses the tube until he is No. 3 piece tube. This process is used in execut-
sighted on the aiming circle. The gun- ing the commands MEASURE AZIMUTH and
ner then states NO. 3, READY FOR MEASURE ORIENTING ANGLE.
RECHECK.
Executive: Having rechecked some or all 69. Initial Laying of Battery For Direction
of the other pieces, turns the head of the a. The battery may be laid initially by an
aiming circle, using the upper motion, azimuth; an orienting angle; an aiming point and
until the line of sight is on the telescope a deflection; or sighting on an airplane, a high
of No. 3 and announces NO. 3, DEFLEC- air burst, or a flare. Upon occupying position,
TION 3093. when only a general direction of fire has been
Gunner of No. 3: NO. 3, DEFLECTION designated, the executive does not await direc-
3093, 0 MILS. (Rechecking of each tions for laying the battery. He lays it parallel
piece must continue in this manner until on an arbitrary direction as nearly as possible in
the deflection announced by the execu- the center of the zone of fire and with the pieces
tive and the deflection on the panoramic approximately in the center of traverse. When
telescope are identical.) he receives an order to lay the battery on a differ-
Executive: NO. 3 IS LAID, AIMING ent direction, he need only command a new deflec-
POINT, AIMING POSTS, DEFLEC- tion and realine the aiming posts. To facilitate
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subsequent laying, he should lay the battery centers the needle by using the lower motion.
initially on an azimuth which is a multiple of The 0-3200 line of the aiming circle now is
100 mils. directed to the desired azimuth of 4000.

b. If it is impracticable to place the aiming circle e. Subsequent procedure and commands are
so that it is visible from all pieces, the following similar to those in paragraph 68a.
methods are appropriate:

(1) When a part of the battery is not visible 71. Laying For Direction by Grid Azimuth
from the aiming circle and none of the (M2 Compass Method)
pieces are intervisible, the executive a. The command to the executive to lay the
lays the visible part of the battery with battery by grid azimuth is LAY ON AZIMUTH
the aiming circle. He then uses the (SO MUCH). This command is not repeated.
aiming circle to lay a second aiming b. The executive places the compass on a
circle placed so that it will be visible to steady object, away from objects which might
the remainder of the battery. Using affect the needle, and in a place where it can be
the second aiming circle, he lays the used as an aiming point for the base piece. He
other pieces. then-

(2) When a part of the battery is not visible (1) Measures the grid azimuth to the tele-
from the aiming circle but the pieces in scope of the base piece.
this part and one or more pieces visible (2) Subtracts the announced grid azimuth
from the aiming circle are intervisible, from the grid azimuth which he measured
the executive lays the visible part of the (adding 6,400 if necessary).
battery with the aiming circle. The (3) Uses the remainder (minus 3,200 if nec-
piece (pieces) visible from the remainder essary) as the deflection and the compass
of the battery then lays the other pieces as an aiming point, to lay the base piece
reciprocally. (fig. 37).

70. Laying for Direction by Grid Azimuth Nole. The commands are similar to those

(Aiming Circle Method) in paragraph 68a(2).

a. The command to the executive to lay the 72. Laying for Direction by Orienting Angle
battery by grid azimuth is LAY ON AZIMUTH a. The command to the executive to lay the
(SO MUCH). This command is not repeated. battery by orienting angle is LAY ON ORIENT-

b. The aiming circle is set up at a point which ING ANGLE (SO MUCH). This command is
is- not repeated.

(1) Away from all magnetic attractions. b. The executive sets up the aiming circle (or
(2) Preferably visible from the sights of all other fire control instrument) over the orienting

pieces. station or other point on the orienting line where
c. The executive subtracts the announced azi- it can be seen from all pieces. The executive

muth from the declination constant, adding 6,400 must be certain that he has identified the stakes
if necessary; for example- or points which mark the orienting line and knows

(1) Declination constant is 200. the general direction of fire.
(2) Announced azimuth is 4,000. c. Using the upper motion, the executive sets

200 Declination constant the announced orienting angle on the azimuth
+6, 400 scale and azimuth micrometer scale of the

~~~6, ~600 ~instrument.
-4, 000 Announced azimuth d. Using the lower motion, the executive sights

on one end of the orienting line. This places the
2, 600 Clockwise angle between the 0-3200 line of the instrument parallel to the direc-

announced grid azimuth and tion in which the pieces are to be laid.
magnetic north. Caution: The general direction of fire must be

d. Using the upper motion, the executive sets known. If this operation causes the 0-3200 line
the result (2,600) on the azimuth scale and azi- (line of sighting) of the instrument to be in the
muth micrometer scale of the aiming circle and opposite direction from the direction of fire, the
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Desired Desired grid
grid azimuth azimuth 5000

5000

L 0001 2000

Compass Deflection eflection Complas
rid 2000i 2000 120 1-Co s

QCompass to left front. Deflection to ( Compass to right front. Deflection to
lay tube parallel, 2000 mils. 'lay tube parallel, 1200 mile.

Desired grid Desired grid
azimuth 5000 azimuth 5000

Deflectlon 1200 Deflection
l200i I 200-o

( \r- Gtvn" a-L Om

Compast Compass

I) Compass to left rear. Compoas to right rear.
-Deflection to ily Deflection to lay tube
tube parallel, 1200 parallel, 2000 mile.
mils.

Figure 37. Use of M2 compass to lay by grid azimuth.

instrument line of sighting must be turned 3,200 azimuth and azimuth micrometer scales
mils. of the instrument.

e. Subsequent procedure and commands are (c) Using the lower motion, the executive
similar to those in paragraph 68a. turns the head of the aiming circle

until the line of sight is on the aiming
73. Other Methods oF Laying For Direction point. This action orients the 0-3200

a. Laying by Aiming Point and Deflection. The line in the desired direction (fig. 38).
command to the executive to lay the battery by (d) The executive then lays the pieces re-
aiming point and deflection is AIMING POINT ciprocally (par. 68a).
(SO-AND-SO), DEFLECTION (SO MUCH). (2) By using a panoramic telescope.

(1) By using the aiming circle. (a) The executive repeats the command to
(a) The executive does not repeat the the base piece.

command. The executive sets up the (b) The gunner sets the deflection on the
aiming circle within communicating telescope of the piece and sights on the
distance of the pieces and where the aiming point by traversing the tube.
aiming point is visible. This action lays the tube of the base

(b) With the upper motion, the executive piece in the desired direction.
sets the deflection announced on the (c) The executive commands ON NO.
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ing point and W the perpendicular
distance from the piece concerned to a
line through the aiming point and No.
3 piece.

\o / Aiming point (c) If the aiming point is to the rear, the

\9, / sheaf will diverge (fig. 40). Individual
\_ / shifts are computed as in (b) above to

\'-. / form the sheaf parallel.
b. Initial Laying by Aircraft, High Air Burst, or

/ Flare.
Deftlection (1) No specific command is prescribed for lay-

700 / ing the battery by sighting on aircraft, air
burst, or flare. The executive may lay the
battery initially for direction by sighting
with an instrument on the aircraft, high

/ air burst, or flare. When no visible point
is suitable for use as an aiming point, an
aircraft may be employed to fly over the
battery position towards, or away from,
a point in the target area. The line of
flight is used to establish a line of direc-

"*o /stion. Tie high air burst or flare should
be over the target area. The high air
burst is fired by another unit, which has

._ r \ / ~ J Nbeen laid previously for direction. The
flare may be fired by an air or a ground
observer.

(2) The executive sets up an instrument (usu-
ally in rear of the battery center) where
it can be used as an aiming point by all

Figure 88. Laying by aiming point and deflection, aiming pieces. The executive zeros the azimuth
circle method. and the azimuthl micrometer scales, and,

by using the lower motion, places the ver-
(BASE PIECE), LAY PARALLEL; tical hairline on the aircraft, burst, or

(d) The gunner of the base piece lays the flare at the proper instant. Using the
other pieces reciprocally (par. 68b). upper motion, the executive lays the

(3) By individual shifts. pieces reciprocally (par. 68a).
(a) The executive repeats the command

to the battery. All pieces are laid on 74. Verifying Laying for Direction
the aiming point with the announced a. After the battery has been laid, the executive
deflection set on their telescopes. will verify thelaying to insure proper direction and

(b) If the aiming point is to the front, the parallelism.
sheaf is converged at aiming point b. If time permits, the executive may make the
range in the target area, as shown by following check:
the exaggerated diagram (fig. 39(). (1) With the aiming circle (or instrument
The convergence is corrected and sheaf *' used to lay the battery initially) still set
is formed parallel (opened, in this case) up, the executive commands NO (BASE
by means of individual shifts (fig. 39®). t PIECE), AIMING POINT THIS IN-

Example: It is desired to form the STRUMENT, REFER.
sheaf parallel on the No. 3 piece (fig. (2) The gunner of the piece indicated turns
39). The shifts are determined for the sight of the piece until the line of
each piece by the mil relation (par. sight is on the designated instrument and

155d), R being the range to tlie aim- announces the reading on the sight scale

4~1727 0.57-4



as NO. (SO-AND-SO), DEFLECTION not agree with that read by the execu-
(SO MUCH). tive, he can correct the laying of that

(3) The executive sets this reading on the piece for direction by giving the gunner
azimuth and azimuth micrometer scales the proper deflection.
of his instrument and with the lower mo- (6) The executive should also make a visual
tion sights on the panoramic telescope of check, lining in the tubes with a point on
the piece indicated, thus establishing the the horizon to insure that gunners have
0-3200 line of his instrument parallel to not used the wrong aiming point. The
the direction of fire. He can now verify executive should be able to determine
the azimuth (orienting angle) (deflection). visually large errors in laying for direc-

(4) The executive repeats the command in tion by comparing the direction in which
(1) above to the other pieces in turn, the tubes are pointed.
checking the deflection of each. c. If time does not permit the entire check pre-

(5) If the deflection read by the gunner does scribed in b above, a quick check may be made by

Aiming
\ point

Range to
aiming point
8000 yards

6 5 4 3 I

*k-30yd--40yd -- +30yd-+- 40yd--+ -- 50yd-- -

Shift for Nr I = 90/8 = right II
Shift for Nr 2- 40/8a right 5

Distance between Nr3-basepiece
Shift for Nr 4 = 30/8 = left 4
Shift for Nr 5= 70/8- left 9
Shift for Nr 6 = 100/8a left 12

( Sheaf converged

Figure 39. Opening a converged sheaf by individual shifts to obtain a normal sheaf.
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Aiming

A A M I
6 5 4 3 2 1

k30yd - 40 yd - + 30yd + - 40yd - +-- 50 yd - -

Q Normal sheaft
Figure 39-Continued.

having all pieces referred to a common distant aim- deflection from the deflection of the base piece are
ing point. The referred readings of all pieces applied by adjusting the slipping micrometer
should agree within a few mils; the exact difference scale on the panoramic telescope. This adjust-
may be determined by the mil relation. ment provides a common deflection for all pieces

d. A knowledge of the general direction of fire when laid parallel.
and a visual check of the laying is the minimum b. The deflections which keep misalinement of
essential verification. the aiming posts to a minimum and are found to

be the most convenient as the piece is traversed
75. Recording Laying for Direction are shown below:

a. Once the battery has been laid parallel, the
executive will have each piece referred to an aim-
ing point, usually the aiming posts, with a common 75-nin howitzer 2,200.i i s105-mm howitzer -. . ...... 2,600 or 2,800.
deflection. The command is AIMING POINT, 4.2-inch mortar -2,800.
AIMING POSTS, DEFLECTION (SO MUCH), 155-mm howitzer .- . ..... 2,400 (M44-600).
REFER. Without traversing the tube, the gun- 155-llrn gun - ........... 2,600 (M53-600).
ner of each piece will set the announced deflection 8-inch howitzer - ........... 2,600 (M55-600).
on the panoramic telescope and have aiming posts 8-inch gun h --........ 2,200.240-ram howitzer ............ 2,200.
set out along this line. The gunner, after exe- 280-mm gun - ........... 2,200.
cuting the above command, reports NO. (SO-
AND-SO), DEFLECTION (SO MUCH). It is c. If the aiming posts of the piece cannot be
highly desirable to have the far aiming post at placed on the common deflection announced be-
least 100 yards from the piece. Regardless of the cause of ground contour, foliage, trees, or other
distance at which the far aiming post is set, the conditions, the gunner, supervised by the chief ot
near aiming post must be exactly one-half the section, turns the azimuth micrometer knob until
distance to the far aiming post. When a distant the slipping azimuth scale is on another even 100-
common aiming point is used, the differences in mil graduation. The aiming posts are alined at
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this new deflection. The chief of section reports (so much),'deflection 2,800 in ravine." (This de-
the altered deflection to the executive: "No. flection should be a multiple of 100 mils.) The
(so-and-so) aiming posts at (so many hundred), gunner then determines the constant correction for
deflection (common deflection) in lake (or other the piece and applies it to any deflection com-
reason)." The executive will then command manded by the executive. This constant should
NO. (SO-AND-SO), DEFLECTION 2800, be recorded by the gunner and the battery
REFER. At this command, the gunner loosens recorder.
the slipping azimuth scale locking screw and Example: The battery has been laid and com-
moves the slipping azimuth scale to the common manded to refer to aiming posts at deflection
deflection. He then tightens the locking screw 2,800. All gunners can comply, except the gunner
and verifies the adjustment. of No. 2 piece, whose visibility is blocked by

d. If a piece is not equipped with a slipping scale foliage. No. 2 piece gunner has emplaced the
on the sight and the crew is unable to place its aim- aiming posts at 2,400 and reported this data to the
ing posts on the common deflection announced executive. The constant correction for No. 2
because of ground contour, foliage, trees, or other piece is, therefore, minus 400 (2,400-2,800)
conditions, the chief of section determines the
deflection at which the piece can be referred to
aiming posts and the posts are alined at this mission, which includes DEFLECTION 2912.
deflection. The chief of section reports this All pieces in the battery except No. 2 are laid on
deflection to the executive and the reason therefor; the announced deflection 2,912. No. 2 is laid on
e. g., "No. (so-and-so), aiming posts at deflection deflection 2,512 (2,912-400).

tts6 5 3 2

* F-3Oyld-#l--40yd--/-30y4d 4-- 40yd-- -- -50yd-- -

/ Shift for Nr I 90/8 left II
Range to Shift for Nr2= 40/8= left 5

aiming point / Nr 3- base piece
8000 yards/ Shift for Nr4-30/8 right 4

Shift for Nr 5 = 7 0 /8 = right 9
Aiming point Shift for Nr 6 100/SBright 12

a Distance between individual pieces.

O Diverged sheaf

Figure 40. Closing diverged sheaf by individual shifts to obtain a normal sheaf.
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6 5 4 3 2 1

30 yd - 40 yd - 30d + - 40 yd-- +-50 yd -- -

/

Aliming point

Q Normal sheaf

Figure 40--Continued.

e. As soon as the battery has been laid parallel DEFLECTION (SO MUCH). These deflections
and referred to aiming posts, the executive will are recorded by the chief of section and the battery
have the gunners of all pieces refer to a distant recorder for future use. Should the aiming posts
aiming point. For example, he may command of any section be rendered useless, the executive
AIMING POINT, STEEPLE, RIGHT FRONT, can maintain parallelism and control of direction
REFER, RECORD REFERRED DEFLEC- by using this deflection and aiming point. This
TION. The gunners refer to the steeple and read information is used for reemplacing the aiming
and report the deflection; e. g., NO. 3, STEEPLE, posts at the earliest possible time.
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Section II. DETERMINING MINIMUM ELEVATION (ME)

76. Introduction manual appropriate for the weapon, and reports

The safe firing of a battery is the responsibility it to the executive.
of the executive (AR 385-63). In garrison firing, 79. Measuring Range to Mask
the officer in charge of firing is assisted by a safety Range to the mask may be determined by one
officer. The safety officer is responsible for insur- of the following methods:
ing that persons and property are not endangered a. Obtaining Distance From a Map. T6 obtain
by the fire. One of the prime considerations in distance to a mask from a map, plot the location
safe firing is the determination of minimum eleva- of the position area and determine the highest
tion. Such determination is necessary in order to point of the mask. Measure the distance with an
clear terrain masks surrounding the battery posi- appropriate scale. This method is fast and
tion and to insure the safety of friendly forces accurate and is not affected by adverse terrain
which may be occupying the terrain in question. features as in b and c below.
Minimum safe ranges and no-fire lines to protect b. Pacing the Distance. Pacing the distance to
friendly elements are determined at the FDC a mask requires no equipment; time to complete
and/or higher headquarters. Determination of measuring the range will depend on distance to
elevation to insure rounds clearing established
minimum safe ranges is a responsibility of the c Taping. Taping the distance to a mask ise. Taping. 'raping the distance to a mask is
FDO in combat and the safety officer in garrison. accurate but time-consuming and is used only
This section sets forth the procedures required to when timQ and terrain permit.
clear crests in the firing battery area. d. Use of the Mil Relation. Determining the

77. Responsibility for Computing Minimum range to a mask by using the mil relation is a par-
RElevation sibility ComputingMinimticularly good method when the tactical situation

does not permit actual measurement by one of the
a. Minimum Elevation to Clear Mask Visible methods in a through c above. The mil relation

From Battery Position. The executive will de- method may be accomplished by the use of the
termine and report to the FDC the minimum panoramic telescopes of the flank pieces, by 1 aim-
elevation to clear the mask visible from the bat- ing circle and 1 panoramic telescope, or by 2 aiming
tery position. The minimum elevation must be circles. Usually, the most practical means is the
computed for each charge to be fired, the compu- use of the panoramic telescopes of the flank pieces.
tation varying with the fuze employed (pars. 80, For example (fig. 41), the battery has been laid
81, and 82). parallel; the paced distance between flank pieces

b. Minimum Elevation to Clear Crests not Visible is 150 yards.
From Battery Position. A corrected minimum ele- (1) The gunners of the flank pieces refer to
vation based on clearance of crests beyond the exactly the same point on the crest.
visible mask may be transmitted to the executive (2) Each of the flank gunners announces the
from the FDC. The executive will then use the deflection to the point on the crest from
corrected minimum elevation. his piece.

c. Modification of Minimum Elevation. For (3) The apex angle is determined from these
additional safety, the need to modify minimum two deflections as indicated in figure 41.
elevation(s) by all known weather and calibration (4) The range in thousands of yards to the
corrections must be considered in the FDC. These mask is determined by dividing the
corrections cannot be ignored without endangering battery front in yards by the apex angle
friendly elements close to the trajectory. Deter- in mils, applying the mil relation.
mination and application of corrections are ex-
plained in chapter 19. 80. Computation of Minimum Elevation for

Firing Projectiles With Fuzes M51 and
78. Measuring Angle of Site to Mask M500

As soon as a piece is laid for direction, the chief a. Elements involved in the computation of
of section determines the angle of site to the minimum elevation for firing projectiles with fuzes
highest mask for his piece, as prescribed in the field M51 and M500 (fig. 42) are as follows:
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/z X / Angle X forks

(5)

/El \ °^/EComp lifo
\rtlcol clearance

Origin Mm .1 Bou of tajectory -

D145elI Figure 48. Minimum elevation, except VV.S

I* /~ \I(3) Adds the comp site (angle 3) for the
I / ado 4 3 ^AS \ L_ piece mask range for the sum of angle

I and angle 2. (Tabular firing table
5 5d 105-H-4, page 46, column 16, range

1,100 yards gives value of comp site
6 for each 1 mil of site to be +.01 mil.)

I- 150 yards Angle 1+Angle 2=16+4.5 or 20.5
Angle 3=20.5 x +.01 or .-------- +0.2m

Ddeflectlon Der lectlon (4) Determines elevation for piece mask
Nr.6 218d6 Nr.I 3055te range (angle 4) from tabular firing

Angle X- 218+145. 363M table 105-H-4, page 46, column 2-_ +91.7ih

(5) Adds two forks at piece mask range
ARnlge to ma dlth of Dottr 4O3d 4 (angle 5) from tabular firing table

Angle X 3105H 4, page 46, column 4 -.. . +6.0fii

Figure 41. Determining range to mask.
Total _-------------------- + 118.4'h

(1) Angle 1. Greatest angle of site as c. On completion of the computation of mini-
measured by the chiefs of section. mum elevation, the executive will report the

(2) Angle 2. Vertical clearance of friendly minimum.elevation for each charge to the FDC.
elements (5 yards at mask range). If the sum is fractional, he reports it as the next

(3) Angle S. Comp site (comp site factor higher whole mil. From the computations in b
for appropriate charge at mask range x above, the executive reports the minimum eleva-
(angle 1+ angle 2)). tion for charge 3 to be 119.

(4) Angle 4. Elevation for mask range, d. Sometimes it will be necessary to determine
using appropriate charge(s). more than one minimum elevation for the sector of

(5) Angle 5. Two forks at mask range, us- five. In this case, the executive reports, for
ing appropriate charge(s). example: AZIMUTH 4850 to 5200, MINIMUM

b. In determining the value of elements in the ELEVATION CHARGE 3, 100; AZIMUTH
computation of minimum elevation for firing 5200 to 5650, MINIMUM ELEVATION
projectiles with fuzes M51 and M500 (assume CHARGE 3, 119.
range to mask to be 1,100 yards; minimum e. A single narrow obstruction, such as a tree,
elevation to be computed for 105-mm howitzer, which will mask only one piece at a time, is not
charge 3), the executive- considered in computing minimum elevation. If

(I) Selects the greatest angle of site a piece cannot fire safely, it is called out of action.
(angle 1) to the mask reported by
the chiefs of sections -. . ....... + 16.0 81. Computation of Minimum Elevation for

(2) If the mask is occupied or is to be Firing F
occupied by friendly troops (always Proectiles T Fues Low
assumed in the absence of informa- Angle Fire)
tion to the contrary), adds the value a Minimum Elevation. The method of com-
in mils (angle 2) of a height of 5 yards puting minimum levation for firing projectiles
at the piece mask range (using milat the piece mask range (using mil puting minimum elevation for firing projectiles
relation 5 yards/1.1) l)-.......- +4.5'm fuzed with T226 (M513) or T227 (M514) fuze,
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or their modifications, depends on the method of (3) If the projectile is to be fired with fuze
employing the fuze. T226E2 (M513E2) or T227E2 (M514E2)

/1) If the projectile is to be fired with a set on point detonating (PD), the ME
time setting on the fuze corresponding is determined as for any PD fuze.
to thme ttinof flighto t he rtarget, ME b. Crest Clearance. There is little danger into the time of flight to the target, ME
is computed as for fuze M500 (par. 80). firing VT fuzed projectiles over friendly territory
Minimum elevation computed in this except ill clearing crests. An armed VT fuze will
manner requires that the minimum time function on passing within activating proximity
setting for VT fuzes be greater than the to a terrain obstruction, such as a crest or ridge.
time of flight to the piece mask range The fuze will not function if arming can be de-
timeofplus 5.5 seconds. thepiecemaskrae layed until the shell has passed the crest. Toplus 5.5 seconds.

insure delayed arming, the time setting must be
(2) If the projectile is to be fired with the at least 5.5 seconds more than the time of flight

fuze set on the 0 setting line or set on to the crest (fig. 43) or the elevation must be
a time smaller than minimum time in greater than the minimum elevation computed
(1) above, the ME is computed by the as set forth in paragraph 82. This fuze when set
method in paragraph 82. for delayed arming will function upon impact

Note. If the urgency of the situation is such with the crest or ridge.
that time is not available to apply a time c. Angle of Fall. When projectiles are ap-
setting to each fuze, projectiles with fuzes T226 proaching the target at small angles of fall, the
(NI513) or T227 (AM514) may be fired as shipped, area between the point of full arming of the VT
on the 0 setting. Projectiles fired with fuzes
at this setting will become fuill armed 2 element and the target may be sprayed by frag-
seconds after firing. Mlodels with a safety ments from occasional early bursts; at larger angles
setting are completely inoperable when set on S. of fall, these early bursts do not constitute a

Fire.rs

Minimum crest time beyond friendly crest.
Minimum crest time shrt of friendly crest.

Figure 45. Crest clearance, delayed arming V'Tfuze.
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C) Small angle of fall--insufficient crest clearance

®( Large angle of fall--sufficient crest clearance

Figure 441. Normal functioning of 'T fuzes relative to angle of fall and crest clearance.

serious hazard. Figure 44 ilhlstratest he normal c. The minimum arming time (2 seconds time
functioning of VT fuzes. of flight) is converted into a minimum arming

d. Proximity to Friendly Troops. Caution range. This range, being directly affected by
should be used in firing projectiles with VT fuzes muzzle velocity, will vary for different weapons
at targets extremely close to friendly positions. and charges. The range so determined is com-
VT fuzed projectiles may burst at varying points, pared to the piece mask range in determining the
along the trajectory after arming takes place final minimum safe elevation.
resulting in a somewhat larger fragmentation Note. Minimum arming time for M196 and M97 fuzes
pattern. The tactical situation, terrain, and angle is 5 seconds.
of fall are factors to be considered in this connec- d. Arming time range is always considered as
tion. For a more detailed discussion on the fuze, that range which corresponds to a time of flight
see TB ORD 419. of 2 seconds for a given charge. Column 5,

tabular firing table 105-H-4, gives the time of
82. Computation of Minimum Elevation For flight for the 105-mm howitzer projectile. To

Firing Projectiles With VT Fuzes Based determine the arming time range, enter the tables
on Arming Time for the particular charge, locate a time of flight

a. When a projectile is fired with VT fuze set of 2 seconds in column 5, and determine range
on the 0 setting line or on a time lesser than the corresponding to the arming time range in column
time to the piece mask range plus 5.5 seconds, 1. If an exact time of flight of 2 seconds is not

allowance must be made for vertical clearance of shown in column 5, as in case of charge 5, the
friendly elements beyond the range corresponding range corresponding to the next greater time of
to the minimum arming time of the fuze. Vertical flight (2.1) must be used. The arming time
clearances when low-angle fire is used are range to be used would be 700 yards.

Ileapon Vi'rieatcd etranec de. The executive must determine the arming
75-mm howitzer, 90-mm gun - . .. 70 yards. time range before beginning his computation of
105-mm howitzer 0----------...... 80 yards. minimum elevation for firing a projectile with a
155-mm howitzer and gun - . ............ 100 yards. VT fuze.
8-inch howitzer and gun, 240-nrn howitzer, 150 yards. (1) If the piece mask range is equal to or

and 280-mm guin. greater than the minimum arming range
b. If the terrain is marshy or wet, detonation (fig. 45), the executive will determine

occurs at an increased vertical distance;' therefore, and report the minimum elevation for
for safety, the vertical clearance should be in- the mask based on the piece mask range.
creased by 50 percent. For firing over water, the Ezample: 105-mm howitzer, charge 4,
vertical clearance should be increased by 100 piece mask range, 1,700 yards, minimum
percent. arming time range 600 yards.
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terrain beyond the mask, he must assume
f ork (for maximum safety) that the angle of

site to piece mask range is also applicable
at arming range. Comp site factor is
determined at arming range. Data are
corrected accordingly as soon as the angle

tmDCamp site of site to mask at arming range is de-
(') l c termined. The FDC or the executive

(v orlobll can determine (by map study or survey)
the angle of site to the mask at arming

Origin Min I range. The minimum elevation is then
Aiming rang.e - adjusted to maintain safe clearance at

the arming range but is limited by mask
Figure 45. Arming time range less lhan range to the mask. clearance the same as for fuze quick and

time.
(a) Angle 1: Executive selects the

greatest angle of site to the mask /12 forks
reported by the chiefs of sections. + 16.4O' )h

(b) Angle 2: If the mask is occupied
or is to be occupied by friendly
troops (always assumed in ab-
sence of information to the con- ON
trary), add the value in mils of a ' l Cm e i
height of 80 yards at the piece Verticl cleoronce
mask range 1,700 yards (using mil Angorible)
relation) -... ..... 80/1.7= +47.1r of it

(c) Angle 3: Comp site at piece mask Origin Min *I
range 1,700 yards for the sum of
angle I and angle 2. (Column A, Arm ing rong ,
16, charge 4, FT 105-H-4, gives
a comp site factor of +.01 for Figure 46. Arming time range greater than piece mask range

each mil of site.)_- 16.0+47.1=
63.1X(+.01)=+0.6X4 Example: 105-mm howitzer, charge 5,

(d) Angle 4: Elevation for the piece piece mask range 500 yards, arming time
mask range (column 2, charge 4, range 700 yards.
FT 105-H-4) ---------------- - + 114.7fr

(e) Angle 5: Two forks at the piece (a) Angle 1: Greatest angle of site to
mask range (column 4, charge 4, the mask reported - ....... + 16.01A
FT 105-H-4) -- +6.0Or (b) Angle 2: Eighty-yard clearance at

arming time range -------- 80/.7= + 114.3ri

Total ..-.............. + 184.4dl (el) Angle 3: Comp site at arming

(f) Executive will report to the FDC, time range for the sum of angle 1
ARMING TIME MINIMUM and angle 2. (Column 16, charge
ELEVATION, VT FUZE, 5, FT 105-H-4, gives a comp site

CHARGE 4, 185M. factor of .00)-. -0.0t
(g) With the 2-second arming time (d) Angle 4: Elevation for arming

and a crest beyond the arming time range (column 2, charge 5,
range, all the area between, the FT 105-H-4) - +33.8r0
arnring range and the crest is (e) Angle 5: Two forks at arming
made safe by the minimum ele- time range (column 4, charge 5,
vation computed for the crest. FT 1054H-4) +2.0i

(2) If the piece mask range is less than the Total .. 166.1liA
minimum arming range (fig. 46), the (f) Executive reports to the FDC,

minimum arming range and the angle of ARMING TIME MINIMUM
ELEVATION, VT FUZE AT

site to the mask at arming range are used ELARMING RANGE, SIN AT
to compute the minimum elevation. SITE TO VISIBLE CREST,
Since the executive cannot observe the CHARGE 5, 167M.
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fuzes, except VT, the vertical safety clearance for
h4p friendly troops is omitted. For VT fuze, the

-P r,'>t. ,o>O,. clearance for friendly troops (par. 82a) is always
,0* .'.>° ,|, applied as a range increase (decreased elevation)

Eo- for additional safety to prevent premature detona-
tion. For all fuzes, two forks are applied as a

((3) /-14) ("{5) range increase; the angle of site and comp site

are determined by using the range to frontline
elements, not the range to the mask.

Note. In determining the minimum safe range, an
additional safety factor for fragmentation danger area

Angle (AR 385-63) should be added to the range to frontline
of site elements. Minimum safe range, no-fire lines, and range

to frontline elements furnished by the FDC will include
any necessary range modifications (par. 391). The
algebraic total of all elements will be the maximum safe
elevation (fig. 47).

Example: 105-mm howitzer, charge 4, high-

angle fire, fuze VT, range to minimum safe range
5,000 yards.

Angle of site to minimum safe range + 32. o0i
-Comp site ....................... --40. 3rhi

Origin Max el 80 yards (range increase) (computed by
using yds/mil column 24 of FT 105-

Figure 47. Maximum safe elevation, high-angle fire. H-4) -10. Oqr
Elevation (5,000 yards) .-. . ........ + 1,145. 8 1A

83. Computation of Maximum Elevation for 2 forks (range increase)--26. 0'
Minimum Range in High-Angle Fire Total +,101. 51A

When high-angle fire (quadrant elevation ap-
proximately 800 mils or greater) is employed, Maximum safe elevation per minimum range
the maximum safe elevation is computed in much reported, charge 4, is 1,101 mils (always rounded
the same manner as for low-angle fire. For all off to lower whole number).

Section III. MEASURING AND REPORTING

84. Introduction 86. Reporting Adjusted Azimuth
The FDC requires data from the firing battery The adjusted azimuth is usually determined

for various purposes; for example, construction of immediately after a fire mission-normally a
firing charts, checks on laying, and data fired. precision adjustment mission. When the execu-
The responsibility for reporting the necessary data tive receives REPORT ADJUSTED AZIMUTH
rests with the battery executive officer. As soon
as possible after occupying a position, the execu-
tive submits to the FDC information required to sight of the adjusting piece and verifies correctness
initiate and control fire. This section outlines of the sight picture. The executive computes the
the duties of the executive in measuring and adjusted azimuth by comparing the adjusted
reporting data. deflection with the deflection of initial laying.

The difference, left or right, is applied to the85. Reporting Adjusted Deflection
When the executive receives REPORT AD- azimuth on which the weapon was initially laid.

JUSTED DEFLECTION from the FDC, he reads Example: Battery is laid on azimuth 5,000, deflec-

the deflection from the sight of the adjusting piece, tion 2,800. After adjustment, the final deflection
verifies correctness of the sight picture, and reports is 2,915. Command from the FDC is REPORT
ADJUSTED DEFLECTION (SO MUCH). ADJUSTED AZIMUTH.
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Deflection 2,800 to deflection 2,915=left 115 Final reading is 1,531.
From azimuth 5,000-left 115 (5,000-115)=4,885 (Declination constant is

Executive reports ADJUSTED AZIMUTH 4885. 151.)
(151 + 6,400) -- 1,531 =

87. Measuring Azimuth of Direction of Fire 5,020rt.
a. When the command MEASURE THE Executive: Reports AZIMUTH

AZIMUTH is received from the FDC, the execu-- 5020[f.
tive measures the direction of the tube of the base
piece with an aiming circle. 88. Determining Instrument Direction

b. The procedure for measuring and reporting When the 0-3200 lile of the aiming circle is
the azimuth is as follows: pointing in an unknown direction and it is desired

.(1) Set up the aiming circle away from to determine the grid azimuth of that direction,
magnetic attractions and where it can be the following procedure is used:
seen from the base piece. Place the a. Center the needle by using the upper motion.
0-3200 line approximately parallel to the b. Subtract the reading on the scale from the
tube. declination constant, adding 6,400 if necessary.

(2) Direct the gunner to refer the sight of his The remainder is the grid azimuth of the 0-3200
piece to the aiming circle. line of the instrument. For example-

(3) Set the announced deflection on the aim- (1) The declination constant is 100.
ing circle with the upper motion. (2) When the needle is centered, the reading

(4) With the lower motion, turn the vertical on the scale is 1,200.
hairline of the aiming circle to the sight 100 Declination constant
of the piece (0-3200 line of the aiming +6, 400
circle is now parallel to the tube of the
piece). 6, 500

--1, 200 Scale reading
(5) With the upper motion, release and center

the magnetic needle. 5, 300 Grid azimuth of 0-3200 line of instru-

(6) Subtract the final instrument reading ment.
from the declination constant of the (3) The diagram in figure 48 shows the
aiming circle (adding 6,400 if necessary). relationship.
The result obtained is the measured Azimuth Grid north
azimuth. 5300 /

(7) Executive reports AZIMUTH (SO 1100 //Magneic

MUCH). /
Example:

FDC: MEASURE THE AZI- / loo
/ Declination

MUTH. / / costonst

Executive: NO. 3 (BASE PIECE),
AIMING POINT, \ / /

THIS INSTRUMENT,
REFER.

Gunner: NO. 3,AIMING POINT
IDENTIFIED -- ,
NO. 3, DEFLECTION
2415.

Executive: NO. 3, DEFLECTION
2415.

Executive: Sets 2415 on azimuth
and azimuth micrometer
scales, sights on piece
sight with lower motion,
and centers needle with
upper motion. Figure 48. Determining instrument direction.
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89. Measuring Azimuth to a Point d. Lock the needle and, with the upper motion,
The following procedure is used to measure the refer the line of sight to the desired point. The

azimuth to a point (fig. 49): grid azimuth of the designated point is read on
a. Place the aiming circle with the 0-3200 line the 0-6400 scale opposite the index (fig. 490).

in an approximate north-south direction with the e. For greater accuracy, iepeat this operation

large 0 of the scale toward the south. three times and take the average'of the readings.

b. With the upper motion, set off the declination
constant (fig. 490). 90. Measuring Orienting Angle

c. Unlock the needle and, with the lower motion, a. When the command MEASURE THE
center the needle thus directing the line of sight ORIENTING ANGLE is received from the
to magnetic north and the 0-3200 line of the FDC, the executive sets the aiming circle over
instrument to grid north (fig. 490). the orienting station on the orienting line (OL)

Grid 1--Mogcnetlc
north I /north

Set off the declination constant Center the needle
with the upper motion. with lower motion.

I /Mognetic

nordth n zi\ b'point

Read Grid
azimuth here (

Place line of sight on aiming point
with upper. motion and read Grid
azimuth on scale opposite index.

Figure 49. Measuring azimuth to a point.

53



where it can be seen from the base piece and - with the lower-motion. The-burst serves
directs the gunner of the base piece to refer the to establish a direction for the 0-3200
sight of his piece to the aiming circle. line of the observer's instrument.

b. The deflection announced by the base piece (3) Having marked the position of the instru-
gunner is set on the aiming circle with the upper ment with a stake and having referred to
motion. a fixed aiming point, the executive

c. With the lower motion, the executive sights records the referred reading and reports
on the panoramic telescope of the base piece. to the FDC, INSTRUMENT DIREC-

d. With the upper motion, the executive refers TION RECORDED REGISTRATION
to designated end of OL. POINT 1. The direction of the reference

e. The executive reports the readings on the point should be materialized by stakes
azimuth and azimuth micrometer scales as ORI- for night use.
ENTING ANGLE (SO MUCH) (never greater b. Deflection corrections may be checked by
than 3200) (fig. 50). observing single air bursts over the registration

point; for example, the command CHECK DE-
pRgstriont FLECTION REGISTRATION POINT 1,

CHARGE 5, DEFLECTION 2810, TIME 11.2,
/ ELEVATION 218 is received from the FDC.

// (1) The executive determines a site that will
enable him to see the burst and, having
oriented his instrument by use of the

N` Meaurod $ previously recorded instrument direction,
_~ doflection 0 gives the commands necessary to fire the

3 I X11~ 4 base piece.
\/ %°d/ (2) The executive measures the deviation of

/ / the burst from the line of sight and re-
ports the deviation to the FDC; for

aOriajntlng / A Orienting example, 5 LEFT.// Orinting gle

_ /_ _ ' … -0- L 92. Site by Firing (Executive High Burst)
/\ Upon completion of an observed firing chart

// registration with time fuze on a registration point,

Figure 50. Measuring the orienting angle with aiming the command OBSERVE HIGH BURST, MEAS-
circle. URE ANGLE OF SITE, 3 ROUNDS, followed by

the adjusted data may be received from the FDC.
91. Recording Instrument Direction This command indicates that the FDC desires the

a. After a registration, the command RECORD executive to report the observed angle of site to the
INSTRUMENT DIRECTION REGISTRA- mean burst center of three rounds. The actions of
TION POINT 1, TIME 11.2, ELEVATION 218 the executive are as follows:
may be received from the FDC. a. Orient instrument in the same manner as that

(1) The executive determines the site neces- used in recording instrument direction (par. 91).
sary to observe a burst above the mask, b. Determine and apply to adjusted quadrant
in this case 40 mils; he then would com- elevation the site necessary to make the burst
mand NO. 3 (BASE PIECE) 1 ROUND, visible from the weapon position.
SITE 340, TIME 11.2, ELEVATION c. Fire three rounds and report to the FDC the
218. mean observed angle of site to burst and the

(2) An instrument is set up near the piece in- quadrant elevation used in firing.
dicated and laid reciprocally by the gun-
ner of the piece so that the 0-3200 line 93. Axial Observer in High-Burst Registration
and line of sight is in the direction of fire. The executive may be used as an axial observer
The executive commands NO. 3 (BASE for a high-burst registration. He must be furnished
PIECE), FIRE. The vertical hairline an azimuth from which to report the direction to
of the instrument is placed on the burst, the bursts. The executive reports to the FDC the
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direction and angle of site to the burst. The pre- Battery is laid Battery is laid
cise procedures for an observer in high-burst on azimuth 5400, on azimuth 1200,
registration are set forth in chapter 13. deflecton 2800 deflecion 2800

94. Conversion of Data for Direction
a. Preparation for Converting Data. If no direc- \ 400300

tion has been given the executive upon occupation
of position, he lays the battery parallel in a direc-
tion which appears to be most feasible, considering
his knowledge of the situation, and records a re- Azimuth Azimuth
ferred deflection. When a fire command pre- 5000 Is 100 is
scribing a different direction, a different method of commanded I commanded
laying, or both, is received, he can accomplish the
change by announcing a new deflection with refer-
ence to the aiming posts. This method will also
insure parallelism in the new direction. In order Executive Executive
to be prepared for any eventuality, the executive- commands commands

(1) Determines the azimuth on which the bat- DEFLECTION ZERO DEFLECTION 2500
tery is laid. Figure 51. Shifts to compensate for difference in grid

(2) Determines the orienting angle on which azimuth.

the battery is laid (if an orienting line hasd on
been established). o, iO. rienting angle 1800,

(3) Has the base piece gunner measure the command deflection 2800
deflection (refer) to visible aiming points.
(Has another piece gunner also measure Battery is laid
these deflections to serve as a check on orienting nglaen .. Orienting angle
against large errors.) I 1400 deflection 1500 Is

b. Shift from One Grid Azimuth to Another. If \ oo commanded
the battery is laid on 1 grid azimuth and a com- \ \
mand for another grid azimuth is received, the X

executive computes the difference between the 0 L o LExecutive commands Executive commands
2 azimuths. He next applies this difference to the DEFLECTION ZERO DEFLECTION 2500
original deflection in the proper direction. Theoriginal deflection in the proper direction. The Figure 52. Shifts to compensate for difference in orienting
result is the deflection necessary to lay the battery angles.
on the new grid azimuth. The proper direction
is determined from the fact that an increase in angle may be necessary when the battery is laid
grid azimuth decreases the deflection and a de- parallel on a grid azimuth and, after an orienting
crease in grid azimuth increases the deflection line is established and an orienting angle is an-
(fig. 51). nounced. The executive sets the aiming circle on

c. Shift from One Orienting Angle to Another. the orienting line and measures the orienting angle
If the battery is laid on 1 orienting angle and a on which the battery is laid. He compares
command for another orienting angle is received, this angle with the announced orienting angle and
the executive computes the difference between the commands an appropriate deflection to lay the
2 orienting angles. He next applies this differ- battery on the announcedprienting angle.
ence to the original deflection in the proper direc-
tion. The result is the deflection necessary to lay 95. Executive's Report
the battery on the new orienting angle. The a. As soon as the information is available, and
proper direction is determined from the fact that without delaying the preparation for delivery of
an increase in orienting angle increases the deflec- fire, the executive reports to the FDC, BATTERY
tion and a decrease in orienting angle decreases IS LAID, AZIMUTH (ORIENTING ANGLE)
the deflection (fig. 52). (SO MUCH), DEFLECTION (SO MUCH);

d. Shift from One Grid Azimuth to Orienting MINIMUM ELEVATION(S), CHARGE (SO-
Angle. A shift from grid azimuth to orienting AND-SO) (SO MUCH); DISTRIBUTION OF
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PIECES, NO. 1 (SO MANY) YARDS RIGHT
(LEFT) (SO MANY) YARDS BEHIND Initiol direcion

(AHEAD OF) BATTERY CENTER; NO. 2 of ioyin

(ETC.) (TO NEAREST 5 YARDS). The indi- N, II

cated direction of fire is used as an origin of direc-
tion. When time permits, the distribution of IN 4

pieces should be submitted as a diagram or over-
lay (fig. 53). When the location of each piece is .ydi
surveyed and plotted on the firing chart, as with 30Id
heavy or very heavy artillery, the distribution of 40rd ot c.r l
pieces information is omitted. IN, 2

b. When directed, the executive reports the- N, 3
(1) Amount, type, lot numbers, and weight Nr 6

of projectiles. Figure 53. Position area sketch.

(2) Powder temperature.
(3) Lateral limits-azimuth (so much) to pieces can deliver fire at and above the

(so much) or deflection (so much) to minimum elevation.
(so much). These limits indicate the (4) Maximum elevation when high-angle fire
azimuths or deflections on which the is to be used or when maximum range is
battery can be laid by using the on- indicated on safety card.
carriage capabilities of the weapon and (5) Visible aiming points and referred deflec-
within which at least two-thirds of the tions thereto.

Section IV. DIRECT LAYING

96. General when the weapon is fired. Care should be taken

Firing by direct laying is a special technique not to give away the location of the position.
that demands a high standard of training. Field 98. Range Card
artillery weapons are designed primarily for firing
indirect fire, but they can and must be used for After sectors are assigned, the executive requires
firing by direct laying, principally against moving each chief of section to prepare a range card,
targets. Targets taken under fire by the section which is kept at the piece. To prepare a range
in direct laying are usually those which present card, the chief of section measures or estimates
an immediate threat to the section at pointblank the ranges to critical points in likely avenues of
range; therefore, the speed and accuracy required approach and prepares a range card on which he
in indirect laying become even more important, notes the range and/or elevation for quick refer-
for direct laying missions. ence. Estimated ranges are modified as more

accurate data become available (fig. 54). Fire
97. Sectors of Fire that is based on a range card derived from esti-

mated data must be conducted with bold range
a. The battery commander must provide for changes to rapidly establish a bracket.

all-around defense of his position. An attack
may come from any direction. Positions, espe- 99. Selection of Targets
cially in bivouac, should be chosen so that weapons a. Normally, frst priority is given to targets
may be fired in any direction with the least possible within the assigned sector of the weapon and
delay. The battery commander. or executive second priority is given to those in the sectors of
assigns a sector to each section. The chief of the other weapons. Priority within the assigned
section is responsible for defense in his assigned sector is given to-
sector and should be prepared to fire on targets (1) Tanks at short ranges, threatening to
in other sectors. overrun the position.

b. The sector of fire for the weapon should, if (2) Hull down, stationary tanks covering
possible, be cleared of all, obstructions that might the advance of other tanks.
hinder observation or endanger battery, personnel (3) The commander's tank, if identified
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Figure 54. a card for dirct laing.
Figure 56. Range card for direct laying.

(4) The tank nearest to cover which may dis- 101. Laying on Moving Target
appear and reappear at unexpected In direct laying on a moving target, the tube is
places. traversed smoothly through the target from rear

(5) The rear tank of a column moving across to front until the intersection of the correct lead
the front of the position (to minimize and range lines is placed on the center of the
the possibility of attracting attention of visible portion of the target. If the lead is taken
the tank column to the weapon position). on the telescope reticle, the vertical center line of

b. Fire on a tank that has been hit is continued the reticle will be ahead of the target; if the lead is
until the tank and its crew are completely out of set off on the azimuth micrometer, the vertical
action, unless a more active threat appears. center line of the reticle will be on the center of

the target. Tracking is continuous if the stability
of the weapon permits. If the weapon is unstable,

There are 3 basic systems of direct laying-the the gunner should keep his head a short distance
1-man, 1-sight system; the 2-man, 1-sight system; from the eyeshield to prevent eye injury when the
and the 2-man, 2-sight system. With the I-man, piece is fired. If the gunner traverses the tube
1-sight system, a single cannoneer lays the piece ahead of the target, he should not stop tracking
for both direction and range by using the sight; but should slow down until the target reaches the
with the 2-man, 1-sight system, one cannoneer correct lead.
lays for direction by using the sight and another
lays for elevation by using the range quadrant; 102. Laying on Stationary Target
with the 2-man, 2-sight system, one cannoneer In direct laying on a stationary target, the piece
lays for direction and the other cannoneer lays for is laid for direction by sighting on the target and
range by using separate sights. For a particular laid for range by placing the appropriate hori-
weapon, the appropriate systems of direct laying zontal line of the telescope reticle on the target.
are determined by the laying equipment and are For precise laying, the gunner's quadrant is used.
described in the field manual for that weapon. If the quadrant seats cannot be cross-leveled,
Training should include all systems, if applicable. there must be little or no cant present in the piece.
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Where extreme accuracy is required, for example, himself where the muzzle blast will not obscure
when the target is a disabled tank, the quadrant his view of the target and where he can observe
elevation should be determined and the pano- his sector. The chief of section should always
ramic telescope referred to an aiming point before be located so that he can take advantage of all
opening fire; adjustment is by bracket fire or by available observation and, at the same time,
correction of the vertical point of impact by using control the fire of his weapon. When muzzle
indirect laying. blast does not obscure the gunner's vision for as

103. Method For Determining Quadrant Ele- long as the time of flight of the projectile, the
adjustment of fire may be conducted by the gunner

vation on the order of the chief of section.
a. The method to be used for determining

quadrant elevation for pieces on which the pano- 105. Fire Commands
ramic telescope and mount move with the tube Fire commands in direct laying are given by the
when elevated is as follows: chief of section. The executive may give the

(1) Place the line of sight parallel to the axis preliminary command TARGET (THOSE
of the bore. TANKS), FIRE AT WILL, or he may simply

(2) Place the intersection of the horizontal command FIRE AT WILL.' The chief of section
and vertical hairs of the panoramic tele- then announces whether he or the gunner will
scope on the target. make the adjustment and designates the system

(3) Measure the elevation of the tube with of laying to be used for those weapons for which
the gunner's quadrant. The angle of there is more than one system. For details of
elevation of the tube is the angle of site. fire commands used in direct laying, see the

(4) Add the angle of site to the firing table appropriate field manual.
elevation corresponding to the range and
charge to be fired. 106. Targets With Vertical Profile

Notle. When the panoramic telescope reticle a. In firing against a vertical surface, such as
is graduated for the charge to be fired; the range the side of a tank the observer must adjust the
line corresponding to the target range may be
placed on the target and the quadrant elevation vertical point of impact. Securing hits on a target
measured directly with the gunner's quadrant. of considerable height at close range is a relatively

b. The method used to determine quadrant simple matter. When the target is low, the
elevation for pieces on which the panoramic tele- observer must estimate the height of the trajectory
scope and mount do not move with the tube when above or below the target and adjust accordingly.
it is elevated is as follows: b. Figure 55 shows the paths of three rounds of

(1) Sight along the lowest element of the bore HE shell fired from a 105-mm howitzer M2 at a
directly on the target. tank. A round aimed at a point 1 foot from the

(2) Measure the elevation of the tube with bottom of the tank travels more than 30 yards
the gunner's quadrant. The angle of beyond the tank before hitting the ground if it
elevation of the tube is the angle of site. misses the tank. Range is correct when the

(3) Add the angle of site to the firing table trajectory will pass through any portion of the
elevation corresponding to the range and tank. Since the point of aim is above the ground,
charge to be fired, a round which is correct for elevation will strike

beyond the target if the deflection is in error.
104. Observation Do not decrease range on the basis of a round falling

Muzzle blast often prevents the gunner from beyond the target, unless the round sensed is far
observing the point of impact or burst of the enough beyond the target to clearly indicate that it
projectile. The chief of section must station passed over the target.

300 332 429 526
yards yards yards yards

Figure 55. Trajectory, 105-mm howitzer M2, shell HE, charge 6. Three rounds-1, 4, and 7 feet off the ground-passing
an 8-foot tank.
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107. Vertical Displacement range error and, usually, when a 50-yard range

a. If the vertical displacement of the trajectory change raises or lowers the center of impact more
can be estimated in feet or yards, the mil relation than the height of the target. In general, bracket-
can be used to determine the amount to raise or ing is not necessary when range errors can be esti-
lower the trajectory so that rounds will strike mated accurately or when the target has consid-
the center of the target. If the command for erable height or is at a short range. For weapons
range is given in yards, then the appropriate not equipped with the means of making changes
range change can be determined from tabular in range, the executive and the chief of section
firing tables. Sometimes it is not possible to should know the average change in elevation for a
estimate the needed vertical displacement of the 100-yard change in range between certain limits.
trajectory. When this happens a knowledge of For example, for the 155-mm howitzer Ml, charge
the vertical displacement in feet for a 100-yard 7, the average change in elevation for a 100-yard
range change or the vertical displacement in change in range between 400 and 1,500 yards is
feet for a 1-mil elevation change at various ranges 1.5 mils.
will enable the observer to raise or lower the
trajectory as needed. The observer must know 109. Ammunition and Fuzes
and make use of the characteristics of the trajec- a. General. For close-in fires, a variety of fuzes
tory for the weapon and ammunition to be used. and shells are available. When high explosive

e 5opon

Figure 56. Effect of positive or negative slopes on point of impact. Pe0

b. In using range sensings to adjust the height shell is used, maximum charge is used for speed,
of the trajectory at the target, the observer must ease in adjustment, and imparting forward motion
consider the effect of the slope of the ground be- to fragments. The flat trajectory resulting from
yond the target. Figure 56 illustrates the effect the use of maximum charge may make extremely
of positive and negative slopes on the point of close-in fire on personnel targets difficult owing
impact. When the piece is considerably higher to projectiles skipping without detonating on im-
than the target, the effect on range sensings is pact. In this case a lower charge may be used.
the same as the effect of a positive slope. When At ranges of 200 to 400 yards, fuzes may fail
the piece is considerably lower than the target, to function on hard, flat ground unless the ter-
the effect on range sensings is the same as the rain is prepared for direct fire by placing mounds
effect of a negative slope. In such cases, the chief of dirt, logs, or sandbags in the weapons' sectors
of section must watch the flight of the projectile of responsibility.
at the target, since the effective range beyond the b. Ammunition. Ammunition may be high ex-
target is not apparent. The chief of section must plosive (HE), high explosive antitank (HEAT),
adjust his fire by raising or lowering the path of armor-piercing (AP), or white phosphorus (WP),
the projectile in accordance with his observations depending on availability and caliber. HEAT
at the target range. and AP are designed for, and are highly effective

in, antitank and antivehicle fires. HE is ideally

108. Bracket Methods suited for antipersonnel fire and is effective against
vehicles and tanks. WP may be used to set im-

Although it is desirable to move the rounds to mobile tanks and vehicles on fire, to further re-
the target at once without bracketing, the observer strict defiles, and to produce casualties. However,
must obtain a bracket unless he can estimate the when WP is used, the resulting smoke screen may
error with sufficient accuracy to assure a target be more advantageous to the attacking force.
hit with the next round. Bracketing is necessary c. Fuzes. Base detonating fuzes are contained
when the observer cannot accurately estimate the in both the HEAT and AP projectiles. WP am-
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munition is fuzed with a superquick-delay fuze. devices are used for sighting equipment, normal
In direct fire, shell HE may be used with fuzes methods of direct laying may be employed when
superquick, delay, or time. the target is illuminated sufficiently by moonlight

(1) Fuze superquick is the most desirable or flares.
fuze to use with HE shell for close-in b. Initial Data. When a tank weapon fires, it
fires. This fuze is highly effective and, may be possible to lay the piece for direction by
since no fuze setting is required, fast sighting on the flash. The piece also may be
to use. laid on the flash of machine guns. Range esti-

(2) The time required both to set the fuze mation will be difficult, but, if the sector is studied
and adjust the point of impact for maxi- carefully during daylight and a range data card is
mum ricochet effect makes the use of constructed, a satisfactory range for opening fire
fuze delay less desirable than fuze quick. may be determined by observing the flash in re-
When fuze delay is used to gain ricochet lation to terrain features. If the flash of an enemy
effect, the point of impact is adjusted weapon is observed, the initial range may be
from 10 to 30 yards in front of the target. determined by multiplying the number of seconds
If less than 50 percent of the bursts are it takes the sound to reach the observer by 400
ricochet, the fuze should be changed to (the approx. distance in yards sound travels per
fuze quick. second).

(3) Fuze time is the least desirable type of c. Sensing.
fuze for close-in fires. Because of the
fuze for close-in fires. Because of the (1) The chief of section can avoid the blind-
wide range dispersion resulting from in effect of muzzle blast b closin his
variations in time of burning with short
fuze settings, fuze time should be used eyes as the piece is fired, by sighting

through the telescope of a piece not
only for ranges of more than 1,000 yards. through the telescope of a piece not
Effective areas of coverage by air and firg, or by posting himself a sufficient
ricochet bursts are similar. distance from his weapon. When tracer
(4) The M78 concrete-piercing (CP) fuze shell is available, sensing will be facili-(4) The M78 concrete-piercing (CP) fuze
with HE shell should be used against y g g

concrete pillboxes or fortificationshow- projectile in the vicinity of the target.
ever, if the material to be penetrated is (2) During periods of poor visibility (twilight,ever, if the material to be penetrated is

hard rock or heavy reinforced concrete, haze, etc.) caution must be exercised inhard rock or heavy reinforced concrete,
AP or HEAT can be used and HE with sensing a ricochet burst; for example, a
superquick fuze can be used to clear burst may be over the target but the
away rubble. point of impact could have been short.

(3) For a method of bilateral adjustment,
110. Night Firing particularly applicable to night adjust-

a. Night Lighting Devices. If night lighting ments on small targets, see chapter 13.

Section V. ASSAULT FIRE

111. Introduction b. Any artillery cannon can be used for assault
a. Assault fire is a special technique of indirect fire; however, any caliber smaller than 155-mm is

fire. Fire is conducted with a defiladed gun at considered uneconomical. The most efficient
a relatively short range to attain pinpoint accuracy weapons, in order of preference, are the 8-inch
against a stationary target. The gun-target range howitzer, the 155-mm gun, and the 155-mm
is sufficiently short to make possible successive howitzer. Self-propelled versions of these weap-
hits on the same portion of the target. Only
hitse w eapon is used on a mission and the targe FDC Only ons are best suited in many instances for this task
one weapon is used on a mission and the FDC
for the mission is normally located at the weapon because of their maneuverability and ease of
position. Thorough planning, reconnaissance, emplacement and displacement. When the maxi-
and coordination must be completed before the mum charge is used, maximum effective assault
weapon position is occupied. fire ranges are 3,000 yards for the 8-inch howitzer
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and the 155-mm gun and 2,500 yards for the 155-
mm howitzer.

44 inch
112. Procedure

a. In order to make the small deflection changes i i
which are necessary in assault fire, a special tech-
nique of laying is employed at the piece. Deflec- ' l
tion changes are made to the nearest mil until a
1-mil deflection bracket is obtained; further
changes are made to the nearest one-fourth mil.
A deflection board attached to an aiming post is
used for this purpose. The deflection board illus-
trated in figure 57 enables the gunnler to make
deflection changes of one-fourth mil. The black
and white bands (lines) are one-fourth mil in
width when viewed through the sight of the piece
at a distance of exactly 50 yards. The gunner lays 3/4 M
on the desired portion of the board by centering 1/2r/A
the vertical cross hair of the sight upon a black 1/4rA
(white) band on the board. To move one-fourth 0
mil, he moves the line of sight (by traversing the
piece in the proper direction) so that the adjacent
white (black) band is covered; to move one-half
mil, the vertical cross hair is moved 2 bands, etc.

b6. Changes in elevation are made to the nearest Figure 67. Deflecion board.
0.1 mil. The gunner's quadrant is used.
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CHAPTER 6
CONTROL OF FIRING BATTERY

Section I. GENERAL

113. Introduction . b. In all firing battery training (in fact, all

Control of the fire of the firing battery is main- training), the best training aid is usually the
tained through the use of fire commands. Placing materiel itself. In addition, enough materiel
effective fire on a target depends oil the prompt items should be used to permit the assembly of
and unerring execution of fire commands by the small groups of cannoneers about each training
weapon sections. The executive is normally in aid. The training of the firing battery must be
direct charge of the training and operation of the organized efficiently to keep all personnel produc-
firing battery. Training must be intense, pre- tively occupied at all times. Areas selected for
cise, and continuous to insure adequate fire sup- training should be such that time lost for trans-
port to front line elements under any type of portation can be kept to a minimum.
combat conditions. Only through the adoption c. Individual duties in service of the piece vary
of standard practices and procedures will speed with each weapon and are covered in detail in the
and accuracy be attained. All members of the field manual appropriate to the weapon. The
battery must be skilled in their MOS assignment gunner's qualification examination included in the
and should be able to perform the duties of other field manual for the weapon provides a means of
members of the battery. determining the relative proficiency of the indi-

vidual soldier in the performance of the duties of
114. Training the gunner.

a. The ability to deliver timely and accurate d. Proper training of the firing battery person-
fires is the yardstick by which artillery units are nel starts with the training of each individual in
measured. The highest standards of discipline, specific duties as prescribed in the appropriate
performance, precision, and accuracy are essential. manual for the weapon. The next phase of train-
The operation of the firing battery will depend ing is service of the piece 'drill with the weapon
largely on the training technique employed and the section working as a team, first, as an individual
habits formed during training. Habits formed in section, followed by integration in the firing bat-
training should be so ingrained in the individual tery. The leader of this team is the chief of sec-
that they will not be altered by the stress of com- tion; he must understand thoroughly, and be ex-
bat. The manner of performance of each duty in pert in, the duties of all members of his section.
the service of the piece should be such as to de- The chief of section trains the members of his sec-
velop maximum speed and economy of effort tion and closely supervises their drill to insure pro-

consistent with accuracy. Supervision and on- ficiency, particularly with regard to accuracy and
the-spot corrections by the chiefs of sections, the precision. The chief of section must not become
chief of firing battery, and the executive are just a member of the section but must actively
required during all phases of training to develop and continuously supervise all members of his

ning to develop section. It is his responsibility to prevent errors
accuracy (par. 117) and speed. Chiefs of sections and mistakes. He must be trained to do this.
should be aware of the common mistakes and mal- He in turn is supervised by the chief of firing bat-
practices that occur in the firing battery (pars. 136- tery, the assistant executive, and the executive.
138) so that these errors may be eliminated by e. The initial stages of training should be delib-
constant supervision of their sections. erate with stress on the importance of accuracy.
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Personnel should learn their duties in detail. For and snappy, with frequent rests. The gunner
example, the gunner should know the number of and all cannoneers may exchange positions after
mils of traverse for each turn of the handwheel so personnel have gained fair proficiency. The
that he can lay the piece in the approximate direc- executive frequently should use a stop watch to
tion expeditiously. Speed is acquired gradually time the sections to emphasize speed as well as
through the use of correct procedures, reduction accuracy. Although the scheduled training time
of wasted motion, and practice. Supervision must normally will be at least 1 hour, this time should
be continuous to insure that accuracy is not be broken into separate phases. For example, a
sacrificed. drill period may consist of 10 minutes for prepare

f. As service of the piece drill progresses, addi- for action and laying; 45 minutes for service of
tional commands are given. The commands should the piece drill, with rests between problems,
be more difficult as speed is acquired. Com- broken into section drill and battery drill; and
mands should include all variations possible (pars. 5 minutes for march order of the pieces. Checks
45-58) to insure that all members of the firing of settings and laying for accuracy and correct-
battery know and understand in detail the action ness must be made frequently and unexpectedly
to be taken for each command. A standing oper- during the drill by chiefs of section, chief of firing
ating procedure for organizing the position, espe- battery, assistant executive, and executive. Sev-
cially placing equipment and ammunition and eral times during the drill, when all pieces are
installation and use of telephones, must be de- ready to fire, the command to fall in at the rear
veloped for drill periods. Night drill periods of the pieces should be given, and, with the sec-
should be instituted, stressing occupation of posi- tions at rest, the laying and settings in each sec-
tion and firing at night. tion should be verified by the chief of section.

g. The battery commander and his executive Prior planning will enable specific individuals to
must seek to develop proficiency in service of the observe and check specific items, and the use of
piece during basic training and maintain it in sub- command cards will speed up and improve the
sequent training and combat. The end product conduct of the drill. Occasionally, the chief of
of service of the piece training is actual firing. section should be drilled separately in the setting

of the gunner's quadrant. This drill should not
11 5. Conduct of Service of the Piece Drill exceed 5 minutes' duration and should include

a. The success of service of the piece drill de- settings to the nearest 0.1 mil.
pends primarily on the ability of the chiefs of sec- c. Fire command cards prepared in advance
tion and the executive and his assistants to recog- are used during all drill periods. The cards should
nize unsafe, incorrect, inaccurate, or careless per- contain complete sets of fire commands which will
formance of duties by individuals. These drills train the battery in all fire commands and situa-
provide practice and test the team as a whole as tions. Large changes in deflection and elevation
well as the individual members. Pieces should be (greater than 100 mils) should be included in
placed close together to facilitate observation and some commands to facilitate checking for 100-mil
supervision; nevertheless, telephone communica- errors. Changes in deflection which require
tions always should be installed. This helps to shifting of trails should be avoided except when
train section personnel in use of telephones for re- training is being conducted in trail shifting.
ceipt of commands and to simulate firing condi- Method of fire (MF) should be changed frequently
tions. When chiefs of section are used as tele- to teach the methods.of fire, to increase alertness,
phone operators this duty must not affect their and to insure familiarity with all commands so
primary responsibility for their sections. They that no command during firing will surprise any
should not be merely telephone operators or re- member of the firing battery. As training pro-
peaters of commands; their freedom of movement gresses, more difficult commands should be in-
must not be reduced. They must actively and cluded and more difficult situations presented
continuously supervise their sections and insist on than are found in actual service practice. These
the highest standards attainable. Deficiencies in cards must be revised periodically to insure that
the training of individuals should be noted and, commands are not memorized. Examples of type
when feasible, corrected on-the-spot. fire command cards are shown in (1) through (3)

b. The drills should be kept interesting, short, following:
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(1) Fire command card for 105-mm howitzer battery without special corrections. Rnd 1-btry adj,
sh HE, lot X, chg 5, fz ti, btry (, corr R2, df 2810, si 310, ti 15.5, el 251.

Rnd MF Df Site Ti El
2 B L 2842 308 16.7 271
3 R 1, C R, LL 2838 306 16. 3 264
4 L (, R () 2832 308 16.6 268
5 B ( 2836 307 16.4 266

END OF MISSION
Note. Deflection correction of R2 carried on the gunner's aid. No special corrections announced.

(2) Fire command card for 105-mm howitzer battery with special corrections. Btry adj, sp corr, sh
HE, lot X, chg 5, fz ti, btry right, corr 0, df 2935-, si 295-, ti 17.0-, el 275.

No. 1, R2 No. 1, U3 No. 1, +.2
No. 2, L2 No. 2, 0 No. 2, 0
No. 3, R2 No. 3, D2 No. 3, -. 1
No. 4, LI No. 4, D3 No. 4, -. 2
No. 5, L2 No. 5, U1 No. 5, +.1
No. 6, L3 No. 6, U2 No. 6, +.1

Data by Pie"
Fire Comrmands Site Time

Rod MF D! Si Ti El No. I No. 2 No. 3 No. 4 No.6 No.6 No. o. No. N N. No.4 No. 5 No. 6
1 BR 2935 295 17.0 275 298 295 293 292 296 297 17.2 17.0 16.9 16.8 17. 1 17. 1
2 BL () 2971 298 15. 7 253 301 298 296 295 299 300 15.9 15.7 15.6 15.5 15.8 15. 8

at 4
Sec

3 1, 3, 2967 298 16.0 258 301 298 296 295 299 300 16.2 16.0 15.9 15.8 16. 1 16. 1
5L
Corr
2, 4,
6 R 258

4 B ( 2969 297 15.8 255 300 297 295 294 298 299 16.0 15. 8 15. 7 15. 6 15.9 15. 9

END OF MISSION
Note. Deflection correction and special corrections for deflection combined and carried on the

gunner's aid. Data by piece for site and time not announced.

(3) Fire command card for 155-mm howitzer battery with special corrections. Btry adj, sp corr, sh
HE, lot X, chg 5, fz ti, btry right, corr 0, df 2610-, ti 17.5-, el-.

No. 1, L2 No. 1, +.2 No. 1, 253
No. 2, Ri No. 2, +.1 No. 2, 252
No. 3, L3 No. 3, 0 No. 3, 251
No. 4, R2 No. 4, -. 1 No. 4, 250
No. 5, R4 No. 5, +.2 No. 5, 253
No. 6, L5 No. 6, -. 2 No. 6, 249

Dab by Piece
Flre command, Tine Eladio

Btnd MF Df Ti El No. I No. No. .5 No. 4 No. No. No. No. N o. No. No. No. 5 No. 6
1 BR 2610 17.5 17.7 17.6 17.5 17.4 17.7 17.3 253 252 251 250 253 249
2 B ( 2628 16. 8 17.0 16.9 16.8 16.7 17.0 16.6 242 241 240 239 242 238

By piece
at my
command

3 B (D 2618 17.2 17.4 17.3 17.2 17.1 17.4 17.0 248 247 246 245 248 244
DNL

4 B 2614 17.4 17.6 17.5 17.4 17.3 17.6 17.2 251 250 249 248 251 247

END OF MISSION
Note. Separate elevation command announced for each round. Data by piece for time not

announced. For any weapon, check of deflection includes the deflection correction carried on the
gunner's aid that is announced in the initial fire commands. Although frequent changes in method of.
fire are not typical of normal fire missions, changes during service of the piece drill will insure that all
members of the firing battery are familiar with all commands.
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d. No smoking, unnecessary talking, or loafing the same eye angle each time to prevent parallax
about the pieces is permitted. Personnel fall out errors.
away from the pieces during rest periods. c. Micrometer Knobs. In setting scales with

the micrometer knobs, the last motion must be
116. Checks and On-the-Spot Corrections from the lower to the higher reading. This

All fire control equipment must be in correct applies to deflection scales, elevation scales, angle
adjustment. All section equipment, especially of site settings, gunner's quadrant, and all other
sighting and laying equipment, should be checked fire control instruments.
frequently for serviceability and completeness. d. Traverse. The last motion of the traversing
If the tactical situation permits, all sighting and handwheel should cause the vertical hairline of the
laying equipment should be tested immediately panoramic telescope to approach the aiming posts
after the battery goes into firing position. Some or aiming point from left to right. If the vertical
tests and adjustments are made periodically or hairline passes the aiming point, the handwheel
when the need is evident. Only those adjustments should be turned back one complete turn and a
authorized in the technical manual for the weapon new approach made. The gunner must be
may be made by battery personnel. trained to habitually lay with the right edge of

a. Bore Sighting. Bore sighting is the process the vertical hairline on exactly the same portion of
by which the optical axes of the panoramic and the aiming point (left edge on aiming posts when
elbow telescopes are made parallel (vertically and exactly vertical). He must then insure that both
horizontally) to the axis of the bore with the scales bubbles are exactly centered.
of the mounts and telescopes set at zero. (See e. Fuze. Settings on the fuze setter should be
specific weapon field manual for methods of bore made with the last motion in the direction of
sighting.) increasing readings.

b. Detection of Errors. The success of drill f. Elevation. In elevating or depressing the
depends primarily on the ability of all personnel to tube of any field artillery piece, the last motion
recognize any action which is incorrect, inaccurate, of the handwheel should be in the direction which
or careless. Prior planning will enable specific offers the greatest resistance. If the level point
individuals to observe and check specific items (to is passed, the handwheel should be turned back
include movement of the tube in the proper direc- one complete turn before centering the bubble.
tion for the commands given), thus giving the g. Aiming Posts. The far aiming post should
best possible coverage of the drill. This plan- be approximately 100 yards from the sight of the
ning will also speed up and improve the conduct piece. The near aiming post must be exactly
of the drills. one-half the distance to the far aiming post. The

c. Correction of Errors. Errors must never be chief of section and the gunner must check to see
ignored. By leadership and example and by that aiming posts are placed at the proper distances
making on-the-spot corrections himself and and are exactly vertical and alined.
insisting that his assistants do likewise, the alert h. Uniformity in Ramming. Uniform ramming
executive can create a well-trained, smooth- is essential to safety. Uniform ramming also
functioning, disciplined firing battery. helps to preclude unusual variations in muzzle

velocity. If the projectile is not firmly seated,
11 7. Accuracy Requirements particularly at high elevations, it may slip back

Some of the standards which must be met into the powder chamber and rest on the charge.
during all service of the piece training (firing or If the weapon is fired with the projectile in this
drill) are listed in a through h below. position, premature detonation may occur, causing

a. Bubbles. After the breech is closed, the a serious accident. Nonuniform ramming may
bubbles must be centered exactly (setting 1 cause variations in seating, escape of propellant
graduation off center can cause an error of I or gases around the projectile, and variation in the
2 mils); they are checked from the same eye angle effective size of the powder chamber. These
each-time. factors will in turn cause range inaccuracies.

b. Indexes. The indexes must be ained exactly The executive must insure that all ramming be
with the proper graduation; they are checked from hard and uniform.
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Section II. FIELD OPERATION OF FIRING BATTERY

118. Duties of Battery Executive 119. Records and Data the Battery Executive
The duties of the battery executive are as Must Check

follows: a. Firing Battery Section Data Sheets. Data cards
a. Before leaving the motor park or rendezvous and sheets kept by chiefs of sections for pre-

area- arranged fires and close-in defensive fires must be
(1) Insures that personnel check tire pres- checked for completeness and accuracy (fig. 58).

sures, recoil mechanisms, bore sighting, (1) If time is available, a DA Form 6-13
adjustment of instruments, quadrants, (Firing Battery Section Data Sheet) is
and fuze setters and that they check for prepared at the FDC for each section on
completeness, serviceability, and proper which all special corrections applying to
storage of all equipment and ammunition. that piece have been incorporated. In

(2) Makes a reconnaissance of position and some cases, only a battery data sheet
determines zone of fire or safety, limits, containing information for all pieces :is
if feasible. prepared at the FDC.

b. At the battery position- (2) The chiefs of sections are responsible for
(1) Supervises occupation of position. announcing data and giving commands
(2) Lays the battery. to fire as directed on the section data
(3) Checks communications. sheet.
(4) Has personnel recheck recoil'mechanisms, b. DA Formt 6-17 (Firing Battery Recorder's

bore sighting, and adjustment of instru- Sheet). The firing battery recorder's sheet is a
ments. record of fire commands, ammunition, and other

(5) Determines minimum elevations. data pertinent to the laying of the battery (fig. 59).
(6) Makes executive's report to the FDC. This form serves as a permanent 'record of all
(7) Is prepared to report amounts and types firing and is a ready reference for the settings

of ammunition, weights of projectiles, that should be on any weapon. The recorder's
and powder temperature. post is near the executive, telephone operator,

(8) Controls the delivery of fire as requested and radio operator. The duties of the recorder
by the observer or as commanded from are to-
the FDC. (1) Record all fire commands (on recorder's

(9) Is responsible for compliance with safety sheet) and messages.
rules. (2) Record and, when required, announce

(10) Insures uniform and adequate storage of the correct settings for any weapon.
ammunition. (3) Record the minimum elevation and re-

c. Prior to entering combat (actual or simu- ferred deflection for each weapon.
lated), insures that the firing battery is capable (4) Keep a file of prearranged fires.
of- (5) Keep the ammunition record. (This

(1) Twenty-four hour operation. record is also kept separately by the
(2) Efficient occupation and organization of chief of ammunition section.)

the position. (6) Keep a record of instrument direction.
(3) Passive defense of the position through c. Weapon Record Book, Part I-Major Item

proper camouflage discipline and other Complete Record (DA Form 9-IS), Weapon Record
measures. Book, Part II-Cannon Data (DA Form 9-13-1)

(4) Active defense of the position by direct (SR 750-1000--8). The weapon record book is a
laying of the pieces, by use of other 2-part log which records the history of the carriage
organic weapons (machine guns, rocket or mount and the tube data. This log serves as a
launchers, small arms), and by use of permanent life history of a weapon and must
mines and trip flares. accurately reflect the ammunition fired and the

(5) Operating efficiently within safety rules. date of firing. All entries must be checked peri-
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FIRING BATTERY SECTION DATA SNEET SEo. / /3 S E.

CONC TIME AMMUNITION METHOD COR OF SI TE TIME ELO OR QE REMARIS

43 yOA of/9 ' fC X 7 T; D e L. 7C2 /C. lo.

4e

qt Os2 0•30 ge X J V T e 13 RI Be 3/1 33

DA, .FOR, 6-13 ... IET

Figure 58. Firing battery section data sheet.

odically, especially calibration data and ordnance -traversing pintle is tilted to the rear and
service entries. Maintenance records that are accurate maintenance of direction be-
kept by the artillery mechanic must be current comes difficult.
to supplement data in the gunbook. (3) Difficulty in longitudinal- and cross-

leveling increases with the elevation.
1920. Special Considerations During Firing Therefore, it is necessary to detail a

a. Control of Fire at Extreme High Angles. cannoneer to assist the gunner. The
(1) High-angle fire at elevations greater than cannoneer levels the bubbles as the

those for which the piece is designed may gunner traverses the tube and alines the
be necessary. telescope with the aiming posts.

(2) The minimum range of the piece with b. Correction for Misalinement of Sight Error
high-angle fire without special prepara- After Registration. Tactical consideration may
tion may be well beyond the target require registration prior to making tests and
range. It will be necessary, therefore, adjustments. In such cases, pieces must be bore-
to emplace the piece on a slope or to dig sighted at the earliest practicable time, usually
in the trails and construct a recoil pit. during a lull in firing. If bore sighting discloses
It is important that the trail pits be so that the sight of the adjusting piece was not in
dug that the trunnions are approximately correct alinement for direction at the time of
level at the center of traverse. When a registration, the executive takes corrective meas-
pintle traverse weapon is emplaced for ures. In order to bore sight the base piece and
extreme high angles of elevation, the correct the misalinement error, the executive must
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be sure that the cross-level position of the trun- laid to the left of the measured azimuth
nions is not disturbed after registration. The by the amount of the error in the tele-
executive is responsible for determining and cor- scope, 8 mils in this case. Therefore, the
recting errors in bore sighting at the battery and correct azimuth when No. 3 piece com-
for reporting them to the FDC. For example- pleted adjustment on the registration

(1) A battery occupied position, battery was point is 1,792. When the sight of No.
laid parallel, and battery referred to 3 is properly adjusted, the correct deflec-
aiming posts at deflection 2,800. While tion with which to re-lay on the registra-
other sections were bore sighting and tion point is 2,803. The executive must
making adjustments, a registration was correct the bore sighting of No. 3 piece
fired by No. 3 weapon. At the conclu- and report to the FDC, ERROR OF 8
sion of the registration, No. 3 piece de- MILS IN BORE SIGHTING ON NO. 3,
flection was 2,795. The executive then CORRECT AZIMUTH WHEN LAID
measured the azimuth on which No. 3 ON REGISTRATION POINT IS 1792,
weapon was laid as 1,800. When No. 3 CORRECT ADJUSTED DEFLEC-
weapon was bore sighted, it was found - TION IS 2803, BORE SIGHTING HAS
that, with the line of sight parallel to the BEEN CORRECTED. He also cor-
axis of the bore, the reading on the sight rects any recorded data at the battery
was 3,192 (fig. 60). position.

(2) A piece laid with the sight out of adjust- (3) Assume in the example in (2) above that
ment as described in (1) above would be an orienting line was established and the

When Piece waos bore Axis , orienting angle measured and determined
sighted azmwt eoale a to be 853 before the error in bore sighting
road 3192i < w of No. 3 piece was discovered. Because

_ / ~ eK of this error, the piece actually is laid too
/I far left by 8 mils and the correct orienting

angle is 861. The executive corrects the
Line of sight ot bore sighting of No. 3 piece as indicated

/ ze.o deflection in (2) above and reports to the FDC,
ERROR OF 8 MILS IN BORE SIGHT-
ING OF NO. 3, CORRECT ORIENT-
ING ANGLE IS 861, CORRECT AD-
JUSTED DEFLECTION 2803, BORE
SIGHTING HAS BEEN CORRECTED.

3192 d He also corrects any recorded data at
|Itg• the battery position.

e. Displacement of Aiming Posts. Owing to the
short distance to the aiming posts, slight move-

._ _ | ments of the panoramic telescope from shock of
Error | i firing or from traverse move it off the line formed

1 Error 816 by the two aiming posts. For procedure in cor-
!/I recting for displacement, see the field manual

Figure 60. Example of an error revealed by bore sighting. appropriate to the weapon.

Section III. CARE AND HANDLING OF AMMUNITION
121. Ammunition References see TM 9-1900; and for characteristics of all types

a. Technical Manuals. The technical manual of artillery ammunition, see TM 9-1901.
issued with each weapon lists the authorized am- b. Supply Manuals (SM's). Supply manuals
munition and the marking, packing, and other contain the ammunition identification code sym-
technical information which the executive should bols and information on packing and are used in
know. For a general discussion of ammunition, making up requisitions. Supply manuals pertain-
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ing to ammunition used by field artillery are- 123. Projectiles
SM 9-5-1305 Amrhunition, for Artillery a. Projectiles must be inspected to insure that

through 30-mm. there is no leakage of the contents, that they are
SM 9-5-1310 Ammunition, for Artillery 30- correctly assembled, and that bourrelets and

mm up to 75-mm. rotating bands are smooth and free of burrs and
SAI 9-5-1315 Ammunition, for Artillery 75- large dents. If rotating bands are burred or

mm through 125-mm. nicked they should be smoothed with a flat, fine-
SM 9-5-1320 Ammunition, for Artillery over grained file or with crocus cloth backed with a

12 5-mm. small block of wood. In separate-loading ammuni-
SM 9-5-1330 Grenades, Hand and Rifle, and tion, every effort must be made to segregate projec-

Related Components. tiles by lot number and weight zones. Projectiles,
SM 9-5-1340 Rockets and Rocket Ammuni- especially those with no fuze and booster assem-

'i tion. bled, are relatively safe from detonation by small-
SM 9-5-1345 Land Mines and Components. arms fire or shell fragments. Lifting plugs on
SM 9-5-1375 Ammunition Explosives; Bulk separate-loading ammunition should be kept tight

Propellants, and Explosive in the shell nose until ready for use, to prevent
Devices. moisture from affecting the explosive and to pre-

SM 9-5-1390 Ammunition, Fuzes, and Prim- vent rust from freezing the lifting plug in place.
ers. All rotating band grommets must be secure and

tight to prevent nicking and scarring of the com-
1 22. General Safety Precautions paratively soft. rotating bands. Windshields must

a. Careful handling of ammunition is necessary be tightened flush with the shell body and locked
to insure proper functioning and to avoid acci- bv the setscrews. Care must be taken that the
dents. Since accuracy of fire is affected by dam- false ogive is not broken loose from the threaded
aged ammunition, the care and handling of artil- ring by which it is attached to the shell body.
lery ammuniition must be carefully supervised. A b. High explosive shells issued for use with VT
detailed kn6wledge of the marking, purpose, and fuzes are standard shells with the fuze and booster
functioning of each component is important. cavities deepened to accommodate the longer VT

b. Basic principles of ammunition handling in- fuze. These deep cavity shells are issued with
clude the following: a removable supplementary charge so that they

(1) Know in detail the assembly and proper may be used with either standard time or impact
preparation of the ammunition for use. fuzes or with VT fuzes. With the supplementary

(2) Never use bale hooks. Do not tumble, charge placed in the deep cavity, shells are packed,
drag, throw, or drop boxes or com- shipped, and issued in the usual manner (fixed or
ponents. semifixed rounds fuzed with standard time or im-

(3) Do not allow smoking, open flames, or pact fuzes (sometimes with no fuze) and separate-
other fire hazards around ammunition. loading shells closed with a cardboard spacer and

(4) Keep ammunition in sealed containers a the usual eyebolt lifting plug). The supplemen-(4) Keep ammunition in sealed containers as
long as possible before use. Return tary charge is removed only when the shell is used

containers and reseal if not used (par. with VT fuzes and must be in place when used with
cains and reseal if not used (par. standard time or impact fuzes. The deep cavity

may be lined with a paper tube and bottom cup
(5) Check and list all lot numbers of projec- which helps support the high explosive filler. This .

tiles, fuzes, propellants, and primers. lining will not be removed at any time.
(6) Inspect each.round prior to use to insure

that it is clean, properly assembled, and 124. Propelling Charges
otherwise suitable for use. a. Care must be exercised to insure that all

(7) Protect all components from moisture, increments of propelling charges are present and
extremes of temperature, and corrosive of the same lot number and that only the proper
chemicals. increments are removed from the complete charge

(8) Never make unauthorized alterations on before firing. The cannoneer preparing propelling
the ammunition. charges for firing must count and identify by

70



number not only the increments removed from a 125. Cartridge Cases
charge as it is to be fired but also all increments. Cartridge cases should be inspected carefully
This precaution will help eliminate mistakes in for cracks or dents which might affect their func-
the preparation of the charges and will also detect tioning. Care is necessary in handling cartridge
missing or duplicate increments. Powder bags cases for they are easily dented. Care must be
should not be torn or ripped, and there should taken to protect the bases of cartridge cases,
be no leakage of contents. With separate-loading which, if struck, may cause accidental firing of
ammunition, the data tag and igniter pad cover the primer. Badly corroded cartridge cases will
must be removed before the charge is loaded. make extraction from the chamber difficult and
Ammunition which has been prepared for a certain may result in ruptured cases. With semifixed
charge should be carefully segregated from other ammunition, it is important that the mouth of
charges. Charges for which firing is not immedi- the case is not deformed. A deformrt¶ case is
&ately planned should be resealed. Increments difficult to load and may result in a serious
removed from a prepared charge are left with blowback if fired.
the charge until the charge is fired so that, if
necessary, higher charges than originally planned 126. Fuzes
may be fired or ammunition repacked conveni- a. General. Fuzes are sensitive to shock and
ently. Increments left over from charges already their functioning is likely to be impaired by
fired are immediately removed to a point at least moisture and high temperature. Fuzes should be
30 yards from the nearest weapon or ammunition inspected carefully to ascertain that they are
until they can be disposed of. properly assembled and set. Separate fuzes

b. It is not practical to salvage unused incre- should be tightened as much as possible by hand
ments. Unused increments may be burned in the and then firmly seated with a fuze wrench. Care
open in small quantities. If large quantities are must be taken to start the mesh of the threads
ignited, a dangerous explosion may result. When properly. When fuzes are not tightly seated,
it is necessary to destroy igniter pads, they should premature detonation may occur through sudden
be separated from the base charge and handled seating from rotation in the bore. With fixed
in accordance with the provisions of TM 9-1900. and semifixed ammunition, the packing stop must
Igniter pads should never be cut open with a be removed before firing. To prevent excessive
metallic object, such as a knife, for premature cutting of mechanical time and VT fuzes which
ignition may result. may cause malfunction of the fuzes; time settings

c. Propelling charges absorb moisture and for nonadjusting pieces in a WILL ADJUST
should be kept in the containers until just before mission, or a, mission prefaced by DO NOT
use. This precaution reduces the danger of fire LOAD (DNL),!will be set on the fuze setters only.
from sparks, blowbacks, small-arms fire, and hot The fuze setter is set at the time announced, but
shell fragments. Propellants must also be pro- the fuze is not cut until the command to fire the
tected from excessive and rapid changes in temper- round is received. This will preclude the setting
ature. High temperatures greatly accelerate the of the fuze more than once if a different time
normal rate of deterioration and cause excessive setting is required.when the final time is announced.
and irregular chamber pressures in firing, resulting Time fuzes which have been cut but not fired are
in erratic ranges. Sudden changes in temperature reset to SAFE and the safety pin inserted before
may also cause moisture to condense on the replacing fuzes in the containers.
charges. To obtain powder temperature at the b. Time Setting. For accurate and rapid setting,
battery position, powder temperature should be time fuzes require a fuze setter graduated to suit
taken of ready ammunition (powder charges) the fuze. A number of models of fuze setters have
that is representative of ammunition that is due been standardized. The details of the use of fuze
for early use and should be checked periodically setters are contained in chapter 3 and the appro-
(approx. every 30 min.). The rounds or powder priate field manual for the weapon:
charges so checked should not be removed from e. VT Fuzes. VT fuzes beldng. to a class of
the rest of the ammunition but should be measured special fuzes which require specially loaded pro-
in place to get a true mean. The thermorieter jectiles. The fuzes have a plastic n6sb fitted into a
should penetrate the charge that is being used, metal base. When VT fuzes are assembled to
and it must not touch any metal. shells, they provide the same contour as standard
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fuzes. No safety cotter pins or adjustments are with fuzes T226 (M513) and T227 (M514),all
provided or required. The length of the fuze modifications). Time settings are made in the
booster assembly is longer than that of standard same manner as those for mechanical time fuzes;
impact fuzes. The ogives of some of the fuzes while looking down on the nose of the fuze, the
have a heavy coating of wax that must not be individual setting the fuze rotates the cap in a
removed. The fuzes- are completely bore and clockwise direction which is the direction of
muzzle safe. The arming mechanism provides increasing readings. In the event the fuze setter
an additional safe period during the first 2 M14 or M27 is used and the desired setting is
T226 (M513) and T227 (M514)) or 5 (M96 and passed, the clockwise rotation of the cap is con-
M97) seconds' time of flight, depending on the tinued until the desired setting is again reached.
type of fuze. VT fuzes T226 (M513) and T227 The cap should not be "backed up" to the setting
(M514) series can be distinguished from VT fuzes because this introduces backlash and reduces
M96 and M97 in that they have a settable timing accuracy. The arming delay time should
arming time (fig. 61). Each fuze is stamped with not be set more than twice on any fuze. The zero
the nomenclature, an alphabetical classification setting line is the lowest point at which VT action
letter, and a manufacturer's lot number. In can be expected from the fuze.
addition, the ammunition caliber is stenciled on
the fuze body. For details on the care and use 127. Primers
of VT fuzes, refer to appropriate ordnance tech- Primers are sensitive to shock and moisture.
nical publications. Time settings are made manu- Primers should be carefully cleaned and inspected
ally with a mechanical fuze setter. It is impor- for signs of corrosion and to insure that the seal is
tant that the time scale of the fuze setter employed firmly in place. Primers will be kept away from
correspond to the time ring of the fuze (0-100 powder bags and left in their sealed containers

until ready for use.

128. Flash Reducers
The strips containing flash reducing chemicals

should be tied tightly and smoothly to the pro-
pelling charge so that the diameter of the whole

Stationary charge is equal throughout its length. Because
index of its hygroscopic qualities, the flash reducer must

PD Settnpg - not be removed from the container until just
line , before it is to be used. The flash reducer must
iS Setting not be allowed to contact damp ground. Dis-

Elift ~ carded increments should be disposed of in the
-I~~~~~~~~ ~same manner as discarded igniter pads.

129. Chemical Shells
i0 Setting b When gas shell is being fired, all personnel will

_ line be provided with gas masks and personnel han-
dling the ammunition should wear gloves. De-
contaminating agents should be held in readiness.
White phosphorus (WP) shells will be stacked
vertically and protected from high temperatures.
If WP shells are stacked horizontally in the hot

T.272(M514)is sun, the WP filler (melting point 1100 F.) may
identical shift to one side of the shell cavity, resulting in

an unbalanced projectile.

T 226 E2 T 226 130. Segregation of Lot Numbers
(M513 E2) (M513) ..

Owing to different ballistic qualities between
Figure61. VTfuzes TuB (M5613) and T6E (M51SE2)'. lot numbers of projectiles, charges, and fuzes,
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segregatiot'iftnmdnnition·by lot numbermtmrft measure temperature of the cartridge
a standard practice. case rather than temperature of the

charge.
131. Replacing Ammunition in Containers (3) Fized. With fixed ammunition, there is

Great care must be exercised in returning a temperature lag between the inside and
ammunition to containers to insure that it is outside of the cartridge case. Powder
completely serviceable. Before a round is re- temperature can be approximated by
placed in its container, an officer of the battery placing the cased thermometer inside an
will prepare a certificate, which is inserted under empty ammunition container.
the sealing tape used to seal the container so that
it will be visible, certfying that- 133. Field Storage of Ammunition

a. All increments are present. Ammunition at the battery position must be
b. Increments are serviceable and undamaged. protected from enemy fire and the weather. Only
c. Increments are in proper numerical order. enough ammunition to meet current needs is
d. Increments have the same lot number. placed at the pieces. Other ammunition is held
e. Lot number of the ammunition is the same either in the ammunition vehicles or stored at a

as that on container. battery dump as the situation dictates. Proper
cover reduces the risk of damage by enemy fire

1'32. Data for Met Message and also serves to protect ammunition from mois-
The executive supplies the FDC with the ture and extremes of temperature.

following ammunition data for computing correc-
tions (a and b below): 134. Unloading the Piece

a. Weight of Projectile. Weight of projectile is When practicable, a piece is fired rather than
reported as marked on the projectiles, e. g., unloaded. A piece is not unloaded for a fuze
1 square, 2 square, No. (pounds). setting change unless friendly troops are en-

b. Powder Temperature. The powder temper- dangered. Details on unloading are contained in
ature reported should be a representative figure the appropriate field manual for the weapon.
for the charges to be fired by the battery, con-
sidering variations within stacks and differences 135. Accidents
between sections. The method of sampling with SR 700-45-6 prescribes the method for report-
the powder thermometer will vary with the type ing a premature explosion or other ammunition
of ammunition. Powder temperatures are taken accidents. The officer in charge at the battery
as follows: position must-

(1) Separate-loading. Insert the thermom- a. Render first aid to those injured.
eter in end of charge and replace the b. Notify immediate superior.
charge in container. c. Obtain statements from eyewitnesses while

(2) Semifixed. The charge, with thermom- details are clearly in mind.
eter inserted, is replaced in cartridge d. Preserve all evidence in as nearly the original
case. Care should be exercised to see state as possible until it can be inspected by the
that powder temperature thermometer ordnance officer.
does not contact cartridge case and thus e. Record all data required by SR 700-45-6.

Section IV. COMMON MISTAKES AND MALPRACTICES

136. General check or very close supervision. A malpractice is
Inaccuracies and waste in artillery fire too often a procedural error and usually indicates incom-

occur from mistakes and malpractices of a re- plete or incorrect training. The best preventive
curring nature. A mistake is an unintentional for mistakes and malpractices is the formation of
error in action or perception committed while proper habits in training by insisting on exactness
following correct procedure. A mistake usually and allowing no deviation from correct procedures.
indicates carelessness or lack of concentration and This section is a tabulation of some of the more
can be detected only by a positive, independent common firing battery errors.
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137. Preparation for Firing and Execution of When the metal'hs ibeceme sufficiently

Fire Commands weakened, the gun blows up.

a. Common Mistakes. Some of the common (4) Hand loading of the 155-mm howitzer
mistakes made by personnel of the firing battery may result in burred breech threads,
in executing fire commands are- damaged rotating bands, and improper

(1) Firing wrong charge. seating. Erratic fires result.

(2) Mlissetting fuze, especially by reading in (5) Removing the safety latch firing mecha-
wrong direction from numbered gradua- nism plunger so that the firing mecha-
tion. nism and primer can be inserted prior to

(3) Mlaking a 100-mil error in deflection or closing the breech. This practice may
elevation. result in blown breechblocks and hous-

(4) Setting deflection correction in wrong ings.
direction on gunner's aid. (6) Exceeding the maximum rates of fire

(5) Failing to zero gunner's aid when deflec- thus causing the gun tubes to become
tion corrections are no longer desired. extremely hot. Shells, cool from having

(6) Moving in wrong direction from num- been stored in an open battery dump,
bered graduations on micrometer scales may crack when placed in the hot gun
(8panoramic telescope, site, elevation). tubes, permitting the filler to melt and

(7) Reading wrong colored figures on 10-mil run out of the cracks into the powder
micrometer of gunner's quadrant. chamber making an explosion likely.

(8) Leveling gunner's quadrant in wrong If fired, the broken shell endangers

direction or using wrong base, especially friendly troops.
in hligh-angle fire. (7) Digging gun pits so that the bottom of

(9) Laying on wrong aiming posts, especially the pit is on a slant causing the front
at night or when there is little lateral of the gun to rest on lower ground than
interval between pieces. the trail spades. The trails then do not

(i0)'Failing to take up lost motion correctly. have the same angular relationship to
(11) Failing to center all bubbles. the carriage as they do on level ground.

As a result, the shock of recoil, particu-b. Malpractices. Malpractices which may result
in serious accidents are- larly with high charges at high elevations,

is not properly transmitted to the spades
(1) Attaching lanyards on 105-mm howitzers and this excessive downward stress

directly to the trigger shaft rather than exerted on the front of the trails may
to the firing shaft bracket assembly. cause the trails to break near their
This permits firing the weapon before it junction with the carriage.
has returned to battery. The result is
damage to the recoil mechanism and 1 38. Optical Instruments
carriage and injury to the loader from a. Aiming Circle. Some of the errors made
the recoil. by the firing battery personnel in using the aiming

(2) Inserting the trigger shaft to test the circle are-
functioning of the M13 firing lock of the (1) Failing to clamp vertical shaft securely.
105-mm howitzer. This practice breaks (2) Failing to clamp the wingnut (lower fast
the lugs forming the "T" on the end of motion) securely.
the firing pin holder. . (3) Turning sight head with the wrong

(3) Attempting to gain greater ranges by motion when sighting through the eye-
using 2 charges of green bag or 2 charges piece; i. e., upper motion instead of
of green bag less I increment in 155-mm lower motion.
howitzers and adding an eighth-charge in- (4) Failing to level the longitudinal bubble
crement in 105-mm howitzers. This re- before reading angles of site.
sults in excessive heat and chamber pres- (5) Failing to determine and apply the ver-
sures which cause metal fatigue, which is tical angle correction to measured angles
difficult to detect even by experts. of site.
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(6) Having-objects containing magnetic met-- b. Other Optical Instruments. Battery com-
als on the person, especially eyeglasses. manders (BC) telescopes and panoramic tele-

(7) Making a 100-mil error in setting by scopes are subject to aiming circle setting and
failing to note that turning the azimuth reading errors.
micrometer has moved the azimuth
index to the wrong hundred or setting; 139. Miscellaneous
for example, 3697 instead of 3597 be- Some of the miscellaneous errors made by the
cause the azimuth index is near 36. firing battery personnel are-

(8) Failing to take up lost motion correctly. a. Reading powder thermometer incorrectly.b. Setting aside one specific case or propellant
(9) Failing to set up instrument with one for powder temperature control for too long a

leg pointing in approximate direction of period of time.
sighting. c. Firing rounds from oily tubes.

(10) Failing to set up instrument at least 40 d. Failing to set near aiming post one-half the
yards from nearest piece. distance to the far aiming post.
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PART THREE

OBSERVER PROCEDURE

CHAPTER 7
INTRODUCTION

140. General 141. Purpose
a. Field artillery usually is employed in a man- Observation is employed by artillery for three

ner requiring some type of observation. This purposes-target acquisition, adjustment of fires
observation may be visual, in which case an when necessary, and surveillance of fire for effect.
observer actually looks into the target area; it may a. Target acquisition is concerned with detect-
be electronic, in which case target location is ing suitable targets and determining their ground
determined by electronic devices; or it may be locations. This information is reported to the
indirect observation through study of aerial FDC where it is used in the production of firing
photographs. data.

b. Electronic devices generally fall into two b. Adjustment of fires is necessary to obtain
classes-radar ranging equipment and sound effect on the target when the accuracy of target
ranging equipment. Employment of these de- location data is questionable.
vices is described in FM 6-120. c. Surveillance of fire for effect is a follow

c. Observer procedures discussed in this manual through of target acquisition. Since the observer
pertain solely to visual observation and include can see the target, he can direct fire and report its
both air and ground observer techniques. When- effect to the FDC. This report should include
ever appropriate, these techniques are explained an accurate account of damage and any appropri-
in the light of their relationship to other phases of ate shifts necessary to make the fire more effective.
gunnery, primarily the fire direction phase. d. Battlefield intelligence is a very important

d. Target grid procedures, on which fire direc- by-product of artillery observation. Observers
tion (part four) and observation (part three) are must be aware of their responsibility to report
based, relieve the observer of many functions everything which they observe. Information not
normally required of him by other gunnery sys- necessary for the conduct of fire must be reported
tems. Nevertheless, the importance of the ob- promptly, but such action must not delay fire
server as a vital member in the gunnery team must missions.
be emphasized. The observer is the only member
of the gunnery team who can actually see the 142. Briefing
enemy forces, the friendly forces, and the fires Prior to the establishment of an observation
placed on the enemy by all combat arms. The post (OP), the artillery observer must obtain the
observer is normally a junior member on the gun- information and equipment necessary for the
nery team. However, his ability to observe and accomplishment of his mission. Whenever possi-
his knowledge of the battle situation must be ble, the information should include a thorough
exploited to assist in keeping his unit adequately briefing on the tactical situation, designated
informed at all times. Moreover, the observer zones of observation, and communication plans.
must know and understand the problems and This briefing is given by the S2 and the S3 of the
procedures of the FDC. He can then combine artillery unit to which the observer is assigned.
this knowledge with his own judgment to effec- If the observer is to work directly with the front-
tively assist the gunnery team in fulfilling its line units, he will be told where and to whom to
purpose. report for additional information.
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143. Equipment on the basis of one per infantry (tank) company.
The equipment issued to the observer party in- These parties work closely with the infantry

cludes observation and communications equip- (tank) company commander in reporting suitable
ment, extracts of signal operation instructions, targets to the FDC. A communications net is
maps, accessory plotting equipment, arms, am- established, including both infantry (tank) and
munition, and transportation. The amounts and artillery units (fig. 62).
types of specific items are prescribed in the ap- c. Units not in direct support maintain liaison
plicable tables of organization and equipment and and send observer parties, depending on the mis-
tables of allowances. sion assigned (FM 6-20).

144. Personnel 147. Procedure Upon Occupation of Position
Each artillery observer party consists of the a. The observer and his party move into position

minimum number of specialists required for as soon after reconnaissance as possible. Radio
around-the-clock observation. The senior mem- is normally employed until wire becomes available.
ber is usually a lieutenant, who, in addition to On occupation of the OP, the radiotelephone oper-
supervising the overall operation of the OP, spends ator checks radio communications, giving par-
a great deal of his time actually observing. This ticular attention to siting the radio. Wire corn-
officer's principal assistant, a reconnaissance ser- munications to observers are established rapidly.
geant, relieves him of appropriate duties and acts Wire lines to observers with frontline units are
as, observer and senior member in his absence. established as directed by the liaison officer. The
The party also includes a liaison specialist and a artillery communications officer supervises laying
radiotelephone operator (driver). Each member of wire lines to artillery OP's. When he can, the
of the party is trained in the duties of every other observer with a frontline unit will establish a wire
member and in the use and maintenance of all to the supported unit.
equipment issued to the observer party. b. While the communication check is being

made, the observer studies the terrain and im-
145. Selection of Position proves the orientation of his maps by checking

Forward observers (FO's) with direct support them against the ground features. The observer
artillery battalions select their OP's in the zone must be prepared to report targets and other
designated by the appropriate artillery liaison information (FM 6-20) at all times; hence, his
officer with the supported unit. The selection is first consideration is orientation, i. e., the estab-
closely coordinated with the supported infantry lishment of grid direction and the identification of
(tank) company commander. This is done to in- ground objects which are (or can be) plotted on
sure observation within the zone of action of the his maps and those of the FDC. One of these
supported unit. .Other observers' locations will points is the map (chart) location of the observer.
normally be designated by the artillery S2. The This study of the terrain assists the observer in
observer conducts a map reconnaissance of the furnishing the FDC with map (chart) locations of
designated area to select the OP location which ap- points of activity.
pears to satisfy the requirement. The observer c. As time permits, the observer and his party
selects the exact location after making a ground improve the natural protection which the position
reconnaissance. The final location is reported to affords. Initially, they occupy the position with
the FDC. a minimum of protection consistent with their

mission. Usually this protection consists of fox-
146. Relationship With Supported Unit holes for personnel and portable equipment and

a. Each direct support artillery battalion com- concealment for the heavier materiel (vehicle,
mander sends a liaison party and observer parties trailer) (fig. 63).
to.eachof the supported infantry (tank) battalions.
The liaison party is normally located at the in- 148. Observer's Role in 'iring':
fantry (tank) battalion headquarters.. The liaison When the observer sees a likely target for artil-
officer coordinates operations between the infantry lery fire, he sends the;FDC.a fire request.contain-
(tank) battalion commander, and the artillery ing all the information needed, by thQ.fire.direction
commander .officer (FDO) to decide if and how the target will

b. Forward observer '(FQ) parties are assigned be attacked. When the accuracy of initial data
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does not warrant immediate fire for effect, the fire, the observer is notified and his fire request is

observer adjusts the fire and at the appropriate considered only for its intelligence value. If the

time requests FIRE FOR EFFECT. If the FDO FDO decides to fire on the target, he immediately

decides that the target does not warrant artillery issues instructions, termed collectively as the fire

/~k Infantry
company hq

Artillery ry
liaison offi T battalion hq

Fir i ng
*battery1

, ]iolson officn ,, I3 n f a nt ry regt
$ t X >heedqhad rters

Battery
DC

W.re
Artillery battalion hq s Radio
and FDC

Divieion ortillery

Figure 62. Colmnunicationa ets available to a forward observer.

Figure 6S. Typical initial disposition of forward observer party.
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order. From this order the fire commands for the changed. Upon completion of a. mission, the observer

pieces are prepared. Certain elements of the fire reports the effect which he has observed.

order are needed by the observer to inform him 149. Battalion Observation Posh
of the amount and type of fire which will be de-
ofivered. Thth e amountfire order, or parts of f ire which will be detrans- Each field artillery battalion establishes its own
livered. The fire order, or parts of it, is trans-
mitted to the observer at the same time that it is observation posts to supplement the OP's of the

being announced to the FDC personnel Wen observers with the frontline units. Because ob-
being announced to the FDC personnel. When

the pieces have fired, the FDC personnel alert servation is so important, artillery units will usu-

the observer by transmitting ON THE WAY. If ally be required by the division artillery com-

the time of flight of the projectile is compara- mander (or comparable commander) to install
the time of flight of the projectile is compara- OP's at points which provide overlapping cover-
tively long, the FDC personnel may give a warn- e of the entire front. This type of observation
ing by transmitting SPLASH, 5 seconds before age of the entire front Ths type of observation
the projectiles detonate. When other units are is integrated with the observation provided by the
firing in the same impact area, the observer may forward observers with frontline units. This ac-
firing in the same impact area, the observer may tion will decrease the possibility of undetected
request SPLASH and/or SALVO FIRE to facili- tion will decrease the possibility of undetectedrequest SPLASH and/or SALVO FIRE to facili-

surprise moves by the enemy. It will also increase
tate identification and sensing of the proper rounds. surprise moves by the enemy. It will also increase
The observer then determines what effect, if any,ch contributes to the develop-
the fire has had on the target. Based on this de- ment of full fire power against the enemy. Bat-
termination, the observer may request any of the talion OP's are, as time permits, located by sur-

~following actions: vey methods (TM 6-200). When two or more

a. Termination of fire, either because the effect OP's are so located, they form a base and may be
used for survey location of targets by intersection.

has been sufficient or because no further effect
The controlling (more accurately located) OP is
called 01 regardless of location, and the auxiliary

b. Continuation of fire on the same point to OP or OP's are called 02, 03, etc.
achieve additional effect.

c. Shifting of fire, if a shift will make the fire 150. Air Observation Posh
more effective or if the target has moved. Fixed wing and/or rotary wing aircraft, with

Note. If either action in b or c above is taken, the pilot and observer, are used for battlefield obser-
observer may request that the number of pieces, type of vation, to adjust fire, and for surveillance of fire
ammunition, distribution, or method of fire (MF) be for effect. See chapter 14 for details.
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CHAPTER 8
PREPARATORY OPERATIONS

151. General common references for locating points and facilii

The observer's preparatory operations con- tates the observer reporting additional locations

tribute to the speed and accuracy with which he which can be plotted on FDC charts. Normally,

locates targets and reports information to the the observer has an opportunity to familiarize

FDC. The preparatory phase begins before the himself with the terrain through map and ground

occupation of the OP. At that time the observer reconnaissance. Therefore he usually finds it

checks his equipment, reports for briefing to the easy to determine his location.
designated artillery and infantry (tank) personnel, b. Grid azimuth may be determined initially
and briefs the members of his observer party. by measuring with a properly declinated mag-

Once in position, the observer concludes the pre- netic instrument or by measuring it from a map

paratory phase as rapidly as possible. Each with a protractor. Thereafter, when referring

member of the observer party concurrently per- to the observer, the common term "azimuth" is
forms a predesignated duty. Any of the follow- used and means grid azimuth. Once the azimuth
ing actions which could not be completed before to one point has been determined, a number of

occupying position are completed at this time: reference points should be selected and the azi-

a. Check communications. muth to each carefully measured and recorded.

b. Orient the map with ground features, in- e. After a number of reference point azimuths

cluding plotting at least one point (preferably have been recorded, the observer can determine
several) whose location and direction can be the azimuth to any other point in the target area
determined. by measuring, with the horizontal mil scale in his

c. Augment map data by marking on the map binoculars, the angle from a reference point to the

the observer's location and any other information desired point. In figure 64, the target is 40 mils

that will aid in locating points of activity or left of the reference point. Azimuth to the tar-

interest. Security information should not be get is 2,060 mils (2,100-40).

placed on maps. d. Besides his own location, the observer deter-

d. Prepare an observed fire fan. mines the location of, and the azimuth to, out-

e. Prepare fire requests for points of probable standing natural and manmade features. The

activity. more thoroughly the observer orients himself,

f. Make the initial report to the FDC, which i. e., appreciates the ground conformation in

includes observer's location, targets, and other relation to the map, the better will be his ability

information. (Immediate fire requests may have to accurately locate critical portions of the battle-

been processed before this initial report.) field when he requests artillery fire. It is not
necessary for the observer to determine the

152. Orienting in Direction and Location of locations of the weapons which may fire his mis-
Position sions. The FDC is equipped with a target grid

a. The observer must orient himself in direc- device, which graphically converts corrections

tion. If possible he should locate his position so sent by the observer (in relation to the observer-

that he can specify grid direction to various points target (OT) line) to corrections for the weapons
in the target area. Further, he should, if pos- (in relation to the gun-target (GT) line) (figs.

sible, identify at least one point (preferably sev- 121 and 123).
eral) which can be plotted on the FDC maps e. Sometimes circumstances render extremely
(charts). This gives the observer and the FDC difficult or even impossible the observer's estab-
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locate a point in common by firing, when other
means of target location are inadequate. The
observer requests a round be fired into the center
of the target area (center of sector). This request

AzReference point usually specifies a type of ammunition that is
easily identified on impact, such as white phos-
phorus smoke shell. The FDC personnel then
prepare the data which will place a round in the
center of the sector at a safe distance from
friendly troops and commands one weapon to
fire. If the observer fails to see this round, the

I -1 FDC personnel prepare new data which will move
--Trget - the next round to a different but equally safe
\ -- * _- / point of impact or, by employing time fuze, will
5 4 3 2 I I 2 4 5 raise the burst, into the air. This procedure is

continued until the observer positively identifies
20 / the round. He then orders a shift from the point

of impact (burst) of the identified round to a
target or object which is permanent or semi-
permanent in nature, such as a tree, crossroads,

Vertical scale on right of lens barn, ruins of a building, etc. Once this point
is not used by the FO in determining has been located by adjustment of fire and has
data for his fire request. It is used been plotted on the FDC charts, the observer
primarily by the Infantry for siting
outomotic weapons. may use it as a reference point from which shifts

to subsequent targets may be made.
Figure 64. Use of reference point azimuth and binocular

scales to determine azimuth to target. 153. Auxiliary Map Data
lishing his location or target locations. Examples a. When the observer has completed his initial
of such circumstances are- orientation, he begins a systematic augmentation

(1) Adverse conditions of visibility (fog, rain, of map data. This augmentation consists prin-
or darkness). cipally of recording information on his map and

(2) Lack of reliable maps. preparing a terrain sketch. As time permits, a
(3) Operations in deceptive terrain (desert, visibility diagram is also prepared.

plains, mountains, or snow flats). 6. The map is augmented with lines of direction
(4) Rapid movement through unfamiliar ter- radiating from the observer's position at conven-

rain which tends to confuse the observer. ient angular intervals. These lines are inter-
J. An observer and the FDC personnel can sected with arcs of distance by using the observer's

position as the center (fig. 65). The observer
then marks points of importance which were not
included on the map when printed. He also
marks (emphasizes) any points which he might
frequently need, such as reference points, regis-
tration points, concentrations, and likely points
of enemy activity. Each of the foregoing actions
will increase the efficiency and accuracy of the
observer reports.

c. The observed fire (OF) fan (fig. 66) is a fan-
shaped protractor constructed of transparent ma-
terial, covering a 1,600-mil sector. This fan is
divided by radial lines 50 mils apart. Arcs repre-
senting distance (scale of 1:25,000) from the OP

Figure 65. Map augmented to show lines of direction and are printed on the fan in increments of 500 yards
distances from the observer position. from 1,000 to 4,000 yards and at 5,000 yards.
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(1) To use the OF fan, the observer orients it (2) Accurate polar plot data, or coordinates,
on his map with the vertex on his OP for a target are required for fire for effect
location in such a manner that the fan is without adjustment, or for the initial
approximately centered on the zone of round of an adjustment. To get this
observation and one of the radial lines is data, the observer measures the target
parallel to a grid line or other line of azimuth with a compass'or other instru-
known direction. The fan is then taped ment or measures and applies the devia-
or tacked to the map. The line of tion from a known azimuth. Estimating
known direction is labeled with its correct the observer-target distance, the observer
azimuth. The other radial lines are then locates the target on the map somewhere
labeled with their azimuths. If desired, along the ray representing the azimuth to
only the 100-mil azimuth lines are the target. By comparing the terrain
labeled, with the map contours along the ray, the

observer can select a point and refine the
accuracy of the location to obtain
normally excellent azimuth and distance
or coordinates of the target.

d. Another device which the observer uses to
50 .4 / / / / assist in the location of targets is the terrain sketch

(fig. 67). This is a panoramic representation of
40 41S 1 1 / / X / / / the terrain, sketched by the observer. The sketch

shows reference points, registration points, con-
35 a / // i centrations, and points of probable activity. The
30o A terrain sketch is also a rapid means of orienting

25 1-/1<// />/relief personnel.
e. When available, photographs of the area of

20 % £/./7J5~jy~3~ ~ L V observation should be marked, showing pertinent
1 5 points and lines of direction, and used in con-

10 junction with the terrain sketch. * Copies of the
photograph and/or the terrain sketch may be
required for reference at the FDC.

-N f. The visibility diagram is a sketch of the area
0 0 of observation, drawn to map scale, showing

those portions which cannot be observed from a
Figure 66. The observed firefan. given OP. This diagram may be prepared by

/.ff7

/275

Figure 7. Terrain sketch.
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observer personnel or by FDC personnel if the drawn from the observer's position to
position of the OP is plotted on FDC maps. each point of high ground in the field

(1) When the observer prepares the visibility of observation. These rays represent
diagram, a copy on overlay paper is sent lines of vision; all ground areas between
to the FDC. The diagram is prepared a peak point of tangency and the inter-
by constructing profiles of the terrain section of ray with the ground are blind
along radial lines emanating from the spots (fig. 68). These blind spots are
OP (FM 21-26). Except in very sym- projected to the base of the diagram
metrical terrain, each adjacent pair of and transferred to the appropriate line
rays should form an angle no greater of direction on the observer's map or
than 100 mils. When the profile along on a piece of overlay paper. Related
each ray is completed, straight lines are points are connected and blind areas are

shaded (fig. 69).
(2) Use of visibility diagrams will reduce

the chance of observer error in reporting
target locations. If the target is plotted
in an area which is not visible, the
location data are obviouslyin error. Tie
diagram aids the S2 in evaluating target

--ih of' M'-' area coverage and in determining the
best locations for additional observation

Figure 68. Use of profile to show blind spots (shaded areas). posts.

cp

4400

.00

Al1600

Figure 69. Construction of visibility diagram using direction rays.



CHAPTER 9
LOCATION OF TARGETS

154. General Deviation to nearest 10 yards; e. g., RIGHT
., In locating targets and determining initial data, (R) 220.
the most accurate means available are employed in Vertical change to nearest 5 yards; e. g., UP
order to save ammunition, to save time in adjust- 25.
ment, and to increase effectiveness of fire. To Range to nearest 100 yards; e. g., ADD 200.
obtain this initial accuracy, data are used from all Coordinates to nearest 10 yards; e.g., 64453774.
previous firing in the area as well as maps, photo- c. Determination of Distance. The observer must
graphs, diagrams, or panoramic sketches of the be able to determine quickly and accurately the
area. The preparatory operations discussed in distance between objects, targets, or bursts in
chapter 8 are desirable and necessary; however, order to determine basic data and to adjust artil-
failure to complete them on occupation of an OP lery fire effectively. Distances can be determined
will not preclude the observer calling for fire as either by estimation or by computation.
soon as targets are observed. The firing phase (1) Estimation of distance. Estimation of
often begins before the preparatory phase is corn- distance is facilitated by establishing a
pleted. The firing may be precision fire, which yardstick on the ground in the target
places fire on a specific point, or area fire, which area. This yardstick can be established
covers a given area with fire. With either type of by firing 2 rounds from the same piece
fire, the observer processes the mission through 400 yards apart in range. The observer
the FDC by using a standard sequence and proce- can also establish a known distance in
dure. The sequence is as follows: the target area by determining from his

a. Target location. map or photograph the distance between
b. Preparation and submission of a fire request. two points, which he can identify posi-
c. Adjustment of fire if necessary. tively both on the map and on the
d. Surveillance of fire for effect. ground. The approximate distance from

the observer to a sound source (bursting
155. Target Location shell, weapon firing, etc.) can be esti-

a. Methods. An observer employs two methods mated by timing sound. (Speed of
of stating the location of targets so that FDC per- sound in still air at 590 F. is approxi-
sonnel may plot them on their charts. These mately 373 yards per second. Wind and
methods are- variation in temperature alter this speed

(1) Coordinates (par. 156). somewhat.) For practical use by the
(2) Reference to point of known location (par. observer, the speed of sound may be

157). taken as 400 yards per second under all
b. Accuracies and Announcement of Data. All conditions. The sound can be timed by

data for target locations in initial and subsequent a watch or by counting from the time a
fire requests are determined to an accuracy con- burst or flash appears until the sound is
sistent with the equipment used for their deter- heard by the observer. For example,
mination. However, since a graphical solution of the observer counts "one one thousand,
data for the weapons is used at the FDC, the two one thousand," etc., to determine
observer will normally round off and announce his the approximate time in seconds. The
data as follows: time in seconds is multiplied by 400 to

Azimuth to nearest 10 mils; e. g., AZ 1870. obtain the approximate distance in yards.
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Figure 70. Ezamples of measuring angles with the hand.

Ezample: The observer desires to (distance) in thousands of yards to the known
determine the approximate distance from point, and W is the width in yards between the
his position to a burst. He begins points from which the angle pt was measured.
counting when the burst appears and (This formula should not be used if the angle ph is
stops counting when he hears the sound. 600 mils or greater.)
He counted 4 seconds; therefore, the Ezampl& (fig: 72): Using binoculars, an observer
burst was approximately 1,600 yards measures an angle of 300 mils right from a point of
(400 x 4) from his position. known location to a target. The distance to this

(2) Computation of distance. The observer known point is 2,400 yards. To determine how
can compute distances between points by far to the right, the target is, substitute known
using angles measured with angle-meas- values in the formula A-- or 30
uring instruments, such as field glasses, R' 2.4
aiming circle, or BC scope, and applying fore, W=300 x 2.4=720 yards. (The mil relation
formulas explained in d through f below. is also used in the same manner to compute vertical
When instruments are not available, distances or shifts.)
angles are measured (fig. 70) by using e. Computation of Lateral Shifts Using 'itne
the hand, fingers, or a ruler held at a Factors. When the angle p# (horizontal angle
known distance from the eye. The between two points, vertex at the OP) is 600 mils
specific angle subtended by each is or greater, the accuracy of the mil relation breaks
determined by the individual before he
goes into the field, recorded, and memo-
rized for rapid use.

d. Mil Relation Formula. Estimates of lateral
distances are made easier through the use of the
mil relation formula: This formula is based on
the assumption that a width of I yard (meter) will
subtend an angle of 1 mil at a distance of 1,000
yards (meters). The formula-'is expressed as (R)

pf= R (fig. 71), whore Ah is the angular. measure- rW

ment in mils between two' points, R is the range Figure 71. The mil relatiOr .
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down. In such a situation, a trigonometric func- Reg pt T
tion is used to determine lateral distances instead
of the mil relation. Trigonometry (trig) is a
study of triangles. A trigonometric function is Width 720 yards
merely the ratio between two sides of a right
triangle. One of these trigonometric functions
is the sine (sin). The sine of an angle A=
side opposite angle A (fig. 73),-. The formula for

hypotenuse

use of the sine factor is F= I where F is the

factor corresponding to the angle ?A (value taken
to nearest 100 mils), D is the distance to the 2,400 300r1 W
reference point (hypotenuse), the W is the width yards r
of the side opposite the angle ?A. Note that D, R
or distance, is not reduced to units of thousands W
of yards when sine factors are used. The sine 3°2.4
factors are-

Antle in mite Sine factor W=3002.4z720 yards
10 00 --- -- -- -- -- -- -- -- -- -- -- -- -- - --- -- - - o. 1
200 -----------------------------------..... 0.2
300 -- _-..-_.---.. _..------ 0.3
400- -_. _ _-.. -....... .. -... .......... 0.4
500 -. _-_-_-_-......._.. 0.5
600 -------------------- 0.6
700 .---.-.---_._ _ -------- _-_-_-...-- 0.6
800 .-......................... 0.7 OP

9000 - _-----.... _ -... ........... 0. 8 Figure 72. Computation of lateral shift.
1,000 --.................... 0. 9
1,100 . . ... . .. .......................... 0. 9
1,200 - __.......- - - - O0.9
1,300 - _------------ _... 1.0
1,400 __ _1:01,5400------------------------- 0 Side
1,600 - .1. opposit Hypotenuse

Ezample: Using binoculars, the observer meas-
ures the angle from the reference point to a target
to be 920 mils right. The distance from the ob-
server to the reference point is estimated or known
to be 2,500 yards. Using these data, the observer Right Angle A
must determine how far the target is to the right ongle Side

of the reference point and estimate the distance (,6o0 mils) odjacent
change to the target. To compute the lateral side opposite
shift (W), the angle (Vi) is rounded off to 900 Sine of angle hypotenuse

mils (the nearest 100 mils). The sine factor for Figure 73. Sine function.
900 mils (0.8) and the range to the reference
point (2,500) are substituted into the formula line (fig. 75), by using the sine factor of the hori-

0.= or W .X2r zontal angle between point X and OP (vertex
FF VI giving 0.8= or W=0.8X2,500=

D' giving 0=2,500 orW08X2 500= at the reference point), to aid in estimating the
2,000 yards. The lateral shift is right 2,000 yards distance shift to the target.
(fig. 74). Example: The angle at the reference point is

f. Computation of Distance Shifts Using Sine used as i4 and is 1,600 mils minus' the angle at
Factors. When the angle at the OP is 600 mils the OP, since the angle at point X must be a
or greater, the sine factors will also be used to right angle. (The sum of the angles of a tri-
compute the distance OP to' point X on the OT angle equal 3,200 mils.) In this case; * is 700
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Target Torget

Reference
point W=2,000 yards Reference Point

Point Ipoint
…---------- I

0

D w
F=: Sine factor for '00M=0.6

Sine factor for 900o=0.8 6=2,500
0. W= 1,500 yards iop

0.8=2,500
W:= 2,000 yards Figure 76. Computatlion of distance shift using sine factor.

OP served fire fan). He selects the point on this
Figure 74. Computation of lateral shift using sine factor. line which best describes the target location.

He may locate this point by comparing map
mil (1,600-900=700). The sine factor for 700 features with ground features or by estimating the

mils is 0.6. Substituting in the formula F= W , distance from his position to the target. In

W D figure 76, the observer has measured an azimuth
0.6=2500 0orW=0.6X2,500=1,500yards. The of 680 mils to a target whose location is on a

observer estimates the distance to the target to small hill an estimated 3,000 yards from the
be 2,200 yards. Having computed the distance observer's location. He has pinpointed the tar-
to point X, the observer can find the difference get on the map by plotting a distance equivalent
and use it as a distance shift. In this case, 2,200- to approximately 3,000 yards along a ray cor-
1,500=+700 and the distance shift would be responding to azimuth 680 mils on the observed
announced as ADD 700. fire fan. A study of the contour lines aids the

observer to estimate more accurately the range.
156. Target Location by Coordinates c. After locating the target on the map, the

a. By using auxiliary map data, determining observer marks the location and determines the
accurate coordinates of a target is greatly simpli- coordinates with a coordinate scale or by estima-
fled. When the observer sees a target whose tion. When properly used, the coordinate scale
location cannot be plotted by rapid inspection, enables the observer to measure both easting (E)
his first step is to determine the target azimuth. and northing (N) coordinates with one placement
He determines the azimuth by using any of the of the scale. To measure the coordinates of a
methods described in paragraph 152. target, the coordinates of the lower left-hand

b. Having the measured or estimated azimuth corner of the grid square containing the target
and his location, the observer refers to the cor- are determined first. Starting at this grid inter-
responding line of direction on the map (or ob- section, slide the coordinate scale to the right,
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Figure 76. Use of OF fan to assist in reading coordinates.

keeping the horizontal scale in coincidence with types of known points-the observer's position
the easting grid line, until the target is reached by (polar plot data) or any point or object which can
the vertical scale. Read the distance east and be readily located on both map and ground (refer-
the distance north from the scales (fig. 77). ence point data may be a marking volley, plotted
These readings are then added to the coordinates concentration, or other point of known location).
of the grid square to obtain the coordinates of the a. Polar Plot. The observer's location must be
target; i. e., 53152675. plotted on the charts at the FDC if the polar plot

d. Coordinates may also be determined by method is to be used. The principal advantage
relating the target location to the location of one of the polar plot method is the rapidity with
of several ground features marked on the map. which the observer can determine the target
This system should be used with extreme care, location. If the azimuth is correct, the first
especially in deceptive terrain, unless the location round(s) fired should fall on or close to the line
is such as to preclude error (road junction, build- which passes through the OP and the target
ing, bridge, etc.). A rapid check of the accuracy (OT line). Subsequent shifts are then easier to
of coordinates can be made by use of contour lines determine. As in the coordinate method, the
on the map. A target whose plotted altitude observer measures or computes the azimuth and
shows marked disagreement with the actual estimates the distance to the target. In figure 78,
ground conformation should be replotted. the location of the target would be reported to

the FDC as AZIMUTH 1000, DISTANCE 1400.
157. Target Location by Reference to a Known The vertical shift, if any, is computed by using

Point the mil relation. A vertical shift would then be
The target location by reference to a known included as follows: AZIMUTH 1000, UP

point method may be utilized with either of two (DOWN) (SO MUCH), DISTANCE 1400.
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Figure 77. Use of coordinate scale.

Lone tree obvious to the observer. Some of these points
Az 1,270 may be plotted prior to firing, and other points

may be plotted later. Either. the observer or the
|A ? FDO may select points for use as reference points,

I/ w > O but both observer and FDC personnel must know
the location and designation of such points. If

I IMohino guy target appears in the vicinity of one of the refer-

ence points, the observer may find it convenient
l / zKoI / to indicate the location of the target with relation

-_ I ~ , / cap to the reference point. To do this, he proceeds
I t / to determine the grid azimuth from his position

_ _ | / Z dii;;;a to the target and then computes the lateral shift
and the shift in distance from the reference point
to the target. Lateral shift is computed by using
either the mil'relation formula or the sine factor
formula, or it may be estimated if the shift is
obvious. Shift in distance is determined by com-

Fiurc78. Polar plot, paring the observer-reference point distance to the
*Figure 8.Polarploobserver-target distance, when angular deviation

b. Reference Point. For the reference point is less than 600 mils. If angular deviation is 600
method, FDC personnel plot on their charts a mils or greater, the shift is computed by using the
number of points whose ground locations are sine factor method. The vertical distance be-
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poieeenct piane tnroughl the observer's location to
ioin. tres ~the target. Substituting this measuredIlone tree
DI~~~ ~~vertical angle and the estimated distance

to the target, for yt and R, respectively,
spa ~~~it~ /in the mil relation formula, the observer
I ----- ~~~~computes the vertical shift.

Example: The measured vertical angle
locates the target at 20 mils above the

'___ _ ~OP. Estimated distance to target from
7' the OP is 2,000 yards. Using the mil

relation, 20=- W=40 yards. The
- ~~~~~~~~~~~~2.0'

vertical shift is announced as UP 40.
(2) In the reference point method, a vertical

shift must be made if there is a difference
in altitude between the reference point
and the target. The observer measures
the vertical angle to the reference point:

Figure 79. Shift from reference point. Knowing the distance from his OP to the

tween reference point and target, if any, must be reference point and using the mil relation,
the observer determines the verticalcomputed by using the mil relation. the observer determines the vertical

Example (fig. 79): The observer measures a interval or the amount in yards that the
grid azimuth of 1,000 mils to a target. He com- reference point is above or below his OP.
putes the lateral shift to be 100 yards left from a He then computes the vertical interval
lone tree previously designated as a reference between his OP and the target. By com-

paigthe reference point vertical inter-point and the distance to be 400 yards less than paring the reference point vertical inter-
the reference point distance. To the FDC he val to the target vertical interval, he
announces FROM LONE TREE, AZIMUTH determines the vertical change (up or
1000, LEFT 100, DROP 400. down) from reference point to target.

. Vertical Shift. Example (fig. 80): The observer meas-
(1) In the polar plot method, a vertical shift ures a vertical angle of minus 10 mils

must be made if there is a difference in between the OP and a target at a distance
altitude between the observer's location of 2,500 yards. The distance and the
and the target. The observer, using a vertical angle from the OP to the refer-
BC scope, aiming circle, or M2 compass ence point are 1,500 yards and minus 20
for accurate measurement or binoculars mils, respectively. In the formula
for an approximation, measures the W
vertical angle to the target. This vertical let represent the vertical
angle is measured from the horizontal interval, y4 represent the measured angle

2,500 yards

1,500 yards
OP Horizontal

---- - -¥.......

Skltch II not to loaol.

Vertcal intlrval, OP-RP- -20 I.5--30 yords
Vertical Interval, OP-targe- IO--10 2.5--25 yards
Vertical shift * UPS 5

Figure 80. Determination of difference in height between reference point and target.
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in mils, and R represent the distance to is plotted on the FDC charts, its number and lo-
the target (reference point) in thousands cation are furnished to the observer. An ob-
of yards. Therefore, _-10=W; W= server may request FDC personnel to plot a con-

2.5 centration when he feels that it may be used for
-10 X 2.5=--25 yards vertical interval future reference. If a target appears at a point
between OP and target. By using the near a plotted concentration, the observer may
same procedure, vertical interval be- indicate the location of the target by a shift from
tween OP and reference point is -30 the concentration. If a target appears at the point
yards (-20= IW; W=-304- A com- of the plotted concentration, the observer requests

* f5 fire by specifying the concentration number.
parison of results shows the target to be e. Marking Volley. The observer may request
5 yards above the reference point. Thus, a marking volley from which he can shift fire to
the vertical shift would be announced as a target. Some examples are
UP 5. MARK REGISTRATION POINT. 9

d. Prearranged Data. For possible future firing, MARK CENTER OF SECTOR. (The ob-
certain points, known as concentrations, are re- server may add UP (SO MUCH), FUZE
corded on the FDC charts. Each point is assigned TIME, to obtain a high air burst which he
a concentration number. When a concentration can identify.)
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CHAPTER 10
FIRE REQUESTS

158. Elements and Sequence of Fire Request a. When the target location is given in the

a. When an observer desires to fire on a target, form of coordinates, azimuth is announced after

he transmits a fire request. The fire request is a the coordinates; for example, COORDINATES

concise message prepared by the observer con- 385624, AZIMUTH 1260.
taining the information needed at the FDC for b. When the target location is given by a

the preparation of fire commands. The fire shift from a known point, azimuth is announced

request contains 11 elements arranged in a pre- immediately after designation of the point from

determined sequence. When any of these ele- which the shift is being made; for example,

ments are not pertinent, they may be omitted. FROM CONCENTRATION AA413, AZIMUTH

b. The following is a list of the elements and 2450, RIGHT 250, DOWN 20, ADD 500.
the sequence in which they are transmitted. c. When a target location is given by polar

(1) Identification of observer. coordinates, azimuth is announced as the first
(2) Warning. element of target location; for example,

(3) Reference point or target coordinates. AZIMUTH 1870, DOWN 20, DISTANCE 1600.

(4) Azimuth (observer to target). 162. Nature of Target
(5) Location of target by shift (omitted for The element indicating the nature of the target

coordinates). includes a description of the installation, person-
(6) Nature of target. nel, equipment, or activity which is observed.
(7) Classification of fire. This description should be brief but sufficiently
(8) Type of adjustment. informative to enable the FDO to determine the
(9) Type of projectile. relative importance of the target and the best man-

(1) ConFuze action. ner of attack. The observer should state the
approximate number of personnel or units of

159. Identification of Observer materiel comprising the target; e. g., 50 INFAN-
The element identifying the observer consists of TRY AND 3 TANKS IN THE OPEN. He

appropriate call signs or codes necessary to should give a clear description of the target, the
establish contact between the observer and the shape of which is significant; e. g., 60 INFANTRY

unit from which he is requesting fire. For DIGGING IN ALONG RIDGE LINE. He

example, the observer transmits STALLION 15 should indicate the approximate size of a target
(call sign of the FDC being contacted) THIS IS that covers a large area; e. g., TRUCK PARK IN

STALLION 48 (observer's call sign). WOODS, 300 BY 300. Size of the target is

160. Warning omitted in the case of precision registration.

The warning element is the notice sent by the 163. Classification of Fire
observer to achieve communications priority and Fires are classified as either close (within 600

to alert the FDC personnel to process a fire mission. yds of friendly troops) or deep (beyond 600 yds of

It is announced as FIRE MISSION. friendly troops) according to the proximity of the
target to friendly troops. Use of the classification

161. Azimuth and Location of Target of fire element is optional when adjusting ground
Azimuth and location of target are announced artillery fire but mandatory in the adjustment of

in the sequence that will permit their being naval gunfire. (For naval gunfire procedures, see

applied most readily by the FDC. apo VII.) This element may be required by a
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unit commander when other provisions, such as Unless the observer specifies a projectile by type
no-fire lines, do not guarantee safety of the (WP, smoke, illuminating), the FDO will direct
friendly troops. the use of shell HE.

b. The observer may request one type of pro-
164. Type of Adjustment jectile initially, e. g., WP, and subsequently

a. In adjustment, two types of fire may be em- request another type of projectile, e. g., HE, to
ployed-area or precision. When a precision complete the fire mission.
adjustment is desired, the observer specifies either c. When the observer requests SHELL SMOKE,
registration or destruction, depending on the the FDO will direct the use of shell HE initially
reason for firing. In all other circumstances, i. e., inj adjustment and shell smoke for completion
area missions, this element is omitted. If no 6f adjustment and in effect.
specific type of adjustment is designated, area fire d. When the observer wants a combination of
will be used. projectiles in effect, he must so state in this ele-

b. Two choices of trajectory for the adjustment ment of the initial fire request; e. g., SHELL HE
may be available-low-angle or high-angle. When AND WP IN EFFECT.
low-angle fire is desired, the observer omits this
element; this omission specifies low-angle fire. 166. Fuze Action
When high-angle fire is desired: and the FDO does a. The observer omits the element indicating
not have the information necessary to determine fuze action when he desires fuze quick (FzQ) or
that fact, the observer requests HIGH ANGLE. when he has no choice in the type of fuze to be
When computations at the FDC show high-angle used. For example, if he requests either HC
fire to be necessary, the FDO will notify the smoke shell or illuminating shell, the element
observer that high-angle fire will be used. indicating fuze action would be omitted since

c. The observer has two methods of fire avail- these shells are always fuzed with a time fuze.
able-salvo or volley. If no method is specified, b. Unless the observer designates a specific
volley fire will be used. Salvo fire is desirable in fuze, the FDO will direct the use of an applicable
adjustment or fire for effect (FFE) under certain fuze..
conditions such as- c. When the observer wants VT fuze in FFE,

(1) When wind conditions cause one burst to he requests FUZE VT. The FDO will direct the
be obscured by another, the observer may use of fuze quick in adjustment and VT in effect.
request SALVO RIGHT (LEFT) (de- If, in an exceptional case, the observer wants fuze
pending on the location of the battery in VT during adjustment, he must so specify by
relation to the OT line or depending on requesting FUZE VT IN ADJUSTMENT.
the direction of the wind) in order that d. When the observer wants a combination of
the near round will burst after the far fuzes in effect, he must so state in this element
round. If the observer does not know of the initial fire request. For example, FUZE
the location of the battery in relation to VT AND QUICK IN EFFECT.
the OT line, he requests SALVO FIRE e. For information on requesting a change in
and uses the numerical sequence of fire fuze during a fire mission, see paragraph 195.
for identification of individual pieces.

(2) When one piece is firing out of sheaf, in 167. Control
which case salvo fire may be used to de- The control element indicates the control which
termine the piece which is firing in error. the observer will exercise over the time of delivery

d. A normal sheaf is usually fired on an area of fire and whether an adjustment is to be made
target in FFE. When another type of sheaf is or fire is to be delivered without an adjustment.
desired, the observer announces the type of sheaf Method of control is announced by the observer
desired; e. g., CONVERGED SHEAF. by use of one or more of the terms in a through d

e. The observer may indicate the volume of below.
FFE desired; e. g., REQUEST BATTALION. a. Will Adjust. Will adjust indicates that an

adjustment is necessary, that the observer can
165. Type of Projectile see and adjust the fire, and that the firing unit

a. The observer omits the element indicating may begin firing when ready.
type of projectile when he desires shell HE. b. Fire for Effect. When the location of the
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target is sufficiently accurate to preclude adjust- continues to announce the remainder of the fire
ment, the observer announces FIRE FOR EF- request.
FECT. Tbis type of fire has appreciable surprise b. If the observer has transmitted all elements
value and is preferable. FFE indicates that the of his fire request and finds that he has made an
observer is ready to observe and that the firing error in one of the elements or that FDC personnel
unit may fire for effect when ready. When the have repeated back incorrectly one of the elements;
observer requests fire for effect, the FDO may he sends CORRECTION, followed by only the
decide, from knowledge not available to the ob- corrected element which was in error. The re-
server, e. g., when corrections are not current, that maining elements of the fire request need not be
an adjustment is necessary and will so inform the retransmitted. For example, the observer has
observer. transmitted STALLION 15, THIS IS STALLION

c. At My Command. At my command indi- 48, FIRE MISSION, FROM REGISTRATION
cates that the observer desires to control the time POINT 2, AZIMUTH 5680, LEFT 200, ADD

If delivery of fire. The observer announces AT 400, 25 INFANTRY IN OPEN, FUZE DELAY,
MY COMMAND immediately preceding the WILL ADJUST. He desires to change LEFT
announcement of a or b above; i. e., AT MY 200 to RIGHT 200. To correct his error, he sends
COMMAND, WILL ADJUST, or AT MY CORRECTION, RIGHT 200, ADD 400 (RIGHT
COMMAND, FIRE FOR EFFECT. When the 200, ADD 400 is one element).
pieces are ready to fire, the FDC personnel an- c If any element of the fire request has been
nounce BATTERY (BATTALION) IS READY omitted erroneously, the observer sends that ele-
to the observer, after which the observer an- ment to the FDC as a separate transmission. He
nounces FIRE when he desires the pieces to fire. does this without repeating the entire fire request.
This method of control remains in effect through- For example, the observer has transmitted STAL-
out the mission unless the observer transmits LION 15, THIS IS STALLION 48, FIRE
FIRE WHEN READY, which cancels AT MY MISSION, FROM REGISTRATION POINT 2,
COMMAND. AZIMUTH 5680, RIGHT 200, ADD 200, COM-

d. Cannot Observe. Cannot observe indicates PANY OF INFANTRY IN OPEN, WILL AD-
that the observer will be unable to adjust the fire; JUST. He desires to include fuze delay which
however, he has reason to believe that a target he omitted initially. To correct his error he sends
exists at the given location and that it is of CORRECTION, FUZE DELAY.
sufficient importance to justify firing on it without d. If at an time the observer discovers that
adjustment. data have been transmitted which, when fired,

168. Correction of Errors will endanger friendly 'elements, he immediately
transmits CEASE FIRING. This command musta. If the observer makes an error in announcing transmits CEASE FIRING. This command must
always be followed by an explanation. For

an element of the fire request, or a part thereof, always be followed by an explanati F
and recognizes the error immediately, he announ-
ces CORRECTION, followed by that element to bring fire on a road junction, a friendly patrol
in its correct form. For example, the observer moves into view near it. The observer imme-
has transmitted STALLION 15, THIS IS STAL- diately transmits CEASE FIRING, FRIENDLY
LION 48, FIRE MISSION, FROM REGISTRA- PATROL IN AREA.
TION POINT 2, AZIMUTH 4680. Immediately
upon announcing AZIMUTH 4680, the observer 169. Examples of Initial Fire Requests
realizes that he should have transmitted AZI- Table V gives examples of initial fire requests
MUTH 5680. In this instance, he announces together with explanations of what the observer
CORRECTION, AZIMUTH 5680, and then can expect from each sample request.
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CHAPTER II
ADJUSTMENT PROCEDURE BY GROUND OBSERVER

Section I. GENERAL

1 70. Adjusting Point directed by the FDO regardless of the accuracy of
Those targets which cannot be attacked with the target location.

sufficient accuracy to place effective fire on the
target .vith the first round(s) fired require adjust- 1 72. Use oF Bracket
ment. Adjustment is a system of trial firing to A bracket is the distance between two rounds
determine the firing data necessary to deliver fired on opposite extremes of a target. Brackets
effective fire on a selected point. The selected may be established for range, direction, or height
point is called the adjusting point and may be the of burst. The normal procedure for adjustment is
target, a portion of the target, or some well-de- the establishment of a bracket for range along the
fined point in the target area (fig. 81) observer's line of vision (OT line) (fig. 82). Direc-

tion and height of burst, however, are normally

Advoncin enemy Infaontry in opwn corrected by the observer without resorting to a
Adjusting point (disabled tonk) bracket.

First voiley-

Bracet - Target

Figure 81. Adjusting point in area fire.
second volley

171. When to Adjust
When the observer cannot locate the target with

reasonable accuracy, he will normally conduct an
adjustment. Lack of accuracy in the location may
be the result of poor visibility, deceptive terrain,
poor maps, or difficulty on the part of the observer
in pinpointing the target. The decision to adjust
rests with the observer. If, in his opinion, fire for
effect can be delivered on the basis of target loca-
tion, and surprise is desired, he will request FIRE
FOR EFFECT in his initial fire request. If, in his
opinion, fire for effect cannot be delivered on the
basis of target location, he will signify the need for
adjustment by including WILL ADJUST in his
fire request. If a current registration of the pieces
has not been accomplished, adjustment may be Figure 82. Establishing a bracket for range.
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173. Number of Pieces During Adjustment
The number of pieces used for an adjustment

depends on the type of mission being fired. If the
mission is a precision mission, one piece is used.
If the mission is an area mission, two pieces are
normally used by light, medium, and heavy artil-
lery and one piece by very heavy artillery. The ) u.e timn,(VT)air ( Fure delay, ri.och.t
number of pieces to be used during adjustment will
be determined at the FDC. If the observer desires
a specific number of pieces, he must specify the
number desired; e. g., BATTERY SALVO. Dur- /~
ing training, when ammunition is in short supply
or when an experienced observer has a thorough 1
knowledge of the target area, one piece only may - /4<
be used by prearrangement with the FDC.y, mine

Fuzs quick, impact Fuze delay, mine actIon

174. Appearance of Burstsh
The observer must be able to identify the type

of shell and fuze used from the appearance of the
burst. Descriptions of types of shells and fuzes
with which an observer will normally be concerned
are given in a through J below. These types are
applicable to all artillery weapons; however, size . . . ..
of the bursts will vary in accordance with the () Fus time, Shell smoke,HC i) Fur uilch.sh.ll.WP
caliber of the weapon (fig. 83).

a. Shell HE, Air Burst, Fuze Time, or Fuze VT. Figure 83 Appearance of burt.
A fuze time or fuze VT air burst is characterized
by a flash, sharp explosion, and puff of black caused by the projectile striking the trees and
smoke which becomes elongated along the trajec- detonating before reaching the ground.
tory (fig. 83 0). The effect of fragments on the d. Shell HE, Fuze Delay. Mine Action. A mine
terrain may be seen below the burst, if the burst action burst is characterized by the eruption of a
is not too high and soil conditions are favorable. vertical column of dirt, often with clods of earth,

b. Shell HE, Fuze Delay, Ricochet. A ricochet and produces very little smoke (fig. 83 0). The
burst is a low air burst which is characterized by explosion is muffled.
a flash, sharp explosion, and ball of smoke (usu- e. HC and Colored Smoke, Fuze Time. Func-
ally black) (fig. 83 (D). Dirt is kicked up by the tioning of an HC or colored smoke shell with fuze
shell fragments from the side and base spray. time is characterized by a small burst in the air,
Burst appearance will vary with the nature and produced by the expelling charge, which ejects the
condition of the soil and the attitude of the pro- smoke canisters from the base of the shell (fig.
jectile as it bursts. The characteristic flash, black 83 @)). These canisters fall to the ground and
smoke, and sharp explosion of an air burst are emit their smoke in thin streams. These smoke
indications of an effective ricochet burst while a streams travel an appreciable distance and then
dirt-colored smoke cloud and muffled explosion billow out.
are indications of graze or mine action. Facility J. Shell WP, Fuze Quick. A fuze quick WP

i n distinguishing between ricochet and graze bursts shell burst is characterized by a fountain of bril-
is gained by practical experience in observing fire. liant white smoke and burning phosphorus (fig.

c. Shell HE, Fuze Quick. A burst resulting 83 ®). Small particles of phosphorus are spread
from a fuze quick detonation is characterized by upward and outward as a pillar of smoke forms
black smoke, discolored by dirt, which spreads and rises.
both upward and laterally (fig. 83 (@). If the
impact occurs on a rock or tother hard surface, a 175. Effects o f HE Projectile
flash may also appear. Fuze quick fired into The effect obtained with an HE projectile
a wooded area will sometime:s result in air bursts, depends on the fuze action (fig. 84).
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Figure 84. Effects of HE bursts.
)Deloy action after ricochet

a. Fuze VT. VT fuze is a radio-activated fuze Figure 84.-Continued.
which bursts the projectile automatically at a pre-
determined height above the earth's surface. of the fuze

is used, the projectile has time after impact andTherefore, a height of burst adjustment is not re-
quired. During the adjustment phase, fuze quick 0.before detonation (fuze M51AS, delay element is
is normally employed because greater speed can t0.05 second) either to penetrate and produce mineis normally employed because greater speed can

be obtained and sensings can be facilitated. action or to ricochet and produce a low air burst.be obtained and sensings can be facilitated. Fuze
VT is suitabl for use agaThis fuze is used with shell HE for destructionVT is suitable for use against- -

missions which require penetration and for
(1) Personnel in the open. ricochet fire.
(2) Personnel in entrenchments. (1) Factors which determine whether a
(3) Area type targets where neutralization is shell will ricochet are angle of impact;

desired. I shape, weight, and terminal velocity of

b. Fuze Time. Time fuze bursts the projectile projectile; length of delay of fuze; and
on operation of a preset time mechanism or on condition of surface of ground, including
impact. Thus, height of burst is controlled by composition of soil.
the observer. Since the observer must adjust (2) When the angle of impact is small, the
the height of burst, use of this fuze will be more projectile tends to ricochet. As the
time-consuming than fuze VT. However, with angle of impact increases, the projectile
fuze time the observer may obtain any height first penetrates and then tends to rise.
of burst desired. Fuze time is very ineffective in When the angle of impact is large, the
high-angle fire, because of the large height of projectile continues downward until it
burst probable error involved in long times of stops or detonates. When penetration
flight. Fuze time is suitable for use against the occurs, a crater is produced. However,
same types of targets as those which fuze VT is if penetration is very great, the burst
used for within the limits imposed by the vertical may produce a camouflet; that is, a
probable error of the fuze. hole underground, the surface of the
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ground remaining unbroken. Whether e. Combined Fuze Action in FFE. When the
a camouflet or a crater is produced target is such that more than one type of fuze
depends on the depth of burst, type of action will add to the effectiveness of fire for
soil, and force of detonation. effect, for example as shown in figure 84( through

(3) When penetration occurs and the shell (3), the observer will include the fuzes desired in
is in the earth at the instant of detona- the intitial or a subsequent fire request.
tion, fragmentation effect above the
ground is very small. Penetration into 176. Sensings
a bunker or dugout will produce cas- Determination by the observer of the location
ualties by blast effect and fragmentation. of a burst or group of bursts with respect to the
Penetration into a masonry structure adjusting point as observed along the OT line is
which has been shattered by armor- called a sensing. Sensings are made for height of

piercing (AP) projectiles will tend to burst, range, and deviation. Except as noted in
blow the shattered portions apart. Pene- d below, bursts must be observed to be sensed.
tration into a structure built of logs, Sensings must be based on what the observer sees
sandbags, or similar materials results at the instant the burst occurs, not on what he
in the blowing apart of constituent remembers. Normally, sensings are made instan-
units; effectiveness depends on the taneously except when delayed to take advantage
amount of high-explosive filler. Use of of drifting smoke or dust.
concrete-piercing (CP) fuze increases a. The observer must make definite sensings
depth of penetration and the angle at promptly during adjustment and should be
which penetration may be obtained required to announce these sensings during his
against reinforced concrete or heavy early training. As an observer gains experience,
masonry targets. sensings must be made but need not be announced.

(4) Effect of ricochet bursts is similar to Range sensings are made as OVER, SHORT,
that of air bursts obtained with time or DOUBTFUL, RANGE CORRECT, or TAR-
VT fuzes and may be used against the
VT fuzes and may be used against the GET. Deviation and height of burst sensings
same type of targets. Factors which
determine whether a projectile will are made in mils.
ricochet cannot be evaluated for the b. In precision fire, the observer announces
particular point of impact until the burst sensings rather than corrections during fire for
is sensed. Hence, ricochet fire must be effect. When FFE is being conducted with
observed, and another type of fire must impact fuze, the observer announces range sensings
be used if ricochets cannot be expected and deviation sensings in that sequence. During
from at least 50 percent of the rounds a time registration, the observer announces only
fired in FFE. height of burst sensings, since an impact registra-

d. Fuze Superquick. Superquick (quick) fuze tion previously conducted has determined the
action bursts the projectile immediately on impact. necessary range and deflection corrections.
Ease of spotting a fuze quick burst, together with c. A positive range sensing by the ground
the fact that no height of burst adjustment is observer of a burst not on the OT line is called a
necessary, makes possible a most rapid adjust- terrain sensing. Such a sensing is based on the

ment with fuze quick. Fuze quick is suitable for observer's knowledge of the terrain in association

use against- with his observation of the burst, drifting smoke,
or burst shadow. Even the experienced observer

(1) Personnel in the open (very effective in must exercise caution and good judgment inmust exercise caution and good judgment in
high-angle fire). making terrain sensings. When sensings are

(2) Personnel in sparsely wooded terrain made on drifting smoke or on shadows, direction
where tree bursts give the effect of a of the wind or position of the sun must be
low air burst. considered.

(3) Materiel when penetration is not required. d. Under certain conditions the observer may

(4) Armored vehicles when firing heavy be able to make a sensing, although he is unable
artillery (concussion). to observe the burst. For example, if the observer

100



heard the burst and the only possible place where appropriate bracket of the adjusting point along
the burst could occur and not be visible to the the OT line.
observer was in a ravine beyond the adjusting
point, then the burst could be properly sensed as 178. Fire For EFFect
being beyond the adjusting point. a. Fire delivered after an adjustment which

has caused the mean point of impact or bursts to
177. Corrections be within the desired distance of the target or

The observer causes the mean point of impact adjusting point is called fire Jor effect. The type
or burst to be placed on, or sufficiently close to, and amount of fire delivered depends on the effect
the target by making appropriate adjustment sought. It may consist of a limited number of
corrections during the adjustment phase prior rounds fired by one piece, as in a precision regis-
to fire for effect. From his sensings, the observer tration, or, in the case of area fire, it may consist
determines deviation, height of burst, and range of a devastating volume of fire delivered by one
corrections in yards. He announces these correc- or more batteries or battalions.
tions in that sequence as commands to bring the b. When an adjustment is not required and
bursts onto the OT line, to obtain the desired surprise fire is desired, fire Jor effect is requested
height of burst (time fire), and to establish the in the initial fire request.

Section II. ADJUSTMENT OF DEVIATION

1 79. Deviation Sensings c. During fire for effect in precision fire, the
a. Deviation is the perpendicular distance from observer normally announces the deviation sens-

the burst center to the OT line, and a deviation ing of a burst off the OT line as simply RIGHT
sensing is the determination of the angular amount or LEFT without announcing the amount of
and direction of the deviation. During conduct deviation. However, when the deviation is large
of fire, the observer measures in mils the angular or the amount of deviation may assist the FDO
amount each burst or group of bursts appears off in expediting the mission, the observer announces
the OT line. When a single round is fired, the the deviation in yards. Deviation sensing for a
measurement is taken from the center of the burst on the OT line is announced as LINE.
burst. When a salvo or volley is fired, the meas-
urement is taken from the center of the group of 180. Deviation Corrections
bursts (fig. 85). a. General. A deviation correction is the dis-

b. A burst, or the center of a group of bursts, tance in yards required to move a subsequent
may be on the OT line or it may be right or left burst, or the center of a subsequent group of
of the OT line. Possible deviation sensings dur- bursts, right or left to place it on the OT line.
ing adjustment are LINE or (SO MUCH) RIGHT The observer computes and announces deviation
(LEFT). For example, the observer sees a burst corrections to the nearest 10 yards. It is of par-
which he measures to be 20 mils to the right of the ticular importance that subsequent bursts be
OT line. His deviation sensing in this instance brought to the line as quickly as possible in a
would be 20 RIGHT. precision registration to facilitate FDC sensings

during the adjustment.
Torg,/ b. The OT Factor. The number expressing

observer-to-target distance in thousands of yards
is called the OT factor. The OT factor is carried
out to 1 decimal place. An OT factor of 3.7 rep-
resents an OT distance of 3,700 (3,651 to 3,749)
yards. OT distance can be measured on a map

/ / Observe, or estimated.
c. Computation of Deviation Correction. The

observer uses the mil relation to compute a devia-
, Ad Stine, tion correction. He multiplies the observed devia-

tion in mils (deviation sensing) by the OT factor
Figure 86. Deviation. to obtain the required correction in yards. This
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amount is rounded off to the nearest 10 yards. Troget

The correction is given in the direction opposite
the sensing. Deviation correction is announced
in yards as LEFT (RIGHT) (SO MUCH). The
following are examples of computation of deviation
corrections:

Deviationm corrrec-
OTdiatanc OTfalor S enstfl tion

4,000 yds .......-..... 4 40R LEFT 160 Angle t
3,400 yds-..a.......... 3. 4 50L RIGHT 170
2,500 yds --------- 2. 5 100L RIGHT 250
1,500 yds ------------- 1.5 20R LEFT 30

d. Rounding Off OT Factor and Measured Devia-
tion. It is not always practicable to use the full
OT factor and the exact measured deviation in
computing each deviation correction. The ob-
server strives to make the most accurate correc- Gun

tions possible; however, time limitations and the position Oblerver

nature and size of the target often require that
these figures be rounded off in computing a Figure 86. AngIe T.
correction.

e. Correcting Erroneous OT Factor. During the
adjustment, the observer may find that his initial Tr
estimate of the OT distance was in error. In such
a case, he must adjust his OT factor in accordance Volley I
with new indications of the OT distance. For Volley 2
example, the observer's initial estimate of OT
distance was 2,200 yards:

(1) If, after the first volley, he added 800
yards and then 400 yards more to obtain
an OVER, it is apparent that the OT
distance is between 3,000 and 3,400
yards; the OT factor should be increased
accordingly to 3.2. Observer I Oburver 2

(2) If, after the first volley, he measured a
deviation of 100 mils right, sent a correc- Adjusting pieces

tion of LEFT 220, and measured a Figure 87. The effect of angle T when viewing range
deviation of 30 mils right on the second dispersion.
volley, the OT factor should be increased
to 8.1 a= = 2=.1) . However, if are due to range dispersion. In figure 87, the

to 3 1--70 - two volleys shown were fired at the same elevation
the angle T is large (f below), care must and deflection. The difference in location of the
be exercised to distinguish range disper- bursts is due to range dispersion along the GT
sion from deviation. line. As viewed by observer 1, from whose loca-

f. Effect of Large Angle T. The angle T is the tion the angle T is relatively small, there appears
angle at the target formed between the OT line to be little difference in the amount of deviation
and the gun-target (GT) line (fig. 86). When correction needed to bring these volleys to the
the angle T is large (500 mils or greater), range OT line. However, as viewed by observer 2,
dispersion appears to the observer as deviations volley 2 appears to be twice as far off the OT line
from the OT line, making line shots difficult to as volley 1. To assist the observer in judging
obtain. The observer therefore must take ad- range dispersion, the FDC personnel will announce
vantage of accurate terrain sensings whenever to the observer the size of the angle T to the nearest
possible. An observer must learn to judge 100 mils when the angle T is 500 mils or greater,
whether or not small deviations from the line because at this size angle T it becomes difficult
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to distinguish range dispersion from deviation. (compute the correction in the usual manner, and
For example, when an observer finds that a then apply only half of it). The cause of this
deviation correction results in the next volley deviation may be range dispersion, irregular ter-
bursting on the opposite side of the OT line at a rain, unrefined OT factor, errors of personnel or
sufficient deviation to make the sensing for range materiel, or a combination of all these factors.
difficult, the observer should systematically reduce g. Firing Close to Friendly Troops. The ob-
the size of subsequent deviation corrections until server must exercise caution in making deviation
deviations become small enough to ignore. A corrections in the direction of friendly elements
guide is to use one-half the indicated correction close to the target.

Section III. ADJUSTMENT OF HEIGHT OF BURST
181. General burst in the air below target level is sensed AIR

In firing time fuze in area fire, the observer must BELOW.
adjust the height of burst. During adjustment, b. Graze. An impact burst is sensed GRAZE;
the observer makes a sensing of height of burst an impact burst above target level is sensed
in mils and then computes and announces a cor- DOUBTFUL.
rection to the nearest 5 yards as UP (DOWN) c. Mixed. A salvo or volley resulting in an
(SO MUCH) to raise or lower the subsequent equal number of air and graze bursts is sensed
burst to the desired height. Computations are MIXED.
made by using the mil relation in the same man- d. Mixed Air. A salvo or volley resulting in
ner as for deviation shift. A good height of burst both air and graze bursts is sensed MIXED AIR
for adjustment is that height in the air which when a preponderance of air bursts is obtained.
provides distinct sensings. The proper height e. Mixed Graze. A salvo or volley resulting
of burst for fire for effect is 20 yards (fig. 88). in both air and graze bursts is sensed MIXED

GRAZE when a preponderance of graze bursts is
~ 4Rq~i2; : ~t:~; '' Iobtained.

_T 1 M-TL~· _r a ,183. Height of Burst Corrections During Area
~C -"" 7"-. ~ Missions

i: t - ;' a. To determine the height of a burst, the ob-
server multiplies the vertical angle in mils between
the ground and center of burst by the OT factor
(mil relation). For example, if the observed
vertical angle is 20 mils and the OT distance is
3,000 yards, the height of the center of burst is
60 yards (20X3). To bring the next burst(s)
down to a height of 20 yards, the observer an-
nounces DOWN 40 (60-20).

b. When the initial volley results in all grazes,
*'" a correction of UP 40 is given. When the initial

~?~ '' ~ ~volley results in mixed or mixed graze (50% or
more graze bursts), a correction of UP 20 is given.
If a volley results in mixed air, no change is made

Figure 88. Effective height of burst (approx 20 yds). in height of burst. When a volley results in all
airs, the mean height of burst of the volley (in

182. Height of Burst Sensings yards) is computed as in a above and the correc-
Height of burst is sensed when fuze time or tion announced. In figure 89, the correction for

fuze delay is being fired for ricochet fire. When height of burst would be DOWN 20.
fuze VT is fired, only malfunctions and graze c. When air bursts have been obtained during
bursts are reported. Sensings for height of burst adjustment and a subsequent volley resulted in
are as follows: all grazes, a correction of UP 20 is given. Since

a. Air. A burst in the air is sensed AIR; a a height of burst bracket has been previously
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effect is never commenced when the last volley
observed resulted in all graze bursts.

e. When firing at targets located on steep slopes
-__ ____^g. , -'_ or on extremely irregular ground, the observer

, S40 yards '7 - must exercise caution in adjusting the height of

must be corrected for height of burst; e. g., in
figure 90 (D, the air bursts are sensed as AIR
BELOW, SHORT and must be raised 30 yards to
reach the height of the target plus an additional
20 yards for proper height of burst, resulting in a
correction for height of burst of UP 50. Graze
burst above the level of the target is not corrected
for height of burst; e. g., in figure 90 g , the graze

Figure 89. Adjusting height of burst. bursts are sensed as DOUBTFUL, OVER and
only a range correction is made, since, after the

established, it is not desirable to make a correction FDC personnel correct range and fuze setting, the
of UP 40. new height of burst cannot be predicted.

d. Fire for effect is started only after a correct f. When rounds cannot be sensed by the effect
height of burst is assured, regardless of the exist- pattern on the ground because of heavy foliage,
ng distance (range) bracket. Therefore, fire for snow, or wet ground, adjustment is made with a

(O Air bursts below the
level of the target may
be sensed for range, but
are corrected for height
of burst
(up 50)

20 yards

_ _ _==-- - 83y0 yars height ofburst

(3O Graze bursts above the
level of target ore
doubtful for height of
burst

Figure 90. Sensing height of burst when firing on steep slope.
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verylowheightofburst (0 to 10 yds). Adjustment more than 50 rprcent of the bursts were sensed

is not conducted with a mean height of burst lower graze, the observer requests either FUZE VT or
than zero (half airs, half grazes). FUZE QUICK, whichever is more appropriate.

g. When fuze delay is employed for ricochet ac- h. No adjustment of height of burst is possible
tion, no adjustment of height of burst is possible. with fuze VT. Burst height is controlled by the

The observer notes the number of air and graze mechanism inside the fuze. The mechanism func-
bursts in each volley. If the two volleys which tions at varying heights for different caliber pro-
established the bracket to be split to enter fire for jectiles. The time of functioning is also influenced
effect contained 50 percent or more air bursts, by the angle of fall of the projectile; the greater the
fire for effect is commenced using fuze delay; if angle of fall, the lower the height of burst (fig. 91).

Figure 91. Effect of angle of fall on VTfuze.

Section IV. ADJUSTMENT OF RANGE

1i 84. General 0io' °n
The observer makes an adjustment of range by

using the bracketing method of adjustment. From
sensing of bursts, the observer determines proper
range corrections to establish successively smaller
range brackets around the adjusting point until
the bracket required for entering fire for effect has
been established. A fire for effect bracket may be Ccnc T Rare:

defined as that bracket which, when split, will in-
sure a reasonably high degree of lethal effect on the
target. s, ,

185. Range Sensings
a. General. Positive range sensings are required

to obtain a correct range adjustment. The ob- Figure 92. Range sensings.

server makes a positive range sensing before an-
nouncing a range correction. An impact burst on the various sensings are approximated; the exact
the OT line normally gives a positive range sensing. size and shape of each area depends on the con-
Figure 92 is intended as a guide in which areas for figuration of the terrain.
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Wind direction ·

Observer
Sensing: over (for range)

Figure 93. Terrain sensing using drift of smoke.

b. Terms. The terms in (1) through (7) below
are used in making range sensings. burs t short of theburst short of the

(1) Over. Bursts which occur beyond the target as "graze
adjusting point are sensed OVER. If a doubtful" because
line shot is not obtained, terrain sensing : - you cannot tell
or smoke sensing is appropriate. For where the burst
example, an impact burst occurs to the would be if it were
left of the OT line near the adjusting raised to air
point, the wind is blowing across the
observer's front from left to right, and ..

smoke from the burst drifts directly ' an ...
behind the adjusting point. In this
case, the burst is sensed as OVER for .
for range (fig. 93). Care must be exer- T im eset
cised by the observer in taking a sensing
on drifting smoke, since inaccurate deter-

Figure 94. Error in site causing a round to land short of
mination of wind direction in the target the target in time area fire. With proper site, burst would
area can result in a false sensing. be over.

(2) Short. Bursts which occur between the
adjusting point and the observer are case, the burst is sensed as SHORT (fig.
sensed SHORT. There is one excep- 95).
tion; if a fuze time graze burst occurs (3) Target. Bursts which hit the adjusting
close to the target, it is sensed DOUBT- point are sensed TARGET. This sens-
FUL because a correction in height of ing is used in precision fire only.
burst only may cause the next burst to (4) Range correct. A burst which is at the
occur beyond the target (fig. 94). A proper range, or a volley or salvo result-
terrain sensing is appropriate in the ing in an equal number of overs and
following example: an air burst is ob- shorts, is sensed RANGE CORRECT
served off the OT line, the sun is behind (not used in precision fire for effect).
the observer, and the shadow of the air (5) DoubJful. A burst which can be sensed
burst falls on a terrain feature known to for fuze action and/or deviation but
be short of the adjusting point. In this which cannot be definitely sensed as
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been established, the observer announces a range
correction which will result in having the next

· lo, / burst split this bracket. This burst, together with
Target ir burst one of the initial bracketing bursts, establishes

a new and smaller bracket. The observer splits
__Z~ -t this new bracket and successive brackets in a

-·/ - similar manner until a proper bracket is established
for entering fire for effect. This proper bracket

Shadow _I is normally 100 yards; when the observer splits
r burst this bracket, he is justified in calling for fire for

effect. However, under certain conditions, nota-

Observer bly in heavy (except 8-in. how.) and very heavy
artillery when probable errors are large, ana -- > 9 idl .ii observer is justified in calling for fire for effect

~ -'- ~~v ~ . 1 when a 200-yard bracket is split. When these
=_ ~ ~ 5 e = > occasions arise, the FDC personnel will notify the

observer that fire for effect shou!l be initiated.
b. Usually the observer should make range

Figure 95. Terrain sensing (short) using shadow of air corrections in even multiples of 100-yard incre-
burst. ments (200, 400, 800, etc.). By following this

rule, the observer will facilitate his adjustment
OVER, SHORT, TARGET, or RANGE and will never establish a bracket of odd-num-
CORRECT is sensed DOUBTFUL. bered values, i. e., 300 or 500, which, when split,

(6) Lost. A burst whose location cannot be will result in awkward values for subsequent
determined is sensed LOST. Because range changes. An obvious exception to this rule
refiring the same data will normally occurs when the observer splits a 100-yard
result in another lost round, a bold bracket, in which case he makes a correction in
change in direction or range, or both, is the proper direction of 50 yards.
revuested. Bursts which are sensed as c. The observer must use his knowledge of the
LOST should be so reported to the FDC; terrain into which he is firing, his general experi-
e. g., LOST, ADD 400 or LOST, RIGHT ence, knowledge from previous firing, and his own
200, ADD 400. judgment to determine the size of his initial range

(7) Lost, over (short). A burst which is not change. For example, for one situation, an initial
observed but is known to be definitely change of 800 yards may be required; for another
beyond or short of the adjusting point situation, 400 yards may be adequate. After
may be properly sensed as LOST, OVER the initial range bracket has been established,
or LOST, SHORT (par. 176d). it is still essential that the observer use his own

judgment in determining the amount of the
186. Bracketing range change required to further reduce the size

a. In conducting fire on a target, the observer of the bracket rather than blindly following the
establishes a proper bracket or makes a definite rule of splitting the bracket. For example, an
sensing' of range correct before entering fire for observer sees a volley which he senses as SHORT
effect. After the first positive range sensing of and announces a range change of ADD 1200.
either OVER or SHORT has been obtained, the This next volley is sensed OVER but much closer
first range correction should be large enough to to the target than the initial volley. The observ-
bracket the target. If the first range sensing is er's next range change should be DROP 400.
SHORT, the second should be OVER and vice d. When the observer requests an adjustment
versa to prevent wasting ammunition and time. on a target close to friendly elements, the necessary
The amount of first range correction is based on precautions are taken at the FDC to have the
the accuracy of the location of the target by the initial burst occur at a safe distance from friendly
observer and the observer's estimation of the elements. Thereafter, the observer makes range
distance change along the OT line necessary to corrections toward friendly elements in incre-
bracket the target. After this initial bracket has ments which he considers safe. He does not
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T,;~c;ry necessarily attempt to bracket the target with
any successive corrections. As his corrections

· \. \bring the bursts closer to the target, positive
range sensings can be made easily. Small, safe
shifts may result in a greater expenditure of am-
munition and time than normal bracketing
methods but may be necessary to insure safety

c400 yrds | (fig. 96). An adjustment made in this manner
Figure 96. Need for creeping when close to friendly troops. is referred to ILs creeping.

Section V. SUBSEQUENT FIRE REQUESTS

187. General 189. Correction For Deviation
After the initial burst(s) appears, the observer The observer determines and transmits devi-

transmits subsequent fire requests until the fire ation corrections to the nearest 10 yards as
mission is completed. These requests include RIGHT (LEFT) (SO MUCH).
appropriate changes in elements previously trans-
mitted and the necessary corrections for deviation, 190. Correction for Height of Burst
height of burst, and range. A subsequent fire The observer determines height of burst and
request always includes a correction for range or a transmits corrections to the nearest 5 yards as
statement that no correction in range is desired. UP (DOWN) (SO MUCH).
Any other element listed in a through j below, to
which a change or correction is not desired, is 191. Change in Trajectory
omitted. The elements (listed in order an- The observer requests a change in the trajectory
nounced) of subsequent fire requests are as during a low-angle adjustment when it becomes
follows: apparent that. high-angle fire will be necessary or,

a. OT azimuth. during a high-angle adjustment, when it becomes
b. Deviation. apparent that high-angle fire is no longer required.

For example, the observer is making an adjust-
ment on a moving self-propelled gun. During

d. Trajectory. adjustment, the target moves into a deep gully
e. Method of fire. for cover. The observer knows from previous
f. Distribution. firing in the area that high-angle fire will be
g. Shell. necessary to bring effective fire into the gully, so
h. Fuze. he requests HIGH ANGLE. Conversely, an
i. Range. observer is making a high-angle adjustment on a
j. Control. column of vehicles halted along a street in a town

constructed of tall buildings. During adjustment,
188. Change in OT Azimuth the vehicles move out toward the edge of town.

A change in OT azimuth is given when it As soon as he notices that the vehicles are emerg-
deviates from the announced azimuth by more ing from town, the observer should request LOW
than 100 mils. For example, an observer has ANGLE to expedite the firing.
begun an adjustment on several self-propelled
guns, using a tree at azimuth 5,620 as the adjust- 192. Change in Method of Fire
ing point. During the adjustment, the self- If a change in method of fire is desired during
propelled guns move to a new position an appreci- an adjustment, the observer announces the
able distance from the original adjusting point. change. For example, to change from 2-piece
The observer selects a new adjusting point in the volleys to two pieces firing in order from left to
vicinity of the target and measures the azimuth right the observer requests SALVO LEFT. This
to the point as 5,840. The first element of his change may be requested by the observer to take
next adjustment correction is AZIMUTH 5840. advantage of drifting smoke to facilitate sensings
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or to clarify sensings when one round is obscuring -- Direction of
another. l

193. Change in Distribution-
Since the FDO normally directs the firing of

normal (parallel) sheaf in area fire adjustment, the T rget
observer seldom has reason to request a change in
distribution during the adjustment phase. How-
ever, anytime the distribution is obviously in error
or should be changed to facilitate the adjustment,
the observer reports this fact to the FDC. The
FDC personnel will then determine necessary cor-
rections or cause the errors to be corrected. In b. Drop. The term "drop" is used by the
order to bring more effective fire to bear on the tar- observer to move subsequent bursts toward the
get, the observer may request a change in distri- observer along or parallel to the OT line. Figure
bution on entering fire for effect or after the first 98 shows example of when to drop. If a volley
volley in fire for effect. For example, CON- falls beyond the target, the observer estimates the
VERGED SHEAF is requested to bring all the distance along the OT line needed to establish a
fire to bear on a point target. If the shape of the bracket and commands DROP (SO MUCH).
target is such that a normal sheaf will not give the
desired effect, the observer describes the shape of Direction of
the target to the FDC so that appropriate correc- OT line
tions may be applied.

194. Change in Type of Shell
When the observer desires to change the type of

shell, he announces the desired change. For ex- he
ample, the observer might be unable to identify the
first round of shell HE in adjustment, in which
case he might request SHELL WP to locate the
burst.

Figure 98. When to drop.

195. Change in Fuze
When the observer desires to change the fuze or c. Repeat Range. The term "repeat range" is

fuze action, he announces the desired change. For used by the observer when he does not desire a
example, assume the observer is adjusting with change in range. Figure 99 shows an example of
fuze delay to obtain ricochet bursts. If no rico-
chet action results, the observer would request a
different fuze; i. e., FUZE VT or FUZE QUICK
(if no VT is available) prior to entering fire for
effect.

196. Correction for Range
The observer always announces a range correc- . t

tion, or repeat range, as part of his subsequent fire Voy fls
request.

a. Add. The term "add" is used by the observer
to move subsequent bursts away from the observer
along or parallel to the OT line. Figure 97 shows
an example of when to add. If a volley falls short
of the target, the observer estimates the distance
along the OT line needed to establish a bracket and
commands ADD (SO MUCH). Figure 99. When to repeat range.
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when to repeat range. If a volley is sensed as 198. Correction of Errors
DOUBTFUL for range, the observer commands a The observer may discover that he has trans-

shift for deviation, followed by the command mitted erroneous data in a subsequent fire request.
REPEAT RANGE. He then announces CORRECTION and sends the

correct data in an entirely new subsequent fire

197. Change in Control request. When CORRECTION is transmitted,
When the observer desires to change the method the entire last transmission is cancelled and dis-

regarded. For example, after the observer trans-
of control, he announces the desired change. For mitted. For example, UP 40, ADD 400, he observer trans-mitted RIGHT 200, UP 40, ADD 400, he realized
example, to change the control from AT MY the correction in height of burst should have been

COMMAND, the observer transmits FIRE DOWN 40. In this case he announces CORREC-

WHEN READY. TION, RIGHT 200, DOWN 40, ADD 400
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CHAPTER 12
FIRE FOR EFFECT

Section I. PRECISION FIRE

199. General observes it. He announces range sensings as
The adjustment in precision fire is made by a OVER, SHORT, DOUBTFUL, or TARGET and

single piece. The object of adjustment is to ob- deviation sensings as RIGHT, LEFT, or LINE.
tain a trial range. The trial range is the range at These sensings are announced in the order of range,
which FFE is commenced. then deviation; e. g., SHORT, LINE.

a. The observer requests FFE on splitting the b. Fire for effect is continued until the FDC
appropriate range bracket (usually 100 yds) or on personnel notify the observer that the registration
obtaining a target hit. is complete.

b. Fire for effect consists of a number of rounds
fired either singly or in groups of 2 or 3 by the 201. Precision Registration With Time Fuze
adjusting piece. FDC personnel inform the ob- a. After a fuze quick registration, a time regis-
server of the number of rounds that are to be fired tration may be initiated from the FDC. The
in the initial group and in subsequent groups, if FDC personnel notify the observer to OBSERVE
a change is to be made in the number of rounds to TIME REGISTRATION. A round is fired at
be fired. The observer normally does not send the adjusted deflection and elevation determined
corrections during precision FFE. Rather, he from the fuze quick registration and with a fuze
only announces his sensings of bursts as they occur. setting determined at the FDC.
However, any burst which in the judgment of the b. The observer normally sends no corrections in
observer is obviously in error or which will mate- a time registration but only announces the height
rially assist the FDC personnel in expediting the of burst sensing of each burst as AIR or GRAZE.
mission must be reported. For example, a round However, if the height of burst of any round of a
in FFE is observed to be doubtful for range but time registration is in excess of 50 yards, the height
rapidly computed to be 60 yards left of the target. of burst will be computed rapidly and reported
The observer must transmit a sensing of DOUBT- with the sensing; e. g., AIR, 75 YARDS. If any
FUL, Go YARDS LEFT. Since sensings are succeeding round, in the judgment of the observer,
normally made in mils, the word "YARDS" is is obviously in error for range, deflection, or height
used to prevent error and to facilitate operations of burst, the amount of the error must be deter-
at the FDC since the OT distance is not usually mined and reported with the sensing. For ex-
known at the FDC. Another example is when a ample, a round in FFE is observed to be a graze,
burst is observed to be very close to the target. on line with the target, but estimated to be 100
This information combined with the deviation yards short of the target. The observer transmits
sensing in yards may assist the FDC personnel GRAZE, 100 YARDS SHORT, LINE. Rounds
improving the deflection or in establishing that are fired singly until both an air burst and a
the deflection is correct; e. g., 20 SHORT, 5 graze burst have been obtained, and then rounds
YARDS RIGHT. are fired in series of 2 or 3. After both air and

graze bursts have been obtained, the observer
200. Precision Registration With Fuze Quick must note, but does not report unless directed (as

a. During fire for effect in a precision registra- long as bursts are within the limits stated above),
tion with fuze quick, the observer announces the whether air bursts obtained are high (over 20
range and deviation sensing of each burst as he yards) or low.
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e. The firing of time fuze continues until the FDC. Subsequently, the FDO directs the use of
FDC personnel notify the observer that registra- the fuze that will be most effective against the
tion is complete. target; e. g., fuze delay, fuze concrete-piercing,

d. For an example of a precision registration etc. If this subsequent fuze is not effective, the
mission, see chapter 15. observer must request a change to a fuze which,

202. Precision Destruction Mission in his opinion, will be more effective.
a. In a precision destruction mission, FDC b. During FFE, the observer announces sensings
a. In a precision destruction mission, FDC

personnel will direct the use of fuze quick in the just as he does in a precision registration with fuze
initial rounds of fire for effect, as well as in adjust- quick.
ment. This procedure facilitates valid sensings e. Fire for effect is continued until the observer
by the observer and expedites determination of an notifies the FDI)C that the mission has been
adjusted deflection and quadrant elevation at the accomplished.

Section II. AREA FIRE

203. General e. A prominent feature clearly identifiable both

a. In area fire, the observer requests FFE in on the ground and on an accurate map.
the initial fire request when his target location is f. A large area target which will insure first
accurate enough to preclude adjustment. When volley effect in the target area.
the target location is not accurate enough to per-
mit delivery of surprise FFE without prior ad- 205. Fire for Effect Aher Adjustment
justment, the location is normally established by a. Deviation. The adjustment of deviation is
adjustment by using the bracketing method. complete when the mean point of impact or burst

b. The type and the volume of fire delivered in is on the OT line. Since, during the adjustment,
FFE are determined by the FDO. His decision the observer sends successive deviation corrections
is based on the observer's description of the target, to place the bursts on the OT line, it should not be
status of ammunition supply, and other con- necessary to make a large shift on entering FFE.
siderations (particularly tactical). If FFE is b. Height of Burst. When time fuze is being
ineffective or insufficient, necessary corrections are used, FFE is not requested until the height of burst
made and additional FFE requested. is correct or until a correction can be expected to

e. On completion of FFE, the observer sends result in the correct height of burst. FFE is
END OF MISSION and reports the effect ob- not immediately requested if the last volley
served. The words CEASE FIRING END OF observed consisted entirely of graze bursts. The
MISSION may be used. However, since CEASE height of burst of such a volley is an indetermi-
FIRING is primarily used as an emergency phrase nable amount below zero and does not provide the
to stop firing after data have been transmitted to basis for a proper correction. When fuze delay is
the weapons, the observer may end a mission by being used for ricochet fire, its use is continued on
transmitting only END OF MISSION. entering FFE if at least 50 percent of the bursts

which established the final range bracket were air
204. Fire For Effect Without Adjustment bursts. If more than 50 percent of these bursts

When surprise fire is particularly desired or the were graze bursts, the observer should request
initial location of the target is accurate enough to fuze VT or fuze quick on entering FFE.
preclude adjustment, FFE should be requested c. Range. The adjustment of range is complete
immediately. Cases of such accurate location when the observer has obtained bursts at the same
include, but are not limited to, the following: range as the adjusting point or target (range cor-

a. A surveyed location. rect) or when he has split the appropriate range
b. A recently fired concentration. bracket (usually splits a 100-yd bracket).
c. A small, accurate shift from a recently ad-

justed registration point or a recently fired con- 206. Distribution
centration. a. Normally, the FDO determines the proper

d. Accurate polar coordinates from a surveyed distribution of fire for a target. His decision is
OP. based on the observer's description of the target
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and other available information. Unless the a. If the fire has been effective and sufficient, the
nature and the size of the target require otherwise, observer announces END OF MISSION and re-
artillery fires are delivered at center range, with ports the effect observed; for example, 20 CAS-
light and medium artillery using a normal sheaf UALTIES, INFANTRY DISPERSED. If he
and heavy artillery using an open sheaf. In desires to make a correction to improve the
certain cases, the FDO may direct the use of a accuracy of the replot of the target but not to fire
sheaf other than that normally fired. He may again, he announces the correction; e. g., LEFT
also direct a battery or batteries to fire through 20, REPEAT RANGE, followed immediately by
different elevations for greater coverage. END OF MISSION.

b. When appropriate, the observer may request b. If the fire has been insufficient but accurate,
the firing of a particular type of sheaf. This including an effective height of burst, the observer
request should be announced in the initial fire may request REPEAT RANGE, REPEAT FIRE
request when possible. It may be announced FOR EFFECT to obtain additional fire.
later if it becomes apparent that the sheaf nor- c. If any element of the adjustment (deviation,
mally fired will not provide optimum distribution range, or height of burst) was sufficiently in error,
of fire. In making such a request, the observer so that the effect sought was not obtained, the
announces the type of sheaf desired, such as observer should correct the element(s) in erxor
OPEN SHEAF or CONVERGED SHEAF. an(l continue the fire for effect; for eiample,

c. When the number of pieces allocated to the DOWN 10, ADD 50, REPEAT FIRE FOR
mission are not adequate to cover the target EFFECT.

d. If ricochet action with fuze delay was' ndi-
effectively with an open sheaf, the observer may cated and sought but during fire for effect fewer
make successive shifts in fire for effect to insure than 50 percent of the bursts were air bursts, the
coverage of the target. observer requests a change to fuze VT or fuz'

quick and calls for additional fire, if needed; for
207. Surveillance of Fire for Effect example, FUZE VT, REPEAT RANGE, RE-

The observer carefully observes the results of PEAT FIRE FOR EFFECT.
the FFE and then takes whatever action is neces- e. For an example of an area fire mission, see
sary to complete the mission. chapter 15.
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CHAPTER 13
ADJUSTMENT PROCEDURE FOR SPECIAL SITUATIONS

Section I. CONDUCT OF FIRE WITH CHEMICAL SHELL

208. General The rate of fire necessary to maintain the screen
Chemical shell includes smoke shells (base depends on the width of front to be screened, the

ejection smoke shell and white phosphorus shell) direction and velocity of the wind, and the volume
and gas shell (irritant or toxic agents). For and density of smoke produced by each burst.
detailed uses of gas shells, see FM 3-5. The fire of a single piece, the continuous fire of

several pieces, or volley fire may be used. When
209. Smoke Shell smoke is used to prevent enemy observation of

a. General. The observer should call for smoke the operations of friendly troops, the observer
shell in the following situations: to screen enemy adjusting the fire should be near the troops whose
observation, to aid in the adjustment of fire (fired operations are to be concealed. The screen should
to help the observer locate his rounds), as a pre- be placed on or near enemy positions. Rounds of
arranged signal, and as a marking round for air HE shell (preferably air bursts) or white phos-
observation or an air strike. Requests for smoke phorous shell fired into the smoke area will pre-
screens may sometimes be denied, since such vent enemy troops from leaving shelter to extin-
missions must be coordinated with higher au- guish the smoke canisters. The effect of weather
thority to avoid interference with other operations. conditions on the development of a smoke screen

b. Observer Procedure for Screening With Base are shown in figure 100.
Ejection Smoke Shell. Adjustment is begun with c. White Phosphorus Shell. Shell WP is useful
shell HE (normal observer procedures apply) to for marking, screening, incendiary, and casualty
avoid obscuring the adjusting point. The ob- actions. Fuze quick is normally used. Action
server normally selects an adjusting point well of the fuze and burster charge breaks the shell
upwind from the target. Wind will then disperse and scatters phosphorus particles, which ignite
the smoke over the area to be screened. When spontaneously on contact with the air. The
the approximate adjustment with shell HE has smoke rises rapidly because of the heat generated
been accomplished, the observer will call for shell by the burning phosphorus. This smoke is desir-
smoke to complete the adjustment phase. Height able for marking purposes and for the buildup of
of burst is adjusted with a single piece until a smoke screen, but, because of the rapid rise of
proper height and placement of the smoke are the smoke, WVP is not as effective as base ejection
obtained. Too low a height of burst will cause smoke for maintaining a smoke screen. If fuze
the canisters to bury themselves in soft ground or time is used, causing a burst at medium height in
bounce if the ground is hard, while too high a the air, the phosphorus particles burn out before
height of burst will cause the canisters to scatter. reaching the ground. When phosphorus shells
The observer checks. the results achieved by ob- are used against frame houses and objects of
serving the effect of the wind velocity and direction similar material, some fuzes should be set at
on the smoke. If the desired effect is not obtained, delay to effect penetration before bursting and
the point of impact must be shifted to a more thus increase the incendiary effect of the burning
advantageous position. When the desired place- phosphorus particles. Casualties are effected by
ment is obtained, the observer calls for fire for the small particles of phosphorus adhering to the
effect to build and maintain the smoke screen. clothing and skin, causing painful burns.
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d. Colored Smoke. Base ejection smoke shell in
colonrs (white, green, red, and yellow) is used for
aiding an observer to locate his rounds, as a pre-

"High wind' - windarranged signal, and as marking rounds fired at a
ZHigh wind No wind predesignated point to guide an air strike to a

target.

210. Gas Shell
a. General. Gas shell is fired within restrictions

imposed by higher authority. Wind velocity and
([ Wind speed direction are always carefully considered so that

friendly troops are not endangered. Data for
Toil wind Cross wind firing gas shell should be the most accurate obtain-

able. To achieve surprise, adjustment is normally
conducted with shell HE. Either low air or super-
quick impact bursts are used with gas shell.

b. Nonpersistent Gas. Surprise and the rapid
X ~~I .3-~ ~buildup of an effective concentration are essential

elements in the success of an attack with nonper-
sistent gas. Surprise may be attained not only by

_ Wind direction adjusting with shell HE but also by means of a
transfer of fire or by adjustment on an auxiliary

Heat <,; _ .target. An effective concentration is built up by
H a_3Flurapid firing.

c. Persistent Gas. Persistent gas is most effective
against personnel when it is well distributed on
vegetation, materiel, and the ground. To obtain
the most effect, a given amount of gas delivered
with light weapons is preferable to the same
amount delivered by medium or heavy weapons.
Dispersion from several smaller projectiles will

® Climatic conditions cause better distribution than dispersion obtained

Figure 100. Weather conditions affecting smoke. from fewer large projectiles.

Section II. BATTLEFIELD ILLUMINATION

211. General 212. Conduct of Fire Using Illuminating Shell
Battlefield illumination provides friendly forces a. Uses. Illuminating shell is used for the fol-

with sufficient light to assist them in ground oper- lowing purposes:
ations at night. The artillery observer is concerned (1) Illuminating areas of suspected enemy
primarily with two means of illumination: illumi- movements.
nation projectile and searchlight. When properly (2) Night adjustment or surveillance of ar-
used, night illumination increases the morale of tillery fire by air or ground observer.
friendly forces, facilitates operations, and harasses (3) Harassing the enemy in positions or
and blinds the enemy. The artillery is charged installations.
with the responsibility of providing illumination (4) Furnishing direction to friendly troops
with illuminating shells and with searchlights; for attacks or patrol activities. (Flares
therefore, any artillery observer may be called on must be placed well in advance of friendly
to conduct an illumination mission. troops to avoid illuminating the troops.)
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(5) Guiding low level tactical bombers on NATING, as the type of adjustment and
important targets that are within ammunition in his fire request.
artillery range. (3) When two rounds bursting simultaneously

b. Ammunition. The following companson at the same place are desired, the ob-
gives some of the factors to be considered in the server requests TWO GUNS, ILLU-
employment of artillery illuminating shells. All MINATING.
data are approximate. (4) Two rounds bursting simultaneously with

InUiaol the appropriate spread in range or de-
dln taci flection will provide more light and less

INiOiWl burst. Rounds.for
hinght (spread Bring Rntinduou shadows than a single flare. When this

Weapon of burst llumin) time illumination type of illumination is desired, the ob-
Howitzer, 105-mm__ 800 yd 800 yd 60 see 2 per min server requests TWO GUNS, RANGE

155-mm-. . .700 yd 1,400 yd 60 see 2 per minON) SPREAD, ILLU-
MINATING. The FDC personnel

e. Area To Be Illuminated. center the spread over the point in-

(1) The size of the area which can be illumi- dicated by the observer.
nated effectively depends on the observ- (5) Four rounds bursting simultaneously in
ing distance, conditions of visibility, and a diamond pattern of a size depending
candlepower of the shell used. If the on the shell used will illuminate a large
area to be illuminated is large or observ- area with practically no shadows or
ing conditions are poor, the firing of dark spots. To obtain this pattern,
only one round of illuminating shell at the observer requests FOUR GUNS,
a time may not be adequate. ILLUMINATING. The FDC person-

(2) When effective illumination of an area nel center the diamond pattern usually
can be accomplished by firing one round obtained by firing the center four weap-
of illuminating shell at a time, the ob- ons of a battery, over the point indi-
server requests ONE GUN, ILLUMI- cated by the observer (fig. 101).

N, 5

\\ --

- 0Soo0 yard, 105-mm]
Nr3 (700yor ,15.-mm)

Figure 101. Artillery illuminating shell.
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d. Adjustment. discloses a suitable artillery target, the
(1) Range and direction are adjusted by observer should request CONTINUOUS

using standard observed fire procedures, ILLUMINATION while he adjusts HE
except that adjustment of illumination fire on the target.
closer than 200 yards of the target is (2) As soon as the observer has located a
not justified owing to the size of the suitable target for HE fire, he should
area illuminated. initiate a normal fire request. If no

(2) The correct relative position of the flare better means of designating the location
to the adjusting point depends on the of the target is possible, the burst cen-
terrain and the wind. Generally, the ter of the illumination can be used as a
position of the flare should be to one reference point. The OT azimuth is an-
flank of the adjusting point and at about nounced when it varies by more than 100
the same range. In a strong wind, the mils from the azimuth announced for
point of burst will have to occur some illumination.
distance from the adjusting point be- (3) If the observer decides to adjust both the
cause of drift of the flare. If the target illuminating fire and the HE fire concur-
is on a forward slope, the flare should be rently, he prefaces the requests pertain-
on the flank and at a slightly shorter ing to illumination with the word ILLU-
range. If the adjusting point is a very MINATING and those pertaining to
prominent target, better visibility can HE with the letters HE; for example,
be obtained by placing the flare beyond ILLUMINATING, ADD 200, HE,
the target to silhouette it. RIGHT 60, ADD 200.

(3) The proper height of burst is that which (4) If the HE adjustment is made on an
will allow the flare to strike the ground immobile target, such as a disabled tank
just as it stops burning. Changes in or a bridge under construction, the ob-
height of burst are made in multiples server may be able to conserve illumi-
of 50 yards. The variation between nating ammunition by coordinating illu-
flares in the time of burning renders mination with the adjustment of HE.
useless any closer adjustment of the The observer requests COORDINATED
height of burst. ILLUMINATION instead of continuous

(4) When the point of burst is too high, the illumination and requests control to be
height of burst change is estimated from BY SHELL, AT MY COMMAND.
the height of where the flare burned out. This indicates that both HE and illumi-
When the point of burst is too low, the nating shell will be fired only at the ob-
change required is estimated from the server's command. As soon as FDC
length of time (T) in seconds the flare personnel report that illuminating and
burned on the ground. By multiplying HE fires are ready, the observer com-
T X 10 (approx rate of descent, 10 yds mands the firing of illuminating shell
per see), the observer can determine and then gives the command to fire the
the approximate correction required for HE shells so that the rounds will arrive
any illuminating shell. during the period of maximum illumina-

Example: Flare burned 13 seconds on tion of the target. The observer may
the ground; 13X10=130; correction is elect to change the method of control of
UP 150 (answer rounded off to nearest HE to FIRE WHEN READY while con-
50 yds). tinuing to fire illuminating AT MY

(5) Once the observer has adjusted the illl- COMMAND.
minating shell to the desired location, f. Example Mission. See chapter 15 forexam-
lie should control the rate of fire and ple mission.
number of pieces firing, reducing am-
munition expended to the minimum 213. Conduct of Fire Using Searchlight
necessary for the required observation. Illumination

e. Ill umination for HE Adjustment. a. The primary use of searchlights by the ob-
(1) If the adjustment of illuminating shell server is illumination of areas of suspected enemy
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movement and night adjustment or surveillance network must be familiar with this warn-
of artillery fire from air or ground OP's. Search- ing signal and the action to be taken.
lights are also used to guide friendly elements, (3) Reference point or target coordinates. The
mark bomb lines, mark targets for close support reference point or target coordinates
air missions, and'illuminate objectives in an attack. methods of reporting a target location

b. The number of lights used in any mission for a fire mission are applicable to a
will depend on the number available and the situa- searchlight mission.
tion at that particular time. Normally, when (4) Azimuth (observer to target). The azimuth
direct illumination is used, a single light will suffice. from the observer to the target is given

c. For the adjustment of the searchlight beam, in an illumination mission for two
the observer procedure is similar to that employed reasons-first, so that the LDC person-
in a fire mission. However, the observer makes nel can select a searchlight for the
the adjustment on the searchlight-target line in de- mission which will best illuminate the
viation and site. The correction is made in 1 of 2 target for the specific OP; second, so
ways. The observer can move the beam in yards, that the LDC personnel will be able to
right/left and up/down, or the observer can move plot the target location, when an azimuth
the beam in a number of beam widths. In most is required for this purpose.
cases, the beam-width method is simpler and faster (5) Location of target by shift (omitted when
for the observer, since his yardstick is the width coordinates are reported). The observer
of the beam itself. The narrowest beam width may indicate the target location by a
(pencil beam) is 22 mils; when fully spread (spread shift from any point whose chart location
beam), the beam width is 265 mils. Examples of is known.
observer corrections are- (6) Nature of target. Nature of the target is

(1) RIGHT 100 (1) LEFT TWO BEAMS preceded by the word SUSPECTED if
or identity of the target cannot be made.

(2) UP 20 (2) DOWN ONE-HALF BEAM If the target is identified, the procedure
is the same as that for a fire mission.

d. The smallest correction in yards which can This report will enable the LDC person-
be made by the observer is 20 yards. For beam nel to determine the priority of missions.
widths, the smallest correction is a quarter beam (7) Type of adjustment. If the type of adjust-
width shift. It is not necessary to give a change ment is omitted from the observer's
in both deviation and elevation each time an ad- request, the observer will receive one
justment is desired; it is necessary to give only light in adjustment. The observer may
the element to be corrected while the omission of request two or more lights if he desires.
the other element indicates it is to remain the (8) Type of illumination. The observer may
same. If it is desirable to change the degree of have a choice of direct or indirect illumi-
beam spread, the terms used are INCREASE nation. Direct illumination requires a
BEAM SPREAD (SO MUCH) or REDUCE clear line of sight between the searchlight
BEAM SPREAD (SO MUCH). This correction and the target area. Visibility into the
precedes the elevation and deviation corrections. illuminated area is nearly equivalent to

e. Elements of the illumination request are as daylight observation if the light source
follows ((1)-(10) below). is back of the observer. In a single

(1) Identification of observer. Identification beam, shining at low angles of elevation,
of the observer for an illumination mis- deep shadows are cast by brush and other
sion is the same as that for a fire mission. small objects.. Intersecting beams may

(2) Warning. The warning for a searchlight be used to eliminate shadows in the
mission is ILLUMINATION MISSION. immediate target area. Direct illumi-
Since this term is used only for a search- nation eases control; it is, however, more
light mission, it alerts all personnel vulnerable to enemy fire than indirect
involved to pass the mission to the illumination. With direct illumination,
searchlight light direction center (LDC). there is a possibility of impairing the
The LDC is normally located at division night vision of friendly forces and of
level. Operators in the communication silhouetting friendly troops and installa-
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tions. The observer must try to avoid times as great as that when looking
either or both of these situations. If toward the light source.
the observer does not specify INDI- (9) Degree of beam spread. Since the search-
RECT ILLUMINATION, it will indi- light beam can be spread from 22 mils to
cate he desires direct illumination. If 265 mils, the beam spread is included
INDIRECT ILLUMINATION is re- in the request so that the observer can
quested, the observer will receive light illuminate as large an area as possible
which utilizes the scattered or reflected commensurate with his observing range
light rays from the main searchlight capability. The degree of beam spread
beams. For an observer looking away is designated as a fractional part of a
from the light source, visibility in the fully spread beam in increments of one-
illuminated area at ranges of 5,000 to eighth spread. If the observer omits
7,000 yards from the light source is this element, the pencil or narrow beam
equivalent to visibility under a quarter of 22 mils will be used.
moon. The diffused light of indirect (10) Control. There are only two methods
illumination reaches into hollows, draws, of control used with searchlights-WILL
and tree-lined roads. An observer in an ADJUST and AT MY COMMAND-
area illuminated by diffused light can FLICK. FLICK is the command used
detect with the unaided eye a man stand- at the searchlight battery to turn on the
ing at ranges up to 150 yards. With the lights. The observer uses the word
aid of field glasses, an observer can FLICK to prevent personnel from mis-

detect a man moving at considerably interpreting fire commands.
greater ranges. Indirect illumination I. Some of the terms used in an illumination
can be employed for longer periods of mission but not common to field artillery are-
time than direct lighting because the (1) Flick-put light in action (corresponds to

command FIRE).
light source is less vulnerable to enemy (2) Action complete-pointing data have
interference. However, indirect illumi- been set on light (corresponds to com-
nation does provide sufficient light for mand ON THE WAY).
limited surveillance. When looking away (3) Cut-put light out of action.
from the light source, visibility in the (4) Hold-light is on target.
illuminated area is approximately three g. See chapter 15 for example mission.

Section III. CONDUCT OF ASSAULT FIRE

214. General 215. Ammunition Used for Assault Fire
a. Assault fire is a special technique of indirect a. Projectiles. Shell HE is normally used for

fire. Firing is conducted at short range from a assault fire. Deep penetration may be obtained
defiladed weapon position to attain pinpoint with the 155-mm gun by using armor-piercing
accuracy against a stationary target. The gun- (AP) projectiles fired with supercharge against
target range is sufficiently short to make possible hard surfaces, such as concrete or rock. The
successive hits on the same portion of the target. crater made by AP projectiles will be small in
Only one weapon is used on a mission, and the diameter and will usually require a round of shell
FDC for the mission is normally located at or HE to be fired every fourth or fifth round to
near the weapon position. widen the crater and clear away rubble.

b. Assault fire is used for the destruction of b. Fuzes. Concrete-piercing (CP) fuzes are
caves, pillboxes, or other fixed fortifications with appropriate for destruction of fortifications. Fuze
sufficient vertical dimensions. Assault fire is quick or fuze concrete-piercing, nondelay, is used
not designed to attack targets on flat terrain that for adjustment and to clear away rubble; fuze
do not have significant vertical dimensions. concrete-piercing, delay, may be used for FFE to
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effect penetration. Fuze ,M51, delay, may be deviation corrections should be given to the nearest
used in FFE if concrete-piercing fuze is not yard. The target is bracketed for range, and the
available. Fuse M51 is; used to cut through a bracket is split successively.
parapet or earth covering, after which the appro- b. When the bursts are very near the target, the
priate fuze CP or fuze $51, delay, is used to effect observer normally is able to estimate vertical error
destruction of the ,fortification. If excessive more accurately than he can estimate range error.
ricochets result from the use of concrete-piercing Therefore, after bursts have been brought close
delay fuze, nondelay fuze should be used until to the target, the observer makes corrections for
enough cratering has been effected to prevent site rather than range. The point at which the
ricochet of the dely' fuze. observer begins adjusting site instead of range can-

not be prescribed exactly; it depends on the ter-

216. Preparatory Operations rain, vertical dimensions of the target, and experi-

The observer and all personnel concerned with ence and ability of the observer. As an example,
an assault fire mission should prepare detailed for a target such as a cave entrance on a steep for-
plans for the mission. Thorough planning, re- ward slope, after an observer splits a 50-yard range
connaissance, and coordination must be completed bracket, normally he can adjust site more easily
before the weapon position is occupied, The than range. Thereafter the smallest correction
observer must occupy an observation post as near appropriate in direction or site is one-half yard.
the target /as possible and on or near the gun- c. The observer usually will be able to see each
target line. . round in flight as it travels toward the target. He

will make more accurate sensings by noting the
217. Initial Data position of the round at the instant before the

burst than by judging from the burst itself. This
Normally, initial data are prepared in advance will enable the observer to make the small correc-

by use of the best means (usually survey) available tions necessary to attain pinpoint accuracy.
to locate the target with respect to the assault
weapon position. Therefore, in most cases, a 219. Fire for Effect
complete initial fire request from the observer is When the point of impact is on the desired por-
not necessary. tion of the target, the observer does not announce

FIRE FOR EFFECT. He continues to send a
218. Adjustment correction to the FDC for each round fired. All

a. Adjustment is made by using a modified pro- rounds are fired singly or as requested by the ob-
cedure in which the observer exercises complete server to permit the desired corrections or changes
control of fire throughout the mission. Correc- in ammunition to be made between rounds. The
tions in yards are given by the observer for each authority to control and to end the mission re-
successive round until the point of impact is on the mains with the observer.
desired portion of the target. An off-line burst
is corrected to bring subsequent bursts to the line 220. Illustrative Missions
through normal adjustment procedure except that See chapter 15 for illustrative missions.

Section IV. CONDUCT OF FIRE USING COMBINED OBSERVATION

221. General (2) Center-of-impact registration.
a. Combined observation is that type of ob- (3) Fire to, obtain surprise through use of

servation where two or more observers at different FEE transfers.
locations are employed to obtain sensings on the (4) Surveillance of planned fires.
same target. For effective conduct of fire using (5) Combined adjustment.
combined observations, the angle of intersection c. Observation posts should, if possible, be
of the OT lines should not be less than 250 mils. established during daylight so that instruments

b. Combined observation is used for observing may be oriented and a line materialized on the
the following types of missions: ground for orientation after dark. The OT azi-

(1) High-burst registration. muth of targets discovered during daylight is
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recorded by all observers. Targets may be lo- WAY. The observer will use the orienting round
cated at night by placing the illuminated cross if necessary to reorient the center of the reticle
hairs of an observing instrument on the flash of of his instrument on the point of burst. After
an enemy weapon. Vertical angle and azimuth the orienting round, the observer will not change
are recorded if adjustment is not started at once. the orientation of dais instrument. Instead, the
As an expedient, direction to a flash may be observed deviation an the reticle is combined with
materialized on the ground by a piece of white the reading set on *e azimuth and micrometer
tape or two stakes. scales to derive the measured azimuth. The

same general procedure is used to measure the

222. Equipment angle of site. Readings are reported to FDC.
a. To obtain optimum accuracy, each observer

should be equipped with an angle-measuring in- 224. Center-of-Impact Rgsistration
strument, such as a BC scope or an aiming circle. Center-of-impact registration is conducted ex-

b. Initial azimuths to the target can be obtained actly as in paragraph 223, except that an impact
by the use of a compass. Subsequent deviations fuze is employed instead of fuze time.
firm the OT line can be measured with field
glasses. However, the use of such equipment in 225. Combined Observation for Missions Other
this manner for combined observation is inaccu- Than High-Burst or Center-of-Impact
rate. This inaccuracy may preclude the use of Registrations
this method of adjustment during darkness. a. General. When observing at long ranges

(exceeding 4,000 yds.) the use of combined obser-
223. High-Burst Registration vations may result in conservation of ammuni-

a. General. At night, visual adjustment of fire tion. This is especially important in the case of
on a ground registration point is impossible with- heavy and very heavy artillery where observing
out illumination.. In desert, jungle, or arctic ranges are normally so great that adjustment by
operations, clearl; defined registration points ill normal procedure is extremely difficult and often
the target area often are not available. To pro- impossible.
vide for registrations under these conditions, spe- b. OP's Known.
cial procedures have been developed. One such (1) If the OP's are plotted on the FDC
procedure is a high-burst registration using time charts and the location of the target is
fuze. known (e. g., target assigned by higher

b. Orientation of Observer. In a high-burst regis- headquarters), orientation is conducted
tration, the observer's location and that of the as indicated in paragraph 223b. If the
desired point of burst are known at the FDC. target is located by one observer, the
With these data available, the FDC personnel other observer is then oriented by FDC
will furnish the observer with the azimuth and personnel.
the vertical angle to the expected point of burst. (2) Targets may be located by one observer
A typical message to the observers from the FDC. by using the methods described in
follows: PREPARE TO OBSERVE HIGH chapter 9. If both OP's are oriented on
BURST, 01 AZIMUTH 1164, VERTICAL the same target, location may be ac-
ANGLE + 12, MEASURE THE VERTICAL complished by intersection, performed
ANGLE, 02 AZIMUTH 718, VERTICAL at FDC, from the OT azimuths.
ANGLE -3, REPORT WHEN READY TO (3) When fire on a target is desired by the
OBSERVE. / observers, the FDO requires an initial

c. Conduct of Registration. 01 and 02 orient fire request from only one observer.
their instruments on the azimuths and vertical The OT azimuth from the other observer
angles given and report when ready to observe. is desirable but not required. The
(The observer will, as soon as practicable after FDO will designate one observer to
orientation of his instrument, set out on a known control the mission.
azimuth a stake which can be equipped with a (4) 01 and 02 orient their instruments and
light for night orientation.) The FDO directs the report when ready to observe. After
firing of one orienting round and sends ON THE each round(s) is fired, the observers
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report azimuth and vertical angle to the previous target. Then they measure
burst(s). Deviations rather than azi- and report the mil deviation to the trans-
muths are reported when directed. fer target.

c. OP's Unknown. (3) When fire on a target is desired by the
(1) If the OP's are not plotted on the FDC observers, the FDO requires an initial

charts, but the observers are in corn- fire request from only one observer.
munication with each other, it is usually The OT azimuth from the other observer
difficult, but possible, for one to so is desirable but not required. The
describe the target and surrounding FDO will designate one observer to
terrain that the other can identify the control the mission.
target. If the observers do not have (4) Observer right (OR) and observer left
direct communications, this can be ac- (OL) orient their instruments on the
complished through the FDC. target and report when ready to observe.

(2) Targets may be located by one observer After each round is fired, the observer
by using the methods described in chapter measures and reports only the observed
9. In FFE transfers from previously deviation in mils of the burst in relation
fired targets, the observers orient on the to the target that is being fired on.

Section V. ADJUSTMENT OF HIGH-ANGLE FIRE AND AUXILIARY ADJUSTING POINT

226. General 228. Initial Fire Request
a. Fire delivered at elevations greater than the a. When high-angle fire is desired, the observer

elevation for maximum range is called high-angle so indicates in his initial fire request.
fire. High-angle fire is often required when the b. An accurate initial location of the target is de-
weapons fire out of deep defilade, from within sirable because large shifts during adjustment may
cities, or over high terrain features near friendly necessitate a change of charge, since there is little
troops. High-angle fire may also be required when or no overlap in ranges reached by various charges.
targets are located directly behind hill crests, in c. The long time of flight makes time fire unde-
jungles, or in deep gullies or ravines and cannot be sirable, since the height of burst probable error is
reached by low-angle fire. excessive. Furthermore, because of the steep

b. Most artillery weapons are capable of firing angle of fall, ricochet fire is seldom possible.
high-angle fire. Generally, those weapons which d. Quick and VT fuzed projectiles give excellent
have a maximum elevation substantially in excess effect from side spray because of the steep angle of
of 800 mils (approx 45 ° ) have the capability of fall. VT fuzes produce a lower height of burst
firing high-angle fire. than normally obtained with low-angle fire.

Example: RESERVE 15, THIS IS RESERVE
227. Determining Requirements For High-Angle 48, FIRE MISSION, FROM CONCENTRA-

Fire TION AB103, AZIMUTH 670, LEFT 60, UP 25,
Usually an observer can determine whether ADD 200, IINFANTRY IN OPEN, HIGH

high-angle fire is required for any given target; if ANGLE, FUZE! VT, WILL ADJUST.
he cannot determine this, the observer should
notify the FDC that high-angle fire may be neces- 229. Adjustment
sary. In any case, the FDO may decide that high- a. The observer procedure for the adjustment of
angle fire is desirable and will notify the observer high-angle fire is the same as that for low-angle
of its use. By inspecting the map and terrain, the fire.
observer usually can determine if a trajectory with b. The observer must realize that small correc-
a high angle of fall is necessary to deliver fire. tions during adjustment may be unnecessary and
Furthermore, previous adjustment of fire in a cer- time-consuming owing to the increased dispersion
tain sector by the observer may indicate that high- experienced during high-angle fire.
angle fire is required to attack new targets in that c. Since the time of flight is long, in both adjust-
sector. ment and fire for effect, the FDC personnel will
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give ON THE WAY when the round(s) is fired tion shift and range change on the map with a
and SPLASH 5 seconds before the burst occurs. coordinate scale or other suitable device or by
Air observers are given ON THE WAY and both using polar plotting technique if a map is not
the time of flight and SPLASH. available.

c. There is no advantage to using an auxiliary
230. Auxiliary Adjusting Point adjusting point to obtain surprise fire if correc-

a. In area fire, the observer must select a well- tions are current and any one of the following
defined point on which to adjust. To insure sur- conditions exist.
prise fire, the observer may select some nearby (1) Accurate target locations can be obtained
point (auxiliary adjusting point) and adjust on it, fromasuitablemap,photograph,orsurvey.
and then shift the fire to the area which includes (2) Several points have been accurately lo-
his target. cated by firing or survey (registration

b. This shift from the auxiliary adjusting point points, concentrations, etc.) from which
to the target is determined by measuring the devia- accurate shifts can be made to a target.
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CHAPTER 14
THE AIR OBSERVER

Section I. INTRODUCTION

231. General will allow the aircraft to avoid enemy ground fire
Observation and adjustment of fires are ex- and enemy fighter aircraft.

tended and improved by proper use of organic 233. Observation From High-Performance
Army aviation and high-performance aircraft. Aircraft
An air observer is normally employed since it is Use of high-performance aircraft provides ob-
difficult for a pilot to navigate and observe at the servation deep into enemy territory beyond the
same time. However, the pilot should be well- limits of organic Army aircraft. The pilot and
trained in the adjustment of fire, since such observer can fly over enemy territory to sufficient
knowledge is invaluable when training new air depth to observe and adjust long-range artillery
observes and increases the flexibility in obtaining fire. Usually two aircraft are used on a mission-
prompt and accurate fire if an observer is not one to adjust the fire, the other to observe for
available. hostile aircraft. Danger from both hostile anti-

aircraft batteries and hostile planes usually in-
creases as the duration of the flight and the depth

232. Observation From Army Aircraft into hostile territory increases. For this reason
Observation from organic Army aircraft is the air observer must minimize the time required

normally limited to altitudes and locations which for an adjustment.

Section II. PREFLIGHT PREPARATIONS

234. General (2) Tactical situation, to include locations
The air observer and pilot should be given a of frontlines and no-fire lines and zones

preflight briefing by either the unit aviation of action of supported troops.
officer or one of the unit staff officers. Preflight (3) Surveillance required, time of mission,
coordination with ground units should cover the type of adjustment to be made, maps
method of calling for and executing flak suppres- and photographs to be used, known
sion programs. and the withholding of friendly enemy antiaircraft defenses, flight in-
aircraft and ground fire against the friendly plane. structions, and security restrictions.

235. Preflight Briefing (4) Communications details, to include lo-235. PreniSht Brienngd
cation of gronnd radios, panel stations,

a. All pilots and observers flying a mission channels to be used, call signs, check-in
should be briefed on all poiits pertinent to the channels to be used, call signs, check-

~~~~~mission, including ~time(s)l, and prearranged signals.
(s) Location of battery position areas, regis- b. All important enemy locations, lines, and(1) Location of battery position areas, regis-

tration points, concentrations, target areas indicated in the briefing are recorded on the
locating reference points, reference lines appropriate map. Photographs, oblique or ver-
to be used in making corrections (if GT tical, are gridded when possible and marked for
line is not used), suspected targets, and direction and locations of critical points, lines,
areas to be searched. and areas.
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Section III. DETERMINATION OF INITIAL DATA

236. General c. A Convenient Reference Line. While in flight,
The air observer must transmit an initial fire the observer may select a reference line which is

request in the same sequence as the ground ob- convenient and easily identifiable. To use this
server. Most target locations are given as military line, the observer must describe it in detail to
grid references; other target locations are given the FDC personnel so that its direction may be
in terms of a shift from a reference point and a determined. The FDC personnel confirm the
reference line. Since the plane is constantly location and direction of the line and then notify
moving, the observer-target line method is not the observer to commence using it as his reference
applicable. Therefore, sensings are based on a line.
given reference line instead of an observer-target
line. 238. Location of Targets

When a target is observed, its location can be
237. Determination of a Reference Line determined and indicated by military grid refer-

The air observer makes sensings and corrections ence, by a shift from a known point and a reference
with respect to a reference line. The reference line, by a prearranged code, or by cardinal direc-
line and its direction must be known bv the FDC tion.
personnel of the unit whose fires the observer is a. Military Grid Reference. The observer lo-
adjusting. If possible, the reference line is estab- cates the target on his map and transmits the
lished prior to flight. There are three reference coordinates of the location. When the altitude of
lines which the observer may select for use in a target is not readily apparent to the observer,
making his adjustment-the gun-target (GTr) line, the FDC personnel must make the necessary
a line of known direction, or a convenient line computation.
which the observer selects when in flight and b. Shift From a Known Point and a Reference
describes in sufficient detail so that the FDC Line. The observer may indicate the location of
personnel can determine its direction. Since the a target by announcing a shift from a known point
observer is moving continuously, his reference line and a reference line. The point must be plotted
on the ground must be easily identified and dis- on the firing chart and must be identifiable on
tinctly visible. In addition, the observer should the ground by the observer. This point may be
select a prominent terrain feature or object near a registration point or any point previously lo-
the target to facilitate its identification at all cated bvy survey or by firing. The observer an-
times. nounces the shift from the known point to the

a. Gun-Target Line. The observer may select target in yards; e. g., FROM REGISTRATION
the GT line as his reference line. If the observer POINT 1, RIGHT 400, ADD 800. If any refer-
knows the location of the weapons, visualization ence line other than the GT line is used, it must be
of the GT line is facilitated. If he does not know identified; e. g.. FROM CONCENTRATION
the location of the weapons, the observer requests AB 406, REFERENCE LINE N-S HIGHWAY,
that two rounds be fired at different ranges but RIGHT' 400, ADD 800.
at the same deflection setting (ranging rounds). c. Prearranged Code. When the location of a
By observing the two bursts, the observer de- target has been established by the FDC personnel
termines the direction of the GT line. Once the and the observer prior to a flight, a code name or
observer determines the direction of the GT line, concentration number may be given to it. In
he should select terrain features, such as a road, this case, the observer need only transmit the pre-
stream, or ridgeline, which will assist him in re- assigned symbol to obtain fire on the target.
membering the GT' direction. d. Cardi'nal Direction. Cardinal points of the

b. A Line of Known Direction. The observer compass may be used for locating targets from a
may select a line formed by a road, railroad, canal, reference point; for example, FROM REGISTRA-
or any series of objects. Prior to flight the ob- TION POINT 1, EAST 400, NORTH 800.
server selects the line and determines its direction;
lie informs the appropriate FDC of this line and 239. Determination of Distance
direction and that lie will base his sensings The observer can determine distance on the
and corrections on this line. ground by requesting one round at a given range
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and then add or drop 400 (or more) yards for a the effect of normal range dispersion. By using
second round at the same deflection setting. A this method of determining distance, the observer
range spread of no less than 400 yards will allow establishes a "yardstick" for estimating sub-
accurate visualization of the GT line and minimize sequent range and deflection corrections.

Section IV. ADJUSTMENT PROCEDURE

240. General The aerial observer must consider the different
Adjustment and adjustment procedures for the shapes and shadows which will be formed in the

air observer are the same as for the ground ob- target area as a result of the illumination. Orien-
server except as noted in paragraph 236. tation may also be a problem, especially on very

a. Considerations for the selection of an adjust- dark nights. However, effective fire can be placed
ing point are the same for both air and ground on the target area by a well-trained observer.
observers. When no maps are available and there d. The time of flight and a 5-second SPLASH
has been no previous firing in an area, the ob- warning are transmitted from the FDC to the
server may request a marking volley to be fired observer. Splash time is very important when
in approximately the center of the zone of obser- time of flight is long.
vation and at a range sufficient to clear friendly
frontlines. 241. Adjustments

b. Opening fire, sensings and corrections, as The air observera. Adjustment of Deviation. The air observer
described in chapter 11, are the same for the air senses deviation in yards, based on the GT line or
observer except for those sensings and other prearranged reference line, and corrections
noted in paragraph 241. are announced in yards.c. The air observer can adjust artillery fire in b. Adjustment of Height of Burst. The air ob-
the dark by using daylight procedures. How- server is seldom required to adjust height of burstserver is seldom required to adjust height of burst
ever, artificial illumination may be necessary to in area missions since differences in height are notin area missions since differences in height are notmake the target area discernible. The illumina- readily apparent. The observer may be required
tion may be by searchlight, illuminating shells, or to observe time registrations in which case sensings
aircraft parachute flares. Aircraft parachute flares of AIR or GRAZE are transmitted.
are considered the most desirable because of the
length of burning time and the illuminationlength of burning time and the fillumination senses bursts for range, based on the GT line or
produced. When using parachute flares, it is other prearranged reference line, and, using the
desirable that the flares be released from an air- bracket method of adjustment announces range
craft other than the observer's aircraft. The corrections in vards.
observer may then see into the target area from
the side rather than looking down into the area
after a flare has been released. Night adjustment 242. Fire For EFFect
missions should be planned during daylight hours. The air observer calls for fire for effect and
Plans should include a daylight flight over the announces sensings during fire for effect in the
proposed area of operation for the selection of same manner as that described for the ground
check points and for general terrain orientation. observer (ch 12).
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CHAPTER 15
ILLUSTRATIVE EXAMPLES

243. General
The examples of missions contained in this chapter are typical of those that an observer may be called

on to fire. In the examples in paragraphs 244 through 249, the symbols indicate the following: +, a
sensing of "over"; -, a sensing of "short", and ?, a sensing of "doubtful."

244. Precision Registration Mission
Target, surveyed registration point; mission, registration; materiel, 105-mm howitzer; ammunition,

shell HE with superquick fuze.

Sensinos
M2essage, correclions, and commands Rerauit Ry Dec

Observer to FDC (fire request):
FIRE MISSION, REGISTRATION POINT 1,

AZIMUTH 4710, REGISTRATION, WILL
ADJUST.

The observer will hear the FDO order and receipt for
it with a ROGER.

.Wr 3.5 ; l; 'c 4 5

FDC to observer: ted
ON THE WAY. ? 15L

Remarks: Estimated OT distance=3,000 yards. With field glasses, observer measured deviation (dev) of burst
15 mils left of OT line. Observed deviation=45 yards (15 x 3.0). No range sensing is obtained. Observer determines
shift of right 45 (50) to bring next burst to the OT line.
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&tnings
Mesages, correctiol, and commands Reault Rg Dae

Observer to FDC:
RIGHT 50, REPEAT RANGE.

FDC to observer:
ON THE WAY. + Line

Remarks: The burst has been brought to the OT line. From this sensing of OVER, the observer decides to make
a range change of 200 yards.

Sensings
.Jesages, corrections, and commands Results RV Der

Observer to FDC:
DROP 200.

FDC to observer:
ON THE WAY. Line
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Mesages, correctis, and commandas Results Rq Dae

Observer to FDC:
ADD 100.

FDC to observer:
ON THE WAY. + Line

Remarks: A 100-yard bracket now has been obtained along the OT line. With the next round, the observer will
request a change of 50 yards which will be the first round in fire for effect (trial range).

Seiings

Mestages, corrections, and commands Results R. Der

Observer to FDC:
DROP 50, FIRE FOR EFFECT.

FDC to observer:
ON THE WAY. Line

Observer to FDC:
SHORT, LINE.

Remarks: No further corrections by the observer are given. FDO assumes control and continues the mission until
he has sufficient sensings from which to compute an adjusted elevation. The observer reports only his sensings.
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Sening,
sMesages, corrections, and commeand Result R9 Dr

FDC to observer:
ON THE WAY.

+ Line

Observer to FDC:
OVER, LINE.

-

Sening,
Messages, correcriona, and commands Rnults R Der

FDC to observer:
ON THE WAY.

? Left

Observer to FDC:
DOUBTFUL, LEFT.

Remarks: This round appears off the OT line. The observer senses the round as DOUBTFUL, LEFT.
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Smai".
Meuega, corecdim, and omrnmands Rsults Ru Da

FDC to observer:
ON THE WAY.

+ Line

Observer to FDC:
OVER, LINE.

M.euaes, oreion, c o and commnnds Reaull R Dea

FDC to observer:
ON THE WAY.

- Line

Observer to FDC:
SHORT, LINE.
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Sensin,
Messages, orrections, nd commands Results Rg De

FDC to observer:
ON THE WAY.

? Right

Observer to FDC:
DOUBTFUL, RIGHT.

Remarks: FDO has now obtained six usable sensings and therefore notifies the observer that the mission has been
accomplished.

Mmssgeo, eorrectioms, and commonds

FDC to observer:
END OF MISSION.

245. Time Registration Mission
Target registration point; mission, time registration (it is assumed that the observer has just

completed a precision registration on the registration point, using time-fuzed shell set on impact);
materiel, 105-mm howitzer; ammunition, shell HE, fuze M500.

Messages, corrections, and commands Resltlts Sensing

FDC to observer:
OBSERVE TIME REGISTRATION,

ON THE WAY.

Observer to FDC: G
GRAZE.
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Messages, Corretlirn, and commands Resultl SensinR

FDC to observer:
ON THE WAY.

Observer to FDC:
AIR. t o

r4 6

Afessages, crrrecliors, and commands Reslits : Sasin

3 ROUNDS,
ON THE WAY.

AMessaes, corrections, and ronmmands Results Sensing
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Mssages, corredicrn, and commands ResutI Sensings

Observer to FDC: 5
AIR, GRAZE, AIR.

Remarks: Three more rounds will be fired at the same time setting to obtain six time sensings.

Mesagess, correctionsm, and commands Results &nin

FDC to observer:
ON THE WAY. A
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Messa.es, corrections, and commands Results Sensing

A

A esrsages, correctlions, and commands Results Sensing

Observer to FDC:
AIR, AIR, GRAZE. G

Remarks: The time sensings have been reported to the FDC. Registration is now complete. Observer will be

notified.

fesses, corrections, and commoaids

FDC to observer:
END OF MISSION.
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246. Area Fire Mission
Target, machine guns; mission, neutralization; materiel, 105-mm howitzer; ammunition, shell HE

(both M151 and M1500 fuzes in battery). Shift from registration point.

Senaings

Messages, corrections, and commands Result, HR Ro Dea

Observer to FDC (fire request):
FIRE MISSION, FROM REGISTRATION

POINT 1, AZIMUTH 1880, LEFT 660,
DROP 1000, MACHINE GUNS, FUZE
TIME, WILL ADJUST.

The observer will hear the FDO order, noting those
elements of interest to him.

FDC to observer:
ON THE WAY. i A ? 30L

Remarks: Estimated OT distance=2,000 yards. With field glasses, observer measures deviation of burst center 30
mils left of the OT line. Observed deviation=60 yards (30 x 2.0). No range sensing is obtained. Observed height of
burst=30 yards (15 x 2.0).

Sensings

Messages, corrections, and commands Results HR RB Dec

Observer to FDC:
RIGHT 60,
DOWN 10,
REPEAT RANGE.

FDC to observer:
ON THE WAY. A + 10R

Remarks: Deviation of 10 mils is small. The observer elects to ignore it unless it persists inasmuch as he is able to
obtain sensings. If a range sensing was not obtainable, this deviation would be corrected to the line.
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Sendings

Messages, correction, and commands Resaults Ib Rp De

Observer to FDC:
DROP 400.

FDC to observer: . 10
ON THE WAY. I - 10R

Sensings

Messages, corrections., and commands Results IIH RV Der

Observer to FDC:
ADD 200.

FDC to observer:_ By== l
ON THE WAY. - ' -' 1 A + 8R

Remarks: The deviation of 8 to 10 mils right still persists. The observer therefore considers it in his next correction.
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Sdnsings

essages. corrections, and commands Results HRB P Der

Observer to FDC:
LEFT 20,
DROP 100.

FDC to observer:
ON THE WAY. A Line

(Desired height of burst.)

Sensings
ressages, corredtions, and commands Results HR Rg Dcr

Observer to FDC:
ADD 50,

FIRE FOR EFFECT.

[r 5
FDC to observer:

BRAVO FIRING FOR k -- Mixed Range Line
E FFECT. air correct

Remarks.: First volley in effect sensed mixed air, range correct, line. Remainder of fire is observed, and, if necessary,
corrections are sent to the FDC.

Scnuings

Messages, corrections, and commands Reslts HB R Der

Observer to FDC:
END OF MISSION,

MACHINE GUNS
SILENNCED.
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247. Illuminating Shell Mission AZIMUTH 6100,
a. Observer hears a number of heavv vehicles SHELL HE,

at an azimuth estimated at 5,800. He cannot REPEAT RANGE,
detect any lights and the entire area is in complete TWO TANKS AND PLATOON OF IN-
darkness. Judging from sound and map study, FANTRY,
the observer estimates the source of the noises to FUZE QUICK AND VT IN EFFECT',
be grid reference 725365. -This is about 2,000 AT MY COMMAND,
yards from his observation post. He sends the WILL ADJUST.
following fire request.- f. Continuous illumination is begun over the

RANGER 15, THIS IS RANGER 48, desired point, disclosing two additional tanks and
FIRE MISSION, more infantry. FDC reports READY. As soon
COORDINATES 725365, as the next illuminating shell bursts, observer
AZIMUTH 5800, orders FIRE. He acknowledges FDC's report of
VEHICLE NOISES-SUSPECTED ON THE WAY and gives a new description of

TANKS, the target at this time, as FOUR TANKS AND
ONE GUN, PLATOON OF INFANTRY.
ILLUMINATING, g. Observer adjusts HE during continuous
WILL ADJUST. illumination and fire for effect is delivered. The

b. The first illuminating round bursts about 100 FFE apparently causes several casualties among
mils left of the suspected area and 150 yards too infantry troops. Observer's order to fire for
high. Observer transmits- effect was DROP 50. FIRE FOR EFFECT. He

RIGHT 200 (OT factor 2), retains control of the time of firing to observe the
DOWN 150, effect.
REPEAT RANGE. h. Tanks and remaining infantry are moving

c. The second round bursts short near the OT out to the northwest away from the observer. It
line but too low-the round burns 5 seconds on is necessary to shift illumination, and observer
the ground. Observer requests- desires to repeat FFE against the target. He

UP 50 (T x 10=50), orders-
ADD 400. ILLUMINATING,

d. The third round bursts at a good height over ADD 400,
the suspected area, but haze, along with distance HE,
of area from observer, makes visibility poor with LEFT 50,
only one round of illuminating shell. The ob- REPEAT RANGE,
server feels that two rounds will be adequate but REPEAT FIRE FOR EFFECT.
desires a lateral spread along a section of road i. Tanks and infantry have moved out of
which he is observing to extend the visible area observation capabilities of observer so he orders-
and reduce shadows. Observer requests- END OF MISSION,

ETW GUNS, TANKS AND INFANTRY DISPERSED
DEFLECTION SPREAD 'I'O NORTHWEST,

REPEAT RANGE. REQUEST REPLOT.
e. Two rounds burst in a spread over the sus-

pected area, and the observer notices two tanks
and a number of infantry moving out to the right 248. Searchlight Mission
at the extreme right edge of the illuminated area. a. Observer hears movement and suspects an
He determines a shift from the center of illumina- attempt is being made to repair a disabled tank
tion and transmits the following: which is blocking a road in his sector. Search-

RIGHT 400, lights are available, and a study of the terrain
REPEAT RANGE, indicated that it is possible to illuminate the
CONTINUOUS ILLU.IINATION (and im- tank directly. He sends the following mission:

mediately after): FORWARD OBSERVER BRAVO,
FROM ILLUMINATION, ILLUMINATION MISSION,
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COORDINATES 67184437, Remark Obsemr crrectios
AZIMUTH 780, Fourth round bursts just LEFT 1, DOWN 1, RE-

above upper right corotr of PEAT RANGF.SUSPECTED ACTIVITY AROUND DIS- cave entran ce. (Changes

ABLED TANK, in site instead of range are
TWO LIGHTS, now appropriate.)
WILL ADJUST. Fifth round bursts at left edge RIGHT )J, UP ji, RE-

just below cave entrance. PEAT RANGE.b. Left beam appears below the target, and Sixth round is in cave en- FUZE CONCRETE-
right beam is two beam widths to the left. He trance. Fuze CP delay is PIERCING DELAY,
orders NO. 1, RIGHT TWO BEAMS; NO. 2, now appropriate to pene- REPEAT RANGE.
UP ONE-HALF BEAM. trate hard rock.

Seventh round also bursts in REPEAT RANGE.c. Both beams having been centered on the cave entrance. Cave is
target, the observer orders HOLD. This corn- now almost completely
mand HOLD causes the lights to be held on the sealed.
target and allows the observer to call for a de- Eighth round strikes top of END OF MISSION,
struction mission on the tank. After the tank is cave entrance, completely CAVE ENTRANCE
destroyed, the observer will terminate the mission sealing it with rubble. SEALED.
as indicated below: b. Target, concrete pillbox on forward slope

END OF MISSION, STALLED TANK of hill. The pillbox has several gun ports from
DESTROYED. which machine guns are firing; one embrasure

faces the observer. Mission, to reduce pillbox.d. If, in the course of the HE mission, the ob- faces the observer. Mission, to reduce pillbox
server decides it is better to cut off the lights yet 2lateriel, 155-mm gun (SP). Gun-target range,
wants to hold the position of the lights, he orders 2,000 yards Observer-target distance, 500 yards.
HOLD, CUT. To restore light to the target he The mission has been prearranged in detail and
next orders FLICK. a complete initial fire request is unnecessary.

The observer reports when he is ready to adjust.
e. Using these commands, together with his and the FDC personnel gives commands to the

artillery fire AT MY COMMAND, the observer
is able to light the target for surveillance or ad- Remgrtf Obt,,h.i orsletionr
justment and hold to a minimum the exposure of First round bursts 20m right LEFT 10, ADD 50.
friendly light positions. of OT line, short on terrain.

Second round bursts 8m left of RIGHT 4, DROP 25.
2~49. As~sault Fire Mission ~OT line, over on terrain.249. Assault Fire Mission Third round strikes pillbox 4m DOWN 2, FUZE CON-

a. Target, cave in hard rock of hillside. Mis- above center of embrasure. CRETE-PIERCING
sion, to seal cave entrance. Materiel, 8-inch (Changes in site instead of DELAY, REPEATrange are now appropriate.) RANGE.howitzer. Gun-target range, 1,500 yards. Ob- Fourth round strikes at lower RIGHT U, UP 1, RE-
server-target distance, 1,000 yards. The mis- left corner of embrasure. PEAT RANGE.
sion has been prearranged in detail and a complete Fifth round strikes center of REPEAT RANGE.
initial fire request is unnecessary. The observer embrasure, causing great
reports when he is ready to observe and the FDC damage.

Sixth round strikes same hole. FUZE CONCRETE-
personnel, having carefully prepared all data in Rubble now closing embra- PIERCING NON-
advance, sends commands to the howitzer to sure. (Observer requests DELAY, REPEAT
fire the first round. Fired at such short range nondelav fuze to blast away RANGE.
with precise initial data, the first round should rubble.)
be close to the target. Seventh round strikes pile of FUZE CONCRETE-

rubble, blasting most of it PIERCING DELAY,
Remarks Observer corrcmirons away. REPEAT RANGE.

FirstroundburstslO0mrightof LEFT 10, REPEAT Eighth round pierces em- END OF MISSION,
OT line, doubtful for range. RANGE. brasure, enters pillbox, ex- PILLBOX DESTROY-

Second round bursts between ADD 50. plodes inside. No further ED, RESISTANCE
observer and target. activity from pillbox. CEASED, AP-

Third round bursts beyond DROP 25. PARENTLY 100 PER-
target. CENT CASUALTIES.
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PART FOUR
FIRE DIRECTION

CHAPTER 16
FIRE DIRECTION-GENERAL

Section I. INTRODUCTION

250. Definitions c. Prompt massing of fires of all available units

a. Fire Direction. Fire direction is the tactical in any area within range.
employment of fire power, the exercise of tactical d. Prompt distribution of fires simultaneously
command of one or more units in the selection of on numerous targets within range.
targets, the concentration or distribution of fire,
and the allocation of ammunition for each mission. 252. Command
Fire direction also includes the methods and a. Artillery headquarters control the fires of
techniques used in fire direction centers to convert subordinate units. The headquarters may allo-
fire missions into appropriate fire commands. cate reinforcing artillery fires in order to further

b. Fire Direction Center. The fire direction the plan of the force commander. Division,
center is an element of a command post. It con- group, corps, and army artillery headquarters are
sists of gunnery and communication personnel and concerned primarily with tactical fire direction.
equipment by means of which fire direction and/or (See FM 6-20 for fire direction above battalion.)
fire control is exercised. Fire direction center b. Fire direction as exercised by an artillery
personnel convert target intelligence, fire missions battalion consists of tactical fire direction (FM
of higher commanders, and fire requests into ap- 6-101) as well as technical fire direction (i. e.,
propriate fire commands. They also transmit the converting fire missions from higher headquar-
commands to the weapon(s). (Division artillery ters and requests for fire into appropriate fire
and artillery group headquarters FDC's normally commands).
do not produce fire commands. They do not c. When a battery is operating independently,

transmit commands directly to the weapons.) fire direction is exercised by the battery com-
c. Fire Control. Fire control is all operations

connected with planning, preparing, and placing ander through Is
fire on a target. pd. The battery executive should not be the

d. Tactical Fire Control. Tractical fire control is battery FDO. He should have no duties other
the employment of fire power in regard to selecting than the command of the firing battery. The
targets; opening, suspending, or ceasing fire; and battery FDO does not assume any of the battery
classes of fire, executive's responsibilities for controlling the firing

e. Technical Fire Control. Technical fire con- of the weapons or the operations of the firing
trol is the means used to place accurate fire on battery.
the target. 253. Observed and Unobserved Fires
251. Objectives a. Fire which can be observed is adjusted to

The methods employed in fire direction must the target. 'TIe observer who conducts the fire
insure- mission will report the effect on the target upon

a. Continuous, accurate, and timely fire support completion of the mission.
under all conditions of weather, visibility, and b. When fires cannot be observed, the battalion
terrain. FDC personnel use known corrections to derive

b. Flexibility sufficient to engage all types of fire commands which will provide the most
targets over a wide area. effective fires possible. When unobserved fires
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are necessary, the area taken under fire should be Lack of any one of these provisions may seriously
increased, to improve the probability that the reduce the effectiveness of unobserved fires.
target is included within the area covered. If (1) The battalions are connected by survey.
possible, registration always should be fired, and (2) The battalions are not widely separated
appropriate corrections applied to firing data. laterally or in depth.
In the absence of specific corrections for each bat- (3) Calibration data for the battalions are
talion, the corrections determined by registration known and used.
of one battalion may be used by other battalions (4) The same ammunition lot is used by all
equipped with like weapons. The provisions in battalions.
(1) through (5) below are prerequisites for unob- (5) Current met and velocity error corrections
served fires when only one battalion registers. are known and applied.

Section II. TARGET LOCATION

254. Sources of Target Locations e. Adjacent or higher headquarters (air and
A complete description of the target should ground reconnaissance agencies).

accompany each report, and a request or order for f. Analysis of photographs and knowledge of
fire may accompany the report. The agency enemy activities.
reporting the target may recommend a method of g. Interrogation of prisoners of war and civilians.

attack. The report should include the number of 55. Repoed Target Loctions
batteries or battalions desired in fire for effect, FOC personnel may receive reports from
thus indicating the size and importance of thethus indicating the size and importance of the organic observers designating target locations by
target. To be of maximum value, the report shift from a known point or by coordinates. In
must be transmitted promptly and the target addition they may receive target locations marked
designation must be accurate. Targets for field on maps or photographs or traced on overlays
artillery may be located and reported by- which match such maps or photographs. The

reported location normally is a point at the center
of the target. For a barrage, the length and direc-

b. Artillery liaison personnel with those troops. tion of the barrage must be designated. If possi-
c. Field artillery ground or air observers. ble, dimensions should be pointed out on the
d. Personnel of the field artillery observation ground to the observer responsible for adjustment

battalion (sound, flash, and radar). and surveillance of fires used in the barrage.

Section III. FIRING DATA

256. Processing Fire Requests 258. Execution of Fire Missions
Targets are reported from numerous sources Accuracy, flexibility, and rapidity in the execu-

directly to the battalion and/or battery FDC tion of fire missions depend on-
where they are plotted on firing charts. From a. Accurately and rapidly preparing firing data

this plot, data are prepared and sent to the firing from the firing chart and transmitting commands
batteries as fire commands. Fire direction centers to the firing batteries.
for headquarters higher than battalion level b. Accurately and rapidly verifying firing data.

c. Efficient division of duties.
normally do not determine fire commands. c Ecient division of duties

d. Adherence to a standard technique and pro-

257.' Attack of Targets cedure.
e. Efficient use of FDC plotting and data de-

When a request for artillery fire on a target is terminintg devices.
received, the fire direction officer (FDO) must j. The functioning of personnel as a team in a
weigh a number of factors in reaching his decision specified sequence in order to avoid errors and to
to grant the request. Pertinent points which save time.
must be considered are covered in detail in para- g. Efficient communications, includilg use of a
graphs 534-542. fire direction center switchboard at battalion.
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Section IV. FDC ORGANIZATION

259. General c. Targets are also plotted at the battery FDC

The organization of a FDC is designed to permit where the observer's fire request and the battalion

division of duties so that fire missions can be proc- fire order are converted into commands to the
essed rapidly and accurately on a 24-hour basis. weapons.
Tables of organization and equipment will show d. When a battery is operating independently,
the personnel and equipment authorized to ac- the battery FDO performs the duties of the
complish the fire direction function. battalion FDO.

e. The duties of the battery FDO should not be
260. Principles of Operation assigned to the battery executive; likewise, the

a. Production of Firing Data. Firing data are battery FDO should not assume the duties of the
normally processed in the firing battery FDC's and battery executive. The sole duty of the battery
checked in battalion FDC's of all artillery bat- executive during firing is supervision of the firing
talions. Firing data will be processed and checked battery.
in the battalion FDC when it is impossible to
operate the battery FDC's for any reason. In
the following circumstances, firing data may be The chief computer, normally the senior non-

processed and checked in the battalion FDC. commissioned officer in the battalion FDC, must
be proficient in both communication and gunnery

(1) For critical missions, such as those for procedures.
determination of corrections.

(2) For difficult missions, such as night 263. Battery Computer
illumination. Each battery FDC has a computer to maintain

(3) For attack of targets of unusual shape or records and make computations as indicated by
size. the nature of the fire mission.

b. Processing Fire Ailssions. Accuracy, flexi-
bility, and speed in processing either single or 264. Chart Operators
multiple fire missions depend largely on the con- Chart operators, whether at battalion or battery
siderations set forth in paragraph 258 and- FDC, have functions in constructing and main-

(1) A thorough knowledge of the communica- taining firing charts and determining firing data.
tionI system and procedures by all fire The combined organization of the battalion and
direction personnel. battery FDC's provide for three types of firing

charts: control, primary, and check chart. The
(2) Establishment of a strict communication difference in functions of control, primary, and

standing operating procedure (SOP) and check chart operators are discussed in chapter 20.
adherence to communication discipline.

261. Fire Direction Officer (FDO) 265. Battalion Switchboard Opetator-Com-
a. The FDO or the duty FDO, as the representa- puter

tive of the battalion commander, is the officer in The battalion employs a switchboard operator-
charge of the operation of the battalion FDC. computer to operate the FDC switchboard. He

b. The battalion FDO controls the fires through also maintains records, and does computations
supervision of the battalion FDC. All requests for as directed by the chief computer.
fire are received, and targets are plotted. The
battalion FDO makes the decision to fire. He also 266. Radiotelephone Operators
prescribes the method of attack and the amount of Radiotelephone operators answer calls and
ammunition to be fired on each target, and issues record as required within the battalion and
the fire order. battery FDC.
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Section V. GRID SYSTEMS

267. General decimal points. Examples and explanation of a
a. A military grid is a network of mutually per- complete grid reference follows:

pendicular grid lines superimposed and forming 18SUT - . .... designates a location within a

squares on a map. The grid interval on maps 100,000-meter square.

and sheets ordinarily used as firing charts is 1,000 18SUT90 designates a location within a
10,000-meter square.

meters. A scale of 1:25,000 is preferable but 18SUTT9109o designates a location within a 1,000-

satisfactory results can be obtained using a scale meter square.
of 1:50,000. North-south lines are labeled to 18SUT916091 designates a location within a 100-

show distance east of an origin (eastings); east- meter square.

west lines are labeled to show distances north of 18SUT91620914----- designates a location within a 10-
meter square.

the origin (northings). 18SUT9162309143-_ designates a location within a 1-

b. When a specific military grid is used with a meter square.

specific map projection, the two are referred to as b. A military grid reference can be abbreviated
a grid system. by omitting the grid zone designation and, in some

c. Map projections and grid systems are ex- instances, by omitting the 100,000-meter square
plained in detail in TM 6-200. identification. Each commander should specify

the manner in which subordinate units will report
268. Grid Coordinates military grid references. Examples and explana-

The easting and northing values for a point tion of an abbreviated grid reference follows:
located on a gridded map or sheet are called grid UT9109 designates a location within a 1,000-meter

coordinates. In artillery survey, grid coordinates square.

are expressed to the nearest tenth or hundredth 916091---- designates a location within a 100-meter
square.

of a meter, and, when so expressed, are inclosed 91620914-- designates a location within a 10-meter
in parentheses. The easting value precedes the square.
northing value, and the two are separated by a c. For use on firing charts, locations may be
dash. An example of grid coordinates is received as grid coordinates or military grid
(632948.29-937853.45). references depending on the accuracy to which a

point has been located. Locations accurate to
269. Grid Reference the nearest tenth or hundredth of a meter can be

a. A military grid reference consists of the had using artillery survey. Thus, grid coordinates
grid zone designation, the 100,000-meter square are normally used. Locations established by map
identification, and the rectangular coordinates measurement are usually given as military grid
of the point within the 100,000-meter square, references because readings less than 1 meter are
expressed to the desired accuracy. A grid refer- virtually impossible to make. Military grid
ence is written as a continuous series of letters and references and grid coordinates are usually referred
numbers without spaces, parentheses, dashes, or to as coordinates.

Section VI. FIRING CHARTS

270. General only as accurate as the ground survey from which
The firing chart is a map, photomap, grid sheet, it is made. Maps based on accurate ground

or a sheet of plain paper on which is shown the survey require the least amount of additional
relative locations of batteries, registration points, survey. These maps provide direction and hori-
targets, and other details needed in preparing zontal and vertical control and can be used as the
firing data. basis for field artillery survey. If the map is not

based on an accurate and adequate ground control,
271. Map it should be used only to obtain approximate

A map is a graphic representation, drawn to locations and vertical control to supplement a
scale, of a portion of the earth's surface and is grid sheet firing chart.
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272. Photomap 274. Purpose
a. A photomap is a reproduction of an aerial a. The firing chart is used to determine firing

photograph or a mosaic on which are added grid data (piece-target range, deflection, and difference
lines, marginal information, and place names. in altitudes) which are used to lay the pieces.
The photomap provides up-to-date detail and is The accuracy of a firing chart should be verified
the best medium for designation of targets by the by firing at the earliest opportunity, consistent
supported arms. Points can be located on the with safety.
photomap with minimum survey, thereby facili- b. The effectiveness of artillery fires depends
tating horizontal control. All photomaps must to a large degree on the relative accuracy and
be regarded with suspicion until their accuracy completeness of the firing chart. Every effort
has been verified. Errors caused by tilt, distortion must be made to supplement the firing chart by
due to relief, and errors due to poor assembly may vertical and oblique photographs.
be present in mosaics. If points cannot be
located on the photomap by inspection, the scale 275. Types of Firing Charts
must be determined before points can be located There are two types of firing charts used in an
on the photomap by survey. Normally, vertical FDC-the surveyed firing chart and the observed
control can be established only by estimation. firing chart.
Some photomaps have spot elevations, but a. The surveyed firing chart is a chart on which
interpolation is very difficult and inaccurate. the locations of all key points (battery positions,

b. Even though the photomap may be used registration points, OP's) are based on survey
initially, survey is started at once. This survey (TM 6-200).. All plotted points are in correct
provides a check on the accuracy of the photomap. relation to one another and are tied together by
If the photomap proves to be inaccurate, a grid actual map coordinates. When determination
sheet firing chart based on survey is constructed. of actual map coordinates has not been completed,

(1) If the survey proves the photomap to assumed coordinates may be used initially to tie
be accurate, the photomap may continue together the points to be plotted. The procedures
to be the chart for maneuver of fires with pertaining to construction of a surveyed firing
normal coverage and ammunition chart and determination of firing data therefrom
expenditure. are covered in paragraphs 277 through 306.

(2) Although the photomap may be suffi- b. The observed firing chart is a chart on which
ciently accurate for a battalion firing all chart locations must be established by firing.
chart, the grid sheet or battle map Relative locations of the batteries and targets
usually is necessary for massing or can only be established by the adjustment of fire,
maneuvering the fires of the division hence the name "observed firing chart." Pro-
artillery and those of the corps. cedures pertaining to determination of firing data

Nole. See paragraphs 548 through 572 for as stated in paragraphs 277 through 306 apply to
further details regarding aerial photographs. an observed firing chart; however, details per-

taining to construction of an observed firing chart
273. Grid Sheet are contained in paragraphs 435 through 468.

A grid sheet is a plain sheet of paper on which
are printed equally spaced horizontal and vertical 276. Initial Firing Charts
lines called grid lines. Since the grid sheet bears a. When an artillery unit must occupy position
no relation to the ground and basic information and open fire prior to completion of survey, some
must come from other sources, it may be assigned type of initial firing chart must be used. This
any scale desired. The location of all points circumstance is normal when the unit is attached
placed on the grid sheet must be determined to an advanced guard force or in a direct support
either directly or indirectly by survey or firing. role during a rapidly moving situation. If a
When the accuracy or scale of a map or aerial battery is operating independent of battalion
photograph prohibits its use as a firing chart or control, the initial chart is used until survey be-
when the map or photograph covers only a portion comes available, at which time transfer of chart
of the area, the grid sheet, supplemented by maps locations is made to a surveyed chart.
or photographs, is frequently used as a firing b. When a map is used as the initial chart, FDC
chart. procedures are generally the same as those used
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6' with a surveyed chart (pars. 392-434). Inspection
is a form of survey; therefore, any chart based on
map inspection is in effect a surveyed chart. Like-
wise, when the coordinates of a battery and target
positions have been determined by map inspection

c and plotted on a grid sheet, procedures used are
,0 . the same as those used on a surveyed chart.

Target location may be given by coordinates, by
o/ , ,;shifting from any known point identifiable at the

_!Reg pt I FDC, or by polar coordinates (par. 286) when the
3001 location of the observer is known at the FDC.

c. If reliable maps of adequate scale are not
available and cannot be quickly obtained, an
observed firing chart built up on a grid sheet is used
and the relative locations of the battery and
targets are established by the adjustment of fire.

N Target location is given only by shifting from
previously fired targets or from marking rounds.

d. In an emergency, a plain sheet of paper may
_!A also be used to construct an initial firing chart.

3171 2841 The procedures are the same as those for a grid

IC sheet observed firing chart except that there are
2551 no grid lines on the chart. For orientation of the

Figure 102. Construction of battalion observed firing charl chart, direction may be indicated by drawing achart, direction may be indicated by drawing a
(plain paper). north arrow in any convenient direction (fig. 102).
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CHAPTER 17
CHART DATA

Section I. PLOTTING

277. General
Every effort must be made to insure the accu--a_

racy of data shown on the firing chart. All firing
charts in the battalion should be identical to (OTh 6H pencil-'de point
insure that any chart can be used to mass the
fires of the battalion.

278. Plotting Equipment (The 41 pencl-conlcol point

The construction and use of a firing chart re-
quires the use of special tools. The accuracy
obtained with this special equipment depends as 9 'y
much on plotting habits and care of equipment
as on the accuracy of the equipment. I? (Maop pin.

a. The 6H Pencil (fig, 103 (). Any line drawn
on the firing chart from which measurements will
be made must be drawn with a 6H (hard lead)
pencil, sharpened to a wedge point. This proce-
dure is required if the necessary accuracy is to
be achieved.

b. The 41H Pencil (fig. 103 (®). The 4H pencil
is used for lettering and to accentuate tick marks.
it should be sharpened to a conical point.

c. Map Pins (fig. 103 0). Map pins are short Figure 103. Pencils, pins, and needles.
pins used to mark battery, radar, and OP posi-
tions. The pins are issued in 2 sizes-1 for use scale is graduated in meters, yards, and inches.
with the range-deflection fan (plastic and alumi- The meter and yard graduations are at 1: 25,000,
num) and a slightly longer pin for use with the 1: 50,000, and 1: 62,500 scales. The plotting scale
GFT fan. Map pins must never be used in the is the most accurate distance-measuring tool issued
target area portion of the firing chart. to FDC and should be used as a standard of accu-

d. Plotting Needles (fig. 103 ®). Plotting nee- racy for other distance-measuring equipment.
dles are long, very fine needles used for plotting. f. Coordinate Scale (Plastic) (fig. 1040). The
No other type of pin will be used for plotting. plastic coordinate scale is a right-angled scale

e. Plotting Scale (fig. 104 ()). The plotting scale that is used for plotting and determining coor-
is used for measuring distances and for plotting dinates of targets other than registration points
and determining coordinates for critical points, and coordinates determined by survey computa-
such as batteries, radar, OP's, and registration tions. This scale is graduated in meters and
points, which must be located very accurately. yards at 1: 25,000 and 1: 50,000 scales.
The scale should always be used in plotting coor- g. Coordinate Scale (Aluminum) (fig. 1040).
dinates determined by survey computations. The The aluminum coordinate scale is a square-shaped
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Figure 105. Protractor.

scale that is used for plotting and determining co- distances. The complete GFT fan consists of the
ordinates of targets other than registration points base, necessary ballistic scales, and cursors. The
and coordinates determined by survey computa- ballistic scales contain the data necessary to plot
tions. This scale is graduated in meters and yards or measure a distance in yards at a scale of 1:25,000;
at 1:25,000 and 1: 50,000 scales. The scale has and a graphical representation of firing data ap-
a projecting knob for ease in handling. propriate for given ranges. A slot in the left

h. Protractor (fig. 105). The protractor is a edge of the cursor, called the cursor vertex, allows
plastic angle-measuring instrument that is made the left edge of the fan to rest against a plotting
in the shape of a half circle. The arc in the half needle exactly opposite a hairline on the cursor,
circle is graduated in 10-mil increments with each so that a precise measurement of deflection or
100-mil graduation numbered in a clockwise and azimuth and range can be made to the chart loca-
a counterclockwise sequence. The base of the tion of the needle. Above the vertex slot is a
protractor that is used in measuring angles is the small hole and short hairline which are used to
hairline connecting the 0- and ;3,200-mil gradua- facilitate the preparation of fire capability dia-
tions. Since the protractor is the most accurate grams, safety diagrams, etc. The cursor is trans-
angle-measuring instrument issued to the FDC, it parent and is frosted so that it can be marked with
is used as an accuracy standard for other angle- a pencil. Four cursors are furnished with each
measuring instruments. The straight edge of the GFT fan to provide extras in case of loss or dam-
protractor is graduated in yards--1:25,000 scale age of a cursor and to provide enough cursors for
(black) and 1:50,000 scale (red). graphical application of more than one set of

i. Graphical Firing Table (GFT) Fan (fig. 106). corrections. The base bears a scale in meters on
The GFT fan is a device used for determining the arm; however, the ballistic scale must be
firing data and for measuring angles, ranges, and removed in order to read the metric scale. The
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Figure 106. GFT fan.

mil scale on the are, which is graduated ill 5-ril (overs 1,000 mils. rhe total angle from the left
increments with every 100 mils indicated byv a edge of the arm to the right end of the mil scale
long line (for reading deflections and azimut edges), oe the rcisigt the top of the range
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arm of the fan base is a 10-mil graduated scale The deflection index can be accurately displaced
for use in more accurate displacement of the 3 mils to the right by using the 10-mil graduated
deflection index. For example, assume the base scale. Thlle semicircular hole near the bottom of
piece to be laid on the registration point and aim- the arc of the fan is provided for ease in handling.
ing posts placed out at deflection 2,800. After j. Range-Deflection Protractor (Aluminum) (fig.
registration, the adjusted deflection is 2,803. 107 (). The aluminum range-deflection protrac-
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Figure 107. Range-deflection fans.
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tor is a device that is used for measuring both Red tic
angles and distances. It is used to determine de- I obsd fire ootions

flections and ranges and for plotting targets. The use of Concenr.tion - -

protractor has the appearance of the GFT fan but high angle number

it has no ballistic scales or cursors. The left edge Alitude Fuse uIsd

of the fan is graduated in yards (1:25,000 scale), in ehct
and the arc, graduated in 5-mil increments with HA , ABS725

each 50 mils indicated by a long line, covers 1,000 AC 415 4 VT

mils.
k. Range-Dejlection Fan (Plastic) (fig. 107 0).

The plastic range-deflection fan is a device that is 541 D l

used for measuring both angles and distances. l(uroveyd)
There are 3 or more mil scales on the fan, each rep- tObservd)

resenting a 500-mil segment of the protractor. Bo lines indicot red
The graduations are in 5-mil increments with each se Optionol
50 mils labeled and each 100 mils indicated by a

Figure 108. Mfark-ing plotted points.
long line. If more than one scale falls on the
chart, greater accuracy is obtained by using the (3) Forward observation post-military sym-
scale farthest from the verter. On each edge of bol plus the call number of the observer;
the fan is a range scale (1:25,000 scale) graduated e. g., 48. (If the observer is from
in yards. another unit, call sign and call number

279. Tick Marks both will be used.)
a. Tick marks are symbols used to mark loca- (4) Battalion observation post-letter desig-

tions of batteries, radars, observation posts, regis- nation plus the assigned number; e. g.,
tration points, and concentrations (targets). The 02.
tick mark is constructed starting approximately (5) Registration points registration point
40 meters from the needle point and extending plus the number assigned; e. g., Reg pt 3.
150 meters (scale of 1:25,000). The identifica- (6) Concentrations (targets)-assigned con-
tion of the plotted location is contained in the centration number; e. g., AD 415.
upper right quadrant of the tick marks, and this
identification is indicated by using the appropriate 280. Plotting a Point From Coordinates Using
color-Battery A, red; Battery B, black; Battery Plotting Scale
C, blue; Battery D, orange (when applicable); a. A normal grid is defined as a grid that is
radar, green; and all other points in black. The printed to the exact scale of the plotting scale
altitude of the plotted point is entered in the lower (fig. 109). To plot a point whose coordinates are
left quadrant in black with a 4H pencil. The 6241938749 on a normal grid, place the 0 of the
type of fuze used in fire for effect is entered in the plotting scale on the north-south line 62 and the
lower right quadrant. This information is given 1,000-meter graduation of the subdivided section
only for fired concentrations and is entered in of the scale on the north-south line 63. Holding
black. When a target has been fired on by high- the scale about 1 grid square above the approxi-
angle fire, block letters HA and charge (optional) mate location of the point, mark 419 meters with
will be placed in the upper left quadrant. This a plotting needle. Place the scale about I grid
quadrant is left blank if low-angle fire is used. square below the approximate location of the
Tick marks for targets located by survey are points and repeat the operation. Connect the
drawn as solid lines in black; those located by two plotting needles with a fine, light line by
adjustment of fire are drawn as solid lines in red using a 6H pencil. This will be the north-south
(fig. 108). line passing through the point. In a similar

b. An explanation of the identification placed in manner, determine the east-west line passing
the upper right quadrant of the tick marks and through the point. The intersection of these
used in the preparation of firing charts is as follows: lines is the desired point, habitually indicated by

(1) Battery-letter designation; e. g., A. a tick mark made with a 4H pencil. If the point
(2) Radar-militarysymbol; e.g., to be plotted falls exactly on a grid line or very
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61 62 63 64 65

41- - - l -4

I419 . 729

40 __________ 11-- -- -40 oo 2000

39 -_. 39

38 -- _ _ _ _ 38 Figure 111. Plotting a point from coordinates when grid
lines are closer than normal.

the grid, as the 100-, 10-, and 1-meter digits
,37 -7 __ _express the proportional part of the distance

between grid lines (fig. 111).
c. If the grid lines are more distant than normal,

measure the distance between the grid lines and
36- -36 find the difference from normal. The propor-

tional part of this difference is added to a measure-
61 62 63 64 65 ment. For example, if the distance between grid

Figure 109. Plotting a point from coordinates on normal lines is measured as 1,020 meters, the difference
grid. from normal is 20 meters. The proportional part

of this distance for a 400-meter measurement is
close to it, the tick mark should be plotted at 400/1,000 x 20 or 8 meters. The 400-meter
about a 450 angle to the grid line (fig. 110). measurement then is scaled as 408 meters

b. Grid lines are sometimes closer or more dis- (fig. 112().
tant than normal owing to poor manufacturing d. Similar results can be obtained by inclining
processes or the influence of the atmosphere on the plotting scale so that 0 graduation is on 1 grid
the size of the paper. When grid lines are closer line and the 2,000-meter graduation is on the next
than normal, plot the point in the same manner as adjacent grid line. The meters to be plotted are
described in a above but incline the scale so that, multiplied by 2, and that distance is scaled. In
the 0 of the scale is on I grid line and the 1,000- figure 112A0, in plotting the easting coordinate,
meter graduation is on the other grid line. The the 400-meter measurement would be scaled as 800
point will then be plotted in its true relation to on the inclined plotting scale.

61 62 63 64 65

40- -40 281. Measuring Coordinates of a Point Using
Plotting Scale

Coordinates are measured in the same manner
39 -/ 39 as they are plotted except that the distance is

/ \ read directly between the point and the grid line.
\. / The first digit(s) of the easting coordinates is the
/ \ number appearing at the top or bottom of the

north-south line west of the point. The balance
38 - /. 38 of the easting coordinate is the distance of the

point east of this north-south line as measured
with the scale. For the northing coordinate, the
first digit(s) is obtained from the right or left end

3'; 37 of the east-west line south of the point and the
61 62 63 64 65 balance of the northing coordinate is the distance

Figure 110. Plotting a point which falls on a grid line. of the point north of this line as measured with
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b. To measure the coordinates of a point, deter-
mine the coordinates of the lower left-hand corner

Difference 20 meters of the grid square first. Placing the coordinate
408os / scale at this grid intersection, slide the coordinate

scale to the right, keeping the horizontal scale in
(D L,0 0 000 coincidence with the easting grid line until the

point is reached by the vertical scale. Read the
distance east and the distance north from the
scales. Combine these readings with the coordi-
nates of the grid square to obtain the coordinates
of the point.

283. Measuring and Plotting an Angle With
a Protractor

To accurately measure and plot an angle with
a protractor, the center of the protractor must be
placed exactly over the vertex of the angle, and
the base of the protractor must be placed exactly
over one side of the angle. For greater accuracy,
measure the angle with both sides of the pro-
tractor and take the mean of the reading. For
example, first measure with the arc of the pro-
tractor to the right of the center and then with

____________ _the arc to the left of the center. The difference,
if any, between the readings will be small. The

Figure 112. Methods of plotting points from coordinates mean of the readings is used.
when grid lines are more distant than normal. a. There are two ways of orienting the pro-

tractor to measure a grid azimuth. One method
the scale. If the grid is not a normal grid, the is to orient the protractor from a north-south grid
measurements are made in the same manner as line. The grid azimuth of a line can be measured
they are in plotting points. by using the intersection of the line with a north-

south grid line as the vertex. The protractor is
282. Use oF Coordinate Scale placed so that the clockwise angle, from the north-

a. When the rapid massing of fires on targets south grid line to the given line, is read. If the
of opportunity is necessary, the plotting may be arc of the protractor is left of the north-south grid
done with the coordinate scale (fig. 104 () and (i)). line, the azimuth is the value shown on the outer
To plot, using the coordinate scale, first determine scale of the protractor plus 3,200 mils (fig. 113(3).
the grid square in which the point will fall. With If the arc of the protractor is right of the north-
the horizontal scale in coincidence with the east- south grid line, the azimuth is read on the outer
west grid line, slide the scale along this line until scale of the protractor.
the distance to be plotted is indicated opposite b. The grid azimuth of a line also may be meas-
the north-south grid line. Keeping the scale in ured by orienting the protractor from an east-
this position, read up the vertical scale to the west grid line and using the intersection of the line
distance to be plotted and mark this point with a with the east-west grid line. Place the center of
plotting needle; accentuate with tick marks as the protractor over the intersection and the 1,600-
explained in paragraph 279. When plotting with mil graduation of the protractor on the east-west
the coordinate scale, always have one arm of the grid line; the azimuth of the line is determined as
scale on the east-west grid line pointed toward the in a above (fig. 113 ®). If the grid azimuth is
west and the other arm pointed toward the north. greater than 3,200 mils, the proper relation of the
Since the coordinate scale has 1:25,000 and measured angle to 3,200 or 6,400 must be deter-
1:50,000 scales, it is frequently desirable to place mined as in a above.
tape over the scale not in use to avoid using the c. To draw a line of given azimuth through a
wrong scale. point, the following procedure is used: Place the
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Figure 113. Alethods of measuring grid azimuth with a protractor.

center of the protractor exactly over the point and given azimuth (or back-azimuth) is drawn by
the base of the protractor roughly parallel to either marking the correct azimuth with a plotting needle
an east-west or a north-south grid line. Rotate the at the circumference of the protractor and drawing
protractor about the point until an east-west grid a line through the given point and the marked
line (north-south grid line) cuts off the same point. In figure 114, the north-south grid line cuts
amount of arc on both ends of the protractor. The 160 mils of arc from each end of the protractor.
base of the protractor now is parallel to the east- The line drawn has a grid azimuth of 5,630 mils.
west grid line (north-south grid line). A line of For plotting, if the baseline of the protractor is
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Figure 113--Continued.

always used parallel to the north-south grid line, chart is with the plotting scale. Care must be
the correct azimuth of the plotted point is deter- taken to use the correct scale on the plotting scale.
mined as described in a above. a. After the direction of a line has been estab-

lished on a chart (par. 283), the length of this line
284. Measuring and Plotting Distances With may be plotted with the plotting scale.

Platting Scale b. A more accurate method of plotting a definite
The most accurate method of determining the line for distance and direction is to plot the ex-

distance between two points plotted on a firing tremities of the line by using coordinates. At
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times, the coordinates of the extremities will plot result is the coordinates of a third point which,
too close together to provide a good base for draw- when plotted, will lie on an extension of the line of
ing the line. In order to get points that are more the first two points. For example, the coordinates
widely separated but on the same azimuth, deter- of point A are 6247537694 and the coordinates of
mine the differences in the easting and northing point B are 6284337943. It is desired to plot the
coordinates of the 2 points, multiply these differ- line AB. The points, when plotted, are too close
ences by the same number, and apply the products together to allow a line to be drawn between them
to the coordinates of 1 of the original points. The satisfactorily. To obtain points that are more

160mils

Gr id azimuth t

5,630m ils 4

Figure 114. Method of drawing line of a given grid azimuth through a point.
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42 with inaccurate scales should be replaced; however,

small errors may be corrected or, for short periods
of time, compensated for by means of a correction
factor (K). The charts or maps on which the
fan is used also should be checked from time to

40 - ______ -time with the fan; for example, originally the
distance between 2 points on the firing chart is
measured as 6,620 meters; later, because of ex-

39 7____/ pansion of the paper, the distance between the
same 2 points is measured as 6,680 meters. Since
atmospheric changes may cause considerable

38 I distortion over a short period of time, corrections
should be determined by periodically testing the
charts or maps in both easting and northing direc-

37 _ tions.
b. Angles up to 1,000 mils can be measured con-

veniently with the GFT fan. This measurement
36 is accomplished by placing the vertex of the fan at

61 62 63 64 65 66 67 the point at which measurement is to be made and

Figure 115. Method of plotting a line by coordinates. rotating the fan between the lines describing the
angle, noting the angular value of the rotation

widely separated, the procedure outlined above is indicated on the arc of the fan. It is always
followed. For example: desirable to rotate the fan from right to left in

Coordinates point B--.----- 62843 37943 measuring an angle. To measure a distance in
Coordinates point A-... . .62475 37694 yards between 2 points, place the vertex of the fan

at 1 point and the vertex of the cursor at the other
dE ------- +368 point and read the distance on the ballistic scale
dNultiply by same number - 10 under the hairline. When the measurement oflultiply by same number __ _ 10 10

distance is desired in meters, the ballistic scale and
+3680 +2490 cursor are not used. Distance is read on the meter

Apply to point A- .-------- 62475 37694 scale on the arm of the fan with the ballistic scale
removed. For example, three points, A, B, and

Coordinates point B'-------- 66155 40184 C, have been plotted on the chart (fig. 116). It
The point B' is plotted, and the line AB' is drawn. is desired to measure the angle at A between lines
Line AB' has the same direction as the line A.B AB and AC' and to measure the distance AC.
(fig. 115). With the vertex of the fan against the pin in

285. Measuring and Plotting Angles and point A and the left edge of the arm against a
Distance Uing Graphica Fng T e needle in point B, place a needle in the chart at

Distances Using Graphical Firing Table the last 100-mil graduation at the left end of the
Fan arc. Remove the needle in point B and rotate

When several angles and distances are to be the fan so that the left edge of the arm is placed
plotted or measured, using 1 point and I line of against a needle in point C. With the arm thus
direction, the procedure is facilitated by using against the needle in point C, read the value of the
the graphical firing table fan. The accuracy angle (350 mils) opposite the needle placed along
obtainable in measuring and plotting is not as the arc. To measure the distance between A
great as that with a protractor and a plotting and C in meters, place the fan so that the vertex
scale. However, it is sufficient for such purposes is against a pin in point A and the left edge of the
as polar plotting of targets from an OP or radar arm is against a needle in point C. Read the
stations, replotting of targets located by adjust- distance on the meter scale opposite the needle
ment, and for establishing indexes on the firing as 7,500 meters.
chart. c. The procedure for plotting an angle and a

a. All scales of the GFT fan must be checked distance is similar to that used for measuring.
with scales that are known to be accurate. Fans Assume in the situation shown in figure 116 that
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Figure 116. Measuring or plotting an angle and distance with the GFT fan.
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only points A and B have been plotted on the (This establishes a reference line (not drawn) at
chart. It is desired to plot point C 350 mils left an azimuth of 1,600, 3,200, 4,800, or 6,400 mils.)
of the line AB at a distance equal to 7,500 meters b. Place a needle opposite the last 100-mil
from point A. With the arm of the fan along graduation at the left end of the arc. .
line AB, place a needle in the chart at the last c. Rotate the fan counterclockwise through an
100-mil graduation at the left end of the arc. angle equal to the difference between the reference
Rotate the fan to the left until an angle of 350 line azimuth and the next lower 1,000 mils. (This
mils has been set off between the needle and the angle will be 200 mils, 400 mils, 600 mils, or
last 100-mil mark at the left edge of the arc. 800 mils, depending on the initial orientation of
With the fan in this position, place a needle in the the fan.) At this time, the left edge of the fan
chart opposite 7,500 on the meter scale, establish- is along an azimuth of either 1,000, 3,000, 4,000,
ing the location of point C. Assume in the or 6,000 mils.
situation above that it is desired to plot point D d. Without changing the location of the fan,
(not shown) 460 mils right of the line AB and a place a needle opposite the last 100-mil graduation
distance equal to 7,500 meters from point A. at the right end of the arc. This needle indicates
With the arm along the line AB, place a needle in the location of' the index for the particular azimuth
the chart opposite the last graduation at the right of the left edge of the fan.
end of the arc. Then rotate the fan to the right Note. When left edge of fan is oriented on the reference
until an angle of 460 mils has been set off between line representing azimuth 6400 (0 mils), the last 100 mil
the last graduation at the right end of the arc and graduation at the right end of the are indicates the loca-
the needle placed along the arc. Place a needle in tion for the 0 index.
the chart opposite 7,500 on the meter scale, thus e. Next, move the fan so that the left edge of
plotting point D. the fan is placed against the needle and draw in

the index with a wedge-pointed 6H pencil. The
286. Polar Coordinates and Polar Plotting index is a fine line approximately 2 inches long,

Points may be designated by specifying the extending 1 inch beyond and 1 inch short of the
distance from a known point along a line of known mil scale. The index is labeled along the left side
direction. This method is known as designation of the line, beginning one-eighth inch (50 yards,
by polar coordinates; for example (observer's loca- scale 1: 25,000) beyond the mil scale. For radar,
tion is known at the FDC), azimuth 2,000, OT the lettering on the indexes is in green. For OP's,
range 900. For artillery purposes, the line of the lettering is in black.
known direction is usually grid azimuth and the f. To establish the index for azimuth 2,000 or
distance is expressed in yards or meters. In any 5,000 after the index for 3,000 or 6,000 has been
case, the point of origin, the line of known direc- established, place the vertex of the fan against
tion, and the unit of measurement to be used must the pin in the radar or OP position and the right
be mutually prearranged between personnel or 0 graduation on the arc in coincidence with the
agencies concerned. The procedure of plotting a appropriate index on the chart. Place a needle in
point with polar coordinates is known as polar the chart against the arc at the last 100-mil gradu-
plotting. ation at the left end of the arc, marking the point

where the index is to be constructed.287. Preparing Chart With Polar Plot Indexes where the index is to be constructed.
for GFT Fan 288. Preparing Chart When Azimuth to a

In order to polar plot from radar or OP posi- Known Point Has Been Reported From
tions, using the GFT fan, it is necessary to estab-
lish indexes on the firing chart at 1,000-mil in- Radar Measurement
tervals covering the target area (fig. 117). The There will be times when the azimuth to a
procedure in a through f below will be followed known point, which is located on the firing chart,
in establishing those indexes. can be measured by radar. In this case, the pro-

a. First place the fan so that its vertex is against cedure in a through d below will be used to estab-
a pin in the radar or OP position and the left edge lish azimuth indexes for the radar.
of the fan is parallel with a convenient grid line. a. With the left edge of the fan against the
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Figure 117. GFTfan and chart prepared for plotting targets located by radar.

needle in the point of known azimuth, place a angle equal to the difference between the reported
needle opposite the last lOO1knil graduation at, the azimuth and the next lower 1,000 mils. At this
left end of the arc. time, the left edge of the fan is along an even

b. Rotate the fan counterclockwise through an 1,000-mil azimuth as measured from the radar.
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c. Place a needle in the chart opposite the last right to left. This causes the left edge of the arm
100-mil graduation at the right end of the arc. to be oil the reported azimuth from 01.

d. Construct the index through that point and c. Place a needle in the chart along the left edge
mark it as described in paragraph 287e. This of the arm at the computed distance from 01
procedure minimizes orientation error in the radar. (fig. 118). For example, it is desired to plot a

Example: The azimuth to the registration point target at an azimuth of 1,960 mils and a distance
has been measured as 2,309 mils by radar and is of 10,700 meters from 01. Since distance is to be
reported to the FDC. The chart operator places plotted in meters, the GFT fan is used without the
the left edge of the GFT fan against the needle in ballistic scale and cursor. Place the vertex of the
the registration point and places another needle fan against the pin in 01 and the arc over the 01
in the chart opposite the last 100-mil graduation at index labeled "Az 1,000". Then rotate the fan
the left end of the arc. The chart operator then until 960 on the arc is in coincidence with the in-
removes the needle from the registration point and dex marked "Az 1,000". The left edge of the arm
rotates the fan counterclockwise through 309 mils. is now along azimuth 1,960 from 01. Without
At this time, the left edge of the fan is along a line moving the fan, place a needle in the chart along
of azimuth 2,000 mils from the radar. 'l'he chart the left edge of the arm at a distance equal to
operator places a needle in the chart opposite the 10,700 meters from 01. If it had been desired to
last 100-mil graduation at the right end of the arc plot the distance from 01 in yards, a ballistic scale
and then constructs the index through that point and cursor would have been used.
and labels it "Az 2,000". Other necessary indexes
are constructed at 1,000-mil intervals from this 291. Measuring and Plotting Using Range-
index. Deflection Protractor (Aluminum)

The procedure for measuring and plotting angles
289. Numbering Mil Scale of GFT Fan for and distances with the aluminum range-deflection

Polar Plotting protractor is the same as that for the GFT fan.
To facilitate reading angular measurements

when polar plotting, the 100-mil graduations of the 292 Measuring and Pling Using Range
mil scale of the GFT fan are numbered as follows: Deflection Fan (Plastic)

The procedure for measuring and plotting anglesa. Mlark a zero at the last graduation at the
right end of the atterlastegradutit. t and distances with the plastic range-deflection fanright end of the arc. is as follows:
b. Moving from right to left, mark with an a. Assume that three points, A, B, and C, have

appropriate black pencil each succeeding gradu- been plotted on the chart (fig. 119). It is desired
ation from 1 through 9, leaving the last 100-mil to measure the distance from point A to point C
graduation on the left edge unnumbered. This and the angle between the lines AB and AC.
last graduation should not be marked, since values With the vertex of the fan at point A and one side
are read from right to left. running through point B, a fine line is drawn with

290. Plotting a Target Reported by 01 a 6H pencil along that side of the fan extending
short of and beyond the selected mil scale. With

The procedures used for plotting a target re- the left edge of the fan against a needle in point
ported by 01 are as follows: C, the distance AC is read opposite the needle

a. Place the vertex of the fan against the pin in (8,100 yards) and the angle is read on the mil scale
the 01 (designation of control OP) position with reading from the left edge to the fine pencil line
the arc over the proper 01 index. There will be (240 mils).
only one 01 index which can be used to polar plot b. The procedure for plotting an angle and dis-
a given target. The index to be used is the one tance is very similar to that used for measuring
numbered with the multiple of 1,000 that is next an angle and distance. Assume that in the situa-
lower than the azimuth reported by the observer. tion above (fig. 119) points A and B have been

b. Orient the fan over the index so that the plotted on the chart. It is desired to plot point
azimuth on the index used, added to the angle C0240 mils left of the line AB at a distance equal
read from the arc, is equal to the azimuth reported. to 8,100 yards from point A. An extension of the
Care must be exercised to insure that azimuth line AB is made as described in a above. The
readings taken from the arc always increase from fan, with vertex at point A, is moved until the
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Figure 118. Polar plotting from 01.
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the index, construct reference lines covering the
target area in even 500-mil graduations and label
them in the appropriate color with proper azimuth
(fig. 120). Reference lines are drawn approxi-
mately 2 inches in length, exte n ding 1 inch above

o and 1 inch below the mil scale to be used.
*Y

293. Target Grid (DA Form 6-53)
a. General. The target grid is a device for con-

~U, ~ ~S~. 'verting, by plotting, the observer's target locations
and corrections with respect to the OT line toVa~,,7 .. ....... target locations and corrections with respect to

.... the GT line. A target grid is operated in con-
"'~; ~ junction with each of the charts in the battalion.

of the arrow at the zero mark of the azimuth circle,I 'o ~ ~ and indicates the direction of the OT line. The
1, s- azimuth scale is printed around the edge of the

I710 -Zgrid. The scale is graduated in a counterclock-
-S.,~ ~ wise direction at 10-mil intervals from 0 to 6,400

mils, each 100 mils being labeled. The scale of
the target grid must be the same as that of the

I, ,firing chart. When the targetgrid is used with a
firing chart at a scale of 1:25,000, the smallest
graduation of the grid represents a distance of
100 yards or meters (fig. 121).

Note. As used in this manual, there has been no dif-
ferentiation between yards and meters in the use of the
DA Form 6-53 (Target Grid) for observer corrections.

/ " ?
£0~ ~For observed fire bracketing procedures the difference

between yards and meters is minor and may be ignored.

b. Placing the Target Grid. The center of the
grid is placed over any point of orientation in the
target area. This point may be the initial plotted

.4~o~~~ ~olocation of the target to be adjusted on, a regis-
tration point, a met check point, a previously
fired concentration, or an arbitrarily selected
point such as a grid intersection. The selection
of a point other than the target to be plotted
should be such that the target falls beneath the

Figure 119. Method of measuring or plotting a distance grid. If subsequent corrections cause the target
and an angle with the range-deflection fan (plastic). to plot Off the grid, the grid is moved to a suitable

new position and reoriented on the same azimuth
extension of line AB cuts the fan at 240 mils right given in the initial fire request.
of the left edge. With the fan in this position, e. Orienting the Target Grid. The chart operator
point C is plotted at the left edge of the fan at a constructs an azimuth index on the chart at the
distance equal to 8,100 yards. edge of the target grid to indicate north or azi-

c. To facilitate plotting many points from one muth zero. This index is located by rotating the
position, such as radar, 01, and 02, locating indexes grid until the arrow is pointing to grid north.
are constructed on the chart. With the vertex of The index then is drawn on the chart at zero
the fan at the position to be plotted from and the azimuth, extending I inch above and 1 inch below
edge of the fan parallel to a grid line, draw an the edge ot the target grid, and marked "N"
index at a convenient mil scale. After drawing plainly to prevent its being confused with other
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Figure 120. Indering the chart for radar (plastic fan).
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DA FORM 6.53
I MAR 57

Figure 121. The target grid.

indexes on the chart. Orienting the target grid an observer's initial fire request; e. g., FROMI
is accomplished by rotating it until the figure read REGISTRATION POINT 1, AZIMUTH 4110,
opposite the aximuth index is the same as the OT RIGHT 600, DROP 1000. In this manner, the
azimuth announced by the observer. This opera- observer's target location is plotted in reference to
tion places the arrow and all lines parallel to it on a known point with respect to the OT line.
the same azimuth as the OT line (fig. 122). e. Measuring an Angle. The target grid may

d. Plotting a Target by Shift From Known Point. be used to measure an angle in instances where a
The target grid is placed over the chart location of high degree of accuracy is not required. To
the known point and oriented on the azimuth measure an angle, the center of the target grid is

given by the observer. The target needle is placed over the apex of the angle and the 0 of thegiven by- the observer. The target needle is azimuth circle is placed to fall on 1 side of the
moved right or left of center along a line perpen- angle to be measured so that the other side of the
dicular to the arrow and forward or back from the angle falls to the left. The size of the angle is
center line along the directional arrow or one of the read at the point on the azimuth circle that is
lines parallel to it. Figure 123 shows the plot of intersected by the side to the left.
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Figure 122. Orienting the target grid.
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Figure 123. Plotting a target using the target grid and shift from a known point.
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Section II. DETERMINATION OF CHART DATA

294. General chart operator, who must always use a map as a
The purpose of a firing chart is to provide a firing chart for this purpose.

graphic means for determining firing data. When
available, the GFT fan is normally used for meas- 295. Preparing GFT Fan For Measuring De-
uring deflection and computing elevation. How- flections
ever, this fan is not yet available for some weapons. a. The determination of direction in terms of
In the latter case, the range-deflection fan and the deflection is normally used in preparing chart
graphical firing table are used to determine this data. In order to determine deflections, the mil
data. Altitudes are determined by the control scale on the are of the GFT fan is prepared as

I f4 6 '4 ' I /*

7 /

Blue

:: Age,,

Figure 124. GFT fan prepared for reading deflections (aiming posts emplaced at deflection
2,800).
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Figure 125. Chart and GFT fan prepared for determination of firing data.

shown in figure 124. The center graduation of the are marked on the fan in red and blue as explained
mil scale on the arc is numbered with the deflec- in paragraph 299.
tion at which the aiming posts are placed. Grad-
uations to the right of center increase in 100-mil 296. Preparing Firing Chart
increments; to the left, they decrease. The last a. Before the firing chart can be used for de-
graduation at the right end of the mil scale is not termining chart data, the battery- positions
numbered, since values cannot be read beyond the (centers) must be plotted and certain indexes
right edge of the scale. The numbers are placed constructed. A color scheme is used for identifying
on the fan with an appropriate black pencil. The battery locations, pins, and indexes (par. 279,
zeros representing hundreds are omitted. For except that a white pin is used for Battery B).
example, the numbers 2,900, 3,000, and 3,100 are When preparing a firing chart to be used with the
written as 29, 30, and 31. The number 3,200 is GFT fan, care must be exercised to plot the
written as 0 to avoid reading a deflection greater battery positions and target area generally to the
than 3,200. The numbers 100, 200, and 300 are left of center of the chart. This will permit draw-
written as 1, 2, anld 3. ing indexes directly on the chart (fig. 125).

b. Scales for use with supplementary indexes b. The direction of fire on which the battery is
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initially laid is made known to the FDC, and- a die which was placed in the chart against the arc
line representing the deflection of this direction is at the adjusted deflection.
marked on the firing chart. This line is called a d. Draw the index 2 inches long, extending it
temporary deflection index. I inch above and 1 inch below the point where

the needle was stuck.
297. Temporary Deflection index (GFT Fan) e. Draw an arrowhead on the deflection index,

a. A temporary deflection index is marked on pointing towards the mil scale at a point one-
the chart for use in reading deflections before the eighth inch beyond the mil scale.
initial registration has been completed. Since this f. Immediately above the arrowhead, write the
index is temporary, it will usually be displaced deflection at which the battery has placed its

later. All lines and marks are drawn lightly so aiming posts. The deflection is written, using a
that they may be erased; no arrowheads are made black lead, 4H pencil.
on the index and no color other than black is used. g. Mark the letter designation of the battery

b. A temporary deflection index is constructed at the upper end of the index with colored pencil,

by placing the vertex of the GFT fan against the using block letters. The appropriate color is used

pin representing the battery center on the firing to place the arrowheads and the letter designa-

chart and the vertex of the cursor against a nee- tion on the deflection indexes (fig. 125).

die marking the azimuth on which the battery is h. The deflection index is not erased and re-
initially laid (initial direction of fire). A needle drawn for corrections based on subsequent regis-

is stuck in the chart at the 100-mil graduation trations unless the corrections on the deflection

at the center of the arc, which has been numbered correction scale (par. 347) exceed the limitations

to represent the referred deflection to the aiming of the gunner's aid (20 mils).

posts. The fan is then moved to place the left 2 . Supplementary D
edge of the arm against the second needle and a
fine line is drawn (6H pencil) on the chart along Fan)
the range scale, extending 1 inch above and 1 inch When firing is conducted at deflections beyond

below the fan arc. - the limits of the GFT fan, i. e., over 500 mils

c. A temporary deflection index is constructed right or left of the aiming posts deflection, it is

for each battery plotted on the firing chart. The necessary to construct supplementary deflection
battery designation (A, B, C, etc.) is printed in indexes on the chart and to place a supplementary
block letters at the upper end of the index (fig. 125). set of deflections on the ar of the fan for each

supplementary index (fig. 125).

298. Deflection Index (GFT Fan) a. Supplementary indexes are placed on the

After the initial registration, a deflection index chart 1,000 mils right and/or left of the deflection
corresponding to its adjusted deflection is con- index and drawn in the same manner as the deflec-
structed for each battery. This index is used tion indexes. Supplementary indexes to the right

thereafter for reading deflections, and the tempo- are labeled in red with a deflection of 1,000 mils
rary index is erased. The procedure for construct- less than that used for the deflection index. The

rary index is erased. The procedure for construct-
ing the index is as follows: supplementary indexes to the left are labeled in

blue with a deflection of 1,000 mils greater than
a. Position the fan so that the vertex of the fan that used for the deflection index. The supple-

is against the pin in the position of the registering mentary indexes are erased and redrawn each
battery and the cursor vertex is resting against time that, the deflection indexes are changed.
the needle in the registration point. Stick a sec- b. When supplementary indexes are used, the
ond needle in the chart against the arc at the fan must have a corresponding set of deflections
adjusted deflection on the fan. placed on the arc for each index. The number

b. Place the left edge of the arm against the placed at the center graduation on the arc is the
second needle while the vertex of the fan remains same as that placed on the supplementary index
against the pin in the battery position and draw for use therewith, and the color code (red for
the deflection index on the chart along the left right set of indexes and blue for the left set of
edge of the arm. indexes) is followed. A GFT fan that is prepared

c. When properly drawn, the index passes for 2 sets of supplementary indexes will have 3
through the center of the hole made by the nee- rows of numbers on the arc. The top row of num-
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bers, in black, corresponds to the deflection in- the deflection index and labeled in the appropriate
dexes; the second row, in red, corresponds to the color immediately above the arrowhead (par. 299).
right set of supplementary indexes; and the third
row, in blue, corresponds to the left set of supple- 301. Preparing Range-DeFlection Protractor
mentary indexes (fig. 125). (Aluminum) and Chart for Determina-

tion of Data
300. Indexing the Chart Using GFT Fan (Ex- The preparation of the aluminum range-deflec-

ample) tion protractor is identical with the preparation of
Situation: Battery B, 105-mm howitzer, laid the GFT fan.

on an azimuth of 5,000 mils (initial direction of
fire), aiming posts placed out at deflection 2,800. 302. Preparing Range-Deflection Fan (Plastic)

a. Using a protractor, measure an azimuth of and Chart for Determination of Data
5,000 mils from the plotted battery center and a. Marking the Fan. In order to read deflec-
place a plotting needle at this azimuth. Then tions directly, the range-deflection fan is pre-
place the vertex of the cursor against this needle pared as shown in figure 126. Deflections are
with the vertex of the fan against the map pinl in marked at 100-mil intervals with an appropriate
the plotted battery center; a second needle is marking pencil. Either edge of the fan repre-
placed opposite the center graduation on the arc sents the deflection at which aiming posts have
of the fan. The left edge of the fan is placed been set out by the battery. The 100-mil inter-
against this second needle, keeping the vertex of vals are numbered so that the deflections increase
the fan against the battery pin. The temporary from the left edge of the fan to the right and
deflection index, representing a deflection of decrease from the right edge of the fan to the left.
2,800 is drawn 1 inch above and 1 inch below the Increasing and decreasing deflections should be
arc of the fan, and a block letter B is placed above marked in different colors; for example, if the
this line. With the center graduation on the arc edge of the fan represents deflection 2,800, then
of the fan opposite the temporary index, the left decreasing figures, such as deflection 2,700,
edge of the fan is now along a line of azimuth 2,600, etc., are marked in red, while increasing
5,000 and the temporary deflection index is con- figures, such as deflection 2,900, 3,000, etc., are
structed at a deflection of 2,800. As explained in marked in black. As an aid to reading the proper
paragraph 295a, tile 100-mil graduations of the scale, the letter "T.r" (target) is placed on the fan
fan are marked, using an appropriate black pen- as shown in figure 126; the one on the right is red
cil and starting with the center graduation as and the one on the left is black. When the side
2,800, which is the deflection at which the batterv of the fan with the red "T" is against the target
has placed its aiming posts. needle, the red scale is used. When the side with

b. Assume that after registration, oil a regis- the black "T" is against the target needle, the
tration point the adjusted deflection is 2,755. A black scale is used.
deflection index is constructed by placing the b. Temporary Deflection Index. To construct
vertex of the cursor against a needle in the regis- a temporary deflection index, the vertex of the
tration point and sticking a needle in the firing plastic fan is placed against the pin representing
chart opposite deflection 2,755 on the fan. The the battery center on the firing chart and either
left edge'of the fan is placed against this needle, edge of the fan against a needle placed on the
keeping the vertex of the fan against the battery azimuth on which the pieces were initially laid.
pin, and the deflection index is drawnl I inch A fine line (6H pencil) 2 inches long is drawn,
above and 1 inch below the arc of the fan. An extending 1 inch above and 1 inch below the
inverted arrowhead is drawn one-eighth inch appropriate mil scale on the fan. This index is
above the arc of the fan and the index is labeled marked in the manner described in paragraph
2,800 above the arrowhead. A block letter B is 297.
placed above the index to identify this deflection c. Deflection Index. A deflection index is con-
index as the index to be used with Battery B. structed after the completion of the initial regis-
The arrowhead'and identification letter will be tration. This index is drawn opposite the ad-
in black (black being the code color for Battery B). justed deflection as read on the range-deflection

c. If supplementary indexes arc needed, they fan when the edge of the fan is placed against the
will be constructed 1,000 mils right. and left of registration point position and the vertex of the
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Red the range-deflection protractor (aluminum), or
l -cIk the range-deflection fan (plastic). Deflection is

measured from the temporary deflection index
until a registration has been completed. After
registration, the temporary deflection index is

\,,o \ ~ ,j / erased and the deflection index is constructed and
used for measuring all deflections.

\" '\\ / 4 " 304. Angle of Site
,so0 '~o The angle of site in mils equals the difference in

altitude in yards (meters) between piece and
R?1 ,...,.,""'r" "'"1,. ........ j/target (vertical interval) divided by the range in

,a . .'**. thousands of yards (meters). Altitudes are de-
I ,,o termined from a contour map, by computations

from instrument readings, from stereoscopic study
of photographs, by interpolation between known
altitudes, or by a combination of these methods.
Altitudes are taken from a contour map to the
nearest 5 feet or nearest yard or meter, depending
on the contour interval of the map. Altitudes
computed using instruments or interpolation be-

Figure 126. Range-deflection fan marked for reading de- twen known altitudes are taken to the nearest
flections when referred deflection is 2.800. yard.

Caution: Values of both vertical interval and
range must be expressed in the same unit of

fan is at the plotted position of the battery center. measure before angle of site is computed.
This deflection index is marked in the manner Ezample: Altitude of battery 463 yards. Alti-
described in paragraph 298. tude of target 502 yards. Range from battery to

d. Supplementary Indexes (fig. 127). When the target 5,500 yards.
target area is very wide, supplementary deflection 502 yards=altitude of target
indexes are placed on the chart at 500 mils right -463 yards=altitude of batter.
and left of the deflection index. These indexes -
are drawn, marked, and labeled in the same +39 yards= vertical interval from battery to target

Range 5500/1000=5.5
manner as the deflection index. To avoid con- +39 yards VI -5.5 yards range =7.09 or +7 nils angle
fusion, the supplementary indexes should be drawn of site
to intercept a different mil scale on the fan than
the deflection index. The fan must also be marked 305. Range
for use with the supplementary indexes. At the Ranges are measured to the nearest 10 yards
mil scale selected, the fan is marked to measure or meters with the GFT fan (fig. 106) and to the
deflections to the right of the right index and to nearest 10 yards with the range-deflection fan
the left of the left index. Deflections for the right (plastic) or the range-deflection protractor
index are written in red and a red "T" is placed on (aluminum) (fig. 107). Range in meters is gradu-
the right edge of the fan. Deflections for the left ated along the arm on the left edge of the GFT
index are written in black and a black "T" is fan. Range is graduated in yards along the left
placed on the left edge of the fan. These deflec- edge of the ballistic scales of the GFT fan, along the
tions decrease from right to left ih the same left edge of the arm of the range-deflection protrac-
manner as the figures for the deflection index. tor (aluminum), and along both edges of the range-

deflection fan (plastic). Range is read directly
303. Direction from any of the fans by placing the vertex against

Measurements and computations for direction the pin in the battery position and the edge or
are taken to the nearest mil. The deflection is arm of the fan against the needle representing
read from the deflection scale of the GFT fan, the target.
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Figure 127. Range-deflection fan marked for supplementary indexes when referred deflection is 2,800.
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306. Graphical Tables range scale are ballistic scales-from top to bottom

The determination of firing data is simplified they are elevation, fork, drift, and fuze setting.

or augmented by the use of graphical tables. On the dividing line between the ELEV (el) scale

The three tables most commonly used for this and the F scale is a red segment indicating the

purpose are the ballistic scales of the GFT fan, range limits which normally should be fired with a

the graphical firing table, and the graphical site particular charge. For all charges except tl.e

table. maximum charge, this red line runs from 3; to %
a. Ballistic Scales, GFT Fan (fig. 106). Each maximum range of the charge. For the maximum

ballistic scale has one or more ballistic data lines charge of a weapon, this red line runs from M to %s

for each charge plotted on the scale. In addition, maximum range of the charge. A red triangle on

each scale has a range scale graduated in yards this line indicates a good range for computing

on the left edge and a 100/R scale on the right meteorological effects. For ammunition which is

edge. Data are also presented for drift, fuze fuzed for time fire, the fuze setting at which the

setting, elevation, and fork. The scales and probable error in height of burst is 15 yards is

cursors are removable from the fan. The cursor indicated by a red triangular gage point extending

slides on the ballistic scale. A hairline on the above the heavy red line which separates the 2

cursor is provided for use as an index for reading charges. To the left of this point and also extend-

elevation, range, drift, fork, fuze setting, and ing above the heavy red line is a second red tri-

100/R factor pertaining to a given charge for a angular gage point which indicates the range at

plotted location on the chart. Measurements which the probable error in height of burst for

are taken to the nearest mil. When no correc- the next lower charge is 15 yards. Normally, time
tions are known elevation and other ballistic fire with a particular charge should not be at-

data corresponding to the chart range are read tempted at ranges exceeding that indicated by

under the hairline when the vertex of the fan is the red triangular gage point for that charge.

against the. pin in the battery center and the When no corrections are known, elevation and
cursor vertex is against the needle in the target other ballistic data corresponding to chart range
location. When corrections have been deter- are read under the hairline when the hairline has
mined from registration or other sources, they been placed over the determined range. Correc-

are applied as described in paragraphs 337-391. tions determined from registration or other

b. Ballistic Scales (Metal GFT Fan). Ballistic sources, arce applied as described in paragraphs
scales to be issued later with the metal GFT fans 337 through 391. For detailed instructions on

will have a gage point on the elevation scale nomenclature and use of the graphical firing table,

opposite the range corresponding to five-sixths of see Tl 9-525.
the maximum range for all charges except the d. Graphical Site Table (fig. 129). The de-

maximum charge. For the maximum charge, termination of site by use of angle of site and the

this gage point will be located at seven-eights complementary angle of site factor from the firing
maximum range. A gage point will also be tables is time-consuming. To facilitate computa-

placed on the fuze setting line opposite the point tion, the graphical site table (GST) can be used

where the height of burst probable error is 15 to determine either angle of site or site. The

yards. GST can also be used to determine vertical in-

c. Graphical Firing Tables (fig. 128). The terval when site or vertical angle and range are

graphical firing table is used principally for known. 'I'he GST consists of the base, which

determining elevations corresponding to ranges contains the D scale (site and vertical interval);

as determined by using the aluminum range- a slide, which contains the C scale (range) which

deflection protractor or the plastic range-deflection can be read in yards or meters; range scales for
fan. Each table consists of one or more rules and various charges in yards (meters); yard and

a cursor (indicator), which slides on the rule. A meter gage (index) points; and the cursor, which

hairline on the cursor is provided for use as an is a clear piece of plastic with a hairline running

index for reading data on the rule. The range vertically throughl the center. The C and D

scale is the basic scale on the graphical firing table. scales are identical to those on any slide rule and
All other scales are plotted with reference to the are used on the GST for determining angle of site

range scale. Above the range scale is a scale or vertical interval when angle of site is known.

printed in red marked "100 YDS." Beneath the For use of the C and D scales, in multiplication
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Figure 128. The graphical firing table.

Figure 129. The graphical site table

and division, refer to TM 6-240. For each (b) Construct a meter index on the window
charge, there are 2 range scales--- in red marked by drawing a fine line (gageline) over
"TBG" (target below gun) and the other in black M gage point.
marked "TAG" (target above gun). The scales (c) When range is known in meters, place
are so constructed that the complementary angle the meter index (gageline) over the dis-
of site is included. The TAG and TBG range tance in meters on the range scale.
scales differ by small amounts just as the corn- (d) The distance in yards and the corre-
plementary angle of site factor for a minus angle sponding elevation and fuze setting
of site differs from the factor for a plus angle of can then be read under the hairline.
site. These scales are used in computing site or (3) The graphical site table has, at the left
determining vertical interval when site is known. end of the C (range) scale, yard and
Instructions for using the GST are written on the meter gage (index) points labeled in
back of the table. red "YD" and "M" respectively (fig.

e. Conversion of Meters to Yards. 129). These gage points may be used
(1) The ballistic scales of the GFT fan have to convert meters to yards as follows:

no provision for conversion of meters to (a) Place YD gage point opposite the range
yards. in meters on the D (site and vertical

(2) The graphical firing table has, at the left interval) scale.
end of the red line dividing the range and (b) Opposite the M gage point, read the
elevation scales, two gage points labeled range in yards.
"M" and "YD" respectively (fig. 128). (4) If it is desired to convert yards to meters,
These gage points may be used to convert the GFT and GST may be used by re-
meters to yards as follows: versing the procedures in (2) and (3)

(a) Place hairline over YD gage point. above.
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CHAPTER 18

REGISTRATIONS

Section I. GENERAL

307. Introduction 309. Purpose of Registrations
If all conditions of materiel and weather were a. Registration is an adjustment of fire on a

standard, firing an elevation shown in the firing selected point in the target area to determine data
tables would result in the projectile traveling the for use in subsequent firing. A registration is
distance (range) corresponding to that elevation. accomplished by firing a group of rounds on a
Similarly, with the proper deflection set on the selected target or point to determine the center of
weapon (including the drift correction from the impact. In order to determine the most probable
firing table), the projectile would burst on the gun- location of the center of impact in relation to the
target line. However, standard conditions of ma- registration point, it is assumed that the pattern
teriel and weather will seldom exist simultane- of a small group of rounds fired with a weapon will
ously; thus the projectile will rarely hit the target follow the normal dispersion pattern of all rounds
when fired at a given chart range and deflection. fired with that same weapon.
The cumulative error contained in survey, firing b. If the location of the center of impact can be
chart, materiel, and nonstandard atmospheric con- determined, corrections in mils can be computed
ditions is the amount that the projectile bursts by comparing that CI location with the location of
over or short, right or left, of the target. The the registration point. The difference is the cor-
magnitude of the cumulative error can be deter- rection necessary to place the center of impact on
mined by registration. the registration point.

c. These corrections can be applied to improve

308. Types oF Registrations firing data in subsequent firing. However, even
after applying corrections determined from a regis-The types of registrations are tration, there will be the inherent probable error of

a. Precision Registration. A precision registra-
dispersion among rounds fired with the same data.

tion is the firing of a group of rounds on a registra- Corrections determined from registration data are
tion point, the location of which is known on the the most accurate that can be obtained for firing

the most accurate that can be obtained for firing.
ground and on the firing chart. Therefore, registrations should be conducted or

b. High-Burst and Center-of-Impact Registrations. check rounds fired as frequently as possible within
A high-burst or a center-of-impact registration is ammunition, and other limitations in order to pro-
the firing of a group of rounds at a point arbitrarily vide current corrections. Determining and apply-
selected on the chart but which is not necessarily ing corrections in subsequent firing is covered in
an identifiable object in the target area. detail in paragraphs 337 through 391.

Section II. PRECISION REGISTRATION

310. General (1) The adjusted deflection is the deflection

a. The procedure used in a precision registration that will cause the trajectory to pass
is designed to obtain a correct deflection and eleva- through the registration point.
tion for a point of known location in the target area (2) The adjusted elevation is the elevation
(registration point). These correct deflection and that will place the range center of impact
elevation comprise the adjusted (adj) data. on or very close to the registration point.
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b. A precision registration is in 2 phases- a slight increase in accuracy and permits verifica-
adjustment phase and fire for effect phase; only tion of sensings.
1 piece is employed.

c. DA Form 6-12 (Record of Precision Fire) 312. Adjustment Phase
(fig. 135), is a form for recording the fire mission. During the adjustment phase, the observer sends
During the conduct of the registration, an adjusted certain corrections to the FDC until a trial range
deflection and elevation may be computed on the is established. The trial range is the range for
form by a member of the FIC'. the center of a 100-yard bracket (for exception,

d. An adjusted elevation and deflection can be see pars. 186 and 516), the range sensed as correct,
determined only with respect to the GT line. or a range giving a target hit. It is important that
Therefore, all sensings made by the observer with the burst be moved to the OT line as quickly as
respect to the OT line must be converted to sens- possible to facilitate FDC deflection sensings dur-
ings relative to the GT line at the FDC. This ing the adjustment. Observer procedures during
conversion depends on the location of the observer the adjustment phase of a precision registration
with respect to the GT line (right or left) and the are covered in paragraphs 170 through 198.
size of the angle T (the angle between the OT a. When the observer's correction is ADD or
and GT lines with the vertex at the target). A DROP (so much) and does not include a deviation
sensing table to facilitate conversion of observer correction, a line shot is presumed at the FD.C
sensings is shown in figure 132. (The sensing and a positive deflection sensing for the GT line
table is printed on the reverse side of DA Form is made (fig. 130). These deflection sensings are
6-12 (fig. 135).) recorded on the record of precision fire form and

are used, if practicable, during the fire for effect
311. Determining Elevation Correction phase to establish one limit of a deflection bracket.

a. If the distance in range between the target b. In figure 131 (DA Form 6-12), round three
and the center of impact can be determined in was a line shot, giving the FDC a positive (left
terms of probable errors, it can be converted to as opposed to doubtful) deflection sensing. This
an elevation correction in mils (1 fork being the
elevation change in mils required to effect a range >,; Observer: Drop 200
change equal to 4 probable errors) (pars. 23-28). FDC : Deflection left
The correction is applied to the mean elevation
used in firing the center of impact, in order to
obtain the adjusted elevation. // T

b. The following equation is used to determine
the elevation change necessary to move the center //L
of impact to the target: //

(difference in
Elevation change=umber of overs and shorts) Xfork R Observer Add 2002Xnumrnber of rounds fired // FD :Deflection righ

For example, 6 rounds are fired under identical / -

conditions and 4 of the rounds fall short (-) and
2 fall over (+). The elevation change is deter-
mined by substituting these known values in the G 0
equation given above.

Figure 130. Line shot on OT line.

Elevation chan ge=(42 )Xfor T fork

Since the preponderance of the rounds are short, ... .... .., , ... , E.L SE Re ..... '...

the elevation must be increased one-sixth of a i r a/7- ' ¢o ? ,Z;'.-2oo

fork to place the center of impact on the target. _ =z I -
The smaller the number of rounds fired, the less
precise the correction will be. Four rounds are
the minimum number of rounds that can be used.
Six rounds generally provide information of suffi- Figure 1351. FIC sensings for on-the-line burst (guns on the
cinllt accuracy. Firing 12 or more rounds affords left).
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FDC SENSING
Guns on Observer I 100 500 800- 1400 1601, 1800 2400 . ' 2700 3100

left Sensing -990 -499oi -799M -1399ro -1600Kt -1799MA -2399Gi -2699a -30990 -3200MA

T ?R 7R +R +? +? +? +7 +7 +7 +L ?L

?L ?L -L -? -? -? -? -? -? -R ?R

+LN +L +L +L +L +L -L -L -L -L -L

+R +R +7 +? +? +L +L ?L -L -L -L

0 +L +L +L +L ?L -L -L -? -? -? -R

-LN -R -R -R -R -R +R +R +R +R -+R

-R -R -R -R ?R +R +R +? +? +? +L

G -L -L -? -? -? - -R ?R +R +R + R

FDC SENSING
Guns on Observer I 100 500 800 1400 1601 1800 2400 2700 3100

right Sensing -99G -4990 -799di -1399c -1600i -1799rA -23990 -2699Gh -3099h -3200rA

T PR ?R -R -? - ? -? -? -?L ?L

?L ?L +L +? +? +7 +? +? +P +R ?R

+LN +R +R +R +R +R -R -R -R -R -R

+R ++ +R +R ?R -R R - -? -- -? -L

0 +L +L +? +? +? +R +R ?R ? R -R -R -R

-LN -L -L -L -L -L +L +L +L +L +L

-R -R -R - - -L -L ?L +L +L +L

G -L -L -L -L ?L +L +L +? +? +? +R

Figure 1IS. The FDC sensing table.

sensing is recorded but not used at this time change of 100 yards in range along the OT line
because the chart operator plots the observer cor- (fig. 133). The size of the factor s depends on
rection (DROP 50) and announces the deflection the GT range and the size of the angle T.
from this plot.

313. Fire for Efedct Phase
a. A round bursting on the OT line gives a

positive deflection sensing for the GT line, regard- / T
less of the size of the angle T. The sensing will /
be left or right, depending on which side of the

OT line the weapon is located. For an angle T 10/ yards
less than 1,600 mils, a line shot will give the same /

FDC range sensing as that made by the observer. /
If the angle T is greater than 1,600 mils, a line /

shot will give an FDC range sensing opposite to /
that made by the observer. /

b. FDC sensings for off-line shots are dependent
on the size of the angle T and the location of the / -

weapon with respect to the observer. Observer- -

sensings converted to sensings for the piece, / .'
called FDC sensings, are tabulated in figure 132. / -

314. Factor S G
The factor s is the deflection shift in mils 0

necessary to keep the burst on the OT line for a Figure 133. The factor s.
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a. When the observer obtains a 100-yard range settings 1 mil apart. In the latter instance the
bracket on the OT line, it is assumed that a I s last deflection fired is considered the correct
deflection bracket also exists. deflection.

b. When a 100-yard range bracket is split, the
corresponding deflection change, measured by the 316. Deflection in FFE Phase
chart operator, should bring the next burst to a. Deflection is not changed on a sensing of
within X s of the adjusting point in deflection. doubtful except as modified in d below.
Therefore, if a deflection bracket on the GT line b. If a deflection bracket does not exist and a
has not been established by the first round in FFE, positive FDC deflection sensing is made, deflec-
a shift of X s (s/2) in the appropriate direction tion is changed X s in the appropriate direction
will be made after each positive FDC deflection until a bracket is obtained.
sensing obtained, until the deflection bracket is c. When a bracket is obtained, it is split or the
established. deflection is changed X s, depending on which is

c. The values of X s have been tabulated and the smaller amount.
reproduced (fig. 134), for all likely combinations of d. If, after obtaining an adjusted elevation, the
range and angle T onl the back of DA Form 6-12 deflection is not correct, deflection adjustment is
(Record of Precision Fire). The approximate continued. All successive rounds are fired at the
value of sa may be obtained by computation by adjusted elevation (adjusted quadrant). After
using the formula 50 X sin T 8 or an arbitrary two successive deflection sensings of doubtful, the

R 2 FDO may consider deflection correct or command
3X s value of 4 mils may be used. an arbitrary deflection shift based on inforiation

furnished by the observer relating location of the
s TABLE rounds to location of the target. It is anticipated

GTro.ln Angl. T in mi.t that the arbitrary shift will yield a positive de-
9 100-499 500-799 800-1300 1400-16a

inyrds 3100-0320C 3270-024009I9900-299IO 160S-i1799 flection sensing. This procedure is continued until
2000 2 4 8 16 16 the FDO is satisfied that a proper deflection
3000 2 4 8 8 16

4000 2 2 4 8 8 bracket has been obtained.
5000 2 2 4 8 8 e. Although the center of a 2-mil deflection
6000 2 2 4 4 8 bracket is a deflection correct, the artillery com-
7000 2 2 4 4 4 mander is justified in accepting the center of a
8000 2 2 4 4 4

9000 2 2 4 4 4-mil deflection bracket as deflection correct
0000 2 2 2 4 4 when-

11000 2 2 2 4 4 (1) Observed fires only are to be used.
12000 2 2 2 2 4 (2) Speed, not refined accuracy, is critical
13000 2 2 2 2 4

14000 2 2 2 2 2 either in combat or in certain phases
50o00 2 2 2 2 2 of Army training tests.

Note. If a 4-mil deflection bracket is split
before achieving an adjusted elevation, improve-
ment in the deflection bracket continues until

d. When firing on a surveyed registration point, the adjusted elevation (adjusted quadrant) is
the value of X s is determined at the start of the established or a 2-mil deflection bracket is split.
mission; if the registration point location is not
accurately known, the value of 3s (and angle T) 317. Fork
is determined at the trial range immediately prior The fork is the change in elevation necessary
to entering FFE. to move the center of impact a distance equal to

four range probable errors. The correct value to
315. DeFlection be used (found in the tabular firing tables and on

Deflection is correct when one of the following the GFT or GFT fan) is the value which corre-
conditions has been satisfied. sponds to the first fire for effect (trial) elevation.

a. A target hit is obtained. The correct value is used in the computation of
b. A 2-mil deflection bracket is split (par. 316e). the adjusted elevation. However, if the correct
c. Deflection sensings of left and right are ob- value of the fork is an odd number and it is

tained from the same deflection setting or from necessary to split the fork during the fire for effect
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phase, the value of the fork will be increased to Comment: A positive FDC deflection sensing
the next higher even number and then split has now been obtained, but a deflection bracket
when used (par 319c). has not been established. Therefore, the deflec-

tion is changed 3s (4 mils) to the right, seeking
318. Elevation a sensing of right, which will establish the bracket.

To determine adjusted elevation, 6 positive QE remains the same.
range sensings are required (except for a 4-round c. Third Round in Fire.for Effect.
adjustment); no rounds fired in adjustment may be Rnd D/ QE ObrdniW FDC ening

considered except that a target hit in adjustment 6 2,168 316 ? R + ?
is considered as the first round in FFE (firing is Comment: Deflection sensing being a doubtful.
continued at that elevation until 5 more positive no change will be made in deflection. Since all
range sensings are obtained). When fire for effect three rounds, fired at the same elevation, were
is entered, three rounds are fired at the trial overs by FDC sensings, the procedure is to de-
elevation. crease the elevation by 3 fork. (Since a fork of 5

a. If the first 3 rounds include both over(s) is an odd number, the value is raised to the next
and short(s), a second group of 3 rounds is fired higher number, or 6, before it is split.) The
at the same elevation. object now is to obtain one or more range sensings

b. If the first group of 3 rounds are all in the of short. If mixed sensings had been obtained in
same sense, the elevation is changed K fork in the the first 3 roun(ds, no change would be made in the
appropriate direction and 3 more rounds are fired. QE for the second 3 rounds.

c. If a range sensing of doubtful is obtained, d. Fourth round in Fire for Effect.
firing is continued at that elevation until the Rnd Df QE Oba srning FDcs,,nin

proper number of positive sensings are obtained. 7 (no change). 313 - R - R

d. In low-angle fire, the elevation change is Comment: The 4-mil deflection bracket that has
added to the mean elevation if the preponderance been established (left at 2,172, right at 2,168) is
of rounds were short; subtracted, if the pre- split to obtain a deflection of 2,170, and improve-
ponderance of rounds were over. Iln high-angle ment of the deflection bracket continues. (If an
fire, the correction is applied in the opposite odd-numbered deflection bracket should occur
direction-the elevation change is added to the owing to the sensing of a line (In) shot during
mean elevation if the preponderance of rounds adjustment, it should be rounded off to the near-
were over; subtracted, if the preponderance of est even number after splitting.)
rounds were short. e. Fifth Round in Fire for Effect.

Rnd D QE Obr sensing FDC sensin

319. Adjusted Deflection and Elevation 8 2, 170 313 ? R + ?

Procedure for determining adjusted deflectiol Comment: No change will be made in the fire
and elevation is illustrated by an example mission commands.
(155-mm howitzer) (fig. 135).rl in Fire for et.

a. First Round in Fire for Effct.f. S th Round in Fire for .a. Fi~rst Roud in lYre.for ndffect. , n 1 D1 QE Ob, ..ening FDC sesin

s/2=4 F=5 9 (no change) 313 - Ln R

Knd DJ Chart range QE Okm ensing P FDCsensing CComment: The 2-mil deflection bracket that has
4 2172 5, 280 316 ? R + ? been established (left at 2,172, right at 2,170) is

Comment: Thle data for round four was a product split, resulting in an adjusted deflection of 2,171.
of the firing chart. Since the FDC deflection Th'le FDC has six positive range sensings and before
sensing (obtained from the sensing table-angle computing the adjusted elevation gives END OF
T 500-799 mils, howitzers on tile left) is doubtful, MISSION to the observer and to the howitzers
no change in deflection can be made. Since three (unless a time registration is to be conducted at
rounds must be fired at the trial elevation, the next this point).
command will be to repeat the quadrant elevation g. Computing Adjusted Quadrant (Adjusted Ele-
(QE) fired. vation). Computation of adjusted quadrant is

b. Second Round in Fire for E.ffect. based on a minimum of 6 positive range sensings,
XRd DI QE Obr snsin, FDCareiW and it is assumed that all 6 rounds fired in effect
5 (no change) 316 + L + 1. were fired at the mean of the 2 quadrant elevations

181



RECORD O F PRECISION FIRE

Rouatend a imD OChart er A oOs evernt Baeniry C
Char dafr re i nitied fire oommnndsa e T

Range Sh 272 -0LoL X 2Chg ,o __

Adjusted dota Corr I , Df

Deflection 2/7/ Si -/, -

Elevation 9 El 3/2 0
Time OE 32 7 Angle T 600

G FT setting lo X 0' 2 ,iDeleton correction
GFT Chg ~ I X ,rg 5',el i9 ,i /

S/2- y F: F/2-: 3
Round Chorl DI Chort Time El or OE Observer sensings FDC sensings

7 - 200
2 2/72 s22 3// k2zo 7 /oo

4 2/71l SIii0/ + ?

65 _ ./6 - ,F -

6 /6 3/6 ? R

78 7/__ i _ R

I9 2_ 3/J -' - 7IDo /7/_

12

7- --- .

12

22

DA I APS6 12
Figire 135. Record of precision fire.
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fired. Quadrant elevations fired were 316 and therefore, the adjusted elevation is 298.7 (313.7-
313; the mean is 314.5. An elevation change, (+15)) or 299 mils (fig. 135).
based on the number of overs and shorts, is j. Using Target Hit. Contiluing the example
applied to this mean QE to determine the adjusted in a above, assume that a round fired during the
QE. adjustment phase had been a target hit; it is given

h. Elevation Change Formula. Substituting nu- an FDC sensing of target, indicating both % over
merical values in the elevation change formula (the and X short. Thus from the 6 rounds which give
fork is 5; use actual value), the,- positive range sensings, 5 sensings are used. The

elevation change formula is used as stated in h
difference in overs and shorts x fork above.

[Elevation ehange= 2 x nurnmblr of rounds fired =
Obar Fl)C rofe

QE fired srnsil: aeining
4 overs-2 shorts x5 2 (overs) x 5 l eO=5=0. 5320 T T

2 x6 12 12 6 320 - . .. -- Ln -

320 - . ...... ? R +
The mean quadrant elevation fired was 314.5, and 320 -.. 7 -i
the computed elevation change is 0.8 mil. The 320 ? R +
elevation change must be subtracted from the 320 +L +
mean QE fired because the preponderance of the

diffcrence in overs and shorts x fork
six rounds in fire for effect was over; i. e., Elevation hange= 2 x number of rounds fired

Mean QE firednumber of roun=314.ds fired5Mear QE fired -------------- = 314. 5 (3 o(rs -- 2 shorts) x fork (5)
Computed elevation change. =-0. 8(3 2 shorts) x fork (

Adjusted quadrant elevation._ =313. 7 I x 5 5
2x 2 -4=04 mil

i. Determining Adjusted Elevation. To deter-
mine the adjusted elevation, the chart site is sub- .Mean QE fired --- =320

tracted algebraically from the adjusted quadrant. Minus elevationchangl-e =- . 4
in this problem the chart site was +15 mils; Adjusted Q-L-- ...... =319. 6i mils

Section III. TIME REGISTRATION

320. General same settings, produces an equal number of air

a. Just as range and deflection are affected by and impact bursts.
nonstandard conditions, the mechanical function-
ing of the time fuze is affected by atmospheric 321. Procedures
and storage conditions. It is therefore necessary On completing a precision registration and
to determine the proper fuze setting which cor- determining the adjusted deflection and adjusted
responds to a particular elevation. To do this, a elevation, a time registration may be conducted.
fuze setting is sought which will give a "zero height Fuze time is ordered for the registering piece.
of burst." The observer is directed to observe time regis-

b. A zero height of burst is obtained when the tration.
nmean height of the bursts, all fired with the same a. '[he fuze setting for the initial round is that
deflection, quadrant elevation, and fuze settings, setting corresponding to the adjusted elevation,
is at ground level. plus or minus any average time correction which

c. A time fuze functions either at the expiration might be known from a previous firing. The
of the fuze setting or on impact, whichever occurs time corrections (difference between adjusted
earlier. Therefore, a 0 height of burst is assumed time and time corresponding to adjusted eleva-
when a group of at least 6 rounds, fired with the tion) from previous registrations should be
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averaged and applied to the fuze setting corre- are fired. The round fired at the same fuze
sponding to the adjusted elevation. setting, which originally established 1 limit of the

Example: 105-mm howitzer, charge 5: bracket, is combined with the last 2 rounds fired
Ti,~ to give a group of 3. In this situation, all 6

apondirn Ad] Time rounds are assumed to have been fired at the mean
Adj el to adja time e C,,

First registration-- 365 22. 1 21.6 -. 5 fuze setting between the 2 groups of 3. For
Second registration 356 21. 6 21. 2 -. 4 example, 3 rounds fired at fuze setting 12.6 and

3 rounds fired at fuze setting 12.8 are treated as
Average known time cor- 6 rounds fired at fuze setting 12.7.

rection (-.5+(-.4) g. The adjusted time is the fuze setting for a
-. 9;-.9/2=-.45) --- -=-. 4-

Third registration------ 374 22.6 220 -. 6 zero height of burst, and it is computed in the
Average known time cor- same manner as the adjusted elevation except

rection (new)* (-.4+ that 0.4 is used ill place of the fork. The formula
(-.6) = - 1.0; - 1.0/2) =-. 5 is-

Fourth registration:
Adjusted elevation .---- ...- =370fi mean time fired
Timecorrespondingto Adjusted tine=difference in A and C x 0.4

adj el -----------------------------.=22. 4 see 2Xnumber rounds fired
Time for initial round

Timefor(22.4±+(-r5))-d =21. 9 see h. If a preponderance is obtained, the correc-
tion to the mean time derived from the formula

*Note. In determining a new average time correction, tion to the mean time derived from the formula
previous average time corrections are averaged with time will, when rounded off, always equal 0.1 second;
correction determined from current registration. therefore, if the preponderance is air, add 0.1

b. The adjusted deflection and the adjusted QE second to the mean time; if the preponderance is
(or elevation and site) determined from the impact graze, subtract 0.1 second from the mean time.
registration are not changed throughout the time If no preponderance is obtained (equal number of
registration. the time registration, the observer air and graze), the mean time is the adjusted time.

c. During the time registration, the observer i. An example of a time registration, using a

senses fuze action only-air (A) for each air burst 105-mm howitzer, charge 7, adjusted elevation
and graze for each impact burst (pr. 201b) 236, time corresponding to adjusted elevationand graze (G) for each impact burst (par. 201a).

d. After the observer's first sensing, the fuze 19.6, s as follows:
setting is changed 0.4 second (adding 0.4 second lion sena,,
to the time if the first sensing was air; subtracting nu..r Drd r.e, firend feird recon,
0.4 second from the time if it was graze) and the FDC to observer: OBSERVE TIME REGISTRA-
second round is fired. However, if the height of TION
burst of any round of a time registration is in (Previous roundsused in impact.
excess of 50 yards, a fuze setting change larger registration.)
than 0.4 second may be appropriate. If the 12 2,811 19.6 236 A
observer's second sensing is the same as the first, 13 -- -- -- - 20. 0 236 A

the fuze setting is again changed by 0.4 second in 14-- 20.4 236 G
the appropriate direction and a third round is Message to observer: OBSERVE THREE ROUNDS15 ----- ---- ---- -20. 2 236 A
fired. This procedure is continued until a round 16 1 - -- - -- 20.2 236 A

in the opposite sense is obtained, establishing a 17 20. 2 236 A
time bracket. Message to observer: OBSERVE TWO ROUNDS

e. After a bracket of 0.4, second is obtained, it is ----------- ------ ---- 20.4 236
split and 3 rounds are fired at the trial time. 19---------------- 20.4 236 A
Trial time is the fuze setting at which fire for Comment: Initial round, fired at time corre-
effect is commenced after an appropriate bracket sponding to adjusted elevation, was an air; 0.4
has been established. If mixed sensings result second was added to the fuze setting until a time
(air and graze) from these 3 rounds, 3 more rounds bracket was established (air at setting 20.0 and
are fired at the same fuze setting. graze at setting 20.4). The bracket was split.

J. If the first 3 rounds are all in the same sense and 3 rounds were fired at a fuze setting of 20.2,
(all air or all graze), the fuze setting is changed 0.2 all resulting in sensings of air. Two more rounds
second in the appropriate direction and 2 rounds were fired at, fuze setting of 20.4 which resulted
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in the last opposite (graze) sensing, giving a 20.4). If sensing for rounds 18 and 19 had been
total of 6 rounds. Since the preponderance of graze, there would have been no preponderance
the 6 rounds was air, 0.1 second is added to the (3 airs at 20.2 and 3 grazes at 20.4) and the ad-
mean time of 20.3 to arrive at an adjusted time justed time would have been the same as the
of 20.4 (20.3 plus 0.1 second time correction= mean time; i. e., 20.3.

Section IV. INVALID AND REFINED REGISTRATIONS

322. General changed 3 fork in the appropriate direction from
a. An invalid registration may result from- the last elevation fired and 1 round is fired. If

(1) A missensing by the observer, resulting the round is in the same sense as the single or
in a false bracket in either range, deflec- minority round of the 5-1 preponderance, the
tion, or fuze setting. adjusted elevation computed from the 6 rounds

(2) Errors at the piece, resulting in a wrong fired is verified (ignore verification round in com-
elevation, deflection, or fuze setting. putation). If the round is in the same sense as

(3) Errors at the FDC. the preponderance, two more rounds are fired at
b. Whenever a registration does not meet the the same elevation at which the first verification

requirements for validity, it must be continued round was fired. If these two rounds are both in
until valid corrections have been obtained. the same sense as the preponderance, the regis-

tration is invalid and the FDO proceeds as in b
323. Invalid Impact Registration above. If any of the rounds fired at the verifica-

a. A registration is considered valid for eleva- tion elevation are in the minority sense, a new
tion if 6 positive sensings obtained in fire for adjusted elevation is computed using the last
effect include not more than 5 rounds in the same six rounds fired. An example of verification is as
sense (over or short). The registration is invalid follows:
if all rounds are in the same sense and must be lRnd el Saing
continued by changing the elevation 3 fork in the 1, 2, 3 335 + + +
proper direction (all rounds over, subtract K fork Since all rounds are sensed as overs, elevation
from last elevation fired); firing is continued until is dropped X fork (fork=8) and 3 more rounds
3 more positive range sensings are obtained. If are fired.
I or more sensings in the opposite sense are ob- Rnd El Setin

tained in this last group of rounds, the adjusted 4, 5, 6 331 + + -
elevation is computed, based on the last 2 groups FDO, after checking record of fire, decides to
of rounds which resulted in mixed sensings (fig. verify the adjusted elevation (330). The elevation
135). . is dropped 3; fork from last elevation fired and I

b. If rounds in the opposite sense are not ob- round is fired.
tained in this last group of three rounds, the last
round fired is polar-plotted from the weapons with 327
the deflection and range corresponding to the last
elevation fired. The observer is notified that the Since the round is sensed as short, the adjusted
registration is invalid and to proceed with a new elevation (330) is verified. Assume round 7 is
adjustment from the last round fired. The results sensed over--
of the previous FFE are disregarded. 7 327 +

c. A registration which results in a single round
ill one sense, i. e., 5 overs anld I short, may be Two more rounds are fired at the same elevation.
verified before being accepted as correct. The Wnd lF SEenai

FDO will verify the accuracy of the record of fire 8, - 327 + +
and discuss the mission with the observer, par- Since all rounds (7, 8, 9) are sensed as overs, the
ticularly in case of an off-line range sensing in the registration is invalid and a new registration must
adjustment phase. The firing battery may also be started.
be checked. If an error is detected or if a doubt Assume last two rounds were mixed.
exists, the 5 and 1 registration should be verified. Ind El sasi,
To verify a 5-1 preponderance, the elevation is 8, 9 -327 +
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A new adjusted elevation is computed using d. A time registration must be continued if only
the last six rounds. one air burst is obtained in FFE. Three rounds

Rnd El s&nsin are fired singly at the time determined using the
4, 5, 6 ------ - 331 + + - adjusted time formula. If an air burst is reported,
7, 8, 9 .- . .. .327 + - + firing is ceased and the computed time is accepted

New adjusted elevation is 328. as the adjusted'time.
e. If anl air burst is not obtained, 0.2 second is

324. Invalid Time Registrations subtracted from the computed time and 3 more
a. A time registration which contains only 1 rounds are fired at this setting. If an air burst is

graze burst is considered valid if the air burts are obtained, the last six rounds are used to compute
close to the ground (mean height of burst 20 the adjusted time.
yards or less). If the mean height of burst is f. If an air burst is not obtained from the last
greater than 20 yards (reported by observer), the group, a new 0.4-second bracket is established and
registration should be continued by firing 3 rounds a new registration begun.
singly at the apparent adjusted time determined Ezample continued:
by computation. If a graze burst results from Rd No. Tim.e Srnin Remrk,
any of these rounds, the computed time is accepted 2- ---- 14 1 A2----- ----- 14. 5 l .04-secoild bracket is
as the adjusted time and the mission is terminated. established.

b. If a graze burst is not obtained, 0.2 second 3, 4, 5 .-. 14. 3 G, G, G
is added to the computed time and 3 more rounds 6,7 -14. 1 G, G Only one air; contillnue
are fired at this fuze setting. If 1 or more grazes registration at corn-
are obtained in this last group of 3 rounds, the puted time.

last 6 rounds fired are used to compute the 9-14. 1 (i
adjusted time. 10 14. I1 A Computed time is the

c. If graze bursts are not obtained from the last adjusted time.
3 rounds fired, a new time bracket is established Example continued: Assume rounds, 8, 9, and
by adding 0.4 second to the last time fired; a new 10 were sensed as graze bursts.
FFE is completed, and the adjusted time is com- Rnd No Time Seing Remrlk
puted. 8, 9, 10 14. 1 G, G, G 0.2 second must be sub-

Example: (155-mm how, chg 4, fz M500, el 227) tracted from com-
Rnd No. Time Sensning Remarks puted time alid 3

.1 . ....... 14. 1 G rounds are fired.
2-------- 13. 7 A 0.4-second bracket is 1113. A, 1, A Adjusted time based on

established, the last 6 rounds is
3,4,5 13.9 A, A, A 13.9.
6, 7- --- - 14. 1 A, A Observer reports mean 325. Refined Registrations

height of airs as 30 a. Although rarely used, when immediate trans-
yards; contine regis- fers of fire requiring extreme accuracy are to betration at computed
time (mean time 14.0 fired, impact and time registrations should be
+0.1 =14.1). continued until a second group of 6 sensings is

8 .-- - 14. 1 A obtained for both elevation and time. The
9---------- 14. 1 G Computed time is ad- proper correction (I of the indicated correction)

justed time. is applied in each case. For third series of 6 sens-
Example continued: Assume rounds 8 and 9 were ings, apply '/ of the indicated corrections; for

sensed as air bursts. fourth and subsequent series, apply Y of the
Rnd No. Time &n in I.mnra.k, indicated corrections.

8, 9- ---- - 14. 1 A, A One more round is fired. b. Computations of adjusted elevation should
10- ------- 14. 1 A 0.2 second must be be accomplished to the nearest 0.1 mil. Computa-

added to computed tions of adjusted time should be accomplished to
time and 3 rounds are
tfired. and3rondsare the nearest 0.01 second. In both cases valuesfired.

11, 12, 13 - 14. 3 G, G, A Adjusted time based on should be rounded off at the completion of com-
last 6 rounds is 14.3. putation.

186



Section V. CENTER-OF-IMPACT OR HIGH-BURST REGISTRATIONS

326. General a point of known location (a reference point visible
A precision registration is limited since it re- to both OP's).

quires visual observation on a clearly defined, b. Each observer (01-02) of a target area base
accurately located registration point in the target should be given an azimuth and a vertical angle
area. At night, visual adjustment of fire on a to the burst to aid his observing the first round of
registration point is impossible without some type the registration. The azimuths from 01 and 02
of illumination. In desert, jungle, or arctic opera- to the expected location of the CI or HB are meas-
tions, clearly defined registration points in the ured on the firing chart; the vertical angles are
target area are not normally available. To over- computed by using the mil relation.
come these limitations, two alternate registration c. The message to observer will include the alert
procedures may be used. These procedures are or warning order, orientation data for 01, directive
known as the center-of-impact registration and to 01 to measure vertical angle, orientation data
the high-burst registration. for 02, and coordination report for both observers.

An example of a complete message is PREPARE
327. Advantages TO OBSERVE CENTER OF IMPACT (HIGH

a. The two methods of registration have mutual BURST): 01 AZIMUTH 1065, VERTICAL
advantages, as follows: ANGLE + 10; MEASURE THE VERTICAL

(1) May be conducted during darkness. ANGLE. 02 AZIMUTH 785, VERTICAL
(2) May be used when no identifiable terrain ANGLE +8. REPORT WHEN READY TO

feature is available. OBSERVE. The instruments should be oriented
(3) Fewer rounds are required in the adjust- on these data after which each observer reports

ment phase of registration. With proper READY TO OBSERVE.
initial data for CI or HE registrations, d. The first round fired (the rounds will be fired
all rounds may be considered as fire for singly, controlled at FDC by AT MY COMMAND)
effect (orienting round(s) not included). normally is used to orient instruments. Succeed-

b. The HB registration has a distinct advantage ing rounds will be observed and the measured
in that a time fuze is employed. This makes azimuth reported by both observers. 01 (02 if
possible the determination of all three required directed) also measures and reports the vertical
corrections (time, deflection, and elevation). angle.
Since air bursts are used, it is easier to observe- e. An ON THE WAY is given for each round
especially at night-and corrections can be ob- fired. Observers report for each burst in numeri-
tained for areas concealed from friendly ground cal sequence; for example, 01 AZIMUTH 1059,
observation. VERTICAL ANGLE +13; 02 AZIMUTH 792.

f. Sufficient rounds must be fired to obtain an
328. Disadvantages accurate location of six rounds. Any erraticrounds or rounds observed by only one observer

The two methods of registration also have are disregarded.
mutual disadvantages, as follows: g. Since an inexperienced observer may mis-

a. Surveyed location of the OP's for graphic take a graze burst for a low air burst, care must be
intersection or surveyed location of 01 and meas- taken in HB registration to determine a mini-
ured base to 02 for computed intersection are mum acceptable vertical angle.
required (TM 6-200). h. When the registration point is to be located

b. Communication with the two OP's is re- by higher headquarters (observation battalion) or
quired. by radar, the coordinates and height of the burst

center are furnished to the FDC conducting the
329. Orientation of Observers registration.

a. The OP's should be established during day-
light so that the instruments may be oriented and 330. Impact Area
a line materialized on the ground for orientation The impact area selected for HB or CI registra-
after dark. The instruments may be oriented tions should be in or near the center of an area in
on each other (requiring intervisible OP's) or on which later firing is anticipated. For CI registra-
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tions, the area should be clear of trees, buildings, tables are not valid for an angle of site deviation
sharp ravines, etc., so that the burst may be of over 50 mils.
easily observed. b. As with the CI, the deflection to be fired is

the measured deflection to the selected registration
331. Preparation oF Firing Data-Center of point.

Impact c. The elevation corresponding to the measured
a. The firing deflection is the measured defiec- range to the selected registration point is fired.

tion to the selected registration point. d. The fuze setting to be fired is the time cor-
b. The firing elevation is the elevation corre- responding to the elevation to be fired, plus or

sponding to the range measured to the selected minus any known time corrections.
registration point. e. The site to be fired is computed by using the

e. The site to be fired is computed by using the chart range and the vertical interval. The verti-
chart range and the vertical interval (VI). The cal interval is computed by comparing the altitude
VI is computed by comparing the altitude of the of the battery and the desired altitude of burst.
battery and the altitude of the selected registration
point. 334. Computation of Location of HB

332. Computation of Location of Center of If the location of the HB is not furnished by
higher headquarters or by radar, a target area

Impact base is used to determine the direction and dis-
a. The 6 usable azimuths reported by 01 and tance to the burst center. The coordinates of the

02 and the 6 usable vertical angles reported by 01 HB are either computed and plotted or polar-
are averaged to obtain the mean azimuths and the plotted in the same manner as for aCI(par.332c)
vertical angle. These are used in computing and/or
plotting the location and altitude of the center of 335. Procedure Example
impact.

b. The 01-CI distance is computed by using the A 105-mm howitzer battery has occupied posi-
triangle 01-02-Cl (TM 6-200). tion, and preparations are being made to fire a

(1) The length and azimuth of the base (01- high-burst registration. The following steps in
02) is determined by computation from preparation for the registration have been accom-
coordinates as described in TM 6-200. plished:

(2) The angles at 01 and 02 are determined a. The battery position, the location of the se-
by comparing the averaged 01 and 02 lected registration point, and the surveyed location
azimuths to the Cl with the azimuth of of 01 and 02 have been plotted on the firing chart.
the base. Azimuth indexes for 01 and 02 have been con-

c. The coordinates of the CI are either computed struted.
and plotted or polar-plotted on the firing chart b. 01 and 02 have been occupied during the day-
from 01 data by using average azimuth 01 to CI light hours, and the observer's instruments have
and the distance 01 to CI. been oriented on each other (OP's intervisible).

d. The altitude of the CI is computed by using For each OP, a reference stake was emplaced, and
the altitude of 01, the 01-Cl distance, and the tan- the azimuth to one edge of the stake was measured
gent of the average vertical angle. and recorded. Should the orientation of either in-

strument be disturbed during darkness or periods
333. Preparation of Firing Data-High Burst of poor visibility, the selected edge of the reference

a. Procedure used in a high-burst registration stakewouldthenbecomeasupplementaryazimuth
is much the same as that used in a center-of-impact mark for reorientation of the istrument.
registration. The high burst is fired with fuze c. The following data have been measured from
time. Enough site must be included to place the the firing chart or obtained from survey:
burst in the air in view of both observers; however, (1) Data for observer orientation:
a high burst should not be fired so high that the ol to HiS distance=2,730 yards
angle of site (at the piece) is more than 50 mils. 01 to HB azimuth=2,093 mils

When the angle of site exceeds 50 mils, errors in 01 to 02 distance =684 yards01 to 02 azimuth '505 mils
elevation corrections will result because the corm- 02 to HBI distance=2,760 yards

plementary angle of site factors listed in the firing 02 to Hit azimuth=2,443 mils
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Altitude 01 =719 yards (Rounds No. 4 and 8 were disregarded as erratic.)
Altitude 02 =723 yards Azimuth 01 to 02=505 mils: azimuth 02 to

(2) Data jointly used for observer orientation 01=3,705 mils.
and firing data: Azimuth 01 to H.B=2,097 mils; vertical

angle 01 to HB + 14 mils.
Ground altitude of point selected for Azimuth 02 to HB=2,346 mils.

high burst (map)=711 yards Apex angle=24!9 mils (2,346-2,097).
Desired height above ground (FDO) = 40 yards Base length=684 yards.
Desired altitude of burst (711+40)=751 yards Interior angle 01=1,592 (2,097-505).

d. Vertical angles for 01 and 02 are determined Interior angle 02= 1,359 (3,705-2,346).
by using the mil relation. Distance 01 to HB=(684 x sin 12359sin 249

O0 to HB vertical interval (751-719) = +32 yards the of x sin A
01 to HB vertical angle (CST: 32/2.73) = + 12 mils g sie a si B
02 to HB vertical interval (751- 723) = +28 yards Log 684 =2. 835056
02 to HB vertical interval (GST: 28/2.76) = + 10 mils * +Log sin 1,359=9. 987729-10

e. The observer orientation is complete when the 12. 82278510o
following information is sent: Message to observ- -Log sin 249 9. 383865-10
ers, PREPARE TO OBSERVE HB REGISTRA-
TION. 01 AZIMUTH 2093, VERTICAL AN- Log dis yd =3. 438920
GLE +12; MEASURE THE VERTICAL AN- 01 to HB distance=2, 747 yards
GLE. 02 AZIMUTH 2443, VERTICAL ANGLE (The military slide rule may be used as a check
+10. REPORT WHEN READYTO OBSERVE. on the computed 01 to HB distance. In some

cases (distances of less than 2,000 yards), dis-
f. Firing data for the HB is determined at the tances determined with the military slide rule

FDC from the HB plot on the chart. The follow- are sufficiently accurate for artillery purposes.)

ing commands are sent to the howitzers: NUM- Vertical interval 01 to HLB = distance X tan ver-
BER 3 ADJUST; SHELL HE; CHARGE 5; tical angle.
FUZE TIME; NUMBER .3 1 ROUND, AMC; Log die yd =3. 438920
CORRECTIONS ZERO, DEFLECTION 2860; +Log tan 14 mils=8. 138155-10
SITE 315; TIME 14.7; ELEVATION 238. Log VI =11. 577075-10

g. The first round is normally used for observer VI =37. 8 yards
orientation. ON THE WAY will be given as each (The VI may be computed by using the military
round is fired. If necessary, the observer will use slide rule.)
this round to reorient the center of the reticle of i. The HB is polar-plotted by using the 01
his instrument. Thereafter the instrument orien- azimuth (2,097) and the distance 01 to HB (2,747
tation is not changed since a more accurate meas- yards). The height of burst is determined by
ured azimuth is obtained by combining the applying the computed VI to the known altitude
observed deviation on the reticle with the reading of 01 (719 + 38 = 757 yards altitude of burst).
set on the azimuth and micrometer scales. As (See TM 6-200 for computation of coordinates if
measurements for each round are completed, HB is plotted from coordinates.)
observers will report in numerical order. j. The calculation procedure is identical for

h. The following information has been reported a CI.
by the observers:

Bnd No. 01 azimuth aNgeti 0taimti h 336. Checklist for Solution of CI or HB Regis-nd N'o. o01 akimuth anll O ah
............--------.. -Orienting trations

round a. Plot the coordinates and altitude of the
2----------------------- 2,093 +11 2,344 battery position, 01 and 02, and the registration
3--................... 2,099 + 15 2,348
43- 2,09 + i 2,348 point on the firing chart.

5- ......... 2,096 +13 2,345 b. Index the chart for 01 and 02.
6 -................. .. 2, 098 + 16 2,349 c. Select the approximate location for the HB
7 ...................... 2,097 +14 2,346 or CI to be fired and check the size of the apex
8------- - g4,2 +6 le*e angle (should be 250 mils or greater).

9 2, 097 +16 2, 343 d. From this approximate location, determine

Total - . ...... 12, 580 +85 14, 075 the firing data to be fired; i. e., deflection, range
Average - ............ 2, 097 +14 2,346 (elevation), site.
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e. Measure and compute orienting data for 01 j. Compute coordinates or polar-plot data of
and 02 (azimuth and vertical angle). CI (HB).

f. Send orienting data to observers at 01 and 02 k. Compute altitude of CI (HB). Distance 01
and instruct observer at 01 to measure the vertical to CI (HB)X tan vertical angle reported by 01
angle. equals amount CI (HB) is above (below) 01.

g. Send commands to the battery to fire CI Height 01 + (-) this amount equals altitude of

h or sixB. usable readings fromobserverat CI (HB).
h. Obtain six usable readings from observer at

01 and 02. 1. Plot CI (HB) on the firing chart.
i. Compute mean azimuths from 01 and 02 to m. Determine registration corrections for deflec-

CI (HB) and compute mean vertical angle from tion and elevation by comparing adjusted data
01 to CI (HB). Determine interior angles of (fired) with chart data (plotted location of CI
triangle 01-02-CI (HB). or HB).
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CHAPTER 19
DETERMINATION AND APPLICATION OF CORRECTIONS

Section I. INTRODUCTION

337. General 338. Principles of Determining and Applying
a. The registration corrections are the sum of Registration Corrections

corrections owing to the effects of weather, a. The magnitude of registration corrections is
materiel, ammunition, and survey and chart errors. established by comparing data determined by
Although highly accurate only for a small area firing (adjusted data) with the data obtained
surrounding the registration point at the time the from the chart (chart data); the difference
registration was fired, these corrections are between the two is the correction.
assumed to be applicable also under conditions
set forth in this chapter. It is possible to separate tration at registration point range are applied
these total corrections into components (owing to
weather) and to establishi proportional corrections graphically to the chart (for deflection) and to

~~~~weather) tetl poro cr io tile GFT fan or GFT (for elevation and time). In
within certain limits. Frequent registrations or sbseent restratios te deflection correction

subsequent registrations, the deflection correctionthe firing of check rounds within ammunition at
at registration point range for the new registrationlimitat~ions should be encourlaged. This will
becomes the basis for coustruction of a oew

provide current corrections.
b in addition to registration corrections. it is deflection correction scale. This scale then be-
b. In addition to registration corrections, it is

frequently necessary to determine and apply comes tce basis of the cDO annoused deflec-
_corrections for- lion corrections. Corrections from subsequent

registrations are determined for elevation and
(1) Differences in the capabilities (shooting time and are applied graphically to the GFT fan

strength) of any two like weapons (cali- or GFT.
bration corrections, pars. 381-385). c. Corrections determined by registration apply

(2) The position of weapons with relation to only to the charge and ammunition lot used in
the target (position area corrections, the registration and are valid only within transfer
pars. 386-389). limits.

(3) The desired pattern of bursts of a number
of weapons (sheaf corrections, pars. 386- 339. Transfer Limits
389) if other than a normal sheaf is Corrections are assumed to be valid within
desired.

transfer limits (fig. 136); that is-
c. This chapter deals with practical methods of a. When the registration point or met check

determining and applying corrections for thesepdetermining and applyisog otrections for these point is within 10,000 yards of the piece, transfer
purposes. in spite of the application of these limits extend ,500 yards over and short all 400limits extend 1,500 yards over and short and 400
corrections and extreme care in the service of the
piece, there are many factors which cannot be ils right and left of the point.
measured accurately. These factors will cause b. When the registration point or met check
dispersion or variation in the point of impact from point is more than 10,000 yards from the piece,
round to round under the same firing conditions transfer limits extend 2,000 yards over and short
(pars. 611-637). and 4,000 yards right and left of the point.
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Section II. PRECISION REGISTRATION CORRECTIONS

340. Computation of Range Correction and adjusted elevation and the adjusted time. For
Range K example, assume that a time registration has been

a. A range correction is established by compar- conducted and an adjusted time of 19.8 computed;
ing the measured chart range to the registration the time corresponding to the adjusted elevation
point with the range corresponding to the adjusted (105-mm how, chg 6, el 295) is 20.5 seconds; the
elevation and assuming that the ratio of one to time correction is -0.7 seconds (19.8-20.5).
the other remains constant for a given charge and 342. GFT Setting
ammunition lot. The range K is expressed as A GFT setting

A GFT setting that is based on registration isplus or minus so many yards per thousand yards.
The computation of range K as outlined in this graphic comparison of adjusted data to chart
paragraph is used only when graphical equipment range. In principle it is the same as the range K,
is not available. as determined in paragraph 340b. The elements

b. The range K is determined by dividing the of a GFT setting and the order in which they are
range correction in yards by the chart range in always expressed are: unit registering; charge;
thousands of vards; range K expressed as a ammunition lot; chart range (nearest 10 yards);

toss range Kcorxresdction a adjusted elevation; and adjusted time. The GFT
formula is Range K= rangeil thousands setting is recorded as shown by the following

Example: (105-mm how, chg 6)
Range corresponding to the adjusted eleva- GFT A: Charge 6, lot Y, range 6,080, elevation

tion (295) - 6, 250 yards 295, time 19.8.
Chart range -................. 6, 080 yards

___- 343. GFT Setting-GFT Fan
Rlange correction----------------- +170 yards a. The GFT fan, with the GFT setting applied,

Range K= *=+1 2 7 .9 or +28 per thousand yards aids in determining the corrected elevation and
6._, I time to any target within transfer limits. The

*Note. Chart range is rounded off to the'nearest 100
yards.

c. The determination of corrected elevation
for a transfer of fire is a reversal of the process
used in determining a range K. To determine
the corrected elevation, multiply the range K
by the chart range in thousands of yards to obtain
the range correction; add the correction alge-
braically to the chart range; and, from the firing l
tables, determine the elevation corresponding to | l
the corrected range. In continuation of the 0OOd I0OOOYdd

example in b above, assume that, after registering .-- ' i - ') I
at a range of 6,080 yards and determining a range ' /
K of +28 yards per thousand, it was decided to i
fire at a range of 7,000 yards. Corrections are
to be applied. I
Total range correction=range (ill thousands) x range K.

=7.0 (range 7,000 yards) x +28 400 \ 400 M
yards per thousand = +l196 /
yards. \ \

Tilhe elevation to be fired must correspond to the I I i
chart range plus range correction (7,000+196= /
7,196 yards; el 357.6i (358ir)).

341. Computation of Time Correction
'The time correction is the difference between () up to O,OOO000 yads Or IO,0O ya00rds

the firing table time setting corresponding to the Figure 136. Transfer limits.
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Section III. DUTIES OF BATTERY FDC PERSONNEL

402. Battery Fire Direclion Officer c. Determine the following data:
Any officer in the battery may be required to (1) Deflection correction (pars. 375 and 376).

act as the battery FDO. When the battery is (2) Chart deflection (pars. 294-302).
operating independently, the battery FDO is (3) Site (par. 306d).
required to perform those duties of the battalion (4) Fuze setting (when applicable) (pars.
FDO and control chart operator which would 341-345).
apply under the circumstances. When the bat- (5) Elevation (pars. 342-345).
tery is under battalion control, the specific duties d. Determine the size of the angle T and
of the battery FDO are to- announce it when it is 500 mils or greater (par.

a. Supervise the operation of the battery FDC. 411).
b. Supervise the functioning of battery fire e. Determine adjusted coordinates of concen-

direction wire and radio nets (pars. 431-433). trations to be replotted (par. 420).
c. Supervise the construction of battery firing f. Replot concentrations (par. 420).

charts (par. 406).
d. Relay commands and other transmissions 404. Battery Computer

to the battery executive (pars. 413, 415, and 416e). The duties of the battery computer are to-
e. Verify computations performed by the bat- a. Record fire requests, fire orders, firing data,

tery FDC personnel. corrections, and all other data which the FDO
f. Conduct registrations and other precision directs and maintain necessary records (pars. 407,

missions when directed (pars. 307 336 and 493). 409, 410, 413, 415, and 422).
g. Compute special corrections as directed b. Compute and announce total deflection when

(pars. 381-389). necessary (i. e., chart deflection plus deflection
h. Maintain appropriate records in the battery corrections) (par. 486).

FDC (par. 422). c. Combine the announced site with the 20/R
i. Submit required reports (unit SOP and (height of burst over range) factor and compute

higher Hq). changes in site during the adjustment of time
j. Supervise the preparation of data sheets fire (par. 425).

(par. 531). d. Combine the announced site with the an-

nounced elevation to determine quadrant eleva-
403. Primary Chart Operator tion for medium and heavy artillery.

The primary chart operator and the check e. Compute met, VE, and special corrections
chart operator function as a team. Both oper- when directed (pars. 359-375, and 381-391).
ators perform identical duties in the construction f. Transmit the executive officer's report to the
and maintenance of firing charts and the deter- battalion FDC.
mination of firing and replot data. The difference g. Assist in the conduct of registrations and
between their functions is that the primary chart determination of registration corrections (pars.
operator announces data and the check chart 307-336).
operator announces agreement or disagreement h. Prepare data sheets and maintain a record
with the announced data. Chart operators arc of all data sheets for prearranged fires sent to the
required tq- firin;gbaty-fH.r -

a. Prepare and maintain firing charts (pars
270-276). 405. Radiotelephone-Operator

b. Announce range- anid-the' 100/R factor to Radiotelephone operators answer calls, record
the computer when required (pars. 305 and data as required, and perform other duties as
306a). indicated in paragraph 401.
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Section IV. SPECIFIC FDC PROCEDURES

406. Charts diately announces the error to the control chart

a. Battalion FDO Chart. If the battalion FDO operator. Appropriate steps are taken to resolve
desires a separate chart, it is constructed to show any discrepancy between charts. Minor dis-
the fire capabilities and the locations of firing bat- crepancies are resolved by adjusting either the
teries, front lines, and the no-fire line (FM 6-20). deflection indexes and/or the GFT settings to
This chart should be a battle map. bring all charts (including control chart) into

b. Control Chart. The control chart is a firing agreement with the master chart. The control
chart (battle map) on which are plotted the loca- chart operator should check as many points in
tions of the firing batteries, the radar, surveyed this manner as may be necessary to achieve chart
OP's, registration points, met check points, bar- uniformity. Personnel and equipment differ-
rages, and targets as ordered by the FDO. The ences make exact agreement difficult to achieve.
control chart operator maintains the control Charts are in adjustment when data determined
chart. He also keeps a situation overlay on are within the following tolerances:
which are posted the no-fire line, friendly loca- Deflection ---------------- 2 mils
tions, and routes of current and scheduled patrols. Range 20 yards

The control chart operator also maintains fire Fire missions will be processed and fired even
capabilities and dead space overlays. though charts have not been adjusted. Time and

c. Primary and Check Charts. The primary elevation gagelines, when established, must be
and check charts must have identical grids and brought into coincidence with those of the master
have plotted on them the locations of the firing check chart.
batteries, the radar, surveyed OP's, registration e. Record of Surveyed Data. For convenience,
points, met check points, barrages, and targets each chart should have attached to it a sheet of
as ordered by the FDO. paper on which are tabulated the coordinates and

d. Adjustment oJ Charts. The purpose of ad- altitude of each firing battery and all critical
justment of charts is to insure uniformity among points plotted on the chart. The azimuth(s) of
the charts within a battalion. Uniformity is the orienting line(s) should also be recorded.
achieved by bringing all charts into agreement
with one carefully prepared master chart. Charts 407. Recording Initial Fire Request
are adjusted under the supervision of the control
chart operator. The adjustment is to resolve a. The majority of requests for fire will reach the
errors in plotting, placement of indexes, and GFT FDC by telephone or radio. They will be in the
settings. Chart adjustment is performed as soon form of an initial fire request from an observer.
as practicable and during lulls in firing. Fire Missions coming to the battalion FDC by wire are
missions should never be delayed solely to adjust answered and recorded by the switchboard oper-
charts. However, the data should be checked to ator-computer. Missions received by radio are
insure that friendly troops are not endangered answered and recorded by a radiotelephone
and that firing data do not contain gross errors. operator. He insures that all members of the
The control chart operator selects a conveniently FDC are alerted to the mission. The fire request
located grid intersection or critical point and is recorded on DA Form 6-16 (FDC Computer's
announces its chart location to all chart opera- Record) (fig. 151).
tors. He designates a check chart operator to b. All battery computers not actively engaged
determine and announce deflection, time (when in another mission record the initial fire request.
appropriate), and elevation for each battery to If the fire request is received directly by a battery
the selected point. This check chart is estab- FDC over wire, the computer reads back the fire
lished as the master chart for purposes of adjust- request. If the fire request is received over radio,
ment of charts. Each chart operator determines the radio operator reads back the fire request.
the same elements of data for each battery from c. When a fire request is received, the warning,
his chart. Any chart operator whose data do FIRE MISSION, is announced in the FDC's.
not compare with the master chart data within This warning alerts all personnel that a fire request
the prescribed tolerances shown below imme- is forthcoming.
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b. If the battalion FDO decides to fire the mis-FDC COMPUTER'S RECOR D

.. ....... A ......D sion, he issues a fire order which consists of some
. / ......... . or all of the elements in (1) through (14) below.

Ax 25s0, L Voo,-¢,1 .... """.' ..... Inapplicable elements are omitted, but the se-
........... , S .. . quence indicated is always followed in order to

"' -- : c: avoid errors and confusion and to save time.
.. "___________l_ c. The following considerations affect the ele-

_______oo ____ ____._,, ,,, ,__ 1ments of the fire order:

l. _... °(1) Altitude. The control chart operator
normally determines the altitude from

Figure 151. Recording the initial fire request. his chart and announces it to the FDO.
Altitude is always announced in that

408. Plotting the Target Location unit of measure which facilitates com-
putation of site; i. e., if the map is con-

All chart operators, including the control chart toured in feet, the altitude is converted
operator, plot the target location. The plot is to yards or meters by the control chart
based on the method of location used in the operator by using the C and D scale on
initial fire request. When a fire mission is re- the graphical site table (GST).
ceived, each primary and check chart operator, (2) Batteries tofire. The decision as to which
unless otherwise actively engaged in a fire mission, battery or batteries will fire a mission
will immediately plot the location of the new depends on-
target. (a) The number of batteries available to

fire.
409. BattalionFire Order (b) The size of the area to be covered and

a. When a target is plotted, the battalion FDO the accuracy of location.
examines its location relative to the frontline, no- (c) The caliber, type, and number of
fire line, zones of fire, and registration points. weapons per battery.
From this examination, and considering the fac- (d) Whether or not surprise fire is feasible.
tors listed in chapter 23, he decides whether to (e) The importance of the target.
fire the mission. (f) The range to the target.

Element When announced Command

(1) Altitude .-...---- . ....... Always -..................... ALTITUDE 412 YARDS
(2) Battery(ies) to fire -------------- Always -................... BATTALION
(3) Adjusting battery - ........... When applicable -............. BRAVO
(4) Method of fire of adjusting battery_. When different from observer's request SALVO RIGHT

or standard procedure; i. e., volley
fire.

(5) Basis for corrections -W-----..-- When applicable .----------------- USE REGISTRATION
POINT 2

(6) Use of special corrections --------- When applicable ------------------ SPECIAL CORRECTIONS,
CONVERGED SHEAF

(7) Projectile -.......... When different from observer's request SHELL WP
or standard procedure; i.e., shell HE.

(8) Ammunition lot .-. ..... When applicable ------------------ LOT
(9) Charge -................. Always, except for high-angle fire .--- CHARGE 5

(10) Fuze ,-............. When different from observer's request FUZE DELAY
or standard procedure; i. e., fuze
quick.

(11) Number of volleys ------------- Always .-....................... 5 VOLLEYS
(12) Range spread or zone ------------- When different from observer's request ONE C APART

or standard procedure; i. e., center
range.

(13) Time of opening fire ------------ When different from observer's request AT MY COMMAND
or standard procedure; i. e., when
ready.

(14) Concentration number .- . ... Always ---------------------------- CONCENTRATION ALFA
BRAVO 101
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(g) The relative locations of batteries to quantity lots are reserved for use on
each other and to the target. registration and subsequent transfer of

(h) Whether the purpose of fire is neutral- fires, and the ammunition lot numbers
ization, harassment, or interdiction. will be announced or prearranged. Small

(i) The battery with the most recent or quantity lots should be used for battery
best corrections in the zone to be will adjust missions only, and lot numbers
covered. need not be announced. Battery com-

(j) The ammunition situation. puters and the chief computer will keep
(3) Adjusting battery. For registration or for a record of lots available and registration

missions requiring fires of the battalion, points on which they were used.
it is usually best to use the midrange (9) Charge. The mission, nature of target
battery as the adjusting battery. and terrain, ammunition available, type

(4) Method of fire of adjusting battery. Unless of fuze to be used, range, and effects
the observer requests a specific method sought govern the selection of the charge
of fire, e. g., salvo fire, volley fire is used to be used.
by the adjusting battery. (10) Fuze. The mission, nature of target

(5) Basis for corrections. If the target is and terrain, fuzes available, range, and
within transfer limits of more than one effects sought govern the selection of the
registration point, the registration point fuze to be used.
nearest the target will give the greatest (11) Number of volleys. The mission, nature
accuracy if the corrections are current. of target, ammunition available, and

(6) Use of special corrections. Special cor- pertinent orders from higher headquar-
rections are determined for each piece of ters govern the number of volleys to be
a battery. Such corrections are used for fired.
barrages, targets very close to friendly (12) Range spread or zone. The area to be
troops, targets of unusual shape or covered, the accuracy of the target loca-
dimensions, or when ordered. Special tion, and the probable error of the
corrections are applied to correct for weapon should be considered in deter-
echelonment (position corrections), dif- mining the range spread or zone to be
ference in altitude, and calibration of used. Normally, a battalion should not
the pieces to produce the range and fire with a range spread between bat-
distribution desired. teries greater than 1 C (100 yards), for a

(7) Projectile. The projectile or combination greater spread will not give uniform
of projectiles selected depends on the coverage of the target. A spread of less
mission and the nature of the target. than 100 yards, i. e., } C, will serve to
Unless the observer requests a specific thicken the fires.
type of projectile, shell HE is used. (13) Time of opening fire. The mission,

(8) Ammunition lot. In fixed and semifixed nature of target, and effect desired
ammunition, the ammunition lot number govern the selection of time of opening
pertains to an assembled projectile- fire, such as TIME ON TARGET
propellant combination. For simplicity, (TOT), AT MY COMMAND, WHEN
the lot number may be coded as lot X. READY, or any specific time according
Alfa, Bravo, and Charlie will not be used to-a prearranged schedule.
to designate lots 'to avoid confusion in (14) Concentration number. A number is
the fire order. In separate-loading am- selected for each concentration from the
munition, when a specific projectile- block of numbers assigned to the bat-
propellant combination is desired, the talion (FM 6-20) unless a number has
lot may be coded as lot X-Y with "X" been specified by higher headquarters.
designating projectile lot and "Y" desig- (Battalion, division artillery, artillery
nating propellant lot. Over a period of group, corps artillery, or army artillery
time, a unit tends to accumulate several may assign a number to a concentration.)
lots of ammunition. Many of the lots This number may be preceded by a
will consist of small quantities. Large letter(s) prefix to indicate the unit which
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assigned the number. The chief com-
puter will keep a list of the numbers . . . ./s7
readily available in order to avoid dupli- . .............
cation. .Va6, ,, .,pc,,A

410. Announcing and Recording the Fire Order S,,, ........ .
a. The fire order is announced and repeated, if .

necessary, to insure that all interested personnel 00,

receive it. ', ,
b. When radio is being used, the fire order is . C ."5_

recorded by a radio operator at the battalion
FDC. He repeats it on the radio for the battery Figure 152. Recording the fire order.

FDC's and the observer. When wire communica-
tion is used, the switchboard operator-computer
records the fire order as the battalion FDO angle-measuring device. They may compute the
announces it over the conference circuit for the size of the angle T by comparing the OT azimuth
battery FDC's and the observer. Regardless of with the GT azimuth. For example, the observer
the communication used and the batteries to fire, sent AZIMUTH 4850 and the GT azimuth is
all battery computers record the fire order, on measured to be 4160.
DA Form 6-16, as shown in figure 152, except 4850-4160=690 mils
when actively engaged in other missions. b. The size of the angle T is announced to the

c. The method of acknowledging the fire order observer when it is 500 mils or greater. It is
will depend on the communication means being always given to the nearest 100 mils. The size
employed (pars. 431-433). of the angle T may be requested by the observer

(1) In an all-wire system, acknowledgment at any time.
will be made over the conference circuit.

(2) In an all-radio system, each battery will 412. Determining Altitude
acknowledge in order by sending its call a. The control chart operator normally deter-
sign followed by ROGER and the proper mines the altitude from a contour map and
terminating word. announces it to the FDO. Layer-tinting (FM

(3) In a combination wire-radio system, 21-26) the battle map firing chart used by the
acknowledgment will be made by both control chart operator, or marking it with spot
means of communication. Batteries will elevations, will aid in determining altitude.
acknowledge over wire, if available, while b. When the initial fire request includes a
the FO and/or any installation not having vertical change from a known point, the altitude
wire will acknowledge by radio. determined by applying the vertical change to

d. In all cases, the order in which installations the altitude of the known point is used initially.
reply will be-

(1) The adjusting battery. 413. Determining, Recording, and Transmitting
(2) Other batteries in order directed by unit Preliminary Fire Commands

SOP. a. Immediately on receiving the fire order,
(3) Observation posts in order directed by battery computers determine and record all fire

unit SOP. commands except those determined from the
e. In fire for effect missions, unit SOP should charts and graphical equipment. For example,

indicate a specific battery computer (radio oper- by examining the recorded initial fire request and
ator) to first acknowledge the fire order. the fire order, the adjusting battery cbmputer

determines and records, on DA Form 6-16, the
411. Measuring and Announcing the Angle T following (fig. 153):

a. As soon as the target grid is oriented, based (1) Battery adjust. The fire order indicates
on the azimuth given in the initial fire request, the battalion will fire and Battery B is to
adjusting battery primary and check chart oper- adjust.
ators determine the size of the angle T. They (2) Shell HE. By omission of type of pro- i
may determine the size by using any available jectile in both the initial fire request
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and the fire order, the use of shell HE is battery pin with the cursor vertex against the
implied. target needle.

(3) Lot X. The fire order indicates use of b. The deflection correction is applied on the
lot X. gunner's aid throughout the mission. This cor-

(4) Charge 5. The fire order indicates use rection is determined from the deflection correc-
of charge 5. tion scale drawn on the GFT fan at the point on

(5) Fuze delay. The observer requested fuze the drift scale intersected by the elevation gage-
delay and since no change was ordered line. If a deflection correction is not available, it
in the fire order, the requested fuze is announced as zero. If any subsequent deflec-
is used. tion correction, from either registration or met

(6) Center one round. Volley fire was implied computation, causes a total deflection correction
by omission of a method of fire in the too large (over 20 mils) to be set on the gunner's
observer's request and the fire order. aid, the deflection index will again be displaced
Battery B was designated in the fire by the amount of the correction at the registration
order to conduct the adjustment; the point.
computer designates only the center 2 c. The deflection is read from the arc of the GFT
pieces to fire I round during the adjust- fan at the point opposite the deflection index.
menrt. ~~~~~~ment. ~d. Site is determined by using the GST. The

b. The procedure in a above is the same for. The procedure in a above vertical interva i s determined by obtaining the
nonadjusting batteries except for the method of vertical nterval s determined by obting the
fire which must include DO NOT LOAD; i. e., difference between the target altitude and the alti-
BATTERY 3 ROUNDS, DO NOT LOAD. tude of the battery. The range is read under the

Transmission of commands to nodjusting bat- hairline on the cursor of the GFT fan. (Range is
terst th th DO NOT LOAD, pmits determined to the nearest 10 yards.) With these 2

terieselements, the mil relation is used to approximate
prior preparation of the ammunition and general
orientation of the weapons to minimize changes the angle of site as less or greater than 50 mils.

required wen te command to fire is received. When the angle of site exceeds 50 mils, both therequired when the command to fire is received.
e. The batterv FDO transmits all fire commands GST and the complementary angle of site columns

in the tabular firing tables are inaccurate. Double

determined, except that the command for eleva- interpolation site tables, when available in tabular
tion is always transmitted last. firing tables, are used to determine site when the

angle of site exceeds 50 mils. When double inter-
414. Determining and Recording Fire Com- polation tables are not available, the site computed

mands Based on Chart Data (Using by using either the GST or the tabular firing
tables must be used.Graphical Firing Table Fan) tables must be used.

e. Time is read at the point on the time scale
The chart operators detemine de ti intersected by the time gageline. If a time gage-

correction, deflection, site, time, and elevation, line has not been constructed, the time is read at
based on chart data. The GFT fan is positioned the point on the time scale intersected by the
so that the fan vertex is against the appropriate elevation gageline. If an elevation gageline has

not been constructed, time is read at the point on
the time scale intersected by the cursor hairline.

FDC COMPUTER'S RECORD

I TseJ9.0. -'~ttll 5 If. Elevation is read at the point on the elevation
. 4 c. ..... , I ............scale intersected by the elevation gageline. If an

,,,O/zfg0Eto'a;.ka.J Fo, ,o~ S, WF ...° X elevation gageline has not been constructed, eleva-
00d. Ca5. ........ ' - tion is read at the point on the elevation scale

bogy____° __,,,c,_ , intersected by the cursor hairline.

L____ R Ti- g. Each battery computer records, on DA Form
o m...~ s .......... · 6-16, these fire commands as they are announced

by his primary chart operator (fig. 154). The
computer keeps a progressive record of ammuni-
tion expenditure in the appropriate column of the

Figure 158. Recording the preliminary fire commands. FDC Computer's Record (DA Form 6 16).
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tabular firing tables are inaccurate. Double inter-
FDC COMPUTER'S RECORD

ro..... PE ...R....EC.. I/A 7.... ' polation site tables, when available in tabular
, ......... _, _,... S firing tables, are used to determine site when the
2550, 40, - ¢'O0 .,',,,"" 2w/ 6 , 6Ad' .So,.rr angle of site exceeds 50 mils. When double in-

~,0 ,- ,, ,,, .. Ce .terpolation tables are not available, the site com-
.- e I.3 "28f0 AO puted by using the GST must be accepted.
, rets l e. Time is read at the point on the time scale

Cr_~c,.~/ r boo 2 7 2 of the GFT intersected by the time gageline. If
"-_·' "....... I".'" " ' " '-'' a time gageline has not been constructed, the time

_"af'- is read at the point on the time scale intersected
Figure 154. Recording fire commands announced by primary by the elevation gageline or, lacking an elevation

chart operator. gageline, time is read at the point on the time scale

415. Determining and Recording Fire Comrn- intersected by the cursor hairline.J Elevation is determined by the following
mands Based on Chart Data (Using steps:
Plastic Range-Deflection Fan or Alu- (1) The range is obtained from the range-
minum Range-Deflection Protractor) deflection fan.

If the range-deflection fan and the GFT are used (2) The cursor hairline of the GFT is posi-
instead of the GFT fan, the following procedures are tioned over this range on the range scale.
used to determine and record fire commands based (3) The elevation is read at the point on the
on chart data: elevation scale intersected by the eleva-

a. The chart operators determine deflection cor- tion gageline.
rection, deflection, site, time, and elevation, based (4) Until an elevation gageline is constructed,
on chart data. The range-deflection fan is posi- elevation is read at the point on the
tioned so that the fan vertex is against the appro- elevation scale intersected by the cursor
priate battery pin and the edge of the fan is against hairline.
the target needle. g. Each battery computer records on DA Form

b. The deflection correction is applied on the 6-16, these fire commands as they are announced
gunner's aid throughout the mission. This correc- by his primary chart operator (fig. 154). The
tion is determined from the deflection correction computer keeps a progressive record of ammuni-
scale drawn on the range-deflection fan at the tion expenditure in the appropriate column of the
point opposite the target needle. If a deflection computer's record.
correction is not available, it is announced as zero.
If any subsequent deflection correction, from either 416. Graphic Check of Firing Data
registration or met computation, causes a total Accuracy of firing data is assured by making a
deflection correction too large (over 20 mils) to be graphic check of data while it is being determined.
set on the gunmer's aid, the deflection index will Firing data are developed from one chart (primary
again be displaced by the amount of the correction chart) and checked against data developed from
at the registration point. another chart (check chart). The check chart

c. The deflection is read from the arc of the operator indicates agreement with the announced
range-deflection fan at the point opposite the elements by remaining silent until the last element
deflection index. is given, at which time he announces CHECK.

d. Site is determined by using the GST. The Agreement exists for this graphical check if the
vertical interval is determined by obtaining the charts are within the limits of the tolerances
difference between the target altitude and the alti- shown below:
tude of the battery. The range is read on the
range scale of the range-deflection fan at the point Deflection ction -.----- 3 mils

opposite the target needle. (The range is deter- Time 0.1 second
mined to the nearest 10 yards.) With these 2 ele- Elevation .----------------- 3 mils
ments, the mil relation is used to approximate the Range -.........-- 30 yards

angle of site as less or greater than 50 mils. When Site ----...----------------- 1 mil
the angle of site exceeds 50 mils, both the GST The check chart operator indicates disagreement
and the complementary angle of site column in the with an announced element not within prescribed
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tolerance by announcing WRONG, followed by rogative in the first 2 or 3 volleys in the adjust-
the data which he has determined for that ele- ment phase of firing or when repeated WRONGS
ment; e. g., WRONG, DEFLECTION 2835. from the same check chart would suggest that
When the check chart operator announces charts are not accurately adjusted.
WRONG for any element, all persons concerned g. Tolerances listed may not be possible to
immediately take the appropriate steps to resolve attain if firing begins prior to adjustment of
the disagreement. charts. In this case, the FDO may ignore a

a. When the check charts are at battalion WRONG if friendly troops are not endangered.
FDC and a WRONG is announced, the battalion
FDO requests one or more of the check chart 417. Procedure During Adjustment
operators to announce his (their) data for the plot a. The adjusting battery computer (radio op-
in question. Those data must be measured from erator) announces ON THE WAY as soon as the
the pin of the battery whose data are in disagree- first volley has been fired by the adjusting pieces.
ment. The battalion FDO may require the FDO When the observer hears the announcement ON
of the battery in disagreement to resolve the dis- THE WAY, he acknowledges receipt by giving
crepancy by comparing the plot on the primary ROGER, WAIT.
chart with the battery computer's record of the b. The nonadjusting chart operators prepare to
mission. follow the mission by measuring the data from the

b. When the check charts are located at the adjusting battery pin. When a nonadjusting
battery and a WRONG is announced by the check battery uses the same GFT setting as that used by
chart operator, the battery FDO compares the the adjusting battery, the chart operators of that
plots on the two charts with the computer's record battery plot each correction sent by the observer.
and checks the chart operators' readings to locate They check the plot against the deflection and
the error. Meanwhile, the battalion FDO may elevation announced by the adjusting primary
direct the control chart operator and/or other chart operator. Nonadjusting chart operators
chart operators to announce data for the plot in usually do not announce WRONG in the event of
question. When agreement has been reached. to disagreement with the adjusting primary chart
his satisfaction, the battalion FDO will announce operator's announced data; instead they adjust
the correct data followed by CHECK. the plot to bring it into agreement with the ad-

c. When the charts primarily concerned cannot justing primary and check charts. If the check
readily be brought into agreement and firing re- chart operator announces WRONG and the FDO
sumed, the battalion FDO may designate another ignores the WRONG, the nonadjusting chart
chart or another battery to continue the mission. operators adjust their plots to agree with the

d. The words CHECK and WRONG are not adjusting primary chart.
transmitted to the battery executive. They are c. When each battery has a separate GFT
announced only between chart operators to indi- setting, each chart operator marks the extra
cate agreement or disagreement. cursors issued with each GFT fan with GFT set-

e. The battery FDO transmits fire commands tings for other batteries. For those units equipped
as soon as they are determined. If a WRONG is with the GFT and the range-deflection fan, care
announced after lie has transmitted the elevation, must be exercised to insure that elevations are
the FDO commands CEASE FIRE, except as read opposite the gageline which designates the
noted in f below. If a WRONG is announced GFT setting of the adjusting battery. Thus,
prior to his transmission of elevation, the FDO when a nonadjusting battery chart operator is
sends CORRECTION and then transmits the following the adjustment from the adjusting
corrected command. battery pin, care must be exercised that he uses

J. Firing should be continued with the least the elevation gageline of the adjusting battery.
possible delay. To insure that firing will not need- d. On receiving the observer's subsequent cor-
lessly be delayed in every instance that a WRONG rections, each primary and check chart operator
is announced, the FDO is given discretion_to plots the corrections. Assume that the observer
ignore a WRONG if firing the data transmitted to sends LEFT 20, ADD 200. On the DA Form
the weapons will not endanger friendly troops or 6-53 (Target Grid), the chart operator moves the
unnecessarily prolong or complicate the mission. target needle to a point equivalent to 20 yards left
For example, the FDO may exercise this pre- of its last location (interpolating visually within
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the 100-yard square) and up from that point:2 2ec
squares (200 yards) and sticks the needle in the Co6fec'ed
chart. The deflection and elevation are then off .f
determined to this corrected location. The pri- 6,.T \i '
mary chart operator announces the new deflection of
and elevation, and the check chart operator
announces CHECK if these data are within
prescribed tolerances.

e. All battery computers record the observer's \ \
subsequent corrections and the announced de- \

flection and elevation (fig. 155).
J. The adjustment proceeds in this manner until

the observer transmits FIRE FOR EFFECT.

418. Procedure to Correct a Misorientation of
Target Grid

If the observer sends an azimuth which is in
error, the resulting error in orientation of the
Target Grid (DA Form 6-53) should be corrected
when it is large enough to cause the observer
difficulty in adjusting.

a. In figure 156, the observer's first correction
is ADD 400. The chart operator moves the tar-
get needle to a point equivalent to 400 yards up
the OT line, and a round is fired with the data
obtained.

b. The observer's next correction of RIGHT Figure 156. Correcting a misorientation of the target grid.

200, REPEAT RANGE indicates that the re-
ported azimuth is in error. The chart operator arrow on the grid is parallel to this line. The
moves the target needle to a point equivalent to grid now is oriented correctly. When the next
200 yards right of its last location and marks the observer correction is received, the target needle
position of the constructed line shot on the firing is moved from the chart location of the last round
chart. fired.

c. While a round is being fired with these data, d. When the reorienting procedure results in
the chart operator draws a line on the chart con- changing the original azimuth by 200 or more
necting the constructed line shot with the previous mils, a bracket determined by the observer prior
line shot. The target grid is rotated until the to reorientation must be verified, unless urgency

of fire is more important than accuracy or density.
Sensings of over and short are correct but the

FDC COMPUTER. S ECoCD depth of the bracket may be larger than the
~Bi....... I~' ...... "''' ..I. .", As "I,, observer's corrections indicate.

.z ... 0, , r'. - 'OO Dle 247 - Al11ll.

p... ,'c ___re_ _aoi_ 419. Procedure During Fire for Effect
0'/ - "iI W 5 cI a. The FDC may direct, or a higher head-

i.,.. .5r ' quarters may command, that fire for effect be
...... ': r ,o/ 257 '2 fired with a specific range spread between batteries

..... .o.. or that zone fire be used. The range spread or
_ _" rl : ; i: ! lu s E ° _ " I"

_ zone used depends on the size of the area to be
.~ ;zzo [ Li =~r~u =- ~ covered. When a range spread is directed, it is

_ __; ,i [ __ __ normally expressed in terms of the C (100 yards);

i. e., 1 C apart or %r C apart. The FDO must
include in the fire order the command for the

Figure 155. Recording subsequent corrections and commands. amount of the range spread. The batteries to
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fire at the various ranges will be designated by at the bottom of the FDC Computer's Record
unit standing operating procedure. For example, (DA Form 6--16) (fig. 157).
Battery A fires the far limit, Battery B fires the
center range, and Battery C fires the short limit. 420. Replotting Targets
Site is computed in the normal manner. When Only those targets requested for replot by the
zone fire is used, it is included in the fire order and observer or directed by the FDO will be replotted.
expressed in terms of mils and elevations; for Replot data consist of the coordinates, altitude,
example, ZONE 3 MILS, 5 ELEVATIONS. fuze, and concentration number. The deflec-
Omission of the nurhier of elevations infdicates tion and range indicated by the final location of
that three elevationslre to be fired. The use of the target needle is used to determine the coordi-
zone fire requires no modification of normal pro- nates for replot of the target. The fuze, initial
cedures except for its insertion in the proper altitude, and concentration number are obtained
sequence in the fire commands. from the FDC Computer's Record (DA Form

b. A typical transmission from an observer who 6 16). Replot data must be determined and veri-
desires to enter FIRE FOR EFFECT would be fled. Fire for effect chart data, particularly alti-
RIGHT 10, ADD 50, FIRE FOR EFFECT. tude (site), are sometimes not precise. Within the
Each chart operator plots this correction. The battalion, fire for effect firing data will, if used
nonadjusting chart operators measure data from again, usually cause effective fire to fall on the
their own battery pins, exercising care to use the target. However, for target locations to be sent
proper elevation gagelines. They proceed to outside the battalion, the target replot coordinates
determine and check firing data for their batteries. and altitude must indicate the actual ground

c. All battery FDO's must change the method location as near as possible.
of fire to BATTERY 3 ROUNDS as determined a. When data for replot are announced by the
from the fire order. Each battery computer adjusting battery primary chart operator, they
records this methodeof fire and the data announced are checked by the check chart operator and re-
by his primary chart operator. corded by the computer. Determination of replot

d. Each battery fires for effect as soon as.it is data is started by the adjusting chart operator.
ready regardless of any other battery firing in He announces the coordinates of the final location
effect, except when delayed fire for effect is of the plotting needle. He also announces the
desired. Delayed fire for effect may be used to altitude, fuze, and concentration number for the
advantage for any target consisting of personnel target to be replotted. The control chart opera,tgr
who must return to complete a specific job. Also, plots the announced coordinates on a battle map
it may be used for firing on an adjusting point and determines the map altitude (except for mis-
where a target must appear; for example, engineer sions fired with fuze time (par. 425d)). When the
construction, such as bridges or crossroads fre- control chart is not available, the target altitude
quently used by vehicles or personnel. Time on is determined from the battery FDO's battle map.
target procedures (par. 428). can be used in these The altitude determined is announced to the pri-
situations. mary chart operator. Using this altitude and the

e. When the-first volley is on the way, the firing FFE chart range to the target, the primary and
battery reports FIRING FOR EFFECT to the check chart operators compute a new site and
FDC. This message is transmitted to the ob- elevation. If this site agrees within 1 mil of the
server, who sends ROGER, OVER. When the site fired, the initial replot data is verified. If
last battery to fire has reported ROUNDS COM- this site differs by more than 1 mil from the site
PLETE, a message is transmitted from the bat- fired, a new replot range is determined. The new
talion FDC to the observer as BATTALION range is determined by placing the elevation gage-
ROUNDS COMPLETE and he acknowledges line at the new computed elevation and reading
with ROGER, WAIT. the range under the cursor hairline. The concen-

f. When the observer sends END OF MIS- tration is replotted by the primary and check
SION (EM), it is acknowledged and recorded at chart operator by using the deflection fired and
the battalion FDC. The mission is ended by the new range determined. The coordinates to
sending ROGER, OUT. this plot are announced to the control chart

g. The battery computers record the observer's operator,: He. plots these cbordiriates and de-
surveillance and complete the ammunition record termines the altitude to the plot. This altitude
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FDC COMPUTER'S RECORD

Battery Time mission Dote Concentrolion number
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Figure 167. Recording of observer's surveillance and eompletion of antmunilion record.

235



is announced to the primary and check chart with specific ammunition lots should be kept for
operator, and a new site is computed. The process reference.
of determining coordinates and altitude is repeated c. The battalion chief computer and/or battery
until two successive site computations agree within computers should maintain a temporary file of
1 mil. Then the last site computed is used in records of precision fire.
determining the corrected data for replot. Trans- d. The battery computer maintains a temporary
mission of data for determination of replot is as file of data sheets for all prearranged fires sent to
follows: the battery.
Primary chart operator: DATA FOR REPLOT, COORD

59983694, ALT 402, FZ Q, 423. Registration
CONC AD 403 Normally, the battalion FDO supervises regis-

Control chart operator: CORRECTION, REPLOT ALT trations; however, registrations may be conducted387, CONC AD 403
Primarv chart operator: CORRECTION, RIEPLOT by the battery FDO as directed by battalion. To

COORD 60033689, CONC insure uniform application of corrections, the FDO
AD 403 who conducts the registration immediately trans-

Control chart operator: CORRECTION, REPLOT mits the corrections to the other FDC's. How-
ALT 380, CONC AD 403

Primary chartoperator: CORRE CTE D DATA FOR ever, the corrections are not applied until so di-Prilar· chart operator: CORRECTED DATA FOR
REPLOT, COORD 60053687, rected by the battalion FDO. All computers
ALT 380, FZ Q, CONC AD maintain a record of current GFT settings and
403 deflection corrections for all batteries.

Note. When the check chart operator does not agree
with the primary chart operator, transmission of corn- 424. Surprise Missions or Unobserved Fire
puted site may be required. Missions

b. The complete report of replot data, after ver- The -procedure for surprise missions or unob-
ification, is announced during lulls in firing to the served fire missions is the same as that used with
battalion FDC by the adjusting battery computer the initial and fire for effect phases of adjustment
(radio operator). The chief computer insures that missions. Unit SOP should indicate the battery
the replot data are given to all nonadjusting chart computer to first acknowledge the fire order.
operators; control chart operators, if necessary;
and the observer. 425. Procedure Using Time Fuze

c. Tick marks for the plot are drawn in red to A burst height of approximately 20 yards pro-
indicate that the location of the target. was deter- duces the greatest lethality from time fuzed pro-
mine(l by firing and not by survey. The concen- jectiles. This height of burst is a mean height
tration number, altitude, fuze (optional), and suitable for light, medium, heavy, and very heavy
charge (optional) are indicated in black. artillery and will produce effective results without

421. Report of Firing to Battalion 52 an excessive number of graze or high air bursts
Thie chief computer will report all missions owing to the vertical probable error. When a fuze

fired to the battalion 52 as soon after the end with a time setting is being used and a command
of the mission as possible. For example: "Bat- prefaced by DNL is received at the firing battery,
talion fired 3 volleys on 100 infanltry digging in the fuze setter is set at the time announced but
at 60053687, estimate 20 caslualties, remainder the fuze is not cut until a command to fire the

~~~with (id~~rawilnground has been received. This procedure will pre-
clude the setting of the fuze more than once if a

422. Records different time setting is required when the final
a. The battery computers will maiiltain a tenr- time is announced.

porary file of FDC Computer's Record (DA Form a. When time fuze is ordered, an angle of site
6-16) for possible future reference. based on a vertical interval of 20 yards and the

b. A blackboard or sheet of acetate may be GT range must. be computed and added to the
used for posting current GFT settings and regis- site determined for the ground location. Deter-
tration and met data. It may also be used for mination of this angle of site is simplified by using
posting any other information of imnmediate use the scale, termed 100/R scale, on the right edge
to the fire direction personnel. A record of reg- of the ballistic plate of the GFT fan or the 100-
istration and met data as well as VE's developed yard scale of the GFT. These figures are a func-
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tion of range and indicate the number of mils result from the fuze functioning on a trajectory
required to move the burst 100 yards in height or determined for a ground impact location (fig.
deflection. Since only 20 yards height of burst is 158). The height of burst obtained with VT
desired in time fire, only 0.2 or } of the figure ob- fuzes varies in different types of terrain, resulting
tained from the 100/R scale is required. For in a varying range effect. If an unsatisfactory
example, when the 105-mm howitzer, charge 5, range results, the 20/R factor will be changed
range 6,000 yards, is used, the 100/R factor is accordingly. In high-angle fire there is no need
17 mils. One-fifth, or 0.2, of 17 is 3.4 mils. to compensate for the shortened range, since the
Thus, 3 mils would be added to the site to achieve descending branch of the trajectory is nearly
a 20-yard height of burst in this instance. Coin- vertical.
plementary angle of site for the increased vertical b. The height of burst correction added to the
interval of 20 yards is insignificant and is ignored. site is determined in the same manner as de-

b. The battery computer computes the angle of scribed in paragraph 42 5a.
site for height of burst based on the 100/R factor c. When VT fuze is to be used in fire for effect
given by his primary chart operator, who an-
nounces this, when appropriate, as the first ele- facilitate igs. To expedite delivery of fire
ment of firing data. For example, 100 OVER for effect, the fire commands to the adjusting
R 17, CORRECTIONS L3, DEFLECTION 2810, battery will state, as a part of the method of fire,
SITE PLUS 5, TIMIE 22.2, ELEVATION 365. the number of VT fuzed rounds to be used in fire
The battery computer combines the determined for effect. Typical fire commallds for an adjusting
angle of site for height of burst with the an- batter would be BATTERY ADJUST, SHELL
nounced site which becomes the site command HE, LOT , CHARGE 5, FUZE QUICK,
to the guns (i. e., site annoulced is plus 5, angle of CENTER 1 ROUND, BATTERY 3 ROUNDS,
site for height of burst is 3 mils, tihus site com- VT IN EFFECT, CORRECTIONS L3, DE-
manded is 308). FLECTION 2756, SITE 302, ELEVATION 250.

c. When a subsequent vertical correction isc. Wheix a subsequent vertical correction is d. The adjusting battery primary chart operator
given by an observer, the battery computer uses
the announced 100/R factor and determines a announces the 100/R factor to his battery com-
new site command. For example, the observer puter as the first element of his initial command;
gives UP 20. The 100/R factor of 17 is multi- i e., 100 OVER 15 CORRECTIONS
plied by 0.2, with a result of 3.4 mils. This

am t is added to te previous site of 308, computes the height of burst correction and
resulting in add site of 311 applies it as a part of site on entering fire for

effect. Nonadjusting battery computers willd. To replot a target in a fuze time mission, the effect Nonadjustong batter com ters eill
site derived from firing, minus the 20/R com-
puted at the fire for effect range, is accepted as apply it to site in the initial commands, hich are
correct and the altitude determined from this site sent together with DO NOT LOAD as a part of
and the fire for effect range is the altitude assigned the method of fire
to the target. If the sites determined from firing e. When VT fuzes are used, time, normally
vary repeatedly from the sites determined from corresponding to the time of flight to the target,
the map by 2 or more mils, the need for a new time is set on the fuze time ring. This fuze setting,
registration mav be indicated. The FDO's deci- however, is announced as a whole number. If
sion to invalidate tile time registration must be the fuze setting correspoiiding to the elevation is
based on the accuracy of the altitude determined not a whole number, the next higher whole nutn-
from the map, the actual height of burst in fire ber is announced. For example, if the fuze setting
for effect, and the type of terrain at the target. (time of flight) corresponding to the elevation is

24.2 seconds, the fuze setting amlnolced would
426. Procedure Using VT Fuze be 25.0 seconds. Since fuze quick is used in
· a. When VT fuze is used, as with time fuze, an adjustment, the fire command for time is
additional angle of site, 20/R, must be added to announced with file for effect data fol the adjusting
the site determined for the ground location. battery; however, the time command is amlounced
Application of this additional angle of site corm- in initial commands for nonadjusting batteries.
pensates for the foreshortened range that would If the observer reports that VT fuzes are bursting
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Figure 158. Result of HB correction to VTfuze effect.

on impact, the fuze setting will be decreased 1 428.' Procedure for Time on Target Missions
second. a. Time on target (TOT) is a special technique

J. If the FDO decides to fire VT fuzes on the 0 of firing the pieces of several units timed so that
setting line, he orders FUZE VT, TIME ZERO the projectiles of all the units firing arrive at the
and the fire command for time is TIME ZERO. target area at the same time. This technique re-
If the FDO decides to fire fuzes T226E2 (M513E2) suits in placing a maximum number of rounds on a
or T227E2 (M514E2) with a fuze setting of point critical area in a minimum interval of time, thereby
detonating (PD), lie orders FUZE VT, QUICK utilizing the full value of the element of surprise.
and the fire command for fuze would be FUZE The time on target may be set by giving the time
VT, QUICK. The time command is omitted of day that fire is to be delivered. For example,
from the fire commands. the order may state TIME ON TARGET IS

g. Replot of targets attacked with VT fuze is 0915 HOURS ------- TIME NOW IS 0906.
accomplished as described in paragraph 420 after Time on target may also be ordered as
the height of burst correction has been subtracted TIME ON TARGET IS (SO MANY) MINUTES
from the site. FROM ------ NOW! Generally, 10 minutes

in the foregoing orders will give all units sufficient
427. Procedure for Missions by Air Observer time to allow for coordination and time of flight.

b. The target is plotted and firing data and firea. Since the air observer has no fixed location, commands are determined as usual except for the
the azimuth is omitted from the initial fire method of fire. The battalion FDO will include
request. To plot a target location as a shift AT MY COMMAND in his order for time on
from a registration point, the chart operator target missions. Each battery FDO coordinates
centers the target grid over the registration point the time of loading so that the rounds do not re-
and rotates it until the 0-3200 line is in coincidence main in the bores longer than 30 seconds prior to
with the gun-target line of the center battery. firing. The fire commands initially transmitted
The target grid may also be oriented with respect to the firing battery will include DO NOT LOAD
to a reference line, such as a railroad. In this when appropriate, which is changed to AT MY
case, the grid is centered over a predesignated COMMAND, TOT (SO MANY) MINUTES
point and oriented along or parallel to the reference FROM NOW, at the appropriate time.
line. The time a battery will fire is determined by sub-

tracting the time of flight from the time designatedb. Subsequent corrections are plotted withme on target order.
respect to tihe guln-target lilne of tihe tadjusting c. To coordinate the firing of all batteries, the
battery or the reference line. If subsequent devi- battalion FDO starts a time count at the appropri-
ation corrections are large and there is evidence ate time, counting by seconds approximately 10
that the target grid is misoriented, the target grid seconds before the battery with the longest time
should be reoriented. of flight must fire. Each battery FDO gives the
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command FIRE for his battery when the battalion will treat the request only as intelligence informa-
FDO announces the time in his counting which cor- tion and so inform the observer.
responds to the time of flight for his battery plus 2 b. If a battalion will adjust mission is in process
seconds. This 2 seconds is added to the time of and a fire request is received which requires the use
flight in order to allow for the time lag between of only 1 battery, the battalion FDO may assign the
the announced count and the actual firing of the new mission to 1 of the nonadjusting batteries at
pieces. once. The FDO would order the selected battery

d. For example, the following message has been SUSPEND ON CONCENTRATION AB 205,
received from a division artillery fire direction FIRE MISSION. The fire request, already re-
center: corded in the battalion FDC, would be repeated to

THIS IS (CALL SIGN), FIRE MISSION, the selected battery. A fire order for the mission
FIRE 2 VOLLEYS, would be announced. END OF MISSION, fol-

SHELL HE, FUZE VT, COORDINATES lowed by the new fire commands would be an-
6454231420, ALTITUDE 420 YARDS, nounced by the battery FDO to the battery

CENTER RANGE, executive. If the battery should complete this
CONCENTRATION AF 101, mission before the mission on concentration AB
TOT, TOT WILL BE 8 MINUTES FROM 205 is in fire for effect status, the battalion FDO

-------- NOW. might order this battery to RESUME ON CON-
CENTRATION AB 205. He would have the

The battalion FDO starts his stop watch at the adjusting battery check chart operator announce
command NOW and begins his count for the bat- a polar plot (deflection and elevation or range) for
tery FDO's by saying when appropriate, "Time the present target needle location of concentration
on target is six zero seconds from NOW. AB 205.
five zero seconds from --------- NOW --------- four c. When additional fire is required, a request is
zero seconds from --------- NOW --------- three submitted to higher headquarters (FM 6-20).
zero seconds from -------- NOW -------- 28, 27,
26," etc., until all batteries have fired. The FDO 430. Procedure Using Special Corrections
of a battery which has a time of flight of 18 sec- a. When the use of special corrections, i. e.,
onds for this target would command FIRE at the position corrections and/or calibration corrections,
announced count of 20. is indicated in the fire order, the battery computer

normally computes these corrections. The bat-
429. Multiple Fire Missions tery computer must always, therefore, obtain and

a. Three fire missions can be processed in the maintain a record of calibration corrections and
battalion FDC simultaneously. All fire requests distribution of pieces.
received at the FDC are acknowledged and re- b. If both deflection correction and a special
corded. When a battalion fire mission is in proc- correction (i. e., sheaf correction or piece displace-
ess and another mission is received, the switch- ment correction) apply they will be combined by
board operator-computer records the mission and the battery computer. The combined correction
the control chart operator plots the mission in or- will normally differ for each piece. They are
der for the battalion FDO to examine it and reach announced as CORRECTIONS ZERO, DE-
a decision to fire. Since only 3 fire missions, i. e., FLECTION (SO MUCH), NO. 1 LEFT 3, NO. 2
1 per battery, can be conveniently processed con- LEFT 5, etc. (CORRECTIONS ZERO indicates
currently, the battalion FDO must make a de- that a common correction for the entire battery
cision when 2 or more requests are in the FDC. is not applicable.) In this case, the individual
The FDO may stop firing a mission in order to corrections will then be applied on the gunner's
attack a more important target; he may take the aid.
mission and notify the observer that there will be c. For the 105-mm howitzer, position correc-
a delay; he may assign missions to individual bat- tions for range and/or height and calibration cor-
tery FDC's if the targets are suitable forattack rections for range will be announced and applied
by a battery; he may call on attached, reinforcing, as site corrections; e. g., SITE 304, NO. 1 UP 2,
or adjacent battalions; he may request fire through NO. 2 ZERO, NO. 3 DOWN 1, etc. For weapons
higher headquarters; or he may decide the target which do not have a site scale, position correc-
is not sufficiently important to be attacked but tions for range and/or height and calibration cor-
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rections for range will be determined as elevation Note. If special corrections have not been ordered,
(quadrant) corrections. A separate elevation will calibration corrections within the battery are ignored if all

be computed and announced for each piece; e. g., piece velocities are within 5 foot-seconds of the base piece

ELEVATION NO. 1-308, NO. 2-310, NO. 3-307, velocity. If any individual piece velocities vary by more
etc. than 5 foot-seconds from the base piece, the battery will

d. Time corrections for position and calibration apply a correction for the piece on all missions without

corrections will be combined and announced for orders from the battalion FDC. In this case, the FDO
each piece; e. g., TIME 18.2, NO. I PLUS .1, will give position and sheaf corrections only to this piece
NO. 2 ZERO, NO. 3 MINUS .2, etc. when special corrections are ordered.

Section V. COMMUNICATIONS

431. General operator-computer will conduct the normal wire
a. To provide the communications necessary checks for those lines terminating in the switch-

for fire direction, separate radio and wire systems board. Check chart operators will insure that
are installed. These systems parallel each other checks are made on the alternate lines to the bat-
so far as possible. Thus an alternate means of teries as required.
communication is provided if either system fails.
The radio and wire systems described can readily 432. Radio
be adapted to units regardless of caliber or mission. a. Owing to crowding of the frequency spectrum
All FDC personnel should be trained in both com- only two channels are usually available for fire
munication and gunnery techniques. Neither direction. Normally, all air and ground observers,
wire nor radio is considered the primary means of liaison officers with supported battalions, a base set
communication. The presence of both types of at the battalion FDC, and a radio at each battery
communication permits a selection of the best FDC will operate in the primary fire direction net.
means to meet any situation. All personnel will A base set at the battalion FDC and a radio at
be trained to use radiotelephone procedure to each battery FDC operate in the secondary fire
transmit firing data and fire commands at all direction net. The secondary net is used for
times, except within the firing battery. For fire transmission of firing data by nonadjusting bat-
direction purposes, a single call sign will be used teries when the battalion is employed on a single
to identify the battalion installations regardless of mission. When multiple missions must be fired,
the transmission means employed. For detailed the FDO will direct appropriate sets to be shifted
instructions pertaining to wire and radio communi- to the secondary channel. A third channel,
cations, see FM 6-101 and FM 24-5. alternate fire direction net, is highly desirable in

b. The short-phase repeat-back method of the direct support battalion. When a channel is
transmissions described in Joint Army-Navy-Air not available for an alternate fire direction net, a
Force Publication (JANAP) 164 may be modified less desirable solution is to use the command net.
for greater speed when stable communication The alternate fire direction net is used for retrans-
permits. The initial fire request may be sent as mission by the liaison officer from the observer to
a single transmission and read back in that manner. the FDC. It is also used to aid the handling of
The FDO's fire order may be sent as a single three missions at one time. When retransmission
transmission and acknowledged by the adjusting can be used to extend the range of forward ob-
computer with a ROGER rather than a read server sets, the liaison officer will direct the FO
back. concerned to switch to the alternate fire direction

c. Maximum use will be made of fire direction net. Retransmission may be completed on either
personnel to set up the communications within the primary or the secondary fire direction net as
each FDC. For example, wire personnel will indicated by the FDO. For retransmission pur-
normally lay wire to a terminal near the FDC. poses, no base set is required for the alternate
FDC personnel are responsible for the communica- channel. A type fire direction radio system is
Lions from the terminal to and throughout the shown in figure 159. The battalion command net,
FDC. Radio operators will remote the radios frequency-modulated (FM), normally used for
and extend the speaker lines. The switchboard command functions, is not shown.
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Figure 159. Type battalion radio communication system for conduct of fire.

b. All base sets are remoted into the FDC to out this separation, both signals would be received
permit normal transmission after removal of on both speakers.
vehicles from the area. In addition, speaker lines
are extended. This extension is accomplished by 433. Wire
attaching the male and female ends of a 10-pin The extent of the wire system installed depends
audio connector to opposite ends of a length of on the length of time a position is occupied.
field wire of sufficient length to link the radio set a. If a battalion position is occupied for a short
location and the FDC. Appropriate ends are period of time, lack of time may preclude develop-
connected to the speaker and the audio outlet on ing the wire system beyond installing the fire
the set (fig. 160). direction lines to the battery FDC's. In this

c. To handle external radio communication case, radio will carry traffic to liaison officers and
requirements, the battalion FDC has radios forward observers.
operating in higher headquarters and supported b. If a battalion position is occupied for a
or reinforced unit nets, as required. sufficient length of time, a complete wire system

d. When a radio set AN/VRQ-2 is used in lieu is installed. The installation of wire is started
of two radio sets, AN/VRC-9, each receiver- on completion of reconnaissance. The system is
transmitter of the AN/VRQ-2 is remoted sep- progressively expanded and improved with time
arately. The audio circuits must be separatedto of occupancy. Wire circuits parallel the radio
prevent crosstalk on the speakers.. This author- circuits. Thus the traffic on radio facilities is
ized procedure is explained in TM 11-287. With- reduced. The wire system is expanded and im-
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onnector U-79/U
Sig stock nr 2Z7250-79

Note. Connect I wire to pin B
and I wire to pin L of
each plug

Pug U-77/U
Sig stock nr 227250-77

,LS-166/U
Figure 160. Method of extending speaker tines.

proved by installing additional locals, lateral (8) Liaison officer 4.
circuits, and duplicate circuits until the wire net (9) Switchboard operator-computer.
fulfills the communication requirements of the (10) Control chart operator.
tactical situation. The wire system is installed (11) Chief computer.
in three phases, all or any of which may occur (12) S3.
at the same time (FM 6-101). A type wire system (13) S2.
for fire direction is shown in figure 161. (14) Command switchboard.

c. A switchboard is established in the battalion (15) Command switchboard.
FDC. Lines to battery FDC's are terminated in (16) Higher headquarters FDC.
individual remote control units. These remote (17) Countermortar radar section.
control units, as well as those shown in the d. Alternate circuits from the firing batteries,
battalion FDC in figure 162, are used in lieu of when established, will terminate in individual
telephones to permit the use of the authorized telephones at the chart operator positions.
head and chest set groups with 10-pin audio con- e. On each incoming circuit from the firing
nector. When telephones which have a 10-pin battery FDC, a double-pole single-throw (DPST)
audio connector are issued, they may be substi- switch is inserted at the position of each check
tuted for these remote control units. The bat- chart operator. The purpose of this switch is to
talion FDC switchboard is operated by the switch- permit a chart operator to cut himself out of a
board operator-computer. The operator's pack conference circuit to check data with his primary
on the FDC switchboard is replaced with five line chart operator, without action by the switchboard
packs. The 17 packs thus made available are
utilized for the following circuits: operator-computer. Care must be exercised to

insure that each switch is installed on the circuit
(i) Battery A. between the FDC switchboard and the check chart
(2) Battery B.
(3) Battery C. operator. The correct method of inserting the
(4) FDO. DPST switch is shown in figure 163.
(5) Liaison officer 1. f. At each battery position, the circuit from
(6) Liaison officer 2. the battalion FDC is connected to the remote
(7) Liaison officer 3. control unit of the primary chart operator. The
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Figure 161. Type battalion wire communication system for conduct of fire.

circuit is extended to the computer's remote cuit for processing battalion missions (fig. 164).
control unit. This conference connection is maintained at all

g. The DPST switch at the control chart oper- times in the battalion FDC switchboard. How-
ator's position allows the operator to connect into ever, it may be disconnected for handling fire
all calls answered by the switchboard operator- missions other than battalion missions. For
computer. It also provides an independent facil- example, if two missions are processed at the same
ity to follow a mission when the switchboard time, the conference call may be split into two
operator-computer is processing incoming calls parts (fig. 165). In this example, Batteries B and
(fig. 162). In the case of multiple missions, the C remain interconnected on one conference circuit,
use of his cord and jack provides a facility to while Battery A fires alone on the other. -

handle or monitor multiple missions. i. The communication plan for the firing battery
h. The FDC lines from the batteries are nor- normally provides for a line from the battery FDO

mallv interconnected at the battalion FDC switch- through a connecting and switching kit MX-
board. This provides a standing conference cir- 155/GT at the executive's post to a telephone at
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Switchboad protor- reconnaissance and detailed prior planning are
omp7tr q required for this practice. This practice will

R° ntl reduce traffic on the radio circuits. The battalion

O m3t Teepon FDC maintains control over the fires of the bat-
PTelphone

cho~t *ore _DpL t c? eries during the displacement, regardless of how
Head W it is accomplished, except when a battery is oper-

7 or bnee ating independently.

la. 1 con 434. Sample Missions
FDC

The sample fire missions in a through c below

B-- AhckBmyBcheck r CCcheck are given in the sequence which normally occurs
chortpedrtor chartooiar cart operator when a battalion has displaced and must rely at

To. Bry B FDC To Btry C FOC first on radio communications only. Succeeding
missions may be fired in a normal development of
communication nets ending in a basic FDC wire
net throughout the battalion. Check chart oper-
ators are located at battalion FDC. In these

Bsry A str, A rDO missions, the battalion call name is BANNER.
prWmr chrf woNtrr The following numbers are used as call signs

ortor TFo e within the battalion:

Figure 162. Schematic arrangement of battalion and Bn FDC 15
battery FDC's (check charli at battalion). Btr A FDC-22

Btry B FDC G-----. - 42
Btry CFDC D------------ 62

each piece. The battery recorder at the executive Btry A check chart .------- 20
post will record and repeat back fire commands. Btry B check chart - .. 40
The executive or his representative will insure that Btry C check chart 60

all pieces receive the correct fire commands. Each Btry A observers- 27 28, 29
chief of section is responsible for connecting his Btry C observers - 6 7,- - 4 48, 49
section line into the MX-155/GT. The battery
FDC personnel will connect the FDO line to the a. Mission Nol. 1. An example of a will adjust
MX-I 55/GT. mission when fuze VT in effect and radio communi-

j. During displacement, normal procedures are cation only is used:
followed in the installation of the wire net. Observer: (using pri- BANNER 15, THIS IS BAN-
Everv effort should be made to install the circuits mary channel) NER 48, FIRE MISSION,

between the battalion FDC switchboard and the Radio operator on pr BAOVER
Radio operator on pri- BANNER 48, THIS 1S BAN-

battery FDC before or as soon as possible after mary channel: NER 15, SEND YOUR MIS-
the position is occupied. Aggressive and timely SION, OVER

Note. Double-pole
single-throw switch

>FDC~~ _ _ _ wbd~ _~~r~~ _ ~ ~c~ ~To btry
FDC

Switch, signal stock nr
3Z8506 or equivalent

Figure 163. Mlethod of inserting DPST switch.
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-::,~tl Answering o c ll

Completing the conference DPST switch connected
'* e | in series with line

Figure 164. Conference connection.

One fire mission Observer: 48, COORD 432234, AZ 800,
MACHINE GUNS, FZ VT,

* * * **·* WA, OVER
S (All computers and

radio operators on
* I t 0 primary channel
d record fire request.)

/ A / B C F Ln \ Radio operator on pri- 15, COORD 432234, AZ 800,o0D O \ m n mary channel: MACHINE GUNS, FZ VT,
0 I p cht WA, WAIT -

*0~~ ojg~r ~ Control chart operator: ALTITUDE 406
(to bn FDO)

Bn FDO: (recorded and 15, ALTITUDE 406, BN,
433 4 relayed by radio oper- BRAVO, CHG 5, 4 VOL-

] 3 ith Mator onll primary chan- LEYS, CONC AB 406, OVER
Switch nel)
closed Btry B radio operator: 42, ROGER, OVER

Two fire missions Nonadjusting btrv 22 (62), ROGER, OVER

* * * * * * * * radio operators:
S Observer: 48, ROGER, OVER

U0 :0 )Note. The nonadjusting batteries in a predesignated
b order use the alternate channel to announce and check
d C data, if it is not being used to process another mission. If

/ A B 7C F I Ln plnl\ I PPR ° the alternate channel is being used, nonadjusting batteries
0 c I n use the primary channel after transmissions by the
0± | 2 1 N p |cht |adjusting battery.

| | | * o i | *| ,| | | Btry B FI)O: (to exec) BA, SH HE, CHG 5, FZ Q,
CEN 1 RND, BTRY 4
RND, VT IN EFFECT

C 433 C Btry B primary chart 42, 100/R 22, CORRECTION
operator: (recorded by ZERO, DF 2965, SITE

Switch btry computer and re- PLUS 3, EL 253, OVER
closed layed by the radio op-

Figure 165. Two simultaneous conference connections. erator)
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Btry B check chart op- 40, CHECK Observer: 48, ROGER, WAIT 48,
erator: (relayed by radio ADD 50, FFE. OVER
operator on the primary Btry B radio operator: 42, ADD 50, FFE, WAIT
channel) Btry B FDO: (to exec) FZ VT, BTRY 4 RND

Btry B computer: SITE 303 Btry B primary chart op- 42, DF 3015, TI 17.0, El.
Btry B FDO: (to exec) CORRECTION ZERO, DF erator: (recorded by 274, OVER

2965, SITE 303, EL 253 computer and relayed

Note. The FDO does not wait before sending data to by radio operator)
the exec post. FDO sends each element as soon as it is Btry B check chart op- 40, CHECK
available, except that elevation is always the last element erator: (relayed by radio
transmitted. operator on primary
Btry B recorder: (reads CORRECTION ZERO, DF channel)

back) 2965, SITE 303, EL 253 Note. Battery B computer uses the previously an-
Btry B exec: (to pieces) FIRE nounced 100/R and multiplies it by the HB/R factor (0.2).
Btrv B radio operator: 42, ON THE WAY, OVER The product is the height of burst correction and is added
Observer: 48, ROGER, WAIT-48, to the site previously commanded. This computation is

R200, ADD 400, OVER checked by the FDO.
Btry B radio operator: 42, R200, ADD 400, WAIT- Btry B computer: SITE 307
Btry B primary chart op- 42, DF 3018, El, 279, OVER Btry B FDO: (to exec) DF 3015, SITE 307, TI 17.0,

erator: (recorded by EL 274
computer and relayed Btry B recorder: (reads DF 3015, SITE 307, TI 17.0.
by radio operator) back) EL 274

Btry B check chart op- 40, CHECK Btry B exec: (to pieces) FIRE
erator: (relayed by radio Btry B radio operator: 42, FIRING FOR EFFECT.
operator on the pri- OVER
mary channel) Observer: 48, ROGER, OVER

Btry B FDO: (to exec) DF 3018, EL 279 Nonadjusting btry radio 22 (62), FIRING FOR EF-
Btry B recorder: (reads DF 3018, EL 279 operators: FECT, OVER

back) Note. Each battery fires for effect when it is ready.
Btry B exec: (to pieces) FIRE
Btry B radio operator: 42, ON THE WAY, OVER Btry B exec: (to FDC) ROUNDS COMPLETE
Observer: 48, ROGER, WAIT --- 488, Btry B FDO: (aloud) ROUNDS COMPLETE

L100, DROP 200, OVER Btry B radio operator: 42, ROUNDS COMPLETE,
Btry B radio operator: 42, L100, DROP 200, OVER

WAIT ------ Nonadjusting btry radio 22 (62), ROUNDS COM-
Btry B primary chart op- 42, DF 2992, EL 266, OVER operators: PLETE, OVER

erator: (relayed by radio Chief computer: (relayed 15, BATTALION ROUNDS
operator) by radio operator on COMPLETE, OVER

Btry B check chart op- 40, CHECK primary channel)
erator: (relayed by radio Observer: 48, ROGER, WAIT......
operator on the pri- 48, END OF MISSION,
mary channel) MACHINE GUNS SI-

Btry B FDO: (to exec) DF 2992, EL 266 LENCED, OVER
Btry B recorder: (reads DF 2992. EL 266 Chief computer: (relayed 15, ROGER, OUT

back) by radio operator on
Btry B exec: (to pieces) FIRE primary channel)
Btry B radio operator: 42, ON THE WAY, OVER b. Mission No. 2. An example of an adjust-
Observer: 48, ROGER, WAIT----- 48, ment mission when fuze time is used and observer

R50, ADD 100, OVER
Btry B radio operator: 42, R0, ADD 100, ER is using radio; wire is used between the battal-

WAIT .... ion FDC and the batteries-a conference circuit is
Btry B primary chart op- 42, DF 3007, EL 272, OVER set up on the switchboard interconnecting the

erator: (relayed by radio batteries.
operator)

Btry B check chart op- 40, CHECK Observer: (on primary BANNER 15,THIS IS BAN-
erator: (relayed by radio channel) NER 48, FIRE MISSION,
operator on primary OVER
channel) All check chart operators: FIRE MISSION

Btry B FDO: DF 3007, EL 272 (to their batteries)
Btry B recorder: (reads DF 3007, EL 272 Note. All check chart operators normally leave switches

back) open when their batteries are not firing. They now close
Btry B exec: (to pieces) FIRE their switches, bringing their batteries into the established
Btry B radio operator: 42, ON THE WAY, OVER conference circuit.
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Radiooperatoron primary BANNER 48, THIS IS BAN- Btry B exec: (to pieces) FIRE
channel: NER 15, SEND YOUR Btry B radio operator: 42, ON THE WAY, OVER

MISSION, OVER Observer: 48, ROGER, WAIT ----- 48,
Observer: 48, FROM REG PT 1, AZ L100, DOWN 20, DROP

800, DOWN 20, ADD 800, 200, OVER
MACHINE GUNS, FZ TI, Btry B radio operator: 42, L100, DOWN 20, DROP
WA. OVER 200, WAIT ..

Btry B computer: SITE 312
Note. Switchboard operator-computer and radio oper- Btry B primary chart 42, DF 2992, TI 16.4, EL

ator record. Radio operator repeats back the fire request. operator: 266, OVER

Control chart operator: ALTITUDE 406 Btry B check chart op- 40, CHECK
(to bn FDO) erator:

Bn FDO: (into conference 15, ALTITUDE 406, BN, Btry B FDO: (to exec) DF 2992, SITE 312, TI 16.4,
circuit relayed by radio BRAVO, CHG 5, 4 VOL- EL 266
operator to the observ- LEYS, CONC AB 407, Btry B recorder: (reads DF 2992, SITE 312, TI 16.4,
er) OVER back) EL 266

Btry B computer: (by 42, ROGER, OVER Btry B exec: (to pieces) FIRE
wire) Btry B radio operator: 42, ON THE WAY, OVER

Nonadjusting btry corm- 22 (62), ROGER, OVER Observer: 48, ROGER, WAIT 448,
puters: (by wire) R50, ADD 100, OVER

Observer: 48, ROGER, OVER Btry B radio operator: 42, R50, ADD 100,WAIT....

Note. The nonadjusting battery check chart operators Btry B primary chart 42, DF 3007, TI 16.8, EL 272,
switch themselves and their battery FDC's out of the operator: OVER
conference circuit to develop and check data for their own Btry B check chart op- 40, CHECK
hatterics. erator:

Btry B FDO: (to exec) DF 3007, TI 16.8, EL 272
BItry B FDO: (to exec) BA, SH HE, CHG 5, FZ TI, Btry B recorder: (reads DF 3007, TI 16.8, EL 272

CEN I RND back)
Btry B primary chart 42, 100/R 23, CORRECTION Btry B exec: (to pieces) FIRE

operator: L2, DF 2965, SITE PLUS Btry B radio operator: 42, ON THE WAY, OVER
3, TI 15.7, EL 253, OVER Observer: 48, ROGER, WAIT

Btry B check chart oper- 40. CHECK 48, ADD 50, FFE, OVER

ator: Btry B radio operator: 42, ADD 50, FFE,WAIT....
_ 3try B computer: SITE 308 All btry FDO's: (to exec) BTRY 4 ROUNDS

Note. The computer uses the 100/It for the initial range Btry B primary chart op- 42, DF 3015, TI 16.9, EL
and computes the necessary site change, which he enters erator: 274, OVER

on the computer's record, together with the other firing Btry B check chart oper- 40, CHECK

data announced by the primary chart operator. ator:

Btry 13 FDO: (to exec) CORRECTION L2, DF 2965, Note. At this time, the nonadjusting battery check
SITE 308, TI 15.7, EL 253 chart operators switch out of the conference circuit to

litry B recorder: (reads CORRECTION L2, DF 2965, develop anid check fire for effect data for their own bat-

back) SITE 308, TI 15.7, EL 253 teries. Each battery fires for effect when it is ready.

Btry B exec: (to pieces) FIRE Btly B FDO: (to exec) DF 3015, TI 16.9, EL 274

Iltry B radio operator: 42, ON THE WAY, OVER Btry B recorder: (reads DF 3015, TI 16.9, EL 274

Observer: 48, ROGER, WAIT __ 48, back)
11200, UP 40, ADD 400, Btry B exec: (to pieces) FIRE
OVER Btry B radio operator and 42, FIRING FOR EFFECT,

litry 13 radio operator: 42, R200, iUP 40, ADD 400, computer: OVER
(while computer re- WAIT ----- Observer: 48, ROGER, OVER

cords) Note. At this time, the nonadjusting battery check
lBtry B primary chart 42, DF 3018, TI 17.2, EL, chart operators, having checked data produced by their

operator: 279, OVER battery FDC's, switch back into the battalion conference
Btry B check chart op- 40, CHECK circuit.

erator: Nonadjusting btry corn- 22 (62), FIRING FOR EF-
Btry B computer: SITE 317 puters: FECT, OVER

Note. The FDO takes the data as determined and Btry B FDO: (aloud) ROUNDS COMPLETE
Immediately announces them the proper sequence. Btry B computer: 42, ROUNDS COMPLETE,immediately announces them in the proper sequenceOVER

The FDO checks the computer's computation of site.- 22 (62), ROUNDS COM-

Btry B FDO: (to exec) DF 3018, SITE 317, TI 17.2, puters: PLETE, OVER
EL 279 Chief computer: (relayed 15, BATTALION ROUNDS

Btry B recorder: (reads DF 3018, SITE 317, TI 17.2, by radio operator on COMPLETE, OVER
back) EL 279 primary channel)
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Observer: 48, ROGER, WAIT .------ Btry B FDO: (to exec) BA, SH HE, LOT Y, CHG
48, END OF MISSION, 5, FZ D, CEN 1 RND
MACHINE GUNS SI- Btry B primary chart 42, CORRECTION R4, DF
LENCED, OVER operator: (to his FDO, 1964, SITE PLUS 8, EL

Radio operator on pri- 15, ROGER, OUT computer, and check 324, OVER
mary channel: (relayed chart operator)
on wire net by switch- Btry B computer: SITE 308
board operator-com- Btry B FDO: (to exec) CORRECTION R4, DF
puter) 1964, SITE 308, EL 324

. Mission No. S. An example of a will adjust Btry B recorder: (reads CORRECTION R4, DF
back) 1964, SITE 308, EL 324

mission when all wire communication is used. Amission when all wire communication is used. A Note. Each element is sent by the FDO immediately
105-mm howitzer battalion and a common GFT as it is determined. The deflection correction is set on the
setting are used in executing this mission. gunner's aid of each piece.

Switchboard operator- THIS IS BANNER 15, Btry B check chart 40, CHECK
computer: (answering OVER operator:
call) Btry B exec: (to pieces) FIRE

Observer: BANNER 15, THIS IS BAN- Nonadjusting btry BA, SH HE, LOT Y, CHG
NER 48, FIRE MISSION, FDO's: (to exec) 5, FZ D, BTRY 3 RND,
OVER DNL

Nonadjusting btry pri- 22 (62), CORREC-
Note. The switchboard operator arranges the switch- N onadjustng btry pr- 22 (ION ), C OR RE C -

board so that the battalion FDO, the operator, the ob- (to their FDO's, check SITE E
server, the control chart operator, and all check chart chart operators, and OVER
operators are in conference circuit (fig. 164). comput
Switchboard operator- FIRE MISSION Nonadjusting btry check 20 (60), CHECK

computer: (aloud) chart operators:

All check chart operators: 20 (40) (60), FIRE MIS Note. After nonadjusting battery check chart operators
(to their batteries) SION, OVER announce CHECK, they switch into the battalion confer-

Note. All checkchartoperatorsnow closetheirswitches ence circuit and follow the adjustment on the battalion
to get into the established conference circuit. conference circuit.

Switchboard operator- 15, SEND YOUR MISSION, Btry B computer: 42, ON THE WAY, OVER
computer: OVER Observer: 48, ROGER, WAIT

Observer: 48, FROM REG PT 2, AZ 48, L100, ADD 400, OVER
3200, R400, UP 20, ADD Btry B computer: 42, L100, ADD 400,

WAIT ------
800, 4 ACTIVE ARTY WAIT
PIECES, FZ D, WA, Btry B primary chart 42, DF 1996
OVER operator:

Switchboard operator- 15, FROM REG PT 2, AZ Btry B DO: (to exec) DF 1996
computer: 3200, R400, UP 20, ADD Btry B check chart 40, WRONG, DF 1985,

800, 4 ACTIVE ARTY operator: OVER
PIECES, FZ D, WA, Btry B primary chart 42, WRONG, DF 1985,
WAIT operator: OVER

Control chart operator: ALTITUDE 400 Nole. All personnel concerned take whatever steps are
(to bn FDO) necessary to resolve the discrepancy and determine the

Bn FDO: ALTITUDE 400, BN, correct data. Both battalion and battery FDO's make all
BRAVO, USE REG PT 2, necessary independent checks, to locate errors in plotting
LOT Y, CHG 5, 3 VOL- or reading on their respective charts, and communicate
LEYS, CONC AB 201, with each other as required to resolve the discrepancy and
OVER come to agreement on the correct data.

Btry B computer: 42, ROGER, OVER Btry B primary chart op- 42, CORRECTION, D 1986,
Nonadjusting btry eom- 22 (62), ROGER, OVER erator: (having discov- EL 362, OVER

puters: (record and ered that he had plotted
receipt for fire order) the target needle left 200

Observer: 48, ROGER, OVER rather than left 100.

Note. Nonadjusting battery check chart operators FDO has confirmed this)
switch themselves and their battery FDC's out of con- Btry B FDO: (to exec) CORRECTION, DF 1986,
ference circuit. As soon as determinable from elements EL 362
of the fire request and the battalion fire order, battery Btry B recorder: (reads CORRECTION, DF 1986, EL
FDO's begin transmission of commands. back) 362
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Btry B check chart oper- 40, CHECK Nonadjusting btry check 20 (60), CHECK
ator: (primary and check chart operators:
chart operator's data Note. Each nonadjusting battery check chart operator
now check within pre- now closes his switch so that the battery computer can

scribed tolerances) announce over the battalion conference circuit when his
Btry B exec: (to pieces) FIRE
Btry B computer: 42, ON THE WAY, OVER
Observer: 48, ROGER, WAIT -. .48, Btry B computer: 42, FIRING FOR EFFECT,

DROP 50, FFE, OVER OVER
Btry B computer: 42, DROP 50, FFE, WAIT Observer: 48, ROGER, OVER

Btry B exec: (to FDC) ROUNDS COMPLETE
All btry FDO's: (to exec) BTRY 3 RND Btry B computer: 42, ROUNDS COMPLETE,
Btry B primary chart op- 42, DF 1950, EL 357, OVER

erator: Nonadjusting btry corn- 22 (62), ROUNDS COM-
Btry B FDO: (to exec) DF 1950, EL 357 puters: PLETE, OVER
Btry B recorder: (reads DF 1950, EL 357 Switchboard operator-com- 15, BATTALION ROUNDS

back) puter: COMPLETE, OVER
Btry B check chart opera- 40, CHECK Observer: 48, ROGER, WAIT 48,

END OF MISSION, 10 CAS-
UALTIES, ARTY PIECESNote. Nonadjusting battery check chart operators switch UALTIES, ARTY PIECES

out of conference circuit. SILENCED, OVER
Btry B exec: (to pieces) FIRE Switchboard operaror-com- 15, ROGER, OUT
Nonadjusting btry pri- DF , EL , OVER puter:

mary chart operators: Note. All battery computers report ammunition expendi-
Nonadjusting btry FDO's: DF , EL_ ture and receive replot information as applicable. When

(to exec) artillery pieces can be observed, initial neutralization may
Nonadjusting btry record- DF , EL_ be followed by a destruction mission to destroy materiel

ers: (read back) (par. 547).
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CHAPTER 21
OBSERVED FIRING CHARTS

Section I. INTRODUCTION

435. General Frequently, site can be obtained from a small-

Immediate delivery of supporting fire must not scale map used in conjunction with the chart.
be delayed by an incomplete survey or lack of Also, site carl be computed by using the mil rela-
suitable maps for a firing chart.. When such tion. For computation purposes, vertical angles
conditions exist, an observed firing chart is col- can be measured with a battery commander's
structed. An observed firing chart is normally a telescope or aiming circle and distances carl be
grid sheet, on which tile relative locations of the estimated. When site cannot be accurately de-

battery position(s) and targets are established by termined, even a rough approximation will im-
the adjustment of fire. prove data for plot.

(1) If site and weather corrections cannot be
436. Construction of Chart obtained, targets are polar-plotted on

a. On a battery observed firing chart, the bat- the chart from the battery position(s).
tery center is assigned arbitrary coordinates and The direction corresponding to the ad-

altitude; e. g., coordinates 20004000, altitude 400 justed deflection, a range corresponding
yards. The grid sheet is appropriately numbered
according to the general direction of fire, and a 9

deflection index is constructed at the azimuth oil Az do 0 p Io o
which the battery was laid. The relative loca- 4s. Rg 6.000 ya.r

tions of the battery and target can now be estab-
lished by the adjustment of fire (fig. 166). 'To 47

fire the initial round, the FDO must select an
azimuth to the center of the observer's sector and _

a range that will be positively safe for friendly
forces. To assist the observer in picking up the 45

first round, WP, colored smoke or a high air burst
may be fired. FDC procedures during adjustment 44 -

are the same as those for a surveyed firing chart. 9t
b. On a battalion observed firing chart, a regis-

tration point is assigned arbitrary coordinates
and altitude. The grid sheet is appropriately 42 - .

numbered. The battery locations are back-
plotted from the registration point based on bat- ,' 3

tery adjustments thereon (par. 439).
c. In determining data to plot the chart loca-

tion of targets fired with percussion fuze, every _
effort must be made to determine, or reasonable
approximate, the site. Weather and VE correc-
tions must be applied. Assuming that site is zero 20 21 22 23 24 26

and failing to correct for weather and VE will Figure 166. Polar-plotting registration point and/or targets

result in the poorest type of observed firing chart. on an observed firing chart.
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to the adjusted quadrant elevation, and Note. Unless a battery is operating inde-
the adjusting battery altitude are used pendently, the battalion observed firing chart
for the polar-plot. normally will be constructed after the first

registration (pars. 438-449). Corrections for
(2) VWhen site is used, targets are plotted at other types of ammunition or to compensate

a range corresponding to the adjusted for weather changes determined by later regis-
elevation. The target altitudes are trations are determined by comparing chart
determined by applying the vertical data with adjusted data.
intervals algebraically to the altitude (3) A correction for a GFT setting cannot be
of the adjusting battery. obtained from an initial registration.

d. Adjustment of time fuzed shell permits Therefore, it is not possible to improve
derivation of the site. Thus the error that results on plot of targets replotted prior to a
from assuming that site is zero (c above) is reduced. registration other than for difference in
Site is computed by comparing the elevation cor- drift. It is not necessary to replot for
responding to the adjusted time (less any time this 1- or 2-mil drift variation. If
correction) with the adjusted quadrant elevation. known corrections were included in the
The difference is the site. Targets fired with time GFT setting used for registration and
fuzed shells are replotted in the same manner as were not stripped from data for replot
those fired with percussion fuzed shells except for targets replotted prior to registration,
that plot range corresponds to the adjusted time it will be necessary to again replot those
instead of the adjusted elevation. The relative targets.
altitude of a target is determined by computing
the vertical interval and applying it to the assumed 437. Fire Direction Procedures
altitude of the adjusting battery. (The plot range a. FDC procedures used with an observed
and the derived site are used to compute the firing chart are generally the same as FDC pro-
vertical interval.) cedures used with a surveyed firing chart. The

e. As long as weather, materiel, and ammunition target grid may be oriented over any convenient
remain constant, any previously fired concentra- point in the target area which will allow plotting
tion may be refired by using the previously de- of the observer's corrections. Centering the
termined adjusted data. As conditions change, target grid on a north-south grid line will eliminate
subsequent fires will not be accurate unless cor- the need for drawing an azimuth index.
rections for the effect of the change are determined b. A deflection index is constructed for each
and applied. battery. The index corresponds to the adjusted

(1) The method of determining plot ranges deflection after a registration (fig. 167).
in c and d above ignores the effect of
nonstandard conditions. If the met
and/or VE range effect are known or 45

can be estimated, based on an experience
range correction, a GFT setting (pars.
343 and 344) should be established for
the range to the approximate center of
the sector. This GFT setting strips 2 __

out any known range or time correction.
It is used to determine the range corre- ,
sponding to the adjusted elevation.

(2) To measure subsequent ballistic changes,
registrations are conducted as required,
by using different ammunition lots, fuzes,
and charges; and a deflection-correction
scale is constructed with zero correction M-3

at registration point range. The deflec-_ _2 __i_

tion and range at which the registration 19 20 21 22 23 24 25 26

point is first plotted in relation to the Figure 167. Observed firing chart with three batteries
battery center become chart data. plotted.
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c. A deflection correction scale is constructed replotting target locations compensates for changes
for use with all observed firing charts in the same in drift and will facilitate transferring from
manner as for a surveyed firing chart (pars. 348 an observed firing chart to a surveyed firing
and 349). The use of deflection correction in chart.

Section II. BATTALION OBSERVED FIRING CHARTS-PERCUSSION PLOT

438. General 439. Construction of Percussion Observed Fir-
a. The battalion observed firing chart is based ing Chart

on the concept that points located relative to a The procedure for constructing a battalion
common point are located relative to each other. percussion observed firing chart is as follows:
Accordingly, after each firing battery has regis- a. All batteries are registered on a common
tered on a common point, its relative location to registration point. The point should be located,
that point is polar-plotted on the battalion chart if possible, in the center of the sector of fire.
by using the distance and direction determined b. Arbitrary coordinates (a grid intersection is
from the registration (fig. 168). Thereafter, the preferred) and altitude are assigned to the selected
fires of all batteries of the battalion may be massed registration point.
on any target located by the adjustment of fire c. The grid sheet on which the registration
of any one of the firing batteries; however, transfer point is plotted should be numbered appropriately
to a surveyed firing chart should be accomplished for the general direction of fire. Coordinates are
as soon as possible. assigned to the registration point.

d. The adjusted firing data, including orienting
.z46 _ _ I I _angle when possible, are determined by each

battery. The data are reported to the battalion
FDC.

e. Each battery center is plotted in relation to

c Lz the common registration point at the battalion
., _ . - FDC. Direction and distances as determined

from the report of adjusted data are used.

440. Determination of Direction for Polar
-41 _;- -' + _Plotting

a. The direction of fire as determined from
-o- _ E._ - registration is included in the report of adjusted

data from the firing batteries. This direction is
derived either by measuring the adjusted azimuth

30 a _ - - -.9 4t 1 or by computing the adjusted azimuth by using
Ax 700? (ocho 3,900) the measured adjusted orienting angle and the

r3 _ 6MO A t d .| azimuth of the orienting line(s). Of the two
methods, computation by using the orienting line

L 19 2 : 22 23 24 is the more accurate. The battalion FDC per-
sonniel convert the reported adjusted azimuth to
a back-azimuth. They locate the batteries for

Figure 168. Polar-plotting batteries on a battalion observed direction by polar plotting from the registration
firing chart. point.

b. When an orienting line has not been estab-
b. To aid in deriving site, time fuze should be lished, the adjusted azimuth must be measured

used in the registration. However, when height on completion of tile registration. This is the
of burst probable error is excessive (par. 31) or least desirable method of determining direction in
time fuze is not available, fire may be massed by that 3 different aiming circles are used in 3 different
using an observed firing chart based on an impact locations. An example of data for plotting direc-
registration. tion is shown below:
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Az for polar plot
Btri AdJ oi (bAck-az) a105-mm howitzer, charge 5, sites unknown, is

A - 1, 965 5, 165 shown below:
Range for polarCB …----- 1, 830 5, 030 Battery AdJ QE platting* Altitude-

C--1,~ ~685 4,~ ~885 ~X>A -.............. 283 4,960 yards 400 yards

c. When an orienting line has been established, B ------------------ 267 4,730 yards 400 yards
the orienting angle for each battery is measured C 297 5,140 yards 400 yards
after registration. The azimuth of fire is com- Range corresponds to adjusted quadrant elevation.after registration. The azimuth of fire is corn- **Same altitude as registration point.
puted from the azimuth of the orienting line.
(Az of OL-orienting angle=az of fire.) An b. The ranges determined in the example in a
example of determining data for plot is shown above include an error equal to the sites involved,
below: nonstandard conditions, and velocity error of

Battery pieces. Battalion fires cannot be massed satisfac-
Elemtnt A B C torily, except in the immediate vicinity of the

Azimuth of OL ---------. 1, 790 1,430 1,230 registration point, unless there is little or no differ-
Adj orienting angle -.-- ____ 1,736 1, 240 918 ence in altitude between the batteries. 'The chart

may be improved by assuming the site to be
Firing az (az OL-adj orient- zero for the center battery and estimating the

ing angle) --------------- 54 190 312
Az for polar plotting (back-At for polar plotting (back- 190 312 difference in altitude between the center battery

az) -............ 3, 254 3, 390 3, 512 and each of the flank batteries to determine rela-
tive sites.

d. In the absence of surveyed data for direction, c. Observed firing chart accuracy call be
the azimuth of the OlJ('s) may be established by greatly improved if altitudes or relative altitudes
using the magnetic needle of a properly decated ca be determined (par. 444c). If altitudes can
aiming circle. The azimuth must be determined
with 1 and only I aiming circle. If the orienting follows:
line is not common to all batteries, the azimuth
determined bv the one instrumenllt must be carried (1) The altitudes of the battery and regis-
bv directional traverse to all Ol's. Thus, te tration point arc determined.
error introduced by one magnetic needle will he (2) From these altitudes the vertical intervals
common to all batteries. (VI) are determined.

e. If the firing azimuth is computed from the (3) The range corresponding to adjusted QE
orienting line and the orienting angle (measured is determined.
after registration), the adjusted azimuth is meas- (4) Site is computed by using range corres-
ured and used as a check on the computed azi- ponding to adjusted QE and VI.
muth. Also, the difference between the adjusted (5) Adjusted elevation (QE-site) is deter-
and the initial deflection can be applied to the ili mined.
tial azimuth and orienting angle as a check on the (6) Range corresponding to adjusted eleva-
measured azimuth and orienting angle. tion is determined.

(7) By using range corresponding to adjusted
441. Determination oF Range and Altitude for elevation, site is recomputed and new

Polar Plotting adjusted elevation is determined.
a. When sites to the registration point are (8) If site computed in (7) above agrees with-

unknown or cannot be approximated, each battery in I mil with site computed in (4) above,
is polar-plotted from the registration point. 'The the battery is plotted at the range colTC-
back-azimuth of the direction of fire and a range sponding to the last adjusted elevation.
corresponding to the adjusted quadrant elevation (9) If the 2 sites disagree by more than I mil,
(adj QE) are used in polar-plotting. Since sites successive approximation is continued
are unknown (assumed to be zero), the same until the last 2 sites computed agree
altitude which is arbitrarily assigned to the regis- within 1 mil; the battery is then plotted
tration point is also assigned to each battery. at the range corresponding to the last
An example of determining range and altitude for computed adjusted elevation.
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d. An example of determining range for a 105- 442. Application of Known Corrections
mm howitzer, charge 5, altitude known, is shown a. The observed firing chart can be improved
below (alt reg pt 1, 472 yards): in situations in which the met and/or VE range

.Emenet Battery effect, are known (or can be estimated, based on
A B C anl experience range correction) by establishing a

Altitude in yards (small-scale GFT setting to obtain the range correspopldilg
map) 400 414 410 to the adjusted elevation (or quadrant elevation

Vertical interval in yards --- + 72 +58 + 62 if sites are unknown). An example of deterrnXn-
Adjusted QE -------------- 283 267 297 ing a GFT setting for a 105-mm howitzer bate.-,
Range corresponding to ad-

justed QE - . ....... 4, 960 4, 730 5, 150 charge 5, firing at a range of 5,000 yards, is show;
First apparent site (GST: below (met and VE are known):

VI/Rg corresponding to ad- Elevation for range 5,000 yards- - =286 mils
justed QE) + 16 + 14 + 14 Met range effects (elevation 286) =-300 yards

First apparent adjusted eleva- VE range effects --------------- =- 100 yards
tion (QE-apparent site) - 267 253 283 Illange plus range effects (5000+

Range corresponding to ap- (-400))- .----------------- = 4600 yards
parent adjusted elevation__ 4, 740 4, 530 4,960 GFT- : Charge 5, lot-

Second apparent site (GST: rg 4,600, el 286
VI/Rg corresponding to ap-

VI/paret eevaticorresponding to ap- 17 14 14 b. Plot ranges for batteries are determined afterparent elevation)* _ +-17 +-14 +-14

Adjusted elevation** ------- 266 253 283 the GFT setting is placed on the cursor of the
Range plotted --4,720 4,530 4,960 fan (window of the GFT). The elevation gage-

'Agrees ithin 1 il of last apparent site nd s used as the orrected st*. line is placed over the adjusted elevation and the
" Adjusted elevation roresponds to quadrnt elevatinn minus corrected plot range is read under the hairline.

Section III. BATTALION OBSERVED FIRING CHART-TIME PLOT

443. General the determination of range for polar plotting the

'l'he major source of errors in an observed battery positions and the determination of altitude.
firing chart established with percussion fuze is the a. The batteries are back-plotted from the regis-
inclusion of a false site. False site introduces an tration point for direction. Deflection indexes are
error which may be very large. Such an error drawn as on any other observed firing chart.
may prevent satisfactory massing of fires when b. The range for polar plotting battery positions
the batteries are widely separated in range and corresponds to adjusted time (except when large
altitude. Thle use of a time plot observed firing angles of site are involved (par. 448)) less any
chart minimizes errors due to false site. It also known time correction
provides more accurate and effective delivery of c. Since site can be derived from a time registra-
time fire. It is limited onlv bv availability and tion, the relative altitude of each battery can be
range limitations of the time fuze. When setting established in relation to the registration point.
up a time plot, observed firing chart, care in select- (1) Site is determined by comparing the eleva-
ing the charge will greatly reduce height of burst tion corresponding to the adjusted time
dispersion errors. Thus the accuracy of the chart (less known time corrections) with the
(par. 438) is further increased. The nearer the adjusted quadrant elevation. The dif-
actual site can be determined, the nearer the ference is the derived site.
observed firingg chart approaches the accuracy of (2) The relative altitude of each battery is de-
the surveyced chart. termined by computing the vertical inter-

vals, based on the derived registration

444. Construction of Time Plot Observed Firing point ranges (6 above) and the derivedsites, and applying these to the assumed
Chart, Site Unknown altitudes of the registration point.

A time plot observed firing chart, site unknown, d. For example, the batteries of a 105-mm how-
is constructed in the same manner as a percussion ;tzer battalion are registered on a registration
plot observed firing chart (par. 439) except for point with time fuzed shell, charge 5, and FDO's
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report the following adjusted data: (Deflection over the adjusted time and the plot range Is read
data have been omitted for simplicity.) under the hairline and the adjusted elevation

ntry Adj ti 'Adj QE under the elevation gageline.
A . ....-- ... 17. 0 289 c. If an average time correction is known, the
B . ....-- . .17.6 295 time gageline is constructed over the corrected
C . ....-- .. 16. 3 278 time; i. e., time corresponding to the corrected

(1) Determination of plot data: elevation plus the time correction. In the ex-
_ Rangeforpolarplotting Adjicorponds Site Alt" ample in a above with a time correction of +0.2

Btry corresponds to adj ti to adi *l (QE-El) second, GFT time gageline would be constructed
-__ll at time 16.3 (16.1+0.2). Plot ranges and ad-

A*----.------- - 4, 850 275 + 14 430 justed elevations are then determined as indi-
B --------- - 4, 990 285 +10 456 cated in b above.
C - . .. .4, 680 264 +14 441

446. Construction of Time Plot Observed Firing
*Tilmr correction is not known. Chart--Site Known

Altitude of registration point: lo yards.
a. Although an approximate site can be derived

(2) In computing the altitude of a battery, if through the use of time fire, a time plot observed
the site is plus, the battery is below the firing chart is greatly improved if the site to the
registration point; if site is minus, the registration point for one or all batteries can be
battery is above the registration point. determined. If at all possible, the site for each

battery to the registration point should be de-
termined or at least approximated. Approxi-

445. Application of Known Corrections mate sites may be determined from a small-scale
In constructing a time plot observed firing chart, map, by computation with instruments, or by

failure to apply known time or range corrections firing an executive's high burst (par. 447).
will result in false battery locations and will limit b. When site is known, the chart is constructed
accuracy in massing fire. Time and range cor- the same as when sites are unknown except for
rections are absorbed in a false site. When aver- the determination of altitudes of the batteries.
age or specific time corrections are not known, they The procedure for determining altitude of each
are assumed to be zero. Range corrections, when battery is as follows:
not known, may be estimated, based on weapon (1) The adjusted elevation for the battery-
VE and existing weather conditions. Known cor- (ies) whose site is known is determined
rections must be stripped from the adjusted data by subtracting the known site from the
before site is derived. Use of a GFT setting will, adjusted quadrant elevation and the
in effect, strip out known time and range correc- GFT setting(s) is determined. Regis-
tions included in the adjusted data. tration point range corresponds to the

a. An example of determining a GFT setting for adjusted time (less any known time cor-
an observed firing chart based on weather and rection).
knowledge of velocity errors for a 105-mm how- (2) If no time correction is known, the hair-
itzer, charge 4, firing at an estimated range to line will be the range gageline and also
registration point of 4,000 yards, is shown below: the time gageline since range is deter-

Elevation for range 4,000 - . .. =302 mils mined from the adjusted time.
Met range effects (elevation 302)-- = -400 yards (3) The relative altitude of each battery is
VE range effects - ......... =-100 yards
Range plus range effects (4,000+ determined by computing the vertical

(-500)) ..-................. =3,500 yards intervals, based on the derived regis-
Time corresponding to elevation 302_ = 16.1 seconds tration point range and the known sites,
GFT : Chg 4, lot , rg and applying these to the assumed alti-

3,500, el 302, ti 16.1 tude of the registration point.
b. Plot ranges and adjusted elevations for bat- (4) If the site for only one battery is known,

teries are determined after the GFT setting is the adjusted data of that battery are
placed on the cursor of the GFT fan (GFT). used to establish a common GFT setting.
The time gageline (corresponds to elevation gage- To determine the relative site for the
line when no time correction is known) is placed other two batteries (using the common
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GFT setting), the hairline is moved to (2) Determination of plot data (solution):
the adjusted time for the battery coIn- BAri R7ng AdJ 2 Sit AllA ----- 3, 710 218 .......... +3 490
cerned. The elevation is read under B 3, 950 235 (230- (-5)) -5 519
the elevation gageline. This elevation C 3,820 226 - . ._ .. +2 493
is subtracted from the adjusted quadrant (3) Since site is known for only one battery
elevation. The remainder is the de- (Battery B) each battery of the battalion
rived site for the battery concerned. will have the same GFT setting; i. e.,
The relative altitude of each battery GFT : Chg 5, lot , rg
is then determined as in (3) above. 3,950, el 235, ti 13.4. Site for Batteries

c. An example of determining GFT settings A and C for plot data was derived by
when sites are known for all batteries: using the common GFT setting (par.

(1) Situation: All 3 batteries of a 105-mm 446b(4)). The adjusted elevations for
howitzer battalion have been registered Batteries A and C are based on their
on a registration point at an altitude respective adjusted times and the corn-
of 500 yards. Charge 5 and fuze time mon GFT setting determined by Battery
and southeast direction of fire were used. B.
Azimuth of OL: 4,072.
Azimuth of OL: 4,072. 447. Determination of Site by Firing (Execu-Adjusted data include--

BMt Ointiong anl, QE Time Sihe tive's High Burst)
A .----------- 1, 599 316 18. 5 +5 If the angle of site is unknown, after a precision
B------------- 1,735 291 17. 4 0 impact and trime registration, it may be deter-
c......------ l, 815 289 16. 6 +11

Slt1es determined from smal2l89le map. mined by firing a modified high-burst registration.
Such a registration will establish the elevation-(2) Determination of plot data (solution):

A(Dmelh- fuze setting relationship (time correction). The
Birn Platled Range Adi d A/l relative altitude of the high burst is established

A--- 5,673 5,200 311 477 by measuring the vertical angle (angle of site)
B---------- 5, 537 4, 950 291 500
C _--------- 5' 457 4, 760 278 453 from the battery to the mean burst center. The

*Azimuth plotted is azimuth of OL minus orienting angle plus 3,200. executive officer measures the vertical angle with
(3) Since sites are known for all three bat- an aiming circle or a BC telescope.

teries, each battery of the battalion will a. A modified high-burst registration to estab-
have a different GFT setting. lish a time correction is conducted as follows:
GFT A: Chg 5, lot___-, rg 5,200*, el 311, (1) After the time registration, 1 (or more)

ti 18.5 battery(ies) is ordered to fire a 3-round
GFT B: Chg 5, lot__, rg 4,950*, el 291, executive's high burst over the registra-

ti 17.4 tion point. The command is OBSERVE
GFT C: Chg 5, lot__, rg 4,760*, el 278, HIGH BURST, MEASURE ANGLE

ti 16.6 OF SITE, 3 ROUNDS, ADJUSTED
'With hairline placed over ad usted time, range is read under hairline., ADJUSTED
d. An example of determining a GFT setting DEFLECTION (so much), ADJUSTED

when site is known for one battery. RANT ELEVATION (so much).
(1) Situation: All 3 batteries of a 105-mm executive increases the

howitzer battalion have been registered
the registration point (altitude 500 quadrant elevation by the site necessaryon the registration point (altitude 500 to place the bursts above the intervening

yards) with charge 5 and fuze time, and to place the bursts above the interveningyards) with charge 5 and fuze time, and mask. (This insures that the bursts
the following adjusted data have been

can be observed from the battery posi-
reported (deflection data omitted for tion.) He fires the rounds ordered at

tion.) He fires the rounds ordered at
simpilcity Adjti Adj E the adjusted deflection and adjusted

A *----------------- 12. 5 221 fuze setting but with the increased quad-
B *---------------- 13. 4 230 rant elevation. He observes the bursts
C -..... ... . ........ 12. 9 228 with either an aiming circle or BC tele-
Site for Battery B to registration point scope set up in the vicinity (preferably
has been determinled by executive's high directly to the rear) of the registering
burst to be -5 mils. piece. Then he reports to the FDC the
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average observed vertical angle (angle of 448. Determination of Range for Polar Plotting
site) to the center of the bursts. He also With Large Angles of Site
reports the quadrant elevation at which
the rounds were fired. a. Frequently, in constructing a time plot

(3) At the FDC, the quadrant elevation at observed firing chart, it may be necessary to

which the high burst was fired minus the register on a point which will yield a large derived

average measured angle of site to the angle of site and consequently a large complemen-

center of the bursts is compared with the tary angle of site. Since fuze setting corresponds
adjusted quadrant elevation to the regis- to elevation plus comp site, the range derived from
tration point. The result is the un- the adjusted time will be in error proportionate to

known angle of site. The site to the the required time correction (par. 391). This
registration point is found by adding the correction to fuze setting may be ignored as long

complementary site and the derived as the comp site does not exceed 2 mils; however
angle of site. Complementary site is when the computed comp site exceeds 2 mils, the

found by multiplying the derived angle adjusted time must be corrected prior to deter-

of site by the complementary angle of mining plot ranges.
site factor for the range to the registra- Example: 105-mm howitzer, charge 5, adjusted

tion point. time 17.9, adjusted QE 332. Range for plot and

b. For example, a 105-mm howitzer was regis- relative altitude of battery (alt reg pt 500 yards)
tered on a point with charge 5. Adjusted data is determined as follows:

for the registration point included adjusted time Elevation (+comp site) correspond- =290.8 mils

(fz M500), 16.0 seconds and adjusted QE, 260 ing to time (17.9).

mils. The report from the executive following Angle of site (QE-(elevation+comp = +41.2 mils

the high burst was OBSERVED ANGLE OF site)) (332-290.8).

SITE, +30; QE FIRED, 280. Determination of Comp site (+41.2 x 0.1 (comp site =+4.1 mils
factor)).

registration point site and adjusted elevation is as Site (+41.2+4.1) - ...... = +45.3 mils

follows: Adjusted elevation (QE 332--site =286.7 mils

Range corresponding to adjusted =4,600 yards 45.3).

time 16.0. Time corresponding to elevation =17.6 seconds

Comp site factor, range 4,600 - .... = +.08 mil 286.7.
QE fired for HB------------- =280 mils Comp site time correction (17.9 (ad- =+0.3

Minus measured angle of site HB =- (+30) justed time)- 17.6). second

mils Adjusted time- comp site time cor- =17.6 seconds

Elevation to 11a+cornmp site to IIB* =250 mils rection (17.9- (+0.3)).

Adjusted QE to registration point-- =260 mils Itange to back-plot battery location =5,000 yards

Minus elevation+eomp site to HB =250 mils (range corresponding to time 17.6)

(reg pt).** Vertical interval (GST: 5.0 x 41.2)--- =202 yards

Angle of site to registration point_ - + 10 mils Relative altitude battery (500 202)_ =298 yards

Plus comp site (+.08 x 10) .- . ... = +1 mil

b. To avoid interpolation required with tabular
Site to registration point = + 11 mils
Adjusted elevation to registratio poit =11249 ils firing tables in the example in a above, graphical
Adjusted elevation to registration =249 mils

point (260-11). firing tables may be used to determine the re-
Fromtle basicformula QE=elevation+angleofsite+rmpsite. Trans- quired elevation to the nearest mil, time to the

position will deriv the formula QE-onare oie=rlison+li mp ie nearest 0.1 second, and range to the nearest 10
**Sinem the same fure setting (adlusted timne 16.i) applies to both the

registration point and the high burst and the faze seting is a function of yards. The hairline is used to determine all ele-
dlerltion plu comp sift, the sam elvation piu mp sitP for the high burst ments unless corrections from previous firings are
must be equal to Ilhe sum--elevation plus roll, site to the registration
poit. known.

Section IV. OBSERVED FIRING CHART FOR MORE THAN ONE BATTALION

449. General common control, aiming circles must be uniformly

Massing of fires of more than one battalion by declinated. A common registration point with

using an observed firing chart is possible provided coordinates and altitude assigned must be desig-

common control can be established. To achieve nated for all battalions. Also, one battery of each
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battalion must be registered on the common reg- adjusted azimuth and distance derived from the
istration point. The area in which fires can be adjusted data (pars. 438-449) are used in polar
accurately massed is smaller than the area repre- plotting.
sented by the observed firing chart for one bat- b. The battalion registration point is polar-
talion. rThe comparatively large distance between plotted from the adjusting battery position. The
battalions will introduce errors which increase as azimuth and distance to the battalion registration
the distance from the common registration point point that was determined previously from regis-
to the target increases. Relative altitudes of the tration are used in polar plotting.
common registration point and battalion position c. Other batteries, deflection indexes, and pre-
areas must be known if several widespread bat- viously fired targets are replotted by using
talions are to mass their fires accurately. previously determined data.

d. If the battalion registration point and the
450. Construction of Observed Firing Chart for common registration point are not within transfer

More Than One Battalion (Plotting) limits or if different charges are used, then sepo-
Higher headquarters is responsible for selecting rate GFT settings and separate deflection correc

the registration point, assigning arbitrary coordi- tion scales will be established.
nates and altitude, and coordinating registration.
Registration may be coordinated by assigning times 451. Construction of Observed Firing Chart for
for conducting registrations or by requiring one More Than One Battalion (Tracing
battalion to register a battery of each battalion in- Paper Method)
volved. Within a battalion, massing is improved An alternate but less accurate method of con-
if the center battery is selected to register. Each structing an observed firing chart for more than
battalion observed firing chart is constructed as one battalion is the tracing paper method. This
follows (fig. 169). chart is constructed as follows:

a. The adjusting battery is polar-plotted from a. The common registration point from the ad-
the common registration point designated by justing battery position is plotted on the battalion
higher headquarters. The back-azimuth of the chart. The altitude is computed.

810 b. An overlay of the battalion chart is made.
The overlay must include the battalion registration

Divreg t 1128 point, batteries, common registration point, and
320 \ all concentrations.

c. The common registration point is plotted on
18fl\ reg p11the chart for more than one battalion.
S.\ ra g pt I d. A ray is drawn on the chart from the common

registration point through the estimated location
of the registering battery. The ray is drawn in
the direction of the back-azimuth of the adjusted

i I t azimuth of fire.
\ ! g | e. The overlay is oriented so that the common
| | registration point is over its chart location and
\ ii | |\the registering battery is over the ray previously

\ l2 drawn.
f. The location of batteries, battalion registra-

I * | tion point, and concentrations are pinpricked
through the overlay onto the chart.

l \\I^| g. All altitudes are reconciled with the altitude
| B3 A assigned to the common registration point.

h. Deflection indexes are constructed on the
Figure 169. Observed firing chart buill by registration on a chart for more than olne battalion. The indexes

division artillery registration point, are based on adjusted data for the battalion chart.
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Section V. OBSERVED FIRING CHART WITH INCOMPLETE SURVEY

452. General the registering battery, the direction of
A target area survey or position area survey fire line of the battery is drawn on the

may sometimes be used in conjunction with the overlay of the position area survey.
observed firing chart until the surveyed firing (6) The battery center plotted on the over-
chart is available. In either case, that part of lay is placed over the registering battery
the chart established by firing must be plotted to center of the firing chart. The overlav
the same scale as that part obtained by survey. is rotated until the direction of fire line
Any range corrections which can be eliminated on the chart and the overlay coincide.
from the ranges determined by firing will improve The locations of the nonregistering bat-
the accuracy of the range plotted on the observed teries are pinpricked. Those locations
firing chart. are labeled with proper altitudes in rela-

tion to registering battery.
453. Target Area Survey (7) The coordinates of the nonregisterinlg

The 01 may be back-plotted (polar-plotted) on batteries are measured. Using these
the observed firing chart from the registration coordinates and those of the registra-
point; the direction is the back-azimuth of the tion point, the direction of fire of the
measured azimuth of 01 to the registration point; nonregistering batteries is computed.
the distance is computed by using the 01-02 base. For each battery, the azimuth of the
The relative altitude of 01 is computed by using battery OL mlinus the determined direc-
the measured angle of site, 01 to the registration tion of fire equals the orienting angle for
point, and the computed distance. laying the battery.

b. As an alternate method to that in a above
454. Position Area Survey the registering battery and registration point are

a. In some situations, time and ammunition plotted as for a battery observed firing chart;
can be saved by eliminating the registration of i. e., coordinates are assumed for the battery and
two batteries and substituting a position area the registration point is polar-plotted. In this
survey. Th'le procedure is as follows: case, the nonadjusting batteries are plotted on

(1) A common orienting line (OL) is estab- the firing chart in relation to the adjusting battery
lished for the battalion, if possible; by coordinates determined by survey. The as-
otherwise, an OL is established for each sumed cordinates and altitude of the adjusting
battery. battery are used to establish survey control.

(2) Starting from any convenient point, a Direction for laying the nonregistering batteries
traverse is run to locate all battery posi- is determined as in a(7) above.
tions horizontally and vertically andl to c. Typical situations which might necessitate
determine direction of all orienting lines. the use of an observed firing chart based on regis-

(3) The battery positions, altitudes, and tration of one battery and a position area survey
OL's are plotted on tracing paper to the are-
same scale as that for the chart to be (1) When lack of time and/or ammunition
used. This overlay, including the meas- precludes registering all three batteries.
urcd grid azimuth of the OL's, consti- (2) When the battalion displaces by echelon,
lutes the position area survey as deliv- data can be ready for the remaining
cred to the FDC. batteries when they arrive at the new

(4) One battery is registered on the regis- position.
tration point; from the adjusted data, (3) When displacement of the battalion is to
the observed firing chart is started by be made after dark, a single howitzer
plotting the registration point and regis- can be brought up and registered during
tering the battery. dlaylight. Data can be ready for the

(5) Using the measured orienting angle of entire battalion when it arrives.
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(4) When alternate positions have been after that time and a single registration
occupied and firing must begin without may be performed from an alternate
registration from those positions. position. Data caln then be prepared for

(5) When fire from positions to be occupied the battery positions after connecting
is not permitted before a certain hour them to the registration position with a
but massing is required imniediately position area survey.

Section VI. RADAR FIRING CHARTS

455. General 458. Construction of Radar Improved Chart
In conjunctionl with radar observed high-burst A radar improved observed firing chart is con-

registrations, there are three techniques that can structed as follows:
be used in constructing a firing chart, as follows: a. Allfiring batteries are registered on a common

a. Observed firing chart imlproved by radar registration point to obtain an adjusted orienting
(time plot). angle or azimuth, adjusted quadrant, and adjusted

b. Radar chart-no maps or survey. time.
e. Radar chart, registering piece located (mini- b. A high-burst registration (pars. 307-336),

mum survey for GFT setting). observed by radar, is fired by a battery which has
been located relative to the radar location by

456. Time Plot Observed Firing Chart Improved survey. The point selected for the high burst
by Radar shouldl be visible to the radar, be as close as pos-

In many cases the observed firing chart will be sible to tile registration point, and if possible have
constructed before the radar is ready to observe. a site of less than 50 mils. If time does not permit
In such eases, when radar is available, anll observed survey from the battery position to the radar, a
firing chart imlproved by radar will replace tihe registering piece may be temporarily located close
initial observed firing chart. The radar can supply to the radar for firing the high burst.
data for accurate GFT setting and deflection cor- c. The location of the high burst and the loca-
rection from a 6-round high-burst registration tion of the registering piece, both in relation to
fired by 1 of the batteries. The observed firing the radar, are established. By computation or
chart improved by radar is the most, accurate plotting, the location of the high burst in relation
type of observed firing chart that can be con- to the registering piece is obtained and the range,
struetedl (approached survey accuracy). site, anid azimuth are determined.

457. Advantages of Radar Improved Chart d. A GFT setting and deflection correction are
determined from the higl-burst registration and

The radar improvedl chart has the following dfgratoad
used in plotting the batteries. The range for the

advatages over a time plot obseved firing car: GFT setting is the measured chart range from the
a. An accurate time correction is obtained from

battery to the high burst. Location of thle bigh
which the site is derived. The quadrant elevation burst is detemied from radar data. the leva-
can be correctly divided into elevation arnd site; tion is te adjusted frmaar dt less the competed
thus, errors in site are not left in the elevation site. ise th e adsed q adjusles time.site. The time fired is the adjusted time.
to be plotted as range.

b. Tl'he GFT setting, based on a true radar range, e.''ransfer from observed firing chart to the
will allow the observed firing chart to be Jlotted radar improved chart is accomplished as follows:
to a relatively true scale. (1) Tirle registlration point is used as the initial

c. The directions in which tihe batteries are plot in the usual manner and is plotted at
plotted from the registration point are more arbitrar'y coordinates and altitude.
accurate b\ the amount of deflection correction (2) Each battery is back-plotted from the
determined from the radar observed high-burst registration point. The range and site
registration. are derived from the adjusted quadrant

d. The accuracy of a radar improved chart, and adjusted time by asing the GFT
will allow effective use of an 01-02 base. 01 may setting determiniied from the high-burst
be back-plotted onil the chart by using its measured registration. With the time gageline
azimuth and range to the registration point. over the adjusted time, range is read

260



under the hairline and elevation is read Ileight of HB in relation to
under the elevation gageline. radar (GST: 4,770X (+ 17)) = +80 yards

(3) The vertical interval for each battery, in Height of radar in relation toBtry B (GST: 360X(+16))_ =+6 yards
relation to the registration point, is deter- Height of HB in relation to
mined by using the derived site and Btrv B (+80+6)- =+86 yards
plotted range. Chart rg, Btry B to HB

(4) The azimuth on which to plot each bat- (measured)- =,040 yards
tery is the back-azimuth of the adjusted Site, Btry B to HB (GST, chg
azimuth or firing azimuth determined 5: +86/5040)-= +19 mils

Adj el (QE 322-si+ 19) ----- =303 mils
from the registration. The adjusted or GFT B: Chg , lot X, rg 5,040, el 303,
firing azimuth is modified by the defiec- ti 18.4.
tion correction determined from the high-

(5) Deflection correction is determined asburst registration. This azimuth is most
accurately determined by using orientinlg
lines. The deflection correction deter- Chart df, Btry B to HB

(measured) -. =2,781 milsmined from the high burst is stripped Ad df red) -2,781 mAdj df (fired) ......... =2,766 mils
from the registration point azimuth to Deflection correction (2,766-
determine replot azimuth. 2,781) =R15 mnls

(5) The deflection indexes are constructed in (6) The following replot data are computed
the usual mannler. by using the GFT setting (4) above,

(6) The radar antellllnna is plotted in relation deflectionl correction (5) above, and the
to the battery to which it is connected adjusted data from the common registra-
by survey (azimuth, distance, and differ- lion point: (The batteries are replotted
ence in altitude). Radar azimuth in- from the common registration point,
dexes are added (par. 462). resulting in an OF chart improved by

f. For example, a 105-mm howitzer battalion radar.)
has occupied position and all batteries have been Battery
registered with charge 5, lot X, on a common Element
registration point (assigned altitude 400 yards). A 1 c
Adjusted data are as shown below: Az for polar plotting (back-

Idj orient- az)* -.................. 2, 831 2,919 3, 014
Bier, uldj az ing angle' lt QE Ti Range (corresponds to adj ti) 5, 140 5, 040 4, 950

A-------------6,046 1,795 2,751 313 1 8 Adj time---------- 18.8 18.4 l& 0
B--........ 6, 134 1,707 2, 766 309 18. A QE-313 309 304
C- . ... 6, 229 1, 612 2, 771 304 18. 0 El** 310 303 296

'Azitmuth of nmon OL is 1,441 mul. Derived site- +3 +6 +8

Vertical interval (GST) - _ + 14 . +27 +35
(I) An observed firing chart is constructed Vertical ilne*** l - OST) 386 +27 +35

and radar is polar-plotted firom Battery aBalk-az of adj az minus deflection correction; e.g., BWry A 6,046-RIS-
B with which it had been connected by 3. l=2,S3iutnder elevation gageline; OFT setting when time gageline is
survey (distance 360 yards, azimuth 423 on adjius ted time.

mils, ver~tical an~gle + 16 mils) . ' *At reg j't (400) minus (ST computed vertical interval.mils, vertical angle + 16 mils).
(2) A high-burst registration was fired by (7) A deflectioll correction scale is COll-

Battery B in the vicillit of the commonl structed, based on the established GFT
registration point with the following setting (par. 348 and 349), and deflection
data: Chg 5, lot X, (if 2,766, si 322 (60 indexes are constructed for each battery,
yards above reg pt), ti 18.4, el 300. based on the adjusted deflection from

(3) The high burst is polar-plotted from radar the HB registration.
and located on the chart, based on the (8) Radar is nlow replotted in relation to
data obtained by radar to the high burst Battery B on the OF chart by using
(rg 4,770 yd, az 6074i, vertical angle survey data. Altitude of radar becomes
+17A). 379 yards (new alt Battery B, 373

(4) OFT setting is determined as follows: yards + 6 yards).
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459. Radar Chart 461. Evaluation of Radar Chart
W\itllout radar there is no easy and practical The radar chart is fundamentally a time plot-

method by which a battalion can occupy positions observed firing chart, sites unknown, with the
during darkness without maps or prior survey exception that each battery has its own registra-
andll be piepare(l to mass effective fires at daylight. tion point. The accuracy of the radar chart is
However, when radar is available. an observed slightly less than that of the time plot-observed
firing chart can be constructed whichll will permit firing chart, sites unknown.
the battalion to mass fire effectively if one battery a. To obtain the greatest accuracy and to
has adjusted on a target. This observed firing attain usable battalion transfer limits, the three
chart is called the radar chart. high-biurst registrations should be fired as close to

the same point as possible.
460. Construction of Radar Chart b. Without survey, pointing data for the radar

The radar chlart is not as accurate as an observed to each of the HB's cannot be accurately deter-
firing chart improved by radar. Its construction mined. For this reason, it will generally be
is based on the firing of a high-burst registration necessary to move the antenna in azimuth and
by each battery. Procedures for construction elevation after the first rounrd is fired in order to
of the radar chart. are as follows: observe succeeding rounds through the orienting

a. The radar is oriented by using the aiming telescope. Therefore, each registration will usul-
circle and plotted on the firing chart at assumed ally require 7 to 8 rounds.
coordinates and altitude. c. The radar chart, can be used to mass fires onl

b. Batteries are laid by azimuth on the approxi- targets reported by radar and on targets which
mate azimuth to the center of the sector. have been adjusted on by one battery.

c. A high-burst registration, observed by radar,
is fired from the base piece of each battery at a 462. Radar Chart, Registering Piece Located
safe range sand fuze setting. If the relative location of the radar and the

d. Range, azimuth, and elevation (angle of registering piece can be established either by
site) to each of tile three high ibursts are de- survey or by moving the registering piece to the
termined by radarl. radar, the accuracy of the radar chart can be sub-

e. Each high burst is polar-plotted oil the firing stantially improved, since a GFT setting anl
chart with respect to the radar. deflection correction c an be established.

f. The altitude of each high burst, is determined a. When one battery position is located in rela-
by using the radar range and elevation. tion to radar after a radar chart without survey or

g. Each battery is back-plotted on the chart maps has been constructed (par. 460), a GFT
from its high-burst location. setting and deflection correction can be derived

(1) Each high burst represents the registra- from the registration of that battery. When a
tion point of the battery which fired it. registering piece is moved to the radar position,

(2) The battery is polar-plotted from its high- another high-burst registration must be fired to
burst location on the back-azimuth of establish a GFT setting and deflection eorrection.
the azimulth at whiich the high burst was b. When radar is located relative to one battery'
fired. prior to initial registration, the high-burst regis-

(3) The range at which the battery is plotted tration of this battery is used to establish the GFT
is the range corresponding to the time setting and deflection correction.
setting at which the high burst was fired. c. Tile GFT setting and deflection correction in

h. The altitude of the battery is equal to the a and b above are established and applied in back-
altitude o its high burst minus the vertical inter- plotting each battery from its respective high-
val between the battery anid the high burst. The burst location in the same manner as for all
vertical interval is determined by multiplying the observed firing chart improved by radar (par.
site fired by the range at which the battery is 458). However, the chart thus established is not
plotted. as accurate as the observed firing chart improved

i. The deflection index is constructed for each by radar, siuce the high bursts are not at a com-
battery in the usual manlier. neon point.
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Section VII. TRANSFER FROM OBSERVED FIRING CHART TO SURVEYED CHART

463. General ment on the targets. When more than one

As soon as the surveyed firing chart is available, registration has been madle, the elevation used in

it should replace the observed firing chart. The establishing the GFT setting is selected from the

observed firing chart is retained until all con- registration which most nearly coincides with the

centrations are transferred to the surveyed firing time of firing on the targets.
chart. The transfer of information is made as
soon as possible. 466. Transfer From Observed Firing Chart to

Surveyed Firing Chart, Time Fuze
464. GFT Settings and Deflection Index Targets fired with time fuze are transferred from

a. The determination of OFT settings and the observed firing chart to the surveyed firing
construction of the deflection index for the sur- chart in the same manner as those fired with
veyed firing chart is accomplished in the same percussion fuze, except for the following:
manner as if the surveyed firing chart had been a. The relationship between range, adjusted
on hand at the time the registrations were fired. time, and adjusted elevation is fixed by the sur-
The adjusted elevation is determined by sub- veyed firing chart GFT setting.
tracting the site, as computed from the surveyed b. The adjusted time is used to derive the range
firing chart, from the adjusted quadrant elevation. and adjusted elevation.
The range is measuredl on tile surveyed firing

c. Tile adjusted elevation is subtracted fronl
chart. The time gageline is raw over the c. The qu adjustant elevatio n to determine te site.
adjusted time for each registration. When all
three batteries have registered on the observed 467. Transfer to Surveyed Firing Chart, Com-
firing chart, each may have a different. GFT puter Records Available
setting.

b. The deflection correction scale to be used When the computer records are available,
with the surveyed firing chart is based oil tile targets are replotted on the surveyed firing chart
surveyed chart GFT setting with a (leflection by polar plotting at deflections, ranges, and

correction of zero at registration point range altitudes as described in a through d below:
(pars. 348 and 349). a. Deflection. The same deflection used to

replot the target on the observed firing chart is

465. Transfer From Observed Firing Chart to used to replot that target on the surveyed firing

Surveyed Firing Chart, Percussion Fuze chart. This deflection is the "chart" deflection
on thle FDC Clmputer's Record (1)A Form 6-16).

a. The procedure for transfer of targets from theflection may introdue an error
observed to the surveyed firing chart is the same Using tils dclecelion ilv introll lo an eriol
as that for replotting observed targets oni the owing to the difference in (leflectionl orrection

surveyed firing chart (par. 420). Data for replot scales of te 2 charts but te error ould seldom
of a target are obtained from the adjusted data exceed I mil.
for that target. b. Range. Range is determined with the GFT

(I) The target is plotted by usillg tile setting for the surveyed firing chart (par. 465b).
chart deflectioin as detlermilie(l from the For missions fired with percussion fuze, range is
obhserve(l firiingg chalrt, .determined by placing tile elevation gageline over

(2) Informationl indicatilng the altitude of the adjusted elevation and reading the range
the target, such as a map or observer's ullel the hlairline. For missions fired with time
UP and DOWN corrections, is used to fuze, the time gageline is placed over the adjusted
separate the adjusted quadrant into the time setting and the range is read under the

components of site and elevation. hairline.
(3) The surveyed firing chart GFT setting c. Site and Eleration (Percussion Fuze).

is used to derive the range from the (1) The altitude of the target is determined
adjusted elevation. from a map, if one is available, or from

b. The GFT setting must be appropriate to the observer's request. For example,
the surveyed firing chart at the time of adjust- the observer requested FROM REGIS-

TRATION POINT, RIGHT 350, UPl
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20, ADD 400. The target is 20 yards Adjuaed dat Replol da. (ompucr's record)

above tile registration point. Fz Df Si El FFE rq F Obserer's site corr

(2) The site is determined lby successive ap- Q 2, 616 314 340 5, 700 Q Up 70
proximation (par. 441). Site is based Altitude of btrWy - .v...----. =420 yards
on the vertical interval (difference in Altitude of reg pt (survey) .---.------ =438 yards
altitude of battery andl target) and fire Altitude of cone (438+70) .- . ........ =508 yards
folr effect lalgce. Apparent site of cone (GST--88(508-

420)/5700) .--. - ---. ----... . ..... = + 18 mils
(3) The final adjusted elevation is used to QE fired (site(+ 14)+el 340) --=354 mils

determine the final plot range. Apparent adj el (354 (+18)) - .. =336 mils
d. Site and Elevation (Time Fuze). Apparent rg for replot (GFT) - . ....... =5,730 yards

(I1) If accurate sites were known for the ob- Site (GST: 88/5730) -............ =+ 18 mils*
served firing chart GFT settings, then Range for replot (el 336) -. =5, 730 yards
the sites anld elevations will not change 'Agrees ith apparent e within I mil.
when applied to the surveyed firing chart. 469. TransFer to Surveyed Firing Ckart, Com-

(2) If accurate sites were not, known for the puter Records Not Available
observed liring chart GFT setting, then
the time correction will not remain the When the computer records are not available,
same in the surveyed firing chart GFT targets are replotted on the surveyed firing chart
setting. The adjusted elevation must by polar plotting at deflection, range, and altitude
be obtailned for each target. It is o- determined as described in a through c below:
tained by placing the surveyed GFT a. Deflection. The deflection for replot of a
setting time gageline over the adjusted target is measured directly from the observed
time and reading the elevation under firing chart. It is used without change in trans-
the elevation gageline. The derived site ferring to the surveyed firing chart, since the de-
is the algebraic difference between the flection correction for the surveyed firing chart,
elevation and the adjusted quadrant Dw'ill not differ from that for the observed firing
elevation. chart by more than I mil.

e. Example of Target Replotted on a Surveyed b. Range. The range is measured from the
Firing ('hart. Personnel from a 105-mm howitzer observed firing chart. The elevation that was
battalion have completed survey and are trans- fired is determined by using the observed firing
ferring targets from an observed firing chart (per- chart GFT setting. The range for replotting the
cussion fuze) to a surveyed firing chart. Surveyed target on the surveyed firing chart is determined
firing chart GFT: ('hg 5, lot X, rg 5,400, el 310. by using this elevation as in paragraph 467.
Concentration BC 401 is to be replotted on the c. Site. Site is determined as described in
surveyed firing chart.. (No map available.) paragraphs 466 and 467.
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CHAPTER 22
FDC PROCEDURES FOR SPECIAL SITUATIONS

Section I. CHEMICAL SHELL
469. General (2) Smoke, 'S. Shell, smoke, FS, is a burst-

Chemical agents may be used to kill, injure, or ing-type of smoke shell that contains a
harass personnel; to deny observation or use of an liquid which forms white smoke when
area; or to burn materiel. This section is con- exposed to air. Although ES is less
cerned only with the employment of chemical dense than WP, it is a better screcning
agents through the use of chemical shells. Chem- agent since it does not rise as much. Tle
ical shell includes smoke shell (white phosphorous smoke irritates tie skin slightly, and the
shell and base-ejection smoke shell) and gas shell liquid splashed on the skin produces
(irritant or toxic agents). severe acid burns, thus producing some

casualties. Smoke shell FS is normallv
470. Smoke Shell fired with fuze quick.

a. Purpose. Smoke shell is fired for the pur- (3) Smoke, HIC. HC is base-ejected and pro-
pose of- duces white smoke that is used primarily

(1) Screenillg enemy observation.* for screening; shell, smoke, HC, is nor-
(2) Producing casualties (WP and FS). mally fired with time fuze. Smoke, HC,
(3) Damaging encinv Cinstallations ailllll mate- is the most effective screening agent but(3) Damaging enemy installations and mate-

~riel by burn~ing (WP). produces no casualty effect. HC readily
(4)rie by burniearrang ed (W signals;). e. g., absorbs and retains moisture; therefore(4) Sending prearranged signals; e. g., to itsmademoreffective by
friendly patrols. rain or mist.

(5) Marking targets and bomb lines for aerial
(5) Marking (4) Colored smoke. Colored smoke is base-
(6) Assistobing ti ejected and is normally used for pre-
(6) Assisting the observer- to locate his arranged signals and as an aid to the

rounds. observer in identifying his rounds. Col-
6. Ammunition. ored smoke shell is normally fired with

(1) White phosphorous (1WP). Shell, WP, time fuze. Except for the color of the
is a bursting-type of smoke shell which smoke, colored smoke (red, violet, green,
produces smoke, incendiary effect, and or yellow) is similar to HC smoke
casualty effect. Against most targets, (white).
superquick fuze action is preferable.
The action of the fuze and burster charge 471. FDC Procedures For Adjustment of Smoke
breaks the shell and scatters the phos- Shell
phorous particles above groulld. Since
WP smoke rises, or pillars, it is not suited If fire for effect is to be conducted with smoke
for maintaining a smoke screen; however, shell, the adjustment is conducted with shell HE
it is excellent for the initial buildup of a to avoid obscuring the impact area.
smoke screen. a. The WP and FS projectiles are heavier than

shell HE; therefore a correction for weight of
'Tlheuseolsr.oke forscrnlng mustlbeordln.atlwithlligill, authority, projectile should be computed and applied inowing to the danger of changes In wind causing stmoke to drilt into an are

wIlal!I Is not desired. changing from shell HE to shell WP or FS. For
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example, 105-mm howitzer, firing charge 5 (for rapidly as possible. The smoke screen is then
simplicity a GFT setting has been omitted): maintained by firing at the minimum rate neces-

Chart range to target (FFE) ----- =5,040 yards sary. The minimum rate is governed largely
Elevation corresponding to range =289 mils by the velocity of the wind. A guide to the proper

5,040 (GFT). rate of fire for 105-mm and 155-mm howitzers is
Weight of projectile-HIE -------- =2 square as follows:
Weight of projectile-WP ..-- =5 square
Difference in weight of projectile - =-+ 3 square Fi oint oimpt
Variation of I square (FT 105-H- = 36 yards Wind eolocly 105-mm howitzer 155-mm howiltr

4, cl 289). 3 3MPH -- I rnd every 60 I rnd every 120
Total effect (+3x(-36)) ---------- =-108 yards seconds. seconds.
Range at which to fire WP (5,040 =5,148 yards 10 MPH- 1I rnd every 40 1 rnd every 80

+ 108). seconds. seconds.
Elevation to fire WP for range =297 mils 15 MPI{H I rnd every 30 1 rnd every 60

5,150 (HE GFT). seconds. seconds

Note. Since weight of projectile is the only element of iVote. The above rates must be modified based on
change, the additional accuracy that would he obtained what the observer sees on the ground.
by establishing a new GFT setting (par. 342) for smoke
shell is negligible and may be ignored. Depe g p

and the size of the front to be screened, the spacing
b. When WP or FS smoke shell is to be used of the points of fall may be as great as 400 yards

for screening, the HE adjustment is followed by or as small as 30 yards. These data must be
a smoke adjustment with a single piece to insure based on the observer's requests and will be
that the desired smoke screen will be in the proper changed as necessary to correct for changes in
place. weather and the tactical situation.

c. When base-ejection smoke shell is to be
used for screening, the initial HE adjustment is 473 G Shell
continued with 1 piece firing smoke shell until the
proper height of burst (approximately 100 yards), Gas shell is fired only when ordered by head-

as well as proper location, has been obtained. quarters that has the authority to direct its em-

The lowest possible charge is used to reduce the ployment. -Met data arc especially important
terminal velocity of the shell to prevent scattering and must always be considered in the computation
of the smoke cannistcls. Base-ejection smoke of firing data, because the effect of wind direction
shell is fired with a fuze setting of 2 seconds less and velocity on the gas might endanger friendly
than the fuze setting for a zero height of burlst for elements. If possible, gas shell missions should
HE shell; therefore, it is unnecessary for the com- be fire for effect missions. Where surprise FFE
puter to include the 20/R factor in his site. The is not possible, HE shell is used for adjustment
height of burst is changed by increasing or de- and corrections for weight of projectile (par. 471)

creasing the site. are applied before firing the gas shell. Surprise
can be obtained by using an auxiliary adjusting

472. Building and Maintaining a Smoke Screen point. Use of nonpersistent and persistent gases

a. To form an adequate smoke screen quickly, is covered briefly in paragraph 210 and, in more
two rounds per point of impact should be fired as detail, in FM 3-5.

Section II. ILLUMINATING SHELL

474. General (4) Harassing enemy positions and installa-
a. Illuminating shell may be used for any of tions.

the following specific purposes and in any other (5) Furnishing direction to infantry for at-

situation where illumination is needed: tacks or patrols. (Flares must be placed

(1) Illuminating areas of suspected enemy well in advance of friendly troops to

movement, attack, or counterattack. avoid illuminating them.)
(2) Surveillance of fires at night. b. Some of the factors to be considered in the
(3) Night adjustment of artillery fire by employment of artillery illuminating shells are

ground or air observer. listed below (all data are approximate).
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Initial height of Initial distance R Rounds for
Weapon IProjectiles burst between hbursts Burning time continuous

Illuminmatloll

Howitzer, 105-1nun M314AI -- -- 800 yd 800 yd- 60 se - 2 per min.
Howitzer and gMun. 15-mmSA and M11SAIBII - 700d - 1,400 vyd 60 sece 2 per .nil.

'Strong wind . 1.aI necessitaite .a aster rat, of fire.
Nolte. For earlier typcs of priSjetiles (M i1l and MU 18 (M 118BI)), redlce initial distance betweell hursts one-half.

475. Adjustment of Illumination rounds fired at the same point. In searching an
a. The bursting (ejection) point of illuminating area, enough rounds, properly placed to cover the

shell normally must be adjusted to obtain effective area, should be fired at the same time. Firing 4
illumination. Adjusting illumination closer than rounds at one time, forming a diamond (diagonals
200 yards of the target is not justified because of of the diamond being equal to the optimum dis-
the size of the area lightedl. Availability of tance between bursts for the caliber concerned),
illuminatingshell anld the judgmentof the obscrvcr will light all area more than 2,000 yards square
will govern the number of weapons emplovyed in with minimum shadows (fig. 101). To obtain this
t.he adjustment. type of illumination, the observer commands:

b. After illumination is adjusted over a point FOUR GUNS, ILLUMIINATING. Wheni the ob-
of known range, transfers may be made to other servcr calls for a range or deflection spread or a
points. However, the effect of the wind on thce diamond pattcrn, the center of the pattern is
flare may influence normal transfer limits. The centered ovcr the area indicated by the observer.
flare drift is not affected appreciably by a change
in range. Therefore, range and deflection cor- 476. FDC Procedure
rections determined from the adjustment are 'I'The initial target location and subsequent
applied without change (flat corrections) in later corrections are plotted in the normal manner, and
firings. the chart data are determined as for an HE

e. The size of thile area effectively lighted de- mission except as follows:
pcnds on tile observing distance. A 155-mm a. When an illuminating shell is being fired, all
illuminating shell bursting at optimum height will charges for 105-mm and 155-mm howitzers may
effectively illuminate an area about 2,000 yarlds be used; however, the lowest possible charge
if) diameter for an observer at medium distances should be used in order to reduce the possibility
(3,000 -ards or less). Two rounds bursting at the of ripping the parachute otn ejection from the
same time above a common point produce a better projectile. When a 155-mm gun is being fired,
lighted area. Two rounds should (be used for only normal charge may be used.
observing under adverse conditions due to haze, b. Fuze setting fand elevation for a proper
smoke, dust, or long observing range. The height of burst at a given range under standard
observer obtains this type of illumination by conditions are determined from the appropriate
requesting TWO GUNS. Two rounds fired at firinig table (a GFT' has not, been accepted as
the same deflection but set to burst at the same standard).
time with optimum distance between adjacent (1) 105-mma howitzer. FT 105-H-4 gives
bursts in range or fired at the same range with fuze setting and elevation for a graze
deflection spread equal to optimum distance burst. Since an initial height of burst
between bursts will give better observation than of 800 yards is considered proper, it is
a sinlgle flare. They will also reduce the shadows necessary to change the fuze setting
resulting from a single flare. When this type of alnd elevation for a desired range by
illumination is desired, the observer includes in applying the data from Change in
his initial fire request TWO GUNS, RANGE Elevation and Fuze Setting for 100 yd
(DEFLECTION) SPREAD. Two rounds fired Increase in Altitude columns.
with a range or deflection spread will permit much Example: 105-mm howitzer, charge 5,
better observation of the terrainl thall two single fuze M501, range 4,000 yards. Change
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for 100-yard height of burst-fuze setting, Example: 155-mm howitzer, charge 5,
0.15 seconds; elevation, 27.8 mils. range 4,000:

Fuzea atins Eletio.n Initial elevation fired=367 mils
Graze burst. 15.8 seconds 272.3 mils Observers correction-UP 50, REPEAT
Change for 800-yard RANGE

height of burst:Fuzesheight of burst: 1.2seconChange in elevation for 50-foot change in height
Fuze setting (8X.15) 1.2 seconds of burst=4 mils
Elevation (8X27.8) 222.4 milsElevation (8X27.8) 222.4 rils Change in elevation for 50-yard change in

height of burst (4X3)= 12 mils
800-yard height of 17.0seeonds 494.7 or Elevation to bred (367+12379 isElevation to be fired (367- 12)-379 mils.burst. 495 mils

d. If 2-gun illumination is requested, rounds are
(2) 155-mm howitzer or 155-mm gun. FT fired simultaneously from 2 weapons, with the

155-Q-2 (change 9) and FT 155-S-2 same time setting and at the same deflection and
(change 11) give fuze settings and eleva- elevation.
tions for a 700-yard height of burst. e. If 2-gun illumination with a range or deflec-
Since an initial height of burst of 700 tion spread is requested by the observer, the
yards is considered proper for 155-mm center of the area is plotted and the necessary
weapons, the fuze setting and elevation changes to deflection or elevation are determined
for a desired range are taken directly and applied.
from the table. (1) A normal deflection spread is 800 yards

Example: 155-mm gun, charge IN, for a 105-mm howitzer and 1,400 yards
fuze M501, range 7,500 yards: for a 155-mm gun or howitzer. Chart

F'u2 dntin, Flragllon deflections are modified to move the
700-yard height. of 18.3 seconds 269 mils

burst. bursts right and left in the appropriate
amounts (400 yards or 700 yards,

c. The observer's correction for height or burst, respectively) of the plotted location.
made in multiples of 50 yards, is converted to a This change may be computed by using
site correction, which is applied to the elevation the il relation or 1O0/R scale of HE
as determined in b above. The observer's correc- graphical equipment.
tion is converted by using the Change in Elevation Example: 155-mm howitzer, charge 6.

column of the firing table. range 5,000 yards:
(1) 105-mm howitzer. The Change in Eleva-

tion column, FT 105-H-4, gives data for Observer requests-TWO GUN, DEFLEC-
tion column, r i 105 4, glves Data mTION SPREAD
a change of 100 yards in altitude. Half Deflection to center of area (chart) =2,513 mils
the change shown is applied for each 50 Deflection change for 700-yard shift (700/5)=
yards of observer correction. 140 mils

Ezample: Charge 5, range 4,000 yards: Deflection to be fired by right piece (2,513-
140)=2,373 mils

Initial elevation fired=495 mils Deflection to be fired by left piece (2,513+
Observer's correction-UP 50, REPEAT 140) =2,653 mils.

RANGE
Change in elevation for 100-yard increase in (2) When a range spread is requested, eleva-

altitude= 27.8 mils tions are determined to move the right
Change in elevation for 50-yard increase in burst (400 yards, 105-mm howitzer; 700

altitude- 2708
altitude= 2 -= 13.9 mils yards, 155-mm gun or howitzer) short of,

Elevation to be fired (495+ 13.9) =508.9 or and the left burst an equal distance over,
509 mils. the chart range to the center of the area.

(2) 155-mm howitzer or 155-mm gun. The Example: 155-mm howitzer, charge 6,
Change in Elevation column, FT 155-Q-2, range 5,000 yards:
C-9 (155-mm howitzer), and FT 155-S-2, Observer requests-TWO GUN, RANGE
C- 1 (155-mm gun), gives data for SPREAD
changes of 50feet in altitude. This value Range to center of area (chart)=5,000 yards .
mulst be multiplied by 3 to obtain the Elevation to be fired by right piece (range

5,000-- 700= 4,300)=31 mils
change in elevation for a 50-yard change Elevation to be fired by left piece (range
in altitude. 5,ooo+ 700= 5,700) = 339 mils.
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fJ. When 4 guns are requested, the 4 interior ILLUMINATING,
pieces of the battery will fire as follows: The WILL ADJUST.
center 2 pieces fire a range spread at the deflection a. The FDO designates the battery to adjust
to the center of the area; the other 2 pieces fire a and fire the illuminating shell, the battery to
deflection spread at the range to the center of the adjust HE on the target, and the battery or
area (fig. 101). batteries to fire in effect. Separate fire orders are

Example: 155-mm howitzer, charge 6, range given for illumination and HE (or other).
5,000 yards: b. The observer adjusts the illuminating shell

Observer requests-FOUR GUNS to the desired location. When the adjustment
Deflection to center of area (chart) ------ =2,513 mils has been completed satisfactorily, lie requests
Range to center of area (chart) ..-. . .. =5,000 yards CONTINUOUS ILLUMINATION. The ob-

Piece Deflection Eleraaio server may give the target location with respect
No. 2 (right piece of deflection spread)._ 2, 373 320 to the burst center of the illumination and begin
No. 3 (short piece of range spread) --- 2, 513 311
No. 4 (long piece of range spread) ....- 2, 513 339
No. 5 (left piece of deflection spread)... 2, 653 320 CONTINUOUS ILLUMINATION,

FROM ILLUMINATION,
g. The data given for proper height of burst, AZIMUTH 3630.

time of burning, and distance between bursts of LEFT 100,
adjacent volleys vary from one projectile lot to SHELL HE,
another owing to variations in the illuminant. In DROP 200,
addition, the length and conditions of storage TWO TANKS AND PLATOON OF IN-
cause data for a given lot, at time of firing, to vary
from data for that lot determined at the time of WILL ADJUST
manufacture. Thus, large variations from the
desired height of burst can be expected unless a The target azimuth is announced when it differs

correction for each lot is determined by adjustment by more than 100 mils from the initial azimuth.
and used when that lot is being fired. To prevent The observer may specify the length of time for

the illumination to continue.
waste of ammunition, corps or division artillery
should coordinate adjustment of various lots. c. When continuous illumination is requested,
If higher headquarters does not provide the proper changes in data are made for firing illuminating
height of burst for an ammunition lot, the firing shell only when called for by the observer. The
unit FDC personnel must record the corrections piece(s) used to fire the illuminating shell isfired

from all adjustments and use the best height of at the rate of 1 round every 30 seconds unless the

burst data available to start future adjustments. observer requests a faster or slower rate of fire.
There may still be large variations in required d. The HE adjusting piece(s) is fired at the de-

height of burst owing to changes in rate of fall flection and range indicated by the observer's
anad changes in burning time, which are due to corrections. When flat corrections are applied to

effects of temperature, humidity, and wind the illuminating shell chart data, the observer's
velocity. HE shell correction can be plotted from the last

illuminating shell chart location. When flat cor-
477. Nigsht Adjustment of Artillery rections are not applied to the illuminating shell

When an adjustment mission is to be fired during chart data, any -known flat corrections must be
darkness with the aid of illuminating shell, the stripped from the illuminating shell firing data.
observer indicates in his initial illumination fire The resulting data are polar-plotted on the firing
request the nature or suspected nature of the chart. The observer's correction is plotted in re-
target; for example- lation to this chart location. Failure to strip

FIRE MISSION, flat corrections from illuminating shell data prior
COORDINATES 62347185 (to indicate the to plotting HE shell correction may result in lost

desired point of burst of the illumination), rounds and wasted ammunition. A change in
AZIMUTH 3750. observer's target azimuth will require target grid
SUSPECTED TANKS AND INFANTRY reorientation. After chart location for initial HE

ASSEMBLING, round has been determined, normal FDC pro-
TWO GUNS, cedures are followed.
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e. When the piece firing the illuminating shell observer will request COORDINATED ILLU-
is from a battery other than the one firing HE, MINATION and change the method of control to
the illumination is adjusted and then initial data BY SHELL, AT MY COMMAND. At this
are sent to the battery that is firing HE. If the command, the FDO will have data determined
target is located with sufficient accuracy, initial for both illuminating shell and HE shell. Each
data may be sent to both batteries at the same piece will be loaded with the type of shell desig-
time. nated for that piece. The FDO will inform the

f. If, during the adjustment, the observer de- observer that HE IS READY and ILLUMINA-
sires to move the illumination and the HE, he TION IS READY. The observer will control
prefaces the illumination command with IL- the firing of the illumination and the HE so that
LUMINATING and the HE command with the HE will arrive during the period of maximum
HE; for example, ILLUMINATING, ADD 100; illumination of the target. The FDO may direct
HE, RIGHT 60, ADD 200. the use of coordinated illumination; however,

g. To conserve illuminating ammunition, the unless the ammunition supply rate is critical, the
firing of illuminating shell may be coordinated observer should be allowed to make the decision
with the adjustment of HE. In that case, the as to the type of illumination required.

Section III. PROPAGANDA SHELL

478. General a. Site. The height of burst will depend on the

Artillery may be used to saturate an area with effect of wind velocity and direction on the ejected
psychological warfare leaflets. Pinpoint accuracy leaflets As a rule, the first round of the adjust-
is not required for these missions. As a guide, 25 ment should be fired at a site which will give a
rounds (105-mm howitzer) may be used to satu- 100-yard height of burst.
rate an area 500 x 500 yards. Each 105-mm shell b. Fuze Setting. Since no firing tables are
holds about 500 leaflets, size 4 x 61% inches. The available for this type of shell, fuze setting must
order to fire a propaganda mission will normally be computed from HE tabular firing tables.
originate at corps artillery or higher headquarters. Example: Elevation 348, chart range 5,800,
The order will prescribe the area to be covered charge 5, fuze M501 (105-mm howitzer):

Weight of shell HE, M1 (FT 105- =33.0 pounds
and the amount of ammunition to be expended. eight o shel HE, (FT 4). =33.0 pounds
The ammunition will be prepared by Ordnance Weight (as determined by Ord- =26.4 pounds
personnel and issued through an ammunition nance) of shell M84, with leaflets.
supply point. Difference in weight - . ....... =6.6 pounds

Variation from standard per square =.6 pounds
479. Ammunition (FT 105-11-4).

Difference in weight from standard =--11 squares
A base-ejection type of projectile is used to (6.6/.6).

deliver propaganda leaflets. To date, there is no Effect for variation of I square (ele- = -39 yards
standard projectile but an HC smoke projectile, vation 348).
with booster and filler removed, is generally used. Total effect (-39 x (-i)) =+429 yardsFwith booster andheiller removed, ismokerally use. Effective range at which to fire leaf- =5371 yards
For example, shell, semifixed, smoke, HG, BE, lets (5,800-429).
M84, dualgran (w/o booster), with fuze MTSQ, Fuze setting corresponding to = 10.2 seconds
M501, for 105-mm howitzers, may be used. The range 5,370.
smoke canisters are removed, and the cavity is filled e. Elevation. The elevation used is that which
with leaflets. The shell weight, when filled with corresponds to effective range as determined in
leaflets, will be determined and specified by the b above.
unit which prepares the ammunition. d. GFT. The existing HE GFT setting will be

utilized to improve the degree of accuracy.
480. FDC Procedures Note. Since pinpoint accuracy is not required for firing

a propaganda shell, a special propaganda shell GFT
Data are determined as in an HE mission with setting was not determined in the example in b above (pars.

the following exceptions: 343 and 344).
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Section IV. ASSAULT FIRE

481. General Deflection shift card Chart range 1,500 yards

Assault fire is a special technique of indirect fire. Observer's deflection deflection shift
correction (in yards) (in mils)

The FDC personnel, as part of the assault fire correction (in yards)
team (par. 111, 112, and 214-220), should make
certain preparations prior to the occupation of
position. Firing charts should be plotted and 2 Ia
initial firing data computed. Also, deflection shift 3 2
and quadrant change cards should be prepared. 4 3
The advance planning and preparations should re- 5 3
suit in excellent initial data and a resulting short 6 4
adjustment phase. 7 5

482. FDC Procedures 8 5
9 6

a. To obtain the necessary accuracy, an FDC 10 7
is employed for each emplaced weapon. Normal
observed fire and FDC procedures are used during Figure 170. Deflection shift card.
the adjustment phase. The maximum charge
which will clear the intervening crests is used to chart range to the target. This card is
effect maximum muzzle velocity and penetration. prepared by using the C and D scales
The tabular firing table must be used. The mini- and Yd index of any GST or military
mum range on GFT's for the higher charges pre- slide rule. The range to the target is
cludes their use. set on the C scale opposite the observer's

b. Weapons used in assault fire should be of the correction on the D scale and the deflec-
largest calibers practical in the situation and tion shift in mils is read opposite the Yd
should be emplaced within approximately 3,000 index. The deflection shift in mils is
yards of the target (par. 111). Axial observation rounded off to the nearest whole mil for
should be used if possible. After bursts are observer corrections greater than 2 yards
brought close to the target (within 25 yards), and to the nearest $' mil for observer
the observer makes corrections for site rather than corrections of 2 yards or less. A deflec-
for range to place the burst directly on the target, tion board. (fig. 57) is used by the
retaining control of the mission and reporting battery to set off k-mil units of deflec-
corrections for each round until the target is tion (par. 112). To determine a new
destroyed. Observer corrections are given initi- deflection to include the observer's cor-
ally to the nearest yard and finally to the nearest rections, the required deflection shift is
% yard. If, during the mission, the observer applied to the previous deflection by use
changes from fuze delay to fuze concrete piercing of the LARS rule (left, add; right,
(CP), an FDC correction of UP I YARD is made subtract).
to compensate for the ballistic difference between Example: Chart range 1,500 yards:
tile fuzes. Oberver's Df shift

c. After the data are measured for the first Preo red or rom Ne d commad

round in fire for effect, the use of the firing chart is 2610 ------- R7 R5 2605
discontinued. During the remainder of the mis- 2605 ...- L4 L3 2608

sion, data for commands (deflection and quadrant) 2608- L2 1, 1/4 2609, LI/4
are computed to place the burst directly on the 2609, LI/4 - RI R3/4 2609, 11/2
target by a two-man team consisting of a deflec-
tion computer and a quadrant computer. (2) As an aid in computing the required

(1) As an aid in computing required deflec- quadrant change (to the nearest }o mil),
tion changes, the deflection computer the quadrant computer prepares in
prepares, prior to the start of the mission, advance a quadrant change card (fig.
a deflection shift card (fig. 170) for the 171) for the chart range to the target.
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This card is prepared in the same Quadrant change cord Chart range 1,500 yards
manner as the deflection shift card. The
quadrant change in mils is rounded off Observer's site Quadrant change
to the nearest whole mil for observer correction (in yards) (in mils)
corrections greater than 2 yards and to 03
the nearest Ho mil for observer correction I 0.7
of 2 yards or less. The gunner's quadrant 2 1.4
is used throughout the mission. To 3 2
determine a new quadrant to include 4 3
the observer's correction, the required 5 3
quadrant change is applied in the appro-
priate direction to the previous quadrant 6
fired. 7 5

Example: Chart range 1,500 yards: 8 5
OEchange New QE 9 6

Observer's cor -. rom card corn-
Previous. OEfired tlion (yd) (m) mand 10 7

30.0 -....... UP 4 +3 33. 0
33.0 - ...... DOWN 2 - 1.4 31.6
331. 6-UP-------- DOWN 2 -+ .34 31.9 6Figure 171. Ouadrant change card.3.6 ------------ UPr +o. 3 31. 9

Section V. HIGH-ANGLE FIRE

483. General rounds, the FDC personnel will notify the obser-

a. Fire delivered at elevations greater than the ver ON THE WAY and may give the time of
elevation for maximum range is called high-angle flight. Time of flight must always be given to
fire. Most howitzers are capable of firing effec- an air observer. The warning SPLASH will be
tively at elevations in excess of the elevation given 5 seconds prior to impact of the shell(s).
corresponding to maximum range. High-velocity c. Fire commands for high-angle fire must in-
weapons, such as guns, normally are not used for elude the command HIGH ANGLE to alert the
high-angle fire. Their high maximum ordinate gun crews that a high-angle mission is to be fired.
may produce unpredictable results. High-angle This command follows the ammunition lot num-
fire may be required when firing into or out of ber. All other commands for a precision mission
deep defilade, such as that found in jungle, moun- and for the adjusting battery for an area mission
tainous terrain, sharply eroded terrain, or cities. are the same as for low-angle fire. Commands
Also, it may be required when firing over high for the nonadjusting batteries include only partial
terrain features near friendly troops. This type elements of information; i. e., the charge, which
of fire may be requested by the observer or or-

dered by. teF0baeomay change during the adjustment, and the ele-dered by the FDO, based on the terrain around
the target. It may be ordered by the FDO be- ments of quadrant elevation, which cannot be
cause of the terrain in the position area. The used until the piece is to be loaded, are omitted
principles of observed and unobserved fires appli- until fire for effect. For example--
cable to normal trajectories apply in general to A4dJuatiwboacr Noiamdjvingbaler

high-angle fire. However, in high-angle fire, an BATTERY ADJIST BATTERY ADJUST
SHELL HE SHELL HE

increase in elevation decreases the range and a LOT LOT
decrease in elevation increases the range to the HIGH-ANGLE, CHARGE HIGH ANGLE (charge is
point of impact. 4 omitted)

b. High-angle fire involves extremely high maxi- FUZE Q FUZE Q
.num ordinates and correspondingly long times of CENTER 1 ROUND BATTERY 4 ROUNDS

CORRECTIONS ZERO CORRECTIONS ZERO
flight. Small changes in range cause relatively DEFLECTION 2992 DEFLECTION 2847
large changes in maximum ordinate and time of SITE 297 WAIT (Further commands
flight. To assist an observer in identifying his ELEVATION 956 are not given until FFE.)
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484. Charge a. Drift is large and increases with an increase

In selecting the charge to be used, the adjusting in time of flight; thus, in high-angle fire, drift
battery chart operator (computer), supervised by increases as the range is decreased for any one
the FDO, selects the charge which is least likely charge. In changing from a lower to a higher
to result in a need for changing charges due to charge at a given range, the drift increases; in
subsequent range corrections from the observer. changing from a higher to a lower charge at a
Depending on the weapon used, there is some given range, the drift decreases (fig. 172).
degree of overlap in ranges covered by various
charges. If there appears to be no choice between
two charges, the lower charge is selected to reduce Line of metal
time of flight and tube wear. However, during /
an adjustment it may be necessary to change
from one charge to another unless the observer's
initial target location is accurate.Charge 6

/ , Charge 6
~~~498~~~~~~~~5. Fuze li/ Trace of rounds fired with charge 6

The most effective fragmentation of an air burst I at same deflection and at different
occurs in a plane approximately at right angles ranges.
to the line of fall. This fragmentation is prac-
tically parallel to the ground with high-angle fire.
Consequently, if time fuze were fired, a very slight /i Charge 5
error in height of burst may raise the fragmenta- Trace of rounds fired with charge 5
tion so high as to cause total loss of effect. Owing at some deflection used with charge 6
to the large height-of-burst error, time fuze is not Top round is at some range as short
feasible with high-angle fire. The steep angle of round for charge 6.
fall eliminates the possibility of ricochet fire.
Fuze quick or fuze VT normally is used.

a. Fuze quick is very effective when used in
high-angle fire against personnel in the open
because the projectile is almost vertical at the
instant of detonation. Since the side spray of
the burst contains most of the shell fragments, the
effect is a spray in all directions out from the point
of impact, approximately parallel to and very 'Figure 172. Drift effect in high-anglefire.
close to the ground.

b. The maximum lethality against personnel in b. Drift changes too rapidly to permit use of a
the open is attained from the HE projectile by deflection correction scale as used in low-angle fire.
using fuze VT. This combination has the ad- Because drift changes an appreciable amount for
vantages of the lateral spray effect obtained with relatively small range changes, a correction to
fuze quick and the effectiveness of a very low air compensate for drift, which is determined at the
burst. elevation to be fired, is included in each deflection

c. Because the side spray is horizontal rather to be fired. Since drift in present standard
than vertical as with low-angle fire, high-angle artillery is to the right, the correction is to the
fire can be expected to be less effective against left and therefore is always added to the chart
personnel in trenches or foxholes, regardless of the deflection.
fuze used. Example: 105-mm howitzer, charge 4, high

486. Deflection angle:
Chart Piece

Chart deflection is measured by using the cur- Ra.ge Elreaion drflctir Dift dflrtion
rent low-angle deflection index, except when only 5,500 1, 076 2, 800 R41 2, 841
high-angle fire will be fired. In this case, a e. When a registration is conducted, total de-
deflection index will be constructed after the first flection corrections are determined by comparing
high-angle registration. chart and adjusted deflection; i. e., total correction
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equals known corrections plus unknown correc- and the total is announced to the pieces as deflec-
tions. The correction that is known for any tion. For consistency, deflection correction of
adjusted elevation is drift; therefore, total cor- zero is announced in the normal sequence in the
rections equal drift corrections plus unknown fire command.
corrections; or, unknown corrections equal total 487. Site
corrections (registration) minus drift corrections.
In high-angle fire, these unknown corrections a. For observed fires, site, which has a rela-
become the deflection correction used for the tively small effect because of the large angle of
charge. They correspond to the deflection correc- fall, normally can be ignored if the angle of site
tion scale used in low-angle fire. is no larger than plus or minus 30 mils. However,

Ezample: 105-mm howitzer, charge 3, high angle: site must always be considered in registrations or
transfers of fire. Whether or not site is to be

Chart range to registration point___ =4,500 yards
Chart deflection to registration point. =2,918 miys included is decided by the FDO and announced in
Adjusted elevation .-. . ... =1,045 mils the fire order. Omission in the fire order of the
Adjusted deflection -------------- =2,970 mils command INCLUDE SITE means that site is
Total deflection correction (includes = L52 mils to be ignored. Regardless of whether or not site

drift) (2,970-2,918=+52). is included in fire commands, the height of burst
Drift corresponding to adjusted ele- =R37 mils

vation. over range factor (20/R), used with fuze VT
Drift correction ..- ......... =L37 mils in low-angle fire, is not used in high-angle fire
Deflection correction (charge 3) =L1S mils because the descending branch of the trajectory

(total deflection correction L52 is nearly vertical.
minus drift correction L37). b. No GST is provided with which sites for

d. If a registration has not been conducted high-angle fire may be computed; therefore, the
and met or experience factors are unknown, a C and D scales of any GST can be used to compute
deflection correction of zero will be used. When the angle of site. An increase in angle of site
a registration(s) has been conducted, the deflec- requires a decrease in quadrant elevation (fig.
tion correction for that charge, or for the charge 173) because the complementary angle of site
nearest the charge to be fired, will be used. is greater than one and always has a sign opposite
The deflection correction is normally used in ob- that of the angle of site. If the angle of site is
served fire missions with equipment prepared as plus, the comp site is minus; if the angle of site is
described in paragraphs 348 and 349. The method minus, the comp site is plus. The comp site
of handling deflection correction in high-angle factor is a function of elevation and not of range.
fire differs from the method for low-angle fire in c. When tabular firing tables are used to com-
that the deflection correction is not placed on the pute site, complementary angle of site is added
gunner's aid. Instead, the deflection correction algebraically to the angle of site and always re-
is combined with the drift and chart deflection sults in a site of the opposite sign.

Site
(Decrease in)

OE

' A ngle of site
Origin - '"Angle of site Level point

Jf I -Range 4 ,

Note. Range at level point corresponding to smaller OE is longer than
range corresponding to larger QE.

Figure 173. Effect of plus angle of site on trajectory.
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Ezample: 105-mm howitzer, charge 4, using 488. Precision Registration, High-Angle Fire
tabular tables (FT 105-H-4): a. During the adjustment phase of a high-angle

Chart range -............. .= 5,580 yards fire precision registration, standard FDC proce-
Elevation corresponding to chart =1,063.2mils dures are followed (par. 312), except that drift is

range. combined with chart deflection for each round.
Altitude of battery ------------- =400 yards b. During the fire for effect phase (fig. 174), the
Altitude of target - . ........... =443 yards
Vertical interval ------------ = + 43 yards same procedures are followed as in a low-angle fire
Angle of site (C and D scales, GST: = +8 mils registration except that when the the first 3 posi-

7.8). tive sensings from rounds fired at the trial eleva-
Comp site factor (col 16, FT 105- =-1.47mils tion are over in range, the trial elevation will be

H-4) corresponding to elevation increased by X fork; when the first 3 positive sens-
1,063.2 (1,060.0).
Copsite, (1x 060.0)4 -. 8). -l2mils ings are short in range, the trial elevation will be

Site=angle of site+comp site =-4 mils decreased by 34 fork.
(+8+(-12)). (1) When the elevation is changed by 3 fork,

Quadrant elevation=elevation+site =1,059 mils the change in drift for the new elevation
(1,063.2+(-4) =1,059.2). is negligible and may be ignored.

d. To simplify the determination of site when (2) In computing the apparent adjusted ele-
high-angle fire is being used, a special site scale vation, if the preponderance is over, the
has been included on high-angle graphical equip- change in elevation will be added to the
ment. On the GFT fan, a site scale is located to mean elevation; if the preponderance is
the right of the elevation scale; on the GFT, a short, the change in elevation will be
site scale is located just below the elevation scale. subtracted from the mean elevation.
'I'he site scale is constructed in units of 10 mils c. Site must be stripped from the adjusted
to avoid printing decimals and to facilitate read- quadrant elevation to determine the adjusted
ing the scale. This scale is referred to as the 10- elevation The correct site can only be derived
mil site scale. The readings obtained from this by successive approximations since comp site is a
scale give the site for 10 mils angle of site at the function of elevation and not of chart range.
elevation and charge that is being used. · The site Ezample: Determination of adjusted elevation
for any point is determined by multiplying the by successive approximations, 105-mm howitzer,
figure read from this scale by the angle of site to charge 3:
that point in units of ten. The 1O-mil site scale Chart range -=..------------ =4,490 yards
was constructed by including the average of the Angle of site (from chart data) - = + 48 mils
plus comp site factor and the minus comp site Adjusted elevation ...-. =1,015 mils

Site fired .....................--. 19 mils
factor found in the tabular firing tables. Hence, Adjusted quadrant elevation- =996 mils
the site derived from the 10-mil site scale will be First apparent 10-mil site factor
slightly less accurate than the value computed (corresponds to elevation 1,015) =--6.1 mils
from the tabular tables. The 10-mil site reading Firstapparentsite(+4.8X(-6.1)=
will always be opposite in sign to the angle of site -293)------------------ -- 29 mils

se i d o iFirst appartent adjusted elevation=
since it includes comp site. quadrant elevation-site (996

Example: 105-mm howitzer, charge 4, using (-29)) =1,025 mils
GFT: Second apparent 10-mil site factor

(corresponds to elevation 1,025) = -5.7 mils
Chart range .-..... =5,580 yards Second apparent site (+4.8X
Elevation corresponding to chart (--5.7)=--27.4) .. ..-- =-27 mils

range -............ ...... =1,063 mils Second apparent adjusted elevation
Altitude of battery --------------- =400 yards (996--(-27)) ..-............... =1,023 mils
Altitude of target ---------------- =443 yards Third apparent 10-mil site factor
Vertical interval - ............. = +43 yards (corresponds to elevation 1,023)-. = --5.8 mils
Angle of site (C and D scale, GST: Third apparent site (+4.8X

7.8) -........ . .. =+8 mils (-5.8)=-27.8) -------- =-28 mils
Site for + 10 mils (ballistic scale)_ _ =-4.3 mils Adjusted elevation (996--(--28)) .= 1,024 mils

Site for +8 mils (+0.8 X (-4-3) = -Adjusted elevation is established when the site-3.4)- . . =-3 mils
Quadrant elevation (1,063 + computed agrees within 1 mil of the previous

(-3.0)) ------------------ =- - 1,060 mils computed site.
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Figure 174. Record of Precision Fire (DA Form. 6-12).
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d. GFT settings are established in the same b. Regardless of whether or not site is included
manner asforlow-anglefire. For the example inc during the adjustment, the correct site must be
above, the GFT setting is-GFT B: Charge 3, lot stripped from the adjusted quadrant elevation to
X, range 4,490, elevation 1,024. obtain the adjusted elevation. The range at

which the target is plotted is determined from the
489. Preparation of Graphical Equipment adjusted elevation. During the adjustment, the

Graphical equipment is prepared for high-angle 10-mil site factor may change considerably and
fire in the same way it is for low-angle fire missions, will result in a different effective site at the end
except that deflection corrections are recorded on of the adjustment than that used in the initial
the GFT and the range-deflection fan. Deflection commands. This error must be corrected if the
corrections for different charges are determined target is to be plotted at its correct range.
from registration for each charge to be used. Ezample: 105-mm howitzer, GFT setting (from
They are recorded in the following manner (a-c prior registration), GFT B: Charge 3, lot X, range
below): 4,500, elevation 1,090:

a. Aluminum OFT Fan. The tabular firing Angle of site = +20 ils
table value of drift is printed on the ballistics Adjusted quadrant elevation .------ =970 mils
scales of the aluminum GFT fan. The deflection 10-mil site factor corresponding to =-8.6 mils
correction for each charge determined from a elevation 970.
precision registration, or from met data, will be Firstapparent site (+2.0x (-8.6)= =-17 mils
written on the ballistic scale. The data will be-17.2). First apparent adjusted elevation =987 mils
written to the right or left of the charge scale to (970-(-17)).
which the particular deflection correction applies 10-mil site factor corresponding to = -7.6 mils
(fig. 175(). elevation 987.

b. Plastic GFT Fan. High-angle ballistic scales Second apparent site (+2.0 x =-15 mils
(-7.6)=--15.2).for the plastic GFT fan either do not have drift Secon apparent ajuste elevation 985 7.6)il2)

values printed on the scale or have only the drift (970-(-15)).
value printed corresponding to the short limit of 10-mil site factor corresponding to =-7.7 mils
each charge. If no high-angle registration data elevation 985.
are available, drift values must be entered for each Correct site (+2.0 x (-7.7)= =-15 mils
charge by using the value of drift from the tabular 15.4).(This site agrees within 1 rnil of
firing table or, when applicable, the one printed the last computed site.)
drift value. If registration data are available, a Correct adjusted elevation (970- =985 mils
deflection correction is determined in the normal (-15)).
manner. The deflection correction is combined Range corresponding to elevation =5,000 yards

985 (use GFT setting) used in
with drift, and the combination entered opposite plotting target.
the appropriate graduation (fig. 1750).

c. Range-Deflection Fan. To record the deflec- c. After the correct adjusted elevation has been
tion correction for high-angle fire, the maximum determined as described in b above, the deflection
and minimum range limits for each charge are correction for the charge and the drift correction
marked on the interior part of the range-deflection (total correction) are subtracted from the adjusted
fan so as not to interfere with any deflection deflection. If no deflection correction for the
correction scales for low-angle fire which may be charge has been determined, the deflection for
on the edge of the fan. The deflection correction replot will be obtained by stripping only the drift
for each charge is entered on the fan within the correction from the adjusted deflection. The
range limits of the charge (fig. 175(i)). result is the deflection for plotting the target.

490. Data For Replot Example: 105-mm howitzer, charge 3:
Adjusted deflection ---. ............ =2,645 mils

a. Data for replot is computed when the ajust- Adjusted elevation .- ............. = 1,120 mils
ment on a target is completed. This is accom- Drift correction corresponding to ad- =L49 mils
plished in order that the battalion may mass its justed elevation.
fires on a target when only one battery has ad- Defletion correction for charge 3 =L15 milsTotal deflection correction (L49+ L64 mils
justed and the correct location may be established L15).
for plotting the target on the firing chart. Replot deflection (2,645--L64) ------ =2,581 mils
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fire on each target. During the adjustment of 1
battery, the 10-mil site factor may change con-

\Ch \ 6 8siderably. This change will result in a different
site at the end of the adjustment than that used

hg1 in the initial commands. If the battalion is to

mass on the target, this error in site must be cor-
rected by replotting the target (based on the data
for replot) before the chart data are determined

4 Ch4 | I for nonadjusting batteries.

492. Duties of Fire Direction Personnel

Chg3 \_ /The duties of fire direction personnel in high-
4 g 2 X J angle fire are the same as in low-angle fire except

\ \ L13+/ for minor modifications as stated in a through d
below.

\,\[LbOI0 i a. The FDO must include in the fire order the
command HIGH ANGLE instead of the charge
and whether to include site (par. 487).

(1) When adjustment is required prior to

(3) Ronge-deflection fan massing the battalion and only one bat-
tery is to adjust, the battery that is

Figure 176--Continued. centrally located should normally be de-

d. If the firing chart is a contour map or if a signated as the adjusting battery to elim-
large range change has been made since the angle mate large differences in range.
of site was originally computed, based on the (2) For area missions for more than one bat-
altitude of the target furnished by the observer tery, all batteries should fire at center
or by estimate, the angle of site is recomputed range, since dispersion in range will
for the replotted location of the target. If the usually result from the effects of weather
recomputed angle of site differs 1 mil or more and the probable use of different charges
from the angle of site originally announced, a by each battery.
new adjusted elevation and a corrected range for Ezample: High-angle fire order:
replotting the target must be obtained. The ALTITUDE 406, BN, BRAVO, HIGH ANGLE,
process is repeated until the correct angle of site INCLUDE SITE, FUZE VT, 2 VOLLEYS,
(one that changes less than I mil) and adjusted CONCENTRATION AB 404.
elevation are determined. Data for replot are
reported using the same procedures as for low- b. Thechartoperatorwhenusing theGFTfan-
angle fire except that the type of fire and charge (1) Selects and announces the charge to be
used is included. For example, coordinates fired (par. 484).
-, altitude , fuze , high-angle, (2) Announces drift corrections, in addition
charge , concentration . to deflection, and deflection corrections

(deflection correction and drift correc-
491. TransFers tions are combined on the plastic GFT

The high maximum ordinates and long times of fan) (par. 486).
flight encountered in high-angle fire make massing (3) Determines angle of site and then site
or transfer of fire less reliable than with low-angle (par. 487).
fire. Successful transfers of fire within a charge c. The chart operator when using the range-
under stable weather conditions are practicable. deflection fan-
The small area of range covered by each charge (1) Does not operate the GFT as in low-angle
prevents establishment of definite transfer limits. fire.
Consequently, every effort should be made to (2) Announces CORRECTIONS ALL
obtain observation and to adjust each battery to CHARGES, ZERO if there has been no

279



registration with high-angle fire. When (when range-deflection fan is used).
there has been one or more registrations, (2) Determines drift and computes site if
deflection correction is not announced using a GFT.
until requested for a specific charge by (3) Combines the announced deflection with
the computer. the announced and/or determined cor-

(3) Determines and announces angle of site rections and announces the piece deflec-
instead of site as in low-angle fire. tion.

d. The computer- (4) Requests corrections when not announced
(1) Operates the GFT for the chart operator by the chart operator.

Section VI. DESTRUCTION MISSIONS

493. General 494. FDC Procedure
a. The destruction of a target requires one or a. The adjusted deflection and quadrant eleva-

more target hits. If the target is strongly con- tion are determined in the same manner as in a
structed (concrete, stone, earth and logs, etc.), normal precision registration. The adjusted quad-
target hits by light artillery have little effect. rant elevation is computed and used to the nearest
Therefore, most destruction missions will be fired 1/10 mil.
by medium, heavy, or very heavy artillery. The b. If the target has not been destroyed prior to
8-inch howitzer is an excellent weapon for this computing the first adjusted quadrant elevation,
purpose, because of its accuracy and destructive firing is continued at the adjusted quadrant eleva-
power. tion (nearest 1/10 mil), to obtain a second group

b. To destroy a point target, such as a disabled of 6 positive range sensings, and a new adjusted
tank, bridge, or pillbox, the general procedures for quadrant elevation is computed. In computing
precision fire as described in paragraphs 310 the second adjusted quadrant elevation, one-half
through 319 are employed. In a destruction mis- the indicated correction is applied. If a third
sion, however, the object is to destroy the target; group of sensings is required, one-third the correc-
therefore, the mission is terminated by the ob- tion is applied; for the fourth and succeeding
server instead of by the FDO, when destruction groups, one-fourth the correction is applied.
has been accomplished. Example: Fork=6:

No. of. rounds fired QE fird Rage sensiUl, Remarks

3---------------- ....--------- -....- 317 + + + Drop 1 fork (3)
3- .............................. 314 - + - El change='-iX6=--I2X6

First adj QE=315.5+(--1)=314.5
6----------------------------------- 314. 5

4-2

+ - + El change=-2X6X6=+.5

Second adj QE=314.5+.5=315.0
6 -....................... 315. 0 + + +-

5-1

+ + - El change = X6=-.7

Third adj QE=315.0+(-.7)=314.3
6 -alt... ................. 314. 3 + T +

3-2

- - - El change= 2 X6 X6= +.1

Fourth adj QE=314.3+.1=314.4
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Section VII. BARRAGES

495. GeneralL Lenthof 9

A barrage is a prearranged barrier of fire. It is
designed to protect friendly troops and installa- W-- idth- h-f

tions by impeding enemy movements across
defensive lines or areas. The normal ground use V°t

of a barrage is to establish prearranged close-in
defensive fires which include coordinated employ-
ment of other artillery fires, mine fields, obstacles, °.
final protective machine gun fire, and mortar
barrages. Each battery is assigned only one
barrage. It is normally laid on that barrage
when not firing other missions. The barrage may Figure 176. Barrage.
be fired on prearranged signal or on call from the
supported unit. The firing of a barrage may be the barrage line. The angle between the barrage
repeated on call as often as necessary. When and the direction of fire is used to secure a plot of
possible, the data for the barrage should be the barrage on the device (M10 plotting board)
verified or corrected by the firing of check rounds. that is used to compute individual corrections for

each piece (par. 387). Firing data are determined
496. Characteristics of Barrages by using normal procedures except for-

The firing of a battery barrage, either indi- (1) Distribution. A barrage is fired by using
vidually or coordinated with other batteries, is a special sheaf.
based on the following (a-c below): (2) Method of fire. Fire is continuous fire at

a. Width of Barrage (fig. 176). The width or maximum rate.
the length of the barrage, which can be covered c. Barrages of Greater Width Than an Open
by a single battery without shifting its fire, should Sheaf. When it is necessary to employ a barrage
not exceed the width of an open sheaf as shown in of greater width than an open sheaf, the procedure
table I. When necessary, the length of the bar- is to shift the fire from one portion of the line to
rage may be increased by agreement between the the other. This may be done by the battery as a
commanders of the artillery and the supported whole by employing shifting fire. Much greater
unit. However, the effectiveness of fire will be protection is obtained if sufficient reinforcing artil-
decreased. lery is assigned to allow each battery to limit its

b. Preparation of Data. The barrage may be fire to the width of an open sheaf. Shifting fire is
at any angle to the direction of fire. Special accomplished by laying the battery (pieces) first
corrections normally are used to place each burst on one part and then on other parts of the barrage
in the proper position (pars. 381-389). Map data to be covered. Continuous fire by piece is deliv-
for a barrage are taken from the center point of ered alternately on each part of the target.

Section VIII. OFF-SCALE CHARTS

497. General cessing of a mission. Conversion of corrections is
An off-scale chart is any map, grid sheet, or accomplished by setting up the following pro-

photograph from which chart data are to be portion:
measured and whose scale differs from that of the Scale of target grid shift to be plotted
plotting equipment to be used in making measure- scale of chart observer shift
ments. For determination of scale, see TM 6-200. Use of the military slide rule or the C and D

scales on the GST will facilitate a rapid solution.
498. Limitations Example: Scale of chart=1:20,000; scale of

a. When the target grid is used, the observer's target grid=1:25,000; observer shift=500 yards:
shift, range change, and subsequent corrections 1:25,000 shift to be plotted 20,000 X
must be converted to the scale of the firing chart 1:20,000 50oo0 ,000500
befnre they can be plotted, thus slowing the pro- Shift to be plotted=400 yards.
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b. It is preferable to use the off-scale map or points is 5,280 yards whereas the chart
photograph in conjunction with an on-scale grid range is 4,800. With the hairline over
sheet firing chart. The information contained on 4,800, draw a gageline at 5,280. By
the map or photograph can be utilized by resti- moving the hairline to the announced
tuting from the photograph or map to the grid chart range, the true range, elevation, and
sheet. time can be read under thegageline. If the

difference is such that, with the hairline
499. FDC Procedures over the chart range, the true range does

a. When it is necessary to use an off-scale chart, not appear under the window, 2 gagelines
the measured chart ranges must be converted to must be drawn-- representing chart
true ranges. The GFT fan and GFT can be set range and the other, true range.
up to facilitate such conversion by using addi- (3) GFT settings. Elevation and time gage-
tional gageline(s) as indicated in (1) through (3) line(s) are constructed and labeled in the
below: normal manner.

(1) GFT fan. The gageline for the GFT fan Ezample: 155-mm howitzer, charge 4:
is constructed by placing the hairline Chart range to registration point_ =4,550 units
over the chart range and drawing a gage- True range to registration point_ =5,000 yards
line through the elevation corresponding Adjusted elevation ----------- =305 mils
to the true range. This gageline may be () OFTfan. With the hairline over the
labeled "True Range". For example, thelabeled "True Range". For example, the chart, range of 4,550, an elevation gage-
true distance between 2 points is 5,280 line is drawn from the cursor vertex
yards whereas the chart distance is 4,800.
With the hairline over range 4,800, a
gageline is drawn from the vertex of the (b) GFT. With the hairline over the chart
cursor through the elevation correspond- range of 4,550, an elevation gageline is
ing to range 5,280. Thus, with the ver- drawn at elevation 305.
tex of the GFT fan at the chart location b. The deflection correction scale for an off-scale
of the target, chart range is read under chart is constructed in relation to chart units,
the hairline, and true range is read from but it is based on transfer limits for true range.
the range scale opposite the elevation For example, by using the GFT setting established
which is under the gageline. Elevation in a (3) above, the deflection correction scale would
and time are read from the ballistic scale be as indicated below. The center of the scale is
under the gageline. 5,000 yards or 4,550 chart units. The upper

(2) GFT. The gageline for the GFT is con- limit is 5,900 chart units (6,500 ground), and the
structed by placing tile hairline over the lower limit is 3,200 chart units (3,500 ground).
the chart range and drawing a gageline (38)
at the true range. This gageline may be 3.2 3.9 4.5 5.0 5.4 5.8 5.9
labeled "True Range." I I l (4.6) l l

Ezample: The true distance between 2 1 R2 I R1 I 0 | LI1 L2 I L3 I

Section IX. COMBINED ADJUSTMENT

500. General is useful for registering with a minimum numbet
Combined adjustment is the conduct of fire by of rounds; for adjustment when deviations, bu

2 or more observers. The observers should be not corrections, can be reported, as in night ad
located so that their observing lines intersect at justments for accurate surveillance of scheduled
an angle of 250 mils or more. This is a special missions; and for surprise fire. The most serious
type of adjustment in which the observers sense limitation is the difficulty of coordination between
the deviation in mils. These sensings are con- the observers, in regard to communication, target
verted into fire commands at the FDC. The designation, and sensing of the correct round.
amount and direction of the error of each round is Center-of-impact and high-burst registrations are
determined from the combined information re- forms of combined observation and are explained
ceived from the observers. Combined observation in chapters 13, 18, and 19.
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501. Target Designation and Conduct of Fire surprise effect can be placed on any target that
a. For conduct of fire with combined adjust- can be identified by both observers. Procedures

ment, a minimum of two observation posts, the used during the adjustment phase are covered in
location of which need not be known, must be paragraph 502; FFE phase, paragraphs 503
established. The angle of intersection between and 504.
lines of sight from the 2 observation posts must
be 250 mils or greater; however, for more accu- 502. FDC Procedure During Adjustment, Ob-
rate results, the angle of intersection should be server Location Unknown
at least 500 mils. If the observation posts are to Fire direction procedure during the adjustment
be occupied at night, the instruments should be phase of firing with combined adjustment and
set up and oriented during the day or the instru- observers' locations unknown is the same for both
ment position and line of orientation must be area and precision missions. The procedure is as
staked out during the day. follows (a-e below):

b. Targets or adjusting points may be desig- a. Only one gun is used during the adjustment.
nated by one observer, or by the FDO, to the b. Any fuze may be used; however, use of fuze
other observers by giving coordinates, by delay may result in lost rounds or erroneous
giving a description of the target and surrounding sensings.
terrain, or by designating the target by reference c. The target is plotted on the firing chart and
to nearby objects. When observer locations are initial data is prepared and announced to the
known, target designations may be given by in- crew of the weapon selected for the adjustment.
strument reading and vertical angle from a desig- d. Subsequent elevation and deflection changes
nated reference point or by polar coordinates. are determined by graphic means. Each round

c. When combined observation is to be used, is plotted on graph paper (target grid may be
the observer who initiates a mission makes the used), based on the observers' sensings. The tar-
fire request, coordinates the target location, and get is arbitrarily plotted at the approximate center
ends the fire mission. When direct communica- of the graph paper. Although the locations of
tion is not available between observers, coordina- the OP's are unknown, it is arbitrarily assumed
tion must be accomplished through the FDC. that the angle of intersection at the target is
When a mission originates from the FDC, one 1,600 mils. This assumption does not alter the
observer is directed to control the mission. When relationship between the plots of rounds and the
possible, the OT azimuth will be reported by all target. The left observer's OT line is assumed to
observers. This information will help the FDC be along the horizontal axis through the target,
personnel in determining firing data. and the right observer's OT line is assumed to be

d. If observation posts have been plotted on along the vertical axis through the target. Each
the firing chart and azimuths have been estab- graduation of the graph paper is assigned the
lished, observers will report either azimuths or minimum mil value that will allow all rounds
deviations as directed. The location of each burst fired to be plotted on one sheet of paper.
center is plotted by intersection. Errors are e. Having an OP on each side of the GT line
determined and appropriate changes in data are will produce the most accurate results. However,
made. FFE is started when a target hit or burst FFE will still be effective if the GT line is not
near the target is obtained. When corrections between 2 OP's, provided that brackets estab-
are current, time and ammunition can be saved lished during adjustment do not exceed 400 yards.
by surprise FFE; when corrections are not current, Example: Combined adjustment, 155-mm gun,
surprise may be achieved through the use of an charge normal, fuze quick: From the chart plot
auxiliary adjusting point. (range 10,840), round 1 is fired at deflection 2,430

e. If observation posts are not plotted on the and elevation 240. The right observer reports 62
firing charts and azimuths have not been estab- MILS LEFT, and the left observer reports 6
lished, the observers report deviations in mils MILS RIGHT, which is plotted on the graph
from the target. Fire is conducted at the FDC paper (fig. 177, burst (). A shift large enough
by using graph paper on which the observers' mil (in even multiples of 20 mils corresponding to
sensings are plotted and appropriate changes in approximately 400 yards) to bracket the target is
data are made. Both precision and area missions made in elevation without changing the deflection.
can be fired by using this method. Area fire with Estimation of size of shift required may be based
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Let t . .t -+ _rg

IN~,.,< --- c,;,,k,~, ach square represents
zz~---" ..o ~ '-'brver'.. ., 5 mils of observer's deviotion

Firing data Observer deviations
~~~~Burst nr DeflectRight Left

Burst nr Deflevation observer observer

2,430 240 62L 6R
@=) 2,430 260 26L 53L
(3) 2,390 260 71 R 44R

Figure 177. Plotting combined adjustment.

Df 2,430- 2
El 260 El 260

L ft

Df 2,2,430
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D 0 2D390f-3--2
--- 2El 260

Figure 178. Combined adjustment parallelogram. Figure 179. Determination of deflection and elevation by
combined adjustment.
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+ tI tt lIO Df 2,5800 -
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2,66 41El 370
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Firen .dot a Observer deviation

Burst Nr Deflection Elev2ion rtsit ML reftThe right ~ ~ observerpt2M S E ,n eorer observe(D 2,580 330 41 R 39 R
( E2,580 410 90R I 5L

(X 2,660 410 15L 135L

F FE 2,609 325

Figure 180. Combined adjustment without a bracket.

on the FDO's knowledge of the terrain and the tion (in even multiples of 20 mils corresponding to

situation. For equivalent accuracy, rough terrain approximately 400 yards) is now made with no

requires a smaller bracket than flat terrain, since change in elevation. Round 3 is fired at deflection

no round-to-round site change is made. Round 2390 and elevation 260. The right observer
2 is fired at deflection 2,430 and elevation 260. reports 71 MILS RIGHT, and the left observer

The right observer reports 26 MILS LEFT, and reports 44 MILS RIGHT, which is plotted. The

the left observer reports 53 MILS LEFT, which last 2 plotted burst locations (fig. 177, bursts (i)

is plotted. The two plotted burst locations (fig. and (i)) define a line representing a deflection

177, bursts (D and (i)) define a line representing change of 40 mils and a deflection bracket. As

an elevation change of 20 mils and an elevation soon as round 3 is plotted, a parallelogram is con-

bracket. The GT line is approximately the same structed. It is made by drawing lines through

as the line representing the elevation change. A the target, parallel to the elevation and deflection

shift large enough to bracket the target in deflec- lines (fig. 178). To determine the trial range for
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registration or the data for FFE in an area mission, sensings in FF:E as in a precision registration with
the deflection and elevation lines are divided into one observer (par. 313). The observer selected
as many equal parts as they represent mils of to conduct the FFE is notified that normal preci-
deflection and elevation. The deflection (2,415) sion registration FFE procedure is required.
and elevation (254) for FFE are read where the b. If observers' azimuths have not been de-
sides of the parallelogram intersect the deflection termined, deviations in mils must be reported by
and elevation lines (fig. 179). each observer until FFE is completed. At the

Note. If a range bracket is not obtained with round 2, FDC, each round is plotted on the graph and
an additional round, based on plotted location of bursts positive elevation and deflection sensings are
1 and 2, may be fired to obtain a range bracket prior to obtained by considering each plot in relation to
changing the deflection. The same procedure mnay be the sides of the parallelogram which were drawn
followed if a deflection bracket is not obtained from the
first deflection change. However, if the target is not
bracketed, for either range or deflection, but the bursts the deflection scale separates overs from shorts,
plot near the target, they may be used. Figure 180 and the line drawn parallel to the elevation scale
illustrates the procedures used to extend the elevation separates rights from lefts. For convenience, the
scale to permit extrapolation of the elevation to be used line parallel to the deflection line may be divided
in FFE. If a deflection bracket is not obtained, the
deflection scale is extended in the same manner.

Example: Figure 181 shows round 4 as plotted
503. Fire for Effect, Registration from the observers' reported deviations. The

a. If either observer's azimuth to the target is plot is short of the line dividing overs and shorts
known, that observer can be utilized to send and approximately 2 mils left of the line dividing

,!r--I w. j.. .. .1 . _ .- I

---=

Le t

' i r

Righ _
observer

Figure 181. FDC sensing of first round in t'FE for registration by combined adjustment.
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lefts from rights. Therefore, the FDC sensing is 504. Fire for Effect, Area Missions
SHORT, 2 LEFT. a. The adjusting battery may bring area targets

(1) Elevation is corrected and adjusted under FFE at the deflection and elevation de-
elevation is determined as in a precision termined from the graph after the three rounds
registration employing one observer, which establish the deflection and range brackets

(2) To determine adjusted deflection, a are plotted.
deflection bracket is established and b. For area targets requiring the massed fires
split as in a precision registration em- of more than one battery, the target location must
ploying one observer. The deflection be polar-plotted onl the firing chart. The FFE
bracket is established by firing the second deflection and elevation determined for the adjust-
round in FFE at a deflection determined

ing battery are used in polar plotting.by applying twice the amount of the
measured FDC deviation in the appropri- 505. Fire for Effect Transfers
ate direction to the deflection for the FFE transfers within 500 yards of a target
first round. For example, in figure 181, adjusted on may be fired by using the scales
round 4 was fired at deflection 2,415 and determined from the adjustment. FFE transfers
the FDC sensing was 2 LEFT. Round in excess of 500 yards may be made after a check
5 will be fired at deflection 2,411 (2,415+ round has been fired. To determine data for the
right 4). transfer, the observers report the number of mils

S- . T get

Figure 182. Combined adjutment, F transfer. 130

~ El 350 r2287
~-- 2f 7880

observer [ -- 4 .. f7
=- ' I

- , '. I

Figure 182. Combined adjustment, FFE transfer.
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deviation from the target adjusted on to the new scales have been determined as shown in figure 182.
target. These deviations are plotted and the The right observer reports TARGET 2 IS 84
parallelogram is constructed through this target so MILS RIGHT; the left observer reports TAR-
as to intersect the deflection and elevation scales GET 2 IS 64 MILS LEFT. Target 2 is plotted
or their extensions. and data determined to be deflection 2,795,

Example: Target 1 has been adjusted on and elevation 382.

Section X. SOUND, FLASH, AND RADAR OBSERVATIONS

506. General conduct surveillance of fire for effect. In that
Sound, flash, and radar observation agencies are case, results on the target are reported to the

used by field artillery to locate targets, adjust controlling headquarters.
fire, and obtain battlefield intelligence. These b. If the observation battalion is to adjust fire,
agencies can locate targets at distances and under direct communication should be established be-
conditions which preclude standard visual obser- tween the battalion to fire and the locating agency
vation. Observation battalions contain sound, (e. g., flash platoon). Direct communication is
flash, and radar elements. Such battalions are normally established on existing nets. Standard
normally assigned to corps artillery headquarters. target grid procedure is used at the FDC for the
However, observation batteries when operating mission.
independently may be attached to division or c. Targets which are not normally of primary
lower headquarters. T'he information and assist- concern to the controlling headquarters (e. g.,
ance of the observation battalion are available to mortar locations, in the case of corps artillery)
the firing battalion by coordination through can be reported directly to the firing battalion by
division or corps artillery or the observation the observation battalion. This system is estab-
battalion. Countermortar radar is organic to lished by coordination between the firing battalion
divisional light artillery battalions. The tech- and the observation battalion. Targets so re-
niques employed by sound, flash, and radar units ported are also reported to the controlling head-
are covered in FM 6-120. quarters.

507. Target Designation 509. Conducting Registration and Calibration
a. Targets located by sound, flash, or radar are

reported by coordinates and altitude if survey and a. Sound, flash, and radar units can register
reliable maps are available. Sound and radar artillery (FM 6-120). Registration by sound
platoons must determine altitudes of targets from ranging is the least accurate of these three methods.
platoons must determine altitudes of targets from
maps; however, flash platoons can always deter- It should be used only when registration by an
mine relative altitudes. In the absence of survey, other means is impossible. The coordinates and

altitude of the registration point (point selected
the observation battalion can report targets in altitude of the registration point (point selected
relation to a reference point, prepvious cocentra- for CI or HB) should be determined by the firingrelation to a reference point, previous concentra-
tionI or registration point which has been located battalion in conjunction with the observation bat-

relative to both the firing battalion and the locat- talion.
ing agency (FM 6-120). b. If the registration is to be a CI or HB, the

number of rounds fired is determined at the FDC;
b. The location of a target or registration point

can be given to the observation battalion as one or more observation battalion may request
one or more rounds fired AT MY COMMAND

coordinates, if survey or maps are available; as an in order to orient the observers. (They may be
orienting azimuth, if directional control is avail- requested to ssure positive identification in the
able; or in relation to a known point. The target case of sound ranging or radar.) A specific in-
or point must be described to facilitate location. terval between rounds may also be requested.

508. Coordination for Area Missions Additional rounds may also be required in the
a. Targets, located by the observation battalion, case of lost or erratic rounds. The most current

which are to be fired upon without adjustment are corrections should be applied by FDC personnel
assigned to the firing battalion by the controlling to CI or HB firing data to facilitate sensing the
headquarters. The observation battalion may first round by the observing unit. The location
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of the CI or HI is computed by the observation 513. FDC Procedures for Targets Located by
battalion and reported to the firing battalion. In Sound, Flash, or Radar
the case of a precision registration, normal FDC

~procedures are followed, a. Depending on the accuracy of location, type

c. The flash platoon of an observation battalion of target ad time available, targets located by
can provide mean burst location for comparative sou flash, or radar may be attacked with or
calibration (pars. 638-655).

d. Registration and calibration missions are b. When targets are to be attacked without ad-
justment, FDC procedures are the same as thosesecondary to the observation battalion's primary ustment, FDC procedures are the same as those

mission of locating targets. Such missions must used for aly FFE target received from higher
be coordinated to prevent interference with the (eadquarters.

(1) Radar and sound ranging surveillanceprimary mission. will include only the distance the center

510. Sound Ranging of impact of FFE landed from the target
and will not contain any observed results.

a. Sound ranging is used to locate hostile ar-
tillery and to adjust fire. Sound locations and Flash ranging surveillance may be more
adjustments are not affected by poor visibility; detailed than that expected from the
however, high winds make the use of sound equip- forward observer.

~ment more difficult. 1~(2) Soulnd ranging platoons may request one

b. Sound ranging involves the use of OP's rold to be fired after the FFE to plot
the location of the effect, because many

manned by observation battalion personnel who
can also conduct visual adjustment of fire. How- rounds bursting at the same time make
ever, when adjusting fire, these observers cannot sound tapes difficult to read.

c. When sound, flash, or radar is used to conducteffectively perform their primary mission of locat- c. When sod, flash, or radar used to conduct
ing hostile artillery by sod ranging. the adjustment of fire on a target, the FDC will

receive a standard fire request and standard cor-
511. Flash Ranging rections; procedures are the same as those used in a

normal adjustment by a forward observer exceptFlash ranging is the most accurate means of ormal adjustmet by a forward observer except
locating targets; however, the efficiency of the
flash OP's is limited by poor visibility and adverse (1) Time of flight is given to the adjusting
terrain. Flash ranging equipment is used to- agency (e. g., sound platoon) prior to

a. Locate hostile artillery. commencing fire. ON THE WAY and
SPLASH are always given for each round.b. Adjust and register friendly artillery. SP( ASHarealwaysgivenforeachround.

c. Collect battlefield information. (2) All adjustments are conducted with one
d. Perform comparative calibration of artillery. weapon.

(3) Flash adjustment may contain refined
512. Radar Ranging corrections which would not be

a. Field artillery radar is used to- encountered in an observer adjustment
(1) Locate hostile artillery and mortars. (e. g., RIGHT 110, ADD 550), because
(2) Adjust and register friendly artillery. each burst is accurately located.
(3) Perform battlefield surveillance. (4) Sound-on-sound adjustments (FM 6-

Note. The same radar position cannot be used effec- 120) must be conducted with fuze quick.
tively for both locating hostile weapons and battlefield (5) Radar personnel may request the range
surveillance. Radar ranging is not affected by conditions and azimuth to the target to assist in
of poor visibility or darkness. However, mountainous
terrain makes both selection of radar positions and loca- orienting the antenna for picking up
tion of targets more difficult. Adjustment of fire by the rounds.
radar is difficult and time-consuming. It should be used (6) Adjustments by sound, flash, or radar
only when no other means is available. will be slower than adjustments by one

b. Radar can be used to register friendly ar- observer, owing to the necessity of
tillery and improve the observed firing chart (pars. plotting each round prior to determining
455-462). corrections.
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Section XI. HEAVY AND VERY HEAVY ARTILLERY FIRE DIRECTION PROCEDURE

514. General adequate survey to be accomplished before firing;

a. The mission of heavy and very heavy artil- therefore, the surveyed firing chart is used

lery is to provide general artillery support and/or habitually. General procedures are the same as

reinforcing fire to units of a division, corps, or for light and medium artillery. When the tactical
field army. situation requires well-dispersed positions, it may

b. The procedures set forth in part FOUR be necessary to plot-
generally apply to all heavy and very heavy field (1) The location of each piece (this is normal

artillery. Specific differences are covered in with very heavy artillery).
this section. For information on 280-mm gun (2) The platoon center of each platoon.
gunnery techniques, see appendix IV. b. When each piece, or the platoon center, is

c. Observation for long-range adjustments is plotted on the firing chart, the standard battery
difficult to obtain. With the exception of organic color system is employed together with the number

air observation, heavy and very heavy artillery of the piece, or platoon, for the tick mark and

battalions normally rely on other units or higher deflection indexes.
headquarters for observation. Observation meth- 516. Registration
ods most commonly used are-

(1) Flash, sound, or radar. This method The present techniques for the handling of a
requires coordination with the observa- precision registration by the FDC apply in general

tion battalion. to all artillery, regardless of caliber. The excep-
(2) Organic light aircraft. tions to this rule are when the value of the fork is
(3) High-performance aircraft. This method 150 yards or greater or 50 yards or less.

requires coordination with the Air Force. a. Fork is 150 Yards or Greater. When the

(4) Combined. This method requires co- value of the fork is 150 yards or greater, regardless
ordinated observation by two or more of the type of mission (area or precision), the
observers. rounds fired as a result of ADD (DROP) 50,

d. Heavy and very heavy artillery must be FFE, may be wasted, since dispersion may cause
used with prudence. Ammunition is difficult to them to hit in the same place. In such cases,

obtain and transport. Wear of the tubes is the FDO should notify the observer with the

great. initial ON THE WAY to begin FFE when a
e. General organization and characteristics of 200-yard bracket is split. The value of the fork

heavy and very heavy artillery battalions are in yards is determined in the following manner:
presented in table VI. Example: 155-mm gun, supercharge, range

22,000 yards:
515. Firing Chart~51 ~5. Firings~ Chart ~Fork-four range probable errors

a. The deliberate method of employment of Range probable error (FT 155-S-2, p 64, col 7)=54 yards

heavy and very heavy artillery normally permits Fork (4 x 54) =216 yards

Table VI. Organization and Characteristics

Pieces Avg tube life- Avg loss of MV during
Weapon per btry Ma range Charges Full hrge tube lite

rnds)

155-mm gun - 4 25,715 yd Normal and super -. . .... 1, 800 90 to 120 f/s
i to 5 green bag - 600..........

8-inch how -------- 4 18,510 yd .- to 7 whiteen bag 6, 000

240-mm how - . ........ 2 25,255 yd . .--- i-- 1 to 4 .-------- ---------- 2, 000 50 to 70 f/s

8-inch gun.. 2 35,490 yd .--------- Green bag: reduced and nor- 700 224 to 296 f/s
mal; white bag: normal
and super.

280-mm gun --------- 2 31,200 yd - . ...... I to 4- --.---------------- 400 Unknown

* Used as a guide, not basis for condemnation.
* Unknown, but very small. There is negligible loss in muzzle velocity in 2,000 full charge rounds.
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b. Fork is 50 Yards or Less. When the value the single shot hit probability (SSHP). With this,
of the fork is 50 yards or less, normal techniques he should enter the assurance graph for the
are followed in area missions; for precision mis- estimated required hits at the desired level of
sions, the initial 3 rounds fired at the trial-elevation assurance. From the graph he can read the
as a result of ADD (DROP) 50, FFE, may be probable number of rounds required. Computing
wasted, since a change of 50 yards may move the the SSHP and the use of assurance graphs are
point of impact more than %i fork from the target. discussed in chapter 27. The probable number of
Instead of ordering DROP (ADD) 50, FFE rounds required and the available supply rate may
(based on the observer's correction), the FDO will determine if the mission should be fired.
order DROP (ADD) 50, 1 ROUND. Based on b. The normal procedures for a destruction
the sensing of this round, the FDO will continue mission apply to heavy and very heavy artillery.
the adjustment by moving one fork in the appro- c. During a prolonged mission, there is a pos-
priate direction until a bracket is established. sibility that the center of impact may move owing
The FDO will then split the one-fork bracket and to a change in weather or ammunition. A change
order FFE. The value of the fork in yards is in the center of impact is indicated when, during
determined in the same manner as in a above. the FFE phase, the observer sensings are all in

the same sense (six shorts (overs)). In this event,
Example: 8-inch howitzer, charge 7: a new bracket is established by moving % fork

s/2=2 F=2 Guns on right Angle T=7201r ill the appropriate direction and firing 1 round to
establish a new bracket. If the round is in an

Round Chart El or QE Observer sening sesgC opposite sense, the elevation fired is considered
No. Df fired r.nge fired or corretlons -- as the trial elevation and two more rounds are

Rg oD fired. If all three rounds are in the same sense,

the bracket is split and FFE is continued. If the
* I * * * * 3 rounds are sensed as mixed, an additional group

65 .-. 2, 652 12, 6070 329 R50 F - L of 3 rounds is fired and a new adjusted elevation
7--- ........ ---- 331 ?L + ? is computed. For fire direction purposes, the
8-------- 330 -LN - L refinement of FFE is started anew.
9___ 2, 648 ------- 330 -LN -- 1
10 __ 2, 646 .- ... 330 -LN - L 518. Fire Capabilities
11 2 _ _ 2, 644 5- -- 331 + LN + R Fire capabilities charts are constructed for heavy

artillery in the same manner as for light artillery

AdJ QE=331. (par. 532). Very heavy artillery weapons are
Adj df=2,645. normally located on the firing chart by individual

(1) FFE is not begun until a 1-fork bracket piece, and the fire capabilities are determined for
is established (round 7). each piece.

(2) The 1-fork bracket is split and the first
group of 3 rounds (rounds 8, 9, 10) is 519. Calibration
fired. Calibration of heavy and very heavy artillery is

(3) Since the first 3 rounds in FFE were in essential. The velocity error of each piece must be
the same sense, 2 additional rounds are determined. Redistribution of weapons and the
fired at the appropriate end of the 1-fork subsequent computation and application of cali-
bracket. Since these 2 rounds are fired bration corrections are performed in the same man-
at the same elevation as round 7, round 7 ner as for light and medium artillery. However,
is used as the sixth round in FFE. erosion is relatively rapid in high-velocity guns.

(4) Adjusted elevation is computed by using There is a correspondingly greater loss in muzzle
the six rounds considered in FFE. velocity for a given number of rounds fired. There-

fore, unless the same number of rounds are fired by
51 7. Destruction Mission all weapons of a battery, calibration data must be

a. If a point target, such as a bunker, a pillbox, altered periodically. It is, therefore, necessary to
or a disabled tank is to be destroyed, the same maintain an accurate record of calibration data
general precision procedures are used. Prior to and subsequent firing. The corrections deter-
attacking a point target, the FDO should compute mined from subsequent firing are applied to the
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calibration data. The VE of the piece(s) may be discussed in chapter 19. There will be times when
checked when regular fire missions are being fired it will not be practical to compute corrections be-
if firing with accurate survey data and surveillance cause time will not be available; also, when accu-
of fire is executed. The record of firing is main- rate location of target is doubtful or harassing
tained in the Weapon Record Book (DA Forms missions are being fired. In these cases, the bat-
9-13 and 9 13-1). A complete record of calibra- tery with the smallest VE differences should be
tion data is recorded at battery and battalion selected to fire.
FDC. 522. Application of Met Corrections

520. Wear Tables a. The most accurate and reliable means of

Wear tables provide an approximation of the loss determining corrections are from a current regis-
in muzzle velocity. The data are based on the tration. The corrections so determined com-
number of full service rounds fired. Alteration of pensate for the combined effect of all nonstandard

calibration data by using wear tables is not a sub- conditions. When a current registration is im-
stitute for calibration. However, wear tables will possible, the best available data can be deter-
indicate the need for corrections between cali- mined by applying met plus VE corrections. Met
brations. corrections are determined by solving an appro-

priate met message (normally type 4). With
521. Special Correction heavy and very heavy artillery, the effects of

a. Calibration Corrections. As a general rule, rotation of the earth must be considered in com-
calibration corrections should be applied to all puting met corrections (pars. 359-367).
missions when the VE differs from standard or (1) With heavy artillery, it is normal to
from the reference piece by more than 3 f/s. To compute corrections to a met check
facilitate application of calibration corrections, a point. Transfers are made to targets
calibration correction data card similar to that within transfer limits of this point (par.
shown in paragraph. 385, or as shown below, may 366).
be used. (2) With very heavy artillery and when

Example: Calibration correction data card, greater accuracy is required with heavy
155-mm gun, supercharge: artillery, met and VE corrections are

computed for the specific target to be
No. 1141 No. 110 No. MN No. 2025 attacked. A GFT setting is established

QE (VE+iI/s) (VE+61 /s) (VE+e66 /s) (VE+75 s) for that specific target. Target data
may be computed by using the following

143 143 136 135 134 formula instead of establishing a special
144 144 137 136 135
145 145 137 137 136

.......... ------ ---- ----- ----- --- Corrections= - (standard range)
......... ----------. ---------- ---------- ---------- (standard range + effects)

..................- This formula is used only with tabular
357 357 337 335 332 firing tables which list effects instead of

corrections. The formula must be quali-

b. Position Corrections. Heavy artillery bat- fled according to the conditions stated
teries normally are emplaced in well-dispersed in paragraph 371c.
positions. This requires that displacement cor- b. Because of the pronounced air density effect,
rections (width and depth) be made for most fires. the FDO must consider the use of the latest met
With very heavy artillery batteries, it is normal to corrections on all rounds fired in conjunction with
compute separate data for each piece of the bat- corrections for velocity error.
tery. With 155-mm gun and 8-inch howitzer Example: 155-mm gun, supercharge, elevation
batteries, a base piece for each platoon may be 340 (range 18,500 yards), FT 155-S-2:
designated and data computed for it. Air density standard value ------- = 100 percent

c. Computation and Application of Special Cor- Current air density (met) -------- = 96. 9 percent

rections. Special corrections for heavy and very Air density variation from =-3. 1 percent
heavy artillery are computed and applied in the standard.

same manner as for light and medium artillery, as Air density unit effect -. = 104 yards
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Total air density effect (col. 19))-(8.3 (col. 16) X 22.5). If tile 2
(-3.1 x (-104)=+322.4)- =+322 yards percent error in density does not repeat itself

Other met effects ----------------- = +99 yards (is zero), then the missed distance would be 187

Total met effects - . ... =+421 yards yards (8.3 X 22.5). The example in density is
VE piece No 1 . ......... =+46 f/s used because of its relation in changes in the
Yd/f/s elevation 340 .- . ......... =+7. 8 yards ballistic coefficient from ammunition lot to lot.
VE effect (+46 f/s x 7.8 yards b. The procedure to compute corrections out-

= +358.8 yards)met -------- = 357 yards side transfer limits is discussed in paragraphs
Total effect met +VE ....= +780 yards

It is obvious from the above example that regard- 368 through 376.
less of how accurately the observer locates the 524. Miscellaneous FDC Procedures for Heavy
target, the first rounds fired will be in error Weapons
approximately 780 yards, unless corrections are
made based on the latest and most complete data. ah piece is plotted on tie chart, deflection is

523. Application of Calibration Corrections handled the same as for light artillery. Each
Outside of Transfer Limits piece or platoon may have a separate deflection

a. The VE determined by calibration for a index.
specific ammunition lot is assumed to be valid b. Heavy and very heavy weapons are not

for any ranges, including those outside of normal equipped with all independent site scale; there-
transfer limits. The possibility of a VE remaining fore, -site must be added to elevation and a QE
constant for a charge depends on the type and announced to the pieces. Normal computer
magnitude of nonvelocity elements absorbed into records (DA Forms 6-16 and 6-16-1) are kept in

it. For example, a 2 percent error in density tie battery FDC.
absorbed into a VE at elevation 191 (14,000 c. When map data at long ranges are determined
yards) (155-mm gun, supercharge) results in a a small percentage error will cause a large error in
22.5 f/s error in the VE (2X72 (col 19)). data; therefore, it is better to compute deflection

(6.4 (col 16)) and range from coordinates. This is especially
erroneous VE applied at elevation 403 (20,000 true in very heavy artillery units. For complete
yards) results in 43 yards error, even assuming information on the computation of data from
the same 2 percent error in density (2 X 115 coordinates, see TM 6-200.

Section Xll. DEAD SPACE

525. General
Dead space is the area within the maximum

range of a weapon which cannot be covered by fire
from a particular position because of intervening T..Wcies
obstacles, the nature of the ground, characteristics QE 240d
of the trajectory, and the mechanical limitation of
elevating and depressing the tube. These areas
can be determined only with an accurate contour 40

map. Trajectories for all charges, low- and high- * GroiQ point (o.or poinl) b

angle fire, must be considered in computation of b Fo poinl

dead space. c Deod spa

Figure 183. Dead space profile.

526. Limits
The near limit for any dead space area is the fired. These additional limits are often unde-

grazing point of the trajectory; i. e., the point terminable owing to varying factors of the posi-
where the trajectory initially intersects the ground tion, weapon, and ammunition. Some examples
(fig. 183). The far limit is the first point of impact of possible additional limits due to fuze character-
beyond the near limit or grazing point. Addi- istics are-
tional limits, particularly at very short ranges, a. VT fuzes require a minimum arming time
may be imposed by the characteristics of the fuze range, short of which they will not function.
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b. Time fuzes are restricted to the minimum and space. By repeating the process, the
maximum effective functioning times. point of impact can be determined to any

c. Delay fuze is not normally considered in the desired degree of accuracy.
computation of dead space owing to the possibili- (3) When friendly elements occupy the ter-
ties of ricochets. rain that is being considered, quadrant

elevation must be increased by safety
527. Determination oF Dead Space factors of 2 forks and 5 yards at piece

Dead space may be determined by a quadrant mask range (pars. 76-83).
elevation ray method. The dead space for one Note. Computations must also be made
ray is determined, and the process is repeated for without safety factors for true dead space.
such additional ravs as necessary to clearly indicate
the extent of the dead spaces. (4) Additional (lead space areas along the ray

a. The procedure for each charge and type of fire are determined in the same manner as in
is as follows: (1) and (2) above.

(1) A rav is drawn on a map overlay from the b. Except in very symmetrical terrain, each ad-
plotted position of the piece through the jacenlt ray should form an angle of no greater than
dlesired point of the intervening terrain 100 mils. In extremely hilly terrain, it may be
feature. By inspection, the highestpoint necessary to determine dead space at 50-mil or
of the mask considered is determined. smaller increments. The smaller the increments,
The quadrant elevations of this point and tihe more accurately the diagram will reflect true
otller points on this ray that are 50 to 100 dead space. Dead space for additional rays is
yards beyond the initial point tested are (etermiled in the same manner as in a above.
determined. The point requiring the
greatest quadrant elevation marks the 528. Dead Space Chart
beginning of the dead space and is known a. The area of dead space is outlined on a chart
as the grazing point. or map by connecting points of determined quad-

(2) The point of impact, or far limit of dead rant elevation, corresponding to the same hill
space, is determined by finding a point mask, on adjacent rays. Areas between the con-
beyond the mask which required the same necting lines are shaded or labeled as dead space.
quadrant elevation as that of the grazing The shaded, or labeled, area is the (lead space area
point. The process is one of trial and which cannot be reached by fire with the particular
error. A test point of impact is selected weapon, charge, and type of trajectory.
by inspection, based on the range corre- b. Dead space charts which are forwarded to
spondling to the quadrant elevation for higher headquarters, unless directed otherwise,
the grazing point. The quadrant eleva- need show only (lead space areas for low-angle and
tion for the test point is determined. If high-angle fires without regard to charge. Dead
the quadrant elevation is less than that space charts for battalion FDC should be improved
for the grazing point, the point is in dead as time permits. Improved charts should show
space; if it is greater than that for the charge capabilities as well as dead space areas for
grazing point, the point is beyond dead low-angle and high-angle fires.

Section XIII. MISCELLANEOUS

529. Proximity (VT) Fuze, General restrial type of VT fuze. However, VT or other

a. The effectiveness of artillery projectiles has type of fuzed projectiles will not be fired into the
been greatly increased by the development of the immediate vicinity of a target that is under attack
VT fuze. Tlhe VT fuze gives air bursts up to the by friendly aircraft. The sensitivity of the ter-
maximum ranges of the weapons. However, the restrial type of VT fuze is such that impulses must
VT fuze does not replace the standard time fuzes. be received from the target for an appreciable
VT fuzes supplement standard time fuzes at longer period of time before the fuze will function.
ranges and in high-angle fire. Hazard to aircraft is comparatively small when the

b. In combat, no special precaution to assure terrestrial type of VT fuze is used; however, to
safety of aircraft is required when using the ter- avoid danger during training from normal or early
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burst, aircraft should not approach the trajectory tate maintaining firing data with current correc-
or target area closer than 350 yards for a 105-mm tions applied. Since fires from data sheets are
or smaller shell nor closer than 700 yards for a fire for effect missions, the latest corrections must
larger shell. be constantly applied to the chart data to main-

c. Normal fire direction procedures are appli- tain correct fire commands. The battery data
cable when VT fuzes are used. However, the re- sheet (DA Form 6-14) is usually prepared at the
quired vertical clearance for the safety of friendly battery fire direction center; and, if time permits,
troops may be a deciding factor in the choice of the data from the battery data sheet are converted
the charge to be used. to individual piece data and entered on section

data sheets (DA Form 6-13) (par. 119).
530. Registration With VT Fuze c. Battery Data Sheet. A sample Firing Battery

a. Normally, registration is not conducted with Data Sheet (DA Form 6-14) is shown in figure
VT fuze. It is not necessary if an impact registra- 184 and is self-explanatory except for the follow-
tion has been made with an ammunition lot ing:
cavitized for VT fuzes. If the registration was not (1) The times entered indicate when firing is
conducted with a shell cavitized for VT fuze, a started and lifted.
registration with cavitized shell and impact fuze (2) Time of flight is normally omitted.
is conducted. When time of flight is significant, as it

b. If a precision or center-of-impact registration is for final fires on positions about to be
must be conducted with a type of VT fuze which assaulted by infantry, TOT's, high-angle
cannot be set for impact bursts (e. g., T226B1), fire, or fires at extreme ranges, this factor
normal procedures are used. However, the correc- is entered and is used at the battery to
tion for height of burst (20/R) must be stripped modify the listed time of firing.
from the apparent adjusted elevation. The result (3) Column for angle of site and composite
is the adjusted elevation which would be obtained is used for site when GST is used to
with an impact fuze. determine site.

(4) Columns for special corrections and zone
531. Fire Planning and Data Sheets fire are used only when applicable.

a. Fire Plans. The extent and type of fire (5) The remarks column contains any special
planning required for an artillery battalion de- instructions, such as ammunition lot
pends on the type of mission assigned; i. e., direct number.
support, reinforcing, or general support. Fire (6) When new corrections are obtained, the
planning is continuous from the time a mission is old commands are lined out, instead of
received until it is completed. Artillery battalion erased, and the change is entered.
fire planning is based mainly on close and contin-
uous support to the supported unit. Coordina- 532. Fire Capabilities Chart
tion and cooperation between the supporting and The fire capability chart of the battalion shows
supported unit are essential to effective fire the area that can be reached by the combined
planning. The fire plans ale submitted to the capabilities of the batteries of the battalion with
next higher artillery headquarters for consolida- on-carriage traverse or, if directed, additional
tion, addition of fires, coordination, and approval. limits. The area that can be reached by three-
A schedule of fires based on the approved fire plan fourths of the pieces in deflection and range is the
is sent to the batteries for execution at the pre- fire capability of the battery. The fire capabili-
arranged times. If firing data are determined by ties chart of the battalion, as reported to higher
the battery FDC personnel for these scheduled artillery headquarters, may be the area which can
fires, data are entered on data sheets (DA Form be reached by each battery or the combined
6-14) to insure prompt execution of fire. For a coverage of all the batteries. The chart is used
detailed discussion and examples of fire planning, in conjunction with the dead space chart (par.
see FM 6-20 and FM 6-101. 528) for determining areas not covered by units

b. Data Sheet. The chart and firing data for and for selecting units to fire on targets. For de-
prearranged fires normally are predetermined and tailed information and illustrations of the fire
entered on data sheets (DA Form 6-14) to facili- capabilities chart, see FM 6-101.
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533. FDC Common Errors and Malpractices (7) Misreading of deflection; for example,

a. The formation of proper habits in training 2,620 for 2,580, 2,610 for 2,660, etc.
and the use of independent checks are the means (8) Reading deflection from the wrong de-
of eliminating the common errors and malpractices flection scale; for example, red numbers
that occur in the fire direction center. for blue numbers.

b. Common errors and malpractices in plotting (9) Using the ballistic scale for the wrong
are- charge.

(1) Using 1:50,000 scale instead of 1:25,000 (10) Using drift figure instead of the F (fork)
scale of the coordinate square. figure or vice versa.

(2) Using meter scale instead of the yard d. Common errors and malpractices with the
scale or vice versa. target rid are-

(3) Considering the subdivided 1,000 as being g g
-included in the numbered thousands on (1) Miscounting in increments of 100 yards

(meters) in plotting sbifts on the grid.
a plotting scale in such a manner that the
answer determined is 1,000 units less than (2) Failing to orient the target grid properly
the correct distance. by using the azimuth scale, which is

(4) Plotting the coordinates from the wrong graduated in a counterclockwise direction
grid line in the wrong direction, when (3) Failing to label or construct the azimuth
the firing chart is so placed that north is index correctly. This error is especially
toward the plotter. common when direction of fire is other

(5) Putting the center of the protractor over than north.
the wrong point. (4) Reversing observer's target location; for

(6) Reading azimuths 1,600 or 3,200 mils in example, plotting FROM REGISTRA-
error. TION POINT, RIGHT 500 as 500

c. Common errors and malpractices pertaining yards left (or over, or short) of the regis-
to the GFT fan or the range-deflection fanl (pro- tration point.
tractor) and the GFT are- e. Common errors and malpractices in fire

(1) Failing to calibrate fans (protractor) direction procedures are-
periodically by comparing with a master (1) Using improper procedure in conduct of
fan or with a boxwood scale for range. registration.

(2) Failing to properly seat the cursor on its (2) Failing to correctly compute adjusted
ballistic scale or against the target quadrant, elevation, or time.
needle (GFT fan). (3) Using improper procedure in preparation

(3) Reading wrong elevation or time gageline of observed firing chart; for example,
when more than one line is placed on a using azimuths instead of orienting angles
cursor (window).~~~cursor (window). ~when available to compute direction for

(4) Failing to seat the vertex of the fan (pro- polar plotting battery positions.
tractor) firmly against the pin in the
battery position nwthe firing data are (4) Reading the site opposite the yard indexbattery position when firing data are
being determined, or against the pin in point on the
an OP or radar position when polar
plotting is being performed. (5) Failing to use survey GFT setting in

(5) Reading the data from a position other transferring targets from observed firing
than directly above the index and scale, chart to surveyed firing chart.
thus introducing parallax errors. (6) Failing to strip, or stripping incorrectly,

(6) Reading deflections from the temporary drift correction from adjusted deflection
deflection index rather than from the in determining the deflection correction
deflection index or reading deflections for high-angle fire.
from the deflection index of the wrong (7) Failing to use, or using incorrectly, VE in
battery. determination of data.
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CHAPTER 23
TARGET ANALYSIS AND ATTACK

Section I. FACTORS INFLUENCING ATTACK OF TARGETS

534. General 536. Results Desired
The commander or his designated gunnery The method of attacking a target is influenced

officer must consider certain factors when deciding by the results desired from the fire. In general,
to attack a target or when planning fires. Con- these results are of four types, which, by their
formity to the scheme of maneuver of the sup- description, furnish a guide for the method of
ported troops and evaluation of the enemy are attack.
factors of primary concern. For information on a. Destruction Fire. Fire concentrated on a
these factors, see FM's 6-20 and 6-101. Other target which is to be damaged physically to such
factors which are normally known and must be an extent that it is rendered useless.
considered in making a decision to fire are dis- b. Neutralization Fire. Fire of great intensity
cussed in paragraphs 535 through 542. on a target that is used to cause severe losses; to

prevent movement or action; to cause limited
535. Nature of Target destruction of materiel; and, in general, to destroy

The method of attacking a target. depends the combat efficiency of the enemy.
largely on the nature and size of the target. It c. Harassing Fire. Fire of less intensity than
also depends on the ammunition available and neutralization fire, designed to inflict losses or,
the results desired. The nature of the target by the threat of losses, to disturb enemy troops;
includes type, mobility, cover, and importance. to. curtail movement; and, in general, to lower
It is considered carefully, to determine the proper morale.
type of projectile, fuze, caliber of weapon, and d. Interdiction Fire. Fire, usually of less in-
necessary ammunition expenditure. The nature tensity than neutralization fire, laid down on linies
of the target is also a guiding factor in determining of communication to disrupt or intcrmittently
the type of adjustment and the speed of attack. deny their use to the enemy.
A target consisting of personnel in the open is
most effectively neutralized by area fire by using 537. Registration and Survey Control
air or impact bursts. However, if the personnel a. Effective transfers are accomplished best
are dug in, air bursts are essential. Impact bursts when data from survey, registration, and met
are largely ineffective against entrenched targets. changes are available. When survey and regis-
A target consisting of both personnel and equip- tration data are not available or are inadequate,
ment is normally attacked by area fire by using targets should be attacked with observed fires,
air or impact bursts to neutralize the area. Any since, in this case, unobserved fires are usually
remaining materiel not destroyed is attacked by ineffective.
precision fire for destruction. Armored or forti- b. Whether or not a fire mission is to be observed
fled targets must be destroyed by precision fire or depends on the visibility, the availability of
direct fire by using projectiles and fuzes appropri- observers, the availability of survey and current
ate for penetration. The highest practicable corrections, anll the type of target. If possible,
charge should be used to increase penetration and all missions should be observed to determine the
decrease dispersion. If the target is inflammable, results of FFE. The fact that all missionssllould
shell WP should be mixed with shell HE-WP to be observed does not mean all missions should be
start the fire and the HE to cause fragmentation adjusted. Accurate FFE without adjustment is
which will increase the burning area. more effective against targets which contain
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personnel or mobile equipment. All destruction Table VII. Mazimum Rate of Fire
missions and missions fired at moving targets must Rounds per piece (maximum)
be observed and FFE adjusted to the target.
In destruction missions, short observing distances Charge and weapon minutes minutes fire per

allow greater accuracy.

538. Area To Be Attacked 75-mm howitzer:
4-................. 48 90 150

a. The size of the area to be attacked may be 3 51 936 160
determined by the actual size of the target or by 2 ---------.. - 57 108 180
the area in which the target is known or suspected I-------------------- 60 114 190

to be. This information is obtained from 105-mm howitzer M2A1:7, 6-------40 80 120
observers' reports, photographic interpretation, 5 4-42 85 125
utilization of all other intelligence agencies, and/or 3, 2, 1 --------------- 45 90 135
experience in similar situations. The size of the 155-mm howitzer Ml
area to be attacked is an important factor to be M3 green bag:
considered in selection of units to fire. 5 4-. ........ .30 45 603, 2--- 32 48 60

b. Great care must be exercised in firing on -34 50 60
area targets close to supported troops. Battalions M4A1 white bag:
that are chosen to cover the area should be selected 7, 6, 5, 4 30 45 60
on the basis of most current corrections. The 3-------------------- 32 48 60
size of the probable error should be considered for 155-mm gun Ml and M1Al

Normal and super ------- 10 18 30those units covering the near limit if safety of 8-inch howitzer M2
friendly troops is involved. When possible, direct Ml propelling charge:
support or reinforcing units should be selected. 5, 4------------------ 10 18 30

c. Normally, a battalion should not fire with a 3, 2------------------- 12 20 32
range spread greater than I C (100 yards), since M2 propellinghar-. 14 22 34
a greater spread will not give uniform coverage of 7, 6, 5 10 18 30
the target. The probable error at the range to 8-inch gun Ml:
the target, lethality, and effect desired should be Normal and super 6 12 20
considered in the choice of range spread to be Reduced- .-.m.howitz 8 16 28
used. 240-mm howitzer:

4 -------------------- 6 12 20
3--------------------. 8 14 24539. Maximum Rate of Fire 2 10 16 28

a. The greatest demoralization and effect result 1- ....--------------- 12 20 32
when surprise fire is delivered with maximum 280-mm gun T131:
density. Surprise fire is best achieved with all 4--------------------- 5 12 20

3--.................. 6 14 22units firing so that all projectiles will burst 2 - 20 35
simultaneously (time-on-target method). Because 1 8 24 45
the maximum rates of fire are limited (b below), F
density is best secured by massing the fires of Charge andweapon minutes miutes fireo per
several batteries or battalions. However, this hour
massing will result in a waste of ammunition when
the area covered is larger than the target. Fur- 4.2-inch mortar:

41 increments -~~~.~~. 48 iOO 60
thermore, effective massed fires cannot be sustained
without large ammunition expenditure. These
factors may dictate the use of fewer units even during periods of prolonged firing, since heating
when more batteries or battalions are available. is more pronounced with the higher charges.

b. The maximum rates of fire shown in table
VII cannot be exceeded without danger of barrel 540. Amount and Type of Ammunition
heat igniting the propelling charge or damaging a. The amount of ammunition available is an
the tube. To maintain these rates, it is important important consideration in the attack of targets.
that the pieces be rested or cooled from previous The available supply rate of rounds per weapon
firing. The lowest charge possible should be used per day will not be exceeded except by authority
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of higher headquarters. When the available ,
supply rate is low, for example, 10 to 30 rounds
per weapon per day for a 105-mm howitzer,
missions should be limited to those which con- Trjectory

tribute the most to the mission of supported
troops. These missions should normally be ob-
served fire missions. When the available supply
rate is high, missions fired include the type of
missions above, missions which may affect planned
or future operations, and some missions which
require massing of fires without adjustment. Figure 185. Effect of impact burst with fuze quick.

Quantities from 100 to 300 rounds per weapon per
day may be required for offensive operations or obtain air bursts (fig. 186) without the
for defensive operations when a strong hostile necessity of adjusting height of burst.
offensive is encountered. If the VT element fails to function,

b. The selection of a charge with which to fuze quick action occurs on impact.
attack a target depends on the range, terrain, and (An exception is the M96 and M97
type of ammunition. To insure that the target series fuzes which have no fuze quick
can be reached, the maximum range of the charge element.) The height of burst of fuze
selected for an adjustment should be at least 3 VT varies with the slope of fall and
greater than the range to the target when data with the terrain in the target area. If
are obtained by approximate methods and i the terrain surrounding the target area
greater than the range to the target when data are is wet or marshy, the height of burst
obtained by precise methods. If possible, a will be increased. Light foliage has
charge giving an elevation to the target of between little effect on VT fuze, whereas heavy
approximately 240 and 460 mils should be selected foliage will increase the height of burst
for howitzers. For flat trajectory weapons, there by about the height of the foliage.
is a greater overlap in charges and no specific rule However, if the slope of fall is steep,
can be applied, most bursts will occur below the tree-

c. The type of ammunition selected to attack a tops. Since it is not limited by range
target depends on the nature of the target and the and because the height of burst prob-
characteristics of the ammunition available for the able error is smaller, VT fuze supple-
weapon to be used (pars. 32-37). ments time fuze for targets which are

d. Effect of shell HE with various fuzes: at long ranges, which require high-
(1) Since the effective fragmentation of im- angle fire, or which must be attacked

pact HE shell is greatest if it lands on at night. The greater the slope of fall,
hard ground at a large angle of impact, the closer the burst will be to the
the lowest charge that can be used ground. In firing close to friendly
without excessive dispersion will give troops, the lowest practicable charge
the greatest effective fragmentation (fig.
185). When the projectile passes through
foliage, the detonation may occur in the
trees and the effectiveness may be either
improved (air burst) or lost, depending
on the density of the foliage.se s

(2) The three types of fuzes that are used
with shell HE to obtain air bursts are
proximity (VT), time, and delay fired for effective froaens

ricochet. They are listed in order of 15.-20 A

effectiveness.
(a) Fuze VT. Fuze V1' detonates auto-

matically on approach to a terrestrial
object. Therefore it can be used to Figure 186. Effect of air burst with VT or time fuze.
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Figure 187. Effect of air bursts with fuze delay (ricochet).

should be used to obtain a steep slope and fuze delay to obtain a combination
of fall. It should also be used to of air and impact bursts. If the angle
minimize the danger to forward ele- of impact is small and the surface it
ments due to occasional premature strikes is firm, the shell will ricochet
bursts. The necessary vertical clear- before detonating and produce air
ance of friendly elements should always bursts (fig. 187). Because of the un-
be considered. certainty of ricochet action, fuze delay

(b) Fuze time. Air bursts may be obtained should not be fired in this manner with-
by the use of fuze time with shell out observation. Ricochet fire is less
HE (fig. 186). The height of burst is effective against entrenched personnel
determined by the quadrant elevation, than other air bursts because the
charge, and time setting. If the time amount and direction of the rico-
element fails to function with fuze chet are unpredictable. The highest
time, fuze quick action occurs on im- practicable charge should be used to
pact. With fuze time, the height of. obtain ricochet bursts with fuze delay.
burst can be adjusted, although, be- If the angle of impact is too great, the
cause of dispersion, all bursts will not shell will penetrate before detonating,
be at the desired height. The highest producing mine action (fig. 188).
practicable charge should be used with Fuze delay can be used to destroy earth
fuze time to minimize the height of and log-fortifications and is effective
burst probable error. Ranges and against some masonry and concrete.
times at which the height of burst When fuze delay is used for penetra-
probable error for fuzes M50OA1 and tion, there is little fragmentation but
M501A1 becomes excessive (over 15
yds.) are given below for various
weapons.

IWeapon (yds.) ettins

75-mm howitzer -_ 'd6, 500 *22. 8
105-mm howitzer_--- 8,300 25. 9
155-mm howitzer --.- - 5, 000 10. 4
155-mm gun -.-..._ 11, 300 19. 6
8-inch howitzer -------. 7, 500 15. 8
8-inch gun -.. .------- 15, 000 *23. 1
240-mm howitzer ----- 14, 500 29. 0
280-mm gun - ..... 13, 000 *21. 0

'Values not marked with an asterisk were determined
by field tests and may not agree with the tabular firing
tables.

(c) Fuze delay. Fuze delay may be used to
obtain air bursts by ricochet. It is
sometimes desirable to mix fuze quick Figure 188. Mine action, fuze delay.
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casualties are produced by blast effect. effectiveness of various calibers of wea-
Fuze delay should not normally be pons against concrete is shown in table
used against heavy armor. VIII.

(3) Greater penetration against masonry or e. Ammunition for attacking armored targets:
concrete can be secured with shell HE by (1) The types of projectiles available for
using a concrete-piercing fuze (CP). attacking armored targets or targets
Fuze CP may be set on either nondelay constructed of heavy stone or rein-
or delay, with delay giving the greater forced concrete are-
penetration. Shell AP or HEAT can be (a) HEAT. High explosive antitank pro-
used against reinforced concrete or heavy jectiles are available for 75-mm and
masonry. Shell HE with fuze quick is 105-mm howitzers. The projectile
used at intervals to clear away rubble and contains a shaped charge. It is pro-
blow apart shattered fragments. The pelled by a fixed propelling charge.

Table 1III. Effect on Concrete

Thickness- of concrete perforated Number of rounds, falling in circle of given
by single round (Iface normal to diameter-- necessary to perforate various
line of impact) (It.) thicknesses- of concrete at given ranges

Weapon and projectile (maximum charge)
Range (yds.) Range (yds.)

Thickness
(ft.)

1,000 3,000 4,000 1,0 3,000 5,*00

3 5 10 12
105-mm howitzer M2A1 and M4; HE Ml, fuze M78 2. 1 1. 6 1.5 5 14 27 33

7 27 53 64
3 1 I 2

155-mm howitzer Ml; HE M107, fuze M78 3.9 3. 2 2. 7 5 3 5 9
7 7 11 18
3 1 I I

155-mm gun M2; HE M101, fuze M78 6.6 5. 6 4.6 5 I 1 2
7 2 3 4
3 1 1 1

155-mm gun M2; AP M112- 6..5 5. 4 4. 5 5 1 1 3
7 2 3 5
3 1 1 1

8-inch howitzer M2; HE M106, fuze M78 5.5 4. 7 4. 0 5 1 2 4
7 3 5 8

12, 500 15 000 10, 000 12, 000 15, 000

f 3 1 1 1
8-inch gull Ml; lIE M103, fuze M78** .-. . ............- .... 5. 2 5 1 2 3

8, 000 10, 000 12, 500

3 1 1 1
240-mm howitzer Ml; HE M114, fuze M78**4. 9 4.4 5 1 2 3

'Thickness perforated is based on a line of Impact normal to the surface. The effectiveness decreases rapidly when the line of Impact is other than prpen-
diular to the surface. Ricochets will occur when the line of impact is 20' to 35' and more from the normal. The higher the striking velocity, the greater this
angle may be before ricochet occurs. After the surface has been chipped, this angle may be still greater.

*Dlameter of circles used as a basis for data:

105-mm howitzer................................ 3feet
155-mm howitzer and 155-mm gun.................................... 4 feet
8-inch howitzer and 8-inch gun f.....................................et
240l-rmm howitzer---------------------------------------------------------- 6 feet

***While data are not available for these weapons firing at shorter ranges, excellent performance ha been observed against hard rock and heavily reinforced
concrete at ranges of 2,000 to 4,000 yards.
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(b) AP. Armor-piercing projectiles are 541. Considerations in Selection of Units to
available for 155-mm guns. The pro- Fire
jectile is solid except for a small a. The unit selected for a mission must be of
bursting charge. Penetration is ef- the proper size and caliber to cover the target
fected by the speed, weight, and shape area quickly, effectively, and economically. Most
of the projectile. AP projectiles targets are of such size as to allow a wide choice
should be fired by using the highest in the selection of the number of batteries or
practicable charge to obtain maximum battalions to be used. If the unit selected to
penetration. fire cannot mass its fire in an area as small as the

(2) HEAT and AP projectiles are effective target area, ammunition will be wasted. Con-
against armor (homogeneous plate) as versely, if a unit can cover only a small part of
shown below: the target area at a time, surprise is lost during

the shifting of fire and the rate of fire for the area
Thickness of armor per.- as a whole may be insufficient to secure effect.forated by single round

dlicnue o itospfce oi Although certain limitations are indicated on
Weapon and proiectlle armor) (inches). large targets, the decision of whether to have many

Range (yds.) units firing a few volleys or a few units firing many
volleys is often a critical one.

500 1.' 1,150 b. Many overlapping factors affect the selec-
tion of units and the number of volleys to fire on

75-mm howitzer M1AI, M2, a target. Some of these factors which vary with
HEAT, M66 --... ....... 3% 3% 3% each specific situation are-

105-mm howitzer M2A1, M4,
105EAT, M67- -. ...e 4 4 4 (1) Availability of artillery. When the num-

155-mm gun M12, AP, M112 (2,745 ber of artillery fire units present is small,
f/-s)-7.6 7.5 7. 2 more targets must be assigned per artil-

lery unit than if a greater number of
artillery units were present.

(3) HEAT and AP ammunition is relatively (2) Size of area to be covered. The size of the
ineffective against personnel in the open area to be covered and the effective
because of the small amount of fragmen- width and depth of an open sheaf
tation. Bursts from both types are govern the method of firing. Byshifting
difficult to observe, and fire with either fire laterally, a battery may cover wider
type is more effective at short ranges. areas and by using zone fire or fire at
HEAT and AP are normally fired by successive ranges may cover deeper areas.
direct laying; however, when adjustment When the area covered by the target is
of indirect fire is necessary, it is con- too large to be covered by a single con-
ducted with shell HE until FFE is centration by a battery, it must be
commenced. attacked in parts. If a battery is avail-

(4) The 155-mm howitzer and larger weapons able for each part and fire from that
using shell HE with fuze quick are effec- battery is deemed sufficiently dense, the
tive against armor because of the size entire area may be attacked at one time.
and explosive power of the shell, and Otherwise, the parts are attacked suc-
they may be used when armor-piercing cessively by the battalion with shifting
type of ammunition is not available. fire or zone fire. The fires of more than

f. Use of chemical and illuminating shell: The one battalion on a target increase the
effective attack of targets under the varying con- density and surprise effect of the fire
ditions of battle can frequently be assisted by and the size of the area covered. If the
chemical or illuminating shell. The use and the area is too large to be covered by a
method of delivering these shells are described single concentration by a battalion, it is
in chapter 13 and chapter 22. For detailed in- attacked in parts. If a battalion is avail-
formation on any of the shells or fuzes mentioned able for each part, the entire area may be
in this section, see TM 9-1901. covered atone time. Otherwise, the parts
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are attacked successively or additional (8) Maintenance of neutralization, interdiction,
fire support is requested. and harassing fires. These may require

(3) Caliber and type of unit. The projectiles the use of small units for a long period
of larger calibers are more effective for of time. Thus, the bulk of the artillery
certain destruction missions. High-ve- available is free for other missions.
locity weapons are desired for maximum (9) Registration. Applying recent registra-
penetration in attack of fortifications. tion data will increase accuracy and ef-
The accuracy of the weapon at the range fectiveness. Thus, a corresponding re-
fired will limit the use of certain weapons. duction in ammunition expenditure is
(Accuracy is indicated by the probable achieved.
error in the firing tables.) If suitable (10) Vulnerability of targets. Some targets
calibers are not available in sufficient should be attacked rapidly with massed
quantity for a specific mission, more fire to insure immediate effect. Such
ammunition must be expended per unit. targets would be truck parks or large

(4) Surprise. Against many targets, a few numbers of personnel in the open.
volleys from many pieces are preferable (11) Effect on enemy personnel. A demoral-
to many volleys from a few pieces. To izing effect can be achieved by smothering
secure maximum surprise, the method of a hostile position with fire. Smothering
attack must be varied constantly. is achieved by firing from several direc-

attac m t tions with different calibers and varied
(5) Accuracy of target location. Certain im- types of fuzes and projectiles.

portant targets which are not accurately
located may justify the fire of several 542. Technique of Attack
unit~s to insure coverage. The technique of attack is determined by a care-

(6) Critical targets. The emergency nature of ful analysis of the capabilities of the weapons and
certain targets may justify the use of all ammunition available, the terrain of the target
available artillery fire, without regard to area, and the most effective method of attacking
economy of ammunition. Enemy coun- the target. High-angle fire may be needed from
terattack formations is an example of defiladed positions. It may also be needed to
such targets. reach into deep ravines or irregular terrain. Time

(7) Dispersion. Coverage at long ranges is fire may be used most effectively against personnel
less dense and, hence, requires more within the limitations of the fuze. Direct or
ammunition. Firing at long ranges may indirect fire with mobile, high-velocity guns at
require the selection of a unit to fire short range is used for destruction missions when
along the long axis of the target in order possible. Hetvy-caliber howitzers are normally
to obtain the maximum effect from used for greater accuracy and blast action in
dispersion. destruction missions at lone range.

Section II. LETHALITY AND METHODS OF ATTACK

543. General complete presentation of all considerations is
The deadliness, or lethality, of an artillery beyond the scope of this manual. The material

projectile varies according to many factors. Such herein is limited to a general discussion of those
factors are type, size, fragmentation, fuzing, principles of lethality useful in planning the attack
attitude when bursting, and height of burst. The of targets with area fire. For information on
size of the target, dispersal of personnel in the factors which apply to attack of targets with
target area, and the degree and type of cover are destruction fire, see chapter 27.
other considerations. Many of these factors can
be neither accurately determined nor thoroughly 544. EfFects Patterns
evaluated. However, the expected lethality of a a. The effect of an impact burst depends on the
projectile or a group of projectiles can be deter- caliber and fragmentation of the shell and the
mined theoretically. This knowledge can be direction, density, size, and velocity of the frag-
applied in deciding how to attack a target. A ments. The effective fragmentation of impact
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bursts is increased as the angle of impact increases. stood that the data are affected by several factors,
It is greatest when the surface at the point of im- of which the slope of fall and angle of impact
pact is hard. The relative effectiveness of various generally are the most important (fig. 189).
calibers, with fuze quick, is indicated below: b. The factors which govern the effectiveness of

air bursts against entrenched targets are number,
Frramentation area size, and velocity of fragments; height of burst

Approxl- above target; horizontal distance of burst from
ofareacovered of laruge target; shape and size of trench; and direction of

Caliber effectively by fragments. The direction of travel of
impact burst effect travel of fragments. The direction of travel of

(yds.) (yds.) the fragments is governed by the angle of fall, the
Depth Width terminal velocity of the projectile, and the initial
l l__ -- - velocity of the fragments due to detonation. The

75-mm howitzer ---------------- 15 20 140 pattern formed on the ground by an air burst of
105-mm howitzer - . ..... 20 30 190 any artillery shell, regardless of caliber except in
155-mm howitzer --30 50 390 high-angle fire, roughly resembles the appearance
155-mm gun- ---------- - 30 50 390 of a butterfly and is called a projectile (butterfly)
S-inch howitzer - ...... 30 80 520
8-inch gun- .-------- 30 80 520 effects pattern (fig. 190). Most of the fragments
240-mm howitzer ----- _--------- 40 100 680
280-mm gun ------------------- 65 60 740
4.2-inch mortar_ .----------- - 15 50 170

The area covered effectively is considered to be
that area in which there is at least a 50-percent
chance that a man standing will become a casualty.
The area is roughly elliptical. It must be under-

Rectangle showing
opproximote width
and length for
105-mm howitzer

Dirc tion

Figure 190. Projectile (butterfly) effects pattern (uze VT).

are impelled to the ground directly under the shell
and laterally to both sides. A number of frag-
ments are impelled forward of the point under the

Direction of fin, > shell to form a second distinctive area of high
- \ \ > / lethality termed nose spray. The probable errors

of each weapon can be combined with the prob-
ability of the target receiving a fragment from the
exploding shell to determine the casualty prob-
ability factor. The probability of a casualty at
any point in the target area can be computed.
From these computations, casualty probability
contour lines are constructed. In figures 189 and
190, the figure appearing on a contour line of the
pattern represents the probability of a man being
a casualty if he were standing on that contour
line. Within the area bounded by the contour
line, the probability that a man would be a casualty

Figure 189. Projectile effects pattern (fuze quick). is at least as great as if he were on the contour line.
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at the same range. For interpretation of figure
B \ 192, see table X. Although only a linear sheaf

is shown, the values for the total area and the
percent of casualties would not differ materially

IF I /AJ n-F,\for other sheaves if the same distance between
adjacent bursts is used.

+ _e + ± + + e. The effects pattern for more than 1 battalion
.! t J(about 600 yds between battalions) firing 1 volley

is shown in figure 193. The size of the area
covered, the density of fire, and the casualty
probability are greater than those that are ob-
tained for the same amount of ammunition for one
battalion (fig. 194). Several battalions used on a
target will cover a larger area than a single bat-

Two-piece battery A

Note Four-piece battery

Six-piece battery B

Figure 191. Effects patternfor a one-battery volley.

c. The effects pattern for a one-battery volley 1
of HE shell is shown in figure 191. The casualty E
probability contours in this figure and subsequent j
figures in this section are based on an open sheaf
with corrections applied, fuze VT, and two-thirds
maximum range for charge. Personnel are prone
and uniformly dispersed in the target area, and contour casually Total area Aproimole. ercent

zero degree cover is available. Table IX is an probbilty (q yd) Depth Width epectd

approximate interpretation of the effects pattern hi yd) (yd) ome

for each of the weapons listed and may be used A 003 8690soo 23 380 10.1
as a guide in attacking targets with area fire. o030 52700 155 335 15.9

d. The effects pattern for a one-battalion volley C 060 39800 150 310 19.6
is shown in figure 192.- In addition to the condi- D 115 28200 tOo 280 24.0

E 200 160o 85 95 30.3
tions existing in b above, the direction of fire of F 300 8700 50 170 351

the center battery is perpendicular to the target; Figure 198. Effects pattern for division artillery, one
the direction of fire of the flank batteries is 100 volley (fuze VT).
mils left and right, respectively; all batteries are

~A > talion regardless of how carefully corrections are
applied. Areas effectively covered by more than
one battalion may be estimated by evaluating the

DcD- \ actual firing conditions existing for each battalion.
For example, assume that the same situation
exists as indicated for table X and that there is a
lateral distance of about 600 yards between bat-

_ A l if+ + + ± + ± talions. One 155-mm howitzer battalion and one
· 105-mm howitzer battalion should effectively

cover an area of about 400 yards. wide by 250
yards deep.

Note. These figures are about the same as for the size
indicated by the .003 casualty probability factor for the
155-mm howitzer battalion (table X). The area covered
by the 105-mm howitzer battalion, including dispersion,
would be contained within the area covered by the 155-mm

Figure 192. Effects pattern for a one-battalion volley. howitzer battalion. Corrections for both battalions are
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Table IX. Area Covered and Percentage of Casualties for a One-Battery Volley

(Personnel prone, zero degree cover, flat terrain, VT fuze, dispersion included)

Area Casual Approximate,* Expected
Weapon bounded Total area D Wsualty

by actg. or-C I (sq yd) percent-
191) Depth (yd) Width (yd) age...

75-mm howitzer:
Number of pieces, 4; distance between bursts, 20 A 0. 001 30, 100 320 95 0. 7

yards. B .005 14, 500 170 85 1. 2
C .010 8, 800 120 75 1.4
D .015 3, 600 --- 1. 8

105-mm howitzer:
Number of pieces, 6; distance between bursts, 30 A .001 36, 200 170 210 1.8

yards. B .005 26, 600 130 200 2.4
C .010 20, 700 110 190 2.8
D .020 14, 300 80 180 3.4
E .030 10, 000 60 170 3. 8
F .040 4, 200 30 160 4.3

155-mm howitzer:
Number of pieces, 6; distance between bursts, 50 A .001 88, 800 260 340 1.9

vards. B .005 62, 100 195 320 2. 6
C .010 50, 400 165 305 3. 0
D .020 35, 900 120 295 3.7
E .030 24, 500 90 280 4.2
F .040 11, 300 --------..- - ---- 5. 1

155-mm gun:
Number of pieces, 4; distance between bursts, 50 A .001 41, 800 170 250 2. 9

yards. B .005 32, 800 145 230 3.7
C .010 25, 700 115 220 4.5
D .020 19, 900 95 210 5.3
E .040 12, 900 65 195 6.6
F .060 8, 200 45 180 7.5

8-inch howitzer:
Number of pieces, 4; distance between bursts, 80 A .001 53, 100 140 380 5. 2

yards. B .005 40, 800 115 355 6.7
C .010 35, 400 105 340 7.6
D .020 29,100 90 330 8.9
E .030 25, 300 80 320 9. 8
F .040 22, 500 70 310 10. 6

8-inch gun:
Number of pieces, 2; distance between bursts, 80 A .001 84, 690 445 190 1. 3

yards. B .005 53, 910 325 165 1. 9
C .010 37, 070 245 150 2. 4
D .020 19, 960 --- 3.2
E .030 9, 960 --- 3. 9
F .040 4, 290 4. 4

240-mm howitzer:
Number of pieces, 2; distance between bursts, 100 A .001 83, 550 340 245 1. 6

yards. B .005 56, 900 260 220 2.3
C .010 43, 000 215 200 2.8
D .020 26, 400 -----.- - --- 3. 6
E .030 17, 000 --- 4. 2
F .040 6, 100 --- 5. 4

280-mm gun:
Number of pieces, 2; distance between bursts, 60 A .001 65, 900 300 220 3. 1

yards. B .005 36, 800 215 170 3.2
C .010 28, 900 195 150 3.9
D .020 21, 500 160 135 4 7
E .030 16, 300 130 125 5.4
F .050 9, 000 85 105 6.6

4.2-inch mortar:
Number of mortars, 6; distance between bursts, 50 A .001 180, 800 390 460 1.0

yards. B .005 99, 300 255 390 1.6
C .010 70, 900 210 340 2. 0
D .015 47, 700 160 300 2.3
E .020 37, 100 130 285 2. 5

'Probability of a casualty on that line; within the area bounded by the "*.Average for total inclosed area.
line, the probability is at least as reat as if the individual were on the line. Note-Stattl are approximat and will vary for diffrent charges and

'*Data have been omitted where total area covered consists of divided
terrain. They may be used as a guide in attack ol targets.areas of casualty probability.
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Table X. Area Covered and Percentage of Casualties for a One-Battalion Volley

(Personnel prone, zero degree cover, flat terrain, VT fuze, dispersion included)

Area Casualty Approximate Expected
Weapon bounded Csulty Total area casualty

by (fig. probability ( yd) h () Wth (yd) pernt-
192) factor Depth (yd)e

75-mm howitzer: A 0. 003 30, 700 190 160 1. 5
Number of pieces, 12; distance between bursts, 20 B . 006 21, 700 160 135 1. 9

yards. C .009 18, 400 150 120 2.1
D .015 11, 800 125 95 2.6
E .024 6, 600 90 75 3.1
F .033 2, 400 60 40 3.6

105-mm howitzer: A .003 42, 080 175 240 4.2
Number of pieces, 18; distance between bursts, 30 B .015 27, 860 130 215 5. 9

yards. C .030 21, 220 105 200 7. O
D .044 17, 380 90 190 7.8
E .062 13, 800 75 180 8.4
F .076 8, 680 50 170 9.3

155-mm howitzer: A .003 87, 300 230 380 5.8
Number of pieces, 18; distance between bursts, 50 B .015 61, 700 175 350 7. 8

yards. C .030 51, 100 155 330 & 9
D .059 35, 400 115 310 10.9
E .087 26, 300 90 295 12.1
F .118 16, 900 60 280 13.2

155-mm gun: A .003 100, 200 310 325 3. 5
Number of pieces, 12; distance between bursts, 50 B .015 59, 800 220 275 5. 2

yards. C .030 43, 400 180 240 6.3
D .047 31, 900 145 220 7. 2
E .062 21, 400 110 190 8.0

8-inch howitzer: A . 003 56, 200 150 370 11. 9
Number of pieces, 12; distance between bursts, 80 B .015 44, 100 125 350 14. 9

yards. C .030 37, 400 110 340 17.1
D .059 30, 100 90 325 20.2
E .087 25, 300 80 315 22.6
F . 115 21, 000 70 310 25. 2

8-inch gun: A .003 130, 900 415 315 2. 2
Number of pieces, 6; distance between bursts, 80 B .015 65, 800 285 230 3. 4

yards. C .030 37, 400 200 185 4.9
D .039 30, 800 185 165 5.2
E .047 16, 900 140 120 5.9
F .060 8, 000 100 80 6. 6

240-mm howitzer: A .003 108, 600 350 310 3. 9
Number of pieces, 6; distance between bursts, 100 B ..015 69, 000 265 260 5. 6

yards. C .030 49, 300 215 230 6.9
D .044 38, 000 180 210 7.9
E .059 29, 100 150 190 8.6
F .087 13, 000 80 160 10.1

280-mm gun: A .003 66, 500 310 215 5. 4
Number of pieces, 6; distance between bursts, 60 B . 015 39, 500 215 185 8. 6

yards. C .030 30, 900 190 165 10. 3
D .059 21, 900 150 145 12. 7
E .087 16, 300 125 130 14. 6
F .143 8, 600 85 100 17.5

4.2-inch mortar: A . 003 110, 900 280 400 2. 2
Number of mortars, 18; distance between bursts, 50 B .009 76, 700 210 370 2. 9

yards. C .015 66, 500 195 340 3.2
D .021 48, 900 150 330 4. 0
E .033 40, 000 130 305 4.3
F . 039 33, 000 115 290 4.4

Note. Statistlcs are approximate and will vary for different charges and terrain. They may be used as a guide In attack of targets.
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assumed to be current. Aiming error (CI missed distance) (2) The direction of fire is perpendicular to
will increase the size of the area covered proportionate to the target widtl.
the amount of the error; however, the density of coverage (3) Personnel are prone, uniformly dispersed
will decrease. For an approximation, the size of the area
covered by more than I battalion of the same caliber will throughout the target area, and provide
equal the size covered by I battalion plus 4 probable an average target size of 2 square feet.
errors in range and deflection. (4) Batteries are firing at center range with a

f. The effects pattern for more than 1 volley is sheaf fitted to the target; i. e., 200 yards
generally the same as for 1 volley. However, the minus the sum of the width of 1 burst and
area covered is slightly larger owing to dispersion 2 deflection probable errors.
and there is an increase in the casualty probability (5) The degree of cover for the first volley is
(fig. 194). Casualty probability does not ill- 00, for the second and third 100, and for
crease as much as when more than one battalion is the fourth and fifth 30 ° (30 ° of cover

firing the same amount of ammunition, since offers protection from fragments the path
surprise effect cannot be obtained after the first of which form an angle of 300 or less with
volley. a plane tangent to the surface of the

earth).
A >b. The percent of casualties calculated for

various calibers and ranges are as shown below:

Cumulative per
/cnt of es tle

Unit Charge Range Vol.
leys

. . . VT time

75-mm how bn 3 4,600 1 1. 8 1. 4
2 3.i1 . 9
3 4.3 2.4
4 4.9 2.7
5 5. 5 2. 9

105-mm how bn-.... 5 5, 600 1 8. 0 6. 9
2 13.4 9. 9

Contour Cosuolty Totol oreo Approximate Percent 3 12 8
probability (s.q yd) Depth Width expected

foctar (yd) (d) cosualties 4 20. 8 14. 3
within contur, 5 23. 1 15. 6

A 008 42090 175 240 11.1 155-mm how bn-.... 5 7, 200 1 19. 0 11. 3
8 .041 28040 125 220 15.4 2 30.4 17.1
C .080 21530 110 200 18.2 3 40. 2 22. 4
D .118 17430 90 190 202
E .155 13810 75 180 219 4 44. 5 25. 0
F .194 10490 65 165 23.4 5 48. 6 27. 5

155-mm gun bn..... Super 17, 100 1 10. 3 3. 8
Figure 194. Effects pattllern for I battalion, 4 volleys (juze 2 18.0 6. 2

VT). ' 3 25. 0 8.4
4 28.3 9.6

545. Comparison of Time and VT Fuzes and 5 31.5 10. 7
Number of Volleys 8-inch how bn... 5 8, 700 1 26.4 17. 6

a. Certainl principles of lethality can be readily 3 53. 4 29. 7
evaluated by comparing results obtained with two 4 58.4 32.4
different fuzes and varying numbers of volleys. 5 62.9 35.
In the situation in (1) through (5) below, the 8-inch gun bn- Super 23, 700 45 5 3. 0
assumptions remain the same for all calibers. 3 13. 1 6. 3
Only the charge and range and resulting probable 4 15. 0 6. 9
errors change. For example- 5 16.7 7.7

(1) The target size is 200 yards wide and 100 240-mm how bn-- 3 14, 400 1 10. 2 8. 62 16.g8 13.1
yards deep, approximately the area 3 23. 0 17. 5
occupied by a platoon of infantry in the 4 25. 9 19.7
defense. 5 28. 6 21. 7
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Cnmulative per- directly with the target size. Conversely, the
Unit ChargetRainge Vol- cent of casualties percent of casualties increases as the target

leys Fue Fuze becomes smaller in size. For example, with the
VT time VT fuze for the 105-mm howitzer battalion, if the

target area is a square 200 yards on a side (3 C
280-mm gun bn_-_ 3 16, 200 1 11.3 4. 2 range spread), the percent of casualties is then

2 19. 7 6. 8 5.0 percent for 1 volley and 8.2 percent for 2
3 27.2 92.
4 30. 7 10. volleys. If the target area is a square 100 yards

5 34. 1 11. 6 on a side (converged sheaf), the percent of
4.2-inch mortar casualties is 13.8 percent for I volley and 25.8

battalion -_. ... 20 2, 600 1 9. 1 7. 2 percent for 2 volleys.
2 14. 9 8. 7 g. The percent of casualties varies only slightly

3 20.7 2 10. with the magnitude of the range and deflection
5 25.2 11. 7 probable errors.

h. The use of range spread will increase the
area covered and will decrease the percent of

c. The casualty percentages in b above indicate casualties obtained. A comparison of the effects
a diminishing increase as more volleys are fired. obtained by using range spreads is shown in
The personnel being attacked are presumed to be figures 195 and 196. For interpretation of figures
caught by surprise with the first volley but there- 195 and 196, see table XI.
after seek and obtain an increasing degree of
cover. If no cover were available and the terrain A
in the target area were perfectly flat, the percent
of casualties caused by 5 volleys would be almost
5 times that caused by 1 volley. Hence, the / c
nature of the terrain in the target area should be
accurately known in selecting the number of
volleys and evaluating the casualty probabilities;
for example, if the terrain furnished 10° cover,
then the effect for the first volley would be approxi-
mately the increase shown between the first and
second volley. + + + +

d. The percent of casualties obtained with fuze Z
VT exceeds that when fuze time is used and fired
under identical conditions. This is due to the
larger probable error of the time fuze. Therefore,
if a choice of fuze is available, fuze VT is preferable
to fuze time for attacking personnel. If fuze
quick had been used, for the 105-mm howitzer
battalion, the casualty percentages for the first
volley would have been approximately 30 percent
of those listed for fuze VT; for the 155-mm
howitzer battalion, approximately 20 percent. Figure 195. Effects pattern for 1-battalion volley (}4 C
As the degree of cover increases, fuze quick range spt ead, fuze VT).
becomes less effective.

e. The situation given in a above assumes 546. Applying Concepts of Lethality
personnel to be prone and in flat terrain. If the It is impossible to construct effects patterns for
personnel were standing, the percent of casualties every possible combination of ammunition ex-
for the first volley would be approximately double penditure, pattern of bursts, target dimensions,
the value shown. etc. Effects patterns can only be determined

f. As the target size increases from the assumed from involved computations and basic ballistic
size of 200 yards wide by 100 yards deep, the factors. However, to understand the probable
percent of casualties would decrease sharply and effects of fire and to develop a knowledge to be
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applied in reaching decisions as to methods of
attacking targets, the limited material in this
section should be analyzed.

a. For example, consider a target of personnel
in the open. It can be determined from paragraph
545 that a 155-mm howitzer battalion firing 2

+ + + + + ++ + volleys with fuze VT (30.4 percent casualties)
would be more effective on such a target than a
105-mm howitzer battalion firing 5 volleys with
fuze VT (23.1 percent causalties). Likewise, a
target covering an area of 400 yards wide by 200
yards deep cannot be attacked successfully with a

c dA 105-mm howitzer battalion (240 X 175 yds.)
· ± + + + + (table X) without employing shifting fire. How-t, ever, it could be attacked in its entirety with a

155-mm howitzer battalion (380 x 230 yds.) A
comparison of the data listed in table X and the
data listed in paragraph 545 clearly shows the ad-
vantages of modifying battery sheaves to corre-
spond to the size of the target. For example,

l + + + + + + table X (VT fuze) lists 10.9 percent expected
casualties for area D (the first area that would
include the target) for the 155-mm howitzer.
However, paragraph 545 lists 19.0 percent expected
casualties for the first volley of VT fuze. In this
case, an increase of 8.1 percent in expected casual-
ties is obtained by using a fitted sheaf instead of
an open sheaf. Conlsider a target the width of

Figure 196. Effects pattern for 1-battalion volley (I C range wich is less tha the t covered effectively by
spread, fuze VT). which is less than the front covered effectively by

an open sheaf. The most effective fire can be
Qbtained on such a target by using width of sheaf

Table XI. Area Covered and Percentage of Casualties for a 105-mm Howitzer Battalion Firing One Volley with a Range
Spread

[Personnel prone, zero degree cover, flat terrain, VT fuze, dispersion included]

Area Approximate
bounded casualty Total area Expected
by (figs. probability (sq yd) casualty
195 and factor Depth Width perentage

1O) (yd) (yd)

At C range spread:
Distance between bursts, 30 yards; range 5,600,

charge 5 .------------------------------------ A 0. 001 67, 000 280 240 2. 6
B .005 49, 600 230 215 3. 4
C .015 37, 600 190 200. 4. 1
D .020 33, 600 180 190 4. 4
E .030 26, 400 150 175 4.9
F .050 14, 600 95 155 5. 8

I C range spread:
Distance between bursts, 30 yards; range 5,600,

charge 5 - A .001 90, 780 385 235 1. 9
B .010 62, 030 310 200 2.5
C .015 54, 710 295 185 2.7
D .021 47, 770 275 175 2. 9

Note. statistics are approximate and will vary for different charges and terrain.
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corresponding to the width of target minus the 547. Typical Targets and Methods of Attack
sum of the width of I burst and 2 deflection a. Enemy materiel, fortifications, and personnel
probable errors. For example, consider a target in sufficient numbers to justify ammunition ex-
that is 150 yards wide and at a range of 8,000 penditure are generally artillery targets, except-
yards. To fire on such a target with a 155-mm (1) Mine fields. HE shell is ineffective for
howitzer battery, using charge 6, width of sheaf clearing mine fields. The mines are
and distance between bursts for the most effective detonated only by direct hits. Artillery
fire are 96 yards and 19 yards, respectively. fire fails to clear the mine fields and makes
Width of sheaf and distance between bursts are it harder to locate and remove the mines
determined as follows: by hand. It also makes it harder to

Effective width of burst ------------- =50 yards move equipment across the field.
Deflection probable error, range 8,000,Deflection probable error, range 8,000, (2) Barbed wire. The employment of artil-

charge 6 ........... . ............ =2 yards
Width of sheaf (150- (50+2+2)) ----- =96 yards lery to breach wire requires extravagant
Distance between bursts (96/5 intervals) =19 yards use of ammunition.

b. For more information on lethality, see TM b. Table XII lists typical targets and suggests
9-1907 (C). methods of attacking them.
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CHAPTER 24
AERIAL PHOTOGRAPHS

Section I. INTRODUCTION

548. General of observation. Targets call be identified on
This chapter provides the information required aerial photographs by their size and shape and

by field artillery units to plan for, request, and use by shadows and tones. They can be transposed
aerial photographs. Other manuals containing to maps and firing charts by techniques explained
pertinent information on this subject will be in this chapter.
referred to by number. Only that aspect of aerial b. Reconnaissance. Aerial photographs can pro-
photographs directly related to artillery gunnery vide recent information on the condition of roads,
and not adequately covered elsewhere will be bridges, streams and other terrain features, and
covered in detail. manmade objects. This information is an aid

to map and visual reconnaissance.
549. Planning c. Firing Charts. Vertical photographs (photo-

Some of the factors involved in a unit's plan for maps or mosaics) may be used as firing charts.
aerial photographs are as follows: When a map or grid sheet is used as a firing chart

a. Use. The purpose for which aerial photo- aerial photographs are used to supplement the
graphs are required (par. 551) must be determined. chart by providing additional horizontal locations.
This purpose will govern the type of photographs
(FM 21-26) and scale desired. It will also govern 55. Determining ca.e o ertica oto-
the number of prints required. graphs

b. Area To Be Covered. The area in which a. Determination of scale of vertical photo-
the unit requires photographic coverage must be graphs is presented in FM 21-26and TM 30-245.
determined. b. Marginal data tabulated on photographs are

c. Terrain Features. The presence of promi- presented in TM 30-245.
nent terrain features for control points in the area
to be photographed must be considered. 553. Converting Photographic and True Meas-

d. Survey. The possible need for expansion of urements
existing survey for additional ground control a. Setting Relationship on Military Slide Rule.
must be considered. Photographic measurements may be converted

to true distances (and true to photographic) by
550. Requesting Aerial Photographs use of a military slide rule. This is done by

Requests for aerial photographs are normally setting the photo distance (a number of units
routed through organic intelligence channels obtained with any convenient plotting scale) on
(FM 11-40). the C scale of the slide rule directly over the true

ground distance (yards or meters) on the D scale.
551. Use of Aerial Photographs Once this setting has been established, any photo-

The uses of aerial photographs by field artillery graphic measurements obtained with the same
are- plotting scale from the photograph can then be

a. Target Acquisition. A study of aerial photo- converted to true ground distance by moving the
graphs can disclose recent enemy construction, hairline to the photographic measurement on the
digging, movement (tracks and trails), and other C scale and reading under the hairline on the D
activity not discernible to other available agencies scale the true ground distance.
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b. Example. The true ground distance between of the following equation:
2 points identified on a photograph has been
determined to be 1,500 yards. By using a plotting true ground distance (yards or meters)
scale, the distance between the 2 points on the photographic measurement (units)
photograph is measured as 1,800 units. This X (yards or meters)
photo distance (1,800) on the C scale is set over
the true ground distance (1,500) on the D scale. For example, the measured distance between 2
Now to convert a photographic measurement of points on the ground is 1,500 yards; the scaled
2,100 units to true ground distance, 2,100 is distance between the same 2 points on the photo-
located on the C scale and the true ground graph is 1,800 units. To convert a photographic

measurement of 2,100 units to true ground dis-
distance (1,750) appears directly below it on the tance, the following equation is used:
D scale (fig. 197). 1800 2100

c. Computing Relationship With Arithmetic. 1,500 x
Photographic measurements may be converted to 2, 100X 1,50
true distance (and true to photographic) by use 1,800 1,750 yards true ground distance.

Figure 197. Alethod of using military slide rule for conversion of photographic measurements to true ground distances.

Section II. DISTORTION IN AERIAL PHOTOGRAPHS
554. General I ever, the vertical photograph is subject to dis-

An aerial photograph of absolutely level ground tortion of detail. This is due mainly to tilt of
taken by a camera with its axis truly vertical the camera and to relief of the terrain photo-
would result in a picture in which the relative graphed.
location of points on the picture would be the
same as on the ground or a map (fig. 198). How- 555. Tilt

If the camera is not level at the instant the
PLATE photograph is taken, the scale of the photograph

will not be uniform. This lack of uniformity is
the result of tilt. In figure 199, it is evident that

FOCAL LENGTH a horizontal line of a certain length appearing on
a photograph near X will appear longer than a
line of the same length appearing on the same
photograph near Y, since X is nearer the camera
than Y. When the tilt is small, as in the case of a
carefully taken photograph, the resulting errors
are negligible for artillery work. In a series of

HEIGHT overlapping photographs taken on a single flight,
/ ANGLE OF I exccessive tilt of the camera in taking one of the

VIEW \ photographs is apparent if the center of that
photograph is materially out of place with ref-
erence to the line of centers established by other

GROUND photographs. If tilt is great enough to distort a
Figure 198. Photographic-ground relationship of a true vertical photograph, that photograph cannot be

vertical photograph. used for restitution of points onto a firing chart.
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Figure 199. Effect of tilt. Figure 200. Displacement due to relief of ground.

Photographs taken with excessive tilt are not images radially from or toward the center of the
normally sent to using units, but if an artillery photograph. Considering figure 201, the points X
unit does receive such a photograph, a corrected and Y are on the higher ground and tilhe point Z is
print with the effect of tilt removed should be on lower ground than the center of the photograph
requested. Artillery units are not equipped to (W). In the figure, X, Y, and Z represent the true
remove the effect of tilt from photographs. Tilt locations of these points, whereas X', Y', and Z'
is presented in more detail in TM 5-230. represent the photographic locations. The lines

X'Z' and X'Y' are not true direction lines, whereas
556. Relief WX', WY', and WZ' are true and Y'Z' is approxi-

a. General. The second important source of mately true. Therefore, the directions of lines
error in vertical photographs is relief. A point passing through or near the center of an average
at a higher altitude than the datum plane appears vertical photograph are substantially true. How-
farther from the photo center than it should. Con- ever, lines passing well away from the center and
sidering figure 200 as any vertical section through adjoining points of different altitudes whose images
the axis of the lens, Z will be recorded in its true lie in the outer field of the photograph may show
position, the center of the photograph, regardless excessive errors when relief is considerable. If the
of its altitude. With reference to a horizontal altitude from which the photograph was taken is
datum plane (MN), an object (X) at a greater known, the error may be corrected by a replot of
altitude will record as being farther from the the points to the same datum plane.
photo center than it actually is (X'); an object at a c. Determination of Relief Correction (fig. 202).
lower altitude will appear closer (Y will record The amount of distortion, due to relief, can be
as Y'). These displacements are radial from or found by solving the following proportion:
toward the plumb point (point directly beneath
the camera lens at the instant the photograph is d h
taken-also referred to as nadir, ground). If the D-H
tilt is small, the plumb point and the center of
the photograph may be considered to be the same. d is the displacement correction in yards
For a given altitude of the airplane above the (photo distance) radially toward (from) the
horizontal datum plane, the amount of displace- center of the photograph.
ment varies directly as the horizontal distance h is the height in feet of ground above (below)
from the photo center (Z) and the vertical interval the horizontal datum plane.
between the object and the horizontal datum D is the distance in yards (photo distance)
plane. Note that directions of the radial lines, from the center of the photograph to the
ZX and ZY, are not changed by the displacements point to be corrected. (D may be measured
of X and Y. The relief distortion of any particular with 1:25,000 or other convenient scale;
point varies inversely as the altitude of the air- the resulting value of d will be in the same
plane varies. units as D.)

b. Effect of Relief Displacement on Direction and H is the height in feet of the camera lens above
Scale. The effect of relief is the displacement of the horizontal datum plane. Usually, the
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firing chart. By survey, point X has been de-
termined to be 180 feet above the registration
point. The selected datum plane, based on the
approximate altitude of the registration point, is
3,000 feet above sea level. Therefore, the height
of the camera lens is 25,000 feet above the datum
plane. The distance from point X to the center

Y. \ of the photograph is scaled as 4,000 yards. Point

W X-- - - X will be plotted 29 yards (4 jd_= 25 = 288

along a radial line toward the center of the photo-
Z graph from its photographic location.

Figure 201. Effect of relief displacement in direction and
scale.

altitude of the center of the target area is
assigned arbitrarily as the horizontal datum
plane and used as the basis for distortion \
corrections.

o SELECTED
DATUM PLANE

CENTER C
PHOTOGRA P Hd= 29 YARDS

/ . . . . . D=4,0OO YARDS

H

-PHOTO POINT
-TRUE LOCATION

CENTER OF
· < D i PHOTOGRAPH

Figure 202. Determination of relief correction.

d. Example of Correction for Relief Distortion TRUE LOCATION OF POINT LOCATED RADIALLY TO
(fig. 203). An aerial photograph taken at an alti- CENTER OF PHOTOGRAPH
tude of 28,000 feet above sea level is to be used to (2)
determine the relative location of points on the Figure 203. Emample of correction for relief distortion.

Section III. RESTITUTION

557. General b. One of the most accurate methods of restitu-
a. Restitution is the process of transferring tion is the radial line method, which requires the

points from one aerial photograph or chart to use of overlapping photographs.
another. c. There are four methods of restitution which
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involve the use of single vertical photographs Intersection of the rays gives the tracing paper
only. These methods are listed in order of in- location of the point to be restituted.
creasing accuracy as follows: g. Orient the tracing paper over the chart

(1) Tracing paper resection. (control point over control point) and prick
(2) Proportional dividlers. through the intersection of lines, thus transferring
(3) Polar plot. the point to the chart (fig. 204().
(4) Alterllate polar plot.

559. Tracing Paper Resection
558. Radial Line Method a. Points within a limited area appearing on

For practical purposes, the combined effects of a vertical photograph may be plotted roughly
relief and tilt in photographs taken with a camera
slightly tilted is assumed to cause displacements
along radial lines passing through the centers of 7C 7
the photographs. This assumption is used in the
radial lille method of restitution to determine, /
accurately the map position of a point appearing '

in the overlap of two aerial photographs taken at, c,< PHOTO C'

different camera positions. This is one method of , -CENTER
restitution that will correct for both tilt and relief.
The method fails if the tilt, is greater than 30 .

It also fails if the point sought, falls on or near the
line joining the centers of the two photographs,
because this makes it difficult to obtain a good
angle of intersection. To restitute a target (T)
(fig. 204) which appears on two overlapping verti- x -/l
cal photographs, the following procedure is used: Ir. /

a. Mark the photo center of each photograph. X /
The photo center is the geometric center of the
photograph and is determined by the intersection -
of lines through the corners of the photograph orl
through the fiducial marks along the edges of the
photograph (fig. 204 (D). Iz

b. Identify on each photograph three control /- I
points whose chart locations are known. A
different set of points may be selected for each
photograph or the same identical points may be PHOTOGRAPH NO. I
used. The points selected should be well out
from the center of each photograph and widely
distributed. Draw radial lines or rays from the
center (C) of each photograph to the photographic IC
locations of the control points (XYZ) (fig. 2040)). -

c. Place tracing paper over the firing chart and / -l
prick the chart locations of tile control points on I
the tracing paper (fig. 2040).

d. Place the prepared tracing paper over one
photograph so that tile rays on the photograph
pass through the corresponding control points on
the tracing paper. _lz

e. Draw a ray on the tracing paper from the /l
center of photograph I to the point to he resti-
tiuted (TI) (fig. 2040(). PHOTOGRAPH NO 2

f. Repeat steps in d and e above on photograph ®
2 using the same tracing paper (fig. 204(). Figure 204. Radial line restitution.
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Figure eO0--Continued.

position of these points and the point to be lo-
cated. This is accomplished best by tacking

hxv~gY the photograph over the tracing paper and prick-
'(icx , ,OY _,cing a pill through each point. On the tracing

I @~~~~~~~~TRACING PAPER- '
IC

Pgz I I Jlb 4

/03-I ©_I PHOTOGRAPH

/ \/ P A P E R oc

Trcinc , Phot roph b

Figure 204-Continued.

on a map or firing chart, by the use of tracing
paper resection.

b. To locate a point (P) (fig. 205), identify onil
the photograph at least 3 points (prefcrably 5)
that appear on the map or firing chart. Manrk ®) TRACING PAPER OVERLAY
onl a sheet of tracing paper the photographed Figure 205. Tracing paper resection.
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paper, draw rays from the point (P) to each of
the known points, such as a, b, c, d, and e. Place
the tracing paper on the map or chart so that the
ray to each of the known points passes through
the mapl or chart location of the corresponding
point. 'l'he point (P), represented by the inter-
section of the rays, is then in its relative position '
to the known points and its position may be
pricked onto the map.

c. This method is subject to errors of tilt and (I
relief. T'Ihe error of location can sometimes be
reduced by selecting more than the minimum of
three known points.

560. Proportional Dividers
The most rapid method of restitution is by use

of proportional dividers (fig. 206). This instru-
ment consists of two legs, each pointed at both
ends, wbich are held together by means of a
central pivot. When the legs are opened in the
form of an "X," either end of tile instrument forms
a pair of ordinary dividers. The position of the
pivot along the legs can be varied to produce any
desired ratio. Once the pivot of the dividers is
set to the proper photograpll-clhart ratio, all
points on any particular photograph may be
restituted to the chart without disturbing the
adjustment of the pivot. With the pivot at a
fixed setting, distances are taken off the photo- I

graph with one end of the proportional dividers
and laid off on the chart with the other end.
These photo distances are subject to errors of
tilt and relief. To restitute points from photo-
graphl to chart, proceed as follows: \]jr

a. Select restitution points which appear bothl
on the photograph and the chart. In figure 206, 1
the two points selected are the bridge and the
fence corner. }

b. By trial and error, adjust the pivot so that,
when the points on the photograph end of the
dividers match the 2 restitution points on the
photograph, the points on the chart end of the
dividers will match the 2 restitution points on the
chart.

c. Using the photogra)ph ends of the dividers,
lay off the distance from tile first restitution point
to the point to be located. Without disturbing ® <

the adjustment, reverse the dividers and strike
an arc oni the chart from the first restitution point. PFiyure 206. Proportional dividers.

in the direction of the point to be located.
d. Repeat the procedure for the second restitu- If a third restitution point is available, another

tion point. The location of the point on the are is drawn to give a check on the location
chart is at the intersection of the trio arcs drawn. determined from the first two.
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561. Polar Plot c. The difference in scale between the photo-
A more accurate method of restitution than graph and chart is compensated for by measuring

tracing paper resection or proportional dividers is the photo and chart distances and by setting up a
the polar plot method which may be used when relation between the two on a slide rule (par. 553).
only a single vertical photograph is available or In the example shown in figure 207, photo distance
when there is insufficient overlap for radial line (4,000) is placed on the C scale over chart distance
restitution. Since the angles used are not radial, (5,200) on the D scale.
inacculacies from relief and tilt may be introduced. d. To restitute a point (T) from the photograph
As illustrated in figure 207, the procedure is as to the chart, the angular shift from the known line
follows: and the distance are measured from whichever

a. Two or more well-separated points (A and B), known point will give the smallest angle and the
whose chart locations are known, are identified on largest distance. In this case the measurement.
the photograph and a line is drawn between these is made from point B, and the results are an angu-
two points on both the photograph and the chart. lar shift of 405 mils right of line BA and a photo
To reduce errors of relief and tilt, these points distance of 3,980 yards.
should be at about the same altitude, and the e. The photo distance is converted to chart
lines established should pass close to the center distance by use of the relationship set up on the
of the photograph. slide rule. By moving the hairline to the photo

b. The line on the photograph is extended to distance of 3,980 yards on the C scale, the chart
enable shifts and distances to be measured from distance of 5,170 yards is read directly below it
either of the points with an angle-measuring device on the D scale.
(protractor, range-deflection fan, or GFT fan). f. The desired point T is plotted on the chart

by using the measured shift of 405 mils right, of
line BA and the chart distance of 5,170 yards from
point B.

562. Alternate Polar Plot
A refinement of the polar plot method of resti-

a~. rtution is called the alternate polar plot method.
This method partially eliminates errors due to

PHOTOGRAPHr distortion by using only radial lines from the
(0 photo center as bases for polar plotting. The

procedure for the alternate polar plot method is
as follows:

a. At least three points whose chart locations
are known are identified on the photograph and

Plotted distance the photo center is determined and marked.
5,970 yards Radial lines are drawn on the photograph from

the photo center C to the three known points
,a I'9/% (XYZ) (fig. 208 ().

v>&6 l\I b. An overlay is made from the photograph
NKIA \ showing the photo center, and the radial lines are

drawn from the center through the three points
Measured distance (XYZ) (fig. 208 0).
5,200 yards c . The overlay is then placed over the chart and

moved until the three rays pass through the

FIRING CHART control points onl the chart. When the overlay
is in this position, the photo center is then trans-
ferred to the chart by pricking through the over-

Figure 207. Polar plot restitution. lay (fig. 208 0).
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d. When the photo center has been located on
the chart, the procedure for transferring points-is

(?) the same as that in the polar plot method, except
that all measurements on the photograph and all
plotting..on the chart are performed with the
vertex of the angle-measuring device at the photo
center (fig. 208 ( and ().

ChartIoctn ofr 563. Vertical ControlChart loca tion of
/· ot 0(<>Photo center Normal methods of restitution do not include

/~dd /s'c°° .x/z / _adequate means of determining vertical control.
Use of a stereoscope may aid in determination of

/ -4;f F.,/ relative heights. High obliques, when gridded,
can be used to supplement vertical control. If
a map is available and points can be identified
on both map and photograph, vertical control is
relatively simple. A pantograph (TIM 5-230)

FIRING can be used, if available. to transcribe contour
CHART

lines from a map to a vertical photograph. Survey
can also be used to establish vertical control

O( f) provided points are oil terrain which is accessible,
Figure 208. Alternate polar plot restitution. or visible, to the survey party.
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Section IV. OBLIQUE PHOTOGRAPHS

564. General 566. Uses
Oblique photographs are those taken with the Obliques are used for the following purposes:

axis of the camera intentionally tilted from the a. Reconnaissance. Use of obliques to supple-
vertical position. Obliques which show the hori- ment visual reconnaissance enables a commander
zon are high obliques, and those which do not to more nearly see the terrain as it appears to
show the horizon are low obliques. an observer in a frontline position.

'b. Briefing. Obliques are used to brief ground
565. Characteristics and air observers and to designate objectives,

T'Ihe primary characteristics of oblique photo- phase lines, boundaries between units, zones of
graphs are as follows: fire, zones of observation, and observation posts.

a. Obliques may be taken from either air or c. Terrain Sketches. Observers can use obliques
ground observation posts. as terrain sketches (par. 153). When a copy is

b. A special camera is not necessary for taking available to the FDC, it facilitates the exchange
obliques. of battlefield information and enables the FDO

c. Relief is more readily recognizable on an and S2 to see the terrain as the observer sees it.
oblique than on a vertical photograph.

d. Obliques are limited by their size and 567. Mil-Gridded Oblique Photographs
perspective to a useful depth of about 10,000 a. Mlil-gridded obliques (fig. 209) are made by
yards. the Air Force by contact printing the negative

~ t it

muli__

Figure 209. Alil-gridded oblique photograph.
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through a transparent mil-grid. Mil-gridded 568. Horizontal Locations
obliques are used in conjunction with firing charts a. Orientation of Photographs. Ohlique photo-
to determine the horizontal and vertical locations the chart.graphs are oriented by determining the chart
of points (fig. 210). Horizontal locations of locations of plumb points and the chart direction
points obtained from gridded obliques arce not as of center lines.
accurate as those obtained from vertical photo-
graphs. Therefore, obliques should not be used (1) Locaton of plumb points. The tracing
for this purpose when verticals arc available. paper method of resection can be used todetermine the chart locations of plumb
Gridded obliques, however, may he used to good determine he chart locations of plumb
advantage in conjunction with firing charts for points. The chart locations of three or

the proapose of determining altitludes. more ground control points appearing oileach photograph are necessary. These
b. 'The following terms are used in conjunction chart locations mav be determined by

with mil-gridded obliques: survey or may be taken from a map or
(1) Plumb point the point onl the ground vertical photograph. In the case of the

vertically beneath the perspective center observed firing chart, the relative loca-
of the camera lens. tions of the ground control points may

(2) Center line-the map projection of the be determined by firing. In preparing
vertical plane that contrains the axis of the tracing paper to be used in the resec-
the camera at the instant the photograph tion, the horizontal angle from the center
was taken. On the photograph, the cen- line to each ground control point is read
ter line appears as the zero line from on the mil-grid and plotted oni the tracing
which right and left angular measure- paper with an angle-measuring device.
ments are taken. Oin the chart, the 'I'The tracing paper then is placed over the
center line appears as the direction line chart in a position so that the ray toward
from which the right and left angular each control point passes through the
measurements are plotted. chart location of the same point. The

(I)TERRAIN ,R

PLUMB POINT

(2) CHART = / (3) GRIDDED PHOTOGRAPH

Figure 210. .lil-gridded oblique used in conjunction with firing chart.
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plumb point is pricked through to the I I
chart. 59 60 61

(2) Location of center lines. With the tracing
paper in the same position as in (1)
above, any convenient point on the I
center line is pricked through to tihe mI lJ I
chart.

Note. Each plumb point and center line must
be labeled with its photograph number; center
lines are marked with identifying arrows.

b. Transposition of Points From Obliques to TARGEET L -
(harts.

(1) Point designation. Oblique references in-
chlude a photograph number and hori-
zontal and vertical angles; for example,
"Photo 58, 4156042." The photograph I
number designates the photograph from
which the reading was taken. The letter I
"L" or "R" indicates a reading left or l I
right of the center line. The first three PHOTOGRAPH

PHOTOGRAPH PHOTOGRAPH PHOTOGRAPH
figures represent the horizontal angle
from the center line. The last three 59 60 61
figures represent the vertical angle from Figure 211. Location of a target on the firing chart.

the 0 or level line.
(2) Plotting the point. Points are located fromi house whose altitude has been established by sur-

oblique photograLphs by the plot of the vey appears at a vertical angle of 100 mils on
intersection of two or more lines of sight. photograph 59. Its distance on the firing chart

Examnple: The following message has beeCl from the plumb point of photograph 59 is 3,500
received from an observer: PHOTO 59, i yards. Figure 212 shows the relations that exist.
210118, INFANTRY PLATOON WITl Vertical interval (3.5 X (+100))- =+350 yards
HE;AVY W\\EAPONS, IEQUEST BATTAI.- Altitude of house (survey) = 300yards
ION, FIRE FORl EFFECT. Fire direction __
personnel identified t.he same point on photo- Altitude of caera (350+300) = 650 yards
graph 60 as L .060 and on photograph 61 as
1.305. The target, would be plotted as ill figure b. Altitude of the Target. The altitude of a
211. target cannot be determined from a mil-gridded

oblique photograph until the altitude of the
camera has been determined. When this altitude

Whelln mil-gridded obliques are used in conjunc- lhas been established, the altitude of any target is
tion with maps having suitable vertical control, determined by subtracting the vertical interval
map altitudes are used. If maps are not avail- between tie target and the camera from the alti-
able, the following method can be used to deter- tude of the camera. For example, a target is
mine the altitude of a target. The altitude of the
camera is computed and tihel the vertical interval VERTICAL
between the camera and the target is subtracted
from the altitude of the camera. LE=100c

a. Altitude of the Camera. One point which can V = 350 YARDS
he identified on the photograph and of which the
chart location and altitude are known is required SE
to determine the altitude of the camera. The PLUMB POINTARDS
vertical interval hetween the selected point and
the camera is determiLed by using the mil relation.
This interval plus the known altitude of the point -R3.5
is the altitude of the camera. For example, a igure 212. Determination of the anlltide of the camera.
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reported by oblique reference as PHOTO 59, P± alt 290 YARDS
R210118. Chart distance, after plotting, from , F(638YARDS)
the plumb point is 3,200 yards.

Altitude of camera (a above) .-.--- = 650 yards \1
Vertical interval (3.2 X (--118))___ = -378 yards ',

Altitude of target (650-378) .- = 272 yards

570. Corrections for Misplaced Mil Grid
A grid may be placed inaccuratelv because of

errors in technique or because haze or terrain G 666 YARDS)
features make the location of the apparent horizon E (650 ARDS)

uncertainl. Ordinarily, placing of the grid will be Figure 213. Correeling the altitude when the grid is placed
performed with sufficient accuracy to reflect little inaccurately.
or no error in horizontal angles. However, verti-
cal angles read from a misplaced grid will, in most between F an(d G and is 1%s of the distance from
cases, give unsatisfactory altitudes and will re- F to G. The line EH, then, contains all points
quire the application of corrections. To compute for which thef-alt.itude correction is zero and is
these corrections, an effective camera altitude and called the line of zero correction.
a line of zero correction must be established.

a. Effective Camera Altitude. To establish an 571. Altitude Corrections
effective camera altitude and correct for a mis- 'I'The correction applicable to the altitude of
placed grid, three ground control points are re- any point not on the line of zero correction is
quired. T'he points must appear on the photo- proportionate to the perpendicular firing chart
graph and have known chart locations and alti- distance of the point from the line of zero correc-
tudes. Tn figure 213, the three ground control tion. The altitude correction per 1,000 yards
points are E, F, and G. Each of these points is distance from the line of zero correction is estab-
used to compute the altitude of the camera. If lished by the points (F and G) used in establishing
the same camera altitude is obtained from all tile line of zero correction (fig. 213). The altitude
three points, the grid is placed properly and no correction per 1,000 yards is equal to the total
corrections are required. If a different camera altitude correction (28 yds.) divided by the sum
altitude is obtained from each point, the middle of the perpendicular distances (in thousands of
altitude of the three is used as the effective camera yds.) from the points (F and G) to the line of
altitude. In figure 213, the 3 altitudes computed zero correction.
are 650 yards, 638 yards, and 666 yards by using Example:
E, F, and G, respectively. Since the altitude (1) Point F is 520 yards, and point G is
computed from E (650 yards) is the middle alti- 700 yards from the line of zero correction.
tude of the three, 650 yards is used as the effective The sum of these distances is 1,220
camera altitude. yards. The altitude correction is 28

b. Line of Zero Correctionl. Having accepted +1,220 or 23 yards per 1,000 yards.
650 yards as the effective camnera altitude, corn- On the F side of the line of zero corrcc-
pute the altitude of F. Th'Ie vertical inlterval tion, the correction to the altitude
remains the same; therefore, the altitude of F is determined lby using the effective camera
compulted to be 12 yards higher than it actually altitude is -2:3. yards per thousand
is. The altitude correction at F, then, is -12 yards from the line. On the G side of
yards. Similarly, it can be shown that the the line of zero correction, the altitude
altitude correction at G is + 16 yards. The total correction is +23 yards per thousand.
altitude correction from F to G is 28 yards. (2) Based on the effective camera altitude,
Since F has a minus correction and G has a plus the altitude of point P is computed to
correction, there must be somle point o011 the chart be 343 yards. The chart location of
between these two points which has a zero correc- this point is on the F (minus) side of the
tion. This point H is found by interpolation line of zero correctionl and at a per-
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pendicular distance of 2,260 yards from and the chart distances from the camera to each
the line. The correction would be point are known.
-- 23X2.3=--53 (52.9) yards. The cor- c. Determine the vertical angle correction at
rected altitude of the point P, then, is each ground control point by comparing the true
:343-53=290 yards. vertical angle (computed in b above) with the

vertical angle measured on the oblique photo-
572. Correction Scale graph. With a grease pencil, mark these correc-

if several altitudes alre to be determined fiom tions on the top of the mil-grid and directly above
a single oblique, the determination of these alti- the appropriate ground control points. The
tudes will be facilitated by the construction of a vertical angle correction scale now can be filled in
vertical angle correction scale for the photograph. by inspection since the corrections change ulli-
'I'his is (lone as follows: formly as the horizontal angle changes (fig. 214).

a. Determine the true camera altitude by d. To use the vertical angle correction scale,
applying the proportion in paragraph 571 to the correct any vertical angle measured on the mil-
'plumb point. T'he correction computed for the grid by the amount, of the figure read on the cor-
plumb point is applied to the effective camera rection scale directly above the point concerned.
altitude to determine the true camera altitude. The correct altitude of the point is determined by

b. Determine the true vertical angles for each using the corrected angle and the firing chart
of the three grround points (E, F, and G) used in distance in conjunction with the mil relation to
determining the corrections for a misplaced grid. obtain the vertical interval between the camera
This is done by use of the mil relation since the and the point. T'Ihe vertical interval is subtracted
altitude of each point, the altitude of the camera, from the true camera altitude.

8 7 6 5s 4 3 2 t 5 6 7 a, 9 10

-5.8 -2

i.up

Figure 214. Vertical angle correction scale.
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PART FIVE

BASIC BALLISTICS

CHAPTER 25

INTERIOR BALLISTICS

Section I. PROPELLANTS AND MUZZLE VELOCITY

573. Introduction velocity performance of a weapon-ammunition
Interior ballistics is the science which deals with combination.

the factors affecting the motion of projectiles (1) An increase in the rate of burning of a
before they leave the muzzle of the piece. The propellant increases resultant gas pres-
total effect of all interior ballistic factors deter- sure.
mines the velocity with which tile projectile leaves (2) An increase in the size of the powder
the muzzle. This velocity is called the muzzle chamber without a corresponding in-
velocity and is expressed in feet per second. Actual crease in the amount of propellant
measurements of the muzzle velocity of a series decreases gas pressure.
of rounds, corrected for extraneous factors, depict (3) Gas escaping around the projectile while
the performance of a certain weapon-ammunition in the tube decreases pressure.
combination. The result of these measurements (4) An increase in bore resistance to pro-
can be compared with standard velocities in order jectile movement before peak pressure
to obtain the variation from standard. Applica- further increases pressure.
tion of corrections to compensate for nonstandard (5) Anl increase in bore resistance at any time
muzzle velocity is one of the most important has a dragging effect onl the projectile
elements in preparation of accurate firing data. and decreases velocity. Temporary vari-

ations in bore resistance are caused by
574. Nature of Propellants and Projectile extraneous deposits in tubes and on

Movement projectiles and by differences in heat
a. A propellant is a low-order explosive which between the inner and outer tube surfaces.

burns rather than detonates. In artillery weapons
using separate-loading ammunition, the propellant 575. Standard Muzzle Velocity
is burned in a chamber defined by the weapon a. Appropriate firing tables give the standard
powder chamber and the base of the projectile; value of muzzle velocity for each charge of a
in weapons using fixed and semifixed ammunition, particular weapon. 'hese standard values are
the propellant is burned in a chamber defined by based on an assumed standard tube. The stand-
the shell case and the base of the projectile. When ard values are points of departure, not absolute
the gases generated by the burning propellant standards, sinle they cannot be reproduced at a
develop pressure sufficient to overcome initial bore given instance; that is, a specific weapon-ammuni-
resistance, the projectile starts its forward motion. tion combilaation cannot be selected with the

b. The gas pressure builds up quickly to a peak knowledge that it will result in a standard muzzle
and gradually subsides shortly after the start of velocity when fired.
projectile movement. The peak pressure together b. Charge velocities are establishlled indirectly
with the travel of the projectile in the bore (pres- by the military characteristics of a weapon.
sure-travel curve) determines the speed at which Weapons capable of high-angle fire (mortars and
the projectile leaves the tube. howitzers) recquire a greater choice ill number of

v. A few general rules ((1)-(5) below) will charges for firing than do weapons capable of low-
assist in understanding how various factors affect angle fire only (guns). This greater choice is
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needed in order to achieve range overlap between The foregoing assumptions, although accurate
charges in high-angle fire and the desired range- enough for firing tests, are not entirely correct
trajectory combination in low-angle fire. Other and allow a certain amount of error in propellant
factors considered are the maximum range speci- assessment procedures. (Assessment procedures
fled for the weapon and the maximum elevation include correcting charge weights for the tested
and charge (with resulting maximum pressure) lot so as to match the velocity developed by the
which the weapon can accommodate. control lot during the test.) Therefore, a wide

c. Manufacturing specifications for ammunition variation in the performance of ammunition under
include the required velocity performance within field conditions can be expected even though all
certain tolerances. Tll ammunition lots are sub- practical measures of quality control are taken:
jected to firing tests which include measuring the Also, if a weapon develops a muzzle velocity 10
performance of the lots tested against the con- f/s faster (or 10 f/s slower) than another weapon
current performance of a control or reference lot. with the same charge lot, it will not necessarily do
Both the control lot and the lot being tested are the same with any other charge of any other lot.
fired through the same tube, assuming- that what- However, weapon-ammunition performance is
ever the characteristics of that tube, the per- not so unstable as to deny any attempts at pre-
formance of both lots is influenced identically. dicting future performance based on past results.

Section II. FACTORS CAUSING NONSTANDARD MUZZLE VELOCITY

576. General however, can be detected. A comparison of
In gunnery technique, nonstallard velocity is velocity trends for a 105-mm howitzer when a

expressed as a variation (plus or minus so many series of round(ls is fired starting with an oily tube,
feet per second) from an accepted standard. a tube cleaned with rags only, and a tube cleaned
Round-to-round corrections for dispersion cannot with soap and water is shown in figure 215. As
be made. However, plrecautions can be taken ia general rule, the magnitude and duration of
to assure that normal dispersion as reflected in velocity trends can be minimi ed when firing is
muzzle velocity performance is not exceeded. started with a tube which is clean and completely
In the discussion in paragraphs 577 through 592, free of oil.
each factor is treated as a single entity assuming
no influence from related factors. 578. Ammunition Lots

Each lot -of ammunition has its own mean
577. Velocity Trends performance level when related to a common

All rounds of a series that are fired from the tube. Although the round-to-round probable
same weapon using the same ammunition lot will error within each lot is about the same, the mean
not develop the same muzzle velocity; however, velocity developed by one lot may be much
the magnitude above or below the average higher or lower than another lot. With separate-
velocitv (velocity dispersion) should not be loading nmmunition, both the propellant and the
relatively greater or smaller for the first or any projectile lots must be identified. Variations in
other rounid. Under most conditionls of the tube, projectile manufacture, e. g., the diameter and
the velocity of the first one or mole rounds follows hardness of the rotating band, affect muzzle
a somewhat. regular patltern, as though it were velocity. (Projectile variations have a much more
being effected by factors other thbar chance alonl. apparent effect on exterior ballistics.) Therefore,
This phenomenon is called a velocitv treld. The lots must be segregated whenever possible.
magnitude and extent (number of rounds) of The result. of mixing lots, whether of necessity or
velocity trends vary considerably wit h the weapon, by accident, is increased dispersion within a series
charge, tube conditionl at round 1, and firing of rounds and iiereased missed distances of the
preceding round 1. Hlence, velocity trends (lo not centers of impact.
always lend themselves to prediction of finite
corrections to firing data in a given instance and 579. Tolerances in New Weapons
mar result, in false corrections to firing data. New weapons will not necessarily develop the
Characteristic velocity trends for some weapons, same muzzle velocity. In a new tube, the pFe-
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elocity change from round Is.

Charge e H 4

chambe d Tuber a nd dimensions of the boreviously . in measured wear.
If a battalion a rmed with new we apons fired all
of themn with a common lot of ammunition, a 581. Nonuniform Ramming
velocity spr ead of 12 f/s between weapons with Altram would decrease the vol-
highest aned lowest e velocity wo uld not be um of the powder chamber and thereby increase
unusual. Since these conditions exist, weapons the push given the projectile (the pressure of a gas
must be calibrated even though they a gure new. vanely with the volume), this is only a

partial effect. Improper seating of the projectile,
580. Wear of Tube as a result of weak ramming, allows some of the

C ontinu ed firing of a weapon wears away expanding gases to escape without doing any work
portions of the actior on o f heated and a lower velocity results. The combmmined effect
gases, chemical action, and mot velocity w of th be of escapg gases and a smaller powder chamber irease

projectile itself. These erosive actions are mor e pus givenhard tothe predictile the pressforem ramming
pronounc ed wh en hi gher c h ey arges new vare beinis required for all rounds. When fixed and semi-

I ncreased tube wear tends to decrease muzzle fixed ammunition are being fired, the principles
velocity by allowing tTub e projece to be seated of varying volulows some of powder chambers and escape
farther forward in th e tube therebapon wea away allownding more of gases still apply, especially in worn tubes. Since

room for expanding gases, by allowingthe obturation of thed and a lower velocit results. The cartridge as e s erves as the
ing gases to escape past the rotating band, and gas check to the rear in fixed and se mifixed am-
by decreasing resistance to initialprctions are move- munition, predict;operefore, han d seating of the case
mpronounced when higher carges apressure buidup. Although is impred fortant in r educing escape of gases.
normal wea r cannot b e prease muzle finted, it can be

minimized by careful seletion of te prevented, it cand 52. Rotating beBands
proper cleaning of both weapon and ammunition. Ideal rotating bands allow proper seating, pro-
Calibration data must be kept current, since losses vide obturation, and create proper resistance to
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initial projectile movement to allow uniform pres- advance so that it is never necessary, in the same
sure buildup. They also provide a minimum d(rag- mission, to mix freshly unpacked ammunition
gingeffectoni theprojectileconce motioniliasstarted. with ammunition which has been opened for
Dirt or burrs onl the rotating band cause improper some time.
seating which increases tube wear and contributes c. Rounds should be fired in the same order as
to velocity dispersion. If excessively worn, the they are unpacked.
lands many not sufficiently engrave the rotating d. Powder temperatures of ready ammunition
bands to impart, proper spill to the projectile. In- should be taken at random and should be checked
sufficient spin reduces projectile stability in flight periodically (approximately every 30 minutes).
and can result in dangerously short, erratic rounds. The rounds so checked should not be removed
When erratic rounds occur or excessive tube wear from the rest of the ammunition but should be
is noted, ordnance ballistic and technical service measured in place to get a true mean. The
teams should be called upon to determine the thermometer should penetrate the charge that is
serviceability of each tube by wear measurements being used and must not touch any metal.
and other checks. These teams call provide this
and other services, such as help in calibration. 584. Moisture Content of Powder

Although modern propellants contain additive
583. Powder Temperature (Propellant Temper- chemicals which tend to prevent change in mois-

ature) ture content, handling and storage can cause
Any combustible material burns nmore rapidly moisture changes which will affect the velocity

when it is heated prior to ignition. When a pro- performance of the ammunition. Since changes
pellant burns more rapidl'y, the resultant pressulre in moisture content cannot be measured or cor-
on the projectile is greater and muzzle velocity is rected for, ammunition must be provided maxi-
increased. The firing tables show the mnlgnitude inum protection from the elements.
of this change ill a table titled "Chagce in Velocity
Due to Change in Temperature of Powder." Apl- 585. Position of Bagged Propellant in Chamber
propriate corrections to firing data can be coni- Iln fixed and semifixed ammunition, thelpropel-
puted from that table; however, such corrections lant has a relatively fixed position with respect
are accurate only as they reflect, the actual powder to the chamber-the chamber being, ill effect,
temperature. The temperat.ure of propellants in the cartridge case. The position of separate-
sealed packing cases riemains fairly iiuniforll, tholugh loading propellants, however, is dependent onl
not necessarily standard (70 ° F.). Once tile pro- the cannoneer who inserts the charge. The
pellant is unpacked, its tellllerature tenlls to alp- farther forward in the chamber the propellant, is
proach the prevailing air teml)erature. The time placed, the slower the rate of burning and the
and type of exposure to weather result in powder lower the subsequent velocity. In order to
temperature variations between rounds as well as assure uniform positioning and thus to obtain
mean powder temperature variations between uniform propellant performance, the base of the
weapon sections. It, is not practical to measure powder bag should be flush against the mushroom
powder temperature andi apply corrections for head at the instant of firing. Associated with the
each round fired by every weapon. Positive positioning of the bag in the chamber are varia-
action must be taken to mailltainll uniform powder tions in the diameters of the bags. An increase
temperatures; failure to (do so results in erratic in the bag diameter for the same amount, of
firing. Also, the effect of a sudldell change in powder tends to increase the rate of burning and
powder temperature can invalidate even tile most the resultant velocity. Loose tie straps or wrap-
recent registration correction. pings have the effect of increasing bag diameter

a. Ready ammunition should be kept off the from the original diameter; therefore, cannoneers
ground; should be protected from dirt, moisture, should check wrappings for tightness even when
and the direct rays of the sun; and should have the full charge is being used.
anll air space between the ammunition and protec-
tive covering. (This procedure allows plopel- 586. Weight of Projectile
lants to approach atmospheric temperatlure at a Tlc weight of like projectiles varies within
uniform rate.) certain weight zones. The appropriate weight

b. Rounds should be unpacked sufficiently in zone is stenciled on the projectile. Some pro-
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jectiles are not grouped in weight zones but are b. The fire for effect and corresponding registra-
marked with the weight in pounds (c. g., SH HE, tion corrections may or may not be determined at
T122 for 280-mm gun). A heavier than standard the velocity level to be experienced later when
projectile is harder to push throughout the length transfers are made. For a specific projectile lot,
of the tube and a decreased velocity results, transfers fired with velocity levels higher than the
whereas a lighter projectile has the opposite effect. velocity levels at the time that corrections were
(Weight of projectile is also a factor in exterior determined will result in bursts beyond the target.
ballistics.) Conversely, transfers fired with lower velocity

levels will result in bursts short of the target.
587. Coppering e. If the velocity for a certain weapon-ammuni-

When projectile velocity in the bore is high tion combination is at its true level only after suIs-
enough, sufficient friction is developed to remove tained fire at a specified rate of fire, either increases
the outside surface of the rotating band. T'he in the rmate of fire or hlulls in firing can upset this true
removed metal is deposited as a thin film of level. A change of charge canl have a noticeable
copper in the bore. This condition is known as effect on velocity level. For example, if a 105-mm
coppering. It is more pronounced in high velocity howitzer is conditioned (brought to the true veloc-
weapons and charges. The amount of copper ity level) with charge 7 (MV 1550), it will be
deposited varies with the velocity. Firing with slightly overconditioned for charge 4 (IMV 875).
lower charges will reduce coppering. Coppering Also, if firing is performed immediately with the
causes erratic velocity performance by varying lower charge, a tendency toward higher than nor-
the resistance of the bore to projectile movement. mal velocities will be experienced on the first I or 2
The removal of excessive copper is an ordnance rounds. Going from a lower to higher charge also
function. introduces the possibility that the first 1 or 2

rounds will have a lower than normal velocity. It
588. Powder Residues is doubtful whether or not the firing with the

Residues from the burned powder and certain lowest charge only can truly condition a tube to
chemical agents mixed with the expanding gases normal operating velocity levels since the warming
are deposited on the bore surface in a manllel up process is so slow at. low velocities. For ex-
similar to coppering. Unless the tube is properly ample, for the 105-mm howitzer, firing started with
cleaned and cared for, these residues aggravate charge 3 has resulted in an average variation from
subsequent tube wear by causing pitting and standard velocity of 10 to 15 f/s below charge 3
augmented abrasive action of the projectile. performance which was preceded by the firing
Cleaning the tube before missions should be with charge 7. The tactical situation seldom
avoided when optimum accuracy is desired, such allows the firing of conditioning rounds. However,
as for unobserved fires. the lack of conditioning is a factor that the FDO's

must consider in attacking targets without adjust-
589. Tube Conditioning ment or in firing close to friendlv troops. Likewise,

The heat of the tube has a direct bearing on the if optimum accuracy is desired, possible velocity
developed velocity. For example, a cold tube trends should be considered in center-of-impact
offers different resistance to projectile movement and high-burst registrations and in calibration
than a warm tube. A cold tube is less susceptible firing.
to coppering even at high velocities. The results d. In general, tube conditioning involves two
of the warming up process can appear as a trend of different effects. One effect is that of heating the
increasing or decreasing velocities depending on tube until the temperature differential from inner
the weapon, charge, oiliness of the tube, and the to outer surface is stabilized at the rate of fire and
degree of coppering. charge to be used. ''The other effect is that of bring-

a. Ammunition is tested in tubes which have ing the bore resistance from coppering and powder
been thoroughly conditioned to a desired velocity residues to a similar stabilized condition at the
level by firing several warmup rounds. Tubes rate of fire allnd charge to be used. Trlhe first few
which are not conditioned will not allow propel- rounds show the greatest difference from the in-
lants to perform as they did when tested. Also, tended level. However, these are the very rounds
the round-to-round variation is much greater that determine the accuracy of fire for effect mis-
during the conditioning period. sions. It is not possible at the present time to in-
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clude corrections for these trends in firing data. be dry regardless of tube conditions. Figure 215
It may never prove feasible to include such correc- illustrates velocity trends measured under the
tions for most weapons because of the many varia- conditions stated. This graph is not to be con-
tions between the conditioned and the uncondi- strued as the basis for determining corrections to
tioned tube. firing data. It is merely an example of observed

e. In calibration shoots involving more than one results which most nearly portray the weapon and
charge, the higher charge is fired first, since condi- condition specified after repeated observations.
tioning occurs with fewer rounds if rounds are
fired at the highest velocity. Two to four rounds 590. Determination of Muzzle Velocity
should be sufficient when the highest charge is The accuracy of artillery fires could be im-
fired; however, the observed results are the only proved if actual muzzle velocities developed by
valid criteria. Calibrations conducted with the each tube at time of firing were known. Obtaining
lower charges of the 105-mm, 155-mm, and 8-inch such data is not feasible at the present time. There-
howitzers without prior conditioning with higher fore, knowledge of past performance of a weapol-
charges will require relatively more rounds to ammunition combination must be relied on for
reach a conditioned tube status. Low charge the data needed. III other words, velocity per-
trends have extended over 20 rounds. formance is dletermined when possible and future

f. If conditioning has been accomplished with performance is predicted on this basis. Methods
1 charge and a change to another charge is re- used td determine comparative and absolute
quired, at least 1 extra conditioning round should velocity performance of a group of weapons are
be fired with the new charge. discussed in paragraphs 638 through 655. Aspects

g. Guns are more sensitive to changes in the of calibration are discussed in detail in exterior
rate of fire than howitzers. This is especially ballistics (pirs. 593-610). 'Ilhe velocity level of
true of the 155-mm gull. The accuracy of ill-, each weapon must} be determined at every op-
tensive preparation fires is adversely affected by r t
rapid firing followed by intermittent hlulls of

varying length. - . 591. Charge-to-Charge Propellant Performance
h. The previous conditioning of anlv weapon is

affected by lulls in firing of more than 10 minutes. One of the major problems il gulnery is how
If the lull is no longer than I hourl, nlormally I to extend best the data developed from firing one
round brings weapons to the previous velocity charge to all other charges. From the viewpoillt
level. If the tubes are cleaned during relatively of developed muzzle velocities only, there is no
short lulls, erratic velocities may be experienced basis in available data to state that charge-to-
for the first, few rounds after cleaning. If the charge performance follows a convenient arith-
cleaning is accomplished during long lulls, the metic ratio. Since propellants are manufactured
normal velocity trends previously described may to result in standard performance witllill any
be expected. given charge, a variation from standard in one

i. Oil or moisture in the tube or on the rotating- charge does not fix a similar or proportional varia-
band tends to increase velocity of the particular tion in another charge. Tlle velocity level for a
round by causing a better initial gas seal and re- charge of a particular lot can be determined only
duzing projectile friction on the bore surface. by firing. Once the velocity level is determined,
The oily tube condition usually exists concurrent its relative level (with respect to other charges of
with the cold tube condition. Hence the higl that lot similarly determined) remains fairly
velocities induced by oil combiing with the stable. The velocity level developed at a given
erratic velocities characteristic of a cold tube time by a certain charge is influenced by the state
complicate normal velocity trends. When these of the tube conditioning. This is particularly
factors are coupled with coppering and powder noticeable in the lower charges.
residues, it is hard to predict corrections for
velbcity trends and compensating corrections are 592 Steps To Eliminate Certain Extraneous
uncertain. Moisture on the projectile normally Velocity Factors
affects only that particular round. As a general Interior ballistics specifically concerns the
rule, firing with a cold dry tube is preferable to motion of the projectile while it is in the tube of
firing with a cold oily tube, and projectiles should the weapon. The total effect of all interior
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ballistic factors is expressed in the resultant muz- (1) False calibration data.
zle velocity. Corrections cannot be made for (2) Inaccurate registration corrections es-
normal round-to-round variations in velocity. pecially from center-of-impact and high-
However, positive steps can be taken to eliminate burst techniques.
certain extraneous factors which magnify and (3) Inaccurate transfer fires despite complete
distort normal variations. 'Ihese steps include- accuracy of all firing data.

a. Segregation of ammunition by lots. (4) Short rounds when firing close to front-
b. Uniform ramming of projectiles and posi- line troops.

tioning of powder bags. f. Proper cleaning.
c. Maintenance of uniform powder temperature. g. Care in selecting charge to reduce tube wear.
d. General care and cleanliness of ammunition. h. Requesting the services of available ord-
e. Recognizing velocity trends and the causes nance ballistic and technical service teams.

and effects of velocity trends on resultant accuracy i. Utilizing data from all firing as a constant
of fires, such as- check on. the validity of current calibration data.
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CHAPTER 26
EXTERIOR BALLISTICS

Section I. THE TRAJECTORY IN A VACUUM
593. Introduction jectile consists of two components-a hori.ontal

a. Exterior ballistics is the science which deals (range) velocity and a vertical velocity.
with the factors affecting the motion of a pro- 595 Horizontal and Vertical Velocity Com-
jectile after it has left the muzzle of a piece; at,
that instant, the projectile has had imparted ponents
to it the total effect of interior ballistics in terms a. The relative magnitudes of holivontal and
of developed muzzle velocity. Were it not for vertical velocity components vary with the angle
gravity and the atmosphere, the projectile would of elevation For example, if the elevation were
contilnue indefilnitel-y att this constalnt velocity zero, the initial velocity imparted to the projectile
along a prolongation of the tube. would be all hlori-ontal; it would have no vertical

component. It the elevation were 1,600 mils,b. Gravity causes the projectile to return to component. It the elevation were 1,600 mils,
surface of earth. I a vacuum te ath disregarding thile effect of rotation of the earth,

the initial ve!ocitv would be all vertical; it would
the projectile would follow during its flight is have no hor ontal component
fairly simnple to trace. All projectiles, regardless of A projectile flight wil fall to the earth

b. A projectile in flight will fall to the earth
because of gravity. Because of gravity, the height

path and achieve the same range for a given muzzle of the projectile It anv instant is less than it would
velocity and tube elevation. In tile atmosphere, The verticalbe if no such force were acting on it. The verticalhowever, this path, or trajectory (par. 22), becomes velocitv decreases flom the initial velocity to 0 oi
a very complex curve. The reason for this is tie ascending bralcl of the trajectory and il-
twofold. First, projectiles of different si'e or
weight respond differently to identical atmospheric descending s ro acik Ztro vertical velocitr occurs
conditions. Second, all projectiles are subjected

at the trajecto'y summit and for every verticalto an ever-changing atmosphere. Hence, a given alvelocity value upward on thc ascending branchelevation and muz7le velocity can result in a wide there is an equal vertical velocity value downwardvariety of trajectories, depending oil the combined equal vertical velocit value downward
popertis of ot te projectile and the equidistant from the summit onil the descendingproperties of both the projectile and the ibranch to and including origin and level point.atmosphere. Since there is no resistance to the forward motion

e. The various elements of the trajectory have of the projectile il a vacuum, tihe lori ontal
been described in chapter 2. It is the purpose of velocity component is a constant. This is because
this chapter to picture the trajectory first in a of the uniform acceleration of gravity (32 f/s pel
vacuum and second ii the atmosphere. Tile second) affecting vertical velocity and projectile
latter will include a discussion of both the pro- IIop and the colstant hori.ontal velocity com-
jectile and the atmosphere and the inlterrelatioll ponllt. Tie trajectory in a vacuum is shown in
of the two. figure 216.

c. The foregoing (a and b above) has viewed the
594. Velocity Components trajectory only from the side. If the trajectory

In a vacuum, tihe factors which must be known in a vacuum were viewed from above, it would
to construct a firing table would be the quadrant not veer away from a line connecting the origin
angle of departure, the muzzle velocity, and anad the level point. Drift would not occur in a
gravity. The initial velocity imparted to a pro- vacuum.
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Vertical velocity
. sin 30004 x 1,235
= 359 f/s.

At t seconds, vertical velocity Were it not for gravity,
will be 359 f/s minus t x 32 f/s. Were it not for gravity

wilbe 359 f/s minus t x 32 f/s. projectile would continue
-II .e/^to rise along this line at

X'~/' a constant vertical velocit
of 359 f/s.

II0 / 4" Drop
o 6,400 ft

Horizontal velocity
= cos 300t x 1,235 Drop

1,182 f/s. / 4,096 ft
This is a constant. Drop

Drop 2,304 ft
/ t D rop _

ft024 ,,
/ |~Sunmmit Trajectory

Dr25 t >~(op t/ f/sX-25 f/fqlr~
-/r~~ (-153 f/s)

/, 2~31 f/s)
j-"0 (-281 f/s)

(359 f/s)/ 00I .(-359 f/s)

Seconds 0 2 4 6 8 10 12 14 16 18 20 22 24

Horizontal velocity is a constant from origin to level point; hence the projectile will travel 394 yards in the
horizontal plane during each second.

Vertical velocity decelerates from 359 f/s to 0 f/s on ascending branch and occellerates from 0 f/s to 359 f/s
on decending branch both at a rate of 32 f/s per second. Brackets denote vertical velocities.

Figure 216.fi Trajeclory in a vacuum.

Section II. THE TRAJECTORY IN THE ATMOSPHERE

596. General resistance. The trajectory in standarld atmosphere
The resistance of the air to a projectile depends has the following characteristic differences from

on the air movement, density, and temperature. the trajectory in a vacuum.
As a point of departure for computing firing tables, a. The velocity at the level point is less than the
an assumed density and temperature structure and velocity of origin.
condition of no wind are used. The air structure b. The mean horizontal velocity of the projectile
so derived is called "the standard atmosphere." beyond the summit is less than the iean velocity

597. Characteristics ObF Trajectory in Standard efore the summit; therefore, the projectile travels597. Characteristics of Trajectory in Standard as vortex lorizolltul iist;(ce Hence the escend-
a shorter horizontal distance. Hence, the descend-Atmosphere inlg branch is shorter than the ascending branch.

The most apparent difference between the
't[he mostrin apparent difference betweenthe The angle of fall is greater than the angle of eleva-

trajectory in a vacuum and the trajectory i n g
stanldard atmosphere is the reduction of the rang e1 tion. Also, since the mean vertical velocity is lessstandard atmosphere is the reduction of the range
(fig. 217). This is mainly because in the atmos- beyond the summit tllan before it, the time of
phllere the horizontal velocity component is no descent is greater than the time of ascent.
longer a constant but is continually decreased by c. The spin (rotational motion) initially im-
thec retarding effect of the air. The vertical parted to the projectile causes it to respond
velocity component is likewise affected by air differently because of air resistance.
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A trajectory in standard atmosphere, as opposed to one in a vacuum, will be at a
shorter range and at a lower height after any specific time of flight.

This is because__

(I ) Horizontal velocity is no longer a constant but decelerates with each succeed-
ing time interval.

(2) Vertical velocity is affected not only by gravity but also by the additional
slowing down from the atmosphere.

Summit
(12 sec) / Trajectory

Summit (16 see) in vacuum

-.*- (8 sec) (12 sec) ". Trojectory (20 sec)
D-o(4 sec) (16 sc) , in atmosphere

300 mils (20 sec E

Origin Level point Level point

Note.

(I) The summit in a vacuum is midway between the origin and the level point; in the
atmosphere, it is nearer the level point.

(2) The angle of fall, in a vacuum, is equal to the angle of elevation; in the
atmosphere, it is greater.

Figure 217. Trajectory in standard atmosphere.

Section 111. RELATION OF AIR RESISTANCE AND PROJECTILE EFFICIENCY TO
STANDARD RANGE

598. General air resistance in the direction opposite to that of

This section pertains only to those factors which the forward motion of the projectile is called drag.
establish the standard range and elevation Because of drag, both the horizontal and vertical
relations. components of velocity are less at any given time

a. The standard range is the range opposite a of flight than they would be if drag were zero, as
given elevation in the firing tables-it is regarded in a vacuum. This decrease in velocity varies
as measured along the surface of a sphere con- directly in magnitude with drag and inversely
centric with the earth and passing through the with the mass of the projectile. This means, in
muzzle of a weapon. For practical purposes, terms of attained range, the greater the drag, the

standard range is the horizontal range from shorter the range; and the heavier the projectile,
origin to level point. the longer the range-all other factors being equal.

b. The attained range is the range which is Several factors considered in the computation of

actually developed as a result of firing with a drag are-
certain elevation of the tube. If actual firing a. Air Density. The drag of a given projectile
conditions duplicate the ballistic properties and is proportional to the density of the air through
meteorological conditions on which the firing table which it passes. For example, an increase in air
is based, the attained range and standard range density by a given percentage increases the drag
will be equal. by the same percentage. Since the actual air

c. The corrected range is that range which density at a particular place, time, and altitude
corresponds to the elevation that must, be fired varies widely, the standard trajectories reflected
to reach the target. in the firing tables arc computed with a fixed

relation between density and altitude. The
599. Drag standard density assumed for sea level is 0.07513

Air resistance affects the flight of the projectile pound per cubic foot.
both in range and direction. The component of b. Velocity. The faster a projectile moves, the
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more the air resists its motion. Examination of 35
a set of firing tables shows that for a constant 30
elevation, the effect of 1 percent air density (hence 25

I percent drag) increases with an increase of charge _

that is, muzzle velocity. The drag is approxi- 20
mately proportional to the square of the velocity
except in the vicinity of the velocity of sound.
There the drag increases more rapidly on account
of the increase in pressure behind the sound wave. 05

c. Diameter. Two projectiles of identical shape
but different size will not experience the same 0 .4 .s 1.2 1. 2.0 2.4 28 3.2 3.6 4.0 4.4

drag. For example, a large projectile will offer Moch numpbr

a large area for the air to act upon; hence its drag velocity of projectile
will be increased by this factor. The drag of I. Moch number speed of sound

projectiles of the -same shape is assumed to be 2. The speed of sound is fster in wormer oir; hece on
increase (dcrse) in air lelperoture ceorerns (Jncrinouss)

proportional to the square of the diameter. the mach number.
d. Drag Coefficient. The drag coefficient com- 3. A change in the mach number can change the lwe of the

bines several ballistic properties of typical pro- drag coefficient either upward or downward, depending on
the mach number of which the charge occurs

jectiles. These properties include yaw (the angle 4 an inche (desn ic the can of the drg n
between the direction of motion of the projectile decreases (increase) the dvelopeod range
and the axis of the projectile, fig. 218) and the Figure 9 Efect of locity (mach number) on drag
ratio of the velocity of the projectile to the speed coefficint of projectile type I.

600. Ballistic Coefficient
Center of pressure a. The ballistic coefficient of a projectile is a
(Air resistanmcej~ e Ymeasure of its relative efficiency in overcoming

Center of gravity air resistance as compared with the efficiency of
~m.~,Di, " -on Dthe typical projectile to which it is most nearly

,'"/ of motion related. An increase in the ballistic coefficient
(tira- tory) reduces the effect of drag and consequently

increases the range. The reverse is true for a
decrease in ballistic coefficient. The ballistic

(Air resistance is least whn center of pessure coefficient can be increased by increasing the
is on the trajectory; that is, zero yoaw) ratio of the weight of the projectile to the square

Figure 218. Yaw of projee in flightof its diameter. It can also be increased by
improving the shape of the projectile.

of sound (fig. 219). Drag coefficients which have b. Present gunnery techniques recognize the
been computed for many typical projectile types importance of precise muzzle velocity data and
greatly simplify the work of ballisticians. When that corrections must be made for nonstandard
a projectile varies slightly in shape from one of velocities. It is equally important to recognize
these typical projectile types, its approximate that errors are introduced in firing projectiles of
drag coefficient can be found by computing a nonstandard ballistic coefficients. In the past,
form factor and by multiplying the drag coefficient the effect of nonstandard ballistic coefficients has
of the typical projectile type by this single Jorm been treated as a velocity error. However it is
.factor. This computation is done by ballisticians. not, in fact, a velocity error.

Section IV. FIRING TABLES

601. General These standards are points of departure used to
a. Firing tables are based on actual firings of the compensate for variables in the weapon-weather.

weapon and its ammunition under, or correlated ammunition combinationi that are known to exist
to. a set of conditions accepted as standard. at a given instant and location. There is no
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standard wind, density, or temperature in the For example, in arriving at the value listed in the
atmosphere itself. The atmospheric standards firing table under an increase of 1 f/s in muzzle
accepted in U. S. firing tables reflect the mean velocity, the following procedures are followed:
annual condition of a country, like France, situ- (1) At a selected range, the true effect of both
ated in the North Temperate Zone. Since firing plus and minus 50 f/s per second are
tables are based on assumed standards, they are computed.
most accurate for conditions near these standards; (2) The two values are then averaged and the
large variations from standard or combinations of result divided by 50 to reduce it to a unit
large variations may cause errors or inaccuracies. effect at the selected range.

b. The main purpose of a firing table is to A similar procedure is followed for wind (at +50
provide the data required to bring effective fire MIPH), temperature (at 00 and 118 , compared
on a target under any set of conditions. To with 59 ° as standard), and density (at 90 percent
obtain data for firing tables, firings are conducted allnd 110 percent of standard). Hence, the values
with the weapon at various quadrant elevations. listed are not precise for either the increasing or
Computed trajectories, based on the equations of decreasing variation; nor are they true unit effects
motion, are compared With the data obtained in because the large variations used as a basis for
the firings. The computed trajectories must then computations are not exactly linear in nature;
be adjusted to what actually occurred and the that is, the effect of 1 f/s is not exactly 1/50 of 50
data tabulated. Data for elevations not fired are f/s. However, use of the large variations initially
found by interpolation. This final data appears makes the tables more accurate over a wider range
in the firing tables as range and elevation. It is of variables. The error introduced by using a
the most exact of all data in the firing tables. common absolute value for increasing and de-
However, it should be clearly understood that it creasing variations is considerably larger and has
defines the performance of a projectile of known resulted in a requirement for a general revision of
properties undcr conditions of standard muzzle field artillery firing tables which will incorporate
velocity and weather and a motionless earth. separate tables for the increasing and decreasing

c. 'The principal elements measured in such variations.
firings include angle of elevation, angle of de- b. As stated in a above, each effect is computed
parture (which, when compared with the former, on the assumption that all other conditions are
gives the vertical jump), muzzle velocity, attained standard. Actually, any given effect, will differ
range, drift, and concurrent atmospheric con- slightly from that computed if one or more of the
ditions. other conditions are nonstandard. The amount

of difference depends on the effect of the other
602. Differential Effects or Corrections nonstandard conditions. The effect of one non-

a. In firing tables similar to FT 105-11 -4 and standard condition on the effect of another non-
FT 8-J-2, differentials are described as Range standard condition is known as an interaction
effect of an increase of. .. , followed by the effect. It is another specific type of second-order
appropriate unit value in yards. It is assumed error which results from simplified firing tables.
that the range effect of a similar decrease is identi- The error introduced by interaction can be reduced
cal but with the sign changed. Also, it is assumed by using an electronic or mechanical computer.
that the only nonstandard condition in existence Graphical met equipment can be designed for use
is the one in question. Actually, the range effects in a locality where certain combinations of extreme
for increasing and decreasing variations from nonstandard conditions are known to prevail for
standard are not equal in magnitude; the assump- an extended period of time. For example, low
tion that they are equal is a compromise of accu- air temperature and low muzzle velocity often
racy for simplicity and reduced bulk of the firing occur together.
table, which results in one type of second-order c. In firing tables similar to FT 280-B-1, differ-
error. (A second-order error may be defined inu the entials are described in separate tables. Those

)roLad sellsc as any error in conlputedl firing data tables are Correction in Mills for an Increase
which stems from not actually solving the equa- of . . . and Correction in Alils for a Decrease
tions of motion for a specific trajectory and the of . . . This type of firing table represents
existing cond(itions. Firing tables afford a simple the most accurate table produced for the field
and rapid approJination of this absohlte solution.) artillery. Also, the format used in the tables
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permits computing corrections to time of flight as effects and corrections at a given range can be
separate and distinct from corrections to elevation, expressed as follows:
since the two do not follow in the same ratio.
The format also permits entries into the tables Correcions= - tandard range effects(standard range+effeets) Xeffects
in terms of both range and height factors which
more accurately describe the trajectory being Corrected range standard range

Correctedr~nge_--(standardrange+effects)XStandard rangeconsidered than range alone. This discussion,
however, is mainly concerned with the significance For example, it is desired to produce corrected
of the unit corrections to elevation. For example, firing data for a target. at range 10,000 yards
in arriving at the values listed under an increase (charge 7, FT 105-H-4). The total effects of
of I f/s in muzzle velocity, the following procedures nonstandard conditions are computed to be
are used for a specific height above gun: -1,000 yards. This means that the standard

(1) At a given range (R) and elevation (0), elevation for range 10,000 (elevation 439.8) will
the expected range (R1) for the single attain only 9,000 yards. This should be reflected
nonstandard condition of +50 f/s is in a GFT setting of charge 7, range 9,000, eleva-
computed. tion 440. In order to attain a range of 10,000

(2) The elevation (0,) for this expected range yards, it is necessary to fire elevation 537.6, which
is subtracted from the original elevation corresponds to a range of 11,110 yards. Hence,
(0) to arrive at the total elevation correc- whereas the total effects computed at 10,000
tion at R, and the appropriate height yards are -- 1,000 yards, the total corrections to
above guns. attain 10,000 yards are + 1,110 yards. This can

Ezample (FT 280-B-1, charge 4, height above be computed as follows:
guns 0): 10,000 10000
T'he cffects at 23,868 yards for +50 f/s have been Correction=- 10,000o(-l,000) x (-1,000) --9,000

computed to be +632 yards. The expected range (-1,000)=+ 1,110
for the single nonstandard condition of +50 f/s or
when the standard elevation for 23,868 yards is
fired is 24,500 yards. Corrected range= 10 ,000 X 10,000= 9:000X

Elevation for 23,868 yards = 386.8 mils 1000= 11,1
Elevation for 24,500 yards . .= 406.7 mills

l.)eroe - -19.9,niie. Firing tables of the 280-mm gun format are
a great improvement over previous types. How-

T his means that in order to hit a target at a range ever, the expression of unit corrections in mils
of 24,500 yards with the single nonstandard con- may introduce another error, in addition to the
dition of +50 f/s, a correction of 19.9 mils must interaction effects previously described, in com-
be applied to the standard elevation for 24,500 puting data fol smaller caliber weapons. The
(elevation 406.7). Dividing the -19.9 mils by error occurs because of the constantly changing
50 f/s results in a unit correction in mils at range value of the amount of range change caused by a
24,500 yards of -. 398 mils (-19.9-50= -. 398). I-mil change in elevation. This factor changes
'The unit corrections displayed in the firing tables more rapidly for projectiles of lower ballistic

are for convenient increments of range. coefficient. When corrections are expressed in
d. Effects and corrections, whether in yards or yards, the corrected range is actually computed.

mils, are not of equal magnitude at the same The corresponding elevation can be taken directly
range. This problem does not arise in dealing from the firing tables. When corrections are
directly in terms of corrections as in the FT expressed in mils, however, it is assumed that
280-B-1. However, in firing tables similar to each mil of correction will result in equal incre-
FT' 105-H-4, the transition from effects to correc- ments of range change. This is not true, since
tions requires a specific procedure, since coin- each additional mil of elevation changes the
plitations are ini terms of effects initially. Tihe trajectory slightly and the corresponding yards
standard elevation for which computations are per mil factor. This possible source of error will
maide must be matched to the expected range that, be resolved before revised firing tables are
elevation will attain. The relationship between published.
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603. Extracting Data From Firing Tables corrected elevation (range). (This procedure is
a. The 'effect of a nonstandard condition is called successive approximation.) However, the

most nearly related to the time the projectile is ex- improvement is marginal. It is not warranted
posed to that condition. In the 280-mm gun firing unless the corrections exceed 20 per cent of'the
tables, this factor is resolved by more accurately desired range. Electronic computers have been
presenting the trajectory in terms of both range designed to accomplish this successive approxi-
and height. In the present firing tables for the mation.
105-mm howitzer, this feature can be almost c. In revised firing tables, the line number of the
duplicated by entering the tables for differential met message will be expressed to the nearest
effects at the range nearest to quadrant elevation tenth of a line. The weather that affects a pro-
fired minus site. This procedure is particularly jectile as related to the met message is described
necessary in computing velocity errors (pars. 337- by the maximum ordinate it achieves. This
391). maximum ordinate is most nearly defined by the

b. In computing corrections to the QE to be QE fired. The procedure for determining the
fired, slightly more accurate data can be obtained line number to the nearest tenth from the QE
by a second computation at the first apparent fired is described in chapters 19 and 28.

Section V. EFFECT OF NONSTANDARD CONDITIONS

604. General listed in the firing tables, would do little to im-
a. Deviations from the standard conditions used prove accuracy, since the magnitude of round-to-

in constructing a firing table, if not corrected for round variations often exceeds the small mean
in computing firing data, will cause the projectile corrections for jump listed. For this reason, jump
to impact or burst at some point other than the is not considered separately in the gunnery
desired point. The gunnery problem is essen- problem; it is a minor contributing factor to range
tially in two phases. The first is to determine dispersion.
the desired standard range, deflection, and time b. Droop is the algebraic sum of barrel curva-
of flight. The second is to determine a corrected ture, untrueness of the breech quadrant. seats,
range, deflection, and time of flight which will and untrueness inll assembling the tube to the
compensate for current nonstandard conditions. breech. Its magnitude is defined as the difference

b. Corrections for nonstandard conditions are between the elevation measured at the muzzle
made to improve accuracy. The accuracy of and the elevation measured on the breech quad-
artillery fires depends on the accuracy anld comrn- rant seats. Firing tables are constructed based
pleteness of the data available, computational on measurements at the muzzle. For example,
procedures used, and care ill laying the pieces.- if droop for a certain weapon is -3 mils and an
Accuracy should not be confused with precision. elevation of 360 is set in the normal inanner;.the
Precision is related to tightness of the dispersion tube elevation is only 357 mils; if it is desired to
pattern without regard to its proximity to a fire a true 360 mils elevation, a setting of 363
desired point. Accuracy is related specifically to would be necessary. At present, droop is treated
a desired point. separately only for 280-mm gun techniques. In'

other weapons it is absorbed into the computed
605. Range Effects . velocity error, although in reality it is an elevation

a. Vertical jump is t he angle formed by the error.
lines of elevation and(. departure. The shock of c. Muzzle lelocity is the speed of the projectile
firing causes a momentary vertical and rotational at. the time it is projected from the muzzle; the
movement of the tube prior to the ejection of greater the velocity of a given projectile, the
the projectile. It has the effect of a small change greater the attained range. The unit factor for
in elevation. The effect of jump depends mainly muzzle velocity in the firing tables often becomes
on the eccentricity of the center of gravity of the catchall for many nonvelocity elements in
the recoiling parts with respect to the axis of the the computation of VE's. 'When this occurs,
bore. In modern weapons jump is usually small. accuracy is adversely affected in subsequent
The application of jump corrections, even when application.
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d. Weight of projectiles affects ipuzzle velocity. of projectile, and relative. positions of weapon and
Two opposing factors affect the fght of a projec- target with respect to the geographic location
tile of nonstandard weight. Aiheavier projectile (longitude and latitude). These effects are com-
is more efficient in overcoming air resistance; bined in convenient tabular form in firing tables.
however, because it is more difficult to push These tables are all that are needed to compensate
through the tube, its muzzle. velocity is lower. for rotation of the earth in the gunnery problem.
An increase in projectile efficiency increases range, However, some background theory to rotational
but a decrease in muzzle velocity decreases range. effects may assist in a better understanding of
Firing tables combine these two opposing factors ballistics in general.
into a single effect. The change in muzzle velocity (1) Owing to rotation of the earth, a point
predominates at short times of flight; the change on the Equatbr has an eastward linear
in projectile efficiency predominates at long times velocity, of approximately 1,500 f/s.
.of flight. Hence, for a heavier than standard This linear velocity decreases to zero at
projectile, the effect is minus at the shorter -times either pole. Consider a weapon on the
of flight and plus at the longer times of flight. Equator firing due east at a target
The reverse is true for a lighter than standard (fig. 220 ()). During the time of flight
projectile. of the projectile, the weapon and target

e. Range wind is that component of the ballistic will travel from G to G' and T to T',
wind blowing in the plane of fire. The plane of respectively, along the circumference of
fire is a:. vertical plane that contains the line of the earth. The projectile, however,
elevation. In effect, it changes the relationship travels in a vertical plane the base of
between the velocity of the projectile and the
velocity of the air near the projectile. If the air'
is moving with the projectile (rear wind), it offers
less resistance to the projectile and a longer range \a=V0
results; headwind has the opposite effect. Winds T G0ar
defined in met messages are weighted averages or
ballistic winds.

f. The effects of nonstandard air temperature
may appear inconsistent and puzzling at first.
This is because an increase (decrease) in airtem-
perature increases (decreases) the velocity of
sound which in turn decreases (increases) the
mach number (previously defined as projectile.
velocity divided -by the velocity of sound in air).
Drag also is related to mach number; however,'this
relationship changes abruptly in the vicinity of ( Rotational effects on range firing eastward
mach I when projectile velocity equals the velocity
of sound. See figure 219 for a chart of this chang-
ing relationship. Note that a decrease in mach G
number (increase in temperature) will at times Tang et .

lead to an increase in drag and at other times lead / \ c
to a decrease in drag, depending on the terminal
velocity at the range being considered. Tempera- So'h
tures reflected in the met message are average or Pole
ballistic temperatures. .

g. Air density effects have been previously dis-
cussed as directly related to the drag coefficient,
with the more dense air offering greater resistance
and vice versa.

h: Rotation of the earth is treated as a nonstandard
-condition for simplicity. It involves such factors Rotational effects on range firing westward

as direction of fire, angle of departure'and velocity . Figure 220. Rotational effects.
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which is parallel to the original plane of greater radius than that of the arc
of departure established at the time of GG' which is traveled by the weapon.
firing; that is, it is pivotal to the circum- The direction of gravity is always to-
ference of the earth at the gun but not wards the center of the earth. Since
at the target. At the end of a given the projectile is moving eastward, owing
time of flight, the projectile will be at to rotation of the earth, the force of
P' when the target is at T'. Hence, gravity acts so as to pull it back to the
the projectile will continue along an west; that is, opposite to the direction
extended trajectory and land farther of rotation. The projectile appears to
east or, in this instance, beyond the lag behind (west of) the weapon. This
target. Figure 220 () depicts firing gravitational effect is at a maximum at
westward. The normal trajectory of an elevation of 900 and is always opposite
the projectile is interrupted. Again, it to the effect described in (1) above. It
falls to the cast of the target but in this eventually predominates over the pre-
instance east is short. The effect in ceding effect at an elevation of 60 ° .
each example is as if the QE fired The former effect is at a maximum at 300
were in error by the angle co, which is elevation. An examination of rotation
the angle formed by the base line G' effects tables, firing due east, for example,
P' and a tangent to the earth at G'. shows a plus range effect at the lowest
Firing eastward oc is plus (range over); range, gradually increasing, then dc-
firing westward oc is minus (range creasilg, and finally changing in sign to
short). a minus. In firing due west, all signs

(2) Suppose that a projectile is fired straight arc reversed.
up (elevation 1,600 mils) as shown in (3) A third consideration is the curvature
figure 221. Both the projectile and effect. Curvature effect exists because
weapon will have the same eastward of the use of a map range which assumes
velocity imparted to them owing to the surface of the earth to be flat while
rotation of the earth; hence, during the the actual range is measured on a sphere.
time of flight, both will travel the same The GT range is computed for a plane
arc distance. The projectile will travel tangent to the surface of the earth at the
the mean arc PP', which is on a circle weapon. When the projectile reaches

Direction this range, it is still above the curved
of fire surface of the earth and will continue to

drop, resulting in a slightly longer true
range than desired. This effect is of

,/ - little significance except at very long
ranges. It is disregarded when using

IP |' p. firing tables, since firing table ranges
include curvature effect.

,, / X 'G' (4) A final rotational effect is described as
the latitudinal effect. When the weapon
and target are at different latitudes, the
eastward rotational velocity imparted to
the projectile and the target is different,
being faster for the point nearest the
Equator. For example, if the weapon is
nearest the Equator (fig. 222 (), the
nearer projectile will travel faster and
therefore farther to the east thanll the
target (the effect left or right depends on
the hemisphere). When the weapon and
target arce at the same latitude (fig. 222

Figure 221. Projectile lag due to rotation of the earth. (i), thei projectile will also be deflected
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away from the target. This is because the firing table standard. However, other projec-
the projectile tends to travel in the plane tile lots of this type will not have the same ballistic
of the great circle containing the weapon coefficient as the one reflected in the firing tables.
and target at the time of firing. Owing If one of the other lots is more efficient, that is,
to rotation of the earth, this great circle has a higher ballistic coefficient than the firing

plane is continuously changing with re- table standard, it will develop more range when

spect to its original position. As viewed fired. The reverse is true for a less efficient pro-
from above, it would appear that the jectile lot. Present gunnery procedures recognize
great circle containing the weapon and variations in propellant performance as an element
target was turning with respect to the of muzzle velocity, which is true. However, the
great circle followed by the projectile. procedures used also unite variations in ballistic
An additional latitudinal effect is pic- coefficient as an element of muzzle velocity, which

tured in figure 222 (. When the lati- is not true. It is difficult to produce accurate

tude is other than the Equator, the pro- firing data for the entire zone of the weapon; the
jectile is pulled out of its original vertical yards per foot per second factor is adapted only
plane by the force of gravity which oper- to muzzle velocity elements. However, a change
ates from the center of the earth and not in the ballistic coefficient would require recompu-
on a perpendicular to the axis of the tation of the entire firing table; hence, a more con-
earth. venient means of expressing ballistic coefficient

i. The ballistic coefficient of a projectile relates change must be derived if it is to be separated

its efficiency to that of an assumed standard pro- from muzzle velocity in a usable gunnery pro-
jectile in overcoming air resistance. For ease in cedure. This means may be obtained by relating
computations all projectile types are classified ballistic coefficient change (BCC) to percent of

into certain standard groups. Each projectile, air density. The formula expressing retardation
however, has its own efficiency level. Each pro-
jectile lot has its own average efficiency level; that retardati drag coefficientXveloci i
is, ballistic coefficient. In order to establish firing
tables, it is necessary to select, and fire one specific can be solved in terms of ballistic coefficient
projectile lot. Based on the performance of this
lot, standard ranges are determined. Tile ballistic (ballistic coefficient=

coefficient of this particular projectile lot becomes
drag coefficientX velocity'Xair density>.

retardation

This formula relates a change in ballistic
-1 \\ o)t \ )\coefficient directly to an equal chlange in percent

of air density. A change in the ballistic coefficient
T then is directly related to some equal change in
percent of air density. For example, a more
efficient projectile than standard (higher ballistic
coefficient) gains range at the same rate as though
it, were moving through air of some decreased
percent density. A less efficient projectile than

(3 /< ( Hi\ (§) standard (lower ballistic coefficient) loses range
at the same rate as though it were moving through
air of some increased percent density. The above
formula also points out the fallacy of relating the
ballistic coefficient change directly to velocity.

forth center The techniques for treating the ballistic coefficient

change as an equal change in percent air density,
with its adaptability to the gunnery problem, are
not finalized for field use. However, the basic

°~) principle will remain uichanged. It is included as
Fiqrure 222. Latitudinal etfecls. a contributing source of error.
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606. DeFlection EFFects c. The lateral wind is that component of the
a. Lateral jump is caused by a slight lateral and ballistic wind blowing across the direction of fire.

rotational movement of the tube at the instant of Lateral wind tends to carry the projectile with it
firing. It, has the effect of a small error in deflec- and causes a deviation from the direction of fire.
tion. The effect is ignored since it is hard to However, the lateral deviation of the projectile is
determine accurately for each specific situation. not as great as the movement of the air causing it.

b. Drift is defined as the departure of the Wind component tables simplify the reduction of a
projectile from standard direction because of the ballistic wind into its two components with respect
combined action of air resistance, projectile spin, to the direction of fire.
and gravity. In order to fully understand the d. The effects on deflection from the rotation
forces that cause drift, it is necessary to understand of the earth have been previously described in
the angle of yaw, which is that angle between the paragraph 605h(4) and figure 220.
direction of motion of the projectile and the axis
of the projectile. The direction of this angle is 607. Time oF Flight
constantly changing in a spinning projectile- a. Those nonstandard conditions which affect
right, down, left, and up. This initial yaw is at a range also affect time of flight, but the cor-
maximum near the muzzle and gradually subsides rections do not follow in exactly the same ratio.
as the projcctile'stabilizes. The atmosphere offers To this must be added the fact that the fuze
greater resistance to a yawing projectile and it is settings on current time fuzes, while approxi-
fundamcental in design principles that yaw be kept mating time of flight, are not interchangeable
to a minimum and be quickly damped out in flight. with time of flight.
At the summit, where the descending branch of 6. In the improved firing table format of the
the trajectory begins, summital yaw is introducedctions to time of flight are
arnd the effect on the projectile is to keep the nose

pointed slightly towards the dire computed separately from corrections to elevation.pointed slightly towards the direction of the spin.
Therefore, since artillery shells have a clockwise This allows a more accurate solution for corrected
spin, they drift to the right in the descending time of flight from which the final conversion to
branch of the trajectory. The magnitude of drift fuze setting is made. In firing tables similar to
(expressed as lateral distance on the ground) FT' 105-H-4 fuze setting is treated as a function
depends on the time of flight and rotational speed of elevation, whereas, fuze setting is a function of
of the projectile and the curvature of the tra- time of flight.
jectory.

Section VI. SUMMARY

608. General the forces exerted by the atmosphere in resisting

a The ballistic problem stems from the fact projectiles of different ballistic properties and

that basic (standard) firing data for the weapon- efficiency (e. g., velocity, shape, size, and weight).

target relation presupposes certain conditions d. Firing tables are constructed by using an
of the weapon-weather-ammunition combination accepted standard atmosphere, a motionless earth,
and a motionless earth. The fact that. these and specific ballistic properties of the ammunition.
conditions do not exist concurrently with the These tables are a point of departure for com-
firing of the weapon necessitates the computation puting corrections to standard firing data. The
of corrected data which -will attain the range, computational procedures used in the field must

height, and direction determined in solving the be compatible with the presentation of dat- in
geometric problem. the firing tables.

b. Exterior ballistics deals with those conditions
which affect the projectile while in flight; that 609. Firing Tables
is, which modify the path of the projectile. a. The main purpose of a firing table is to

c. A knowledge of the form of a trajectory in a provide the data required to bring effective fire
vacuum is an aid in understanding the effect of on a target under any set, of conditions. The most
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accurate firing table would be a huge compilation 610. Determination of Nonstandard Condi-
of data for every weapon-target relationship and tions
every combination of conditions of the weapon, a. Firing tables define standard conditions of
weather, and ammunition. The simplest firing the weapon-weather-ammunition combination.
table would be a straight iange-elevation relation- In computing corrected data, the unit in the field
ship. Firing tables, therefore, are a compromise depends on. measurements made at the battery
between simplicity and accuracy. and the data in the met message. Also, the unit

b. Firing tables of the 280-mm gun format are depends on past experience of the weapon-
more accurate than those of the 105-mm howitzer ammunition combination as expressed in the old
format. These improvements stem in-part from- VE., The data from these sources make up the

(1) The two-dimensional approach. Data unit's knowledge of existing nonstandard condi-
are listed for both range and height, tions.
thereby more nearly approaching the b. Data from met messages can- be improved
trajectory in question. by-

(2) Separate tables for both increasing and (1) Line interpolation to the nearest tenth
decreasing variations from standard. from the QE under certain conditions

(3) Unit values for nonstandard conditions (par. 362).
expressed as corrections. (2) Time interpolation of met messages when

(4) Separate tables for.corrections to eleva- VE's are being computed.
tion and time of flight. e. The VE is highly susceptible to error in that

c. In using firing tables of the 105-mm how- it often contains nonvelocity elements. The unit

itzer format, the most accurate data are obtained factor in the firing tables for velocity applies only

by- to muzzle velocity variations. When a non-

(1) Entering the table for unit effects at the velocity element is related to it, errors in applica-
range corresponding to QE fired minus tion result. Muzzle velocity measured by a
site in computing VE's. chronograph is the only true expression of this

(2) Employing successive approximation nonstandard condition. Such measurement is
techniques in computing corrected range not subject to errors in survey and met data or
(elevation) by hand. However, this is the limitations of firing tables. Nor is it subject
warranted only when the first computa- to tube droop or the effect of a projectile which is

tion indicates a large correction. either more or less efficient in overcoming air
(3) Matching a standard elevation with the resistance than the one used in constructing the

expected ralige in met + VE techniques firing table. These latter two elements can be
(GFT setting) or by using the formula isolated.

corrections= - (standard range) (1) Tube droop can be measured and treated
(standard range + effects) as an error in elevation.

(2) The ballistic coefficient of the nonstand-
ard projectile can be determined and

d. More accurate solutions to the ballistic treated as an equal change in the air
phase of the gunnery problem are being sought in density structure.
the development of new firing tables, graphical d. With respect to the other elements, survey
computers, and electronic and mechanical com- can b* checked, errors in met data tend to average
puters. T'he graphical equipment will probably out, and improved techniques and equipment will
be the first available for use in the field. reduce the limitations of presentfiring tables.
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CHAPTER 27
PROBABILITY AND DISPERSION

Section I. GENERAL

611. Introduction d. Precision is concerned only with the grouping

a. Two of the prime requisites of artillery are of the bursts of individual rounds about the
accuracy and precision; that is, the ability to mean location (e. g., center of impact) of the
place fire on the designated target. bursts of all rounds fired in the same series;

b. The term accuracy refers to the proximity of whereas, accuracy is concerned with the location
the center of impact to a given point. To of center of impact itself or of the location of the

achieve accuracy, the geometric arrangement of burst of a&1 individual round with respect to a
weapon and target and the existing conditions of target.
the weapon-weather-ammunition combination e. Precision is the reciprocal of dispersion;
must be known. Also, the means to translate that is, those factors which prevent precision
this knowledge into accurate firing data and the cause dispersion. Dispersion results even though
means to lay the weapon accordingly must be every precaution is taken to assure round-to-
available. The term accuracy can be used with round uniformity. Since most artillery targets
respect to I round or several rounds from I cover a somelwhat indefinite area rather than a
weapon or several weapons. precise point, dispersion is in many respects an

c. The term precision refers to the proximity aid; e. g., it improves distribution of fire on the
of the bursts of two or more rounds to one another target area. Dispersion must be understood to
when fired from the same weapon with the understand the capabilities and limitations in-
same settings in as short a time interval as herent in artillery fires.
possible. Actually, two or more rounds fired as
indicated will seldom, if ever, burst at exactly 612. Employment of Concepts
the same point. For that to occur, absolute Applying probability to real problems has been
uniformity of propellants, projectiles, weapons, simplified by the preparation of tables, charts,
performance of personnel, and atmosphere from nomographs, and the like. These permit a simple
round to round is required. solution to otherwise difficult problems.

Section II. DISPERSION

613. Types of Dispersion other factors to consider. For convenience, three

The term dispersion, in respect to artillery fire, separate types of dispersion to be considered are-
refers specifically to the pattern of bursts attained a. Dispersion in range-that which occurs
by a single weapon when every effort is made to along the line of fire.
fire all rounds under like conditions. However,
the term, in lethality studies, is sometimes used to
describe the burst pattern of the rounds from perpendicular to the line of fire.
several weapons firing as a unit. The term should c. Dispersion in height of air bursts-that
not be used to describe missed distances from a vertical dispersion above (below) the horizontal
desired target. Although dispersion is a contrib- plane passing through the origin and the level
uting factor to accuracy, there are also many point.
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61 4. Causes of Range Dispersion degree of accuracy to which the angle of slope is
a. In experimental firing, such as for constructing normally determined does not warrant such com-

firing tables, great care is taken to assure round- putations.
to-round uniformity in laying, ammunition, load- 615. Causes of Detlection Dispersion
ing, etc. The range dispersion which results is due
to minor changes from round to round in the follow- Deflection dispersion is caused mainly by lateral
ing elements: jump and the lateral component of wind. As with

range dispersion, a small increase in deflection dis-
(1) Muzzle velocity. persion call be expected in field firings as compared
(2) Jump. with firing table values.
(3) Initial yaw.
(4) Projectile efficiency. 616. Causes oF Height of Burst Dispersion
(5) Meteorological conditions. Height of burst dispersion is due, first, to the

b. The causes in a above arise ill turn from as- same factors which cause range dispersion, since
sorted other causes. For example, meteorological there is a direct geometric correlation between
condition is a broad term covering range wind, air range dispersion and height dispersion; and,
density, and air temperature. The other elements second, to those factors causing dispersion in fuze
can be broken down in a like manner into corm- action. Likewise, when timc-fu:ed rounds are
ponent causes; however, the precise amount each being fired, dispersion along a trajectory owing to
cause contributes to dispersion is not known. The variation in fuze action has a corresponding effect
combined effects of the causes result in dispersion on range dispersion as well as on height dispersion.
patterns which can be reproduced in later firings
conducted in a like manner. Firings conducted 617. Statistical interpretation of Dispersion
under field conditions result in patterns of similar Dispersion may be studied by statistical tech-
shape. However, the dispersion will be somewhat niques. If a certain number of rounds are fired
larger than that shown in the firing tables because from a single piece under identical conditions, the
rigidly controlled conditions are not possible in the bursts will occur in a more or less irregular pattern
field. For example, impact dispersion patterns are owing to dispersion. The mean (average) point of
assumed to be on a smooth horizontal plane. Ir- burst (range, deflection, and height) may be deter-
regularities in the impact area distort normal dis- mined by measuring tlhe range, deflection, and
persion. Also, dispersion patterns on forward or height of each burst; finding the sums of these
reverse slopes, respectively, shorten or lengthen values; and dividing the sums by the number of
normal dispersion. It is mathematically possible rounds fired. If a large number of rounds are fired,
to compute slope dispersion patterns by using the bursts form a pattern termed normal distri-
angle of slope and angle of fall. However, the bution.

Section III. USE OF DISPERSION LADDER AND PROBABILITY TABLES

618. General large errors seldom occur and have a much
The normal probability curve is used to reprc- smaller probability.

sent magnitudes and relative frequencies of a c. Plus and minus errors of the same magnitude
large number of measurements. occur with the same frequency and so have equal

a. Of the numerical values representing the probabilities.
observed outcome of an event, the mean value
has the greatest probability. Since the magni- 619. Zones
tudes of errors are measured from the mean, then The use of zones (fig. 223) facilitates a compre-
the mean value itself has a 0 error and it follows hension of problems involving probability. A
that an error of 0 has a greater probability than zone extends from the limit of plus errors of a
any other particular error (for a normal syvm- given magnitude to the limit of minus errors of
metric distribution). the same magnitude. The length of a zone is

b. Small errors occur more frequently (have a twice the magnitude of the limiting error and
greater probability) than large errors; conversely, the zone itself is symmetrical with respect to the
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50L % zon Solution:
82% zone RIg esiJIr Prroollln2z 8,40 MEuialen osf50 Percertl ofrounds falling

Weapon (chArte 6) yd in e'e within equivalent e,
96%0/one 1 1 >105-mm how__ 20 50/20=2.5 2(25%+16%+

3.5%) =89%L 4 .100% zone 155-mm how.- 25 50/25=2 2(25%+16%)=

I Ep I Ep I Ep I Eo I Ep I Ep I Ep I Ep 82%
2% 7% 16% 25% 25% 6% 7% 2%

30yd 30ydl 30yd 30ydl 30yd 30ydl 30yd 30yd 89 percent of the 105-mm howitzer and 82 percent
Center of impoct of the 155-mm howitzer rounds would be expected

Figure' f8. Probability zones and the dispersion ladder to fall within +50 yards. Note that the 105-mm
for a probable error of S0 yards. howitzer has 44.5-percent probability of rounds

landing either within 50 yards over or within 50
center. Zones are designated by the probability yards short. Similarly, the 155-mm howitzer has
of the occurrence of an event within that zone. a 41-percent probability. As a general rule, in
For example, if in a large group of rounds the computing the probability of a round landing
shortest round bursts -120 yards from the mean within an error of certain magnitude, reduce the
and the longest round bursts +120 yards from specified error to equivalent e,'s, add the succes-
the mean, then the 100-percent zone is from -120 sive percentages associated with this number of
to + 120 yards. Continuing the above example, e's in 1 direction along'the dispersion ladder, and
if 50 percent of the rounds fell between -30 yards multiply the sum by 2.
from the mean and +30 yards from the mean,
then the 50-percent zone would be from -30 to 621. Probability Tables (Table XIII)
+30 yards. The 50-percent zone is called the
probable zone, since rounds will fall in it as often Once arandom deviation of specified magnitude
as they do not. The probable error is the limit has been reduced to an equivalent number of
of error of the 50-percent zone without regard to e,'s (either range, deflection, or height of burst)
sign. In the above example, the probable error at the range and for the weapon in question, the
is 30 yards. The graduations on the dispersion mechanics of computing probability are reduced
ladder can be expressed in terms of probable to a routine procedure. This latter phase can be
errors (e,) or units of measurement as shown simplified by the use of probability tables.
below. (The 100-percent zone is actually nearer a. T'he entire area under the normal probability
99 percent, but, by convention, 8 e,'s are taken curve is unity or 100 percent. Hence, any
to be equal to the 100-percent zone or, in this particular portion of the area represents a certain
case, 240 yards.) percentage of the events. It is the ratio of any

particular portion of the area to the total area
620. Application of Probable Errors which represents a probability; that is, the

a. The advantage of expressing normal dis- probability that the event in question will occur
tribution of bursts in terms of ep's lies in the fact within the interval over which the particular area
that the distribution of e,'s about the mean is stands. For example, consider that portion of
the same regardless of the magnitude of the e, the total area which stands over the interval
itself. Firing tables list e,'s for range, deflec- from the mean to a distance of 1 probable error
tion, and height of burst for specific weapons on 1 side of the mean. This is 25 percent of the
(and fuze type in the case of height of burst) at total area under the curve. Hence, numbers
each interval of range. It is possible then to in the body of the table are areas under the normal
reduce given distances to equivalent weapon probability curve. The arguments are distances,
ep's and solve problems by using a common set expressed in probable errors. In the first vertical
of probability tables or the percentile dispersion column are distances expressed in probable errors
ladder. to the nearest tenth; horizontally across the top

b. For example, assume that a 105-mm howitzer of the table is the breakdown in hundredths of
and a 155-mm howitzer each have attained a probable errors. Entry into the table is similar
center of impact range of 8,300 yards by using to entry into a table of logarithms. The total
charge 6. What is the probability for each area under the probability curve is taken as
weapon that the next round fired will fall within one. Note that the maximum area defined in
±50 yards of this center of impact? the body of the table is .5000 or 50 percent or
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3). Therefore, the numbers in the body of the latter depicts the probability associated with both
table actually give the probability that the event sides of the mean; hence, for a given argument
in question will occur within various probable the probability given is twice as large in such
errors from the mean and on one side only of the tables. Interpolation in the tables is an unneces-
mean. These tables differ from probability tables sary refinement. A complete set of probability
found in most firing tables in this respect. The tables for one side of the mean is shown below:

Table XIII. Normal Probability Tables, Areas of the Normal Probability Curve

[t is expressed in probable errors]

o0.0 0.01 0.02 o0e 0.04 0.05 0.06 0.07 0.08 0.09

0.0 ------------------ 0.0000 0.0027 0. 0054 0. 0081 0. 0108 0. 0135 0. 0162 0. 0189 0.0216 0. 0243
0.1 .--------------- 0269 .0296 .0323 .0350 .0377 .0404 .0431 .0457 .0484 .0511
0.2 .------------------ 0538 .0565 .0591 .0618 .0645 .0672 .0699 .0725 .0752 .0778
0.3 ------------- -. 0804 .0830 . 0856 .0882 .0908 .0934 .0960 .0986 .1012 . 1038
0.4 - -1064 .1089 . 1115 .1140 .1166 .1191 .1217 .1242 1268 . 1253
0.5 - - 1319 .1344 .1370 .1395 1421 .1446 1472 .1497 1522 1547
0.6 ----------- 1572 .1597 .1622 .1647 .1671 .1695 .1719 .1743 .1767 .1791
0.7 ------------- -. 1815 . 1839 i. 1863 . 1887 . 1911 . 1935 .1959 .1983 .2007 .2031
0.8 - - .2054 .2077 .2100 .2123 .2146 .2169 .2192 .2214 .2236 .2258
0.9 ------------------ 2280 .2302 .2324 .2346 .2368 .2390 .2412 .2434 .24561 .2478
1.0 .----------------- 2500 .2521 .2542 .2563 .2584 .2605 .2626 .2647 .2668 .2689

-.1 .------------ - 2709 .2730 .2750 .2770 .2790 . 2810 . 2830. .2850 .2869 . 2889
1.2 ------ ------- .2908 .2927 .2946 .2965 .2984 .3003 .3022 .3041 .3060 .3078
1.3 -- .- -3097 .3115 .3133 .3151 .3169 .3187 .3205 .3223 .3240 .3258
1.4 .--------------- 3275 . 3292 .3309 .3326 .3343 .3360 .3377 .393 .3410 3426
1.5--------------- -. 3442 .3458 . 3474 .3490 .3506 .3521 .3537 .3552 .3567 .3582
1.6 .------------------ 3597 .3612 .3627 .3642 .3657 .3671 .3686 .3700 .3714 . 3728
1.7 .-.------ -- - 3742 . 3756 .3770 .3784 .3798 . 3811 .3825 .3838 .3851 .3864
1.8 - ------------ .3877 .3890 .3903 .3915 .3928 .3940 .3952 .3964 .3976 .3988
1.9 -- .4000 .4012 .4024 .4035 .4047 .4058 .4069 .4080 .4091 . 4102
2.0 .... ...-- 4113 .4124 .4135 .4146 .4156 .4167 .4177 .4187 .4197 .4207
2.1 ------------- - 4217 .4227 .4237 .4246 .4256 .4265 .4274 .4283 .4292 .4301
2.2 ------------ - 4310 .4319 .4328 .4336 .4345 .4353 .4361 .4369 .4377 .4385
2.3-------------- .4393 .4401 .4409 .4417 .4425 .4433 .4441 .4448 .4456 .4463
2.4 -- .---------------- 4470 .4477 .4484 .4491 .4498 .4505 .4512 .4519 .4526 .4533
2.5 ------------- .4540 .4547 .4553 .4560 .4566 .4572 .4578 .4584 .4590 .4596
2.6 - -4602 .4608 .4614 .4620 .4625 .4630 .4636 .4641 .4646 .4651
2.7 --------------- - 4657 .4662 .4667 .4672 .4677 .4682 .4687 .4692 .4697 .4701
2.8 ----------------- .4705 . 4710 .4714 .4718 .4722 .4727 .4731 .4735 .4739 .4743
2.9---------------- .4748 .4752 .4756 .4760 .4764 .4768 .4772 .4776 .4780 .4783
3.0 -------------- 4787 .4790 .4793 .4796 .4800 .4803 .4806 .4809 1 .4812 .4815
3.1 .-----------. 4818 .4821 .4824 .4827 .4830 .4833 .4836 .4839 .4842 .4845
3.2 -- .------- --- 4848 .4851 .4853 .4855 .4857 .4859 .4862 .4864 .4866 .4868
3.3 - - . 4870 .4873 .4875 .4877 4879 4881 .4883 .4885 .4886 .4888
3.4------- ------ .4890 .4892 .4893 .4895 .4897 .4899 .4901 .4902 .4904 .4906
3.5 ---- ---- -. 4908 .4909 .4911 .4913 .4915 .4916 .4917 .4919 1 .4921 .4922
3.6 - -. 4923 .4924 .4926 . 4927 .4928 .492 .4931 .4933 .4934 .4935
3.7 - - -. 4938 .4939 .4940 .4941 .4942 .4944 4945 .4946 4947
3.8 - - - 4948 .4949 .4950 .4951 .4952 .4953 .4953 .4954 .4955 .4956
3.9 .--------------- 4957 .4958 .4959 4960 4960 4961 .4962 963 4964 4965
4.0----------------- 4965 .4966 .4967 .4967 .4968 .4969 .4969 .4970 .4971 4972
4.1 .--4972 .4973 .4973 .4974 .4974 .4975 .4975 .4976 .4976 .4977
4.2 ------- - .4978 4978 .4979 >4979 .4980 .4980 .4980 .4981 .4981 .4981
4.3- -- -- .4982 .4982 .4982 4983 .4983 .4983 4983 4984 4984 .4985
4.4------- .4985 .4985 .4986 .4986 .4986 .4987 .4987 .4987 .4988 .4988
4.5 ---------..---. 4088 .4989 .4989 .4989 .4989 .4990 . 4990 .4990 .4990 .4991
4.6 ---- ---- - 4991 .4991 .4991 .4991 .4992 .4992 .4992 .4992 .4992 .4992
4.7 .-4993 .4993 .4993 .4993 .49939 3 993 .4994 4994 4994 .4994
4.8 .-.......... 4994 .4994 .4994 .4995 .4995 .4995 .4995 .4995 4995 .4995
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Table XIII. Normal Probability Tables, Areas of the Normal Probability Curve-Continued

It is expressed in probable errors]

0.00 0.01 0.02 0.03 I 0.04 0.05 0.03 0.07 0.08 0.09

4.9 .. 0.4995 0.4996 0.4996 0. 4996 0.4996 0.4906 0.4996 0. 4996 0. 4996 0. 4996
5.0 .-........ .4996 .4996 .4997 .4997 4997 .4997 .4997 .4997 .4997 .4997
5.1-4997 .4997 .4997 .49 4997 997 .4998 .4998 .4998 .4998 .4998 .4998
5.2 .-............. 4998 .4998 .4998 .4998 .4998 .4998 .4998 .4998 .4998 .4998
5.3 .-............ 4998 .4998 .4998 .4998 .494998 .498 .4999 .4999 .4999 .4999
5.4 .-............ 4999 .4999 .4999 .4999 .4999 .4999 .4999 .4999 .4999 .4999
5.5 .------------- - 4999 .4999 .4999 .4999 .4999 .4999 .4999 .4999 .4999 .4999
5.6 .-........... .4999 .4999 .4999 .4999 .4999 .499 4999 .4999 .4999 .4999
5.7 .-......... 4999 .4999 .4999 .4999 .4999 .4999 .4999 .4999 .4999 .4999
5.8 . .-......... 5000 .5000 .5000 .5000 . 5050005000 .5000 .5000 .5000 .5000
5.9 .-.............. 5000 .5000 .5000 .5000 .5000 .5000 .5000 .5000 .5000 .5000

b. The example in paragraph 620b can be solved will occur at either ]ess than 100 yards above
by use of the probability tables as follows: the ground (250 below the mean) or more than

Equiralent 600 yards above the ground (250 above mean)
Iaplopn e,'s From tabl Probability

105-mm how - ....... 2. 5 .4540X2 90. 80% iS 1.23%+1.23%=2.46% (equivalent to 2.46
155-mm how -- . ...... 2.0 .4113)X2 82.26% chances in 100). Any combination of limiting

These answers differ slightly from those obtained heights above ground can be similarly solved.
by using the dispersion ladder. This is because The maximum and minimum limits specified need
probability tables are to an accuracy of 4 decimal not reduce to the same error from the mean as in
places in hundredths of probable errors whereas the foregoing example. Each is solved inde-
the dispersion ladder is to an accuracy of only 2 pendently and the probabilities are added.
decimal places in whole probable errors. Proba- d. It is emphasized that the probibility table
bility tables provide the more accurate answer. gives the probability of not exceeding a certain

c. In some problems, the probability is required error; it does not give the probability of making
for only I side of the mean in which case the a certain error.
multiplication by 2 is omitted. (If firing table 622. The Dispersion Rectangle
probability tables were used, division by 2 would a. If the range and direction dispersion ladders
be required.) For example, to determine the are superimposed the result is a dispersion rec-
probability that a burst will be closer to the ground tangle. Figure 224 is such a dispersion rectangle
than 100 yards when the mean height is 350 yards in which each small rectangle is bounded by I
above the ground and the height probable error probable error in range and 1 probable errr in
(e,,) is 75 yards, the following procedure is used: (leflection.

Specified error (yards)=350-100=250 b. The percentage number inside each small
(that is, 250 yards below the mean is 100 rectangle in figure 224 lists the probability of one
yards above the ground) round landing in that rectangle. This number is
Error in e,,=250/75=3.33 obtained by multiplying the range probability by
From probability table XIII, 3.33 corres- the deflection probability applicable to that rec-
ponds to .4877 which is the probability tangle. For example, consider one of the rec-
that the burst will be between the mean tangles that is assigned a value of 1.12%; .16X
and 100 yards above the ground. Since .07=.0112 or 1.12%.
the total probability for a burst being c. Note again the use of the convention that 8
below the mean is .5000, then the proba- probable errors equal the 100-percent zone.
bility of a burst being less than 100 Actually, the probability of a round landing in an
yards above the ground, that is, more area bounded by 8 range probable errors and 8
than 250 yards below the mean, is: deflection probable errors is 98.6049 percent from
.5000-.4877=.0123=1.23% the probability tables (2(.4965) X2(.4965) = (.993)

By extension, the probability that the burst (.993)=.986049).
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2% .04 .14 32 .50 50 32 .14 04 sensings used are of two outcomes only-either
7% .14 049 .121 1.75 1.75 1.12 0.49 .14 over or short; and, second, the assumption that

16% .32 1.12 2.56 4. 4.00 2.56 1.12 .32 the small number of rounds observed follows
25% .50 1.75 4.00 6.25 6.25 400 175 .50 Direction normal distribution exactly.
25% 50 175 4.0C 62 -625 400 1.75 .50 fire b. For example, if 5 shorts and I over are ob-

6 321 1.12 2.56 400 4.001 2.56 2 .32 tained, then %/ or 83.33 percent of tile rounds fell
7% .14 0.49 1.12 1.75 175 1.12 0.49 .14 short of the target, and, by using the dispersion
2% .04 .14 .32 .50 .50 .32 .14 .04 ladder, the target must be 1.52 probable errors

2% 7%/. 16% 25% 25% 16% 7% 2%
Figure 224. Dispersion rectangle. beyond the center of impact (50%+25%+

623. Most Probable Position of Center of 8.33%=83.33% and this computes to 1 e,-+ 863
Impact ~~~~~~Impact ~e, or 1.52 e, beyond the center of impact). Note

So far only the probability of all outcome of a that, 33.33 percent of the rounds fell between the
future event has been considered. This is not center of impact and the target. By using the
always the problem, however. For example, tile probability tables, we find .3333 as representing
observer's sensings in the fire for effect phase of a 1.43 probable errors, to the nearest hundredth,
precision registration are the outcome of the rounds which is a more accurate estimate of the distance
fired, but they do not in themselves define the of the target from the center of impact. Use of
relative locations of center of impact and target the preponderance rule described in chapter 18
which yielded these sensings. The problem is to indicates the target to be 1.33 probable errors
find the most probable relative location.

a. There are simple methods of determining beyond the center of impact: fork=
the most probable location of the target with 2X6 3
respect to the center of impact. These methods 1.33 e,. Probability tables provide the most
are based on, first, the fact that positive range accurate answer.

Section IV. SINGLE SHOT HIT PROBABILITY AND ASSURANCE

624. Single Shot Hit Probability i!
The single shot hit probability (SSHP) is the Conter of

probability of hitting a target or area of finite 10 20 yards imact Direc
dimensions with any one round. yards fire

a. The probability of a round hitting in any 5 yards
one of the areas bounded by 1 e,, and I e,, is the d _

product of the probability of attaining that range 40 yards

error and the probability of attaining that deflec- Figure 225. Single shot hit probability.
tion error. This basic principle is applied in
computing the SSHP. To use the probability of error are divided by the respective firing table
tables, the specified error must be reduced to probable errors for the weapon, charge, and range
equivalent probable errors. being used. This quotient (t) is the argument for

b. Computation of SSHIP is based on the entering the probability tables to determine the
assumption that the crenter of impact is at the the range probability and the deflection prob-
exact center of the target. or area. This means, ability. The product of these 2 probabilities gives
for example, that if the target is 40 yards long, I the the probability of hitting a specific quarter of the
limit of error is 20 yards (fig. 225). The same 4 quarters of the target as shown by the shaded
principle holds true for deflection. Therefore, in area in figure 225. Since a hit in any 1 of the 4
order to reduce target dimensions to equivalent quarters constitutes success, the probability of
probable errors, it is first necessary to determine getting a hit in any quarter must be multiplied
the limit of error for range (i. e., one-half that by 4.
target dimension parallel to the GT line) and for c. For example, the target is a bridge 10 yards
deflection (i. e., one-half that target dimension by 40 yards with the long axis parallel to the
perpendicular to the GT line). Then, the limits direction of fire. Range to target is 15,000 yards.
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By assuming that the center of impact is correctly length and width are known, the computation of
located at the center of the target in each instance, SSHP proceeds as in paragraph 624. Figure 226
computation of SSHP is as follows: illustrates a bias target.

(1) 8-inch howitzer, charge 7, range 15,000. b. The following tabulation can be used to
approximate these effective dimensions. Greater

From firing table: e 7,=13 yd; ev= 4 yd accuracy is not warranted in view of the approxi-

Range (40i 20 mate dimensions of the target itself and the
Range t= 13 I3=1-54 approximation of the angle of bias. The angle of

Deflection t= f(1i)_= .25 bias is the smallest angle measured between the
4 4 long axis of the target and the direction of fire.

From probability tables: t(1.54) =.3506; t(1.25) =.3003 Anle of bia between Effectivelength Effective idth

SSHP=4(.3506)(.3003)=.4211=42.11% 0-400 mils --- Actual length -- Actual width

401-650 mils___ 2Xactual width_ .5Xactual length
(2) 155-mm gun, normal charge, range 15,000. 651-950 mils___ 1.41Xactual .71 Xactual length

From firing table: eP,=43 yd; e,=5 yd width.
951-1,200 mils_ 1.15Xactual .87Xaetual length

Range t= 4=-- .47 width.43 43
1.201-1,600 Actual width.- Actual length

Deflection t =-( =5= 1.00 mils.5 5

From probability tables: 1(.47)=.1242; i(1.00)=.2500 c. For example, the target is a bridge 8 yards
SSHP=4(.1242)(.2500)=.1242 or 12.42% by 40 yards with the long axis at an 800'rj angle to

direction of fire. The range is 11,000 yards. By

625. SSHP for Bias Targets assuming that the center of impact is at the

a. A target is said to be biased when its specified center of the target, the computation of the
dimensions are not parallel or at right angles to SSHP for an 8-inch howitzer firing charge 7 is as
the direction of fire. The only change in procedure follows:

rtquired is that the specified length and width of Effective length=1.41 (from table)X8=11.3 yd (11.28)
the target must first be converted to an effective
length and width which fits the dispersion patternl Effective width=.71 (from table) X40=28.4 yd
with respect to the GT line. Once the effective From firing table: e= 10 yd

Range I-= l13 = =.56
Direction 10 2 5

of fire Deflection t=(28.4)7.1

From probability tables: 1(.56)=.1472: t(7.1)=.5000

SSHP=4(.1472)(.5000) =.2944 or 29.44%

626. Assurance and Assurance Graphs
/ e The term assurance is another way of saying

probability. Single shot hit probability is a
specific instance of assurance wherein only one

_~ /round is considered. Assurance is a broader term

ci/ I associated with the probability of hitting a target
with any given number of rounds, assuming a
constant SSHP. As used in this manual, assur-
ance will always imply the probability of hitting a
target with two or more rounds.

a. The assurance formulas for at least 1 hit, 2

Actual width hits, 3 hits, etc., may be graphed as shown in
figures 227, 228, and 229. 'he only computation

6 is the angle of bias necessary is the ,SSHP. Once that is known, the
Figure 226. Bias target. graph provides a rapid determination of either the
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Figure 22?. Assurance of at least one hit for "N" rounds when SSHP is known.

assurance obtainable from firing aspecified num- c. For example, determine the assurance of
ber of rounds or the number of rounds required for getting at least 1 hit out of 20 rounds when the
a desired assurance. SSHP is .045. (Answer: .60, fig. 227). De-

b. The number of rounds is indicated along the termine the number of rounds required for at least
bottom of the graph, the SSHP is indicated up the 2 hits when the SSHP is .08 and the desired assur-
side of the graph, and the assurance is indicated by ance is .70. (Answer: 30 rounds, fig. 228).
the curves drawn within the graph. To use the d. Although it is impossible to be certain of the
assurance graph, first, find the intersection of the number of rounds needed to hit or destroy a target.,
two known elements and, then, read the desired use of the graphs will permit an approximation.
element opposite this intersection. Interpolation Probability (assurance) is a substitute for fact
between numbered graduations is permissible. and, until the fact is actually known, probability
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Figure .28. Assurance of at least two hits for "N" rounds when SSHP is known.

provides the best guide as to what to expect. ing the fiing table probable error by the appro-

Unfortunately4, the SSHP and assurance levels are piate factor shown below.
usually less than the ones derived from the method Nurbn of

usually is not at the center of the target as as- 4-50

Ipact located by the mean of 12 rounds is more 32I I I I

accurate than 1 located by the mean of only 12-2.

rounds. An estimate of the probable error of the 1 III I27

10-25

CI as a functio of the Ilumber of rounds from

which it was determined can be foun .d by multiply-I 11 pbl



.7 .

.6

.5

.2

1 J I I 11 . i\ i [ I IE .

.05 .05

ROUNDS 10 20 30 40 50 60 70
Figure 229. Assurance of at least three hits for '"1 rounds when SSHP is known.

In the 155-mm gun example shown in paragraph weapon ep and the center of impact e, or, in this
624c, if the adjusted data of the CT were based on case, t/(43)2+ (18)2, which equals 47 yards to the

6 rounds, then the range probable error of the CI nearest yard. Hence, 47 yards would be used in
at that time would be 18 yards (.41 X43= 17.63). the place of 43 yards in the computation of SSHP.

has 1111111111 1 The deflection e1 can be found in a similar man-

parent increase in the weapon re. The magnitude significant. '[he method outlined above is valid

of the apparent weapon e, is approximately equal for only one round in fire for effect. TLus, it is not

to the square root of the sum of the squares of the to be used with the assurance graphs.
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Section V. RADIAL (CIRCULAR) PROBABLE ERRORS AND RELATED SSHP

627. General 629. Conversion of Target Shapes
Some weapons (e. g., guided missiles) are a. There are four possible combinations of

characterized by a circular dispersion pattern. weapon dispersion patterns and target area shapes,
Also, many targets are pictured as being circular as shown below:
in shape, particularly if the use of atomic muni- Type i'apaon disperion pamrn Targvt area shap,

tions is contemplated. (The circular concept of I------ Rectangular ..- . .. Rectangular

targets aids in damage assessment from atomic 2 --- Rectangular Circular

munitions because blast, thermal, and radiation 3 Circular Circular
effects are more or less radial in nature.) There- Circular Rectangular

fore, the combination of weapons with rectangular As a general rule, the target area shape is con-
dispersion patterns firing on circular target areas verted to the shape of the weapon dispersion
as well as onil rectangular areas must be considered. pattern in computing SSHP. The underlying
Also, weapons with circular dispersion patterns principle is that, as a result of the conversion, the
firing on both rectangular and circular target magnitude of the original target area has not
areas must be considered. changed.

b. To convert from a rectangular shape to a

628. Radial and Circular Probable Error (CPE) circular shape, the product of the square roots of
a. Circular probable error and radial probable the sides of the given rectangle is multiplied by

error are the same in principle. The circular .5642 (the factor .5642 is -) where 7r=3.1416)
probable error is defined as the radius of the circle
which incloses the 50-percent zone: that is, it is The product is the radius of a circle which has an
the radius of the circle, center at the center of area equal to the original rectangle. For example,
impact, within which rounds will fall as often as the radius of an equivalent circle for a rectangular
they do not. However, the radial probable error target 300 meters by 400 meters is 195.4 meters
is defined as that radial error which is exceeded (.5642/X30/400=195.4 meters).
as often as it is not exceeded; hence, the circle c. To convert from a circular shape to a rec-
it describes also incloses the 50-percent zone. tangular shape, the radius of the given circle is
The absolute requirements for a circular dis- multiplied by 1.7725 (the factor 1.7725 is "
persion pattern in a weapon are as follows: where r=3.1416). The product is the side of a

(1) The errors in one dimension are inde- square which has an area equal to the original
pendent of the errors in the other dimen- circle. For example, the dimensions of an equiva-
sion. lent rectangle for a circular target of 200 meters

(2) The probable error in one dimension is radius are 354.5 meters by 354.5 meters (200X

equal to the probable error in the other 1.7725=354.5 meters).
dimension. 630. Circular Probability Tables (Table XIV)

(3) The errors in each dimension are normal In paragraphs 624 through 626, the use of table
in distribution. XIII in computing SSHP was described. Table

b. When the requirements in a above are not XIV is a similar type of probability table. It is
met, it is better to treat the weapon as having a used in computing SSHP for weapons with circular
rectangular dispersion pattern. In that case, dispersion patterns. The figures in the body of
probability is more accurately defined as two inde- the table represent volumes under the normal
pendent variables of different magnitude (range probability surface. Entry into the table is in
anti deflection). Targets can be converted into an terms of r. Thle quotient r is defined as the magni-
equivalent shape which is characteristic of the tude of the target's radius expressed as equivalent
dispersion pattern of the weapon. This conversion radial or circular probable errors. (r equals the
aids in solving the probability problem and will radius of the target area divided by the circular
provide a greater degree of accuracy in obtained probable error of the weapon.) The body of the
assurance values. table gives SSHP for r. No further modification
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Table XIV. Probability Tables (Circular), Volumes Under Normal Circular Probabilily Surface

[r is expressed in circular probable errors]

. ,00 0.01 0. 02 0.03 0.04 0.05 0.06 0.07 0.08 0.a

0.0 -. .. 0 0000 0.0001 0.0003 0.0006 0.0011 0.0017 0.0025 1 0.0034 0.0044 0. 0055
0. 4----.--------- 0068 .0083 .0099 .0116 .0134 .0154 .0175 0198 .0222 .0247
0.2 .-........ ......0273 .0301 .0330 0360 .0391 .0424 .0458 .0493 .0529 .0566
0.3 .-........... .....0604 .0644 .0685 .0727 .0770 .0814 .0859 .0905 . 0952 . 1000
0.4 -................ 1050 . 1100 . 1151 . 1203 . 1256 . 1310 . 1365 .1420 .1476 . 1533
0.5- . 1650 . 1709 . 1769 . 1830 . 1892 . 1954 .2017 .2080 .2144
0.6 .-.. ---- ---. 2208 .2273 .2339 .2405 .2472 .2539 .2606 .2674 .2742 .2810
0.7 .-.............. 2879 .2949 .3019 .3089 .3159 .3229 .3299 .3370 .3441 .3512
0.8 ----.------------ .3583 .3654 .3726 .3797 .3869 .3940 . 4011 .4082 .4154 .4225
0.9 .-.........4296 .4367 .4438 .4509 .4580 .4651 .4721 .4791 .4861 .4931
1.0 .-.. --- --. 5000 .5069 .5138 .5207 .5275 .5343 .5411 .5478 .5545 .5611
1.1 .-.........5677 .5743 .5808 .5873 .5938 .6002 .6065 .6128 .6191 .6253
1.2 .-..............6314 .6375 .6436 .6496 .6555 .6614 .6673 .6731 .6788 .6845
1.3 .-..............6901 .6956 .7011 .7066 .7120 .7173 .7225 .7277 .7329 .7380
1.4 .-......7430 .7479 .7528 .7576 .7624 7671 .7718 .7764 .7809 . 7854
1,5 .-.. ......--- -- 7898 .7941 .7984 .8026 .8068 .8109 .8149 .8189 .8228 . 8266
1.6 .------------ --- 8304 .8341 .8378 .8414 .8449 .8484 .8519 .8553 .8586 .8619
1.7 -.-............... 8651 .8682 .8713 .8744 .8774 .8803 8832 .8860 .8888 .8915
1.8 .-........... ..8942 .8968 .8993 .9018 . 9043 .9067 .9091 .9114 .9137 . 9159
1.9 .-.............. 9181 .9202 . 9223 09244 .9264 .9284 , 9303 . 9322 .9340 .9358
2.0 ..............9375 .9392 .9409 .9425 .9441 .9457 .9472 .9487 .9502 .9516
2.1 .-........... ....9530 .9543 .9556 .9569 .9582 .9594 .9606 .9618 .9629 . 9640
2.2 .-............9651 .9662 .9672 .9682 .9692 .9701 .9710 .9719 .9728 .9737
2.3 -............... 9745 .9753 .9761 .9769 .9776 .9783 .9790 . 979)7 .9804 .9810
2.4 .-.......... 9816 .9822 .1828 .9834 .9839 .9844 .9849 !1854 .9859 .9864
2.5 -............- .9869 .9874 .9878 .9882 . 9886 .9890 .9894 .9898 .9902 . 1905
2.6-9----------- .9908 .9911 .9914 .9917 .9920 .9923 .9926 .9929 .9932 .9935
2.7 .............9937 .9939 .9941 .9943 .9945 .9947 .9949 .9951 .9953 .9954
2.8 --------------- - 9956 56 998 .9· 960 .9961 .9963 .9964 .9966 .9967 .9968 .9969
2.9.-- .9971 .9972 .9973 .9974 .9975 9976 .9977 .9978 .9979 .9980
3.0 .9981 .9981 .9982 .9982 .9983 .9984 .9984 .9985 .9985 .9986
3.1 … ------------ -. 9987 9988 .9988 .9989 .9989 .9990 .9990 9991 991 .9992
3.2 .-------- - 92 .992 .9992 9992 .9993 . 9993 .9993 .9993 .9994 9994 .9994
3.3-------- .9995 .9995 .9995 .9995 .9995 .9996 .9996 .9996 .9996 .9997
3.4 - - .9997 99 97 .9997 .9997 .9997 .9997 .9998 .9998 .9998 .9998
3.5 .-----------9999981 ·9998 .9998 .9998 9998 .9998 .9998 .9999 .9999 .9999
3.6- -9999 .9999 .9999 .9999 .9999 .9999 .9999 .999 9999 .9999
3.7 .-------999-9 .9999 .9999 .9999 .9999 .999 .9999 .9999 1.0000 1. 0000

is required; that is, the probability dlepicted for a a deflection probable error of 300 meters and is
given r is not just a segment of the circle but is the launlched at anl enemy supply lump 800 meters
total SSHP. This table differs from table XIII long and 500 meters wide with respect to the
in that the rectangular probability table gives the laulncher-target line. (Assume that the center of
probability for only % of the total rectangle and impact as at the center of the target area.)
multiplication by 4 is required. Interl)olation is b. Solution (use table XIII):
an unnecessary refinement. e,=500; emd=300

Range t=lY(800)=400=. 80
631. SSHP for Type 1 (Weapon and Target 500 50= 80

Rectangular) I)eleetion 1= (500) =250= 83

The SSHI' problem for a type 1 combination is From probability tables: t(.80)=.2054; t(.83)=.2123
the same as discussed inl detail in paragraphs 624 SSHP=4(.2054)(.2123). 1744=17.44%

Note. The above procedures are equally applicable eveni
through 626, and the procedure is identical. when, the es of the missile is larger than its e,, as long

a. Example: Compute tile SSHP for a missile as each is related to its corresponding dimension ii the
target area with respect to tbe launcher-target (or gun-

that has a lange probable error of 500 meters and target) line.
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632. SSHP for Type 2 (Weapon Rectangular 400 meters. (Assume that the center of impact

and Target Circular) is at the center of the target area.)
In an SSHP problem for ia type 2 combination, 6. Solution (use table XIV):

it is first necessary to detcrmine the side of a Target radius=.5642/200-T400= 159.6 meters (use 160
square the area of which is uq:-al to the area of meters)
the circle defined by the radius of the target. r 60=.80
This computed side is then used as both the range From probability table: r(.80)=.3583
and deflection dimension of the target area, and Therefore, SSHP=.3583=35.83%
the SSHP is computed as for type 1.

a. Example: Compute the SSHP for a missile 635. Alternate Solution for Type 4
which has a range probable error of 300 meters Table XIII can be used with the SSHP problem
and a deflection probable error of 100 meters and for a type 4 combination by multiplying the known
is launched at a target area the radius of which is circular probable error by .5727 and using the
400 meters. (Assume that the center of impact product as the range probable error of the weapon
is at the center of the target area.) as well as its deflection probable error. The

b. Solution (use table XIII): solution for the preceding problem by using this
Side of square(s)=400(1.7725)=709 meters (use 710) procedure would be as follows:
epr=300 meters; ed= 100 a. Equivalent e,, and e,d=CPEX.5727=
Range t=-Lo)0 1=3500=5 1 200 (.5727)=114.54 (use 115)

Deflection 1=-(710)-- =355 Range =(200)=100=.87
100 100 115 I15

From probability tables: t(1.18)=.2869; 1(3.55)=.4916 f(400) 200
SSHP=4(.2869)(.4916)=.5642=56.42% Deflection = 5 =200=1.75

633. SSHP for Type 3 (Weapon and Target Note. Since there is a common denominator of 115, it
Circular) makes no difference which dimension of the target area is

assumed to be range and which is assumed to be direction.
The SSHP problem for a type 3 combination

requires only the computation of r; that is, the From probability tables: t(.87)=.2214; t(1.75)=.3811

target area radius divided by the circular probable SSHP=4(.2214)(.3811)=.3375=33.75%
error of the weapon. The value in the probability
table for a given r is the SSHP for that ratio. b. The method in a above, as an exception to

a. Example: Compute the SSHP for a missile the general rule of converting the target area
which has a circular probable error of 200 meters shape to fit the weapon dispersion pattern, is
and is launched at a target area the radius of which preferred when the dimensions of the target area
is 250 meters. (Assume that the center of impact are such that 1 dimension is 3 or more times the
is at the center of the target area.) other dimension.

b. Solution (use table XIV):
* target radius 250tb ) 636. Computation of SSHP When Location
=eapon CPE 2-0= 1 25 Probable Error Is Known

From probability table: r(1.25) =.6614 The probable error of target location and center
Therefore, SSHP=.6614=66.14% of impact error is construed to be radial in nature

634. SSHP For Type 4 (Weapon Circular and except as discussed in paragraph 628. The effect
on the computation of SSHP in either or both

Target Rectangular) cases is an apparent increase in the probable error
In an SSHP problem for a type 4 combination, of the weapon. This apparent increased weapon

it is first necessary to determine the radius of a probable error is approximately equal to the square
circle the area of which is equal to the area of the root of the sum of the squares of weapon probable
rectangular target. The radius so determined is error and location probable error. By using
then used as the radius of the target area, anll the these modified weapon probable errors, SSHP is
SSHP is computed as for type 3. computed as described in paragraphs 629 through

a. Eiample: Compute the SSHI' for a missile 635.
which has a circular probable error of 200 meters a. Example: Compute the apparent circular
and is launched at a target area 200 meters by probable errori of a weapon the given circular
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probable error of which is 200 meters when the center-of-impact registrations and fall of shot
center of impact is known only with a probable calibrations, a positive check is available on the
error of 80 meters. performance of weapon crews and weapons.

Solution: Apparent weapon The developed probable error can be approxi-
mated by multiplying the maximum dispersion

CPE= V(200)2+ (80)2=215.4 meters. observed (longest range minus shortest range)
of the group of rounds considered by the appro-

Therefore, use 215 meters in computing r. priate factor from the following tabulation (n

b. Example: Compute the apparent range and is the number of rounds in the group).
deflection probable errors for a weapon the e,, of Fator
which is 300 and the ep, of which is 100 when the 2 -0......... ......... o. 5978
center of impact is known only with a probable 3- .3885
error of 80 meters. 3276

5 ................................. 2900
Solution.: In this case, it is first necessary to 6 - 2661

convert the probable error of center-of-impact 7 -----....... .2494
location (which is radial) to increments of range 8 -------- .2369
and deflection by finding the size of Ia square of --- 2271
equivalent area. 11- .-.................... .2126

12 -............................- 2070
s=80X 1.7725= 141.8 (use 142) 13 -- 00 .2022

Then apparent e,,=J(300)2+(l42)?=331.9 14------ -------------.. .1980
i .15 -............ 1943

And apparent e.d=1/(100)2+(142)2= 173.7 16 .-1910
17 .-....................... 1880

Therefore, in computing range t, use 332 meters, 18 .1853
and, in computing deflection t, use 174 meters. 19 .-------------. -----.--- 1828

Note. Computation of probable errors, as shown above,
is valid for only one round in fire for effect. For example, the maximum observed range dis-

persion in a group of 8 rounds is 150 yards.
637. Summary The approximate developed range probable error

a. The need for a knowledge of probabilities is 36 yards to the nearest yard (.2369 X 150=
stems from the need to estimate properly both 35.535).
the accuracy and effectiveness of fires which are d. Probability tables and pertinent graphs
planned as well as to evaluate fire that has been simplify applying statistical methods to artillery
delivered. Probability is at best a substitute for fires; however, proper use of these tables and
fact; it indicates the relative likelihood of an graphs requires a true picture of the problem at
event or outcome with respect to other events or hand. To set up a problem in probability, the
outcomes considered. law of errors and characteristic dispersion pat-

b. Probabilitv is no more valid than the data terns must be known.
from which it is deduced. This is particularly e. Probabilities associated with the firing of
true for those problems dealing with SSHP. successive volleys are combined with lethal areas
Probable errors in locating the center of impact and disposition of specific targets to serve as a
with respect to the target considerably reduce guide toward a more intelligent selection of weap-
SSHP and assurance. Continued firing when ons and ammunition in the attack of targets.
the center of impact is in error results in a system- These ramnifications are discussed in chapter 23.
atic error with a further reduction of the SSHP. f. The distinction between accuracy and pre-
That is, each projectile or missile deviates from cision uliust, be recognized. Firing table probable
its own center of impact according to normal errors defline precision; that is, the magnitude
distribution; the center of impact must be es- of the dispersion pattern around the mean.
timated and computations continued from there. They (do not deflne accuracy completely but only

c. Firing tables indicate the probable errors of a part of it. Accuracy is defined by the combined
a weapon in various dimensions (range, dellec- prohbable errors of all the elements used in com-
tion, and height of burst or radial and height of puting or deriving firing data. For example, the
burst). By utilizing round-to-round data from a.curaly of K-transfers depends on the accuracy
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of survey, target location, current registration combined into what is known as a systems
corrections, laying and normal dispersion, etc. probable error. The method for combining several
Also, the accuracy of met plus VE transfers independent probable errors is to express them
depends on accuracy of survey, target location, in a common unit of measure (e. g., yards), square
met data (at the time and place used), the VE these values, add all of the squares, and then take
used, laying, etc. Accuracy, therefore, is affected the square root of this sum. It is not the purpose
by many contributing sources of error. Most of of this manual to define the magnitude of these
these sources can be expressed by an independent separate sources of error. The purpose is only
probable error. To predict correctly the ac- to point out the fact that the firing table probable
curacy of contemplated fire, the probable errors error is only one of many sources of error which
of all applicable elements must be known and affect accuracy.

362



CHAPTER 28
CALIBRATION

Section I. GENERAL

638. Introduction most effective pattern of bursts; second, it pro-
a. Calibration is the comparison of the muzzle vides a point of departure for the use of met plus

velocity of a given piece with some accepted VE delivery techniques in new positions; and
standard performance. That standard may be third, it serves as a measure of validity against
selected arbitrarily from the performance of a which later VE's (computed as a result of registra-
group of weapons being calibrated together, as in tions and concurrent met data) can be evaluated.
comparative calibration; or it may be the standard Comparative calibration serves only the first
defined in the firing tables, as in absolute calibration. purpose. Absolute calibration serves all purposes.

b. Initially, calibration is directed toward a c. Having weapons of like velocity, in any one
proper grouping of the weapons under a command. battery, reduces the frequency with .which indi-
For example, all weapons within a battalion will vidual piece corrections must be applied. Calibra-
not have like shooting strengths or muzzle veloci- tion data makes it possible to group weapons of
ties even when a common ammunition lot is nearly equal shooting strength.
being fired. Therefore, it is desirable to minimize d. Developing atomic warheads for field artillery
wide discrepancies in shooting strengths within weapons has accentuated the importance of
each battery by grouping weapons of like per- absolute calibration data because of the require-
formance. Calibration data are also used in ment for a predicted fire capability. Predicted
computing certain corrections to basic firing data; firing data, that is, firing data determined without
in general, however, they encompass the following: benefit of registration or adjustment, is a refine-

(I) To determine corrections which will ment of the met plus VE techniques described in
equalize variations in velocities of chapter 19.
weapons in the battery.

(2) To determine corrections which will 640. Types of Calibration
equalize variations in velocities of base a. Calibration can be done with a muzzle
pieces in the battalion. velocity measuring device called a chronograph.

(3) To determine corrections which will It can also be performed with fall of shot pro-
equalize variations in velocity from the cedures of varying complexity. Both techniques
firing table standard. result in a variation from the accepted standard

performance expressed in feet per second. A
639. Necessity for Calibration variation determined by chronograph is called a

a. The effectiveness of artillery depends on its measured velocity variation (MVV). A variation
ability to deliver accurate and timely fires. determined from fall of shot procedures,regardless
Constant efforts are being made to improve ac- of the complexity, is called velocity error (VE).
curacy so that suitable targets can be neutralized, b. Measuring the muzzle velocity developed by
damaged, or destroyed before countermeasures can a weapon-ammunition combination results in
be used by the enemy. For improved accuracy, absolute calibration data. However, MVV's do
an important element to determine is the velocity not tie a group of weapons together unless a com-
of the weapon-ammunition combination. mon or like lot of ammunition is used. Developed

b. Calibration serves three purposes-first, it muzzle velocity is a function of two variables-the
permits individual piece corrections to produce the weapon and the ammunition-and, in order to
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reference one, the other must be kept a constant. concurrent fall of shot calibration, preferably of
A group of weapons calibrated with a chronograph the absolute type discussed in paragraphs 652 and
will be considered in a state of absolute calibration 653. This practice is recommended in view of the
with respect to firing table standards if a common divergence between MVV's and VE's of the abso-
lot of ammunition is used. However, unless the lute type (par. 640b).
ballistic coefficient of the projectile lot is standard, b. Equipment used by these teams will be one
the VE determined from a fall of shot absolute of two types, either the skyscreen or the radar
calibration will not match MVV determined from doppler. Skyscreen equipment is a set of photo-
an instrumental absolute calibration. Unless the electric cells which are placed along a carefully
ballistic coefficient change (BCC) is known and surveyed base. The base is under a prolongation
therefore can be stripped from the fall of shot of the tube when it is laid. Passage of the pro-
data as one of the nonstandard conditions, the VE jectile overhead changes the light intensity striking
determined is not absolute in the true sense. the cells which in turn activates an electronic
Despite an unknown ballistic coefficient, the VE so timer. The ordnance team computes the mean
determined is usable in the absolute sense within developed muzzle velocity of the rounds fired
the confines of present met plus VE techniques. from each piece. The unit must determine, and

c. Fall of shot calibration can result in compara- compensate for, the effect of nonstandard powder
tive or absolute calibration. The firing is coil- temperature and projectile weight. The unit must
ducted similarly to that for center-of-impact reduce the corrected muzzle velocity to an MVV.
registrations. c. Chronographs of the radar doppler type are

d. In fall of shot comparative calibration, the far more flexible than skyscreen equipment. The
mean developed range for each piece is determined, radar doppler set operates from a vehicle to the
That range is compared with the mean developed rear of the piece. Positioning of the set requires
range of the piece accepted as standard. Each only a paced survey The equipment can follow
piece then has a range differential with respect to changes in direction and elevation as rapidly as the
this standard. The differential is reduced to a VE piece can be laid. The set transmits a continuous
by dividing by the appropriate muzzle velocity wave radio frequency. A portion of the wave is
unit effect. This procedure assumes that the mean reflected off the moving projectile and returns to
developed ranges of all pieces were equally in- the set at a changed frequency. The amount of
fluenced by every nonstandard condition with the the change is proportional to tthe velocity of the
exception of muzzle velocity. The resultant VE is
usable only in relation to the piece accepted as required computations. The team adjusts the
standard and to effect uniformity of performance. indicated velocit to a muzzle velocity under
It has no relation to the firing table standard. standard conditions. The radar doppler equip-

e. In fall of shot absolute calibration, themean
developed range for each piece is compared with ment is flexible and is capable of day or night op-

eration. It is ideally suited for use during tactical
the range which would have been realized under situations Accuracy attained with the radar
the standard conditions defined in the firing table. doppler chronograph is equal to the accuracy
Each piece then has a range differential with re-
spect to the firing table standard range. From ation can be accokplished without expending
this differential must be stripped the effect of all ammunition just for that purpose. Regardless of
nonstandard conditions which existed at the time

these advantages, the unit should still attempt to
ofirresidual, in yards, is attributed to nonstandrd perform a concurrent fall of shot calibration when

velocity and reduced to a VE as in comparative possible.
calibration. d. Ordnance teams are also equipped to make

wear measurements for all weapons ranging in cali-
641. Ordnance Support ber from 75-mm to 240-mm. The equipment used

a. Periodically, field artillery unllits are visited is called a pullover gage. This gage allows a pre-
by ordnance teams who calibrate the pieces by cise measurement of the distance between the lands
using a chronograph. Units will usually have in the bore near the start of rifling. Tube wear in
sufficient notice of these visits to prepare for a this region is a fair indication of remaining tube
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life. Wear measurements should not be substi- 642. Frequency of Calibration
tuted for calibration. Nevertheless, they can be The type and caliber of weapon that is being
used to detect extremes in velocities within a fired, and the frequency (by charge) of firing,
group of weapons; however, any attempt to assign govern the need for calibration. All new tubes
relative magnitudes of these extremes (that is, a should be calibrated as soon after receipt as possi-
constructed VE) is of questionable validity. Also, ble. Thereafter, any weapon in service should be
calibration reflects the comparative or absolute recalibrated at least once annually. If a great deal
performance of a weapon-ammunition combina- of firing takes place, recalibration may be needed
tion. Tube wear, as measured by a pullover gage, more than once annually. If an accurate and reli-
cannot take into account the differences between able record of the change in VE determined from
ammunition lots and charges. Pullover gage read- registrations and concurrent met data is main-
ings can be used to group weapons initially when tained, recalibration may not be needed until the
immediate calibration is not feasible. Changes in velocity loss approaches four range probable errors.
the readings may be used as a guide in scheduling Wear tables will also give a general indication of
recalibration. the need for recalibration.

Section II. FALL OF SHOT COMPARATIVE CALIBRATION

643. Preliminary Considerations precisely with any particular charge is to calibrate
a. General. Comparative calibration is based on with that charge. However, it is never possible to

the premise that the total effects of nonstandard calibrate all weapons with all charges. Usually,
conditions (except velocity deviation from stand- calibration is accomplished with only one charge,
ard) have equal influence on the locations of the and hence it is necessary to select the charge which
CI's. This premise assumes, therefore, that the will cover the ranges most frequently fired. Group-
difference in range between CI's is an indication ing of weapons must be based on calibration with
of the difference in velocity. This assumption is one charge. Comparative calibration data deter-
valid only within certain limits. For example, it mined with one charge work fairly well as a basis
does not mean that weather conditions can be for individual piece corrections for'all other charges
ignored. Relatively stable wind is a condition for howitzers but not too well for guns. Absolute
which must be sought for calibration; and no fall calibration data as such are valid only for the
of shot calibration, either comparative or absolute, specific combination fired.
should be attempted during the passage of a d. Quadrant Elevation. When fall of shot cali-
weather front. bration of the absolute type is being performed,

b. Ammunition. Regardless of recent improve- the weapon should be calibrated at a QE between
ments made in the manufacture of ammunition, 240 mils and 460 mils. A low QE minimizes the
there is still a significant difference of performance effect of nonvelocity elements absorbed into the
between lots both with respect to propellant veloc- VE in application.
ity and projectile efficiency. By arrangement e. Emplacement qf Weapons. The weapons to
with the issuing agency, a stable lot should be be calibrated should be emplaced in a level posi-
procured. It is recommended that 10 rounds per tion area with about 2 feet between pieces.
light or medium piece and 8 rounds per heavy or Cant must be eliminated since laying for QE will
very heavy piece be fired during the calibration; be by gunner's quadrant. The weapons may be
this includes 2 rounds for conditioning the piece laid for direction by any of the methods described
(warming rounds). The calibration can be con- in chapter 5. The use of special corrections to
ducted with fewer rounds consistent with ammuni- deflections for laying all weapons on a common
tion allowances but with some sacrifice of overall point is not required. The target area should be
reliability. The propellant and the projectile must level and, if at all possible, should be at about
each be of a single lot; however, if the fuzes are not the same altitude as the position area. The
available in a single lot, it is permissible to calibrate weapons should be located to a survey accuracy
with fuzes of the same type from different lots. of not less than 1:1,000 (TM 6-200).

c. Optimum Charge. The VE (or MVV) of a f. Observation. If possible, coordination should
given weapon will vary from charge to charge. be effected with the observation battalion which
The only method of determining the VE (or MVV) will normally provide the required flash base from
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which the center of impact achieved by each that they are in proper working condition. A
weapon is determined. Organic observation may bench-checked (ordnance tested) gunner's quad-
be used, provided the observers are trained and rant should be used on all pieces. At least one
equipped to provide the high degree of accuracy reliable powder thermometer per piece should be
required for fall of shot calibration. When obtained before the firing.
organic observation is used, four OP's must be
installed, each equipped with a battery com- 644. Conduct oF Firing
mander's telescope. The OP's must be located a. Have the range and height, in yards, and the
to a survey accuracy of not less than 1: 1,000 and azimuth, in mils, from the weapon to the desired
tied to a common reference point of the same point of impact determined. These data may also
accuracy (TM 6-200). Each observer will record be obtained graphically from a reliable map, the
both azimuth and vertical angle for each round. scale of which is no smaller than 1:25,000, or by
Care must be exercised in recording so that trigonometric solution. Have these data converted
rounds can be related to their rTespective pieces. into quadrant elevation and deflection for the
An erratic round can be defined as one which pieces. Have the azimuth and vertical angle from
falls more than four range probable errors away each OP to the expected point of impact computed.
from the true center of impact. In a strict inter- b. Have the pieces put in position with about
pretation of this definition, it would be impossible 2 feet between pieces, and then have the trunnions
to detect all erratic rounds at the time observed. leveled and the pieces bore-sighted.
This is because the apparent center of impact of c. Have the interior of each tube washed until
the sample is not known until all rounds have clean and absolutely free of oil film, using hot
been fired and the apparent center of impact soapy water or a solution of a good grade deter-
itself is only an approximation of the true center gent, and then have the tube dried.
of an infinite number of rounds. Nevertheless, d. Have the ammunition prepared (use impact
a round which obviously does not fit the pattern fuze). This should be done sufficiently in ad-
of the remaining rounds should be classified as vance of the firing to insure uniform weather
erratic and should not be included in the location conditioning. Powder temperature must be re-
of the Cr. This necessitates a quick check of corded for at least four rounds at each weapon
azimuths recorded by the two flank observers just prior to firing. Normal storage precautions
before releasing a piece from the calibration site. should be exercised.
If, for the same round, both of these observers e. Have the OP personnel alerted and give the
recorded an azimuth quite different from all approximate time of firing. The first two rounds
others in that CT, then an additional round should fired to condition the tube will be used by the OP
be fired from that piece. The decision to fire personnel to improve pickup data. For each
additional rounds is made by the officer in charge. round, have ON THE WAY and SPLASH sent
Additional rounds are fired after all scheduled to the OP's. Laying for elevation for these and
firing in comparative calibration and after the all subsequent rounds will be done by using the
scheduled firing for each piece in absolute gunner's quadrant; the method of fire for all
calibration. rounds will be salvo fire. Allow sufficient time

g. Accuracy. To insure maximum accuracy, between rounds for the OP personnel to change
all personnel should be briefed on the importance the pickup data on their instruments (40 seconds
of the calibration. They should be specifically between rounds for a well-trained crew; at least
instructed to use extreme care in performing their 60 seconds for the average crew). Have the con-
duties during calibration; this pertains equally to ditioning rounds used to check the entire system
survey, FDC, weapon crews, and supervisory per- of picking up, reporting, and recording data.
sonnel. A reliable system of communications and Have on-the-spot corrections made as necessary.
exchange of commands, data, and information f. Have the calibration rounds fired as soon as
should be worked out. If necessary, the system possible after the conditioning rounds. They
should be rehearsed well in advance of firing. An should be fired as rapidly as possible within the
SOP should be developed for the conduct of firing. capabilities of the weapon and the observers. In
It is especially important that bubbles are cen- the event of a misfire, have the piece called out,
tered exactly before each round is fired. The the observers notified of the action, and the firing
pieces should be serviced and checked to insure of the other pieces continued. Accuracy and
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safety precautions take precedence over any re- c. Determination of CI Range and Azimuth. To
quirement to complete the firing as rapidly as determine the CI range and azimuth-
possible. (1) Compute the mean azimuth for usable

g. Have each OP checked to make sure that all rounds as recorded by each observer.
rounds have been recorded. Erratic rounds (Conditioning rounds and erratic rounds
should be reported by the observers so that re- are not used.)
firing can be accomplished immediately. (2) Form three target area bases by using

selected pairs of OP's as shown in figure
645. Determination of Average Range and 230.

Altitude
a. General. When the observation battalion

provides the flash base, it determines the range,
azimuth, and altitude for each round fired. This
permits a more complete evaluation of the cali- 3 Boases used:
bration, particularly with respect to erratic OP andOP 4

rounds or gross errors. When the unit provides OP I and OP 3

its own observation, it computes data only for
the CI. This requires a careful screening of each Figure 280. Target area bases.

observer's recorded data; not only for the detec- (3) Compute three sets of coordinates for
tion and deletion of obviously erratic rounds, but each CI by using each base in turn (TM
also for the detection of questionable observer 6-200).
data. (4) If an appreciable difference in the three

b. Graphical Check. If survey, observer orien- sets of coordinates occurs, perform a
tation, and observer readings are correct, all rays, graphical check.
as plotted from their respective OP's, would (5) Average the three sets of coordinates to
theoretically intersect at a common point. Nor- arrive at a mean CI location.
mally, however, the rays, either for a single round (6) Use the resultant CI coordinates and
or a CI, will not intersect but will form a polygon, weapon coordinates to arrive at azimuth

referred to as the polygon of error. Observation and range to the CI (TM 6-200).
battalion personnel are trained to reconcile these d. Determination of CI Vertical Interval. To
polygons of error. The normal accuracy limi- determine the CI vertical interval-
tations of unit observation do not warrant such a (1) Compute the altitude of the CI from each
refinement. However, if observer data appear to OP (pars. 337-391).
be of questionable accuracy, a graphical check on (2) Average the four resultant altitudes to
the magnitude and nature of the polygon of error arrive at a mean CI altitude which will
will detect it. To accomplish the graphical check, be used in later computations.
plot all OP's on a gridded sheet to a scale of
1:6,250 and plot the azimuths of the round or CI 646. Conversion to a Standard
in question as rays from their respective OP's. The ranges obtained must be adjusted for differ-
If the graphical check indicates that only one ences in altitude to place them on the same hori-
observer is appreciably in error, delete these data zontal plane. The procedure described in para-
and use the data of the other three observers. If graph 645c and d serves the same purpose as
more than one observer is appreciably in error, stripping developed site from the QE fired as in
then it is best to use the data from all observers as absolute calibration. However, the procedure is
being equally valid because it is not possible to more convenient in comparative calibration.
pick out the specific observers at fault. The size Comparative calibration is accomplished as fol-
of the polygon of error accepted is a good measure lows:
of the accuracy of resultant range data and, hence, a. Select a reference altitude and determine a
the calibration itself. A graphical check should range correction for each piece to this altitude.
be made on the common reference point before This puts all bursts in the same horizontal plane.
firing begins. The reference altitude need not be the average of
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all the altitudes recorded. It can be any con-
venient altitude (including the altitude of the Averge temperature 8O' F. (+3.0 fs)
pieces) which simplifies computing the range cor- Piece No. Powder temp Change in niffchange in
rection. Divide the difference in altitude by the veloity f/s veloeity is
tangent of the angle of fall to compute the range
correction. This procedure is recorded as follows: -------------- 82 3 8 + 8

2-------------79 +2. 7 -0.3
3 ---- -- _- 3- 83 +4.2 + 1.2

ertical Angle o Tangent Range 4-------------- 80 +3.0 0
Piece NO. AltC erval fal of rfall eorrec- * * f * * *

tion
-7-_-_-------_ 178 +2.4 -- 0.6

18- . ............ 78 +2. 4 -- 0.6
1------ 210 233 +23 356 .36 +64

2-. 210 231 +21 356 .36 +58
3-....._ 210 233 ±23 356 .36 +64
4 .- . .... 210 234 + 24 356 .36 +67 647. Determination of VE

t * * * * * * a. The range achieved by the piece shooting the
187 -210 233 +23 356 .36 +64 longest distance is selected as standard and thb

VE for this piece will be zero.

*From firng tahlesat QE fired (in this example, 105-mm howitzer, charge b. Determine the difference between the stand
QE 315) ard range and the range achieved by each piece.

Convert this difference by VE by dividing it by
b. Adjust tihe measured range for each CT by the unit effects factor for velocity from the firing

applying the corrections for altitude. In the
example in a above, this would be recorded as fired. As a final step, correct for differences in

powder temperature and round off resultant VE.
c. The following is an example of computation

Piece No. Measured Alt orrecition Corrected of VE's for a battalion of 105-mm howitzers at
range range

charge 5, rounds fired at elevation 315:

-I ....... . . 5, 240 +64 5, 304
2 -. ............. 5, 130 + 58 5, 188 Standard range 5,360 (range of piece shoot ing the longest distance)

3---- ........... 5, 230 + 64 5, 294 Di Co_ for
4---- _ ------- 5, 200 + 67 5, 267 Tube No. Correoted from MV VE powder Final

· * * * * * * * rage * rtandard factor f/s temp VE
range

17 - _-- -_ 5, 170 +61 5,231 __ |

18 -_...._ .5, 210 +64 5,274
101--- 5,304 --56 +8.0 -7.0 -0.8 --8
102 - 5, 188 -172 +8.0 -21.5 +0.3 21
103 -- 5, 294 -- 66 -kS. 0 8. 2 -- 1. 2 -9c. Find the average powder temperature of the 104 5, 267 - 66 +f8. 0 -L8. 6 -12

rounds comprising each CI, and then average the * * * * *

CI temperature to find an overall average. The 117 -- 5,231 -129 +8.0 16.1 +0.6 -16
overall average is accepted as standard. If the 118_ 5,274 86 +8.0 10. 8 +0. 6 - 10

powder temperature of any CI differs from this
standard, convert the difference (diff) to a muzzle
velocity change and then modify the VE's by a 648. Comparative Calibration at Battery Level
corresponding amount. For example, if the aver- a. At times it will be advisable and necessary
age powder temperature has been determined to to conduct comparative calibration at battery
be 80 ° F., the computation of powder temperature level with each battery calibrating on a different
corrections is as follows: day rather than at battalion level with all bat-

36f



teries calibrating on the same day. This usually (2) In order to adjust the VE's of Battery B,
happens because- note that +6 f/s must be added to the

(1) The available area will not accommodate VE for B-i to bring it to the VE ob-
all weapons in the battalion at one time. tained with Battery A; hence, +6 f/s

(2) All batteries cannot be assembled at one must be added to all VE's in Battery B.
time because of other requirements. (3) Similarly, for Battery C an additional

(3) Improved results can be expected by re- -4 f/s is required to bring the VE of
ducing the overall time lag from salvo to C-I to the VE it obtained with Battery
salvo. A; hence, -4 f/s must be applied to all

b. When comparative calibration is conducted VE's in Battery C.
at battery level, the procedures in (1) through (4) By using these correction factors, the
(3) below are used to convert the separate cali- calibration data can be rewritten (ad-
brations to a common calibration for the battal- justed to a common level) as follows:
ion. (This is necessary in order to properly group
the weapons within the battalion.)

(1) The first battery to calibrate takes with A B C

it I weapon from each of the other 2 Weapon YE Weapon VE Weapon VE

batteries. These weapons will be used __

later with their respective batteries as A-I 0 B-l . -2 C-1.... -9

control pieces. A-2 -4 B-2. +3 C-2.... --

(2) Each separate calibration is conducted A-3 -7 B-3.. +6 C-3 - -10

and computed as outlined in paragraphs A-4 -- B-4 +1 C-4. -11
6-5- . 4. - -12 B-5.... -3 C-- -4

643 through 647. A-6 -15 B-6 -- 5 C-6_ __ -8
(3) When all batteries have been calibrated,

different sets of data are adjusted to a
common level by applying a constant to (5) The weapons can now be listed in order of
the VE's of the second and third batter- decreasing shooting strength and the
ies to calibrate. This correction is the VE's adjusted so that the strongest
number of feet per second required to shooting weaon has a VE of 0; the cor-
bring the VE of the control piece when rection required to bring the strongest
calibrated with its own battery to the shooting piece to 0 must be applied simi-
VE of the control piece when calibrated shooting pece to must be weapons.lied s
with the first battery. larly to all weapons.

c. An example of adjusting separate battery
calibrations to a common level is given in (I) Orderofstrength Flrstadustedl Finaladjusted

through (6) below. -_
(1) Respective battery VE's (Battery A cali-

brated first; Battery B, second; and B-3 -9 -3
Battery C, third). B-4 +1 -5

A-I -l--------------- 0 -- 6
B-I .---------------- 2 -8

A B CB-S--3 -9

Ieapon VE Weapon V-E Wealpon VE A-2 -5_--4 -- 10
....._____- C-5 -............. -- 4 -10

B-6 -..---------.-- -5 --11
A-I ---- 0 B-l*_ -8 C -l**_ -- 5 C-2 . -- 5 -- 11
A-2 -4 -2 --3 C-2 . -1 A-3 .. -7 13
A-3 .... -- 7 B-3 0 C-3.-6 A-4- -- 8 - 14
A-4 --- -8 B-48 . . -5 C-4 ..... -7 C-6 -8 -14
A-5 - -12 B-5_ -9 C-5. .... 0 C-0 . ......... 1 -- 9 -15
A-6 ----- -- 15 B-6_ .... -11 C-6 .--- -4 C-3 ------------ - -- 10 _ -16
B-sI* -2 C-4 -_-- -- 11 - 17
C-i**_ _ -- 9 A-5 - -- 12 -18

_A-6 -.-.-. ------ - --15 -21
*Battery B control weaoln.
*-Battery C control weapon.
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(6) The final adjusted VE's are the basis for for all three batteries. The correction factor,
regrouping the weapons. They represent usually, will compensate for differences in interior

comparative calibration equal to a bat- and exterior ballistic performance of the ammuni-
talion-type calibration. tion. The charge fired, however, should be the

same. Results for gun-type weapons will not be
d. This technique can also be used for howitzers very satisfactory if more than one ammunition lot

when a common lot of ammlnition is not available is involved.

Section III. FALL OF SHOT ABSOLUTE CALIBRATION
649. Preliminary Considerations nmils, an ideal elevation for calibration. A maxi-

a. Nonstandard Conditions. The effects of muz- mum ordinate of 1,500 feet would, therefore, be
zle velocity must be isolated from the effects of all selected as the basis for determining the elevation
other nonstandard conditions; however, certain at which to fire. The QE which produces this
deviations from this basic requirement are ac- maximum ordinate is 328.2 mils (range 5,500
cepted in present techniques and will be noted as yards). For convenience, this QE can be rounded
such. Careful preparation must be made for off to 330 mils. It can then be used as the quad-
obtaining and using met data. Coordination be- rant elevation in the calibration firing.
twcen the officer in charge of the calibration and c. Selecting Pieces for Calibration. It is not
the officer in charge of the met station is essential. necessary to bring every artillery piece into a state
'The met station is ideally located at a point be- of absolute calibration. Pieces selected for abso-

tween weapon and target and as close to the lute calibration should be those whose wear meas-
ground projection of the summit of the trajectory urements or records of past performance indicate
as possible. This will seldom, if ever, prove stronger shooting strengths. Preferably, 3 pieces
feasible; but proximity of the met station must be per battalion are selected, although 1 is satis-
considered in the overall planning. The time of factory. The measurements on which this selec-
the initial met message and the frequency of addi- tion is based should be done by ordnance teams.
tional messages thereafter should be agreed upon. Calibration firing and computing the absolute type
Met messages should be scheduled at no greater data will be performed at division artillery level or
than 2-hour intervals and should bracket the higher, except for separate or isolated units. Pieces
entire firing period. will then be assigned to battalions where compara-

b. Selecting the QE. To avoid line interpolation tive calibration will be conducted for all pieces.
of the met message, the QE fired can be selected so By knowing the comparative calibration data of
that the maximum ordinate will be equal to an all pieces and the absolute calibration data of one
altitude of a line number of the met message. The or more pieces, comparative data can be con-
method of bringing an acceptable QE (240 mils to verted to absolute data with acceptable accuracy.
460 mils) into agreement with a line number of the d. Other Considerations. Except as stated here-
met message involves the use of the table of maxi- in, preliminary considerations are the same as
mull ordinates for the charge fired. This table is those for comparative calibration.
included in each firing table as well as the height
of each line of the met message. The following
example illustrates the method of selecting the QE Firing is conducted in the same manner as for
to be fired in calibrating the 105-mm howitzer .11 comparative calibration firing, except that salvo
with charge 5. fire is not used. Each piece will complete the firing

of its CI before the next piece fires. Each CI
Altilude of met line numbers should be fired as rapidly as possible consistent

Line 2: 1,500 feet with the weapon and personnel involved in order to
Linc 3: 3,000 feet minimize range effects due to changes in weather.
Iine 4: 4,500 feet (Speed should not, however, take precedence over

accuracy.)
From the table of maximum ordinates, a maximum
ordinate of 1,500 feet results in a horizontal range 651. Computation of Absolute VE
of between 5,500 and 6,000 yards. Quadrant ele- a. To compute the VE, first locate the CI for
vations for these ranges are in the vicinity of 350 each weapon by using the method described in
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paragraph 645. Compute the developed CI range. (3) Time interpolation of met data is required
Compute site by using the difference between the for those CI's not fired concurrently
piece and CI altitudes. Strip this site from the with the taking of a met message. For
QE set on the piece and interpolate in the firing example: Assume that a CI in question
tables for the range corresponding to the resultant was fired at 0840 and that the nearest
elevation. This is the standard horizontal range bracketing met messages were taken at
that would have been achieved if all firing table 0800 and 1000, respectively. Data for
standard conditions had existed at the time of the appropriate line number would be
firing. The difference between the developed interpolated linearly as 3 of the change
range and the standard range (developed minus between the 2 messages as follows:
standard) shows the total range effect of all Wind Air
variations from standard that did exist. Time Line dir iy ity Airtemp

Note. This procedure does not compensate for tube 0800--- 2 48 21 956 40
droop as a separate factor, as is done in 280-mm gun pro- (0840__ 2 51 23 949 42) (interpolated)
cedure, but, instead, absorbs droop effect into the resultant 1000--. 2 57 27 935 46
VE. Strictly speaking, the point of departure for VE
computations should be the QEfired, which is equal to the d. The range effects determined by completing
algebraic sum of the QE set on the breech quadrant seats, DA Form 6-15 (Data Correction Sheet) are
tube droop, and, with some firing tables, vertical jump. subtracted from the total range effects as corn-
Such a refinement is not warranted, however, except in puted in a above. The result is divided by the
the case of the 280-mm gun. unit effect for muzzle velocity.

b. All unit effects for nonstandard conditions Example (105-mm howitzer, charge 5):
are taken from the firing table at the range cl range=5,607 Yards
(nearest 100 yards) corresponding to the elevation Cl height (with respect to piece)= +31 yards
fired (QE minus site). Site +6.4 QE fired (365 minus site +6.4)=358.6 mils

c. The variations from standard conditions Standard range (for 358.6 mils)=5,921 yards
entered on the data correction sheet must reflect Total range effect of all variations from standard=
the following factors: developed range (5,607) minus standard range (5,921)=

-314 yards

(1) The powder temperature used is the Total range effect of line and time interpolated met data,
average of all powder temperatures mean powder temperature, and projectile weight (ulit
recorded at a particular piece during the effects taken for range 5,900 yards)= - 142 yards

Range effect attributed to VE= -172
firing of its CI. Unit effect for muzzle velocity at 5,900 yards=8.6

(2) If the situation precludes firing a QE VE-17 20f/
such that the maximum ordinate achieved 8. 6
by the projectile is equal to an altitude e. The VE of -20 f/s in d above approximates
of a line numbler of the met message, absolute calibration for this weapon-ammunition
then it is necessary to interpolate be- combination. However, if such a calibration is
tween line numbers of the met message. conducted in conjunction with an ordnance
For example: Assume that calibration is chronograph calibration, the officer in charge
fired with charge 7, 105-mm howitzer, should not be unduly alarmed if the MVV com-
with a QE of 300 mils; 300 mils corre- puted is of a different magnitude. Primary
sponds to a range (nearest 100 yards) of reasons for this difference are-
7,900 yards and will result in a maximum (1) A projectile lot which is more or less
ordinate (nearest 100 feet) of 2,300 feet; efficient in overcoming air resistance
and 2,300 feet is .5 (nearest .1) of the than the projectile lot used to construct
way between 1,500 feet (line 2) and the firing table which shows up as an
3,000 feet (line 3). Hence, met data increase or decrease in range not other-
would be interpolated for line 2.5 as wise accounted for.
follows: (2) Errors in the met data used.

Lin .id lind Air Air (3) Limitations of present computationalLine Vo. dir relcity denaily temp
2- di . .33 26 947 4 e procedures and firing tables.
(2.5 -- 35 23 943 44) (interpolated) (4) Errors in survey.
3 --- 37 20 939 43 (5) Errors in the QE used (to include droop).
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f. The officer in charge should examine the Iec No. VE MVV DifflCrcC

magnitude and sign of the differences (VE minus -30 -218 -6

MWVV) and recheck computations for any sample 3 -22 -15 -7
that deviates from the pattern followed by most 4 -37 -21 -16

of the weapons. In the following example, piece 5 -27 -23 -4
4 should be rechecked. 6- - 25 - 20 - 5

Section IV. REDISTRIBUTION OF WEAPONS

652. Grouping of Pieces According to Note.-When more than one weapon in a battalion is in
Velocity a state of absolute calibration with the same ammunition

combination, the adjustment of VE's to the absolute scale
a. Grouping After Calibration by Fall of Shot. employs the mean difference between the comparative

Prepare a list by tube number of all pieces cali- VE and respective absolute VE, as shown below:

brated, ranging in order from the strongest shoot- PiMem N. Corm atirt Atou Diff

ing piece to the weakest. These pieces should - 0 -12 -12

then be assigned to batteries based on their 2--------------------- -1 -14 -13

shooting strength; i. e., the strongest X in 1 3------------------- -3 -14 -11

battery (normally A), the weakest % in another Mean -12

battery (normally C), and the remaining % in
the remaining battery (normally B). Within Therefore, -12 f/s should be applied to the com-
batteries, the base pieces should be the piece the parative VE's of all weapons to adjust to the
shooting strength of which is nearest the battery absolute scale.
average. To equalize wear among the tubes in b. Grouping After Calibration by Chronograph.
service, the piece shooting the longest distance The results of chronograph calibration (MVV's)

should be assigned all destruction missions and are absolute calibration data. When such data
are available, they permit the most effectiveother missions, such as harassing and interdictory are available, they permit the most effective
grouping. They are also the basis for the most

fires, which may call for only part of the pieces
ofires battery.- Thefolowingexamplireliable corrections for variations in shooting

of the battery. The following example illustrates strength between weapons. When MVV's and
the method of grouping pieces according to VE's of either the comparative or absolute type
shooting strength: are determined concurrently, the MVV's should

Adjuatmcent be used as the basis for grouping and subsequentVE orn- of VE's to

Tnbev No. calibri Bs scal, computation of individual piece corrections.
51180 ---------- - 0 -11 A 1 653. Computation and Application of Cali-

-51242 --------- I -12 A2 bration Corrections
51177- -------------- -3 -14 A (base piece)
51359 .-------- --4 -15 A 4 a. Once the weapons have been calibrated and
51628 -.......... -- 5 -16 A 5 grouped, corrections must be applied to compen-
51032- ------------ -5 -16 A 6 sate for the difference in shooting strengths be-
51535-768 ---------- 6 -17 B 1 tween the base pieces of the batteries within the
51535 --------------- -8 -- 19 B 2
51640 -------------- -10 --21 B (base piece) battalion and for differences between the base
51819 --------- - --11 -22 B 4 pieces and other weapons within the battery.
51225 --------- - -12 -23 B 5 Computing and applying these corrections are
51275--------- - -13 -24 B 6 explained in paragraphs 381 through 386.
51393 -14 -25 C I b. When either MVV's or VE's of the absolute
51410 .............. --14 -- 25 C 2
51733 -- -15 -26 C 3 type are to be used as a basis for computation in
51366 ---------- - -16 -27 c 4 the met plus VE techniques (pars. 368-376), the
51136 -- 19 -30 C (basepiece**) following factors should be considered:
51250 ----------- 22 -33 C 6 (1) When both MVV's and VE's are available

*Absolut calbmtion performed with thir tube for the same calibration, the VE's will
" In the event that the designation of the average piece as the base piece

causes calibhtion correetions (par. 384) to be carried on one or more of the normally prove more successful in present
pieces, another piece may be deslgnated as the base piece, techniques. The VE's at least partly

***Assignment to batteries only; doe not infer piece nmbering within compensate for variation in projectile lot
batteries compensate for variation in projectile lot
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efficiency (from the firing table lot) and c. The following rules should be used as a guide
droop, whereas the MVV's do not. in applying calibration data when MIVV's and

(2) VE's are subject to errors of met data VE's are both available.
and survey. They are also subject to (1) MVV's are preferred to either type of fall
limitations of present computing pro- of shot calibration data for grouping
cedures which are unique to a particular pieces and computing individual piece
calibration, corrections.

(3) The MVV or VE used in this respect is (2) VE's of the absolute type are preferred
valid only for the weapon-ammunition to MIVV's for computing corrections to
combination for which it was determined; firing data as in met plus VE techniques.
however, it may be used to construct a (3) If MVV's and comparative type VE's
fairly reliable VE of the absolute type only are available, the MVV's are pre-
for another charge and lot if both lots ferred for all aspects of application
and charges have been fired from the (grouping, individual piece corrections,
same tube. and corrections to firing data).

Section V. HEAVY ARTILLERY

654. General tion data. The record of firing is maintained in
Calibrating heavy and very heavy artillery, DA Forms 9-13 and 9-13-1 (Weapon Record

grouping the weapons, and the subsequent com- Book). A complete record of calibration data is
putation and application of calibration corrections kept at battery and battalion FDC.
are performed in the same fashion as for light and 655. Wear Tables
medium artillery. lThlere is, however, an addi- Wear tables may prove helpful in filling in the
tional consideration with heavy and very heavy gaps between actual calibrations. However, wear
artillery. With the exception of the 8-inch tables in effect estimate the erosion a gun tube
howitzer, loss in muzzle velocity per round fired will be subjected to as a result of firing a certain
with weapons of this group is significant. Unless number of rounds with specified charges. From
the same number of rounds is fired by all weapons this estimated erosion, a certain loss in muzzle
of a battery, calibration data must be altered velocity will have occurred. Hence, wear tables
periodically. It is, therefore, necessary to main- have the limitations of actual wear measurements
tain an accurate record of calibration data, sub- described in paragraph 641d in addition to the
sequent firing, and corrections applied to calibra- inherent limitations of estimating erosion.
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PART SIX

TRAINING

CHAPTER 29

SERVICE PRACTICE

656. General responsible for safety in firing. Normally, he has

a. Service practice is a practical exercise using safety officers as assistants and, in some instances,
service ammunition in the conduct of observed a range officer. The officer in charge must verify
fire. The primary purpose of service practice is that all corrections pertaining to safety limits are
to teach the principles of observed fire through immediately disseminated to, and applied by, the
practical application. The ultimate goal is to safety officer. These corrections include met
develop an ability to apply accepted procedures and/or VE corrections and registration corrections.
to any observed fire problem. Effective applica-
tion will insure that a minimum amount of time 659. Range Officer
and ammunition is consumed in bringing effective a. The range officer is responsible to the com-
fire on the target. The prescribed gunnery pro- manding officer for the proper preparation and
cedurcs and techniques should be adhered to maintenance of the range. He must issue instruc-
rigidly except when judgment clearly indicates tions and warnings necessary to insure that the
that a departure will expedite the mission. danger areas are clear of all individuals prior to

b. Service practice, being a part of the tactical firing; that range guards and/or barriers with
field training of field artillery units, should com- signs are posted at all entrances to the danger
bine all elements of training-tactical employ- areas to prevent trespassing during firing; and
ment, mobility, communications, preparation and that warning signals are displayed.
execution of fire commands, and conduct of fire. b. The range officer is responsible for the prep-
Service practice should be initiated early in the aration, authentication, and distribution of the
unit training program. It should continue safety card (fig. 231). The safety card will be
through the final phase of training for battle. reproduced in accordance with paragraph 20a,

c. Observer procedure in the conduct of fire is of AR 310-1. He must insure that the safety limits
equal importance with other elements of training are correct and in accordance with regulations
included in service practice. This chapter will (pars. 669 and 670b).
serve as a guide in training personnel in observer
procedure in the conduct of fire. 660. Safety Officer

The safety officer at the firing point represents
657. Commanding Officer the officer in charge of firing. Orders issued by

'IThe commanding officer of an installation is the safety officer which prohibit firing are lawful
responsible for the preparation, maintenance, and and can be rescinded only by the officer in charge
assignmentof firingranges allotted tohiscommand. of firing. In the discharge of his duties, the
He must issue necessary directives to insure corm- safety officer should interfere as little as possible
pliance with the safety precautions prescribed in with the delivery of fire. He should not be
AR 385-63. A range officer and detail assist the detailed to check and correct errors or inaccuracies
commanding officer in the discharge of this duty. in the laying or servicing of the piece other than

those affecting safety.
658. Officer in Charge of Firing

The officer in charge of firing is that officer 661. Training for Service Practice
charged with the conduct of any training which a. The techniques of preparation, execution,
involves the firing of live ammunition. He is and conduct of fire must be taught and proficiency

375



SAFETY CARD and gives the next command. The officer at the
Date, Z,/.i/lz table again announces ON THE WAY, and

Timei 'd 3Toc 1, simulates the burst or bursts, and the observer
Unit Fir~ing o/j,¢- M ,f e Weapon cox,~zt ~, gives his next command. This procedure is

FAmmunition SheltZ <E -MaP Reference Poin/ -tf continued until the mission is complete. The
Ammunition Shell /Z- - A. Fuze /AM/ -W.Xd

Officer in charge r ga!g DPean I PafN/er officer at the table critiques the mission and
Left Limit v. "30 Right Limit v, YSO changes place with the officer acting as the
Minimum Ronge /4fiJ Maximum Range OOYobserver.
Special instructions //c, /i4 ra ' ;/// c .3r 4, "

/SO7 .. 4. Ais6 AXS3D z i 4atfl. !VAdx C 662. Conduct of Service Practice
£00e& ,0 8rJa. Service practice should be conducted under

the direction of the battalion commander or higher
Left Limit Az 4.,3, / Deflection commander. The best qualified officers should
Intermediate Limit Az S3L33M Deflection be used as instructors for observer personnel.

Service practice should be conducted initially
Right Limit Az .50 .Deflection under classroom conditions to reduce distractions.
Prepared B9yA A- ! Authenticated ByP r at b. It is often advisable to conduct a service

-2"_* ' practice as part of a tactical field exercise which
Direction may be designated by a reference poin round requires the artillery unit to occupy and fire from
and an approximate azimuth thereto, in such a case, the left and a selected position. After the tactical occupation
right limits would be designated as so many mile left or right of
the reference point. of position by the artillery unit, the observer

personnel may be assembled at a selected observa-
oFigure 231. A type safely card. tion post(s). This type of service practice serves

as a test for the unit and the observers.
attained before service practice. This proficiency as a test for the unit and the observers.c. The officer in charge (instructor) must strive
is attained by nonfiring exercises in the gun park to instill confidence in the observer persotmel and
and in the classroom with terrain board, terrain to arouse and ance in the observer persoin te servie
plot, and other available training aids. Accuracy to rouse and ntai ther intrest the service
is the foundation of proficiency and must be

vantage of the expenditure of time and ammuni-
emphasized. tion to teach proper observer procedures and

b. The service practice OP is not the place to techniques.
learn conduct of fire procedure. Familiarity with d. The officer in charge (instructor) should have
procedure can be attained by firing simulated a logical system for conducting the service prac-
missions. A simple and effective method of
practicing simulated missions is the "matchbox
problem." Matchbox problems require no equip-
ment except a small object, such as a matchbox,
and a piece of paper on which a mil scale has been
drawn. Two or more officers should work together
on these problems, using a table or any convenient
surface. A match box is used as the target. and TorBurst

a folded piece of paper with a mil scale drawn on
it to represent the scale of the reticle in the
observer's binoculars is placed on the table in Folded paper
front of the target (fig. 232). The officer acting with mil scle
as observer, facing the target and mil scale,
announces the fire request and OT distance to
the officer who stands beside the table and
announces the FDO order and ON THE WAY. sighting
After announcing ON THE WAY, the officer at
the table places the top of a pencil on the table for
a moment to simulate each burst. Thlle observer
senses the bullrst or volley, using the mnil scale, Figure 22. Matchbox problem setup.
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tice. This system should extend in detail to unfavorable weather conditions, the
each of the following steps: range error resulting from velocity

(1) Preparation for service practice. Well in error and effects of met may at times
advance of the scheduled service prac- exceed 1,000 yards. This potential
tice, the officer in charge should-- error also makes the use of time fire

(a) Make a ground reconnaissance of the extremely hazardous until after regis-
area. The observation post (OP) tration corrections are obtained. The
should be selected carefully to give best data available should always be
the desired angle T and observation. used.

(b) Prepare a map and plot on it the loca- (b) An orientation on the terrain must
tions of the batteries, observation be given to all observer personnel and
post, safety limits, and the registration should include the limits of the target
points. area. A good method is to describe a

(c) Select appropriate reference points and tactical situation involving frontlines,
targets. zones of action, and final objective.

(d) Submit the limits of the desired impact For subsequent target designation, the
area (overlay or written form) to the orientation should define reference
range officer for approval. This re- points and the azimuth for one or
quest is used as a basis for the prepara- more of the points. If possible, these
tion of the safety card. One copy points should be on the horizon and
of the approved safety card must be not more than 200 mils apart.
delivered to the safety officer(s) prior (c) The observers should be given pertinent
to the service practice and one copy parts of the battery executive's report
retained by the officer in charge of and any information available at the
firing. The officer in charge of firing fire direction center which will assist
must check the safety cards and, if them in requesting fire. Type of fuzes
they are not correct, attain a recon- and projectiles available should not be
ciliation through the range officer. given at this time ((3) (c) below).
This check should include verification The observer should be told to con-
that the limits established on the sider all types of fuzes and projectiles
safety card are such that adequate authorized in the basic load in selecting
protection is afforded unit installa- the ammunition to request; however,
tions from projectile dispersion and TARGET AREA
fragmentation. -rrrrrrr7

(2) Procedure at OP prior to firing. /7
(a) The officer in charge of firing must RAD / TP OPR (IF APPROPRIATE)

arrive sufficiently in advance of the A/ CHAIR FOR STUDENT FIRING
participating personnel to insure that I
the OP is properly organized. Figure 10-20 YARDS
233 depicts a typical nontactical OP
arrangement. Preparation must in-
clude, but need not be limited to a-
thorough check of communications to xxxxxxxxxxx xxxxxxxxxxxx
include all means available; check of STUDENT CHAIRS STUDENT CHAIRS 3 YARDS
range control to insure that range is XXXXXXXXXx XXXXXXXXXX -
clear; and organization of OP to aC SCOPE BC SCOPE
insure that all observers have a good i INSTR F TP OPR
view of the target area, 0 RAD OPR

RANGE TPCaution: It is imperative that the cRECORDER
officer in charge of firing insure that
the first round fired will land in the LOCATED DOWNWIND
impact area. When firing is to be Figure 233. A typical nontactical observation post
conducted at long ranges and under arrangement.
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the best type of fuze and projectile THAT IS THE ADJUSTING
available will be used. POINT.

(d) A target should be designated and 3. TARGET: CAVE ENTRANCE;
enough time allowed for observer per- FROM MARKER, LEFT 74;
sonnel to prepare initial data. Nor- FROM SKYLINE, DOWN 19;
mally, 2 minutes is adequate early in YELLOW ROCK. THAT REP-
training. For realism, a registration RESENTS A CAVE ENTRANCE.
point normally should not be selected (d) in the selection of targets, careful con-
and fired on as the first mission. For sideration should be given to pre-
safety, targets selected prior to a regis- scribed safety limits. No target should
tration should be located near the be assigned so close to a boundary
center of the impact area. All ob- that a reasonable bracket (200 yards)
server personnel should prepare the cannot be obtained.
initial data for each mission and keep (4) Supervision qf firing.
a record of the missions fired. (a) The individual firing must understand

(3) Designation of targets. that the successful completion of the
(a) All targets should be designated in a mission is his responsibility. During

uniform manner. This enables the the conduct of a mission, the officer in
personnel to become accustomed to a charge may change observers, calling
routine and to devote their effort to on another observer to replace the one
making precise measurements. Nor- presently firing. Changing observers
mally, targets should be designated by one or more times during a service
announcing size, nature, and location practice will insure continued interest
relative to the nearest reference point in all firing problems. In the event
and the skyline. As far as possible, the person firing is having difficulty,
the target will be realistically described this change may result in a more rapid
in a sound tactical location; e. g., OP and effective accomplishment of the
on a point that affords observation or mission, thus adding to its instructional
mortars in defilade. value.

(b) Target locations should be exact (de- (b) In cases other than that described in
viations should be checked with a bat- (a) above, the officer in charge should
tery commander's telescope). Imme- not interfere with the conduct of a
diately prior to target designation, the mission unless safety is jeopardized or
officer in charge should verify his de- repeated errors are made which, if
scription of the target by using his continued, would decrease the instruc-
field glasses. tional value of the mission. In such

(c) The nature of targets must be varied cases, the officer ill charge may give
to cause observers to consider selection of help or he may reassign or stop the
proper fuze and projectile. The de- mission.
scription should depict a realistic (c) The inexperienced observer should be
target. The following are examples of required to announce his sensings
proper designation of targets: promptly and clearly before announc-

1. TARGET: 2 MORTARS; FROM ing corrections. The observer must
LONE TREE, LEFT 86; FROM sense rounds as soon as the burst is
SKYLINE, DOWN 16; YELLOW observed; this leads to more accurate
MATERIEL. THAT IS 'I'HE sensings and, in some cases, may help
ADJUSTING POINT. the observer to gain confidence. The

2. TARGET: INFANTRY PLATOON officer in charge should stress that
IN OPEN; FROM HILL 216, accurate firing data depend on accurate
RIGHT 97; FROM SKYLINE, observer sensings and corrections.
DOWN 34; A LARGE TREE, (5) (ritiques. The officer in charge of firing
THE NEAR TREE OF 2 AP- should conduct a constructive and im-
PROXIMATELY IN LINE. personal critique immediately after each
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mission. It should be specific, limited to position of the person firing and decide
essentials, and conducted generally in for each round or volley whether or not
the following order ((a)-(d) below): he could have done better, making

(a) Restatement of the assigned mission. allowance for the advantage (surveyed
(b) A concise statement as to whether or and/or memorized target area knowl-

not the mission was accomplished in a edge) lie has over the person firing. He
satisfactory manner. must not be hasty in assessing cuts for

(c) A discussion of the essential reasons sensings of DOUBTFUL on off-line
why the mission was or was not satis- rounds. An obvious range sensing must
factory, to include how additional be based on fact, not guesswork.
time and ammunition could have been Except to verify fire for effect, the
saved (if applicable) and the effect on officer in charge should limit himself to
the target. NMention the good points the same observing instruments as
first and then cover any bad points those used by the person firing.
which will be of instructional value. (b) The grading sheet as shown below is
Avoid a round-bv-round analysis of based on an observer-target distance of
the mission, limit the number of points 3,000 vards or less and on the assump-
discussed, and discuss at least one good tion that the observer has good visi-
point. bility ill the area near the target. If

(d) A request for any questions or corm- these conditions do not exist, the mis-
ments. sion should be considered a difficult

Example: "The mission, neutraliza- one. Grading is then based on the
tion of an OP, was accomplished in a instructor's estimate of the judgment
satisfactory manner. The officer firing used by the person firing. The grading
gave good initial data but could have sheet is only a guide and cannot be
saved time and ammunition by making applied rigidly to all missions.
positive range sensings. Any ques-
tions or comments on the mission?" 663. Procedure at Close of Firing

(6) Grading. When the officer in charge of The officer in charge should notify the range
firing desires to grade the personnel officer and the unit firing as soon as the service
firing, the following ((a) and (b) below) practice is at an end.
may be used as a guide:

(a) Service practice missions are graded on 664. Other Considerations
results. Each individual mission is to A series of service practices should be conducted
be graded on its own merits; hence, the from various observation posts with different im-
officer in charge must use discretion in pact areas being used, if possible. Periodically,
grading to compensate for the discrep- service practice with maximum weapon range
ancy between easy and difficult mis- and/or large angle T should be conducted to ac-
sions. He must place himself in the quaint observers with the effects of dispersion.
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E;RtVICE PRACTICE GRADING SHEET

1. INITIAL DATA PHASE CUT

a. Azimuth error 100 mils or greater (if not corrected) .... (5)
b. Location (maps available):

(1) 200-400 yards ____________________________----------- (10)
(2) Over 400 yards ________________________________-------------- - (15)
(3) OT distance more than 3,000 yards or observation is difficult, use 400-800

yards for (1) and over 800 yards for (2).
c. Omission of obvious altitude difference ------------------------------- - - - ---- - (5)
d. Procedure errors, each --.-..-....................................... (2)
e. Excessive time (announcing data):

(1) 31-60 seconds - -..... - (3)
(2) 61-120 seconds . ..............................--- ............. (15)

f. Changing data after announcement (excess time) ----------------------- - - - ------- (3)
g. TOTAL cuts (maximum 25) ..-.................................

2. ADJUSTMENT PHASE
a. Procedure errors, each ________________________________-- - - - - __ (2)
b. Wasted ammno (each round or volley) caused by improper range bound, jumped bracket,

failure to take terrain sensings, improper shift resulting in doubtful sensings, etc------ (10)
c. Excessive time (each incident) ------ (3)
d. TOTAL cuts (maximum 30) ---------------------------- - - - - - -__

e. If no bracket is obtained after 2 range changes and observers next command is not
FFE with a change of not more than 50 yards, cut 35 plus total previous cuts and
eliminate observer fromnt mission -......................... (35)

3. FIRE FOR EFFECT PHASE
a. Exactly 50 yards error (moves away from bracketing volley in adjustment or in proving.

volley brackets) -__ ..........................- (10)
b. More than 50 yards error ---------------------------------- (35)
c. Improper height of burst or fuze ----------------------------------------------- (15)
d. Wrong method of attack (if corrected by observer, cut 10 only) ------------------- (35)
e. TOTAL cuts (maximum 35) .. . . . . . . . . . . . .

4. SURVEILLANCE OF FIRE FOR EFFECT PHASE_
a. Precision-each incorrect sensing (if first 3 are missensed, cut 35 for effect,) - (5)
b. Area-incorrect surveillance -.. ..........-- ( 10)
c. Total cuts (maximum 10) ----..... ..................------..

TOTAL cuts ..............................
Possible score -................................ 100
Minus cuts- .-.............................................................. _

Grade
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CHAPTER 30
DUTIES OF SAFETY OFFICER

665. General is ready to fire. He must keep safety uppermost
The duties of the safety officer(s) are to assure in his mind and stress it to the firing battery

that the pieces are laid and loaded so that, when personnel. Duties of the safety officer during
fired, the rounds will land in the impact area and firing are as follows:
to see that all safety precautions are observed a. Verify serviceability of ammunition.
at the firing point. He will be assigned no other b. Insure that charge, projectile, and fuze being
duties during firing. fired are limited to those prescribed on the safety

card.
666. Duties of Safety Officer Before Firing c. Insure that rounds are not fired below mini-

The duties of the safety officer before firing mum quadrant elevation nor above maximum
are as follows: quadrant elevation, remembering that 1 mil of

a. Verify that the safety card (fig. 231) applies site equals I mil of elevation.
to the unit, exercise, date, and time. d. Insure that rounds are not fired outside the

b. Verify that the battery is in position as lateral safety limits.
specified on safety card. e. Insure that time fuzed rounds are not fired

c. Prepare safety diagram (pars. 670 672). with fuze settings below minimum time pre-
d. Check weapons for bore sighting. scribed on safety diagram.
e. Verify laying of the battery. f. On all commands which are unsafe to fire,
f. Verify minimum elevations (ME) determined command UNSAFE TO FIRE and give reasons

by the executive. Compare executive's ME with therefor.
elevation for minimum range on safety diagram, Ezamples: UNSAFE TO FIRE, 3 MILS OUT-
using the larger of the two as the minimum SIDE RIGHT SAFETY LIMIT. UNSAFE TO
elevation. FIRE, 5 MILS BELOW MINIMUM ELEVA-

g. Supervise the placing of safety-stakes. TI ON.
h. Verify that ammunition to be fired is the g. Apply registration corrections to safety

type specified on the safety card. limits immediately after registration (par. 671).
i. Insure that chiefs of sections are informed of h. Indicate to executive SAFE TO FIRE,

maximum and minimum quadrant elevations, when appropriate.
right and left limits, and minimum fuze settings. i. Report accidents and malfunction of ammuni-

j. Visually check line of metal for parallel tion to the officer in charge of firing, request
laying. ambulance if needed, and be prepared to make

k. Verify that range clearance has been ob- report as indicated in SR 700-45-6.
tained. j. Bring to the attention of the executive any

1. Ascertain that visible portion of range is unsafe conditions observed and suspend firing
clear of personnel. until they are corrected; for example-

m. Assure that Department of the Army (1) Safety features of weapon not operative.
regulations, post regulations, and local special (2) Powder bags exposed to fire.
instructions pcrtainilng to safety are complied (3) Pcrsonnel smoking near pieces.
with. (4) Improper handling of ammunition.

(5) Time fuzes previously set and not reset
667. Duties of Safety Officer During Firing to safe.

After his preliminary checks are made, the safety (6) With separate-loading ammunition, pri-
officer should indicate that safety-wise the battery mer inserted before breech is closed.
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(7) Failure to inspect powder chamber and card to the safety officer, who constructs a diagram
bore after each round. based on the prescribed limits.

(8) Failure to swab powder chamber after
each round on weapons using separate- 670. Safety Diagram
loading ammunition. a. The safety officer, on receipt of the safety

(9) Misfires (par. 668). card, constructs a safety diagram (fig. 234). The
diagram need not be drawn to scale but must

668. Misfires accurately list the piece settings which delineate

(AR 385-63) the impact area; it serves as a convenient means

A misfire is sometimes the result of a mechanical of checking the commands announced to the
failure and sometimes the result of a human weapon crews against those commands which
failure. Whatever the cause, when a misfire has represent the safety limits. The diagram shows
occurred, the rules in a and b below should be the right and left limits, expressed in deflection
observed. which would hit those limits; the maximum and

minimum quadrant elevations; and the minimum
a. Fized or Semijized Ammunition. With fixeda. Fixend or Semified Ammunition,. With fixed time settings (when applicable) for each charge to be

or semifixed ammunition, two additional attempts fired. Maximum fuze settings are not necessary,
will be made to fire the piece. Wait 2 minutes fired Maximum fuze settings are not necessary,

since a projectile fired with too great a fuze setting
after the last attempt to fire before opening the but with the proper maximum elevation would
breech and removing the round. With semifixed
ammunition, remove only the cartridge case and result an m burst at maximum range.
charge and inspect the primer. If the primer is 6. The impact area is the area within which all

rounds must be directed. The range officer takesdented, a faulty primer is indicated and the car- rounds must e directed. The range officer takes
tridge case must be replaced by a new one. If the into account the dispersion of the weapon. In
primer is not dented, the firing lock and trigger making the safety cards he modifies the available
mechanism should be inspected for faulty opera- target area so that rounds fired with range and de-
tion. flection settings (registration corrections applied)

. Separate-Loading Ammunition for the limits of the area authorized by the safety
card will land within a safe area, even though

(1) Two additional attempts will be made to maximum dispersion and fragmentation occur.
fire.

(2) If the primer is heard to fire, wait a mini-
mum of 10 minutes before opening the
breech and replacing faulty charge and A 30 Chg MaxOE

igniter pads. Df2a7

(3) If the primer fails to fire after the third s 46i

attempt and it can be removed by a Ch E o 0

person standing clear of the path of $ 587 3

recoil, wait 2 minutes, remove primer, 4 404

and insert new primer. If primer cannot 5 282 350

be removed by person standing clear of Dino ir4 DI 2450

recoil, wait 10 minutes before removing Df 200

primer. f 3170o

669. Safety Card
A safety card (fig. 231) which prescribes hours of

firing, the area where the firing will take place, the Ch ir n T m.

location of the weapon position, limits of the 4 10s 5.5
impact area (in accordance with AR 385-63), and 5 so 4.8

other pertinent data is approved by the range Note. Prior to and of.er registration this diaogrom mut be modified

officer and sent to the officer in charge of firing. as preo'ribd In porograph 6711.

The officer in charge of firing gives a copy of the Figure 234. The safety diagram.
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671. Construction of Safety Diagram from sector to the other, as a result of high ground at

Azimuth Reference one point, a separate minimum QE is determined
To construct a safety diagram from azimuth for each different site. The safety officer must

reference- assure that the QE fired for any deflection is
a. A line is drawn depicting the line of fire on within his QE limits for that deflection.

which the battery is laid and labeled with the Example:
azimuth and the deflection. Largest site to minimum range (except between

b. The angular measurement to the right and df 2,950 and df 3,000) ..-............... +5

left limits is computed by comparing the azimuth Elevation to minimum range- 120

on which the battery is laid with the azimuths of Mini

the lateral limits and the limits are sketched in df 2,950 and df 3,000) -.................. 125

in proper relation to the line representing the Largest site to minimum range, df 2,950 to

battery's initial line of fire. The computed df 3,000 -... +8

angles are labeled right and left from the line of Elevation to minimum range 120

fire as shown in figure 234. Minimum QE (df 2,950 to df 3,000) -..-- 128
c. The deflections (modified when the distance Smallest site to maximum range ------.000) - -6

from the firing point for any piece exceeds the Elevation to maximum range - .......... 350

displacement, normally 100 yards, authorized by
the safety card) which represent the lateral Maximum QE---------- 344

limits are determined and each deflection limit is h. Fuze settings are determined to the nearest
labeled. tenth of a second for the minimum elevation

d. The minimum and maximum range limits for each charge to be fired. Maximum fuze

are sketched in by drawing arcs and these limits settings are not determined.
are labeled. i. Before determining registration corrections,

e. The elevations corresponding to the mini- the safety diagram must be modified. Two
mum and maximum ranges for each charge to be forks at the maximum range are subtracted from
fired are determined by using graphical firing the maximum QE; two forks at the minimum
tables. If the GFT cannot be read to the exact range are added to the minimum QE. The left
mil, the next higher mil for the minimum elevation deflection limit must be moved right and the

and the next lower mil for the maximum elevation right deflection limit must be moved left by 8
are read. If the minimum or maximum ranges deflection probable errors determined at maximum

are not included on the graphical equipment for range (AR 385-63). When available, met and/or

any charge, tabular firing tables must be used. VE corrections should be used to further modify

When tabular equipment is used, elevation to the safety limits before registration. These decreased

nearest tenth of a mil is interpolated and rounded limits will apply until a registration has been

off to the next higher mil for minimum elevation conducted.
and to the next lower mil for maximum elevation. j. When high-angle fire is to be used, the de-

J. Site to the highest point on the minimum range flection for the right limit is moved left by the

line and to the lowest point on the maximum range maximum drift for the charges authorized and

line is determined. The usual method is to de- the deflection for the left limit is moved left by

termine altitude from a map and compute site the minimum drift for the charges authorized.
with the appropriate GST. If an isolated point Before a registration, the modification in i above

of high ground limits the minimum quadrant applies.
elevation, site may be computed for that area k. After a registration has been fired and cor-
and a separate quadrant elevation applied be- rections obtained, the safety officer modifies his
tween the deflections which bracket the high original safety diagram. The elevations are
ground. changed to correspond with the GFT setting and

g. The sites determined for the minimum and the deflection correction is applied to the defiec-

maximum ranges (f above) are added algebrai- tion for the lateral limits.

cally to the appropriate elevations to obtain the Example: Before registration, the minimum
minimum and maximum quadrant elevations. quadrant elevation for a 105-mm howitzer bat-
If the minimum QE changes from one side of the tery, firing charge 4, minimum range 1,500 yards,
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is determined to be 110Ih. (elevation 101r +2 deflection determined in b above by using the
forks (4tA)+site (computed from map altitude) LARS rule.
to the highest point on the minimum range line Left limit: deflection 2,900 plus (left) 350 equals
(+5rh)). A registration is conducted and the deflection 50.
following GFT setting is obtained: GFT B: chg Right limit: deflection 2,900 minus (right) 200
4, lot X, rg 4,000, el 310. The corrected mini- equals deflection 2,700.
mum elevation (103r0) is read under the elevation d. Minimum and maximum QE's and minimum
gageline, with the hairline over the minimum fuze settings are computed for each charge, and
range. The site (+5) is added to this elevation the diagram is prepared and modified as described
to obtain the corrected minimum quadrant eleva- in paragraph 671.
tion (108ii). A deflection correction of R10,
determined from the registration, must be applied 673. Safety Stakes
to the lateral limits to obtain the deflections a. Safety stakes are commonly used with each
which are safe to fire. RIO is applied to the left piece as an additional aid to the safety officer in
limit (2,830r) and to the right limit (2,440ir) to checking lateral limits. These stakes are placed
obtain corrected deflection limits of 2,820 mils 10 to 15 yards to the right and left front of each
(left) and 2,430 mils (right). piece along the lateral limits prescribed ,on the

i. If the minimum QE computed for ally charge safety card. By standing to the rear of a piece
by the safety officer is less than the ME computed and glancing along the tube, the safety officer can
by the executive for the same charge, the ME easily tell whether the tube is pointed close to the
determined by the executive is used. safety limits. If such is the case, the safety officer

672. Construction of Safety Diagram From is forewarned to make careful checks on the
Visible Reference Point deflection set off and on the actual lay of the tube.

b. The most convenient method of placingOccasionally, a safety card will specify a ref- safety stakes is b setting off the appropriate
erence point instead of an azimuth and will list angles on the panoramic telescope and ingangles on the panoramic telescope and alining
the lateral limits by means of angular measure- the stakes with the vertical hairline of the sight.
ments right and left of that reference point. The In figure 235, the left limit is 370 mils to the left
procedure for the preparation of the safety dia- of the initial direction of fire. First, the piece is

gram is as follows (reference point, marker on laid on the initial direction of fire by setting off
hill 156; left limit, 350ri left; right limit, 200tr deflection 2,800 and laying on the aiming posts.
right):

a. After the weapons are laid and the aiming Direction
of

posts alined, the smallest angle between the line Fire
of fire and the reference point is determined by
using the panoramic telescope of the base piece. Reading 2830
Since only clockwise angles can be measured with
the panoramic telescope, angles measured to the
left of the line of fire are determined by subtracting
the reading on the telescope sight from 3,200. It
is assumed that the battery has been laid and
aiming posts have been alined at deflection 2,800.
The referred deflection to the designated reference
point (left front) is 3,100. The angle from the
direction of fire to this reference point is 100 mils
(3,200 minus 3,100).

b. The proper deflection to lay the piece on the
reference point (deflection 2,800 plus (left) 100
equals deflection 2,900) is determined by using
the LARS rule.

c. To determine the deflections for the lateral
limits, the angular shift from the reference point
to the left and right limits is applied to the Figure 235. Diagram of safely slake emplacement.
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Then, without moving the tube, a reading of 2,830 right limit is computed to be 350 mils right of the
(3,200 minus 370) is set off and the stake is placed initial direction of fire, and the safety stakes for
out in line with the vertical hairline of the pan- the right limit will be put out at a reading of 350.
oramic telescope. The intermediate stake(s) (the c. Another method of placing safety stakes is by
stakes defining the deflection limits corresponding actually laying the tube on the lateral limits and
to changes in minimum or maximum range within alining the stakes by sighting through the tube.
the lateral limits) will be placed at a reading of This method, however, is more time-consuming
3,130 (3,200 minus 70). In a like manner, the and may necessitate shifting trails.
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CHAPTER 31
FIELD ARTILLERY GUNNERY TRAINING

Section I. GENERAL

674. Purpose training permits, classes and practical training

This chapter provides general guidance in field should be held outdoors under simulated or actual

artillery gunnery training. Specific guidance is combat conditions. Habits formed in training

provided in pertinent Army training programs. should be so ingrained in the individual that they

Initially, training should be aimed at developing will not be altered by the stress of combat. The

the minimum proficiency required for combat highest standards of discipline, performance, pre-
operations. Commanders must give the highest cision, and accuracy are essential. Stress should

priority to attaining this minimum proficiency be placed on the importance and necessity of

in the shortest possible time. When this has been developing maximum speed consistent with ac-

attained, commanders must then strive for maxi- curacy.
mum proficiency and versatility in their units by d. Instructors should thoroughly prepare and

more advanced and detailed training. rehearse material before conducting the training.
Care must be exercised in briefing assistant in-

675. Equipment and Training Aids structors to achieve coordination. Trainees who

Instructors should use, but should not limit have had previous training or experience should

themselves to, equipment authorized in tables of be interviewed or tested. Those who have at-

organization and equipment and training aids kits. tained proficiency might be utilized as assistant
Instructors may devise simple but effective train- instructors.
ing aids to increase the efficiency of their instruc- e. Each period presented should incorporate a
tion. However, training with the actual equip- logical approach to the material to be taught.

ment is more effective. Instructors are reminded Normally, the student learns best when the

that learning is accomplished best through the material is developed in an easy-to-hard sequence

sense of sight, followed by hearing and touch. or a known-to-unknown sequence. Previous in-
The more senses to which the instructor can ap- struction forms an excellent foundation for suc-

peal, the more permanent will be his teaching. ceeding instruction and should be so used when
possible. Study assignments facilitate the logical

676. General Training Notes development of the subject matter.
a. Training will be conducted in accordance f. Instruction which is common to two or more

with the doctrines and procedures described in sections may be combined. Large classes (over

FM 21 5, FM 21-6, and TM 6-605. 20) should not be convened unless it is impossible
b. The training should be conducted with the or impractical to break them into smaller units.

precision and discipline required in artillery units. Time permitting, individuals should be trained in

The dignity of the individual soldier must be more than one phase of the unit's operation and
respected at all times. He should be encouraged have a general knowledge of all other phases.

to ask questions about material which may be g. The necessity to develop initiative and leader-
obscure to him. When possible, the trainee should ship on the part of instructors and trainees alike
take part in the instructional program, either should be an integral part of the training program.

through practical exercises or discussion periods. h. The overall effectiveness of the training
c. Training in fundamentals may be held in should be measured frequently. During each

classrooms; however, as soon as the status of period of instruction, oral or short written quizzes
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can be used to accomplish this aim. At the then gradually shifted to drills designed to improve
conclusion of each subcourse, a comprehensive speed and accuracy. Careless or haphazard per-
examination should be given. This examination formance should not be tolerated at any time
should be of the performance type whenever pos- during the drills.
sible. c. Unit Phase. The unit phase begins when the

677. Phases various sections are proficient enough to permit
coordinated and integrated training as a unit.

Training is divided into three phases-indi- Continuation of individual and section proficiency
vidual, section, and unit. while developing intersection coordination is

a. Individual Phase. The individual phase emphasized.
consists of instruction which treats the individual

trainee as an instructional unit. The instruction Note. Applicable portions of FM 6-125, weapon TM's,trainee as an instructional unit. The instruction
and weapon FM's should be used to determine proficiencies

is designed to prepare the trainee to occupy a gained at the termination of this training.
position as a member of a team by acquainting
him with methods, procedures, equipment, and 678. Methods
experience factors. The methods of instruction are usually listed as

b. Section Phase. The section phase begins Conference (C), Demonstration (D), and Practical
when individuals are proficient enough to permit Exercise (PE). Commanders may change the
team practice. Emphasis is placed first on the method of instruction to make better use of their
correct performance of the team or section. It is facilities.

Section II. FIELD ARTILLERY GUNNERY TRAINING CHECKLISTS

679. General 681. Firing Battery Training Checklist
Frequent inspections of gunnery training and Firing battery training must include-

service practice are necessary to insure efficient a. A daily, short but precisely conducted gun
units. The training of the unit and the leadership (howitzer) section team drill. Emphasize ac-
of the noncommissioned and commissioned officers curacy, speed, and proper procedures throughout
is reflected in the efficiency of the unit. Observer, the drill. Organize drill so that all personnel are
firing battery, fire direction, and communication occupied with worthwhile training.
training should be combined when possible, to b. Bore sighting and checking of fire control
provide team training for the unit. The check- equipment correctly and at appropriate times in
lists presented in paragraphs 680 through 683 order to insure accuracy in firing.
may be used in conducting gunnery training c. Stressing that the chiefs of sections constantly
inspections. check all settings.

680. Observer Training Checklisft d. Stressing extreme accuracy in laying the
Observer training must include- pieces. All gunners, when laying for direction,
a. Continuous training of all officers, as observ- must be cautioned as to correct point of placing

ers, to include firing matchbox, blackboard, or hairline of sight on aiming circle or aiming posts.
other simulated problems daily, e. Stressing that gun tube be free of all oil and

b. Proper radiotelephone procedures. clean and dry prior to firing.
c. Preparation of terrain sketches and range f Keeping Weapon Record Book (DA Forms

estimration. 9-13 and 9-13-1) up to date and recording of
d. Map reading and method of indexing a map VE's, calibration data, and other pertinent data.

by the observers. g. Segregating ammunition by lot number and
e. Emphasis on the necessity for obtaining a the proper handling, storing, and protecting of

bracket before requesting fire for effect. the ammunition.
f. Emphasis on battlefield intelligence as a A. Procedures in conduct of direct fire.

very important byproduct of artillery observation.
g. Training of all officers in air observer's

procedures for conduct of fire. Fire direction training must include-
h. Procedure in adjustment and use of ilium- a. Daily team drill for FDC personnel, empha-

inating and smoke shells. sizing speed and accuracy.
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b. Computing a VE when registration and con- 683. Miscellaneous Training Checklist
current met message are available. Miscellaneous training checklists should in-

c. Determining and applying a GFT setting, if clude-
VE and met data are available. a. Duties of the safety officer, to include modi-

d. Conducting high-burst and center-of-impact fying safety limits and/or minimum range lines
registrations. by the amount of met and VE corrections or

e. Conducting high-angle fire and determining registration corrections.
corrections from high-angle registrations. b. Calibrating weapons and grouping weapons

f. Conducting illumination and smoke missions. according to VE. Battery VE's should be re-
g. Applying special corrections when required corded in the battalion FDC. Comparative VE's

by battery positions or targets. should be recorded in each battery FDC.
h. Radiotelephone procedure. c. Training to correct deficiencies disclosed by
i. Calibrating graphical equipment. battery and battalion tests.
j. Setting up the firing chart on inspected d. Practice battery and battalion tests in areas

coordinates if any scale map is available and sur- where the unit does not habitually train.
vey is not completed or available. If no map or e. Gunnery portion of unit SOP.
survey is available, an observed firing chart must f. A unit officer's school, to include a compre-
be constructed. hensive gunnery course and examination.

Section III. STANDARD TIMES FOR ARTILLERY FIRE
684. General b. The will adjust mission can be divided in

The mission of the artillery is to deliver accurate three phases--first, the initial data phase; second,
and timely fire in support of infantry and armor. the adjustment phase; and third, the fire for effect
To accomplish the mission, certain standards of phase.
accuracy and speed must be met. Accuracy must (1) The initial data phase starts when a target
not be sacrificed in gaining speed; however, every is seen or identified and ends when the
effort should be made to eliminate wasted action, first round of adjustment is on the way.
loss of time, and use of incorrect procedures both During this phase, the target has not
in training and in combat. Total times required been alerted and urgency will depend on
for a mission measure the efficiency of a unit as a the nature of the target. For example,
whole. A continuous program of timing and use a target such as a column of infantry
of comparative graphs by commanders should proceeding toward a point requires much
assist in locating and eliminating time losses. faster reaction than a target such as a
The ultimate goal must be to reduce the time re- command post. More time spent in
quired for the will adjust mission to the absolute this phase may reflect better initial
minimum in order to make it closely approximate data and, consequently, less time and
the effectiveness of fire without adjustment. fewer volleys for completion of the mis-
This can be done if units will constantly stress the sion. However, during training under
necessity for a timely determination of accurate service practice conditions, stress must
initial data and the smooth, efficient functioning also be placed on speed in the initial
of all members of the artillery team. data phase to emphasize the importance

685. Fire Mission Phases of speed in accomplishing the artillery

a. The will adjust mission is only a substitute mission.
for the more effective surprise mission since it (2) The adjustment phase starts when the
results in a loss of surprise and, consequently, the initial round or volley lands near the
kill capabilities of a sudden volume of accurately target. From that instant on, the target
placed fire. Adjustment requires a longer use of is warned and evasive action can and
wire and radio communication, thus inviting will be taken.
enemy jamming of radio and overloading of wire (3) The fire for effect phase starts when the
lines. In addition, as time for firing increases, observer commands FIRE FOR EF-
exposure time to enemy counterbattery measures FECT and ends with completion of the
is also increased. mission. The fire for effect rounds
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should normally follow the last rounds tions, impact fuze in adjustment, impact or VT
of adjustment as quickly as possible. fuze in FFE, a maximum of 4 volleys in adjust-

686. Standards Iof Prof icin v ment, a time of flight not greater than 25 seconds,686. Standards of Proficiency and observer distance of 3,000 yards or less.
a. Timin g s t andards should only be used as a Although no standard times are given for weapons

guide ill measuring the overall efficiency of a
field artillery unit. Accuracy must not be sacri- other than the 105-mm and 155-mm howitzers,
ficed to obtain speed. Faster adjustments arid the times listed can be used as a guide for all
reduction of exposure time depend oil- artillery weapons. The only changes required will

(1) Improving initial data. be to allow more time for loading and laying the
(2) Decreasing the number of adjusting larger weapons and usually for a longer time of

rounds or volleys required. flight.
(3) Speeding up action of personnel through Note. The standards in table XV do not separate

better training and elimination of lost telephone and radio operator time intervals. The effi-
motion. ciency of operators can be judged by the number of repeat-

b. The timing standards contained in table XV backs required. If communications are not efficient, the

are based on0 average terrain and weather condi- total time standards will not be met.

Table XV. Standards of Proficiency (Speed) for Artillery Fires

Standards--minute and seconds

T'ype of fre Element Event timed
Su-. Ex. Very Satfis

Weapon perior eellent satis- factory
factory

Determination and transmission ol initial data. Notes3 01 00 l0 30 02 00 02 30
(Time from last word of target Identification to last element of
observer's initial fire request.)

Observer .- Per volley, determination and transmission of corrections. Note 3 00 12 00 15 00 18 cw 21
(Time from last burst of volley to last element of observer's cor-
rection.)

Plotting target and determination of firing data for initial volley. Note 3 o 30 00 45 01 0 01 15
(Time from last element of observer's initial fire request to eleva-
tion command to battery.)

Fire direction Per volley, determination of firing data subsequent to initial volley. Note 3 00 IS 0 20 q0 25 00 30
center (Time from last element of observer's correction to elevation coro- 1.

mand to battery.)
Area fire .. .... Mass battalion after FFE is ordered by observer. Note 1 m 42 o 0 52 01 02 01 12

(Time fromobserver's FFE toON THE WAY forthelast battery.) Note2 00 57 01 07 01 17 01 2

Initial volley in adjustment. Note I 00 15 C0 20 C 25 00 30
(Tlme from FDC elevation to ON THE WAY.) Note 2 0 30 00 35 CO 40 00 45

Firing battery.-.._ Per volley, subsequent to initial volley. Note I 0C 10 CO 15 CO 20 25
(Time from FDC elevation to ON THE WAY.) Note 2 C 25 CO 30 00 35 00 40

FFE, battery volley. Notet 1 I s 00 20 25 00 30
(Time from FDC elevation to ON THE WAY for the last round.) Note2 0 3 100 35 .CO 40 00 45

Overall firing TimefromfirstONTHEWAYtoONTHEWAYlorthelastround Notel 04 25 05 17 06 09 07 01
time in FFE.

(Based on four volleys in adjustment.) Note 2 05 25 06 17 07 9 08 01

Determination and transmission of initial data. Note 3 01 00 01 30 02 00 02 30
(Time from last word of target identiflcation to last element of
observer's Initial fire request.)

Observer . Per round, determinaton and transmission ol orrections. Note 3 00 10 t 13 90 16 w 19
(Time from burst to last element of observer's correction.)

Per round in FEE, determination and transmission of sensing. Note 3 08 Os II 00 14 00 17
(Time from burst to last element of observer's sensing.)

Plotting target and determination of firing data for initial round. Note 3 Ot 30 00 45 01 00 01 15
(Time from last element of observer's initial fire request to eleva-

'recision fire....... Fire direction tion command to battery.)
center Per round, determination of firing data subsequent to Initial round. Note 3 00 IS 0 20 Y O 25 Gm 30

(Time from last element of observers correction to elevation com-
mand to battery.)

See notes at end of table.
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Table XV. Standards of Proficiency (Speed) for Artillery Fires-Continued

Standards-minutes and seconds

Type of fire Element Event timed

Weapon perior cellent atis- factory
factory

Initial round in adjustment. Note 00 s 00 20 00 25 00 30
Firing battery (Time from FDC elevation to ON THE WAY.) Note 2 o0 30 00 35 00 40 00 45

Per round, subsequent to initial round, ncluding FFE. Noter 00 10 00 16 20 00 25
Note2 00 25 o0 30 0 35 40

Overall problem Adjustment only. Note 1 04 00 04 52 05 44 06 36
time (TimefromfirstON THEWAYtoONTHEWAYforfirstround Note2 05 00 05 52 06 44 07 36

in FFE (based on four rounds in adjustment).)

Per round fired. NoteB 1 010 01 15 01 30 01 45
CI or HB regis- Overall fring (Time from ON THE WAY to nert ON THE WAY. Includes Note2 01 15 01 30 01 45 02 0

tration time report of Instrument readings from two OP's.)
Total registration time. Notel 07 0 08 45 10 30 12 15

(TimefromfirstONTHEWAYtolastOPreportofregistratlon.) Note2 08 45 10 30 12 15 14 00

Battery mission. Note 1 00 45 01 0 01 15 01 30
Fire for effect Overall problem (Time from last element of fire request to ON THE WAY,) Note 2 01 00 01 15 01 30 01 45

without adjust- time Battalion mission. Note I 00 57 01 12 01 27 01 42
ment (Time from last element of fire request to ON THE WAY for last Note 2 01 12 01 27 01 42 01 57

battery to fire.)

Note 1--10-mm howitzer.
Note 2-155-mm howltzer.
Note 3--Both 105-mm and 155-mm howitrs.

c. Table XVI is a detailed breakdown of timing Table XVI. Service Practice Timing-Continued
averages for the "excellent" column of area fire, Timein-
table XV. From- To- terval (inseconds)

Table XVI. Service Practice Timing Elevation announced Chief of section reports 8

to chief of section. READY.Time in-
From- To- terval(in Chief of section re- Weapons are fired -.-... 3

seconds) ports READY.

--- _- (Weapons are (ON THE WAY announced (4)

Target identified. - Observer ready with initial 74 fired.) to observer.)
fire request (IFR).

Observer starts IFR_ Observer completes IFR _ __ 16 Initial volley bursts Subsequent volley or fire for 50
Observer completes Deflection sent to weapons 38 in target area. effect volley is fired.

IFR. (exec).
Deflection sent to Elevation sent to weapons 7 d. Table XVII lists the times allotted for will

weapons (exec). (exec).
Elevation sent to Elevation announced to 5 adjust, low-angle missions in the current Army

weapons (exec). chief of section. Training Test 6-5.
Elevation announced Chief of section reports 13

to chief of section. READY. Table XVII. Credit Allotted for Speed of Adjustment
Chief of section re- Weapons are fired . 2 (ATT 6-5)

ports READY. Light artillery Medium artillery Credit
(Weapons are (ON THE WAY announced (4) (percent)

fired.) to observer.)

0 to 8 min .-. . ........ 0 to 9 min -.. . ..... 100
Target identified.... Weapons are fired ..-... 155 8 min, sec to 9 m i n 9 in, see to 10 min 90
Initial volley bursts Observer completes subse- 15 9 mi, 1 see to 10 mi 10 mi, 1 see to 11 in 80

in target area. quent fire request. 10 min, 1 sec to 11 min 11 min, 1 sec to 12 min 70
Observer completes Deflection sent to weapons 14 11 min, 1 sec to 12 min 1 rain, 1 sec to 13 min 60

subsequent fire (exec). Over min e to 12 m in Over 13 m - - in- 60
request.

Deflection sent to Elevation sent to weapons 6
weapons (exec). (exec). Nte 1. Time starts w hen the ground observer Identifies the target, andtime stops when the battery or batteries are ready to fire for effect.

Elevation sent to Elevation announced to 4 Note r. For high.angle adjustment, add 5 minutes for 0lomm howitzer
weapons (exec). chief of section. and 7 minutes for 155-mm howitzer.Not, S. For adJu!tment with lfue time, add 2 minutes.
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APPENDIX I

REFERENCES

1. Publications Indexes FM 6-76- 105-mm Howitzer M4 on Motor

Department of the Army Pamphlets of the FM 6-77- 105-mm Ho37.itzer M52 SelfPrFM 6-77 ...... 1O5-mm Howitzer M52, Self-Pro-310-series should be consulted frequently for pelled.
latest changes or revisions of references given in FM 6-81 -.. 155-mm Howitzer MI, Towed.
this appendix and for new publications relating to FM 6-82 .---- 155-mm Howitzer on Motor Car-
material covered in this manual. riage M41.

FM 6-87 ----- 155-mm Gun M2, on Motor Car-
2. Army Regulations riage M40, and 8-inch HowitzerM2, on Motor Carriage M43.

AR 310-3 Military Publications, Preparation FM 6-9!0 -. 155-mm Gun M2, 8-inch Howitzer
and Processing. M2, Towed.

AlR 385-63 - Regulations for Firing Ammunlition FM 6-92 -. .. 155-mm Howitzer M44, Self-Pro-
for Training, Target Practice, pelled.
and Combat. FM 6-95 ------ 8-inch Gun Ml and 240-mm

Howitzer Ml, Towed.
3. Special Regulations FM 6-06 .------ 280-mm Gun T131 on Carriage T72.

SR 320-5-1__ Dictionary of United States Army FM 6-101 ----- The Field Artillery Battalion.
Terms. FM 6-110 ----- Pack Artillery.

SR 320-50-1 _l Authorized Abbreviations. FM 6-115 ----- The Field Artillery Searchlight
SR 700-45-6 -- Report of Malfunctions and Acci- Battery.

dents Involving Ammunlitionl and FM 6-120 ---- The Field Artillery Observation
Explosives (During Traininlg or Battalion and Batteries.
Combat). FM 6-125 ----- Qualification Tests for Specialists,

SR 750-115-20_ _ Weapon Record Book for Other Field Artillery.
Thani Small Arms. FM 6-140 ---- The Field Artillery Battery.

FM 6-160 ---- Radar Set AN/MPQ-10.
4. Department of Army Pamphlets FM 11-40 Signal Photography.

FM 17-12 .-. .Tank Gunnery.DA Pam 108 1_ Idex of Army Motion Pictures, FM 17-78 Tank, 90-nmn Gun M47.
Television Recordings, and Film- IM 17-79 Tank, 90-mm Gun, M48.
strips. FM 17-80 ----- Tanks, 76-mm Guln, M41 andDA Pam 310- Index of Military Publications. M4lA1.

series. FM 21-5 - . .Military Training.
FM 21-6 ------ Techniques of Military Instruction.

5. Field Manuals FM 21-26 ---- Map Reading.
FM 3-5 - . ... Tactics and Technique of Chemical, FM 21-30 ------ Military Symbols.

Biological, and Radiological War- FM 23-92 ----- 4.2-inch Mortar M2.
fare. FM 24-5 .- Signal Communications.

FM 6-18 .-- Field Artillery Mortar Battery, In- FM 44-2 ------ Light Antiaircraft Artillery (Auto-
fantry Division. matic Weapons).

FM 6-20 . Artillery Tactics and Technique. FM 44-3 ------ Light Antiaircraft Artillery (Sky-
FM 6-21 .-. Division Artillery, Infantry Di- sweeper).

vision. 0[] FM 44-4__ Medium and Heavy Antiaircraft
FM 6-50 .-. 4.2-inch Mortar 5M30. Artillery.
FM 6-55 .-- 4.5-inch Multiple Rocket Launcher FM 44-21 ----- Antiaircraft Artillery Service Prac-

M21, Towed. tice.
FM 6-75 .- l-- 105-mm Howitzer Nf2 Series, FM 44-27 .-... Service of the Piece, 90-mm AA

Towed. Gun, M12 Series.
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FM 44-28- -- Service of the Piece, 120-mm AA TM 9-718A --- '90-mm Gun Full Tracked Combat
Gun. Tank M47.

FM 44-61 ----- Self-Propelled Twin 40-mm Gun TM 9-730 ....- 76-mm Gun Tanks M41 (T41E1)
M42. and T41E2.

FM 44-69 ----- Service of the 75-mm AA Gun TM 9-744 ----. 155-mm Howitzer Motor Carriage
Skysweeper. M41.

FM 100-5 .---- Field Service Regulations; Opera- TM 9-747 ..-. 155-mm Gun Motor Carriage M40
tions. and 8-inch Howitzer Motor Car-

riage M43.
6. Technical Manuals TM 9-761A ... Self-Propelled Twin 40-mm Gun

TM 5-230 ----- General Drafting. M42 (T141).
TM 5-236 ------. Surveying Tables and Graphs. TM 9-1372A_ __ Ordnance Maintenance: 90-mmTM 5-236 -~~~~~Surveying Tables and Graphs.
TM 6-200--- Artillery Survey. Gun M2 and AA Mount M2.
TM 6-230 Logarithmic and Mathematical TM 9-1372B___ Ordnance Maintenance: Combina.

Tables. tion Fuze Setter-Rammer M20,
TM 6-240----- Rule, Slide, Military, Field Artil- Motor Drive M2A1; and Ampli-

lery, with Case, 10-inch. fier MIAl for 90-mm Guns M2
TM 6-605 - Field Artillery Individual and Unit and M2A1 and Antiaircraft Gun

Training Standards. Mount M2.
TM 9-308A ---- 76-mm Gun T91E3. TM 9-1380 ---- Ordnance Maintenance: 120-mm
TM 9-319- 75-mm Pack Howitzer MIAl and Gun Ml and Antiaircraft Mount

Carriage MS. Ml.
TM 9-324 105-mm Howitzer 4, Mounted in TM 9-1676 Ordnance Maintenance: Remote

Combat Vehicles. Control Systems M6 and M6A1.
TM 9-324A --- 105-mm Howitzer T96EI. TM 9-1900- Ammunition, General.
TM 9-325 ----- 105-mm Howitzer M2A1, Carriages TM 9-1901- Artillery Ammunition.

M2A1 and M2A2, and Combat [C] TM 9-1907l Ballistic Data, Performance of
Vehicle Mount M4 and M4A1. Ammunition (U).

TM 9-331A --- 155-mm Howitzer M1 and 155-mm TM 9-1950 Rockets.
TM 9-2008 ---- Operation and Organizational

HoMwitzeA2. Carriages MI andMaintenance: 4.2-Inch Mortar
Carriage M30 and 4.2-Inch Mor-

TM 9-331B... . 155-mm Howitzer Ml and Mount Carriage M30 and 42nh Mor-
M14 (Mounted on 155-mm Hlow- tar Mounts M24 and M24AITM 9-2009 ---- 4.2-inch Mortar M30 (T104) and
itzer Motor Carriage M41). 4.2-inch Mortar Mount M24

TM 9-336 ---- 8-inch Gun Ml and Carriage M2. (T61).
TM 9-338-1 .... 280-mm Gun T131 and 280-mm TM 9-3004. - S-inch Howitzer M2, Carriage Ml

Gun Carriage T72. and Heavy Carriage Limber M5.
TM 9-341 ----- 240-mm Howitzer Materiel Ml. TM 9-3007 ---- 105-mm Howitzer M2A1, 105-mm
TM 9-350 ---- 155-mm Gun M2; Carriage Ml and Howitzer Recoil Mechanisms

MIAl; Gun Mount M13; Heavy M2A1, M2A2, and M2A3, 105-
Carriage Limber M2 and M5; mm Howitzer Carriages M2A1
and Firing Platform Ml. and M2A2, and 105-mm How-

TM 9-361 ----- 75-mm Guns T83E6 and T83E7 itzer Mounts M4 and M4A1.
and 75-mm Antiaircraft Gun TM 9-3019 - 280-mm Gun T131 and 280-mm
Mount T69. Gun Carriage T72.

TM 9-372-- -90-mm Gun M2 and Antiaircraft TM 9-3036 -.. -- Operational and Organizational
Mount M2. Maintenance: 4.5-inch Multiple

TM 9-380 ----- 120-mm Gun Ml and Antiaircraft Rocket Launcher M21.
Mount MI. TM 9-7004 .-.- Self-Propelled 155-mm Howitzer

M44 (T194).TM 9-524 ----- 12-inch Graphical Firing Tables. 90-mm Gun Full Tracked Combat
TM 9-525 ----- Graphical Firing Tables M39, 140, Tanks M48 and M48AI.

M41, M42, M43, M44, NM45, TM 9-7212 ---- Self-Propelled 155-mm Gun T97.
M46, M47, M48, M49, M50, anrd TM 9-7220 .- .Operation and Organizational

~~M5M1~~~~. ~Maintenance: 8-inch Full
TM 9-575 ----- Auxiliary Sighting and Fire Control Tracked Self-Propelled Howitzer

Equipment. M55 (T108.)
TM 9-717 ------ 105-mm Howitzer Motor Carriage TM 11-287 ---- Radio Sets AN/VRQ-I, AN/VRQ-

M37. 2, and AN/VRQ-3.
TM 9-717A _ Self-Propelled 105-mm Howitzer TM 30-24 5 Photographic Interpretation Hand-

T98E1. book.
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7. Training Films SNL C-39 ..... Howitzer, 155-mm NMl; Carriage,
TF 6-1696 .--- Fire Direction Procedures-Part I: Howitzer, 155-mm, MIlA and

Precision Fire. MIA2; Mount, Howitzer, 155-
TF 6-1697 .-.. Fire Direction Procedures-Part II: mm, M14.

Area Fire. SNI. C-63 Howitzer, 105-mm, M4; Mount,
TF 6-1703 -. ... Fire Direction Procedures-Part Gun, Combination, M52 and

I11: Observed Fire Chart M71.
SNL C-82 ----- Gun, 76-mm, M32 (T91E3);

8. Tables of Organization and Equipment Mount, Combination Gun, M76
(T138EI); Mount, Combination

TOE 6-53711 - Field Artillery Battery, 280-mm Gtn, M76AI (T138E2).
Gun, ~~~~~~Gun. SNL C-86 ---- Howitzer, 105-mm, T96E1; Mount,

TOE 6-627C .... Field Artillery Battery, 4.2-inch Howitzer, 105-mm, T67EHowitzer, 105-mm, T67E1.Mortar.
SNL C-90 g---- Launcher, Rocket, Multiple, 4.5-

9. Firing Tables inch, M21 (T123).
FT 4.2-F-I irin s Mortar, 4.2-inch, M30. SNL D-24 - Gun, 155-mm, M2 and M2A1; Car-

riage, Gun, 155-mm, M1; Limber,
FT 8-J 1 .---- Firing Tables for Howitzer, 8-inch, Carrage Heavy, Mi; Platform,

Firing, 155-mm Gun, Ml; Mount
FT 40AA-A-3__ Firing Tables; Gun, Automatic, Fin 155-mm , Ml; Mount

40-mm, Ml, and Gun, Dual,
Automatic 40-mm, M2. SNL D-29 ----- Howitzer, 8-inch, M2; Carriage,

FT 90AA-B-3 - Firing Tables; Gun, 90-mm, AA, Howitzer, 8-inch, Ml; Limber,
Ml, MIAL, and M2. Carriage, Heavy, M5.

FT 105H-4 .... Firing Tables; Howitzer, 105-mm, SNL D-31 ---- Howitzer, 240-mm, Ml; Carriage,
M2AI and M4. Howitzer, 240-mm, Ml; Wagon,

FT 155-Q-2 --- Firing Tables; Howitzer, 155-mm, Cannon Transport, M2AI; Wag-
Ml. on, Carriage Transport, M3AI.

FT 155-S-2.. -- Firing Tables; Gun, 155-mm, M2. SNLD-32,VolI. Gun, 120-mm, Ml, MIAI, and
[C] FT 280-A-L1 Firing Tables for Gun, 280-mm M1A2; Mount, Gun, 120-mm,

T131 (U). AA, Ml, and M1A1.
FT 280-B-l-... Gun, 280 mm, T131, Firing Shell, SNI D-33 - Gun, 8-inch, MI; Carriage Gun, 8-

HE, T122. inch, M2; Wagon, Cannon Trans-
port, MIAI; Wagon, Carriage

10. DA Ordnance Supply Manuals Transport, M3A1.
SM 9-5-1305___ Ammunition, through 30 milli- SNL D-38 - Gun, 90-mm, M2, M2AI, and

meter. M2A2; Mount, Gun, Antiair-
SM 9-5-1310 -- Ammunition, over 30 millimeter up craft, 90-mm, M2.

to 75 millimeter. SNL D-48- Gun, Automatic, 75-mm, T83E6
SM 9-5-1315 -. Ammunition, 75 millimeter through and T83E7; Mechanism, Recoil,

125 millimeter. T47E2 and T47E3; Loader-Ram-
SM 9-5-1320 -- Ammunition, over 125 millimeter. mer, T23; Mount, Gun, AA,
SM 9-5-1330 -- Grenades, Hand and Rifle, and 75-mm, T69 (Includes Fire Con-

Related Components. trol System, T38).
SM 9-5-1340_-. Rockets and Rocket Ammunition.
SM 9-5-1345___ Land Mines and Components.
SM 9-5-1375 - Ammunition Explosives, Bulk Pro- mm, T80; ount, 155-mm Gun.

pellants, and Explosive Devices.
SM 9 -5-1390~ Ammunition; Fuzes and Primers. SNL D-52 Gun, 90-mm, M36 (T119EI).

SNL D-57 -- Gun, 280-mm, T131; Carriage,

11. DA Ordnance Standard Nomenclature Gun, 280-mm, T72.
Lists SNL D-58 --- Gun, 90-mm, M41 (T139).

SNL A-85 ----- Mortar, 4.2-ineh, M30; Mount, SNL D-63- Howitzer, 155-mm, M45 (T186E1).
Mortar, 4.2-inch, M24 and SNL G-232 --- Carriage, Motor, 155-mm Gun,
M24A1. M40; Carriage, Motor, 8-inch

SNL C-20 -... Howitzer, Pack, 75-mm, MIAl; Howitzer, M43.
Carriage, Howitzer (Pack), 75- SNL G-236 --- Carriage, Motor, 155-mm Howitzer,
mm, M8. M41.

SNL C-21 i---- Howitzer, 105-mm, M2AI, Car- SNL G-253 ... Gun, Twin, 40-mm, Self-Propelled,
riage, Howitzer, 105-mm, M2A1 M42 (T141).
and M2A2; Mount, Howitzer, SNL G-254 ---. Tank, 90-mm Gun, M48 and
105-mm, M4 and M4AI. M48AI.
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SNL G-258 ..-- Howitzer, 105-mm, Self-Propelled, 12. DA Forms
~T9OS~~E.L~ ~DA Form 6-12__ Record of Precision Fire.

SNL G-259 -- Gun, Self-Propelled, Full Tracked, DA Form Record of Precision Fire for 4.2-
155-mm, T97 and Howitzer, 8- 6-12-1 Inch Mortar.
inch, Self-Propelled, Full Track- DA Form 6-13 Firing Battery Section Data Sheet.
ed, 8-inch T108. DA Form 6-144_ Firing Battery Data Sheet.

SNL G-262 -.- Tank, 90-mm Gun, M47. DA Form 6-15__ Data Correction Sheet.
SNL G 279 ..-- Howitzer, Self-Propelled, Full DA Form 6-16_ FDC Computer's Record.

Tracked, 155-mm, NM44 (T194). DA Form FDC Computer's Record for 4.2-

SNL. P-5 ----- Ammunition for Antiaircraft Artil- 6-16-1 Inch Mortar.
lerv. DA Form 6-17__ Firing Battery Recorder's Sheet.

DA Form 6-51__ Firing Data Correction SheetSNL R-1 . .... Ammunition, Fixed and Semifixed, (280-mm).
Including Subcaliber, for Pack, DA Form 6-52__ Correction Sheet, 280-mm Gun.
Light and Medium Field, Air- DA Form 6-53 Target Grid.
craft, Tank, and Antitank Artil- DA Form 9-13._ Weapons Record Book-Part I.
lery, Including Complete Round DA Form Weapons Record Book-Part II.
Data. 9-13-1

SNL R-4 ------ Ammunition, Mortar, Including
Fuzes, Propelling Charges, and 13. Joint Army Navy Air Force Procedure
Other Components. JANAP 164-.-- Joint Radio and Telephone Pro-

SNL S-9 ------ Rockets, All Types and Compon- cedure for Conduct of Artillery
ents. and Naval Gunfire.
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APPENDIX II

4.2-INCH MORTAR GUNNERY

1. General c. Minimum charge is computed instead of
a. Mortar procedures and techniques are based minimum elevation because a constant elevation

on the same principles as those used in the indirect is used in firing the 4.2-inch mortar. The mini-
firing of other artillery weapons. Procedures used mum charge is computed in a manner similar in
for the 4.2-inch mortar differ from those used for concept to the procedure used in the computation
the 105-mm howitzer in that the mortar is fired of maximum elevation in high-angle fire as des-
with a constant elevation and variable charge, cribed in paragraph 83. Minimum charge is the
vertical interval between the mortar position and charge required to reach the minimum safe range.
the target is converted to a range effect, and cor- Minimum safe range is the total of the following
rections for this range effect are applied as charge three components:
corrections. These differences necessitate minor (1) Minimum range.
changes in basic procedures and techniques con- (2) Vertical interval plus vertical clearance.
tained in other portions of this manual. Vertical clearances for the 4.2-inch mor-

b. The principle of firing artillery mortars by tar are the same as those for the 105-mm
using a constant elevation makes possible a howitzer (ch. 5). The sum of vertical
simple procedure for transferring fires. To pro- interval and vertical clearance is added
vide flexibility, more than one constant elevation as a horizontal effect if the sum total is
is required. Therefore, ballistic scales have been an altitude above that of the mortar.
designed for 3 elevations; i. e., 800, 900, and 1,065. If the total of vertical interval and verti-

cal clearance is an altitude below that of
2. Observer Procedure the mortar, the vertical interval and

Field artillery observer procedure, as set forth vertical clearance component is not in-
in part Three, will be used by ground and air cluded in the computation of minimum
observers for 4.2-inch mortar units. As a guide, charge.
the following is a partial list of appropriate (3) Eight range probable errors.
mortar targets: d. Examples of computation of minimum charge

a. Troops in the open or dug ill. are as follows:
b. Areas or points to be screened by smoke. (1) First ezample.
c. Reverse slopes and defiladed areas behind Elevation 900, without extension

buildings or embankments. Fuze quick
d. Machine.gun and mortar positions. Minimum range= 1,500 yards
e. Assembly areas. Altitude at mortar=456 yards
f. Infantry with tanks. Altitude at minimum range=479

yards
3. Firing Battery Vertical clearance for fuze quick=

0 yards
a. The field artillery battery, 4.2-inch mortar, Range probable error at minimum

is composed of personnel and equipment as out- range=21.8 yards, round up to
lined in TOE 6-627C. The basic fire unit is the 22 yards.
mortar platoon. Minimum range (c(l) above)---- 1,500 yards

Vertical interval plus vertical
b. As a safety measure, the mask and overhead clearance, 23 yards (479-476)

clearance must be checked prior.to firing. +0 yards (c(2) above) .------ 23 yards

395



8 range probable errors, 8X22 used with the mortar necessitate the following
(3) above)176 yard changes (a-f below) in FDC procedures:

Minimum safe range------ 1,699 vards a. Charge. Charge-is the term applied to the
Minimum charge (for minimum number of charge units used to fire the mortar

safe range)=8 and 2/8+, round projectile. The smallest unit of charge is f8
up to 8 and 3/8. charge. The charges used for firing are from 5

(2) Second example. through 41. The command CHARGE includes
Elevatioln 900, with extension the units of propellant corresponding to chart
Fuze VT range, plus (minus) corrections for vertical
Minimum range=3,800 yards interval, plus (minus) any other corrections
Altitude at mortar=512 yards applied.
Altitude at minimum range=463

Altitude at minimum range=4 r Caution: The use of charges less than charge 5yards
Vertical clearance factor fuze may result in the projectile sticking in the tube

VT=80 yards and/or nonarming of the fuze. Certain restric-
Range probable error=50 yards tions have also been placed on the firing of shell
Minimum range (c(l) above)- 3,800 yards HE, M329 and M329B1, without cartridge con-
Vertical interval plus vertical tainer extension during periods of low air tempera-

clearance (c(2) above) ------ 31 yards
Altitude at minimum tures. Owing to physical characteristics of the

range - . ..... 463 yards propellant, firing at low temperatures results in
Vertical clearance - 80 yards excessive chamber pressures. Restrictions limit-

543yards- ing the charge unit that may be fired at given air
543 yards

Altitude at mortar-- 512 yards temperatures without cartridge container exten-
sion are listed below:

Vertical interval plus Temperature, degrees F. Poasible charge units
verticalclearance 31 yards Over 600 -..... 5 through 25 and 56

8 range probable errors (c(3) 200 to 600°-. 5 through 23
above) --------------------- 400 yards 00 to 200° ...- . .5 through 20

--400 to 00°--- 5 through 17
Minimum safe range -... . ...... 4, 231 yards Below -400° .. No firing without cartridge container
Minimum charge=29 and 6/8 +, extension.

round up to 29 and 7/8. -No temperature restrict!ons are placed on fring with cartridge container
The minimum charge is modified extenson.

by met and VE corrections, when b. Range Charge. Range charge is the firing
appropriate. table charge corresponding to the chart range.

Note. If fuze quick were used instead of fuze VT, the The range charge corresponds to firing table
vertical clearance would be 0 yards instead of 80 yards elevation for guns and howitzers.
and the resultant vertical interval plus vertical clearance
would be -49 yards and as such would not be included in c. Adjusted Range Charge. Adjusted range
computation. charge is the combination of the range charge and

. When live ammunition is being fired in range corrections expressed in units of charge.e. When live ammumition is being fired in
a clearance zone of 300 yards The adjusted range charge corresponds to adjustedtraining, a clearance zone of 300 yards or 100 elevation for guns and howitzers.

yards plus 8 range probable errors, whichever is
larger (AR 385-63), is prescribed between per- units of charge to cmpensate for the vertical
sonnel and the minimum range line. This zone unts of charge to compensate for the vertical

interval between the mortar position and the
is increased by 50 percent when time fuzed shell
is fired. target. The vertical interval (VI) between the

mortar position and the target is converted to a
f. Detailed iuties of firing battery personnel horizontal range effect based on the angle of fall.

are covered in FM 6-50. This horizontal range effect is compensated for by

converting the range effect in yards to a correspond-
4. Fire Direction ing value in units of charge and applying this value

Mortar fire direction procedures and techniques as a correction to the range charge. The site
arc based on the same principles as those used in charge for a 100-yard vertical interval is read on
the indirect firing of other artillery weapons. the site scale of the GFT fan opposite the charge
The constant elevation and the variable charge under the charge gageline. The site scale is
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plotted in } charge units (fig. 236). When the Site charge read from GFT fan for 100-yard VI is '4.

target is above the mortar position, the sign of the Site charge for -40 yard VI= (%X(-40/100)) =-f%.
site charge is plus; when the target is below the e. Adjusted Charge. Adjusted charge is the
mortar position, the sign of the site charge is charge required to place the mean point of impact
minus. Site charges for vertical intervals other on the target. The adjusted charge corresponds
than 100 yards are computed by multiplying the mathematically to the adjusted quadrant elevation
site charge read from the GFT fan by the VI (in for guns and howitzers.

f. Charge Gageline. A charge gageline is con-yards or meters) divided by 100. When the corn- structed on the mortar GFT fan in the same way
puted site charge is less than Xc, it is ignored. that an elevation gageline is constructed for other
For example- artillery weapons. The charge gageline is con-

Elevation 900, without extension; chart range 3,230, structed to read the adjusted range charge when
VI -40 yards. the hairline is set over the chart range.
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Figure b56. Mortar ballistic scales.
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.Haila omm.nds Mortr ommna
5. FDC Equipment CENTER 1 RND CENTER 1 RND

The present 105-mm howitzer FDC equipment, CORRECTIONS RIGHT 8

with certain modifications, is appropriate for use DEFLECTION 2815- DEFLECTION 28491

with the 4.2-inch mortar. SITE 305(No command for site)
ELEVATION 400 --------- CHARGE 29 AND J/**

a. Mortar ballistic scales (fig. 236) are designed Includes i defl etion t.ecin

for use ill firing at 3 elevations (800, 900, and - r' lda sIt Harse.
1,065). On each of the ballistic scales for eleva- b. When the cartridge container extension is
tions 800 and 900, the ballistic data lines are not to be used for firing, the command for cleva-
divided into 2 segments. One segment provides tion is announced as ELEVATION (SO MUCH),
ballistic data for use in firing without the cartridge WITHOUT EXTENSION; when the cartridge
container extension; the other segment provides container extension is to be used for firing, the
ballistic data for use in firing with the cartridge command for elevation is announced as ELE-
container extension. Only 1 segment (without VATION (SO MUCH).
cartridge container extension) is provided for c. The command for site to compensate for the
elevation 1,065. vertical interval is eliminated. The site charge

b. Units not equipped with the GFT fan will is added algebraically to the adjusted range
use the GFT, M157 (fig. 237), and the range- charge to obtain the charge to be fired.
deflection fan as a substitute. Procedures are the d. The CHARGE is announced to the nearest
same ill principle as those used with the GFT fan. one-eighth of a charge unit; for example, CHARGE
Technique is changed only in those matters that TWO SIX AND FOUR-EIGHTHS (26 and 4/8).
are peculiar to the use of a GFT and a range- e. A FDC Computer's Record for 4.2-inch
deflection fan. Techniques in using the GFT mortar (DA Form 6-16-1) is shown in figure 238.
and a range-deflection fan are explained in greater
detail in chapter 17. 8. Precision Registrations

c. The Target Grid (DA Form 6-53) has a Mortars are registered to determine an adjusted
diameter representing approximately 5,000 meters deflection and an adjusted range charge. The
(scale 1:25,000). At mortar chart ranges, use of adjusted deflection is determined in the same
the Target Grid is facilitated by folding (cutting) manner described in chapter 18. The determina-
that part of the Target Grid that covers the tion of the adjusted range charge differs from
plotted battery position. normal procedures in that range changes are

made by changing the charge rather than the
6. Selection of Elevation elevation. Within the range limits of the 4.2-inch

Of the 3 elevations (800, 900, and 1,065), 900 is mortar, a change of % charge equals approximately
normally used because it best approximates the 50 yards on the ground; therefore, in FFE, 4/

optimum for stable, accurate and lethal fire. charge is substituted for 1 fork. The charge is
In addition, elevation 900 can be fired within 125 changed 2 in the appropriate direction when 3
yards of minimum range and 175 yards of maxi- rounds fired at the same charge are all in the same
mum range. The other elevations may be used sense; e. g., over, for range. An adjusted charge
to fire minimum or maximum range or to change is determined after six rounds in FFE have yielded
height of burst when VT fuze is used. They may positive FDC range sensings of both over and
also be required because of the terrain or the short. Requirements of a valid registration are
tactical situation. the same as those for the 105-mm howitzer.

After six positive FDC range sensings have been
7. Mortar Fire Commands obtained and requirements of a valid registration

a. The sequence of mortar fire commands have been met, the adjusted range charge is
differs from that used in other artillery fire com- determined as follows (a-f below):
mands since charge and elevation are announced a. With an equal number of overs and shorts,
in reverse order. all rounds fired at the same charge, the adjusted

Hlowit ommond MOn orta, commnd range charge is the charge fired minus the site
BATTERY ADJUST PLATOON ADJUST
SHELL HE - . ........ SHELL HE ge
CHARGE 5--------- EL.EVATION 900 b. With an equal number of overs and shorts,
FUZE QUICK - . ...... FUZE QUICK rounds fired at both limits of a %-charge bracket,
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FDC COMPUTER'S RECORD FOR 4.2-I1HCH MORTAR

...T..TT.. LAOO" °r' D I.T.oELe. E. ......SO;ATSC OCN T-°

IeIIn 6 undr~ S f4 OSPLECTIN 2127 I"ITIAL FR COMMANDS

Coordtarksl ?62/3Y·f0 DRIF CORRE L 9zI.6 P/af DJUST, 5r Con

p/a/aon, 19. 900 ..... WIT UT TENION

dP/So i ........... , ,?
il A, Cen/er, p0 6 AR M

ext, s ve//E, ....... A. 72 3
0oW.T10 0./ 96, c;' /6 0ME

OE.1.. ' ;.,IA- A ........ F- M P.... S C . g AI° . .....

4 /00 too __ Yf~ lisT 29V2 Y6o _ -g ft

_7 . .-ZOO 5Y IOO ,Y 17
_6/oo •60 jV 46/330o _ /6

.YVr lvz ____ _/_ / /7 _

OTAL /00 /00

....... /00 50 /00 J2 -

DAN.::", 6-16-1
Figure e38. Computer's record for mortar, 4.2-inch, M3o0.

the adjusted range charge is the mean charge d. Fractional values of the charge change are
minus the site charge. rounded to the nearest }/ charge.

c. With an unequal number of overs and shorts, e. A target hit during adjustment is used as the
the adjusted range charge is computed as follows: first round in fire for effect, and five more rounds

Adjusted range charge=mean charge± charge are fired at the same charge. In the computation
change-site charge. of charge change, a sensing of TARGET is con-

'ote. Charge change= I sidered as both X over and % short and is disre-
difference in number of ov, and shorts 4\ garded in determining the difference in number

2X nlmber of rounds fired X-J of overs and shorts.
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f. A Record of Precision Fire for 4.2-Inch First 3 rounds ...-- - 36 and - -DCin
Mortar (DA Form 6-12-1) is shown in figure 239. 36 nad -

Second 3 rounds -. . ..... 36 and ± - -

9. Examples of Computation of Adjiusted 3'
Range Charge The registration is valid since one or more rounds

a. Example 1. All rounds in fire for effect are are in the opposite sense from the others. Since
fired at the same charge. The site charge applied all rounds were fired at the same charge, the
is minus j%. Firing is as follows: mean charge is 36 and )4. The preponderance is

RECORD OF PRECISION FIRE FOR 4.2-.1CH MORTAR

ZZ~F /'/00 AND61my" . MG ^AJU$TING POINT B ATTEK4rY PLATOON

CHART DATA 7h/ r4 INITIAL FIRE COMIANOS

.. o . ... .2z7 ...... lT

ADRQI FT 7 1732 9 LOT

ADJUSTED DATA FunE Q MFr/2//

..'o. + I FS Z . .............
TINE RNAG CHARGE /6 ;; jf0D

"-/........6 . L. / T //

CHARG lE ¢ARE

.rr SETTING EFLICTIN CONERCT ION

'/ .e? 900,i c ; .rY250. .c 9 /64- O

ROUND C HAR T DEiLECTION C.ANOC OBSERVER sENSINOS FOG .ENSINOS
AD. DEFLECTION 01IFT FIRED RAN.E FIRED OR CORRECTION RANGE DE|L ECT ON

. 212760 • 7 3 3sL0 /i7 s s0 - /00
a f9$l 4's Z87? 3gSo /7 5 k Z /° -.ra fcF

4 I197 Yf 21? 33/104 -1e _
A, 2r. 96 - 1 ~-1

. 294 _ tc21287

Figure 239. Record of precision fire for mortar, 4.-inch, M30.

401



2 shorts (4 shorts less 2 overs). Computation of a. Example 1. The mortar platoon is laid on
adjusted range charge is as follows: the registration point. The referred deflection to
Adjusted range charge=mean charge±charge change- the aiming posts is 2,800.

site charge Drift at registration point range (3,000 yards),
Mean charge=36 and h elevation 900, without extension --------- = R 47 mils

'harge change= 4-2 X 4' = (round off toDrift correction -..................... = L 47 mils

Charge ehange="(2 6 X2 )=z2 (round off to $) The temporary deflection index is constructed at

Site charge= -« deflection 2,847.
Adjusted range charge=36 and ±+{-i-(-%-)=36 and %s. b. Example 2. The mortar platoon is laid on

6b Ezample 2. The 6 rounds in FFE are fired at azimuth 5,600 (center of sector). The referred

2 different charges. The site charge applied is deflection to the aiming posts is 2,800.
plus difr. Firing is as follows: stchreDrift at range to center of sector (5,000 yards),

elevation 900, with extension ------------- = R 39 mils
Charge FDCAenaing. Drift correction ------------------------- =L 39 mils

First 3 rounds ............... 22 and % + + +
ince allrst 3 rounds are the same The temporary deflection index is constructed at(Since all 3 rounds are the same

sense (+), the charge is decreased deflection 2,839.
by %h and 3 more rounds are fired.)

Second 3 rounds ---------------- 22 - + 12. Deflection Corrections

The registration is valid since one or more rounds Since the mortar sight does not contain a gun-
are in the opposite sense. The preponderance ner's aid, deflection corrections are made in the
is 2 overs (4 overs less 2 shorts). The mean FDC for each round fired. The total (chart
charge is 22 and $. Computation of adjusted deflection plus or minus deflection corrections) is
range charge is as follows: announced by the FDC personnel. Separate deflec-

Adjusted range charge=mean charge 'charge change- tion correction scales are used for each segment of
site charge. the ballistic data line. The deflection index is

Mean charge=22 and $; based on the adjusted deflection obtained from the

.Charge eb.ange=(i4- 2 Xl=) (round off to )initial registration. All corrections from later
C2X68, registrations or met messages are applied as stated

Site charge= +5%
Adjusted range charge=22 and s--n-(+ )=21 and 349.

10. Transfer Limits 1 3. Charge Corrections
Transfer limits for mortar fire are the same as a. Charge corrections are applied to the GFT

those for other field artillery weapons. When fan as follows: Construct a GFT setting for
transfer limits include both segments of a ballistic either segment of the ballistic data line. This
data line, separate corrections should be obtained setting is constructed by placing the hairline over
for each segment. Corrections obtained from the chart range. Then a charge gageline is drawn
one segment are not applicable to the other seg- from the vertex of the cursor through the adjusted
ment; therefore, a separate registration must be range charge (par. 343) on the segment of the
made for each segment of the ballistic data line. ballistic data line from which the adjusted range

charge is obtained. As ballistic data are not
11. Temporary Deflection index interchangeable between segments, a separate

A temporary deflection index is constructed on GFT setting is required for each segment of
the firing chart as described in paragraph 297. the ballistic data line that is to be used for firing
Because of the large drift effect, this index is (fig. 240).
offset by the amount of the drift correction to the b. A GFT setting is recorded as follows: GFT
registration point or to the center of sector. An B 1 (Ist Platoon): elevation 900, lot X, range
arbitrary offset of 40 mils (e. g., deflection 2,840 4,500, range charge 32 and 3'.
mils) may be used instead of the computed drift
correction. By including drift in the temporary 14. VT Fuze
deflextion index, the necessity of applying a drift Since mortar fire is high-angle fire, no correc-
correction to each round fired prior to the construc- tion for height of burst in firing the VT fuze is
tion of the deflection index is eliminated. necessary.
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15. Time Fire
-- UUST S.a fi

- FT 4.2-F-. uimMsm 1I5 Time fire for area fire missions is not normally
_ S-M .2 M.,. used because of the large fuze height-of-burst

probable error. Time fire may be used for illumi-
_ 16 . .nation and smoke. High-burst registrations,

-:900 _1 while possible, normally should not be attempted.
W/EXT

-6 CH 17 16. Data For Replot
Procedures for reporting data for replot are

I_ _ - the same as for low-angle artillery fire (par. 420).
Procedures for determining coordinates to be

19 reported, differs from normal procedures owing
_ - By ~ 90a0 = _to the use of variable charges.

- ss9 a. Cm 20 a. To determine the replot deflection, the de-
flection correction is stripped from the adjusted

25 deflection in the same manner as in high-angle
-0a "22 artillery fire. The replot range is read from the

-4 2 z GFT fan under the hairline when the charge
_- 91 423 -22gageline is set over the adjusted range charge.
S.65 ^2A'/24 b. When a grid sheet firing chart is used, the

2-. / 25 altitude assigned to the target is the altitude
=.3T" 1 27 -- / 26 _ determined from the initial fire request.

_- _ -|19 - 2 */ 27 c. If the firing chart is a map, the replot alti-
M-3 28 tude assigned to the target is the map altitude

- -Z- :29 determined from the replot location of the target.
ST W~-' 7 30 In firing percussion or VT fuze, if the site charge

31 determined from the altitude of the initial replot
8 33 location of the target does not agree with the site

charge fired, the replot site charge must be stripped
-4714 '- / hfrom the charge fired. The replot range must
_3,F ae> ithen be changed to agree with the new adjusted

range charge, and a site charge must be deter-
_ 2 25 mined from the altitude of the new replot loca-

-,,~A - tion. This procedure is repeated until two con-
- SI 5 23 / = .... secutive computations yield the same site charge.
-- ~ -'- : tgThis last site charge is stripped from the charge
_52 j fired to determine the correct adjusted range

53,, 21 charge. The correct replot range is read from
_-- - o the GFT fan under the hairline when the charge

e- 9 , /t gageline is over this corrected adjusted range
charge.

Example (GFT B 1: elevation 900, without
iW F f~sextension; lot X; range 3,200; range charge 16

and 6/8):
Elevation -...................... 900 (without ex-

tension)
Charge fired -............. 19 and %
Site charge fired .-................ +
First apparent adjusted range charge__ 19 and ¼i (range

3,630 yards)
Site charge determined from initial + %a

replot position.
Figure 240. Charge gagelines.
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Second apparent adjusted range charge 19 and % (range computed from a concurrent met message is -75
3,670 yards) yards. The adjusted charge from registration is

Site charge from second replot +3; 22 and 3% The site charge fired is plus 3,.
position.

Correct adjusted range charge (set 19 and ~t Computation is as follows:
gageline over). Adjusted charge .-............ 22 and 3

Replot range (read under hairline from 3,670 yards Site charge -.................... .-(+ ).
GFT fan when charge gageline is over
adjusted range charge). Adjusted range charge .-------- 22 and 3;

d. Coordinates reported in data for replot are Range corresponding to adjusted range =4,360 yards
charge (22 and 3s) (to nearest 10 yards)

obtained by using the deflection and range (read from GFT fan opposite adjusted
determined as stated in a and c above. range charge).

Chart range to registration point - . ..... 4,180 yards
1 7. Tabular Firing Tables Total range corrections (at 4,180 yards)_ - - 180 yards

An appendix to the Tabular Firing Table FT Total range effect (with charge 22 and ) +- 180 yards
Met range effect as computed from concur- -75 yards

4.2-F-1 contains ballistic information that is rent met message (charge 22 and /s).
necessary in using the constant elevation variable VE range effect (total range effect minus -l105 yards
charge system. The system of combining eleva- met range effect) (-180-(-75)).
tion changes and charge changes, as covered in MV unit effect (charge 22 and J) -+8.3 yards
the main body of the firing table, normally is not yE (f) E rg effect =-105_ -12.6 f/s (roud off to
used by field artillery mortar units. -MV unit effect +8. 3 13 f/s)

18. Met Computations 20. Center-of-Impact Registration
Met computations and corrections are deter- a. Deflection corrections from a center-of-

mined and applied in the same manner as for impact (CI) registration are determined and
light artillery, except that the effects of deviations applied in the manner described in paragraph 353.
from standard air temperature are not considered. b. For range corrections, the altitude of the CI
Since these effects are negligible in the mortar having been determined, the vertical interval is
trajectory, no corrections are applied for them. computed and converted to site charge. The site

charge is then stripped from the adjusted charge
19. Computation of Velocity Error to obtain the adjusted range charge. (The

Velocity error is computed for the 4.2-inch adjusted charge is the charge at which all rounds
mortar in the same manner as for light artillery, are fired.) The charge gageline is constructed
with the following exceptions: on the GFT fan by placing the hairline over the

a. An adjusted range charge, rather than an chart range (range to CI) and drawing the charge
adjusted elevation, is determined from registration. gageline from the cursor vertex through the

b. The range corresponding to the adjusted adjusted range charge.
range charge is read from the GFT fan opposite
the adjusted range charge. 21. Calibration

Example: A 4.2-inch mortar platoon has regis- Comparative calibration of the 4.2-inch mortar
tered on the registration point, using elevation (for grouping of weapons) is conducted and
900, without extension. Met range (rg) effect applied in the manner described in chapter 28.
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APPENDIX III
4.5-INCH ROCKET LAUNCHER GUNNERY

1. General may disclose the launcher position. The pro-
The 4.5-inch rocket launcher is an area fire pellant burns for about, 90 feet after leaving the

weapon to be used on targets when surprise launcher, leaving a distinct trail of flame, and the
fire in tremendous volume is desired. Rockets blast produces a cloud of smoke, dust, and debris,
are designed to supplement the fires of other the size and character of which is dependent on
weapons and to saturate an area with a blanket the type of soil, vegetation, and weather condi-
of fire. The rockets have inherently large dis- tions. The disclosure of the position by flash and
persion factors, and for this reason care must be blast is minimized by selecting positions in deep

exercised in selecting and firing on targets defilade, under trees or behind houses, or on hard,near supported troops.
damp, or grass-covered soil; by smoke screening

2. Capabilities the position area; by using flash and smoke to
a. Rocket launchers are either self-propelled or simulate firing from dummy positions; or by

towed. The towed type has many advantages; coordinating with artillery and other arms to
it is compact and relatively light, has a low neutralize enemy observation by smoke or fire.
silhouette, is highly maneuverable, and may be b. The launcher position generally must be in
lifted by helicopter, thus adding firepower to an the vicinity of or forward of the light artillery
otherwise lightly equipped combat force. The position areas because of the limited range of the
launcher may be emplaced well forward and in
concealed positions, and it can be moved into these
positions more rapidly and easily than heavier, of rockets make their employment as a close-range,
less mobile weapons. It possesses high mobility direct-fire weapon impractical.
on roads as well as across country and may be c. The blast from the rocket propellant is
moved manually for short distances. A 4.5-inch dangerous to personnel and materiel 50 yards to
rocket battery equipped with 12 launchers M21 the rear and at least 50 feet to either flank of the
can fire 300 rockets in 12 seconds. This volume launcher (FM 6-55). The service of the launcher
of fire is the approximate equivalent of a 1-volley therefore is impeded, since ammunition for succes-
TOT fired by 17 battalions of 105-mm howitzers. sive loadings must be placed at a distance from
The high-explosive 4.5-inch rocket projectile is the launcher.
comparable to the 105-mm howitzer high-explosive
shell in both concussion and fragmentation effects.

b. Rocket fire can be readily shifted in width 4. Dispersion Pattern
and depth, positions can be changed, and units The shape of the dispersion pattern varies with
can be regrouped to bring great firepower to bear (1) range and (2) low- and high-angle fire. Table
on important targets. XVIII shows range and lateral dispersion in yards

3. Limitations at various ranges; figure 241 illustrates the rela-
The limitations of the rocket launcher are that- tive shapes of dispersion patterns at varying
a. Flash and blast of the burning propellant ranges.
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Table XVIII. Dispersionfor T160O5 (M32) Rockets Elevation scales are used in laying for elevation,
the command being received from the fire direction

Range diprob- Laterl d(lsper- center as ELEVATION (SO MUCH). Since thereRange (yrds) esion (8 rob- sion (8 prob- e er s
Range (yards) able errors) (ybl eards) is no on-carriage site scale on the rocket launcher,

__________________ __________ --- elevation is always a quadrant elevation. The

1,000- -768 40 gunner's quadrant may also be used in laying for
2,000 .... ... ......... 768 72 elevation, the command being QUADRANT
3,000- -.... ......... .760 112 (SO MUCH). Duties of firing battery personnel
4,000- -------------------- 744 152 are covered in detail in FM 6-55.
5,000 -.... .... .728 192
6,000 .... ............. 704 232
7,000- ---- -67°2 272 7. Observer Procedure
8,000 -.... ................ 616 328 Observer procedure used in rocket fire is like the
8,980 . 448 456 standard observer procedure stated in chapters 7
8,000 (HA) -........... 528 560
7,000 (HA)- -- -- 608 608 through 14 except as shown in a and b below.

a. Precision Fire.
(1) Registration. In view of the dispersion of

the 4.5-inch rocket, a normal registration

Directionlof fire is impractical because the corrections
obtained would be questionable. To

9000- [i] determine approximate registration cor-
rections for the 4.5-inch rocket, rounds
for a center-of-impact registration should

8000- EL J iFt be fired from the same launcher tube.
(2) Destruction. The rocket launcher, because

7000- 71F 7 of its great dispersion factor, is not
suitable for destruction missions.

[_ b. Area Fire. The principles of bracketing used
6000- _ with area fire apply to rocket fire. Fire is opened

with two-round salvos fired from one launcher,
5000- F preferably the launcher nearest the battery or

platoon center. The object of adjustment is to
inclose the target area in a range bracket of suit-

4000- able depth, properly centered for direction. The
following procedure is used by the observer once
the fire request has been sent to the fire direction

3000- center:

(1) The observer moves the fire in range

z2000 :bounds of 400 yards or multiples thereof
until a range bracket is established.

(2) The observer moves the fire in deflection
00ooo- bounds of 200 yards until a deflection
YdJ bracket is established.

Figure 241. Relative shape of dispersion patterns for T160 (3) When these brackets (400 yards in range
(M32) rockets. and 200 yards in deflection) have been

5. Mission established, the observer splits them and

Any of the 'missions that are assigned to field requests fire for effect.
artillery (FM 6-101), except direct support, may c. Example. The following example illustrates
be assigned to the rocket battalion (battery). the procedure (communication procedures omitted)

for a typical area fire adjustment by a ground
6. Firing Battery observer for a 4.5-inch rocket:

NTormal procedure as described in chapter 5 is Observer: FIRE MISSION.
used in laying the rocket battery for direction. FDC: SEND YOUR MISSION.
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Observer: COORDINATES 257688, AZIMUTH d. Fire commands for rocket platoons are similar
3750. INFANTRY COMPANY AS- to those for howitzer (gun) batteries and follow

LAYSEMBLED IN WOODS, FUZE DE- the same sequence. In rocket fire, the term ripple
FDC: ON THE WAY. is used as a preliminary command to indicate the
Observer correction: LEFT 200, ADD 400 (sensing number of complete loadings to be prepared for

was air, short, right). firing in order to avoid delay between volleys or
FDC: ON THE WAY. R salvos. The preliminary command THREE RIP-
Observer correction: RIGHT 100, DROP 200, FI PLES READY indicates that three complete load-

FOR EFFECT (sensing was
air, over, left). ings will be prepared for each launcher. Examples

FDC: ON THE WAY. of fire commands are as follows:
Observer: END OF MISSION. .INFANTRY DIS-

PERSED, ESTIMATED 50 CASUAL- (1) Fire for effect mission:
TIES (sensing was mixed, range PLATOON ADJUST ---------- PA
correct, line). SHELL HE --.. ............ SH HE

LOT X ------------------------ LOT X
Note that in the above example, the observer FUZE VT FZ VT
quickly established both a 400-yard range bracket CORRECTIONS 0 -----------. CORR 0
and a 200-yard deflection bracket and entered fire DEFLECTION 3005 - . ....... DF 3005
for effect on splitting them. If the observer at- PLATOON RIGHT, 1 RIPPLE_ PR, 1 RIP
tempts to refine the above brackets, time will be AT MY COMMAND AMC

wasted, accuracy will not be improved, and the ELEVATION 428 EL 428
rocket launcher site may be disclosed. (2) Will adjust mission (using two-round salvo

in adjustment):
8. Survey PLATOON ADJUST ------ PA

Principles of survey as explained in TM 6-200 SHELL HE- SH HE
LOT X-................... LOT X

apply to rocket battalion survey. Survey opera- FUZE QUICK-FZ Q
tions in the rocket battery or platoon are usually CORRECTIONS 0 -.----- CORR 0
confined to a position area survey with control DEFLECTION 2661 .----- DF 2661
provided by battalion or by other artillery units NO. 3, 2 ROUNDS .- . .. NO. 3, 2 RNDS
in the vicinity. The battery or platoon center is ELEVATION 316-EL 316

located as quickly as possible, usually by a short (3) Center-of-impact registration:
traverse. When time permits, a registration point NO. 3 ADJUST ..- . ....... NO. 3 A
may be located and plotted on the firing chart and SHELL HE .-. 1.1.... SH HE
an orienting angle that is used in laying the bat- LOT X ...-......... LOT X
tery or platoon for direction is determined. Nor- FUZE QUICK-FZ Q

CORRECTIONS 0 --------- CORR 0
mally, the initial direction of fire is established by CORRECTION 216 DF 2916
grid azimuth. NO. 3, 1 ROUND .-------- NO. 3, 1 RND

ELEVATION 497 --. . ..... EL 497
9. Fire Direction Technique

In general, the principles of fire direction as de- 1 Corrections
scribed in part FOUR of this manual apply to fire a. The procedure for determining corrections
direction in rocket units except as noted in a for rocket firing is essentially the same as for
through d below. other field artillery. A center-of-impact (CI)

a. All firing charts are maintained at the bat- registration is normally fired. This registration
tery or platoon FDC. is accomplished by firing single rounds at short

b. The rocket battery is responsible for fire di- time intervals from a single launcher and deter-
mining the center of impact of the group. A

rection and control of fire. The platoon may estab- mining the center of impact of the grou Aregistration should not require more than 5
lish and operate its own FDC in case it is detached minutes' active firing and should be conducted
from the battery. from an alternate launcher position. The launcher

c. On receipt of a fire mission, the target is must be bore sighted immediately before register-
plotted on the firing chart in the normal manner, ing, and the same tube must be used for each
and firing data are determined and sent to the round. Twelve usable rounds should be fired to
rocket platoons. determine the center of impact; however, if time
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is limited, a minimum of accuracy may be ob- fires, especially in preparation and coun-
tained with six. The location of the center of terpreparation.
impact is then computed and plotted on the (2) Harassing fires.
chart, and a range and deflection correction is de-
termined. A GFT setting, a deflection correction, 1 2. Types of Fire
and a deflection correction scale are established In general, rocket fires are classified as are
by using the procedures outlined in chapter 19. other artillery fires as to the type of observation,
Transfer limits are not fixed as in other artillery; form, effect sought, and degree of prearrangement.
unobserved transfers should be fired within close The application of each of these principles to
limits of the CI registration point. It is desirable rocket fire is shown in a through d below.
that every effort be made to obtain observation a. Observation.' Rocket fires are observed when
and to adjust all rocket fire visually. possible to insure accuracy and effectiveness of

b. Should it become necessary to deliverunob- fire. The observer makes the necessary correc-
served rocket fires without registration, met cor- tions if successive salvos are to be fired. Unob-
rections may be determined and applied. Only served fires should not fall closer than 800 yards
four effect factors are considered in computing to friendly troops.
met corrections for use with rockets. They are- b. Form. Normally, rocket fire is delivered in

(1) Temperature of propellant. dense concentrations. It is best utilized on targets
(2) Density. requiring a large volume of fire rather than ac-
(3) Wind. curacy. The use of rocket fire for barrages is not
(4) Drift. advisable because of the size and variance of dis-

c. In computing range effects, the usual method persion patterns. Firing of single launchers is
of variation Jrom standard multiplied by unit effect confined to registrations and adjustments.
is followed. Since rocket fires corrected only by c. Efect Sought. The rocket launcher is ideal
met data may be only a little better than map for use in neutralization fires. The sudden, in-
data uncorrected, delivery of such fires closer tense volume of rocket fire has the advantage and
than 800 yards to friendly elements is not ad- effect of surprise. By causing severe personnel
visable. losses and some materiel destruction, the enemy's

combat strength is greatly reduced.
11. Suitable Targets d. Prearrangement. Rocket fires are prear-

a. Suitable targets for 4.5-inch rocket artillery ranged when possible and integrated into artillery
are- fire plans.

(1) Troops in open, in trenches, or in assem-
bly areas. 13. Selection and Assignment of Targets

(2) Strong points and light fortifications. a. The commander to whose command the
(3) Formations of lightly armored vehicles, rocket unit is attached decides the way to attack

tanks, or self-propelled guns. a target, giving due consideration to the rocket
(4) Vehicle assembly areas. unit commander's recommendations. The com-
(5) Command posts, ammunition, and supply mander to whose command the rocket unit is at-

installations. tached should know the status of rocket ammuni-
(6) Helicopter landing zones. tion before assigning targets. He should furnish

b. In defensive combat, platoons or batteries the rocket unit commander the following informa-
may be attached to other artillery units in order tion:
to cover the widest possible front. Rocket fire (1) Location of the center of the target.
is particularly effective for- (2) Shape and size of target-approximate

(1) Beach defense to destroy landing craft size or limiting points.
and disembarking troops. (3) Type and nature of target-personnel,

materiel, or fortifications; whether in the
(2) Firing chemical or screening agents. open, in trenches, or otherwise protected.
(3) Breaking up hostile attacks. (4) Purpose of fire-to neutralize, harass,

c. Other missions on which rocket artillery may interdict, or screen.
be employed are- (5) Time to open fire-on call, without delay,

(1) Reinforcing or adding depth or width to or prearranged as to time or to an event.
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(6) Duration of fire and number of rounds to 2% 7% 16% 25% 25% 16% 7% 2%
be fired. I _ 2%

(7) Type of ammunition and fuze desired.
(8) Special instructions, such as restrictions Cen of

on registration and responsibility for imp7/t
furnishing observation of fires.

b. To obtain maximum effectiveness in the at- 16%
tack of a target, the following items should be
considered: 25%

(1) Type of ammunition and fuze appropriate
to the mission. 25%

(2) Distribution in width and depth for
proper coverage. 16%

(3) Amount of ammunition required.
(4) Number of launchers or firing units re- 7%

quired.
(5) Selection of position area best suited to 2%

the mission.
c. The rules that apply to selection of fuze and

projectile for normal artillery apply in general to rounds fall in crosshatched area).
rocket fire. The types of shells are restricted to
chemical (smoke) and high explosive (HE) with general, when the target is equal to or less

superquick, delay, and VT fuzes. High explosive than four deflection probable errors, a

shell with fuze VT or superquick is employed converged sheaf should be used. When

against personnel in the open, vehicles, and a target is wider than four deflection

materiel. Fuze delay may be used to secure probable errors, a normal sheaf is em-

ricochet bursts against personnel who are dug in, ployed. When the target is wider than

to destroy materiel, or to attack troops ill dense 4 deflection probable errors plus 100

woods or tall trees. Fuze VT is also particularly yards, the width of the target is divided

suitable for use against personnel dug in without into zones, each zone being 4 deflection

overhead cover. probable errors in width, and a firing

d. To determine the proper distribution of unit is assigned to each zone. If the

rocket fire in width and depth for maximum effect, number of firing units is limited, each
a thorough understanding of the size and shape of firing unit may be employed to attack a

the dispersion pattern at different ranges is essen- number of zones successively.
tial. A dispersion rectangle and the expected dis- (2) Distribution in depth may require attack

tribution for each range can be determined. The of targets at center range or, targets in

determination of proper distribution of rocket depth may require a range spread be-

fire in width and depth therefore depends on the tween firing units. In general, when

proper application of the 67 percent dispersion the target is deeper than 4 range probable

rectangle to the target (fig. 242). errors, the target is divided into zones of

(1) Distribution in width may require special 4 range probable errors in depth, and

sheaves or require firing units to lay on firing units are assigned to each zone or

different portions of the target. In range.
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APPENDIX IV

280-MM GUN GUNNERY, SHELL, HE, T122

Section I. INTRODUCTION

1. General b. Tabular firing tables, FT 280-B-I.

Techniques used in the firing of the 280-mm c. Met messages.
gun with shell, HE, T122, vary in certain respects d. Determination of velocity error.
from the firing techniques discussed in part Four. e. Computation of firing data.
Fundamentally, the determination of deflection f. Delivery techniques.
(azimuth), fuze setting (time of flight), and gu Predicted fire.
quadrant elevation are the same. The primary h. Met plus VE technique.
differences are in the refinement of data. i. High-burst and center-of-impact registrations

with K transfer.

2. Scope j. Precision registration and time registration
with K transfer.

This appendix contains information on 280-mm k. Adjustment and fire for effect.
gun firing technique pertaining to- 1. Organization of the FDC.

a. Ballistic elements. m. Determination of minimum elevation.

Section II. BALLISTIC ELEMENTS

3. General mately 3 mils between the elevation at the muzzle
The principles of ballistics in chapters 25 and 26 end of the tube and the breech. This variation

apply to this weapon. Accurate 'firing requires is known as barrel curvature, or droop. A differ-
that special consideration be given to the following ence in barrel curvature will occur between condi-
four factors: tions of sunlight and shade or between daylight

a. Ramming. and darkness.
b. Barrel curvature (muzzle droop). b. The value of droop listed in FT 280-A-1
c. Condition of the tube. (classified), should be used if droop cannot be
d. Tube memory. measured. Droop corrections should be included

in the computation of firing data.
4. Ramming c. It is more desirable to find the magnitude of

Uniformitv of ramming is essential to accuracy barrel curvature and make the correction as a
of fire. Uniform ramming reduces round-to-round separate item of firing data than to absorb it in a
velocity differences caused by variations in rotat- VE. The correction for barrel curvature is stripped

in, band seating and the minor changes in powder from the adjusted elevation prior to finding weapon
chlt mber volume. VE. In firing at points at the same altitude as

the gun with charge 4, a barrel curvature of 3.0
5. Barrel Curvature (Muzzle Droop) mils represents 10.2 feet per second (f/s) at a range

a. Elevations listed in the firing tables for the of 20,000 yards. but it is equivalent to only 3.3 f/s
280-mm gun are based on settings at the muzzle at a range of 28,000 yards. Similarly, since
end of the tube. There is a difference of approxi- magnitude of barrel curvature varies, the correc-

410



tion for barrel curvature is stripped from adjusted 7. Tube Memory
elevation prior to computing data for replot. Analysis of 280-mm gun firings indicates that,
This will insure accurate refiringg oni targets of in changing from one charge to another, the muzzle
opportunity. velocity of initial rounds of a charge is influenced

d. In predicted fire and met plus VE technique by the preceding charge fired. Therefore, a tube
(par. 25b and c, this app), a correction for barrel from which the last round was fired with the same
curvature must be included to get more accurate charge as the charge required for the mission
firing data. Zero curvature is considered stand- should be selected. If a tube must be used from
ard. The correction is obtained by changing the which the last round was fired with a charge
sign of the curvature effect. Correction for barrel higher than the charge required for the mission,
curvature is applied to quadrant elevation and indications are that the first round fired will fre-
not to time of flight. quently produce a muzzle velocity much greater

(15 to 30 f/s) than the mean velocity of subsequent
6. Condition oF Tube rounds of that charge. Conversely, the first

It is important that the tube be clean and dry round of a charge higher than the charge used for
prior to firing. If the tube is oily, the first rounds preceding rounds may produce a muzzle velocity
fired may be erratic because of excessive muzzle lower (10 to 20 f/s) than the mean velocity of sub-
velocity variation. sequent rounds of the same charge.

Section IIIl. TABULAR FIRING TABLES, FT 280-B-1

8. General target altitude + 1,000 feet, gun altitude 250 feet,
target height above gun 750 feet.a. Firing tables for the 280-mm gun, although target height above gun 750 feet.

(1) Enter firing table at range 14,000 (p. 81)containing the same information as other firing
tables, are in a slightly different format. The and record elevation (381.; then move
firing table includes a complete description of to the right nder next column, +1,000

to the right under next column, +1,000
feet, and record elevation (395.2).

b. At any range, trajectories to points above or (2) Enter firing table again at range 14,100
below the gun will vary in time of flight and and move to the right under same col-
terminal velocity when compared with trajectories umns as above and record elevations
to points at the same range which are at the same (386.0 and 399.6).
altitude as the gun. For a given range, trajec- (3) Interpolate between elevations for 14,000
tories to points above the gun have longer times yards and 14,100 yards at +500 and
of flight, lesser terminal velocities, and are affected +1,000 feet height of target to obtain
more by deviations from standard weather and elevations for 14,040 yards at +500 and
ammunition. Consequently, unit correction fac- +1,000 feet height of target.
tors will be greater. The reverse is true for tra- +500 feet (+750 +l,000ee

jectories terminating at points below the gun; fe)

14,000 yards - 381. 6 395. 2- -
tude. FT 280-B-1 provides data for these 14,100 yards . 386. 0-- 399. 6)k
trajectories. Change for 100

yards -4. 4r - 4. 4rfi

9. Use of Firing Tables x 40 yards/100yards .-4- .4..4

a. The type of firing table, which provides
uncorrected data and correction factors as aChange for 40

yards - . 1. 761-i 1. 76tt
function of range and height, is termed two dimen- 14,000 yards 381. 60 --- 395. 20rA
sional and its use requires double interpolation.

b. The following is an example of procedures 14,040 yards- 383. 36i (?) 396. 96rt

involved in double interpolation for FT 280-B-1, (4) Interpolate between elevations for 14,040
280-mm gun, charge 2, target range 14,040 yards, yards at +500 and +1,000 feet height
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of target to obtain elevation for 14,040 c. Corrections for time of flight and nonstandard
yards at +750 feet height of target, conditions of weather, ammunition, and materiel

Elevation for ,040 are computed by using unit correction factors
Elevation for + 1,000 feet .....-- 396.960
Elevation for +750 feet - . ....... (?) found in firing tables. Exact factors are deter-
Elevation for + 500 feet -- - 383.36$1 i mined by double interpolation and using range and
Change for 250 feet (396.96383.36) .80 height above gun to the target for entering the

Elevation for +750 feet - . ...... .390.16$A tables.

Section IV. THE MET MESSAGE

10. General accuracy may be achieved by met message line
The types of met messages used in 280-mm number refinement to the nearest 0.1 by inter-

gunnery and the procedures that differ from heavy polation. Met message line number refinement is
artillery met computation procedures are ex- justified only under conditions stated in paragraph
plained in this section. The procedures used are 362c through f, when predicted fire or met plus VE
basically the same as those in chapters 19 and 28. technique is used (par. 25, this app). It is not

justified for other techniques. Met message line
11. Types and Required Frequency of Met numbers, to the nearest line, are taken from table

Messages L, FT 280-B-1, when interpolation is not required.
Type 3 (charge 1 only) and type 4 met messages b. Tables XIX through XXII list the line num-

are used in the solution of 280-mm gun firing data. bers to the nearest 0.1 to be used in solving met
Electronic messages are required for predicted fire, messages. The QE fired, or expected to be fired,
met plus VE technique, and calibration fires. is used to find the met message line number (par.
Visual messages may be used for registration or ad- 362). If data are not available which could be
justment; however, the electronic message is used used to show the approximate QE to be fired, the
when available. Met support for 280-mm gun uncorrected QE that corresponds to chart range
firing requires 1 met message every 2 hours. The and computed height of burst above the gun is
use of the latest met information improves initial used to enter the.tables for line number. If the
data and may result in the saving of ammunition. line number that corresponds to the first corrected

QE differs from the first line number used, data are
12. Evaluation of Met Message recomputed from the met message and a second

The FDO must try to establish the validity of corrected QE is found by using the new line num-
the met message. An indication of validity may be ber. Further refinement in met message line
obtained by making the following checks: interpolation is not warranted.

a. Compare the message with previous messages c. The met message line number to the nearest
to see if changes in reported weather conditions 0.1 ma be found by using table M, FT 280-B-1.
appear to follow a logical trend. Enter the table at chart range and height of burst

b. Compare the message with another message above the gun to find the maximum ordinate by
taken at the same time in order to detect gross interpolation. Compare the result with the alti-
errors in report of weather. A second electronic tude for the line number shown in the table on
station, if nearby, can furnish the message for this page XIV, introduction to FT 280 B-1 and
purpose. A message obtained from a nearby interpolate to the nearest 0.1 line number.
visual station can be used to verify wind speed and Example: The relationship between the m

Compareirection. valueslinetolineforlogi imum ordinate and the standard altitude used in
c. Compare values, line to line, for logical fiding the met message line number for thefinding the met message line number for the

changes; this may disclose errors made in the trans- trajectory determined by the following burst
mission of the message.

data is illustrated in figure 243.
1i 3. Determination of Met Message Line Num- Shell T122

ber Charge 2
a. Under certain conditions, improved accuracy Range 17,400 yards

in use of the met values may be required. This Height above gun +2,100 feet
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Table XIX. Line Number of Met Message, Shell T122, Charge I

QE Line No. QE Line No. QE Line No. QE LiNo.

121-129 -- . ..... 0. 7 242-252 ---------- 2. 0 386-394 - . .... 3. 3 499-506 ------- 4. 6
130-137 0. 8 253-265 - ------- 2. 1 395-405 ...- . .3. 4 507-513 8-------- 4.7
138-146 -0.9 266-278 .- . ..... 2. 2 406-415 - 3.5 514-520 . 4. 8
147-157 - 1. 0 279-289 2. 3 416-426 3. 6 521-527 --------- 4. 9
158-167 1. 1 290-300 -2. 4 427-436 -.... 8.-.- 3. 7 528-537 --------- 5. 0
168-178 - .. 1.2 301-312 2. 5 437-444 -... . ... 3. 8 538-552 -------- 5. 1
179-188 - - 1. 3 313-323 2. 6 445-451 ---------- 3. 9 553-568 ....-... 5. 2
189-198 ---- - 1.4 324-334 -- - 2. 7 452-459 4.0 569-585 ...- . .... 5. 3
199-207 1.5 335-344 ---------- 2. 8 460-466 .- . ..... 4. 1 586-590 ---------- 5. 4
208-216 - 1. 6 345-35 2. 9 467-474 ---------- 4. 2 591-603 --------- 5. 5
217-225 - 1.7 355-364 - 3.0 475-482 ---------- 4. 3
226-234_-L_- 1. 8 365-375 _ -------- 3 1 483-490 ..- . ... 4. 4
235-241 .-------- 1.9 376-385 .- a------- 3. 2 491-498 ---------- 4. 5

Table XX. Line Number of Met Message, Shell T122, Charge 2

QE Line No. QE Line No. QE Line No. QE Line No.

182-189 -1.9 315-322 .-. 3.5 423-434 ..-. . .. 5. 1 598-605 ..- . .. 6. 7
190-196 --------- 2. 0 323-329 -&--------- 3. 6 435-446 .--------- 5. 2 606-614 ---------- 6. 8
197-206 ---------- 2. 1 330-335 ..- a 3. 7 447-458 5. 3 615-623 ---------- 6. 9
207-216 ---------- 2. 2 336-345 ..- . ... 3. 8 459-469 -.. . .... 5. 4 624-632 ....- . .... 7. 0
217-225 - . .... 2. 3 346-349 ---------- 3. 9 470-480 ---------- 5. 5 633-642 -------- 7. 1
226-234 --------- 2.4 350-356 4. 0 481-491 5. 6 643-652 .-. . ... 7. 2
235-243. 2. 5 357-363 - . ... 4. 1 492-502 5. 7 653-663 ---------- 7. 3
244-252 -- . ....... 2. 6 364-370 ---------- 4. 2 503-513 ---------- 5. 8 664-675 ---------- 7. 4
253-260 --------- 2. 7 371-376 -. 4. 3 514-525 -. 9 676-687 .-.. --- 7. 5
261-268 -2. 8 377-382 4. 4 526-535 -- 6.0 688-694 -7. 6
269-276 .------- 2.9 383-388 ------- 4. 5 536-545 ..- . ... 6. 1 695-702 ....-... 7. 7
277-285. 310 1 389-394 4. 6 546-555 .. 6. 2 703-710 7. 8
286-292 3. 1 395-401 - 4. 7 556-566 ---------- 6. 3 711-719 --------- 7. 9
293-299 3. 2 402-407 4. 8 567-577 ---------- 6.4 720-728 ,--...... 8. 0
300-307 ---------- 3. 3 408-414 -4. 9 578-588 ---------- 6. 5 729-740 - ...... 8. 1
308-314 - . .3. 4 415-422 --------- 5. 0 589-597 ---------- 6. 6 741-753 ---------- 8. 2

Met message Standard
Line Altitude
Nr (Feet)

7 _ 12,000

/ 5 _ 6,000

3 - 3,000

2 1,500

Horizontal plane =800

Figure 243. Comparison between the maximum ordinate and standard altitude in deriving
met message line number.
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Table XXI. Line Number of Met Message, Shell T12i, Charge 3

QE Line No. QE Line No. QE Line No. QE Line No.

155-160 .GO 1.9 286-291 3. 8 418-426 5. 7 578-585 -------- 7. 6
161-167 - . ...... 2. 0 292-297 ...- . .. 3. 9 427-435 --------- 5. 8 586-592 -------- 7. 7
168-176 -------- 2. 1 298-303----------- 4. 0 436-444 .-------- 5.9 593-600 ....------- 7. 8
177-184 ---------- 2. 2 304-308 .--------- 4. 1 445-454 ....- . .. 6. 0 601-608 .--------- 7. 9
185-192 -2. 3 309-314 4. 2 455-462 - 6. 1 609-616 8. 0
193-199 .- 2. 4 315-319 4. 3 463-470 ------- 6. 2 617-624 8. 1
200-207 .-. . ... 2. 5 320-325 4. 4 471 478 6. 3 625-633 -a----- 8. 2
208-214 .--------- 2. 6 326-330 .------- 4. 5 479-486 ..-.. . 6. 4 634-640 .-- . ..... 8. 3
215-221 2. 7 331-336. 4. 6 487-494 -...-.. . 6. 5 641-646 ---------- 8. 4
222-228 ---------- 2. 8 337-341 -------- 4. 7 495-506 --------- 6. 6 647-652 -...... 8 5
220-235 2.9 342-346. 4. 8 507-513 --------- 6. 7 653 659 -a------- 8. 6
236-242 .. o 3. 0 347-351 - 4. 9 514 521 6.8 660-666 -a------ 8. 7
243-248-a i....... 3. 1 352-359 .--------- 5. 0 522-529 .-....... 6. 9 667-673 -as------- 8.8
249-255 -a...... 3.2 360-369 -- - 5. 1 530-537 7.0 674-680 --...... 8. 9
256-261 - . 3.3 370-379. 5. 2 538-545 .-------- 7. 1 681 691 ---------- 9. 0
262-267 -a-------- 3. 4 380-388 .--------- 5. 3 546-554 .....- 7. 2 692-707 -------- 9. 1
268-274 -a... 3. 5 3 380-398 -08-... -- 5. 4 555-563 .-------- 7. 3 708-725 -- 0 9. 2
275-279-a . ..... 3. 6 399-408 .-------- 5.5 564 570 .-------- 7. 4 726-755 --------- 9. 3
280-285 3.7 40-417 5.6 571-577 . 7. 5

Table XXII. Line Number of Met Message, Shell Ti2, Charge 4

QE Line No. QE Line No. QE| Line No. QE Llne No.

198-205-a 0...... 3. 0 293-296 .- . ..... 4. 9 432-438 - -------- 6.8 553-558-- 7.....1 8. 7
206-209) --...... 3. 1 297-303 ..--------- 5. 0 439 444 ----------- 6.9 550-563 ---------- 8.
210-213 ----------- 3. 2 304-311 - 5. 1 445-451 -- 7. 0 564-569 ---------- 1 8. 9
214-220-a .3.3 312-319 5. 2 452 457 --------- 7. 1 570-579 -------- 1 9. 0
221-225 -a------- 3. 4 320-327 ..- . ....... 5. 3 458-464 .------ 7. 2 580-590 ---------- 9. 1
226-231 -as------- 3. 5 328-335 ..-.. . .5. 4 465-471 ---------- 1 7. 3 591-601 -9.....1 9. 2
232-236 - 3. 6 336-343 - 5. 5 472-477 -------- 7. 4 602-612 .- 9....1 9. 3
237-241 ---- - 3. 7 344-351 ----------- 5. 6 478-484 ----------1 7. 5 613-623 9. 4
242-245 .. 3. 8 352-359 . 5. 7 485-490 - . ...... 7. 6 624-635 -------- 1 9. 5
246-250 .- a------- 3. 9 360-366 .--------- 5. 8 491-497----------- 7. 7 636-648 ---------- 9. 6
251-255 4. 0 367-374 . 5. 9 498-503 ----------- 7. 8 649-656 --------- 9. 7
256-260 - 4. 1 375-381. 6. 0 504-509 --.- 1 7. 9 657-665 ------ I 9. 8
261-265 ---------- 4. 2 382-389 -.-.-. . .6. 1 510-515 -- ------- 8. 0 666-675 --------- . 9
266-269 -) . ..... 4. 3 390-396 .-- - 6.2 516-521 -- i----- 8. 1 676-685 ---------- 1 10. 0
270-274 - . ..... 4. 4 397-403 ----------- 6. 3 522-528 -a... . ... 8. 2 686695 ......... 10. 1
275-278 .--------- 4. 5 404-410 6. 4 529 534a .. . ...1 8. 35 696 706 -.. 1 10. 2
279-283 - . ....... 4. 6 411-418 ------ - 6. 5 535-540..... 8. 4 707-718 ---------- 1 10. 3
284-287 -- 4. 7 419-424 6. 6 541-5468. 5 710-733-....1 0. 4
288-22 - 4.8 425-431 . 6.7 547-552- 8. 6 734-747-----------1 10. 5

By interpolation in the maximum ordinate table, the above procedure, chart range is altered by
the maximum ordinate is found to be 11,242 feet. selecting a range in the firing table that corresponds

2242 to the corrected QE at the same height of burst
11,242 feet is 3000 of the distance between heights above the gun.

of 9,000 feet (line 6) and 12,000 feet (line 7). Example: (By using the same chart data as
that in the example in c above, nonstandard condi-

By interpolating, the line number is equal to 6.7 that in the example m c above, nonstandard condi-By interpoatin, the line number is equal to 6.7 tions result in a corrected QE of 630.8 for initial
(6 .0+3 =6.7). solution of met message by using line 6.7.)

Ralige corresponding to QE 630.8= 17,700 yards
d. If the corrected QE (or QE fired) is used in at 2,100 feet.
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Maximum ordinate of 17,700 at= 11,900 feet 16. Time-Interpolated Met Corrections
2,100 feet.

Line number for second solution=7.0 line number Improvement in the accuracy of thile velocity
of met message. error can be obtained if met corrections applicable

e. For computation of VE, met corrections at the time of firing are available. This is par-
applicable at the time of firing are computed based ticularly true if firing occurs during a period of

on met values obtained from interpolation between changing weather or if firing is delayed materially
lines by using the QE fired to determine the appro- after the time of taking the met message. The
priate met message line number to the nearest 0.1. following procedure is used to determine met

corrections applicable at the time of firing:
14. Interpolation Betwen Lines of Met Mes- a. If the time of the met message does not

sage correspond to the time of firing, then two met
Following the determination of the proper line messages which bracket the time of firing are

number to the nearest 0.1 of a line, the elements selected.
of the met message to be used are determined by b. Correction factors based on the location of
interpolating between the appropriate 2 lines of each round fired (or the mean location of rounds
the met message. For example- fired) are used to compute new corrections.

a. The line number has been determined to be c. The met message line number is selected
6.7. The elements of the met message to be used based on the QE fired. Met corrections for each
are determined by interpolating between the of the messages are computed for air density, air
appropriate 2 lines of the met message; e. g., liles temperature, and range wind.
6 and 7 of a met message are- Ar d. The sum of the corrections for each message

Wind Wind Air Air
rLine No. direction velocity density temp is determined and a linear time interpolation for

6--------------- 57 42 968 52 each round is made to determine corrections
7------------- 60 54 959 52 applicable at the time of firing. For example

b. In determining each of the elements corre- (280-mm gun, charge 3, range 20,150 yards, height
sponding to line 6.7, 0.7 of the difference between of burst above gun + 1,130 feet)-
lines 6 and 7 is added algebraically to elements of (1) Data:
line 6. This computation results in the following Tie,, Unrtorr Met Other QE
values rtd fired QE eorr corr fir

{N'wfi Iid i I ........ o rs Ia -lz 6.1I~ind Air AirI it 'U'Ad Wind Air Air --------. 1910 485. 73 -14. 920h -5. 12tt 455. 71t
Line No. direction relocity density temp 2 -...... 1925 4S5. 73- -14. 2 5.12t 465. 7t

6.7 --------------- 59 50 962 52 Met corrections are based on a 1640 hours met message which
was tll latest available at time of firing.

c. Corrections for variations from standard Corrections for MV, weight of projectile, rotation, andc. Corrections for variations from standard barrel curvature.
weather conditions are computed by using unit (2) Computed burst location:
correction factors. teight of burst

Rnd Range above gun

15. Unit Correction Factors 1-... . ........ 20, 190 yards +899 feet
2 -.. ......... 20, 297 yards +1, 156 feeta. Unit correction factors are used to compute

corrections for variations from standard weather Mean .------ 20, 244 yards + 1,028 feet
conditions. Unlike the procedure for other

(3) Correction factors are determined for aartillery, no conversion of effects from yards to
corrections in mils or seconds is required. range of 20,200 yards and height of burstabove gun of + 1,000 feet. Met message

b. Unit correction factors are found, double above gun of +1,000 feet. Met message
interpolating in firing tables where necessary, by elements are interpolated at line 6.2
using- which corresponds to QE 465.7. Cor-using-

(1) Measured (chart) range to the nearest rections for the two bracketing met
100 yards (except rotation corrections messages (1838 hours and 2033 hours)

are-which are based on range, direction of a&51 met 2W met

fire, and latitude, to the nearest listed meg meage
value in the firing tables). Air density----- -23. 5.. -24. 785ti

Air temperature - ....+1. 73 +2. 02(2) Computed height of burst above gun to Air temperature +1. 73 +2. 02
Range wind . ..... +3. 92 +3. 92the nearest 100 feet.

(3) Measured azimuth to the nearest 100 mils. Total correction -- 17. 91i -18. 84iA
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(4) Corrections applicable for each round at e. The sum of the corrections that apply for
the time of firing are determined as fol- each round at the time of firing is compared with
lows: the sum of the same corrections used during-

Total time between met messages firing. For example-
(1838 to 2033)…------------ - 115 min Dcnsity, air irmperature,

Time from 1838 met message to rd and range wind corrections
Time

I (1838 to 1910) -... 32 miill Rnd ire QEird QEfred Usecd- Should ue' Diff
Time from 1838 met message to rnd 1 1910 465. 71i -14. 92[l -18. 17r --3. 25rih

2 (1838 to 1925) ------------- 47 mill 2 1925 465. 71t -14. 92i -18. 291i -3. 37,iA
Total met corr diff 1838 met message '*MV, projectile weight, rotation, and barrel curvature corrections which

to 2033 met message (-18.84- are not weather corrections are not included in time interpolation computa-

(-) 17.91) -.......... . -- 0 -. 93 tons.
Total met corr rnd 1 (32/115X f. An adjustment in the elevation error indicated

(-)0.93= -O.2Ir); -17.91+ (-) by fall of shot (fig. 244) is made before VE is com-
0.26 - 18.170i) - . ... -18. 170/

Total met corr rod 2 (47/115X (-) ~puted to compensate for the difference caused by
0.93= - 0.38; -1 7.91+(-)0.388 wrong met corrections. To compute the VE, see
- 18.290A) _ -. ---- 18. 29rg paragraph 20, this appendix.

Actual V0

'Apparent VE
I. Desired point.

2 Location of burst by using old met corrections (-14.9S);
fired with QE of 465.7rt.

3. Theoretical location of burst if actual met corrections (-18.3)
had been used (QE 462.3).

Figure 244. QE error and mel error, round 2.

Section V. DETERMINATION OF MUZZLE VELOCITY
17. General (2) Convert the range error from fall of shot

a. One of the most important elements used to to velocity error in f/s after stripping
compute firing data for the 280-mm gun is the effects of all known nonstandard condi-
variation, from the firing table standard muzzle tions (except MVV) from the error.
velocity, that a tube will develop when a certain b. When possible, calibration should be per-
propellant lot and projectile lot combination are formed by using both methods listed in a above.
used. This knowledge can best be found by field The comparison of MIVV and VE indicates the
calibration. The variation from standard may be degree of success achieved in identifying variations
determined by using one of the following methods: from standard for a specific tube and ammunition.

(1) Measure the velocity at or near the muz- If the mean MVV is within 5 f/s of the mean
zle by using a chronograph or like device. VE, either method in a above may be used. The
The difference between the measured result will determine variations from firing table
velocity (corrected to standard condi- standard muzzle velocity for the calibrated
tions) and the firing table standard tube and ammunition, and the predicted fire
velocity is called the measured muzzle technique may be used.
velocity variation (MCV). c. Small differences (5 f/s or less) between
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measured muzzle velocity and muzzle velocity f. Muzzle velocity variation or developed muz-
inferred from VE are due largely to effects of zle velocity is expressly associated with a tube
inaccurate met messages on VE; errors in fall-of- number, projectile type, propellant lot number,
shot locations or chronograph results; slight projectile lot number, and charge. A change in
changes in projectile ballistic coefficient; and the either the propellant or projectile lot may invali-
errors resulting from computations required by date MVV.
the firing table format. Errors due to inaccurate g. A high-burst or a center-of-impact registra-
met messages may be reduced by arranging cali- tion is conducted at the same time as the chrono-
bration firings so that only 1 or 2 rounds are fired graph calibration is made. This permits the
based on any 1 met message. This action tends chronographed muzzle velocity to be compared
to mean met message errors. with the velocity error obtained by the registra-

d. Large differences (over 5 f/s) are due to tion. A high-burst registration may also show a
a greater change in projectile ballistic coefficient fuze error for which correction may be made in
than the ballistic coefficient of the lot on which later firings.
the firing table is based and/or to larger errors
due to the factors mentioned in c above. In such 19. VE Calibration
cases, VE must be used to compute subsequent, a. When chronograph teams are not present, a

firing data. calibration as outlined in chapter 28 as absolute
e. Research is being continued to find and use VE determination is made.

the ballistic coefficient of a projectile lot to produce
more accurate firing data. Until the exterior b. Calibration by the method described in
ballistic elements that cause mean differences chapter 28 requires a minimum of seven usable

of more than 5 f/s can be accurately identified rounds and the same judgment exists for the re-
and corrected, inferred velocity from fall of shot jection of rounds too far from the mean CI
should be used to compute firing data in preference However, the firing should be slow enough to
to measured muzzle velocity. allow 3 met messages to be taken with each 7-

round group. Three met messages taken at
18. MVV Calibration 2-hour intervals will usually meet the require-

Muzzle velocitv variation of a tube is found ment, one prior to firing, one during firing, and
by the use of a chronograph or other like elec- one after firing. If the VE obtained is verified by
tronic means. In using a chronograph, or like a chronograph, or like device, calibration may be
device, the following procedure is used: made with four usable rounds. This verification

a. Check all components of ammunition to be is established when there is an almost constant
fired to make sure they are of the same lot variation between MVV and VE.
number. c. It is well to calibrate at ranges that approxi-

b. Confirm by VE calibration at least four mate the ranges at which most firing is to take
usable rounds (except the first round fired) for a place. Calibration at about 75 percent of maxi-
valid calibration. MVV is confirmed if the VE mum range for the charge permits use of VE from
and MVV means are within 5 f/s. 60 to 90 percent of charge range (± 15 percent of

c. Convert measured velocities obtained by maximum range from range at which VE is
instrument readings to muzzle velocities under determined).
standard conditions. The chronograph team ap- d. In addition to actual calibration firings,
plies corrections for drag, gravity, weight of VE should be computed in conjunction with each
projectile, and powder temperature to correct to mission fired. T'I'is practice assists in keeping
standard muzzle velocity. VE data current and complete.

d. Compute the mean muzzle velocity of the
rounds fired. tNote. VE's determined by calibration should not be

changed until a new average VE based on seven addi-
e. Compare the developed (corrected) muzzle tiohial rounds can be determined.

velocity (c above) with standard velocity. A dif-
ference (MVV) is determined. This difference e. VE may change with charge and seasons.
expressed as a loss or gain in standard velocity Therefore, firing of training ammunition should
may be used in later computations of firing data, be spread throughout the year to get the best
when it is within 5 f/s of the VE. data.

417



20. Computation of VE used for changing VE in mils to f/s will
a. VE is based on the error in fall of shot when be obtained from the correction table

effects of all known variations from standard, shown by the sign of the apparent VE.
except muzzle velocity, are removed from the Eample ]

total error. Except for exact weather effects at
the time of firing, corrections for all known varia- Standard muzzle velocity assumed:

Apparent VE (round 2, a above)__ +4. 5ritions are included in firing data. The difference Unit correction factor (from
between the location of the point(s) at which the crease MV table, charge 3)* 0. 594r
round(s) was (were) fired and of the point(s) at (per f/s)
which the round(s) burst is the apparent error in VE of round, 5.............
fall of shot. This error is most easily determined
in terms of QE error. To determine an apparent Example 2:
QE error, the uncorrected QE of each round fired Apparent VE with the same sign of VE used
is compared with the uncorrected QE correspond- originally:

ing to the high-burst (center-of-impact) location Original VE used-_ 5 4f/sApparent VE-+........ +4. 5't
of that round. This apparent QE error is added Unit correction factor (from in-
algebraically to the difference between the met crease MV table, charge 3)* -- 0. 594sA

corrections used and those that should have been (per f/s)
4. 5used according to time interpolation of met cor- Apparent VE, 0 594 _. +7. 6 f/s

rections. This is done in order to compensate for Add original VE used _ +5. 0 f/s
met effects at the time of firing. The result is VE of round ___-.-........ +12. 6 f/s
the VE in mils. For example- (2) The factor used to change VE in mils to

Uncorrected chart QE*... 485. 73 485. 73 f/s will be the average of the factors for
UncorrectedQE to HB**- 483. 00 493. 56 the decrease and increase in MV when
Apparent QE error --- -2. 73 +7. 83 the computation of firing data results in
Met corrections (used) _ -14.92 -14. 92 an apparent VE opposite in sign from
Met corrections (should that used originally. The sign of the

have been used)***t-- -18. 17 -18.29 apparent VE in mils is maintained. The
Difference in met cor-

rections -- -3. 25 -3. 37 apparent VE in f/s is then added alge-
True QE error (VE in braically to the original VE to obtain the

mils) .- . ......... -6. 0 +4. 5 VE of the round fired.
(5. 98) (4. 46) Example:

-Corresponds to range l20,1 yards, height above gun + 1,130 feet, chg 3. Apparent VE ith oppoite ign of VE used
*Corresponds to location of burst (par. 1M1(2), this app). Apparent VE with opposite gn of VE used
***Time interpolated met correction (par. 16d(4), this app). originally:

b. The appropriate correction factor(s) for Original VE used _ .._.._---.- 5.0 f/s

muzzle velocity variation from standard is (are) Apparent VE -. _.. +4. 5r..
Average of increase and decrease

found in the firing tables, by using the range and unit correction factors (charge
height to the high-burst (center-of-impact) lo- 3)*:
cation. By dividing the VE in mils by the factor, (0.594+0.754)
a VE in f/s of muzzle velocity is obtained. Se- 2 ------- ----- . 674

lection of the proper unit correction factor is 4.5
determined as follows: Apparent VE, 674-+6. 7 f/s

(1) If standard muzzle velocity was assumed Add original VE used - . ..... -5. 0 f/s

or if the VE used in the first computation VE of round + 1. 7 f/soCorresponds to wage 20,27 yards, height above gun +1,156 reet (par.of firing data results in an apparent 16d 2), this app), rounded ofi to 2,300 yards, height above gun

larger VE with the same sign, the factor
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Section VI. FIRING DATA, GENERAL

21. General c. Height of target (height of burst above gun)
This section deals with general procedures and is computed by comparing the altitude of the gun

principles used in computing firing data that will and the altitude of the target (plus the height of
apply to all delivery techniques employed with burst for time fire).
the 280-mm gun. Specific procedures for each d. To determine uncorrected quadrant eleva-
delivery technique are covered in sections VIII tion and time of flight, firing tables are entered at
through XI, this appendix. A check on the computed range to the nearest 10 yards and
accuracy of firing data computations can be had height of target to the nearest 10 feet (by double
by using two or more computers working inde- interpolation if necessary).
pendently. e. Corrections for nonstandard conditions of

22. Chart Data weather, ammunition, and materiel are made by
using unit correction factors found in the firing

Azimuth to the nearest mil and range to the tables. These corrections are applied to the uln-
nearest 10 yards are measured from the firing corrected quadrant elevation and time of flight.
chart. Graphical data are used to determine the
right met message line number, to select the unit 24. Firing Data Accuracy
correction factors, and to determine the drift and
rotation corrections. It is also one means of a. In computation of firing data, the degree of

verifying computed ranges and azimuths. Use refinement required is that shown below:
of measured range, in lieu of computed range for ,¢elo nresiatte

met message solution, permits a faster solution of (1) Azimuth le-- --- 0.1 mil
met corrections when a two-computer system is (2) Deflection --------- 1 mil
employed (sec. XII, this app). (3) Height of target 10 feet

a. For speed and convenience, drift correction (4) Height of burst above gun - 0 econd(5) Time of flight -............. 0.01 second
is found by using chart range to the nearest 100 (6) Fuze setting- .---. ...... 0.01 second
yards. (7) Range -- --------- 1 yard

b. Corrections for rotation of the earth are made (8) Quadrant elevation (QE) ------------- 0.01 mil
by using chart range, direction of fire, and the b. Fire commands, data rounded off after com-
latitude to the nearest listed value in the firing putation, are given to the gun crews toinclude
tables. deflection to the nearest 1 mil, time (when appli-

23. Computed Data cable) to the nearest 0.1 second, and quadrant to

a. Computed data are the basis for determina- nearest 0.1 mil
tion of gun firing data; i. e., azimuth (deflection), Note. Fire commands differ from normal fire corn-
range and height of target (quadrant elevation), mands (pars. 414 and 415) in that special corrections are
and time of flight (fuze setting). combined with the pertinent elements and are never givenseparately. In addition, the command CORRECTION.

b. Azimuth and range are computed from which shows the deflection correction to be set on the
coordinates by using logarithms, gunner's aid. is omitted.

Section VII. DELIVERY TECHNIQUES
,I

25. General (6) Adjustment and fire for effect.
a. There aire six delivery techniques which may b. Predicted fire technique is the delivery of

be used. These techniques are-- artillery fire on a target of known location, without
(1) Predicted fire. the use of prior registration and regard to range
(2) Met plus VE. transfer limitations. Predicted fire requires ac-
(3) High-burst registration with K transfer. curate firing data for a specific target. Data must
(4) Center-of-impact registration with K include all nonstandard conditions of weather,

transfer. materiel, and ammunition and rotation of the
(5) Precision registration and time registra- earth. In this type of fire, survey, electronic met

tion with K transfer. data, and measured muzzle velocity should be
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accurate. It must be presumed that the projectile f. With the time fuzes currently in use, accurate
lot to be fired has a standard ballistic coefficient time fire with shell HE should not be expected at
and projectile weights are correct; that weight ranges exceeding 15,000 yards.
errors and ballistic coefficient change (BCC) are
small enough to be ignored (MVV and VE within 26. Tactical Considerations
+5 f/s). a. Surprise, accuracy, allocation of ammunition,

c. iMet plus VE technique as it applies to the enemy counter-battery, and time are the main
280-mm gull is the same as predicted fire tech- factors considered in the selection of the right
nique, except that VE is substituted for MVV. delivery technique.
Velocity error may contain BCC and other non- b. The degree of surprise required is the primary
velocitv elements (i. c., error in survey and fall-of- consideration in the selection of the delivery
shot location, met errors, and firing table limita- technique. When the element of surprise is
tions). Therefore, this technique should only be essential, the following methods will be used in the
used within ± 15 percent of the maximum range order listed:
(for the charge computed) from the range at which (1) Predicted fire or met plus VE technique,
the VE was determined. For example, VE at if muzzle velocity or velocity error of the
range 18,000 yards, charge 3; maximum range, gun and propellant to be used is known
charge 3 (FT 280-B-1) is 24,300 yards. and accurate met data are available.
Range limits are as follows: (2) High-burst or center-of-impact registra-

24,300X.15- . ....-.----. = 3, 645 tions with K transfer.
Lower range limit (18,000 3,645) = 14 355Lwpper ranige limit (18,0003,645) =21 64, 355 (3) Precision registration with K transfer.Upper range limit (18,000+3,645)_ -- 21, 645

in the event that MNIVV and VE differ bv more c. When the element of surprise is not essential,
than ±5 f/s, this delivery technique should be the following methods will be used in the order

listed:used rather than predicted fire.
d. Registrations and adjustments (a(3)-(6) (1) Adjustment and fire for effect.

above) are conducted by using standard proce- (2) High-burst or center-of-impact registra-
(lures modified as required for firing the 280-mm tions with K transfer.
gun. Corrections based on a range K and a time (3) Precision registration with K transfer.
K (if it applies) cornputed at the range of the d. The degree of accuracy required for all de-
registration are applied. livery techniques is based primarily on the nearness

e. Transfer limits for the registration techniques of the target to friendly troops and nature and size
are the same as those for very heavy artillery, of the target. Results to be expected will vary
except that vertical transfer limits are 1,500 feet. with the delivery technique, state of training of the
above or below the registration point. unit, and accuracy of determined data.

Section VIII. PREDICTED FIRE OR MET PLUS VE TECHNIQUES

27. General not preclude use of these techniques, but fire may

a. This section sets forth the conditions under be less accurate. The requirements for optimum
which the predicted fire or met plus VE delivery accuracy are that-
techniques may be used and the steps used in the (I) Mean muzzle velocity (tube and am-
computation of firing data. When predicted fire munition) by using VE or MVV is com-
or met plus VE technique is feasible, targets may puted within 1 f/s.
be attacked with more surprise and less ammuni-
tion expenditure than can be accomplished with (2) Propellant temperature is determined
any other delivery technique employed with the
280-mm gun. (3) Barrel curvature is determined within 0.1

b. Under conditions of rapid weather changes, mil.
the use of predicted fire or met plus VE technique (4) Projectile weight is determined within 1
is not advised. The requirements listed below pound.
should be met if maximum accuracy is to be (5) Charge to be used is the same as the
obtained. Failure to meet all requirements does charge last fired in the tube.
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(6) Quadrant scales are correct to within 0.1 (3) Determine variations from standard by
mil. using evaluated met message as explained

(7) Tube is clean and dry (oil film relioved). in paragraph 12, this appendix.
(8) Quadrant elevation and fuze setting are (4) Select unit correction factors as indicated

properly computed and checked. in paragraph 15, this appendix, and de-
(9) Bore sighting is accurate to nearest mil. termine corrections for variations from
(10) An electronic met message, not older standard. Include elements of firing

than 2 hours, is available. data listed in paragraphs 28b and c, this
(11) Survey is to an accura(y of 1:1,000, appendix.

proven by closure. (5) Apply met corrections to uncorrected
azimuth, time of flight, and QE for com-

28. Elements of Firing Data puted direction, range, and height.
The elements of firing data used in predicted fire (6) Convert corrected azimuth to deflection.

or met plus VE technique are the uncorrected data b. An example of determining firing data 'by
and the corrections for the variations in weather, using predicted fire or met plus VE technique is
ammunition, and materiel. The algebraic sum of given in (1) through (15) below.
the corrections are applied to the appropriate (1) Situation: Battery A, 701st FA Bat-
uncorrected data to get firing data to be applied to talion, has been directed to fire a TOT
the gun, at 0100 hours. Met plus VE delivery

a. Uncorrected data are technique is to be employed. The com-
(1) Azimuth (computed from coordinates). putation of firing data is accomplished
(2) Time of flight (corresponding to corn- by using the Firing Data Correction

puted range and height of burst above Sheet (DA Form 6-51) (fig. 245).
gun). Note. The 280-mm gun fire order always

(3) Quadrant elevation (corresponding to includes type of shell and type of fuze.
computed range and height of burst (2) An electronic, type 4, met message is
above gun). used:

b. Corrections determined for the following MIIF07 23504
items are applied to the uncorrected azimuth: 01032 95768

(1) Drift. xxxxx xxxxx
(2) Cross wind. 60113 95962
(3) Rotation of the earth. 70124 96965

c. Corrections determined for the following xxxxx xxxxx
items are applied to the uncorrected quadrant Note. Evaluation of met information is ac-
elevation and the time of flight: complished by comparing the message to

(1) Muzzle velocity variation (velocity error) previous messages or to a message from another
corrected for effect of nonstandard powder electronic station.
temperature. (3) The executive reports that the powder

(2) Barrel curvature for QE only. temperature is 750 F. and the weight of
(3) Air density and temperature. the projectile to be fired is 602 pounds.
(4) Projectile weight. (4) The battery is laid on azimuth 1,200 and
(5) Range xyind. the latitude of the battery is 34° north.
(6) Rotation of the earth. The muzzle velocity of the gun has been

determined by calibration to be 2,476.5
29. Determination of Firing Data feet per second for charge 4.

a. In determining firing data for the delivery of (5) Data determined from chart measurement
fire by using predicted fire or met plus VE tech- to the target are-
nique, the following procedure is used: Azimuth: 1,200 mils

(1) Determine azimuth, range, and height of Range: 24,980 yards
burst in relation to gun as indicated ill Height of target, feet -.- 1, 300
paragraph 23, this appendix. Height of gun, fe -800

(2) Obtain met message line number as indi- Height of burst above gun, feet -- 500
cated in paragraph 13, this appendix.
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(6) Range of 25,000 yards (24,980 rounded to (11) Corrections are applied to the QE
nearest 100 yards) and height of burst (430.54) to obtain an apparent corrected
above gun of +500 feet (QE 430.2) are QE (431.92). This QE is used to deter-
used to select met message line number mine a new met message line number
6.7, by using table M to determine the (6.7). Since there is no change in line
maximum ordinate and interpolating in number, the corrected QE is 431.92.
the table onil page XIV. In this case, met (12) Corrections are applied to the computed
message line number interpolation is azimuth (1,201.5) to obtain a corrected
justified (par. 362). azimuth (1,175.1) which is converted to

(7) Variations from standard are determined deflection (2,225).
by using the met message. (13) Since time fuze is not being employed,

(8) Unit correction factors are selected by no corrections for time of flight are
using range 25,000 yards and height of computed.
burst above gun of + 500 feet. (14) In order to accomplish the TOT of

0100 hours, the uncorrected time of
(9) Drift is determined from the ground data flight of 52.2 seconds is subtracted from

table opposite range 25,000 yards (L18.6). 0100 hours (corrected time of flight when
(10) Uncorrected azimuth, QE, and time of fuze time is used). In this case, the gun

flight are determined from computed would be fired at 0059 hours 8 seconds.
azimuth (1,201.5), range 25,010, and (15) Data to fire are DEFLECTION 2225,
height of burst above gun of +500. QUADRANT 431.9.

Section IX. HIGH-BURST AND CENTER-OF-IMPACT REGISTRATIONS WITH K TRANSFER

30. General b. When met information is not available, the
a. The 280-mm gun procedures for firing high- firing data are based on the uncorrected QE and

burst or center-of-impact registrations followed time of flight for the registration point. To
by K transfers are generally the same as those facilitate location of the burst of the initial round,
discussed in chapter 18. The principal difference an estimate of the corrections for weather is ap-
is in the determination and use of a time K in plied to uncorrected QE and time of flight before
place of a time correction (high-burst only). firing by changing the range to fire by the esti-

b. The procedures for the delivery techniques mated correction. An estimate of the range cor-
differ in that the center-of-impact technique uses rection may be based on information from other
an impact fuze and, as a result, no time computa- artillery units including observation battalions
tions or time transfers are made. Procedures will and division artillery met sections in the area;
be set forth in terms of high-burst technique in this results of previous 280-mm gun firing; the season
section. Use of either technique allows determi- of the year; and geographic conditions, such as
nation of registration corrections with least ex- altitude, which affects density. Corrections should
penditure of ammunition and delivery of surprise also be made for known or estimated conditions
fire within normal transfer limits (time transfer of drift, materiel and ammunition.
with high burst). c. A weapon should be selected from which

the last round was fired with the same charge
31. Firing Data for Registration Rounds with which registration is to be performed. If

a. When met and velocity information are this is not possible, more than one round should
available, the firing data for registration rounds be used to register
are computed as for predicted fire or met plus . Determination of Firing Data
VE technique, except that met message line in-
terpolation is never warranted, and will include Burst Registration, Met Data Not Avail-
corrections as outlined in paragraph 28, this able
appen(lix. Use of the best possible firing data a. Illn determining firing data for high-burst
will facilitate location of the bursts by the OP registration when met data are not available,
personnel. firing data for the selected point are based on
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chart data modified by an estimated range cor- height of burst above gun of +250 feet.
rection. 'I'he Data Correction Sheet (DA Form Since met data are not available, no
6-51) (fig. 246) is used to facilitate the determi- other correction can be made to the utn-
nation of the firing data. Weight of projectile corrected QE and time of flight.
and powdler temperature alre noted for comparison NAote. Since estimated corrections are applied
later with other rounds. for weather conditions, minor variations in muz-

b. When more than one round is used in the zle velocity (4±5 f/s) and ammunition weight
registration, round-to-round corrections are made (15 Ib) ally be ignored for initial rounds.
to basic firing data to compensate for variations Larger variations should be considered in dr-

in powder temperature and weight of projectile. ternining initial firing data
Whenever possible, projectiles of the same weight (7) For fuze MTSQ T330 the fuze setting is
should be used. The data for one round (nearest the same as the time of Hight.
mean weight. and powder temperature of series) (8) Data to fire are DEFLECTION 2375,
will be selected as the adjusted data. The com- TEME 19.6, QUADRANT 168.8.
putation of the location of the high burst is as
described in paragraph 3:34.

c. An example of determining firing data for a a. It is necessary to compute site to the loca-
high-burst registration, met data not available, is tion of the high burst prior to the determination
given in (1) through (8) below. of the range K. The site to the high burst is

(1) Situation: Battery B, 702d FA Battalion, stripped from the QE fired to derive the adjusted
has occupied position and is preparing to elevation. Site is computed for the target plus
fire a 4-round high-burst registration. height of burst before application of a range K
Met data are not available. in determining firing data for a transfer mission.

(2) The azimuth and range to the registra- This site is added to the elevation for the corrected
tion point are determined to be 2,131 mils horizontal range to obtain the QE to fire.
anll 10,000 yards, respectively. Regis- b. The elevation (QE) tables of the firing table
tration anld transfer will be fired with are used in computing the site. The difference in
charge 3. the firing table elevations for zero height and

(3) Information obtained from heavy artil- height of the high burst or desired location of the
lerv unlits ill the vicinity indicates a 5 transfer is the valoe of the site. Range is rounded
percent loss ill range due to weather. off to the nearest. 100 yards and height to the
To facilitate location of the burst of the nearest 10 feet for the purpose of computing site.
initial round, 500 yards (5 percent of c. An example of site computation is given in
10,000) is added to the registration point (1) and (2) below.

rainge. (1) Situation: Firing of a high burst was ac-
(4) The drift correction (L5.7) corresponding complished according to the example

to measured chart range (10,000 yards) given in paragraph 32c, this appendix.
is added algebraically tohe azimuth of Location of the high burst has been de-
the selected point of impact (2,131.0) to termined based on information reported
obtain a corrected azimuth (2,125.3). by observers (par. 329) and from this

(5) Height of burst above registration point the following data have been computed:
(120 feet) is added to the altitude of the
registration point (1,107 feet) to give an Aziuth- 2,127.3 inils
altitude of burst of 1,227 feet. The alti- RIeight above gunng.e- - .9,. +200 feet
rude f the gull (977 feet) is sutracted200 feet
tlfrodd the total 9lt7itude of ilsstu to give (2) Site: To determine site, the firing tables
a height of burst ablove the gur of +250 are entered at range 9,900 and the follow-

~~~~~~~feet.~~ Uing data are obtained:
(6) The uincorrected QE (168.75) and time Height above gul +2(1) QE 155. 22

of flight (19.00) are determined based igl
on a range of 10,500 yards (expected to Height lloegul El 148.
hit at approximately 10,000 yards) and Site - - +6. 92 ils

4zz7?o 0-57 -zs 425



34. Computation of Range K Time K=

a. The procedure used in the computation of (adjusted time) (time corresponding to HB location)

range K is set forth in paragraph 340. Range K (HB rg/1,000)
expressed as a formula is shown below: c. The following computations are made to
Range K= determine the time K (fig. 247):

(rg corresponding to adi el)--(HB computed chart rg) Adjusted time -................ 19. 0
(HB computed chart rg/l,000) Time to HB location l-................. 17. 62

(Rg 9,910, height above gun +200 feet)
The adjusted elevation is based on the QE of the Time correction, seconds (19.0--17.62)=+ 1.38
round nearest the mean weight and powder ternm- Time K= 1.38
perature of the series of rounds fired. Range K 9. 9
is always expressed relative to the weight of pro- (598 lb, 20t)

jectile and powder temperature corresponding to 36. Computation of Deflection Correction
the round used in determining the adjusted data;
for example, range K=+66 yards/1,000 yards a. The deflection correction is determined by
(598 lb, 20°). A Correction Sheet, 280-mm Gun comparing the azimuth fired with the azimuth
(DA Form 6-52) (fig. 247) is used to facilitate tile obtained and stripping the correction for drift
computation. corresponding to the high-burst location from the

b. An example of range K computation is given difference. If the azimuth obtained is greater
in (1) through (3) below. than the azimuth fired, the correction is left. If

(1) Situatiorn: Continuatiol of example iln the azimuth obtained is less than the azimuth
paragraph 33, this appendix. fired, the correction is right. Deflection correc-

(2) Adjusted elevat~ion is determined l)\- tion expressed as a formula is shown below:
stripping site of +6.92 mils (par. 33c, Total deflection correction=(azimrnuth fired)--(azimuth
this app) from QE fired. obtained)

QE fired - ----------------- 168. 810 Deflection corrctiono= (total deflection correction)--(drift
Site----------------------- (+ )6. 92 correction with sign reversed).

b. In the example (fig. 247), an azimuth of 2,125
Adjusted elevation -------- 161.88 was fired and an azimuth of 2,127.3 was obtained.

(3) The following computations are made to Subtracting 2,127.3 from 2,125 produces a total
determine range K: deflection correction of -2.3 (L2.3).

JIg corresponding to el 10,560 yards c. Drift correction at the high-burst location is
161.88 (10,562). obtained from the firing tables (range 9,900

IRg to IIB location -------- 9,910 yards (9,910) yards) and determined to be L5.6. Drift
Rg correction - +650 ards correction is stripped out by reversing its sign and
Rg K=60=+66 yards/ adding it to the total deflection obtained in b

9. 9
1,000(1 yards (598 lb, 200). above.

Total deflection correction --........... 1L2.3
35. Computation of Time K Drift correction with sign reversed .---- R5.6

a. The time (fuze setting) corresponding to the Deflection correction R3.3
high-burst location is subtracted from the time 37. Determination oF Firing Data For a Target
fired (adjusted time) to obtain the total time cor-
rection. When the data differ on the rounds used With K Transfer
in the registration, the adjusted time is based on Firing data for a target to be fired as a K
the same round used in determining the range K. transfer is computed by using the range K,
The time K is always expressed relative to the time K, and deflection correction determined
weight of projectile and powder temperature cor- from the high-burst, registration. The Firing
responding to the round used in determining Data Correction Sheet (DA Form 6-51) is used
adjusted data. to help in making these computations (fig. 248).

b. Time K expressed as a formula is shown a. In a continuation of the situation set forth
below: in paragraphs 32 through 36, this appendix, a
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target has been assigned and K transfer target Elevation correction +0. 54 mils
data now available are- (+0.84+( 0.30)).

Corrected QE - . .193. 68 mils
Measured range 11,080 yards
Measured azimuthng 2,21,080 nrds C. The following computations are made toMeasured azimuth ---------- 2,120 mils
Height above gun --------- -- 140 feet determine the corrected fuze setting:
Range K .-...... . +66 yards/1,000 Computed time of flight (range 20.29 seconds

yards (598 lb, 200) 11,060 yards, height of burst
Time K .-...-....... +0.139 sec/1,000 above gun + 140 feet).

yards (598 lb, 200) Correction for projectile weight +0.04 seconds
Deflection correction -.....- R3.3 mils (fig. 249)*.
Weight of projectile .-----.. i604 pounds Correction for powder temperature -0.02 seconds
Powder temperature ------- 23° (fig. 249)*.

Time correction (11.1X(+.139))__ +1.54 seconds
b. The following computations are made to Total correction ----------- + 1.56 seconds

determine corrected QE: Corrected time of flight 21.85 seconds
(20.29+ 1.56).

Computed range 11.... ... I , 060 yards Corrected fuze setting ---------.. 21.8 (21.85) seconds
Range correction (11.1 x + 733 yards *Computations are based on computed rangento height Change in unit

(+ 66)). correction factors between 0 height and actual height of target above guns is
negigible for Hr transers.

Corrected range ---------- 11, 79:1 yards

Elevation corresponding 188. 77 milsElevation corresponding 188.77 mils d. The total deflection correction is the sum of
to range 11,790 yards the deflection correction from registration and the
(0 height). correction for drift. In the computation of data

Site (range 11,100, height +4.137 (177.77--173.40) mils (fig. 248), the deflection correction from registra-
of burst above gunl tion (R3.3) is added algebraically to the firing
+ 140 feet). table drift (L6.Q) for range 11,100 (11,060) yards

QE-9 ---------- 3. 14 mils to produce a total deflection correction of L3.3.
Correction for projectile This correction is added to the computed azimuth

eight(fig. 219) +084 (2,121.0) to give a corrected azimuth of 2,117.7
Correction for powder which is converted to deflection 2,382.

temperature (fig. 249)* e. Data to fire are DEFLECTION 2382, TIME
-0.30 mils. 21.8, QE 193.7.

Section X. PRECISION REGISTRATION AND TIME REGISTRATION WITH K TRANSFER

38. General 39. Determination of Time K From Time Regis-
The procedure for conducting a precision regis- tration

tration and a time registration are the same as set The time correction is determined by subtracting
forth in paragraphs 310 throulglh 321 and 516. the time corresponding to the registration point
However, this delivery tecllllique is the least range from the adjusted time as computed. The
desirable method of obtaining corrections since it time K is obtained in the same manler as that
requires the use of a large amount of ammunition for a high-burst registration (par. 35, this app);
and is time-consuming. i. e.,

(adjusted time) - (time corresponding to registra-
Time K= tion point range)

(registration point range/1,000 yards)

Section XI. ADJUSTMENT AND FIRE FOR EFFECT

40. General technique elements are lacking, when a flash base
a. This section sets forth the procedures used is not available for a high-burst or center-of-

when preparation for fire for effect call be accom- impact registration, or when surprise is not essen-
plished by adjusting onl the target by using tial.
observed fire procedures. These procedures may b. In order to facilitate adjustment., the best
be used when the locationl of gun anrd/or target is available firing data are use(d. Known or esti-
in doubt, when predicted fire or met plus VE mated met and velocity information is incor-
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porated in firing data. A firing chart is used to feet (1,500-1,180). To this +32O feet, 60 feet
obtain chart data for each round, and corrections (20 yards) must be added to raise the burst above
are plotted by using a Target Grid (DA Form the ground. Site is determined by entering the
6-53). firing table at range 22,900 and multiplying the

difference in QE at 0 height and the QE at +50041. Determination of Firing Data for initial
Round feet by 0.76 '50/ The product, 5.78 mils

When graphical firing tables are not available, (7.6X.76=5.78), is the site to be added to the
tabular firing tables are used to compute corrected elevation for corrected range.
deflection, time of flight, and QE. These data are e. QE and Time of Flight. Uncorrected QE and
based on chart data corrected for known or esti- time of flight corresponding to corrected range of
mated effects of variations from standard condi- 22,330 yards at 0 height above guns are 341.74
tions. The initial target plot is relocated by polar mils and 43.49 seconds, respectively. If an average
plotting the target at the corrected deflection and correction for time of flight is known, it is applied
corrected range of the initial round. This is done to the time of flight for the corrected range.
during the time that firing data for the initial Since none is known in this case, the time an-
round are being sent to the adjusting piece. The nounced to the gun crew is 43.5. The quadrant
target grid is centered on the corrected plot and elevation announced to the gun crew is 347.5
oriented on the observer's azimuth. This pro- (341.74+ (+5.78)).
cedure results in including the corrections de- f. Firing Data for the initial Round. Firing
termnined for the first round in adjustment as data for the initial round are DEFLECTION
constants in the chart data of subsequent rounds. 2342, TIME 43.5, QUADRANT 347.5.
Subsequent observer corrections will then be ap-
plied to the corrected initial plot location. For g. Replot. The chart operator then replots the

loeation of the burst of the initial round at de-example--
a. Situation: Battery A, 701st FA Battalion, flection 2,342, range 22,330 and orients the target

has been directed to fire a mission, using time fire, grid on the observer's azimuth (4,470)
at coordinates 67505975, altitude of target 1,500 42. Determination of Firing Data For Subse-
feet. Neither a flash base nor met support is
available, and the mission must be accomplished
from a gun position located by inspection from a Subsequent observer corrections are plotted,
small-scale map. Adjustment will be by a ground and new chart data are announced. Time of
observer. Inspected gun position coordinates are flight and QE are determined for each round by
87466635 and altitude of gun position is 1,180 one or more computers by using the firing table.
feet. The gun is laid on azimuth 4,600, deflection Site corrections are determined by using chart
2,200. range (less range correction applied in relocating

b. Target. The target is plotted on a firing chart target by polar plotting) to the nearest 100 yards.
and deflection (az) and range are measured and Propellant temperature variations causing XIV
announced as DEFLECTION 2327 (AZ 4473), effects of 2 f/s or less are disregarded during the
RANGE 22,930. Experience from recent firing adjustment.
in this area at about the same range has indicated a. In a continuation of the situation in para-
that effects of nonstandard conditions (weather, graph 41, this appendix, the observer's correction
VE, etc.) have averaged approximately +600 for the second round is RIGHT 600, UP 40,
yards. An estimated correction of -600 yards REPEAT RANGE. Having plotted the correc-
is therefore added algebraically to the announced tion, the chart operator announces DEFLEC-
chart range (22,930 yards) to give a corrected TION 2316, RANGE 22,310. The computer
range of 22,330 yards. The FDO directs that determines firing data as follows:
charge 4 and fuze T330 will be used for the mission. (1) Deflection. Since the range change from

c. Drift. The drift correction, L15.5 (rg 22,900 the initial round is not large, the drift
yards) is added algebraically to the announced correction has not changed significantly
deflection (2,327) to give a corrected deflection of (exceeding t i mil). Therefore, the
2,342. measured chart deflection of 2,316 is

d. Hleight. Target height above gun is +320 annlounced to the gun crew.
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(2) Site. Ranges of the initial and second (2) Site. No observer correction for height
round being the same (to the nearest 100 having been requested, the site (+9.45)
yards), site correction is determined by remains unchanged.

m y r 0 120 .,v (3) QE and time of flight. Time of flight
multiplying 7.6 mils X 0.24( )toJ b~give 42.83 and elevation 335.67 are deter-
a correction of + 1.82 mils to the old site. mined for range 22,110, height above
New site is +7.60 mils (+5.78 gun 0. To elevation 335.67 is added
+(+1.82)). site of +9.45 mils to give QE of 345.12

(3) QE and time oq flight. Time of flight mils.
43.43 and elevation 341.18 are deter- (4) Firing data. Firing data announced to
mined for range 22,310, height above gun the gun crew for the fourth round of the
0. To elevation 341.18 is added site of adjustment are DEFLECTION 2311,
7.60 mils to give QE of 348.78 mils. TIME 42.8, QUADRANT 345.1.

(4) Firing data. Firing data announced d. Observer correction for fifth round-is DOWN
to the gun crew for the second round of 20, DROP 100, FIRE FOR EFFECT. (Observer
the adjustment are DEFLECTION was instructed to enter FFE upon splitting 200-
2316, TIME 43.4, QUADRANT 348.8. yard bracket since value of fork exceeds 150 yards.)

b. Observer correction for third round is UP 40, Having plotted the correction, the chart operator
DROP 400. Having plotted the correction, the announces DEFLECTION 2311, RANGE 22,010.
(:hart operator announces DEFLECTION 2316, Projectile weight and powder temperature remain
RANGE 21,910. The computer determines firing unchanged. The computer determines firing data
data as follows: as follows:

(1) Deflection. Range change of 400 yards (1) Deflection. 'he measured chart deflec-
causes a drift change of less than 1 mil tion of 2,311 is announced to the gun
(L14.7-L14.2RR0. 5). Therefore, a crew (drift is negligible).
correction to the measured deflect.ion (2) Site. Site correction is determined by
(2,316) is not noecessary. multiplying 7.6 mils (difference in QE

-(2) Site. Site correction is determined by between 0 height and +500 feet at range
multiplying 7.7 mils (difference in QE 60
between 0 height and +500 feet at range 22,600) X 0.12 to give a correction
22,500 (21,910+600))X0.24 to give a of -0.91 mils to the site for the fourth
correction of +1.85 mils to the site for round. New site is +8.54 mils (+9.45
the second round. New site is +9.45 +(-91))
mils (+7.60+(+1.85)). (3) QE' and time of flight. Time of flight

(3) QE and time of flight. Time of flight 42.53 and elevation 332.97 are deter-
42.23 and elevation 330.27 are deter- mined for range 22,010, height above
mined for range 21,910, height above gun gun 0. To elevation 332.97 is added site
0. T'o elevation 330.27 is added site of of +8.54 to give QE of 341.51 mils.
9.45 mils to give QE of 3:39.72 mils.

(4) Firing data. Firing data announced to (4) Firing data. Firing data announced to

the gun crew for the third round of the te gun ce for fire for effect are
adjustment are DEFLECTION 2316, D.5
TINIE 42.2, QUADRANT 339.7.

c. Observer correction for fourth round is 43. Special Considerations
RIGHT 100, ADD 200. Having plotted the
correction, the chart operator announces DE- a. A more rapid computation of firing data may
FLECTION 2311, RANGE 22,110. The com- be achieved by simplification of procedures for
puter determilnes firing data as follows: determining deflection and site during adjustment.

(1) Deflection. Range change of 200 yards is (1) Round-to-roulld drift differences may be
not enough to cause a 1-mil change in ignored during adjustment and fire for
drift. T'herefore, the measured chart effect.
deflection (2,311) is announced to tile (2) A 100-yard site factor may be established
gull crew. to the nearest 0.1 mil and used through-
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out adjustment and fire for effect to UP 40 corresponds to a site correction of
apply observer corrections for height of +1.84 mils (.4X4.6=1.84).
burst. In the illustrative problem (pars. b. Adjustment and fire for effect should be
41 and 42, this app) the 100-yard site conducted by using projectiles of the same weight.

p30 0 During the adjustment, corrections for variations
factor would be 4.6 00 X 7.6). Use o f oweights are ignored. After the first round

the 100-yard site factor from the second variation from standard has been corrected,
round through the final round results in subsequent round-to-round variations in weight
round through the final round results m do not have a significant effect. For example,do not have a significant effect. For example,
a final site that is the same as the final throughout most firings with charge 4, the effect
site determined in paragraph 42d(2), this of a 1-pound variation is about 0.1 mil. Correc-
appendix. To use the 100-yard site tions for weight variations are required in fire for
factor, multiply factor by observer's effect if the failure to correct will cause an error
correction; i. e., observer's correction of above one-half of a range probable error.

Section XII. ORGANIZATION OF THE FDC

44. Table of Organization to be used, and, after corrections for
The fire direction section of the 280-mm gun MDP and gun height differences, an-

firing battery consists of 1 chief fire direction nounces ballistic met elements to be
computer, 4 fire direction specialists (computers), used.
and 2 radio operators. No fire direction officer is (4) Applies powder temperature effect to
authorized by the table of organization. I1 addi- muzzle velocity (from MVV or VE) and
tion to the battery commander, there is an announces corrected muzzle velocity.
executive, a reconnaissance and survey officer, (5) Records correction to QE for barrel
and two gun platoon commanders. From these, curvature.
a fire direction officer must be selected. Specific (6) Applies net corrections to uncorrected
functions of fire direction personnel in the produc- azimuth, time of flight, and QE.
tion of firing data is based on the equipment used- (7) Announces fire commands to gun crews.
tabular or graphical. Suggested functions are (8) Maintains all records of firing, muzzle
outlined for personnel listed in TOE 6-537R. velocities, velocity errors, and ammuni-

tion expenditures.
45. Duties of FDC Personnel Using Tabular c. Computer 1. Computer number 1-

Firing Tables (1) Computes and announces uncorrected

a. Fire Direction Officer. The fire direction QE for measured range.
officer- (2) Determines and announces correction to

(1) Supervises the FDC. deflection (azimuth), time of flight, and
(2) Announces fire order. QE for rotation effects.
(3) Checks fire direction computer's compu- (3) Computes and announces ulncorrected

tations. time of flight and QE for computed
(4) Resolves disagreements in computations range.

between computers. (4) Checks, by independent computation,
(5) Determines and announces range correc- work of computer number 2.

tion for estimated weather. d. Computer 2. Computer number 2-
b. Chief Fire Direction Computer. The chief (1) Maintains and operates firing chart.

fire direction computer- (2) Computes and announces corrections to
(1) Maintains Firing Data Correction Sheet deflection (azimuth) for lateral wind and

(DA Form 6-51) and Correction Sheet, to time of flight and QE for range wind.
280-mm Gun (DA Form 6-52). (3) Determines and announces deflection

(2) Computes and announces height of burst (azimuth) correction for drift.
above gun. (4) Checks, by independent computation,

(3) Determines line number of met message work of computer number 1.
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e. Computer S. Computer number 3- f. Computer 4. Computer number 4-
(1) Computes and announces corrections to (1) Computes azimuth and range to target,

time of flight and QE for muzzle velocity using logarithms.
and air density. (2) Computes and announces corrections to

(2) Computes and announces site during time of flight and QE for air temperature
adjustment missions. and weight of projectile.

(3) Checks, by independent computation, (3) Checks, by independent computation,
work of computer number 4. work of computer number 3.

Section XIII. DETERMINATION OF MINIMUM ELEVATION

46. General (4) The minimum elevation (sum of the
The minimum elevation for the 280-mm gun is value of quadrant elevation and 2 forks)

computed generally the same as those in para- is reported to FDC to the nearest 0.1 mil.
graphs 76 through 82. Since value of comple- b. An example of minimum elevation computa-
mentary angle of site is not a separate element in tion is given in (1) and (2) below.
280-mm gun firing tables (FT 280-B-1), minor (1) Piece mask information:
variations in computation procedures are neces- Range: 1,800 yards.
sary. Minimum elevation is normally computed AMeasured angle of site: +43 mils.
for each weapon and is used to the nearest 0.1 mil. (2) Computation (charge 1):

(a) Convert 43 mils to feet:
47. Computation of Minimum Elevation 43 X 1.8vert 43 232.2 feet.

a. The following procedure is used in computing . (b) Convert 5-yard vertical clearance to
the minimum elevation for the 280-mm gun: feet and combine with height above

(1) The angle of site reported by the chief gun in feet (a) above: 232.2+15
of section and the vertical clearance are (5X3)=247.2 feet.
converted into height above gun in feet (c) Enter firing table at range 1,800 yards,
by using the mil relation. height of burst above gun 250 feet,

(2) By using the height above gun in feet and determine QE of 96.60 mils.
and the mask range, quadrant elevation (d) Enter firing table at range 1,800 yards
is determined by interpolation in table and determine value of 2 forks of 2.0
A of the firing table. mils (2X i).

(3) Two forks at mask range are determined (e) Minimum elevation (QE) is 98.6 mils
in table D. (96.60+2.0= 98.60i).
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APPENDIX V

SURFACE GUNNERY WITH ANTIAIRCRAFT ARTILLERY WEAPONS

1. General CitIr nojedile Fate

a. This appendix presents the characteristics, 120-rm - --- HE 173 MT 161
M506

organization, and gunnery techniques of an anti- M507

aircraft artillery (AAA) unit when employed in T226 (M513)

a surface mission firing indirect fire. When anti-
aircraft artillery is used in a field artillery role, 90-mm- ....-. HE I171 M197
the principles of gunnery contained in this manual, M143

as modified by this appendix, are applicable. M67
T226 (M513)

b. For additional discussion on the employment M78

of AAA weapons, the advantages and limitations MI51

of AAA in the surface mission, aud the necessary M55
modifications in AAA materiel and methods for M500

surface firing, see FM 44-2, FM 44-3, FM 44-4, 502
T286E1 (M518)

FMX 44-21, and FM 44-61. T177E3

c. Antiaircraft artillery weapons suitable for
indirect fire include the 120-mm gull, 90-mm gun, WiYP 1313 M148

75-mm gun (Skysweeper), and twin 40-mm gun M157
on motor carriage M42. *APCT M82 M6BD

2. Characteristics i*Iany other antitank rounds are available for the 0-rmm gun. However,
most of these require adjustment of the recoil mechanisnm and are not gen-

Characteristics of antiaircraft artillery weapons rally sed by AAA units in he surface role.

that influence their performance in a surface 75-mm (Skysweeper)_ HE T50E6 T286EI (M518)
firing role are- T177E3

T226 (51513)a. High rate of fire. T22 (1502
b. Long range (except 40-mm). T234E2
c. Unlimited traverse.
d. High muzzle velocity and resulting flat tra- 40-mm - .... Ht-T Mk 2 Mk 27 (Quick)

jectory. M64AI
e. Large range dispersion.
f. Fixed ammunition. 4. Organization
g. Relative lack of tactical mobility (except The TOE of antiaircraft artillery units does

40-mm). not provide for fire direction personnel. Person-
nel from existing TOE positions should be trained

3. Ammunition in fire direction duties and other duties peculiar

The following data are a guide to ammunition to the surface role.
in general use by AAA units firing in the surface a. 120-mm and 90-mm (Units.
role: (1) The artillery fire control system M33 is
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not used by these units in the surface 5. Emplacement
role. a. When AAA weapons are to be emplaced for

(2) The gull platoon leader performs the surface firing, the flat trajectory and dead space
duties of the field artillery battery ex- created by emplacing these weapons in defilade
ecutive officer, unless the TOE strength must be considered. The positions should be
is augmente d with a battery executive selected to provide flash lefilade but with the
officer. least dead space.

(3) The fire control platoon leader acts as b. The basis for selecting a position area is
the batter - fire direction officer (FDO) similar to those for a field artillery position except
under the supcrvision of the battery that level, firm ground is more essential because
commander. of the weight of the weapons. The 12 0-mm and

(4) Personnel from the battery fire control 90-mm weapons are leveled and oriented the same
platoon should be trained to perform as for antiaircraft. firing. The 75-mm gun and
fire direction duties in addition to their the twin 40-mm guns have no provisions for level-
other duties. The job duties are based ing; therefore, positions should be selected that
on the type of fire direction equipment are as level as possible to minimize the effects of
issued to the unit. Check charts should cant. The 75-mm gun is oriented by using gun-
be located at the battery- fire direction nery techniques outlined for field artillery weap-
center (FDC). ons. The 40-mm gulns are oriented by using the

(5) The S3 and assistant S3 act as battalion known datum point or backsighting method
fire direction officers. Personnel from (FM 44 2).
the battalion operations and intelligence
section and from the battalion radar sec- 6. Calibration
tion normally perform the duties of Owing to the high muzzle velocities of antiair-
battalion fire direction personnel. craft artillery weapons, the point of impact on

(6) Other officers, warrant officcrs, and NCO's the ground will vary for small differences in wear
may be used as observers when necessary. between gulns. This variation means that guns

b. 75-mm Skysweeper Unit.s. in the battery and between batteries in the bat-
(l) The battery gunnery officer acts as the talon must be calibrated with each other. Steps

battery FDO. for performing this calibration are outlined in

(2) Personnel from the target acquisition and chaptr 28 of this manual.
tactical control section should be trained 7. Gunnery Techniques
to perform (duties in the battery- FDC. Table XXIII is presented as a guide for the

(3) The battalion S3 anled the electronics most desirable widths of open sheaves:
officer normally act as battalion fire
direction officers. The operations ser- Table XXIII. Open Sheaf

geant anl the intelligence sergeant act
as chief computers. Enlisted personnel Width (in yards) for Font (in ynrds) -

a effective open red efiectively by
from the operations and intelligence sec- aliber sheaf oen sheaf

tion and the radar section should be 4-piece 6-piece 4-piece 6-piece
trailledl to perform the dulties of the other battery battry battery battery

battalion fire direction personnel.
c. 40-mm Units. Units equipped with the 120-inm ------- 150 -------- 200 __

twin 40-mm gunil, otor carriage M42, are nor- 75 - ------- 100 -------- 1
75- - - -- 100 ------

mally used in platoonl strength with an FDC at 40mm 60 80
the platoon position. The platoon leader acts
as the FDO, and enlisted personnel from the pla-
toon should be trainlled in fire direction duties. a. 120-mm anl 90-mam Units.
The platoon FDC consists of tlhe FDO, a pri- (1) Fire commands. Fire commands are gen-
mary chart operator, a check chart operator, and erally the same as those for field artillerv
a computer. Tihe assistant platoon leader (pla- weapons except that thle command for
toon sergeant) acts as executive for the guns. charge is omitted, and the command for

436



direction is given in terms of azimuth II of FT 90AA-B-3 gives necessary data
rather than deflection. No separate for solving a met message for surface
command for site is used. Quadrant firing with the 90-mm gunll. (Note that,
elevation is used to lay the tube for type 4 message is used.) Necessary
elevation. When the gunner's quadrant firing table data for solving a met
is used, the command is QUADRANT message for surface firing with the 120-
(SO MUCH). When the elevation mm gun have not been published. Data
indicator-regulator is used, the command in FT 90AA-B-3 are presented in a main-
is ELEVATION (SO MUCH). nir that requires double interpolation for

(2) Firing charts. Field artillery methods the effects of various nonstandard con-
are used in the construction of firing ditions. Tl'hese tables are entered with
charts. Since azimuths rather than de- the chart range to the nearest 100 yards
flections are used, a different system is (corresponding to the adjusted eleva-
used to measure direction from the tion). The effects of existing nonstand-
firing chart. In referring to other parts ard conditions are determined to an
of this manual the term "azimuth" accuracy equivalent to that given in the
should be substituted where the term met message. The value determined is
"deflection" appears. The terms "tem- the effect of the existing nonstandard
porarv azimuth index" and "azimuth condition.
index" are used in place of the field b. 75-mm Sklysweeper. When the 75-mm Sky-
artillery terms "temporary deflection sweeper is employed in the surface role, a pano-
index" and "deflection index." Tem- ramic telescope and range quadrant must be
porarv azimuth indexes for use with mounted on the weapon since the carriage cannot
antiaircraft weapons are constructed at be leveled. By use of adapter blocks, the pano-
the azimuth (to the nearest 100 mils) ramic telescope and range quadrant are mounted
from the center battery to the center of on the direct fire sight mounts (FM 44-3). When
sector. Temporary azimuth indexes for this sighting equipment has been mounted, the
other batteries are constructed at. the weapon may be fired by using gunner? techniques
same azimuth as that for the center bat- outlined for field artillery weapons. Since this
tery. For example, the azimuth from weapon uses fixed ammunition, the command for
the center batterery to the centel of sector charge is omitted. Corrections from a met
is 376 mils; therefore, temporary azi- message cannot be computed because necessary
muth ilndexes for all batteries are con- 75-mm gull firing table data have not been
structed at azimuth 400. The aluminum published.
range-deflection protractor or plastic c. 40-mm Units.
range-deflection fall is numbered to read (1) Fire commands. The term "platoon" is
azinmuth; the azimuth increases to the used to refer to all weapons of the
right andl decreases to the left (fig. 250). platoon. Terms "center," "left," and

(3) 'orrections from registration. After reg- "right" are used as in field artillery to
istration, the azimuth index is con- refer to two-gun groups within the pla-
structed in the same way as the deflec- toon. Owing to the different maximum
tion index shown ill chapter 17 of this ranges obtainable before self-destruc-
manual. The azimuth correction scale tion, the comrmand for a high explosive
is constructed in the same way as the projectile is followed by specifying the
deflection correction scale but the azi- type of tracer element if different types
muth correction is applied at the battery are on hand in the platoon. The Mk 11

FDC rather than given to the guns. tracer burns from 7 to 12 seconds, de-
(There is no gunner's aid dial on 90-mm pending on the lot of ammunition and
or 120-mm antiaircraft weapons.) Ele- the existing ballistic conditions. This
vation and time gagelines are constructed burning time gives a maximum ' ge
in the same way as those for field artillery varying from 3,700 yards to 5,200 yards.
weapons. The M3AI tracer also has a variable

(4) Correctionr s from a met message. Section burning time with a maximum range of
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Figure 250. Numbering the rne-deflecion pr or and r - f

Figure 250. Nu mbering the range-defection protractor and range-depfection.fan.

approximately 5,700 yards (FT 40AA-3 be fired, the method of fire command
and TM 9-1901). The fuze command is specifies which barrel is to be used; for
omitted because there is no fuze action example, CENTER, LEFT BARREL,
other than quick available. The method ONE ROUND. The command QUAD-
of fire command indicates the firing of RANT (SO MUCH) is used to lay the
both barrels of each weapon unless other- weapon for the proper quadrant cleva-
wise specified. If only one barrel is to tion.
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(2) Firing chart. The firing chart may be a azimuth correction and adjusted eleva-
grid sheet or a battle map. The tempo- tion are used in the same way as that
rary azimuth index is constructed and shown for 120-mm and 90-mm units
the fan is numbered in the same way as (a(3) above). Since there are no drift
that shown for 120-mm and 90-mm units data available for the 40-mm gun,
(a(2) above). azimuth corrections for drift are not used.

(3) Corrections from registration. Registra- (4) Corrections from met message. No firing
tion corrections may be found by assum- table data for met corrections are avail-
ing azimuth and quadrant to be correct able for the 40-mm gun; therefore, cor-
when the observer obtains a trial range rections from a met message cannot be
or by following a modified precision determined.
registration procedure. In the modified
precision registration procedure, the "C" 8. FDC Procedures
is used rather than the fork for finding Except as modified by this appendix, FDC pro-
elevation changes in fire for effect and cedures, as shown in chapter 20, apply to antiair-
in the elevation change formula. The craft units.
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APPENDIX VI

ARMOR EMPLOYED IN A FIELD ARTILLERY MISSION

1. General 3. Observer Procedure
a. Tank guns should not be considered as ar- Field artillery observer procedures as covered

tillery. This is due to the high velocity, flat in part THREE are used.
trajectory, and short tube life of tank guns and the
small bursting radius of the ammunition. How- 4. Fire Direction
ever, under exceptional circumstances, a command a. Firing Chart. Each tank platoon is plotted
decision may be made to employ tanks in an in- on the field artillery firing chart, and the GFT
direct fire role under the operational control of the fan (range-deflection fan) is numbered in the
supported field artillery. The tank unit may same way as for field artillery. The temporary
either be attached or given a reinforcing mission. deflection index is placed at deflection 3,200.
The field artillery unit is responsible for fire con- If tank weapon firing tables are not available to
trol, communication, and survey, and, when the the FDC, the tank unit normally fires only ob-
tank unit is attached, for ammunition, gasoline, served fire in the indirect role. If firing tables
rations, and other supplies. Whether attached and/or GFT's are available, a registration should
or reinforcing, the tank unit must retain the capa- be conducted and the deflection index and deflec-
bility of immediately reverting to its primary role tion correction scale should be set up by using
of direct fire. the procedures described in chapter 19 of this

b. This appendix deals with the gunnery tech- manual. During adjustment, corrections sent
niques used when the tank unit is under the control by the observer are plotted by using the target
of the field artillery. For information on the grid as described in chapter 17.
mission and the tactical employment of tank units, b. Fire Commands. Fire commands are sent
characteristics of the tank and fire control ma- from the FDC to the tank unit fire control
teriel, and information on direct fire with tank officer, who is responsible for tank fire. The ele-
weapons, see the FM 17 series. ments and sequence of fire commands differ

slightly from field artillery procedure. An ex-
2. Ammunition ample of the sequence is shown in the following

The following types of ammunition (as applied fire command:
to the field artillery role) are available for tank PLATOON
weapons: HE

a. Projectiles. 12,000, UP 10
Caliber Typ FROM REFERENCE POINT, RIGHT 115

Gun, 76-mnm - .. .HE and Smoke (WP) MORTARS FIRING
Gun, 90-mm - . .. HE and Smoke (WP) FIRE

b. Basic Load. A typical basic load will include (1) Platoon. The normal method of employ-
approximately 60 percent HE, 15 percent WP, ing tanks in an indirect fire role is by
and 25 percent antitank ammunition. platoon (five tank weapons). To alert

c. Fuzes. Shell HE and WP are issued with (pieces to follow) all five weapons, the
combination superquick and delay fuzes. Com- command is PLATOON.
bination mechanical time and superquick or (2) HE. The ammunition command is sim-
concrete-piercing fuzes may be obtained and sub- ilar to that for field artillery except that
stituted for the normal fuzes if required. the word "shell" is omitted and the fuze

Note. See TM 9-1901 and table Ill of this manual is also part of the command; i. e., HE
for further ammunition information. DELAY. If fuze quick is desired, only
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the shell command is given; i. e., HE. mand to the tank is FROM REFER-
As all tank ammunition is fixed, no charge ENCE POINT, RIGHT 115. The tur-
command is given. ret (tube) is turned 115 mils to the right

(3) 12,000, up 10. The range command and the gunner's aid is zeroed. The
(12,000) is given to the nearest 100 yards. chart deflection to the target plot after
T1he elevation to be fired is determined the observer correction is 3,093 mils
at the tank position. When the target (azimuth 1,707). The direction com-
is at a different altitude from that of the mand is LEFT 8. An alternate method
tank, an angle of site is computed in mils of direction control, which has the ad-
and included as part of the command vantage of minimizing directional errors
(UP 10). If the artillery FDC has by the nonadjusting tanks, is to give all
firing tables or GFT's, an elevation is direction commands as deflections in the
normally computed instead of range. same manner as that used with artillery
The command QUADRANT, which in- weapons. Although the azimuth indi-
eludes the angle of site, is sent to the cator must be zeroed after the tank is
tanks; i. ec., QUADRANT 430. The laid, the gunner's aid is not moved or
tank weapons may be laid for elevation zeroed between rounds. The turret
by using either the gunner's quadrant or (tube) is moved until the reading on the
the elevation quadrant. Since the range azimuth indicator is the commanded de-
of most tank weapons is limited by their flection. In the above example, the
inability to elevate to high angles, it may initial direction command is DEFLEC-
be necessary either to dig in the rear of TION 3085. The gunner moves the
the tanks or to place them on a ramp turret until 3085 is read on the azimuth
which slopes away from the direction of indicator (fig. 251). The gunner's aid
fire. is not zeroed. The next direction com-

(4) From reference point, right 115. The mand is DEFLECTION 3093. The
direction command is given in terms of turret is moved until 3093 is read on the
a reference point. In the indirect fire azimuth indicator (fig. 252).
role, the tanks are laid on an azimuth, (5) Mortars firing. The nature of the target
and this azimuth is considered the refer- is announced to the tank unit as a fire
ence point. When the tank is laid, the command.
azimuth indicator is zeroed. Changes (6) Fire. The command to open fire is
in direction are given as right or left of FIRE. In tank gunnery, this command
the reference point (azimuth on which is the last element in the sequence of fire
laid). Aiming posts may be set out and
alined on a common deflection, usually
2,600 or 2,800 mils (this is to right froat).
As the tank does not have a panoramic
sight, the aiming post deflection is merely
an offset angle out of the line of fire.
During lulls in firing, 'the aiming posts A,,n,

are used to check tank displacement Epoitr

without the gunner's turning the turret
(tube) back to the aiming circle. As
tank units zero the gunner's aid between
direction changes, the FDC personnel
must send the difference in deflection to
the tank. For example, a tank platoon
is laid on azimuth 1,600 and a deflection
index has been placed on the chart at.
deflection 3,200. The chart deflection
to an announced target is 3,085 mils
(azimuth 1,715). The direction conm- Figure 251. Defleclion 3085 on azimltlh indicator.
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c. Distribution. The normal width of a tank
platoon front in the position area is about 150
vards. For tanks armed with the 90-mm gun,
a normal sheaf produces an effective pattern of

...... /bursts with this position area width. For tanks
pDointerl 7 / / armed with guns of other calibers and for position

/o\ u areas of different widths, it is necessary to adjust
the width of sheaf in order to obtain the most
effective pattern of bursts.

5. Alternate Methods
Other methods which may be employed to

control the indirect fire of tanks are-
a. Use of the fire direction equipment and

personnel organic to the tank battalion to form,
with artillery assistance, a fire direction center.

igsr~e 2.S. Deflection S09S on ni indicor. lThe tank platoon may then operate semi-inde-
pendently.

b. Each tank battalion handles its own in-

commands, because the tank gunner is direct fire missions from prearranged data sheets.
trained to hold his fire until this command Interdiction and harassing types of area fires
is received. are the types most effectively handled in this

(7) Other fire commands. Other fire com- manner. Survey control, met computations,
mands used by the artillery not men- prearranged data sheets, and assistance in laying
tioned in the above sequences, which at the tanks may be furnished by supported artillery.
times would logically apply to the tank When only limited assistance from artillery units
unit (e. g., pieces to fire, method of fire) is available, this method may be mandatory.
are sent to the tanks in the simplest
and most understandable manner. Corn- 6. Survey
mon sense and liaison between artillery The survey necessary for the indirect firing
and armor should overcome difficulties of the tanks, such as the establishment of their
caused by lack of formal procedure. position area location, is made by the field artillery
This problem is further alleviated through battalion. This is done prior to the arrival of
the use of prearranged data sheets. the tanks or as soon after their arrival as possible.
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APPENDIX VII

NAVAL GUNFIRE SUPPORT

Section I. INTRODUCTION

1. General most favorable direction of fire and the firing posi-
Naval gunfire may be required to replace artil- tion suitable to the mission. Unfavorable Ihydro-

lery support temporarily in an amphibious graphic conditions, such as shallow water, reefs,
operation or to reinforce artillery in coastal opera- or shoals, may limit the position of the ship to less
tions. While naval gunfire is used for support of desirable locations for direction of fire and range.
land forces, the Navy is responsible for control g. Because of the flat trajectories of naval guns,
and command. Navalgunfire should berequested it is difficult to place fire on targets in defilade.
only when targets cannot be engaged adequately The use of reduced charges, with or without
by' field artillery. proximity fuzes, permits naval gunfire support on

reverse slopes.
2. Characteristics of Naval Gunfire Support h. Communication with shore agencies must be

General characteristics of naval gunfire are- maintained by radio or visual means.
a. A variety of guns is available, ranging from i. Because the position of the ship relative to

20-mm machine guns to the 16-inch guns of battle- reference points or targets cannot always be ac-
ships. curately made and kept, transfer of fires from a

b. A wide latitude in the initial choice of pro- registration point or fires based on corrected map
jectiles and fuzes and a high rate of fire. However, data may not be accurate when compared with
the limited capacity of ship magazines and the field artillery fires. Also, the ship is normally
need to retain a portion of the ammunition for moving, and it may be difficult to adjust firing
air defense or action against surface forces re- data obtained at odd times from different positions
stricts the use of the available ammunition for of the ship. It is possible to transfer fires, in
fire support. reason, from a target just fired on if transfer dis-

c. High muzzle velocity, which gives naval guns tances are not great and there is not a long time
the power to penetrate and destroy material tar- lapse between missions.
gets, particularly those with vertical faces. j. The accuracy of initial salvos or unobserved

d. Small deflection pattern, which is valuable fires depends directly oil the accuracy with which
when supporting fire can be delivered parallel to the position of the firing ship can be determined.
friendly lines. 'The range patterns of naval bat- Use of the radar beacon or radar fixes aids in
teries are larger than the range patterns of like establishing the position of the ship when a lack
calibers of field artillery. Thlese larger patterns of land markers exists; this will in turn help to
require special caution when fire cannot be de- improve the accuracy of initial salvos and unob-
livered parallel to friendly lines. served fires.

e. Accurate and flexible fine control, which per- k. Execution of radical turns or reversal of
mits accurate delivery of fire while the ship is course may cause fire to be checked (par. 7b, this
moving. Direct fire is excellent because of effi- app) if the line of fire passes through or near the
cient shipboard optical instruments which are superstructure or exposed personnel at other sta-
integrated with the fire control svstems. tions on the ship.

f. Mobility of tile ship, which enables, within i. The action of enemy air or surface forces may
the limits of hydrography, the selection of the cause a reduction or complete discontinuance of
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naval gunfire support, because supporting ships 5. Prearrangement
may have to cease supporting fires in order to de- a. Rehearsals for obscrvers, conmnmluicatioll per-
fendll themselves or to engage enemy naval forces. sonnel, and fire support ships should be held before

each operation to develop teamwork and mutual
3. Naval Weapons understanding. The naval gunfire spotter (par.

A varietyv of weapons is available for naval gun- 71, this app) and other observers must be furnished
fire support, the various combinations being de- ti1e necessary Imaps or map substitutes to be used
termined by the type of vessel. Calibers of wea- in target designation. 'Ihey also must be fur-
pons available on United States Navy vessels are nishle the grid systems and codes that are to be
3-inch, 5-inch, 6-inch, 8-inch, 12-inch, and 16-inch used and be fainiliar with them. 'Ihe must know
guns and 5-inch rockets. the plan of communication between themselves

and the firing ship. They must be told about the

4. Ammunition calibers of weapons to be used and how they e(an
get fire support of vessels other than those directly

TIypes of projectiles, charges, and fuzes available supporting the action.
vary according to the caliber of the weapon. b Preparation fires (pre bombardmentb. Preparatioll fires (prelmlllna bombal(lrment)
Generally, the usual combinations of projectile are planned jointly uner Army requirements.
and fuze employed in field artillery are available Preplanning of naval gunfire support is started as
in naval ammunition. soon as the directive for the conduct of an aie-

a. Guns of 5-inch caliber anti larger arc provided phibious operation is received. An exchange of
with high explosive (HE) ammunition, which is staff officers between appropriate headquarters
comparable to field artillery high explosive pro- aids the planning of naval gunfire support.
jectiles of equivalent size. Armor-piercing pro- c. To prevent confusion, naval gunfire support
jectiles, normally used in fleet surface engage- ships are assig(l fire support areas (FSA) at sea,
ments, are available for all guns of 6-inch caliber based on tactical and gunnery consideratiols.
and larger. Illuminating shell is available for the These sea areas may be considered similar to
3-inch, 5-inch, and 6-inch guns; white phosphorous battery position areas. Besides, zones of responsi-
shell is available for the 3-inch and 5-inch guns. hilitv ashore are assigned to ships by nlmber.

b. Full and reduced charges are available for These compare to zones of action for field artillerv
calibers of guns above 3 inches. 'The reduced units (fig. 253). The boundaries usually conform
charge for the 5-inch gun produces 1,200 feet per to preplanned unit boundaries ashore and are
second muzzle velocity and a trajectory similar to marked by prominent terrain features. A general
that of charge 6 for the 105-mm 'howitzer. support ship, for example, will be assigned all

c. The fuzes vary with different calibers and FSA for its position area. It also will be assigned
projectiles but gncer ally include quick, delay, time, one or more zones of responsibility in which it, will
and variable time (VT). A point detonating fuze place its fires. TIhe spotter for the direct support
corresponding to the artillery fuze quick is avail- ship and the observers should have the above
able for all naval high-capacity (high-explosive) information, incluiling adjacent areas, plotted on
projectiles. All delay fuzes arc of base detonating their maps, charts or overlays. They then will
type and vary in length of delay according to type have a general idea of the gull-target line and call
of projectile and caliber. The time fuze is of the ask that the direct support or other ship be sent
mechanical type and is available for all high- to a specified FSA. From this area, the ship call
capacity projectiles of 5-inch and larger caliber. execute enfilade fire properly whelln firing close to
'lhe VT fuze is available for the :3-inch, 5-inch anTd ifrontline troops or behind hills wlicl dlefilade the
6-inch guns. Because of the design of the VT fulze, target.
the height of burst varies from 10 feet at 6,000
yards to 30 feet at 12,000 yards. Use of VT fuze 6. Organization
in shore bombardment at ranges less than 6,000 The naval officer in tactical commnrand (OTC)
yards is not recommended. Even at the greater commands tile fire support ships from his com-
ranges the danger of a premature firing of a VT in mand ship afloat. His gunnery officer, whose
fuze over the heads of troops should be clearly duties are similar to those of the artillery S3, con-
rccognize(l. trols the naval gunfire (NGF) ships by authority
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Rmissions to the general support ship of the division
ZR 3 and helps to coordinate naval gunfire with air

x I A / and artillery support.
...... I/ xc. Naval Gunfire Liaison Officer. Control of

naval gunfire is accomplished by a naval gunfire
ZRI liaison officer (HGLO) (a naval officer) and the

necessary communication personnel. The NGLO
advises the unit commander on naval gunfire
matters. He consolidates and passes on the fire

/ SA request, controls the fires of the direct support
FSA I/ / \ / | A\ 8 j I \ ship, and helps to coordinate naval gunfire with

/ Ship DS ship OS Ship, h air an(l artillery support.
/ DS S hip I SShi p iI

GS Ship JD d. Shore Fire Control Party. Each major com-
GS Ship bat element will be assigned a shore fire control

FsAFSA ln party. The shore fire control party is formed of
two teams.

LEGEND: Cross hatched area represents area in which (I) The naval gunfire liaison team consists
direct support ships will provide close support
Area north of close support area (ZR 1, ZR 2, and of a naval gunfire liaison officer (a naval
ZR3)represent assigned zones of responsibility officer) and necessary Army communi-
to general support ships. Fire support oreas(FSA) cation personnel. T naval gunfire
ore sea areas occupied by fire support ships.
These areas do not conform to tactical areas liaison officer advises the battalion com-
ashore. mander on the use of naval gunfire.

Figure 253. Fxample of fire supporl areas and zones of He supervises the spotter (forward ob-
responsibility. server), and coordinates gunfire with

artillery and air support.
delegated by the attack force commander. Based (2) Naval gunfire spotting teams consist
on the request of the landing force, he will assign of a spotter, an assistant spotter, and
direct or general support missions to the ships of the necessary communication personnel.
the attack force. Control ashore is exercised by The spotter should be an artillery officer
specially trained personnel furnished by the land- assigned by division artillery for the
ing force and the Navy. sole purpose of adjusting naval gunfire.

a. Landing Force (Corps) Naval Gunfire Officer. e. Other Spotters or Observers. Any spotter or
The landing force (corps) has a naval gunfire observer, who is familiar with the basic principles
officer (normally an artillery officer) with one or of naval gunfire support and has a means of com-
more naval officers as assistants and the necessary municating with the landing force, may call for
communication personnel. I-is duties are to and adjust naval gunfire. Calls for fire normally
advise the landing force commander on naval mlnust be processed through FDC of the lowest
gunfire matters, to prepare requests fbor naval gun- cchelon that has the means of relaying messages
fire support, and to consolidate requests from between the observer and the supporting ship.
lower echelons. These requests are combined to f Diagram of Control Agencies.
form the landing force naval gunfire requests. He
assigns missions to the general support ship of the Attack force-Gunn Oierv officer (Navy)

Landing fore (corps) -_ Naval gunfire officer (Ar-
landing force and helps to coordinate naval gun- tillery)
fire with air and artillery support. )ivisio, ll.- . ... Naval gunfire officer (Ar-.

b. Division Naval Gunfire Officer. The division titlery)
naval gunfire officer's (normaall aln artillery officer) (Coiilat elemneit…- -Naval gunfire liaison officer

duties for the division are the same as those for (Navy)
thie corps naval gunfire officer (a above). lie has Rifle company - Artillery forward observerthe orps naval gunfire oftfier (a above). He has (through relay)
one or more naval officers as assistants and the (Navy) Naval gunfire spot-
necessary communication pelsonnel. He assigns ter (direct)
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7. Terminology request for fire for effect, in which the number

Terminology prescribed for adjusting field of guns to be fired simultaneously in each salvo
artillery will be used by Army observers when and the number of salvos are specified.
they are acting as spotters for naval gunfire except k. Spot-To determine, by observation, devia-
as listed below. tions of gunfire from the target for the purpose

a. Bearing-A horizontal angle expressed in of supplying necessary information for the adjust-
degrees or mils (grid, magnetic, or true). Unit ment of fire.
must be specified (degrees or inils). Used in 1. Spotter-An individual who adjusts or spots
place of AZIMUTH. for naval gunfire support.

b. Check Fire-To interrupt firing temporarily. m. Spotting Line-Either the gun-target line,
Fire control problem continues to be generated. observer-target (OT) line, or the reference line
This term is sent by the spotter. used by the spotter in making spot corrections.

c. Delay-Indicates that there will be a tem- Unit ofmeasure must be specified (degrees or mils).
porary suspension of fire. This term is sent by n. Spreading Fire-Indicates that fires are about
the fire control personnel on the ship. to be distributed over an area.

d. End of Target-An order given to terminate o. Stand By-Warning order given to spotter 5
firing on a specific target. Used in place of seconds before the expected time of burst. Used
END OF MISSION. in place of SPLASH.

e. Fresh Target-A procedure for engaging a p. Target Number-Preparatory command indi-
new target by using corrections to existing target cating that a target is to be assigned. Also an
data. arbitrary reference number assigned to a target.

f. Go On-Cancels CHECK FIRE. q. Trend-The straying of the fall of shot such
g. ANeglect-Term used to indicate that the last as one that is caused by incorrect speed settings.

salvo was fired with incorrect data. Erroneous correction for speed of ship and current
h. Record as Target-The order used to denote cause succeeding rounds or salvos to stray away from

that data on the target, is to be recorded for future the target.
engagement.. r. Vertex-Highest point of the trajectory.

i. Shot-Term used to indicate that the guns Expressed in yards, feet, or meters. If yards or
have been fired. Used in place of ON THE meters are not specified, the unit of measure will
WAY. be feet. Used in place of MAXIMUM ORDI-

j. SO' MlSany Gun(s), So Mlany Salvo(s)-A NATE.

Section II. COMMUNICATION
8. General g. Strict radio discipline.

Successful naval gunfire support depends on h. Complete familiarity with the gunfire support
good communication. Personnel must be well brevity code and the use of authentication by
traillned in commlnications anld procedures to personnel.
conduct naval gunfire. Good communications i, A thorough knowledge by personnel of the
may be expected if the following conditions are gunfire procedure described in this field manual.
met:

a. Use of suitable communication equipment, 9. Minimum Communication Nets
properly tulned and in good condition. The minimum naval gunfire nets required for

b. Proficiency by personnel in shifting frequency effective naval gunfire support arc--
and reestablishing contact, to avoid natural or a. Shore fire control spot, nit.
enemy interference. b. Naval gunfire control net,.

c. Designation of auxiliary channels of corn- c. Naval gunfire airspot net.
munlication for use in emergencies.

d. Alertness by radio operators to act. as linking 10. Shore Fire Control Spot Net
or relay stations if necessary. a. The shore fire control spot, net provides com-

e. Provision for sufficicnt suitable frequencies. municatioln between a grounlll spotter and the
f. Proficiency by personnel in voice and radio- firling ship. The purpose of this net is to enable

telegraph procedures. the spotter to call for and adjust naval gunfire.
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When sufficient frequencies arce available, each net massing of fires, time on target, and
should be assigned to its owi clear frequency. lifting of fires.
The ground spotter will act as net control. (9) Request services of an airborne spotter.

b. The spotter ashore normallvy will employ
low-powered, high-frequency radio equipment. 12. Naval Gunfire Airspot Net
To establish the net, the spotter will call his a. The naval gunfire airspot net provides coin-
assigned ship mol the proper firequenlcy. TIlhei munication between a firing ship and an airborne
ship will set watch on the assigned spotting spotter. Normally, it is employed to call for and
frequenNcy 30 minlltes before firing is schCeduleCd adjust fire. The spotter acts as net control station.
to commence or upon allocation to a spotter if b. Ships carrying their own spotting aircraft
there is less than :o30 mintites 1before scheduled will employ airborne spotters as required, using
firing. The spotter will make repeated calls to their assigned frequency and call signs as pre-
the ship until communication is established. Tle scribed in the operation plan or order
ship normally should not transmit until called. c Forships thatdo not carry their own spotting
Since the radio sets used by spotters may drift ill aircraft but ( require an air spotter, requestsaircraft but (lo require an air spotter', requests
frequencx, the ship may be required to search over are made on the naval gunfire control net. Assign-
a wide frequency band. In order to establish ment of spotting aircraft must include-
initial contact with a spotter, the ship transmitter (1) 'requercy to be used.
frequency must be tuned to that of the spotter. () Call sign of air spotter.(2) Call sign of air spotter.
Once initial contact has been established, the ship (3) Time aircraft is to report.
can then assist the spotter in returning to the (4) Method of transmission to be used.
assigned frequency. d. Before calling the firing ship, the spotter'

II. Naval Gunfire Control Net reports to Air Control for last-minute instructions.
He reports again after release by the firing ship.

a. The purpose of the naval gunfire control The airborne spotter will open the net by
net is to provide the officer in tactical coin- calling his assigned ship. The ship's radio oper-
mand with means to control and coordinate the ator must search the frequency band on either
activities of all naval gunfire support agencies. side of the assigned frequency when establishing
This net should be guarded by all fire support initial contact. The ship must tune its trans-
ships and by designated headquarters ashore. mitter to the frequency of the spotting aircraft.
The OTC normally will act as net control station. Owing to te difficulty of shifting frequency
This net is primarily for operational traffic. Owing to time (lifculty of shiftinlg frequefcyThis net is primarily for operational traffic. (exccpt for preset channels) in aircraft in flight,

6. The naval gunfire control ret, normally is it is not wise to try minor changes once contact
established prior to naval gunfire activities, as has been established. Tuning of aircraft radio
designated in the operation order. It may be used sets prior to takeoff must be accurate to avoid
by the naval gunfire representative of the OTC mutual interference with othel circuits.
to perform the following tasks:.f. When equipment and available frequencies

(1) Assign fire support ships to spotters as permit, naval gunfire airspot nets should be desig-
requir(ed. nated in the VHF-UHF band. The use of preset,

(2) Relieve and reassign fire support ships. crystal-controlled channels will make for flexi-
(3) Give information about general ammunli- bility and speed in assigning airborne spotters.

tion levels when tactical conditions so
require. 1 3. Army Communication Nets

(4) Pass intelligence affecting naval gunfire Forward observers, air observers, and other
support. observers send calls for naval gunfire over existing

(5) Pass information concerning prearranged Army nets to the FDC at the lowest echelon
fires. having the means of relaying calls for fire to the

(6) Receive requests from ashore regarding supporting ship.
support requirements.

(7) Pass information regarding trajectory. 14. Call Signs and Frequencies
(8) Pass orders and instructions relative to Call signs andl frequencies for spotters*and/or
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liaison officers and fire support ships will be pre- and ciphers to be used by spotters and liaison
scribed in the operation plan or order. It is man- officers, the possibility of capture or compromise
datory that each ship, naval gunfire spotter, and must be considered.
liaison officer be furnished with a list of call signs
an(l frequencies assigned to all naval gunfire 18. Authentication
activities. This will permit a more flexible plan 'I'The system of authentication to be used in
for the use and assignment of firing ships. naval gunfire nets will be prescribed in the opera-

tion plan or order. Because of the possibility of
15. Procedure (deception by enemy radio stations, which could

Standard communication procedures may be result in the shifting of fire onto friendly troops,
abbreviated if it does not cause confusion. These detailed instructions must be issued for the use
abbreviations are- of authentication.

a. Elimination of call signs after the call for fire.
b. Limited use of procedural words and phrases.
c. A short-phrase repeat-back method of trans- A classified brevity code is used in communi-

mission, accomplished without special operating cation transmissions for naval gunfire support.
instructions, such as "Read back," etc.. This code will vary from fleet to fleet. If code

units other than those indicated are used, the
.Dee fotnormal oresabbrevi appropriate group must be added to the code list.normal message format. a. A forward observer normally sends a call for

16. Precedence naval gunfire to the artillery FDC. Thile call for
fire is then transmitted to the supporting ship

A call for fire will be considered equivalent to through the naval gunfire liaison officer. The
aii emergency message and will be given that prec- inaval gunfire liaison officer acts as a relay between

(lednce classification. The word "'emergency" will tie observer alndl the ship throughout the mission.
not be shown in tile message heading. 'lhe progress Thle forward observer may call for naval gunfire
of transmission will be interrupted only by flash through a naval gunfire spotter when both are
messages. at the same location.

b. An air observer will send calls for naval
17. Codes and Ciphers gunfire to the FDC with which he normally main-

Codes and ciphers to be used for security pur- tains communication, The naval gunfire liaison
poses will be prescribed in the operation plan or officer at the FDC relays the mission to the
orders. In selecting and designating the codes supporting ship.

Section III. INITIAL FIRE REQUEST

20. General h. Ammunition.
The initial fire request normally will include the i. Fuze.

following elements of information and will be j. Control of fire.
transmitted in the sequence indicated (nnneces-
sary elements may be omitted): 21 Call

a. Call. The call is made in accordance with standard
b. Target number. communication procedure, and the call signs
c. Bearing of spotting line. effective for the operation are used.
d. Location of target.
e. Description of target. 22. Target Number
f. Danger to friendly troops. Target numbers are allotted in accordance with
g. Number of guns for adjustment and arma- the system of numbering designated in operation

ment required. orders. Announcement of the target number
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serves to warn the ship that firing on a target is 1,000 yards of the target being fired on and that
desired immediately. END OF TARGET has not been ordered.

23. Bearing of the Spotting Line 25. Description of Target
Tihe spotter selects a spotting line in relation to The spotter must describe the target in sufficient

which he will make sensings and corrections in detail to permit evaluation by the firing ship.
adjusting the fire. This spotting line may be the
observer-target (OT) line, the gun-target (GT) 26. Danger to Friendly Troops
line, or any other reference lile that the spotter When friendly troops are within approximately
can readily identify on the ground. A compass 1,500 yards of the target, the warning DANGER
or other direction measuring instrument, or a map, followed by the direction of friendly troops from
may be used to determine the bearing of the spot- the target and their proximity (in yards) to the
ting line. In the absence of these, the spotter target is sent by the spotter. If gunfire is required
must estimate the bearing. The bearing is ex- within 600 yards of friendly troops, the order
pressed in mils or degrees and as true, magnetic, CLOSE is added after DANGER; e. g., DAN-
or grid. GER, CLOSE, SOUTH 500.

a. Observer-Target Line. A ground observer
normally uses the OT line as the spotting line. 27. Number of Guns for Adjustment and
To announce this element lie might send BEAR- Armament Required
ING 100 MILS MAGNETIC. The spotter normally signifies the number of

b. Gn-Target Line. When a ground or airborne gulls lie recommends for use during adjustment
spotter is using the GT line as a spotting line, he and the armament to be used.
sends BEARING GUN-TARGET LINE. The
ship informs the spotter of the GT bearing and 28. Ammunition
subsequently informs him whenever the bearing

Tile spotter specifies the type of ammunitionalters by more than 10° .
desired by sending ARMOR PIERCING, HIGH

c. Other Reference Lines. A spotter mav use a esed b sending ARAT PIERCING, HIGH
reference line other than the OT line or GT line for fXPteoIVE, ILdUo INATING, or StOKE.

If the spotter does not specify a particular type,ease of spotting; for example, a line from a promi-
nent feature on the ground to the target or an imag-
inary line through the target parallel to a straight 29. Fuze
road running close to the target. In announcing
the bearing of such a line, the spotter uses the direc- The spotter specifies the type of fuze desired by
tion running away from friendly troops towards sending FUZE DELAY, FUZE TIME, or FUZE

VT. If this element is omitted from the call for
fire, the firing ship will use fuze quick.

24. Location of Target
Trhe spotter may give the location of the target

in any manner that is clearly understandable and The spotter always specifies the method of con-
should always include the altitude of the target in trol of fire. He may change the method of con-
feet, meters, or yards. (Unless otherwise specified, trol lluring any single adjustment. The follow-
unit of measure for altitude will be in feet.) Usual ing terms are used to indicate the desired method
methods for the spotter to give location of target of control:
are- a. Will Adjust-The spotter controls the fire

a. By giving the coordinates of the target or andl is responsible for the adjustment. He an-
adjusting point, using the designated grid reference nounces corrections with relation to the spotting
system. line. In the ship, these are converted to correc-

b. By giving the polar coordinates to the target tions with respect to the GT line and are then
from a reference point, the chart location of which applied to the armament.
is known to the ship. b. Will Observe The spotter observes the

e. By shifting from a target being fired on to a bursts and makes a correction, calculated to bring
fresh target, provided the fresh target is within the next salvo on the target. Adjustment is car-
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ried out by the ship, assisted by the spotter for sufficient importance to justify firing on it without
combined observation. adjustlent.

c. Ship 1Iill Adjust-The spotter designates e. At AMy Command-The spotter desires to
the target, but spotting and atljustiment are car- regulate the time of firing salvos. This is an-
ried out byN tile ship. nuotinced as a preface to the method of control;

d. Cannot Observe The spotter is uilable to for example, AT NMY COMMAND, WILL AD-
observe and adjust the fire but believes a target JUST. When tlhe spotter is airborne, AT MY
exists at the indicated location andll that it, is of CO.MMAND will always be used.

Section IV. ADJUSTMENT PROCEDURE

31. General or meters from indicated target location). Unless
Adjustment is carried out relative to the otherwise specified, unit of measure will ble yards.

spotting line. Line adjustment is done by col- f. Vertex Height. The vertex height (maxi-
recting to the spotting line; range adjustmelnt, bv mum ordinate) must be reported by the ship if the
the process of bracketing. Corrections are made spotter is airborne.
to adjust time fuze to the desired height of burst.
The procedures used and considerations involved 33. Opening Fire
in the adjustIrent of naval gunfire are essentially Fire normally is opened with two or more guns,
the same as for field artillery fire. depending on conditions of visibility and the

caliber of the guns. The term "Shot" is an-
32. Reports to the Observer Prior to Firing nounced at the moment of firing. The term

The ship will make the following reports to the "Stand by" is anllounced 5 seconds before a salvo
observer prior to firing when appropriate: is due to land. 'I'hese terms are transmittaed

a. Delay. The term "Delay" indicates that the every time a salvo is fired, except, during fire for
ship is not ready to fire. DELAY is followed by effect when t hev are sent only for the first salvo.
an estimate of time in minutes. If sent. during
an adjulstment, it is subsequently followed by 34. Line Adjustment
READY. If the first salvo does not fall on, or close to, the

b. Ready!. Thle term "Ready" indicnates that spotting line, a corrlection of the size necessary to
the ship is ready to fire. For the first salvo, bring the next salvo to the spotting line is made.
READY Is always announced, followed by the 'Tlhis correction is transmitted as RIGH'I' (ILEF')
time of flight in seconds; the ship then awaits the (so much) in yards or meters. Unless otherwise
spotter's order to fire. For subsequent salvos, specifiedl unit of menasure will be yards.
READY is transmitted only if AT MY COMI-
NIAND or DEIAY has been announlced. in 35. Height of Burst Adjustment
which case thlie time of flight is omitted.

c. Bearing of the Gun-Target Line. The ship Whel fuze time is being used, thespottel adjusts
reports the bearing of the GT line, as soon as it height of burst by transmitting UP (DOWN) (so
is knownl, by announcinlg GUN-TARGETI LINANE much) ill feet, vards, or meters. Unless ot lerwise
(so mucIh). specified, unllit. of measure will be feet.

d. Noncompliance with Spotter's ('all for Fire.
An3- action Iby the ship which is not in accordalice 36. Range Adjustment
with the call for fire must be reported to the a. As soon as a salvo can be sensed positively
spotter. This report may include such items as for range as over or short, a bracket is comlmeliced
the use of secondary armament or of ammiunlition along tile spotting line. Range corrections should
other than that requested. be in the amount of 800, 400, or 200 yards, which-

e. Location of the Flirst Salvo. Whllell DANGER ever is necessary to insure a bracket Once estab-
s includled in the call for fire, the location of the lished, a bracket is reduced by further corrections
first salvo is reported in the form FIRST SALVO until a 200-yard bracket or its equivalent, has
AT (coordinates or bearing and distance in yards been obtained.
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b. If the correction required to bring thile initial more detailed report giving a correction to move
salvo to tile target is greater than 800 anrds, the Ihe mean point of impact (MPI) to the target.
spotter announces the required correction andl the g. MIXED is used when the ship is adjusting
firing ship checks the solution. If no error can lbe height of air burst. It, indicates that the salvo
founld, the announced correction will hei applied is correctly adjusted for height of burst and con-
by the firing ship. tainls both air and impact bursts,. the largest.

c. The equivalent of a 200-yard bracket is oh1- proportioll of which are in the air.
tained in the following cases: h. LARGE SPREAD is used to indicate that

(1) A target hit. the spread is excessive.
(2) A stralddle with a mulltigun salvo. ;. TRENI) is sent if salvos are observed to be
(3) Al over and short ohbtailed( from two salvos creep)ing off the target, and is followed by an

not separated by a range adjulstmelnt by indlication of direction; for example, TREND
the spotter. SOUTHWEST.

d. Range dispersion (100 to 400 yvards) is anll j. LOST is sent if a salvo is unobserved. The
important factor affecting bnracketing, silce it is ship will take appropriate action to make the
about 4 times greater than that for line (deflection) next salvo visible either by applying a correction
dispersionl. calculated to bring the next salvo into the spotter's

e. A range correction is transmitted ais ADD field of view, or, if visibility is bad, by firing a
(DROP) (so much) in yards or meters. Unless multigiun salvo or a smoke shell. The spotterl
meters are specified, unit of Imeasure will be ylarls. may be able to judge the location of lost bursts

f. If no range correction is desired, tihe spotter bly sound, in which ease he may send LOST
announces REPEAT. followedl by a correction.

k. FRESH TARGET is used to indicate a new
37. Corrections for Ammunition and Fuze target and is followed by an abbreviated call for

During adjustment, thie spotter maiy request a fire in whichl the location is given by coordinates
cltange in alilmuitnion or fuze bv anllnolllinll the or by a shift from the target being engaged. If
type of ammniition or fuze dlesire(l. coordinates are used, theghip converts the dif-

ference between the old and the new coordinates
38. Other Reports by the Spotter During Firing and applies that difference to the armament. Any

]n addition to senldi ng adjustmlent corrections difference in height will be reported as UP
and requests for change in ammuniition and fuze, (DOWN) (so much). "Fresh target" procedure
the spotter may send other reports to affect the insures that the information gained from previous
time of firing or to provide informiation to thie adjustment is not lost., and bracketing should
firing ship. Such reports may inclulode any of the inott be necessary.
following terms:

a. AT NMY COMMAND may be used at anll 39. Reports by the Ship During Firing
time to control tihe time of firing. This ship mst EGECT is the term used to inform the
then report READY to tihe spotter and await t t(, spotter that the last, salvo was fired with incorrect
spotter's orlderC to fire for each salvo. settings. Tihe shil) immediately will correct the

e. WHEN READY cancel(s AT MY1 CON- error and fire again unless AT MIY COI1MMAND
MIAND. is in effect, in which case a new report, of READY

c. CHECK FIRE is used to interrupt firing will be made.
temporarily. b. SHOT and STAND BY are terms which are

d. GO ON cance'_s CH ECK FIRE. tused as explained in paragraph 7, this appendix.
e. TARGET is sent when a salvo falls on the c. WILL NOT FIRE is the term used to

target. indicate that the ship is not able to fire, for
f. STRADDLE is sent when a iulftigun'l salvo safety or for other reasons. For. example, the

straddles the target It. mav be followed by a ship mayv be under attack.
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Section V. FIRE FOR EFFECT

40. General 43. Neutralization Fires
Fire for effect is begun when a 200-yard range 'The procedure used for neutralization fires

bracket, or its equivalent, has been obtained, depends on the conflicting demands of speed and
after adjusting the NMPI as necessary. The final accuracy. For engaging such targets as concen-
correction for range usually is one that will split trations of troops or vehicles likely to move, speed
the 200-yard bracket. is the primary consideration. Adjustment should

therefore be obtained by bold spotting, and fire
41. Volume of Fire for effect should be fired as rapidlxy as possible.

The volume of fire for effect is determined by In other cases, accuracy of adjustment and
the results desired and by the nature of the adherence to a time schedule may take precedence
target. The spotter is best able to determine over speed. Neutralization is best achieved during
the caliber and number of guns required to achieve fire for effect by firing salvos at irregular, rather
the desired effect. In his fire for effect request lie thlan regular, intervals.
specifies the number of guns per salvo and the
number of salvos required. The final decision 44. Repeat Fire for Effect
as to the number of guns and quantity of am- If the fire for effect initially delivered is insuf-
munition to be used rests with tihe firing ship, ficient, the spotter should make a correction if
based on policy contained in orders and a require- necessary anl request REPEAT FIRE FOR
ment for economy in firing naval guns. Since the EFFECI'.
quantity of ammunition carried in ships is rela-
tively small, it is important that none should be 45. Termination of Fire
wasted either by engaging unsuitable targets or
by expending more than is necessarv to achieve a. RECORD AS TARGET is announced by the
the desired result. The comparatively short life spotter after engagement of a target to signify
of naval guns is another cogent reason for that further fires may be required at a future time.
exercising econolmyv. It, normally will not be possible for ships to

record targets unless at anchor. On receipt of
42. Destruction Fires RECORD AS TARGET from a. spotter, the

Accuracy is of prime importance il cxccutinlg ship records the data used. Before engaging the
destruction fires; this is most, sucetssflglv accom- target aigaill, the ship must allow for any change
lished when the target is visible from the shipl. in data, such as a difference in ballistic data or
If the target is not visible from the ship, a grolill l tilc initial position.
or airborne spotter should be made available. b. END OF TARGET is the term used to
If the ship is stationary (anchored or stemming a terminate a fire mission. It may be sent by the
buov), the destluction will le achieved more spotter or the ship. At, END OF TARGET the
quickly. One gun is normally used both in the ship's fire control problem ceases to be generated,
adjustment and in fire for effect. Fire for effect all further fire calnnot be started without fresh
is continuled until the target is ldestroyed, spotting adjustment.
corrections being applied as necessary for each c. 'he spotter gives a brief report of damage
routnd fired. assessimellt andl effectiveness of fire.

Section VI. EXAMPLES

46. Mission Number 1 598600, 800 yards north of friendly troops, he

a. The naval gunfire spotter for anl assaullt. decides to fire the ship on the target. Bearing
element is in communication with a ldestrover to the target measured from a gridded map is
which is in direct support of the element. Having 5,460 mils. Observation is good and the spotter
discovered an enemy mortar at coordinates is not personally under fire. Line of file is approxi-
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mately parallel to friendly lines. The spotter line adjustment, so he is ready to enter fire for
sends the following initial fire request: effect. He transmits-

KANGAROO, THIS IS KIDNEY ADD 100
TARGET NUMBER 1357 6 GUNS, 3 SALVOS
BEARING 5460 MILS GRID FIRE FOR EFFECT
COORDINATES 598600 WHEN READY
HEIGHT 120 h. The ship reports SHOT and STAND BY

DMORTAR SOUTH 800 for the first salvo in fire for effect and ROUNDS
2DANGER, SOUTH 800 COMPLETE when all the rounds have been
2 GUNS-MAIN ARMAMENT
WILL ADJUST i. The 18 rounds in fire for effect land in a close

Ammunition and fuze request are not transmitted pattern around the target and the mortar ceases
since 5-inch AAC, normal charge, with time fuze to fire. The spotter sends-
set on SAFE is the standard load and is satis- END OF TARGET
factory for this mission. FIRE EFFECTIVE

b. The ship reads back the initial fire request MORTAR SILENCED
to the spotter and sends the following message:

GUN-TARGET LINE 1200 MILS GRID 47. Mission Number 2
FIRST SALVO AT NORTH 800
READY, 25 (time of flight) a. An artillery air observer with a division that

c. The spotter announces FIRE, and the ship has a battleship in general support discovers an
sends- enemy tank battalion proceeding towards a

SHOT.. . STAND BY friendly beachhead 6 miles away. The head of
the column is at coordinates 243962. After

d. The ship's first salvo lands 150 yards left of sending a FLASH message reporting the presence
the target, and the spotter is unable to determine and location of the tanks, the observer decides to
whether the salvo is over or short. At this time take the head of the column under fire with the
the spotter's observation is obscured by drifting main battery of the battleship. He sends the
smoke. In order to bring the impact to the following initial fire request to the division
observer-target line and provide for intermittent artillery FDC.
observation, the spotter announces-

GOLF BRAVO, THIS IS ALFA DELTA 24
RIGHT 150 FIRE MISSION FOR KING KONG
REPEAT BEARING GUN-TARGET LINE
AT MY COMMAND COORDINATES 243962

e. The ship reports READY, and the spotter HEAD OF TANK COLUMN, PROCEEDING
commands FIRE. The next salvo lands 20 yards SOUTH, SPEED 10 MILES PER HOUR
left of the target and clearly over. The spotter i GUN-MAIN ARMAMENT
makes a cautious shift since the target is within
800 yards of friendly troops. He sends- AT MY COMMAND, WILL ADJUST

RIGHT 20 b. The naval gunfire officer relays the initial
DROP 200 fire request to the ship and then relays the fol-

lowing message from the ship to the observer:
f. The ship reports READY and the spotter

commands FIRE. The next salvo lands over the GUN-TARGET LINE 1540 MILS GRID
target and approximately on line. The spotter VERTEX 1100 FEET
sends- READY, 39

DROP 200 c. The observer commands FIRE, and the

g. The ship reports READY, and the spotter ship reports SHOT . . . STAND BY. The ship's
commands FIRE. The next salvo lands short first round lands an estimated 200 yards left and
and approximately on line. The spotter now has 800 yards short of target. The observer sends
established a 200-yard bracket and a satisfactory RIGHT 200, ADD 800.
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d. The ship reports READY. vance is being held up by enemy personnel in a
e. The observer commands FIRE, and the ship log and sandbag pillbox located 400 yards south

reports SHOT ... STAND BY. The second of the leading elements, at coordinates 1348Q.

round lands an estimated 100 yards left and 200 The target is visible from the ship. The artillery
yards over the target. The observer sends- observer sends the following initial fire request to

the artillery liaison officer:
RIGHT 100
DROP 200 KANE 21, THIS IS KANE 23

FIRE MISSION FOR KANGAROO
f. The ship reports READY. COORDINATES 1348 QUEEC
g. The observer commands F1RE, and the COORDINATES 1348 QUEBEC

ship reports SHOT . . . STAND BY. The third ,OG AND EARTH PILLBOX
round lands an estimated 100 yards short of target
and approximately on the GT line. The observer DANGER, CLOSE, NORTH 400
sends- SHIP WILL ADJUST

ADD 100 The naval gunfire liaison officer relays the fire
3 GUNS, 3 SALVOS mission to the ship. The ship will attack the
FIRE FOR EFFECT target by direct fire, and report the results to the

h. The ship reports READY. observer through the NGLO. Bearing, guns and

i. The observer commands FIRE, and the ship armament, ammunition, and fuze are not required

reports SHOT . . . STAND BY . . . ROUNDS to be alounced by the observer
COMPLETE.

j. Target hits are obtained disabling three
tanks and the remainder of the column is dispersing An artillery forward observer has adjusted

and withdrawing. The observer sends- naval gunfire on a target and has fired for effect

RECORD AS TARGET with good results but has not sent END OF
RECRND OF TARGET TARGET to the ship. He suddenly observes a
FIRE EFFECTIVE number of enemy tanks and infantry approaching
3 TANKS BURNING, REMAINDER in the same general area. He examines the new

3TANKDISPERSED BURNINGREMAtarget, measures the shift required from the last
salvo fired on the old target, and sends-

k. Ship repeats back- F H TARGET
RECORD AS TARGET
END OF TARGE''T BEARING 5440 MILS GRID

FIRE EFFECTIVE RIGHT 300
OUT ADD 100

5 TANKS AND PLATOON OF iNFANTRY

48. Mission Number 3 DANGER, SOUTH 1200

A flank element with a light oruiser in direct RAPID FIRE, 6 GUNS, 5 SALVOS

support is attacking along the coast.. The ad- FIRE FOR EFFECT
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Comparative fall of shot --------- 643 365 Charge-to-charge propellant perform-
Computation of corrections ....-- 653 372 ance -........ 591 334
Conduct of firing --------------- 644 366 Chart:
Conversion of range to a standard_ 646 367 Adjustment of - 406 226
Corrections, base pieces of bat- Check . 406 226

talions - - 383 215 Control 406 226
Correction data card ------------ 385 216 i)ata, determination of ...- . 294 169
Correction outside of transfer limits, Data, plotting .-. ..--... . 277 147

heavy and very heavy artillery__ 523 293 i)ead space -......... 528 294
Corrections, weapons of battery_ __ 384 215 FD)O .---......... 406 226
I)etermination of VE -_-- ------- 647 368 Firing ------------------------- 270 144
Emlplacement of weapons ----.--- 643 365 Fire capabilities -. 532 295
Frequency of - -642 365 Firing, heavy and very heavy ar-
Grouping of pieces after --------. 652 372 tillery ------------------------ 515 290
Heavy artillery ------ -- - 654 373 Indexing using GFT fan (example)_ 300 172
Heavy and very heavy artillery_ __ 519 291 Observed firing ----------------- 435 250
Necessity for ----------... - -- 639 363 Observed firing, construction of_ __ 436 250
Observation -------- -- - 643 365 Off-scale 497 281
Optimum charge ----- -----...... 643 365 Off-scale, FDC procedures ------- 499 282
Ordnance support ---------------- 641 364 Off-scale, limitations to -.------- 498 281
Quadrant elevation ------ -..--- 643 365 Operators 264 143
Types of - -640 363 Prepared for determination of data

Card, range ------------- 98 56 using range-deflection fan .----- 302 172
Card, safety . ........---- 669 382 Prepared for determination of data

Care and handling of: using range-deflection protractor 301 172
Cartridge cases ------------.... 125 71 Primary -........... 406 226
Chemical shells --------- - 129 72 Check chart -................... 406 226
Flash reducers ---------...- -- 128 72 Check chart operator, duties .- . ... 399 224
Fuzes. 126 71 Checking settings during firing .----- 65 36
Primers -------- ------- 127 72 Checklist for:
Projectiles ------------ 123 70 Field Artillery gunnery training_. _ 679 387
Propelling charges -------- - 124 70 Fire direction training ----------- 682 387

Cartridge cases, care and handling ---- 125 71 Firing battery training ..- . .... 681 387
Cease firing -------------......- - 59 35 Miscellaneous training ---------- 683 388
Center of battery ...- -..... . .40 36 Observer training (i 680 387
Center of impact - - 23 15 Checklist, solution of center-of-inlpact

Orientation of observers ------.--- 329 187 or high-burst registrations -..-..- 336 189
Probable position .-- -- 623 353 Check point, meteorological (met) ---- 40 26

Center-of-impact and high-burst regis- Checks and on-the-spot corrections,
tration, combined observation --.-- 221-224 120 firing battery .-.... .... 116 65
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Chemical shell -................. 469 265 Computation of-Continued
Chemical shells, care and handling ..- . 129 72 Minimum elevation for firing VE
Chief computer, duties - .............. 397 224 fuzes based on arming time ---- 82 49
Chief computer, FDC .- ............ 262 143 Range correction 340 192
Circle, aiming -.. .... 41 27 Range K -................. 340 192
Circular probable error (CPE) ....- 29 17 SSHP when the location probable
Circular probability tables - . ........ 630 358 error is known -........... 636 360
Classification, field artillery weapons___ 32 20 Time correction ----------------- 341 192
Classification of fire -............. 163 93 Computer:
Clearing crests not visible from battery Battery FDC -............ 263 143

position, minimum elevation for ---- 77 46 Chief, duties of ---------------- 397 224
Close-in aiming point ----------- 40 26 Chief, FDC 262 143
Coefficient, ballistic ----------------- 600 339 Computing:
Combined adjustment - ............ 500 282 Center-of-impact location ..-... 332 188

Example. 502 283 High-burst location -........... 334 188
Fire for effect in area missions- - 504, 505 287 Comp site, time corrections for ------- 391 222
Fire for effect in registration ...-. 503 286 Concepts of lethality, application ----- 546 310

Combined observation: Conditioning of tube -........... 589 333
Center-of-impact and high-burst Conduct of fire:

registration - ....... 223, 224 122 Absolute calibration- -------- 650 370
Conduct of fire - . ........ 221, 501 120, 283 Assault fire -.............. 214 119
Equipment for .-............. 222 121 Calibration 644 366
Other missions ----------------- 225 121 Combined observation -------. 221, 501 120, 283
Target designation .- ........... 501 283 Gas shell .-............... 210 115

Command: Illuminating shell .-------- 212 115
At my -.. . ... .......... 53 31 Smoke shell -------------------- 209 114
By piece at my -.. . ........... 53 31 Using searchlight .-.... ... 213 117
Cease firing -.. . ............. 59 35 Conduct of registration and calibration
Commands, fire - 44 29 by sound, flash, or radar .-------- 509 288
End of mission .-............ 60 35 Conduct of service practice .-.----- 662 376
Fire direction ------------ - 252 141 Consideration in selection of units to
Pieces to follow - . .. . ...... 46 29 fire, factor influencing attack of tar-

Commands, repetition of -. . ........ 61 35 gets -..... 541 303
Common errors and malpractices, FDC_ 533 295 Construction of:
Common firing battery terms -------- 40 26 Observed firing chart .-.. . 436 250
Common mistakes and malpractices ... 136 73 Observed firing chart for more than
Communication: one battalion (plotting) ------- 450 258

FDC -.... ... . .............. 431 240 Observed firing chart for more than
Procedure, sample mission ------- 434 244 one battalion (tracing paper
Radio, FDC .-............ 432 240 method) -451 258
Wire, FDC -. . .............- 433 241 Percussion observed firing chart_ __ 439 252

Comparative calibration at battery Radar chart -............... 460 262
level -.... ... . ....... .648 368 Radar improved chart .-------- 458 260

Comparison of number of volleys, Safety diagram from azimuth ref-
lethality -... 545 309 erence - 671 383

Comparison of time and VT fuzes, Safety diagram from visible refer-
lethality -..................... 545 309 ence point 672 384

Compass M2 -.. . ............ 42 28 Continuous fire ------------------- 53 31
Compass M2, laying for direction by Control, change in ------------------ 197 110

grid azimuth ------- 71 39 Control chart -.... 406 226
Complementary angle of site --------- 20 13 Control chart operator, duties -------- 398 224
Components, velocity -.. ------ 594 336 Control, fire request -.- - - 167 94
Computation of: Control of firing battery -........ 113 62

Absolute VE .-. ..... 651 370 Converged sheaf -............... 9 8
Maximum elevation for minimum Convergence, grid -............... 39 25

range in high-angle fire ..- . . .83 51 Conversion of data for direction ..- . .94 55
Minimum elevation for firing pro- Conversion, meters to yards, GFT ---- 306 175

jectiles with fuzes M51 and Conversion, meters to yards, GST ..- .306 175
M500 80 46 Conversion of target shape -..---- 629 358

Minimum elevation for firing pro- Converting photographic and true
jectiles with VT fuzes (low- measurements -......... 553 314
angle fire) ---------- 81 47 Coordinate scale, use of -.. ... . .282 154
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Coordinates, determination of, using Corrections-Continued
coordinate scale -.......... 156 88 Special -.. ............. 47 30

Coordinates, grid -........... 268 144 Special, FDC procedure for use of- 430 239
Coordinates, target location ---------- 156 88 Special, for heavy and very heavy
Coordination for area missions, sound, artillery - . ----- 521 292

flash, and radar located ----------- 508 288 Velocity error, experience -... . .378 213

Coppering ----------------------- 14, 587 10, 333 Curve, normal probability - .. . ...... 24 16

Correct deflection, precision registration
FFE ..... . ........... 315 180 Data card, calibration correction ...- 385 216

Correcting fire commands by the execu- Data:
tive officer ----------------------- 66 36 Firing -..... 7 7

Correcting misorientation of target Firing table, extraction of ------- 603 342
grid -...................... 418 233 For direction, conversion of ----- 94 55

Corrections: For met messages -------------. 132 73
Application of - ......... 337, 338 191 For replot 420 234

Application of from calibration --- 653 372 For replot, high-angle fire ------- 490 277

Application of known - . ...... 445 255 Sheets -531 295

Ballistic -.. . .............. 16 12 Sheets, section ----------------- 119 66
By observer -........... 177 101 Dead space -............... 525 293

Calibration, application of ------. 382 215 Chart 528 294
Calibration, base pieces of bat- Determination of -------------- 527 294

talion - ---- ..- 383 215 Limits ------------------------- 526 293
Calibration for outside transfer Decision for adjustment, observers .. 171 97

limits for heavy and very heavy Declination constant --------------- 39 25
artillery- ................... 523 293 Declination, magnetic -.. . ........ 39 25

Calibration, weapons of a battery_ 384 215 Definition:
Center-of-impact registrations ..- . 352 199 Fire control -................... 250 141
Computation from calibration ..- . 653 372 Fire direction ------------...... 250 141

Deflection, determination of ----- 346 195 Fire direction center .-. .... 250 141

Deflection, outside transfer limits_ 376 213 Deflection .-............... 8, 40 7, 26
Determination of ------------- 337, 338 191 Correction from met ------------ 375 211
Determination of, center-of-impact Corrections, determination of-346 195

registration -........... 353 199 Corrections outside transfer limits :376 213
Determination of, high-burst regis- Correct, precision registration ----- 315 180

tration -354 200 Dispersion, causes of - ........ 615 349
Deviation ---------- 180 101 Dispersion ladder - .. ....... 25 16
Elevation, determination of ------ 311 178 Effects -606 346
Experience ---- 377 213 High-angle fire -486 273
Fire request, of errors in --------- 168 95
For altitude, aerial photographs_ __ 571 326 GFT fan :348 197
For base piece displacement ----- 351 198 Met 365 206
For deviation-189 108...et..3 185 108
For hdeviation burst--------------- 19 108 Range deflection fan - .. . . .... 349 197

mi-gFor height of burst io- 190 108 Subsequent registrations ..-. . . . .350 198
For misplaced mil-gridded photo- In FFE, precision registration .. 316 180

graph- . ......................570 326graph -------- 570 326 Probable errors .. . ......... 28 17
For range ------- 196 109
Height of burst, area mission: ... 183 103 Deflection index:
High-burst registration ----------. 352 199 COFT fan 298 171
Met- ------------------ 359 201 Supplementary (GFT fan) .---- 299 171

Met, application of, heavy and very Surveyed chart --- 2464 263
heavy artillery--------------- 522 292 Temporary (GFT fan) --- - 297 171

TMet, experience .-..... 379 213 l)eflections for placement of aiming

Of errors in subsequent fire request_ 198 110 posts ----------------------- 5 43

Or differential effects of firing Departure, angle of -.. . ....20 13
tables ----------------------- 602 340 Departure, line of 20 13

Position area -............... 386 216 Descending branch of trajectory -. 19 13

Range, computation of - . ........ 340 192 Desired results, factor influencing at-

Registration, principles of apply- tack of targets ..------- 536 298

ing ---------------- 338 191 Destruction mission -..........-- 493 280

Registration, principles of deter- FDC procedures ..........----- 494 280
mining -........... 338 191 Fire for effect -.------ 202 112

Scale, deflection --------------.. 347 195 Heavy and very heavy artillery... 517 291
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Determination and application of regis- Dispersion-Continued

tration corrections - . ............ 337, 338 191 Range, ladder ------------------ 25 16
Determination of: Rectangle -....... .25, 622 16, 352

Altitude - -412 229 Types of 613 348
Altitudes, mil-gridded oblique Zone 23 15

photographs - -569 325 I)isplacement, base piece, corrections
Angle of site - -304 173 for - . .. 351 198
Chart data -------------------- 294 169 I)isplacement,, computation and applica-
Corrections ......--... 337, 338 191 'tion of position area ------------- 388 217
Corrections, center-of-impact regis- I)isplacement of aiming posts -------- 120 67

tration - -- --- 353 199 Distance determination, air observer.__ 239 125
Corrections, high-brust registration- 354 200 Distance, determination of .- . .. ... 155 85
Dead space - - 527 294 1)istance shift, computation by use of
I)efiection corrections ----- -..--- 346 195 sine factors -- .... . ..... 155 85
Direction for polar plotting - . .... 440 252 Distant aiming point -........... 8, 40 7, 26
Distance -155 85 D)istribution . 206 112
Distance, air observer ....- . .. 239 125 Distribution, change in ------------- 193 109
Elevation correction 311 178 Distribution of bursts -------------- 9 8
Muzzle velocity ---------------- 590 334 Distortion in aerial photographs .----- 554 315
Range and altitude for polar plot- D)o not load 53 31

ting - 441 253 Drag 15, 599 11, 338
Range for polar plot with large Drift ... . .15 11

angles of site ---------------- 448 257 Drill, service of the piece, conduct of-_ 115 63
Reference line, air observer ------ 237 125 l)uties of:
Site by firing -------- ---- - 447 256 Battalion FDO .----.. - -- 396 223
Velocity error .------. 368, 370 207, 209 Battery computer ----------- 263, 404 143, 225
Velocity error range effect ------- 369 207 Battery executive ------------ - 118 66

Determining and recording fire com- Battery FDO ---------...----- 402 225
mands based on chart data (GFT Check chart operator -----. - 399 224
fan) ---------------------- - 416 231 Chief computer - .... 262, 397 143, 224

Determining and recording fire corn- Commanding officer, service prac-
mands based on chart data, using tice ------------------------ 657 375
range-deflection fan or range-deflec- Control chart operator ---------- 398 224
tion protractor ----------.------ 415 231 FDO personnel in high-angle fire__ 492 279

Determining instrument direction 88 52 Officer in charge of service prac-
Determining minimum elevation (ME) 76 46 tice ... . .....--... 658 375
Determining scale of vertical photo- Primary chart operator -----... -- 403 225

graphs --------------------- - 552 314 Radiotelephone operator ------ 401, 405 224, 225
Deviation corrections ------.- 180, 189 108 Range officer, service practice ---- 659 375
Deviation sensings ------------ 179 101 S2 - -394 223
Diagram, safety ----------.. --- 670 382 S3 - -395 223
Diagram, visibility ----------- - 153 82 Safety officer, before firing ------- 666 381
Differential effects or corrections, firing Safety officer during firing .--.. . .667 381

tables - -602 340 Safety officer, general ----------- 665 381
Direction (see also Deflection) ..----- - 8, 54 7, 32 Switchboard operator-computer_ - 400 224

Determination of, for polar plot-
ting ------------------------- 440 252 Earth, rotation of --------------- - 367 207

Measuring and computing ------- 303 173 Effect:
Of fire, measuring azimuth of .--- 87 52 Of large angle T ------------. 180 101
Orientation, observer ---------- 152 81 Of nonstandard conditions .-- ---- 604 342
Recording laying for ----------- 75 43 VT in -------------------- - 53 31
Verifying laying for ------------- 74 41 Effects:

Direct laying ---------------------- 40, 96 26, 56 Air density - -605 342
Direct laying fire commands --... ---- 105 58 Ballistic coefficient -------------- 605 342
Direct laying sight systems ---------- 100 57 Curvature of earth -....... 605 342
I)ispersion and probability ----------- 23, 611 15, 358 Deflection - -606 346
Dispersion: Drift ..........--... 606 346

)ceflection, causes of --------- - 615 349 Droop --- ------------------- 605 342
Height-of-burst, causes of --- - - 616 349 Lateral jump ------------------ 606 346
Interpretation of - - 617 349 Lateral wind ------------------ 606 346
Ladder, use of ----- ---------- 618 349 Muzzle velocit - -..... .. 605 342
Rlange, causes of - -614 349 Nonstandard air temperature ---. 605 342
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Effects-Continued Fall:

Of HE projectile ---- 175 98 Angle of - 21 14
Pattern, artillery shells - . ... 544 304 Line of 21 14
Range 605 342 Slope of 21 14
Range wind -............. 605 342 Fan, observed fire ------------ 153 82
Rotation of earth -..... 605 342 Field artillery:
Time of flight -............. 607 346 Characteristics -------------- 3 5
Weight of projectile - .......... 605 342 Fire power -. . ............. 5 5

Elements of: Gunnery team ---------------- 6 6
Fire request 158-167 93 Gunnery training checklists ------ 679 387
Trajectory 18 13 Missions 4 5
Trajectory, initial -.. . . . .... 20 13 Observation -.......... 140, 141 77
Trajectory, intrinsic --------. 19 13 Targets, location, source of ....- 254 142
Trajectory, terminal .-.. 21 14 Weapons, characteristics and capa-

Elevation .-...... 57 34 bilities ..-................ 33 20
Adjusted -................ 318 181 Weapons, types -.. ........ 32 20
Angle of -------------------- - 20 13 Field storage of ammunition --------- 133 73
Correction, determination of .- 311 178 Fire:
Line of - ------------.---- 20 13 Assault -............... 111, 112, 481 60, 61, 271
Quadrant 20 13 At will 53 31

Employment of probability concepts___ 612 348 Classification of -.......... 163 93
End of mission -......... 60 35 Continuous -.... 53 31
Equipment and aids for training -_ 675 386 High-angle 483 272
Equipment for combined observation_ __ 222 121 High-angle, adjustment of ----- 226, 227 122
Equipment, observer -....... 143 78 High-angle, charge for ..- . .. 484 273
Equipment, plotting ...-. ..... 278 147 High-angle, deflection for ..- . .. 486 273
Error: High-angle, fuze for -........ 485 273

Circular probable -.. . ... .. 29 17 High-angle, registration - . ..... 488 275
Height of burst, probable -------- 31 18 High-angle, site for - . ........ 487 274
Probable. (See Probable error.) Maximum rate of, factors influ-

Errors, correction of .-. ............. 198 110 encing attack of targets ------- 539 299
Evaluation of radar chart -461 262 Method of .-... ... 53 31
Example: Observed and unobserved ..- . ... .253 141

Area fire mission -246 136 Salvo -.................... 53 31
Assault fire mission -.---------- 249 140 Sectors of -.. . ..... 97 56
Determining adjusted deflection_ __ 319 181 Shifting of -.............. 53 31
Determining adjusted elevation_ . 319 181 Transfer of, high-angle -.... . .491 279
Illuminating mission - . .. 247 139 Zone -.. ............. 53 31
Indexing chart by use of GFT fan_ 300 172 Fire capabilities chart --------------- 532 295
Of initial fire requests - . ..... 169 95 Fire capabilities charts, heavy and very
Of typical fire commands -------- 58 34 heavy artillery ..-...... 518 291
Procedure used in HB - . .. .335 188 Fire commands .-............... 44 29
Searchlight mission -------------. 248 139 Common mistakes and malprac-
Time registration .- ........... 245 132 tices .-------------------- 137 74

Execution of fire commands - . ...... 44 29 Correcting by executive officer --- 66 36
Execution of fire missions ..- . ........ 258 142 l)etermination from chart data,
Executive high burst, site by firing___ 92, 447 54, 256 OFT fan .-......... 414 230
Executive reports --------- 64 36 Determination from chart data
Executive's report .------------- 95 55 using range-deflection fan ------ 415 231

Experience corrections -377 213 Direct laying 105 58
Experience met corrections - . ........ 379 213 Examples of-58 34
Experience time correction 380 214 Preliminary, determining413 229Preliminary, recording -.. . .... 413 229
Experience velocity error corrections__. 378 213 preliminary, transmitting 413 229
Exterior ballistics -I........... 15, 593, 11, 336, Recording, based on chart data

608 346 using OFT fan 414 230

Recording, based on chart data
Factor, OT ----------------------- 180 101 using range-deflection fan ..-. . .415 231
Factor, S ---------------------- 314 179 iecording, based on chart data
Factors causing nonstandard muzzle ve- using range-deflection protrac-

locity ----- -.------------- 576 330 tor ---------------- 415 231
Factor, sine -.... .... 155 85 Sequence of -................ 45 29
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Fire control, definitions .- ........ 250 141 Fire direction procedure-Continued
Fire direction: Phase, precision registration .---- 313 179

Command --------------- - 252 141 Precision fire ----------------- 199-201 111
Definition ---------------------- 250 141 Procedure, FDC -------------- 419 233
Objectives -------------------- 251 141 Surveillance of -....... 207 113
Procedures -------------------- 392 223 Transfers, combined adjustment_ 505 287
Procedures, heavy and very heavy Without adjustment 204 112

artillery - ...-. 514 290 Fire mission phase, standard time for-_ 685 388
Training checklist ........... ----- 682 387 Fire missions:

Fire direction center: Execution of -.----------------- 258 142
Chief computer ----------------- 262 143 Illustrative examples ---------- 243-246 127, 136
Common errors and malpractices__ 533 295 Multiple, FDC procedure -- - 429 239
Communications --------------.. 431 240 Surprise -.......... 424 236
Definition - -250 141 Unobserved ...-......... 424 236
Organization .-. .......... 259, 393 143, 223 Fire order:
Personnel, duties in high-angle fire_ 492 279 Announcing410 229
Principles of operation - . ...... 260 143 Battalion, elements of 409 227
Procedure during adjustment, ob- Recording-410 229

server location unknown -- . . .502 283 Fire planning 531 295
Procedure during adjustment of

smoke shell .-............. 471 265 Fire request:
Procedure during fire for effect .. . 419 233 At my command 167 94
Procedure for assault fire ------ 482 271 Cannot observe 167 94

Controlb serve .167 94
Procedure for illuminating shell_ __ 476 267 Control 167 94
Procedure for missions by air ob-

server- ------------------------ 427 238 Elements of -........ .....' 158-167 93

Procedure in destruction mission___ 494 280 Fuze action 166 94
Procedure in time on target mission_ 428 238 Initial, high-angle fire for 228 122
Procedure using special corrections_ 430 239 Initial, recording of 407 226
Procedure using time fuze 425 236 Processing 256 142
Procedure using VT fuze 426 237 Sequence 158-167 93
Procedures for off-scale chart ---- 499 282 Subsequent - 187-198 108
Procedures for propaganda shell_ 480 270 Firing at night-110 60
Procedures for targets located by Firing battery --------------------- 38 25

sound, flash, or radar --------- 513 289 Accidents 135 73
Procedures, miscellaneous, heavy Accuracy requirements c-rrecti-n 117 65

and very heavy artillery ------- 524 293 Checks and on-the-spot corrections 116 65
Procedures, observed firing chart__ 437 251 Common mistakes and malprac-

.Radio communications 432 240 tices 136 73
Records-422 236 Control ... 113 62
Wire communications -.- 433 241 Miscellaneous common mistakes andWire communications ------------ 433 241

Fire direction officer (FDO) --------- 261 223 malpractices 139 75
Battalion, duties of -396 223 Operation of 118 66
Battery, duties of - ............ 402 225 Optical instruments, common mis-
Chart- --------------- 406 226 takes and malpractices -------- 138 74

Fire direction procedure .------------ 392 223 Recorder's sheet 119 66
4.2-inch mortar ----------------- app 11 395 Special considerations during firing_ 120 67

4.5-inch rocket launcher ---- app III 405 Training-------- 114 62
280-mm gun ------------------ app IV 410 Training checklist ..-. 681 387
Antiaircraft weapons - . .. app V 435 Firing battery procedure:
Tank units -........... app VI 440 4.2-inch mortar - ...... app 11 395
Fire for effect ------------- 178 101 4.5-inch rocket launcher app III 405
After adjustment ---------------- 205 112 Firing chart:
Air observer -.......... 242 126 Grid sheet .-............ 273 145
Area fire -------------------- 203 112 Heavy and very heavy artillery 515 290
Area missions, combined adjust- Map -....................... 271 144

ment -- --------------- 504 287 Photomap - . ......... 272 145
Assault'fire -.. - 219 120 Preparing of -............... 296 170
Deflection, precision registration__ 316 180 Purpose of -274 145
In destruction mission - . .. .202 112 Radar -............. 459 262
In registration, combined adjust- Radar azimuth known --------- 281 160

ment - ---------------- 503 286 Radar, construction of ..- . .. .460 262
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Firing chart-Continued Graphical firing table setting .. 342 192

Radar, evaluation of ------. - - 461 262 GFT fan .-.............. 343, 344 192, 194
Radar, registering piece located.. 462 262 Met -... . ..-- 364 206

Firing charts -------------------- - 270 144 Selection of -................ 345 195
Initial ---------------------- - 276 145 Surveyed firing chart -------- 464 263
Observed -----------.-- 435 250 Graphical site table .-. ... .... 306 175
Purpose .......- - 274 145 Graphical tables -................. 306 175
Radar ------------------------ 455 260 Graphical check of firing data ------- 416 231
Types of -------------- 275 145 Graphs, assurance -.............. 626 354

Firing close to friendly troops, observer_ 180 101 Grid azimuth 8 7
Firing data -------- -- - 7 7 Shifting of -94 55

Center-of-impact - -- -- - 331 188 Laying for direction (M2 compass
Graphic check ..------------ - 416 231 method) -.. . ............ 71 39
High-burst registration ---------- 333 188 Laying for direction (aiming circle

Firing, observer role in. .....--.... 148 78 method) 70 39
Firing, report to S2 .------- -------- 421 236 Grid convergence -... 39 25
Firing, special considerations -----.-- 120 67 Grid coordinates- ...... 268 144
Firing table data, extracting from ---- 603 342 Grid line -.. . ............39 25
Firing tables ----------------- 601, 609 339, 346 Grid north ---------- 8, 39 7, 25

Differential effects or corrections.- 602 340 Grid reference -269 144
Graphical ------------ 306 175 Grid sheet firing chart -273 145

Flash ranging ----- --- 511 289 Grid systems... 267 144
Flash reducers, care and handling ---- 128 72 Grid, target, use of ..-...... 293 164
Fork -..................... 27, 317 17, 180 Grouping of pieces according to calibra-

50 yards or less.. 516 290 tion velocity -......... 652 372
150 yards or greater ------------ 516 290 Gun book -................. 119 66

Form of the trajectory... 22 14
Fuze action, fire request ------------ 166 94 Height - -----------......- 10 10
Fuze setters -... , ......---- ------ 37 23 Height of burst 10 10
Fuze wrenches ....-- --. 37 23 Adjustment- . 181 103
Fuzes and ammunition, direct laying___ 109 59 Correction 190 108
Fuzes: Corrections during area mission 183 103

Care and handling --------- - 126 71 Dispersion, caus esof .-. . .. .... 616 349
Change in ----------..- - 195 109 Probable error (eh) - .. . ....... 31 18
High-angle fire - -- -- - 485 273 Sensing -.................... 182 103
Impact ------ -- - 34 20 Height of target - 10 10
Interchangeability ----------- - 36 23 High-angle fire 483 272
Time -....... 34, 425 20, 236 Adjustment -............ 229 122
Types of ------------------- 34, 36 20, 23 Adjustment of ..-......... . 226, 227 122
VT - -529 294 Charge .-.............. 484 273
VT, registration with - -530 295 Computation of maximum eleva-

tion for minimum range - . . .83 51
Gas shell - -473 266 i)eflection -.. 486 273
Gas shell, conduct of fire -------- - 210 115 FDC personnel duties .- . ... 492 279
General safety precautions ------- - 122 70 Fuze for ---------------- 485 273
General training notes -------.-- 676 386 Initial fire request - ............. 228 122
Graphical firing table (GFT) fan: Registration .- . 488 275

Ballistic scales - -- - - 306 175 Replot data -490 277
Deflection correction scale ----- 348 197 Requirements for -........ 227 122
Deflection index ------------ - 298 171 Site .-............... 487 274
Determining fire commands from Transfers 491 279

chart data -.... ...-...... 414 230 High burst:
Marking for polar plotting ------- 289 162 Executive's -447 256
Measuring and plotting 285 158 Orientation of observers ...- . 329 187
Metal, ballistic scales for - - 306 175 High-burst location, computation of -- 334 188
Polar plot indexes on chart ------ 287 160 High-burst registration:
Prepared for measuring defiection__ 295 169 Advantages and disadvantages_3 326328 187
Recording fire commands based on Checklist for solution ----------- 336 189

chart data ----------..- 414 230 Corrections -............... 352 199
Setting --------- ------------- 343 192 Example of procedure ----------- 335 188
Supplementary deflection indexes._ 299 171 Firing data -------------------- 333 188

Graphical firing tables - -306 175 Use of axial observer .....- .. 93 54
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High-explosive projectile, effects of- -- 175 98 Laying for direction by-
Horizontal locations, mil-gridded oblique Grid azimuth (aiming circle

photographs ..---------------- - 568 324 method) ---------- - -- 70 39
Horizontal velocity components .---- 595 :136 Grid azimuth (M2 compass

method) - ----- --- 71 39
Identification of observer ------------ 159 93 Orienting angle - - - - 72 39
Illuminating shell -------------- - 474 266 Other methods -------- - -- 73 40
Illuminating shell, conduct of fire ---- 212 115 Laying the battery ------- - -- 67 37
Illuminating shell mission, example --- 247 139 Laying the battery for direction---- 6) 38
Illumination, battlefield -------..- 211 115 Lethality:
Impact: Applying Concepts of --------- 546 310

Angle of - ----- --------- 21 14 Artillery projectiles - ------- 543 304
Center of ------------- 23 15 Comparison of number of volley___ 545 309
Line of ----------------------- 21 14 Comparison of time and VT fuzes_ 545 309
Point of ---------------------- 21 14 Level point of trajectory - -- - -- 19 13

Impact area, registrations ------ - 330 187 Limits of dead space ---...-- ----- 526 293
Impact fuze ---------------------- 34 20 Limits, transfer - - - - 33 191
Impact registrations, invalid ------- 322, 323 185 Linear sheaf ------------- - --- 9 8
Increments, propelling charge -------- 34 20 Line, grid - - - - 39 25
Index, deflection (OFT fan) -------- 298 169 Line of:
Index, temporary deflection (GFT fan) 297 171 Departure ------------ - --- 20 13
Indexing chart (GFT fan), example_ 300 172 Elevation - - - -20 13
Indirect laying ... . ...---. 40 26 Fall . ---------------- - --- - 21 14
Initial data, air observer - -236 125 Impact ------------- - -- - 21 14
Initial data, assault fire -------------- 271 120 Site .----------------- - --- 20 13
Initial elements of trajectory --------- 20 13 Line, orientating ------------ - -- - 8,.40 7, 26
Initial fire request: Location of:

Examples ---------------------- 169 95 Center of impact, computation _ 332 188
High-angle fire ----------------- 228 122 High burst, computation of ----- 334 188
Recording ... ....---. 407 22(i Position, observer ...-- - 152 81

Initial firing charts ---------..- 276 145 Targets ------------- - ------ 154, 155 85
Initial laying by aircraft, high-air burst, Targets, air observer ------- ----- 238 125

or flare -------------------------- 73 40 Location, reported, target ---- 255 142
Initial laying of the battery for direc- Location, target, plotting of, FDC 408 226

tion ----------------------------. 69 38 Lot, ammunition ---..... . ....- 49 30
Instrument direction, determining of-- 88 52 Lot number ... - - - --- 34 20
Instrument direction, recording -..--- 91 54 Lot numbers, segregation of ----- 130 72
Interior ballistics -........... 14, 573 10, 329) Lots, ammunition --------------- 578 330

592 334 M2 compass ---..... .. ...- 42 28

Interpretation of dispersion ----. - 617 349 M10 plotting board, preparation of- 387 217

Invalid impact registration - . ... 322, 323 185 Magnetic declination - - - 39 25
Invalid time registrations ..- 322, 324 185, 186 Magnetic north - -- - 9 25

Manufacturer's tolerances _ _ 14 10

Jump ------------ --- -20 13 Map and azimuth terms --------- 39 25
Map data, augmentation of ---- 153 82

Known corrections, application of.. 442 253 Map, firing chrt271 144
Marks, tick- . .................279 152

Known point, target location, by refer- Maximum ordinate-19 13
Maximum ordinate ............ 19 13
ence to57 8 Maximum rate of fire, factor in-

Ladder, deflection dispersion --------- 25 i flfluencing attack of targets_- 539 299
Ladder, range dispersion25 Measurements, photographic and

Ladder, range dispersion ------------- 25 1 6 true, converting of ------------- 55:3 314
Large angle T, effect of 180 11() Measuring and announcing the
Lateral shift, computation using sine angle T 411 229

factors- ----------------- 155 85 Measuring and computing direc-

Laying: tion- .-................... 303 173
Battery, special methods ...- 8 7 Measuring and plotting distances
Direct .-...... ..... . ...... 40, 96 26, 56 with the plotting scale ------- 284 156
Indirect ------------------------ 40 26(
On moving target 101 57 Measuring and plotting:
On stationary target _--........ 102 57 Using GFT fan --------------- 285 158
Reciprocal - 68 37 Using range-deflection fan ------- 292 162
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Measuring and plotting-Continued New velocity error -....... . 372 210

Using range-deflection protractor_ 291 162 New weapons, tolerances ----------- 579 330
With a protractor -... ........ 283 154 Night adjustment of artillery -------- 477 269

Measuring and reporting -.----- 84 51 Night firing 110 60
Measuring: Nonstandard:

Angle of site to mask .-------- 78 46 Conditions -16 12
Azimuth of direction of fire ------ 87 52 Conditions, determination of .---- 610 347
Azimuth to a point ...-. .. . .... .89 53 Conditions, effect of ------------- 604 342
Orienting angle ..-... . .... .90 53 Muzzle velocity, factors causing_ __ 576 330
Range ----------------- - 305 173 Nonuniform ramming 581 331
Range to mask ..-... . ..... 79 46 Normal (parallel) sheaf -------------- 9 8
Using plotting scale .------ 281, 284 153, 156 Normal probability curve -... . ... .... 24 16

Met (meteorological) cheek point ----- 40 26 North, grid 8, 39 7, 25
Met corrections .-.... ... 359 201 North, magnetic .- 39.......... :39 25

Application of, heavy and very North, true 39 25
heavy artillery .- ............ 522 292 Notes for general training -. . . 676 386

Experience- ----------- 379 213 Number of pieces during adjustment_ 173 98
Met deflection corrections ..- . ....... 375 213
Met deflection correction s'cale ..- . .. 365 206

Met, GFT setting- ------------------ 364 206 Objective, fire direction ..... ..... 251 141
Met message-.....-.-. . . . 360 201

ContMet message _--------------- 361 201 Oblique photographs ----------------. 564 323
ConData for---------------------- 132 73 Altitude corrections ------------- 571 326

Line number, selection of32 Characteristics -565 323
Line number, election of nit effects362 202 Correction for misplaced rnil-grid__ 570 326

Solution-363 204 Determination of altitude -------- 569 325
Met transfer limits- .2...06._ M..idd5 366 206
Method for determining quadrant ele-

vation for direct laying-- .... 5.8 . Us 103 58
Method of fire 53 31 Observation.-.. 104 58
Method of fire, change in ------------ 192 108 Combined 221, 225 120, 121
Methods of training -.- 678 387 Field artillery 140, 141 77
Mil, definition- ---------------------- 7 7 For calibration .-....... 643 365

Mil-gridded oblique photographs .- .... 567 323 Sound, flash, and radar-506 288
Correction for misplaced mil grid_ 570. 326 Observation posts:

Mil relation .-..... ------ 155 85 Air ----------------------- 80
Minimum elevation: Battalion 149 80

Computation of ---------------- 80-82 46 Selection of location for ...- . .... 145 78
Determination of -.... . ......... 76 46 Observed and unobserved fires ..- . 253 141
Modification of -.----------- 77, 390 46, 220 Observed fire fan -------------------. 153 82
Responsibility for computing ---- 77 46 Observed firing charts .--------- 435 250
To clear crests not visible from Construction of ------------- 436 250

battery position .............. 77 46 For more than one battalion ----- 449 257
Miscellaneous training checklists .---- 683 388 For more than one battalion (trac-
Misfires, procedure ----------------- 668 382 ing paper method) ------------ 451 258
Misorientation of target grid, procedure Percussion, construction of -..---- 439 252

to correct ------------- 418 233 Percussion plot -.............. 438 252
Mission, destruction ---------------- 493 280 Percussion, transfer to surveyed
Missions of field artillery -.. . ...... 4 5 chart 465 263
Mistakes and malpractices .------ 136 73 Radar improved, advantages ---- 457 260
Modification of minimum elevation -- 77, 390 46, 220 Radar improved, construction of- - 458 260
Moisture content of powder ..-. . .... 584 332 Time fuze, transfer to surveyed
Movement of projectile ----------- 574 329 chart 466 263
Multiple fire missions, FD)C procedure_ 429 239 Time plot ------ 443 254
Muzzle velocity -...------------ 15 11 Time plot, improved by radar ---- 456 260

I)etermination of --------------- 590 334 Time plot, site known, construction
Nonstandard, factors causing ---- 576 330 of - 446 255
Standard ------------- - 575 329 Time plot, site unknown, con-

struction of ----------------- 444 254
Nature of propellants ---------------- 574 329 Transfer to surveyed chart - . .... 463 263
Nature of target -..... ....... 162, 535 93, 298 Transfer to surveyed chart, com-
Naval gunfire support -. . ........app. VII 443 puter record available .-.--- 467 263
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Observed firing charts-Continued Photographic and true measurements,
Transfer to surveyed chart, corn- converting of -------------------- 553 314

puter records not available ----- 468 264 Photographs:
WiSth incomplete survey ..- . ..... 452 259 Aerial. (See Aerial photographs.)

Observer: Distortion in- .------------- 554 315
Air ------------------- - 231-233 124 Oblique. (See Oblique photo-
Briefing ------------------------ 142 77 graphs.)
Corrections ---------------- 177 101 Planning for 549 314
Equipment -------------------- 143 78 Vertical, determination of scale 552 314
Firing close to friendly troops ---- 180 101 Photomap, firing chart ...-.--- 272 145
Firing role ----------....------- 148 78 Piece, unloading of 134 73
Identification -159 93 Pieces to fire .-......... 52 31
Orientation, center-of-impact or Pieces to follow -------------------- 46 29

high-burst .--- 329 187 Planning, fire -. 531 295
Party personnel .-........... 144 78 Plotting and measuring distances with
Personnel assignments ---------- 146 78 the plotting scale ----------------- 284 156
Position, location of -....----- 152 81 Plotting:
Preparatory operations .- . .. ... 151 81 Board M10, use of ….... ..... :387 217
Procedure, 4.2-inch mortar ------- app II 395 Chart data 277 147
Procedure, 4.5-inch rocket Equipment -.............. 278 147

launcher ..........-...- app III 405 Observed firing chart for more than
Sensings -...........- 176 100 one battalion ---------- 450 258
Training checklists ...- . ... ...... 680 387 Scale, uses of --------- _ 280, 281,284 152, 153,
Warning -160 93 156

Observer-target azimuth, change of ... 188 108 Target Location at FD)C .------ 408 227
Observer-target factor ...-..... 180 101 Target reported by 01 .-- 290 162
Occupation of OP, procedure ---------- 147 78 Point:
Officer, fire direction (FI)O) --------- 261 143 Adjusting ........-- - 170 97
Off-scale charts ...-..... 497 281 Aiming-4 .......... 4-.... - 0 26
Off-scale charts, limitations -. - - 498 281 Level, of trajectory .. ......- 19 13
Oily tube ......-....- - 14 10 Measuring azimuth to ---------- 89 53
One probable error ............. 25 16 Meteorological (met) check .----- 40 26
Open sheaf .-...-..... 9 8 Of impact ...-...- 21 14
Operations, preparatory for observer__. 151 81 Reference ....-..... 40 26
Operator-computer, switchbooard ..-.. 265 143 Registration .-.... .... ,10 26
Operators, chart_ - ... ..... ... 264 143 Polar coordinates - ............. 286 160
Operators, radiotelephones .. ...-... 266 143 Polar plot:
Optical instruments, common mistakes Data -....................... 153 82

and malpractices ......-.- 138 74 Indexes on chart, O-,FT fan ----.. 287 160
Ordinate, maximnumn ......-...... 19 13 Marking OFT fan for ...... .289 162
Organization, FI)DC .. .... .. 259, 393 143, 223 Restitution, aerial photographs .-- 561 321
Orientation, observer's direction ll-.... 152 81 Target location -.......... 157 89
Orienting an aiming circle by means of Target reported by 01 ...-. . 290 162

a piece-- ........ .....-.. ... - 8 37 Polar plotting -............ 286 160
Orienting angle .......-... 8, 40 7, 26 Determination of altitude for ---- 441 25:3

L.aying for direction by vuse of_- 72 39 Determination of direction for 4.. 440 252
Measuring of ........... 90 53 Determination of range for -----. 441 253
Shifting from one grid azirlinith to. 94 55 Position area:

Orienting line. 8, 410 7, 26 Corrections :386 216
Orienting station ....--.... 40 26 Displacement, computation, and
Origin of trajectory-_ 19 13 application ...-... 388 217
OT azimuth, change of 188 108 Survey -........... 454 259
OT factor ... ..- 180 101 Powder:
Other methods of laying for direction 73 40 Bagged, position in chamber-... 585 332
Other mission, combined observationl- _ 225 121 Moisture content -...-...-.. . 584 :332

Residues .......... ........ 588 333
Panoramic telescope ..... .........- 43 28 Temperature -........ 132, 58:3 7:3, 332
Personnel, observer party_.......... 144 78 Precision fire, FFE ......... 1!99-201 111
Percussion observed firing chart, coll- Precision registration:

struction of-...... ..... 439 252 Adjustment phase. 312 178
Percussion plot, observed firing chart - 438 252 Example… ....... … ....... 243, 244 127
Phases of training . . 677 387 Fire for effect phase ------ .. 313 179
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Precision registration-Continued Radar improved chart, construction ofl 458 260

High-angle fire -......... 488 275 Radar improved time plot observed
Procedure .310 177 firing chart 456 260
With fuze quick, FFI . --.. 200 111 Radar ranging .-...... --------- 512 289
With time fuze, FFE - .... 201 I11 Radial and circular probable error-. . .628 358

Primary chart -............... .... 406 226 Radial (circular) probable errors and
Primary chart operator, duties -------. 403 225 related SSHI'2 . (i627 358
Primer, ammunition -... ... 34 20 Radio communication, FDC -... 4:32 240
Primers, care and handling ..- . .. .127 72 Radiotelephone operator- . 266 143
Principles of employment of field Radiotelephone operator, duties of__ 401, 405 224, 225

artillery fire power 5 5 Ramming -.. ... 14 10
Principles of operation, FI)C 260 143 Ramming, nonuniform .-.l 581 331
Probable errors: Range ..-... II........ 11 10

Application of -t.. 620 350 Adjustment, by observer ------- 184 105
Approximated- ........... 637 361 Average, calibration of - . ... ... 645 367
Circular 29 17 Card -.... 9-... . 98 56
DIefection --.-.-..... 28 17 Conversion to a standard in cali-
reight of burst ..-.. 31 18 bration 646 367
One ....-.... .. 25 16 Correction for 196 109
Rladial (circular) and related SSHP 627 358 Correction, computation of --.. . 340 192
Radial and circular ..- . .......... 628 358 l)etermination of for polar plot-
Range -..-...... .. .26 17 ting 441 253
Vertical ..---....... . .30 18 Determination of for polar plotting

Probable position of Cl -... . ... .. 623 :353 with large angle of site 448 257
I'robability: Dispersion, causes of - _ 614 349

Summary -... .... 637 361 Effects -t 605 342
Tables -........... ... 621 350 K; complutation of 3... .... 340 192
Tables, use of ....-.--..-..... 618 349 Measuring .-......... 305 173
Zones 619 349 Probable error (ep,) .-.. .. 26 17

I'robability and dispersion ----------- 23, 611 15, 348 Sensings ...-.. 185 105
Probability concepts, employment of_- 612 348 Standard, relationship to eleva-
Projectiles - .----.. ... . .. 34, 48 20, :30 tionl -..................... 598 338

Care and handling - .. 123 70 To mask, measuring of 79 46
Lethality v.....- 543 304 Range-deflection far, measuring and
Movement -.. --------- --- 574 329 plotting -............... 292 162
Types of -..... 34, 35 20, 22 Range-deflection filn, prepared for de-

165 94 termining datl - 302 172
Weights of .............--- 14, 15 10, 11 Range-deflection protractor, prepared

132, 586 73, 332 for determination of data .-. . .301 172
l'ropaganda shell ......... 478, 479 270 Range-deflection scale, deflection-cor-
I'ropellant performance, charge-to- rection scale -:4!) .9 197

charge . 591 334 Ranging:
'ropellants, nature of .. 574 329 Flash- ...... ...... . 511 289
Propelling charge -..----....- .... 14, 34 10, 20 Radar -............... 512 289

Care and handling ........- ... 124 70 Sound -........... 510 289
Increments -.. . ... ......... 34 20 Recorder's sheet, firing battery - . ..... 11!) 66
Positioning of --.... 34 20 Recording:
Tie straps and wrappings 34 20 Fire order 41 0 229

Protractor, measuring anid plotting with 283 154 Instrument direction ll D... 01 54
Protractor, range-deflection, measuring Lavying for direction .- .. 75 43

anld plotting with… .- 2D91 162 The initial fire request- ....... .. 407 226

Quadrauntt -- ------ -- - 57 3 Reciprocal lahing ----------- 68 37
Quadrant elevation---------------- 20 13 Rectangule,'dispersion -... 2..... 25, 622 16, 352
Quadrant elevation, method of deter- Refer-40 26

mining in direct laying --_ 103 98 Reference line, determination of by ail
observer ....... : 237 125

Radar chart -... . ........... 459 262 Reference point ........-..... 40, 157 26, 89
Construction of ...-. .... 460 262 Registration .... 123 236
EIvaluation of 461 262 And survey control, facdftor iifuenc-
Registering piece located .-. 462 262 ing attack of targets .....- 537 298

Radar firing chart-.......... 455 260 Center-of-ilpact, advantages and
Radar improved chart, advantages ' 457 260 disadvantages ..... 326-28 187
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Registration-Continued S3 duties .... ... 395 223
Center-of-impact, firing data ..--- 331 188 Safety card -............. 669 382
Conduct of, by sound, flash, or Safety diagram .-.. 670 382

radar ---------- ------------ 509 288 Construction from azimuth ref-
Correction of sight error after ---- 120 67 erence .-......... 671 383
Corrections, principles of applying_ 338 191 Construction from visible reference
Corrections, principles of deter- point 672 384

mining ----------.-- 388 191 Safety officer . 660 375
Fire for effect, combined adjust- Duties before firing -.......... 666 381

ment ------------------- - 503 286 Duties during firing ...- 667 381
High-burst, advantages and disad- Duties, general .-.............. 665 381

vantages ----------- - 326-328 187 Safety precautions, general .-.- 122 70
High-burst, firing data ---------- 333 188 Safety stakes 673 384
Impact area - -- - - 330 187 Salvo fire ------------------------- 53 31
Invalid impact - . ........... 322, 323 185 Scale:
Point ... . .. . ....--.. . ...... 40 26 Ballistic, GFT fan .------------ 306 173
Precision, adjustment phase ----- 312 178 Ballistic, metal GFT fan - .. 306i 173
Precision, fire for effect phase ---- 313 179 Coordinate, determination of co-
Precision, high-angle fire --- - - 488 275 ordinates --------- 156 88
Precision, procedure ------------ 310 177 Correction, aerial photographs. 572 327
Purpose of -............. 307, 309 177 Deflection correction. 347 195
Refined ---------- ------ - 325 186 i)eflection correction, for subse-
Subsequent, deflection-correction quent registrations -------- 350 198

scale for --------------------- 350 198 leflection correction, GFT fan_ __ 348 197
Techniques where fork is 150 yards Deflection correction, met - :365 206

or greater or 50 yards or less__- 516 290 )eflection correction, range-deflec-
Time ------------ 320 183 tion fan -........... 349 197
Time, invalid - ........... 322, 324 185, 186 Plotting, plotting and measuring
Time, procedure ---------------- 321 183 distances .-............ 284 156
Types ------------------- - 308 177 Vertical photographs, determina-
VT fuze ------ --------- 530 295 tion of 552 314
With more than one ammunition Searchlight illumination, conduct of

lot ---------------------- - 355 200 fire using 213 117
Relationship, standard range to eleva- Searchlight mission, example --------- 248 139

tion -.-------- ---------- 398 224 Section data sheets ....- . 119 66
Relief in aerial photographs ---------- 556 316 Sectors of fire -...... . .... 97 56
Repetition of commands ------------ 61 35 Segregation of lot; numbers .- . ... 130 72
Replacement of ammunition in conl- Selection of:

tabiners - -131 73 GFT setting . ...... 345 195
Replot data - -420 234 Met message line number -------- 362 202
Replot data, high-angle fire ---------- 490 277 Observation post location -145 78
Replotting targets -------------- - 420 234 Targets -99 56
Report, executive's - ..----- 64, 95 36, 55 Unit effects, met ---------------- 362 202
Report of firing to S2 --------------- 421 236 Units to fire, considerations, factor
Reporting adjusted azimuth .....- - 86 51 influencing attack of target .- 541 303
Reporting adjusted deflection -------- 85 51 Sensings:
Reporting and measuring ------------ 84 51 By observer -... - - 176 100
Request, fire, processing -...-. . 256 142 Deviation . .---...-... 179 101
Resection, tracing paper, method of re- Height of burst -.......... .... 182 103

stitution, aerial photographs .....- - 559 318 Range - ....... 185 105
Restitution, aerial photographs ...- - 557 317 Sequence of fire conmands ...-... 45 29

Alternate polar plot -....- 562 321 Sequence of fire requests ------ 158-167 93
Polar plot .. . ..--.. 561 321 Service of the piece drill, conduct of -- 115 63
Radial line method ------------- 558 318 Service practice ....- . ........ 656 375
Tracing paper resection --------- 559 318 Conduct of -... ......... 662 376
Use of proportional dividers ------ 560 320 Duties, commanding officer -657 375

Rotating band -..... 14, 582 10, 331 I)uties, range officer ----------- 659 375
Rotation of earth -.............. 15, 367 11, 207 Officer in charge 658 :375
RIound, ammunition, complete ------- 34 20 Other considerations ..... 664 379

Procedure at close of firing -663 379
S factor .------------ --------------- 314 179 Safety officer -... 660 375
S2 duties - - -- 394 223 Training for 661 375
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Setters, fuze .-----------..-- 37 23 Site-Continued
Settings: Complementary angle of (comp

i)uring firing, checking of.... 65 36 site) ------------------------- 20 13
GFT -................ 342, 344 192, 194 Determination of angle of ------ 304 173
GFT, GFT fan -- -343 192 Determination of, by firing .... 447 256
GFT, met ..- ------ 364 206 High-angle fire -.... 487 274
CIFT, selection of ------ -- - 345 195 Line of -.. . ................ 20 13
Time .......----. 56 33 Table, graphical - ............. 306 175

Sheaf: Sketch, terrain ..--. ....... 153 82
Converged ....-- -- 9 8 Slope of fall .-............ 21 14
Definition of ... . ...---------- 9 8 Smoke screen, building and maintaining_ 472 266
Linear -------------........ 9 8 Smoke shell -470 265
Normal (parallel) ------------ 9 8 Smoke shell, conduct of fire - . .... 209 114
Open - -9 8 Solution of met message .- . .......... 363 204
Special ----------------- - 9 8 Sound, flash, and radar observation.... 506 288
Special, M10 plotting board ....-- 389 219 Sound, flash, and radar target designa-

Sheets, data ... ......--....... 531 295 tion 507 288
Shell: Sound ranging -.................. 510 289

Armor-piercing ----------- - 35 22 Special corrections ..-.. . ...... 47 30
Base-ejection ... . . ..--.. 35 22 Application of . 381 153
Burster type chemical . . ..--.. 35 22 Determination of -........... 381 153
Change in type of .......... ...- -194 109 FDC procedure for use of...... 430 239
Chemical ------------------- - 469 265 For heavy and very heavy artillery 521 292
Gas -------------.-- 473 266 Stakes, safety .-..... 673 384
High-explosive ....--. 35 22 Standard:
High-explosive, antitank (HEAT) 35 22 Atmosphere, characteristics of tra-
Illuminating ----------.---- 474 266 jectory in .-.......... 597 337
Illuminating, adjustment of --- 475 267 Conditions of ...... 16 12
Illuminating, FDC procedure -- 476 267 Muzzle velocity -............ 575 329
Propaganda .- .............. 478, 479 270 Of proficiency, artillery units...... 686 389
Propaganda, FDC procedures ---- 480 270 Range and elevation relationship. 598 338
Smoke --......... 470 265 Time for artillery fire -684 388
Smoke, building and maintaining Time for fire mission phase...... 685 388

smoke screen . ......--. ... 473 266 Station, orienting -. ....... 40 26
Smoke, conduct of fire . ..--. .. 209 114 Summit of trajectory-19 13
Smoke, FDC procedures in adjust- Supplementary deflection indexes (GFT

ment ------------.----- - 471 265 fan) 299 171
Surface finish- -------------- 15 11 Surprise fire missions ...... 424 236

Shifting fire- ------------------------- 53 31 Surveillance of fire for effect --------- 207 113
Shifting from one grid azimuth to

orienting angle -.. ...... 94 55 Survey:
Shifting from one orienting angle to Control and registration, factors in-

another------------ ------------ 94 55 fluencing attack of targets .--- 537 298
Sight error, correction after registration_ 120 67 Data, record of 406 226
Sight systems for direct laying --100 57 Incomplete, observed firing chart__ 452 259

Signals, arm-62 35 Position area -454 259
Sine factors---------------------- 155 85 Target area 453 259

Use in computing distance shift. 155 85 Switchboard operator-computer - . . .265 143
Use in computing lateral shift..... 155 85 Switchboard operator-computer, duties_ 400 224

Single shot hit probability (SSHP) - _ 624 353 Systems, grid -................. 267 144
For bias targets - . ....... 625 354
For type I (weapon and target rec- Table, graphical site ----------- 306 175

tangular) -.... ... 631 359 Table:
For type 2 (weapon rectangular, Ammunition chart .-. .. 34 20

target circular) -.......... 632 360 Area covered and percentage of
For type 3 (weapon and target casualties one-battalion volley__ 544 304

circular) -633 360 Area covered and percentage of
For type 4 (weapon circular, target casualties for one-battery volley_ 544 304

rectangular).... 634 360 Area covered and percentage of
Site -20, 55 13, 33 casualties for 105-mm howitzer

Angle of ...... . 20 13 battalion firing one volley with
By firing (executive high burst) _ 92 54 range spread -............ 545 309
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Table--Continued Targets-Continued

Characteristics and capabilities of Selection of -................. 56
artillery weapons .-....-.. . . .33 20 With vertical profile ----------- 1(16 .58

Credit allotted for speed of adjust- Team, field artillery gunnery - . .... 6 6
ment (ATT 6-5) .......-..... 686 389 Telescope, panoramic - .. .43 28

Effect on concrete (weapons) ----- 540 299 Temperature, powder ...-... 132, 583 73, 332
Fuze iilerchangeabilitv chart .... 36 23 Temporary deflection index (GFT fall) 297 171
Maxinmuln rate of fire. ...- 539 299 Terms, common firing battery . -. ..- 40 26(i
Open sheaves --.... ..... 9 8 Terminal elements of trajectory .- 21 14
O)rganization and characteristics of Terrain sketch .--... .153 82

heavy and very hea;vy artillery__ 514 2!90 Tick marks .--.. . ... 279 152
Probability (circular) ..- . ... 630 :358 Tilt, in aerial photographs -- 555 315
Probability (rectangular) -- _ 621 350 Time correction:
Service practice timing - . ...... 686 389 Computation of-341 192.
Standards of proficiency (speed) for Experience-380 214

artillery fires- - - - -... - 686 3:189 For complementary angle of site- 391 222
The fire request - 169 95 Time fue34 20'~~~~~~~~~~~ime fuze ............. ... 3R )5:4 20
Typical targets anid suggested Time fuze, FDC procedure in uising -.- 425 236

methods of attack -... 547 312 Time onil target missions, F )G procedure
Tables: for ----------------- 428 238

Firing--------------------601, 609 339, 346 Time plot observed firing chart .------ 443 254
Graphical firin$g ----------- -306 175 Construction of, site known - . 446 255
Probability, eireular - 630 3G 58 Construction of, site ilunknown -- 444 254
Probability, rectangular--- - 621 350 Improved by radar--....456 260
Probability, use of .. .. 618 3119 Tie registration0 18Time registration --- --- --- --- --- 320 1 83
WVear, for heavy and very heavy xa e 245 132

artillery - 520 292 Invalid-24 ISSartillcr)·...~~~.~~~ .. j20 ~Invalid ............ .. ~~...... ... 322, 3(24 185
Wear, for heavy artillery - ... 655 373 Procedures- 321 183

Target area survey-4 25 T...e.si 453 2596 33Time setting ~~... ......... 56 3
Target:

Tolerances in new weapons…'.. .... 573) 3Attack of-. . ............. 257, 534, 542 142, 298, Tran
304 Training:

Azimuth - .... 161 93 Equipment and aids675 386
Conversion of shape - . ....629 358 For service practice--- 661 375
D)esignation, combined observation_ 501 283 Of firing battery--------- 114 62
D)esignation, sound, flash, and radar 507 278 Methods6 ....... .387
Grid misorientation, procedure to Notes, general .-- -. 676 386

correct4 .- - -....... .418 233 Phases -... 677 387
Grid, use of - .... .293 164 Purpose of -... 674 .386
Height of ...-.-.... . .. 10 10 Trajectory:
Moving, laying on- ----- - 101 57 Base-....1.9 . 13
Nature of -.. ....... - 162, 535 9:1, 298 Change in -... - ....... 191 1(18
Reported locations ..--.. . .. .. 255 142 D)efinition of --........ .. .... 17 13
Stationary, laying on --- 102 57 Elements of -..... . .1 14
Typical, and method of attack -.. 547 :312 Form of ....-...-... 22 14

Target location . ........ 154, 155 85 In atmosphere - ............ 596 337
By air observer .... . 238 125 In a vacuum -......-... .. 593 336
By eoordinates .. ....... 156 88 In standard atmosphere, char-
By reference to known point - 157 89 acteristics of .......... 597 337
I)ata, announcement of. -- _- 155, 161 85, 93 h iitial elements of -... ... 20 13

Plotting of --- 408 227 Intrinsic elements of- ......- 19 13
Polar-pilot method . ….... - 157 89 Origin9 -........ ...... 1 I 13
Prearranged data ..-.-... -157 89 Summit of -. 19-........... 1 13
Reported… _ 255 142 Terminal elements of . .... 21 14
Shift from reference point -------- 157 St Vertical displacement of .------- 107 59
Vertical shift- ......... . 157 8!9 Transfer from observed firing chart to

Targets: surveyed chart ------ 46:3 263
Bias, SSP . ...11'-....... 625 354 Transfer limits- .... .339 191
Field arlillery, source of location-- 254 142 Transfer limits, mt …....... 366 206
Located by sound, flash, or radar, Transfer of fire, high-angle fire -- 411 2791

FJ)C procedures ----------- 513 389 Trends, velocity - .......... 577 330
Replottinig of -.---... .-- - - 420 234 True north -39............. :19 25
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Tube conditioning -......... 589 333 Vertical-Continued
Tube, wear of ...... ..-.. 14, 580 10, 331 Profile, targets with ------------ 106 58

Shift, target location _- 157 89
Unit effects, met, selection of -------- 362 202 Velocity components .----------- 595 336
Units to fire, selection of, factor in- Visibility diagram -...... 153 82

fluencing attack of target 541 303 VT fuzes -34, 529 20, 294
Unloading the piece 134 73 Angle of fall .-..-. . 81 47
Unobserved fire missions ...- 424 236 Care and handling . . ........ 126 71

Computation of minimum eleva-
Vacuum, trajectory in .- ............ 593 3:36 tion (low-angle fire) 81 47
Velocity components -594 336 Computation of minimum elevation

Horizontal -................... 595 336 based on arming time --------- 82 49
Vertical - 595 336 Crest clearance -.. .. .81 47

Velocity error: FDC procedure in using ---------- 426 237
Absolute, computation of -651 370 In effect ----------------------- 5:1 31
Application of - ............. 368, 371 207, 209 Proximity to friendly troops - 81 47
Application of, to ranges outside Registration with -------------- 530 295

transfer limits .----.... . 374 211
Average -.... .373 210 Weapons, table, effect on concrete - 540 299
Corrections, experience - . ..... 378 213 Weapons, tolerance in new -- . ..... 579 330
Determination of - . ....... 368, 370 207, 209 Wear of tube -............. 14, 580 10, 331
Determination of, from calibra- Wear tables, heavy and very heavy

lion - 647 368 artillery -.................. 520 292
New- - 372 210 Wear tables, heavy artillery -655 373
Range effect, determination of --- 369 207 Weight of projectile- . ... 14, 15, 132, 586 10, 73, 332

Velocity, muzzle (see muzzle velocity) 15 11 Wind .- , 361 11, 201
Velocity trends ......------- -------- 577 330 Wire communications, FDC 43:3 241
Verifying laying for direction ..- . . .. .74 41 Wrenches, fuze :---....... 37 23
Vertical: Wrong OT factor, correction of - . .. 180 101

Control, aerial photographs ------ 563 322
Displacement of trajectory -107 59 Zone:
Photographs, determination of Dispersion l............. 23 15

scale -552 314 Fire 53 31
Probable error 30 18 Probability -. 619 349

[AG 353 (19 Nov 56)1
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