
FM 44-62
DEPARTMENT OF THE ARMY FIELD MANUAL

a ed

AIR DEFENSE ARTILLERY
AUTOMATIC. WEAPON GUNNERY

HEADQUARTERS, DEPARTMENT OF THE ARMY

Adgust 1969



FIELD MANUAL

No, 44-62

*FM 44-62

HEADQUARTERS

DEPARTMENT OF THE ARMY

WASHINGTON, D,C,, 6 August 1969

AIR DEFENSE ARTILLERY AUTOMATIC WEAPON GUNNERY

Page

Chapter 1, INTRODUCTION

Purpose and scope- wt

Recommended changes and comments- wt

References, symbols, and terms .... m1

2, AUTOMATIC WEAPON GUNNERY PROBLEM

Section I. INTRODUCTION

General - - at
Slant plane concept... a4

Ti, Elements of data

General. 22

Planes 22

Points . ae

Lines 28
Angles 27 2

UL. Solution of the problem

General 28 24
Gunnery chain 29 a4
Requirements for a hit -. =... 210 28

TV, General epplication of problem

General... 211 210

‘The four links of the gunnery chain. Bz B10

Chapter 8, TRACER OBSERVATION

Geners o4 34
Basi aa ae
Observation at the gun, crossing course a8 oa

Observation et the gun, incoming course a4 a
Observation at the gun, outgoing course a5 a4
‘Observation at the gun, nonlevel crossing course .... 5-6 a5

‘Observation at the gun, directly-at-the-gun course... 3-7 as

Downcourse observation... 28 a7

Chapter 4 AUTOMATIC WEAPON SIGHTING SYSTEMS

Section 1. Speed ring sights

Basic principles -. “a

Speed ring sight used with 40-mm gun M2A1 +2 “a
Reflex sight M18 43 +2
Gunnery chain, 1 “4 +2
Adjustments for a hit 45 45
Speed ring sight engagement technique 46

IL. Computing sight Mss

General... “7 oo

Operation and functioning “8 “
Establishing the gunnery chain with computing sight

Lr : 412

TIL, Computing sight XM6L

General 45

Operation and functioning 416

Establishing the gunnery chain . +18

“This manvol supersedes FM 44-42, 26 Septomber 1966.

AGO B88TA,



FM 44-62

Section

Section

Appendix

5. SURFACE FIRING

I. Introduction

General -
Basic elements of data

Tl, Direct fire

General procedure -.... 0 -.....-

Specific direct fire methods

Ul, Indirect fire

General ...... -

Indirect fire positions --.-

‘Orientation ns

Adjustingthe sheaf —__-_-

Direct command procedure -..

‘Target grid procedure...

IV. Miscellaneous

Harassing and interdiction fire -

Ballisti

Registration

Range cards ..

A. REFERENCES ...

B. GLOSSARY OF AIR DEFENSE ARTILLERY

AUTOMATIC WEAPON SYMBOLS AND
TERMS -

©. PREPARATION OF M85 FOR INDIRECT FIRE .. -..

‘AGO sure



FM 44-62

CHAPTER 1

INTRODUCTION

1-1. Purpose and Scope

@. This manual is a guide to the gunnery tech-

niques used by air defense artillery automatic

‘weapon units. Written primarily for air defense

artillery automatic weapon commanders and

leaders, its content is applicable to all persons

concerned with air defense artillery (ADA)

automatic weapon (AW) gunnery.

. This manual contains discussions of the

ADA AW gunnery problem and its solution, tra-

cer observation, sighting systems used with the
weapons, and procedures for firing against sur-

face targets.

¢. The material contained herein

to both nuclear and nonnuclear warfare.

4. The term, ADA AW, as used in this manual,
refers to the twin 40-mm, self-propelled gun

‘M42; the multiple caliber .50 machinegun trailer

mount M55; and the self-propelled and towed

Vulcan weapon systems. These weapons are re-

applicable

watts

ferred to in the manual as the M42, M56, and

Vulean.

1-2, Recommended Changes and

Comments

Users are encouraged to submit recommended

changes and comments to improve this manual.

Comments should be keyed to the specific page,

paragraph, and line of the text in which the
change is recommended. Reasons will be provided

for each comment to insure understanding and

complete evaluation. Comments should be pre-

pared using DA Form 2028 (Recommended

Changes to DA Publications) and forwarded di-

rect to Commandant, U.S. Army Air Defense

School, ATIN: AKBAA-S-DL, Fort Blias, Texas

79918.

1-3. References, Symbols, and Terms

Appendix A lists reference material that supple-

ments this manual. Symbols and terms peculiar

to ADA AW are listed in appendix B.
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CHAPTER 2

AUTOMATIC WEAPON GUNNERY PROBLEM.

2-1, General

Basically, the ADA AW gunnery problem is one

of predicting the future position of the target and

firing so that projectile and target arrive at that

position simultaneously. The sights of AW sys-
tems are designed to aid gunners in solving this

problem. The solution of the ADA AW gunnery

problem is based on certain assumptions, It is
assumed that the target will fly a straight course

during engagement, that it will maintain its pres-

‘ent speed during engagement, and that the closest

it will come to the gun during its flight is a dis-

tance (midpoint slant range) fixed by the target’s

present course.

2-2. Slant Plane Concept

To facilitate understanding of the ADA AW gun-

nery problem and the sighting devices used in its

solution, a geometric approach known as the

slant plane concept has been developed, The fu-
ture position of the target is located in an imagi-

nary tilted surface, or slant plane, containing the

gun, the present position of the target, and the fu-

ture position of the target (fig. 2-1). To hit the

target, the projectile must be fired at a point in

space ahead of the present position of the target.

‘The elevation and azimuth angles of that point

are different from those of the present position.

The differences between present target position
elevation and azimuth and the elevation and azi-

muth at which the gun must be fired to get a hit

are the elevation and azimuth lead angles, and

they lie in the vertical and horizontal planes,

respectively. The slant plane concept is a simpli-

fied approach that resolves these two lead angles

into a single lead angle in an imaginary slant

plane. The only other requirement to obtain a hit
is to add superelevation to allow for the effect of

gravity,

AIRCRAFT

AIRCRAFT 7

SLANT SLANT
PLANE PLANE

LEAD ANGLE

SLANT

PLANE

ELEVATION

HORIZONTAL GUN HORIZONTAL
PLANE PLANE

FRONT VIEW END VIEW

Figure 2-1. Slant and horizontal planes,
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Section Il, ELEMENTS OF DATA

2-3, General

‘To present the AW gunnery problem, certain geo-

metric plane surfaces, points, lines, and angles

used in its discussion must be named and defined.

2-4, Planes

a. General, By definition, a geometric plane is

an imaginary flat surface of infinite dimensions

which can be established by a straight line and a

point not on that line or by three points not on

straight line,

b, Slant Plane, The slant plane is the geometric

plane established by the target course line and
the pintle center of the gun, The target course

line is a straight line established by extending

the longitudinal axis of the target. The pintle

center of the gun is the point around which the
gun bore moves laterally and vertically. As long

aa the target course line does not pass through

the pintle center of the gun, a slant plane is

established (fig. 2-1).

¢. Horizontat Plane. The horizontal plane is es-

tablished by the pintle center of the gun and all

points at that elevation, disregarding curvature

of the earth’s surface (fig. 2-1).

2-5. Points

(fig, 2-2)

a. G. Point G is the pintle center of the gun.

®. T,. Point 7. is the present position (observed

Position) of the target and is defined as the loca-

tion of center of mass of the target at the moment

a round is fired.

c. 7, Point T, is the future position (predicted

position) of the target and is defined as the point
on the course line where the round, if correctly

aimed, will intersect the center of mass of the

target.

d. T,, Point T,, is midpoint and is defined as

the point on the course line that is at minimum

lant range from the gun.

HORIZON’

PLANE

LINE OF INTERSECTION

BETWEEN SLANT PLANE.

AND HORIZONTAL PLANE:

Figure 2-2, Pointe, iinee, and angles,
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2-6. Lines

(fig. 2-2)

4. D,, The line D, is present slant range and is

defined as the straight line distance between the

gun pintle center and the present position of the
target.

®. D,. The line D, is future slant range and is

defined as the straight line distance between the

gun pintle center and the future position of the

target,

¢. Dy The line Dy is midpoint slant range and

is defined as the straight line distance between

the gun pintle center and midpoint of the target

course,

d, Target Course Lines (fig. 2-8). In any dis-

cussion of ADA AW gunnery, the attitude of the

target course line in space is of prime impor-

tance. To describe different attitudes, target

courses are named according to the altitude from

the horizontal plane and the direction of flight in

respect to the gun, Every target course will be

described by two words, one describing altitude,

the other describing direction.

(1) Level, A level course is formed by a tar-

get flying at constant altitude.

(2) Climbing. A climbing course is formed

by a target flying at increasing altitude,

(8) Diving. A diving course is formed by a
target flying at decreasing altitude.

(4) Incoming, An incoming course is formed

SLANT

PLANE

SLANT PLANE

HORIZONTAL,

HORIZONTAL

PLANE

CROSSING

DIVING
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by the target flying toward a vertical line ex-

tended through the pintle center of the gun.

(5) Outgoing. An outgoing course is formed
by a target flying directly away from a vertical

line extended through the pintle center of the

gun,

(6) Crossing. A crossing course is any

course where the target course line does not pass

directly over the gun,

(1) Directly-at-the-gun, A directly-at-the-

gun course is formed when the target is flying di-

rectly toward the pintle center of the gun.

¢. Course Descriptions. By combining the above

words, any course can be described; for example,

incoming diving, crossing level, climbing outgo-

ing, or diving directly-at-the-gun.

f. Legs. Target course lines can be divided, for

gunnery puposes, into two portions called legs.

‘The approaching leg is that portion of the target

course ‘line along which the target is flying to-

ward midpoint, The receding leg is that portion

of the target course line along which the target is

flying away from midpoint.

9. Vt» The line Vt, (fig. 2-2) is the straight

line distance from the present position of the tar-

get to its future position. The letter V is the tar-
get speed (velocity) along the course line. The

letter ¢ is the time of flight of the projectile (in

seconds). The subscript p designates future posi-

SLANT PLANE

‘GUN

HORIZONTAL

PLANE:

INCOMING CROSSING
LEVEL CLIMBING

Figure 2-8. Target courses,
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tion. Vé,, then, has the value of the speed of the

target multiplied by the time of flight of the

projectile.

2-7. Angles

(fig. 2-2)

4. Ey. The angle E, is present angular height

of the target and is defined as the vertical angle

between the line of present slant range and the

horizontal plane

&. E,, The angle E, is future angular height of

the target and is defined as the vertical angle be-

tween the line of future slant range and the hori-

zontal plane,

¢. Ey. The angle Eis midpoint angular height

and is defined as the vertical angle between the

line of midpoint slant range and the horizontal

plane,

4. B,, The angle E, is slant plane angular

height and is defined as the vertical angle be-

tween the slant plane and the horizontal plane

measured perpendicular to their line of inter-

section.

e. Angular Height Variations.

(1) &,, the slant plane angular height, can-

not vary with any single target course line be-

cause the position of the course line is fixed in

space.

(2) E. and E,, present angular height and

future angular height, respectively, will both

change in value as the target progresses along a

target course line provided the target course line

does not lie in the horizontal plane. On level

courses, H, and E, increase to midpoint and de-
crease thereafter. On climbing and diving courses

they increase to a point other than midpoint where

angular height to that point is equal to slant plane

angular height and decrease thereafter. This point

is located on the approaching leg of a diving

course and on the receding leg of a climbing

course,

f. # (Phi). The angle ¢ (phi) (not shown in

fig. 2-2) is quadrant elevation and is defined aa

the vertical angle between the axis of the gun bore

and the horizontal plane.

9. #. The angle #, is superelevation and is de-

fined as the vertical angle required to elevate the

gun bore above the line of future slant range to

overcome the effect of curvature of trajectory

caused by gravity. This angle varies inversely

with the elevation of the gun bore and directly

with range to the target (future slant range).

h. « (Alpha).The angle « (alpha) is the angle

of approach and is defined as the angle GT.7,

with the apex at 7.. This angle, which increases

as the target progresses along a course line, varies

from 0° to 180°. It always lies in the slant plane.

i. Lg. The angle Le is the required lead angle

and is defined as the angle between the lines of

present slant range and future slant range. This

is a slant plane angle.

2. Le. The angleLe (not shown in fig. 2-2) ia

the generated lead angle and is defined as the

angle between the tracker’s line of sight and the

axis of the gun bore (disregarding supereleva-

tion). The tracker’s line of aight is a line projected

from the tracker’s eye through the target, The

axis of the gun bore (disregarding supereleva.

tion) is an imaginary line along which the axis

of the gun bore would lie if the angle of superele-

vation were not set in. The generated lead is the

lead that actually exists, The problem is to make

the generated lead coincide with the required

lead.

Section Ill. SOLUTION OF THE PROBLEM

2-8. General

With certain points, lines, and angles established

in and between the slant and horizontal planes,

the ADA AW gunnery problem can be solved.

The problem of obtaining a hit is reduced to two

basic requirements, line and lead. A set of four

conditions, called links of the gunnery chain,

must be established to satisfy these requirements,

2-9. Gunnery Chain

. Link I. Establish and maintain the tracker's

line of sight on the center of mass of the target.

24

‘The tracker’s line of sight is a line from the

tracker’s eye through, or along, a sighting device

to the target. Link I is established when the

tracker’s line of sight lies along the line of D.,

present slant range,

d. Link H1. Establish the axis of the gun bore

(disregarding superelevation) in the slant plane.

¢. Link HI, Establish the correct lead. Having

established links I and II, make the axis of the

gun bore (disregarding superelevation) lie along

the line of future slant range, D,.



d. Link IV. Establish the correct supereleva-

tion. With the axis of the gun bore (disregarding

superelevation) lying along D,, the last step to

obtain @ hit is to elevate the gun bore a small

amount (superelevator) necessary to overcome

curvature of trajectory caused by gravity.

2-10. Requirements for @ Hit

The problem is reduced to two requirements for a

hit; i,, line and lead.

FM 44-62

a, Line. This requirement is satisfied if the

Projectile is made to intersect the target course

line within tolerance, In the line tolerance, a mar-

gin for error exists, The projectile need not in-

tersect the narrow line of the projected longi-

tudinal axis of the target fuselage to be effective.

Intersecting the bottom or top of the fuselage is

a hit, By definition, the line tolerance is one-half

the angle at the gun subtended by the diameter,

from top to bottom, of the target fuselage. The

LINE TOLERANCE

1, SLANT-PLANE VIEW, CROSSING COURSE,

INCOMING COURSE

CROSSING COURSES

DIAMETER OF FUSELAGE

2. CROSS-SECTIONAL VIEW,

Figure 2-4. Line tolerance,
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amount of this line tolerance increases with the

diameter of the target fuselage and decreases
with increasing range (D,) to the target (fig.

24),

b, Lead. This requirement is satisfied, after

line is obtained, when the projectile is made to
intersect the target.

(1) Lead tolerance, Here again a margin for
error exists. The projectile need not hit the center

of mass of the target to be effective. An intersec-+

tion with the nose or tail is a hit, By definition,

the lead tolerance is one-half the angle at the gun

subtended by the length of the target fuselage,

‘The amount of this lead tolerance increases with

the length of the target fuselage, decreases with

greater range (D,) to the target, and increases

with the angle of approach to minimum slant

range but decreases thereafter (fig. 2-6). In

figure 2-6, Ly; indicates the required lead angle

to intersect the tail of the target and L,, indicates

the required lead angle to intersect the nose of the

target.

(2) Mathematical solution of lead angles.

(a) In figure 2-2, the triangles in the

slant plane are formed by the gun (G), target

present position (7), target future position (T7,),

and target midpoint (7..). These points are lo-

cated when the target is flying a certain course

and a particular round is fired. The problem is to

determine the magnitude of the angle Lz, the

G

Figure 2-6. Lead tolerance.

AGO BTA



lead angle required to hit the target. By applying

the law of sines to the triangle G7, 7,, the follow-

ing proportion is found:

sin Le ait

Vie

Solving for sin Le,

sin Ly = VG X sine

Since D, equals the velocity of the projectile times

the time of flight, D, = Vyrs X ty By substitut-

ing:

tin ip = VX being
xem

-¥.
sin Ly = T— sina

(2) The foregoing trigonometric equation

can be interpreted to show that the sine of the

lead angle is directly proportional to the speed of
the target and the sine of the angle of approach

and is inversely proportional to the velocity of

TARGET COURSE

PM 44-62

the projectile. As the velocity of the projectile is

nearly constant for a given weapon at short

ranges, the size of the lead angle, required for hits

on a target of constant speed on a straight course,

will increase as the target approaches and will de-

crease after it passes midpoint. This can be shown

in a practical way by using ranges and times of

flight listed in firing tables (FT .BOAA-T-1) and
computing the lead angles necessary to get hits at

specific slant ranges. For convenience and ease of

computing, the problems illustrated here (figs. 2~

6—2-9) start at a 7, at midpoint and work back

on the approaching leg of the target course. The

example problems have the following data given:

Target speed 200 meters/second

Course - level crossing

Midpoint alant range 400 meters

Altitnd not considered

1, Problem (fig. 2-8). Determine the

lead angle (Ls) required to hit the target at a

slant range (D,) of 400 meters, and determine

Ty 100 METERS T,

¥ = 200 m/sec

‘MIDPOINT

f Lp = 250%

Figure 2-6 Computationof lead angle, problem1.

88th,



TARGET COURSE

V = 200 m/sec”

Figure 2-7. Computation of lead angle, problem 2.

the angle of approach (a) at the time the weapon

is fired,

{a) D, = 400 meters,

(b) Time of flight (from firing tables
= 0.5 second,

(c) Distance target will fy during
time of flight (7, to T,) = 200 meters x 0.5

second = 100 meters,

(d) Present slant range D, = 1/100"

+ 400' = 412 meters.

100
(e) Sine of Le = aie"

(from tables of natural functions) = 260m.

(f) Because the sum of the internal

angles of any triangle = 8,200z1, the angle of ap-

proach (GT.T,) = 8,200af— Le — angle GT,T.

= 8.200% — 260nr — 1,600xf = 1,850px.

2. Problem 2 (fig. 2-7). Determine the

lead angle required to hit the target at a slant

range (D,) of 412 meters (incoming leg). Deter-

mine the angle of approach (a) (fig. 2-7).

0.2427. Le

28

{a) D, = 412 meters.

(b) Time of flight (from firing tables)

for 412 meters = 0.512 second.

(c) Distance target will fly during
time of flight (7, to T,) = 200m/sec x 0.512

second = 102.4 meters,

(d) Distance to M = 102.4 m + 100
m = 202.4 m,

(e) De = 202.4" + 400* = 449 m.

202.4
(f) The sine of angle T.GM = 775

= 0.4508 and (from tables of natural functions)

angle T.GM = 478m. The required lead angle

(Le) = A780— 250n0= 228z7,

(g) The angle of approach (a) =

1,600m0— 478m= 1,1223.

3. Problem $ (fig. 2-8). Determine the

lead angle required to hit the target at » slant

range (D,) of 449 meters (incoming leg). De-

termine the angle of approach («).

(a) D, = 449 meters.

AGO 84st
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V = 200 m/sec

MIDPOINT

=
 
O
O
F

Figure 2-8. Computation of lead angle, problem 3.

(b) Time of flight (from firing tables)

for 449 meters = 0.649 second.

(c) Distance target will fly during

time of flight (from 7, to T,) = 200 m/sec x
0.649 second = 108.8 meters,

(@) Distance from 7, to M = 109.8m
+ 102.4 m + 100m = 812.2 meters.

(@) D, = 812.2" + 400" = 507.4

meters,

(£) The sine of angle 7,6M = 322
= 0.6158, and (from tables of natural functions)

angle T.GM = 676m, The required leud angle

(Lg) = 6761 - 228py~ 250pr= 198pr.

(g) The angle of approach (a) =
1,600nf — 676nf = 924p~,

4. Problem 4 (fig. 2-9). Determine the

lead angle required to hit the target at a slant

range ( D,) of 607.4 m (incoming leg). Determine

the angle of approach (a).

(a) D, = 507.4 meters,

(b). Time of flight (from firing table)
for 607.4 meters = 0,6074 second,

‘AGO asst,

(c) Distance target will fly during
timeof flight (from7, to T,) = 200 m/sec x

0.6074 second = 121.5 meters.

(d) Distance trom T, to M = 121.5 m

++ 109.8m + 102.4m +100 m = 433.7 meters.

(e) D, = \/488.7" + 400" = 690
meters,

(f) The sine of angle 7.GM =

= 0.7851, and (from tables of natural functions)
angle 7.GM = 842n1. The required lead angle

(La) = 848nr— 198er— 2287— B50nr= 166rt,

(g) The angle of approach (a) =

1,600nt ~ 843pr = 758nr

5. Summary. The foregoing problems

Slustrate that both the lead angle required for

hits and the angle of approach increase as the

target approaches midpoint, If the problems were

continued past midpoint, it would be seen that the

required lead angle decreases but the angle of sp-

proach continues to increase on the receding leg

of the course,

488.7

ed
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TARGET COURSE To

V = 200 m/sec

121.5 m 102.4 m

Figure £-8. Computation of lead angle, problem 4.

Section IV. GENERAL APPLICATION OF PROBLEM

2-11, General

With a knowledge of the basic AW gunnery prob-

lem and the slant plane concept, an observer of

AW firing can analyze errors and determine

corrections needed to hit the target. Rounds must

‘be sensed by the observation of tracers as ex-

plained in chapter $. From tracer observation,
line information as to whether shots were high,
low, or om line and lead information as to

whether they were astern, ahead, or on in lead is

obtained. With this information, the firing can be

analyzed in terms of the four links of the gun-

nery chain,

2-12, The Four Links of the Gunnery

Four conditions must be met in the design, ad-

justment, and use of AW sighting equipment to

produce line shots and lead angles that result in

hits. These four conditions are called the links of

the gunnery chain. When all four of these links

210

are established, the chain is complete and hits

will be obtained.

a, Link I—Track Center of Mass of Target. To

establish this link, the tracker must acquire and

track the target so that the proper point on the

sight pattern (the center of the sight pattern in

most cases) is held on the center of mass of the

target. Movement of the sight and gun must be
smooth and continuous before and during firing

for thia link to be complete, The tracker’s line of

sight is along the present slant range (D.) line

to the target. Its direction and, in some sights, its

angular rate of movement are important factors

in solving for proper line and lead by the sight-
ing system,

2, Link H—Place Azis of Gun Bore in Slant

Plone. This link is established with speed ring

sights by tracking so that the target is flying di-

rectly toward the center of the sight pattern and

with computing sights by smooth tracking and

Ago Busta,



proper setting of sight components. Establishing

link II insures that an extension of the gun bore

axis will intercept the target course line and (dis-

Tegarding superelevation) will insure that line

shots will be obtained.

c, Link Il—Establish the Required Lead. The

required lead angle is established by tracking the

target on the correct ring of a speed ring sight

and by estimating and setting in the correct tar-

get speed on computing sight M88. The XM61

sight, used on the Vulcan, is an exception in that

mM 44-62

it uses range, range rate, target speed, angular

velocity, ammunition ballistics, and air density

inputs in computing the required lead angle.

4. Link IV—Betabliah Required Supereleva-

tion, Superelevation is a small amount"of eleva-

tion that causes the gun to point above the target

course line enough to allow for the drop of the

projectile caused by gravity. A fixed supereleva-
tion is set into speed ring sighting systems during

alinement and boresighting procedures, A varia-

ble superelevation is computed by the lead-com-

puting sight XM61.

a



CHAPTER 3

TRACER OBSERVATION

3-1. General

Proper observation and sensing of tracers proy-

ide the gunner and observers with information on

the trajectories of rounds fired in relation to the

target, Corrections can be made while firing the

‘M42 or M656 to bring successive rounds on target.

In the case of Vulcan firing, the rate of fire is too

(1) HIGH

—)
(2) Low

great to allow corrections to be made while firing,

However, tracers can be observed and corrective
adjustments can be made to range and speed in-

puts to the sighting system between bursts or be-

tween target engagements. Tracer observation in
Vulcan firing can also show up malfunctioning of
fire control system components that could not
otherwise be noticed.

,
(2) (LINE, ECLIPSE, AHEAD)

=
(4) (LINE, SILHOUETTE, ASTERN)

Figure $-1. Line ond lead seneings, orsesing course.

‘Ago 4087
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3-2. Basic Principles

Three basic principles govern effective observa-

tion of tracers. These three principles are to su-

perimpose tracer and target, localize vison, and

read tracer passing from nose to tail of target.

a. Superimpose Tracer and Target, Because the

target is moving across the tracer path and the

observer is moving his line of sight with the tar-

get, the tracer path appears to curve and pass the

target from nose to tail and the target appears to

be stationary. If the tracer path is above or below

the target, an observer cannot judge whether the

targetor the tracer is at greater range ((1) and

(8) fig. 8-1). With a line shot, the tracer will ap-

Pear to pass between the target and the gun

(called a silhouette) ((4), fig. 8-1), will appear

APPARENT TRACER PATH

to pass beyond the target (called an eclipse

((2), fig. 3-1), or will disappear into the target if
it is a hit, To judge for lead the observer must

see a silhouette, an eclipse, or a hit, To sense a

silhouette or an eclipse, the tracer and target

must appear one in front of the other (superim-

posed),

b. Localize Vision. In figure 8-2, a large part of

the tracer path is depicted as it is viewed from

the gun. The part of the tracer path where maxi-

mum curvature appears is called tracer hump. To

obtain proper sensings, an observer at the gun

must ignore the tracer path except for that part

in the immediate vicinity of the target (fig. 8-8).

Although the observer will see the curve and the

tracer hump in his field of vision, he must ignore

TRACER

HUMP

Figure $-2. Complete apparent tracer path

2 Aco Bera,



FOCUSED HERE

VISION AND ATTENTION

5-3. Lovalize vision,

them completely and focus his vision and atten-

tion on the target and the tracer as they pass

each other,

¢, Read Tracer Passing Target From Nose to

Tail. The target actually crosses the tracer path

only once; it enters the path nose first and leaves

the path tail last. Because of the illusion of cur-

vature, the observer at the gun will see this pas-

sage when the tracer appears to pass hy the tar-

get in a nose-to-tail direction, Under certain cir-

cumstances, the tracer will appear to pass by the

target in a tail-to-nose direction ((1) fig. 8-4).

For example, on incoming courses the observer at

the gun will sometimes see the tracer pass by the

target twice; first in a tail-to-nose direction, then

in a nose-to-tail direction. Many observers make a

tracer sensing in the first instance. This is wrong,

because the tracer ia not actually in the immedi-

ate vicinity of the target, but is somewhere short

‘Ago saera

of the target ((2), fig. 8-4). The third basic prin-

ciple of tracer observation is: read the tracer

only when it is passing the target in a nose-to-tail

direction,

343. Observation at the Gun, Crossing

Course

a, Line Information, The following are sen-

sings for line information used by observers:

(1) High. The tracer sensing High is shown
in (1), figure 8-1, Lead information cannot be

obtained.

(2) Low. The tracer sensing Low is shown
in (8), figure 8-1, As in the case with the High

tracer sensing, this Low tracer sensing cannot

provide lead information to the observer at the

gun,

(8) On. The tracer sensing called On, as

shown in (2) and (4), figure 8-1, is made when a

line shot occurs. A line shot occurs when the tra-

wn
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OBSERVER’S

CONE OF SIGHT
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ANGLE EYE

Figure 3-5. False picture on incoming courae,

cer intersects the target course line within line

tolerance.

4. Lead Information. The following are sen-

sings for lead information used by observers:

(1) Ahead ((2), fig. 8-1). Line shots will

provide lead information at the gun because of
the principle of superimposition. When the tracer

passes the target at a greater range than that of

the target, the tracer is eclipsed by the target.

The tracer reaches the target course line in front

of the nose of the target and, therefore, is Ahead.

(2) Astern ((4), fig. 8-1). When the tracer

passes the target at a range less than that of the

target, the tracer is silhouetted against the tar-

get. The target crosses the point of intersection
of the tracer path and target course line in ad-

vance of the projectile, When the nose of the tar-

get arrives at that point, the tracer will be sil-

houetted against the target until the tail or rear

edge of the target clears that point. The tracer

‘will then reach the point of intersection, passing

to the rear of the target and, therefore, is Astern,

3-4, Observation at the Gun, Incoming

Course

a. Line Information, The following are sen-

sings for line information:

4

(1) Left. In (1), figure 8-5, the observer

Inows that the tracer has passed to his left of the

target and that no lead sensing can be made, It is,

therefore, sensed as Left.

(2) Right. In (2), figure 3-5, the observer

knows that the tracer has passed to his right of
the target and that no lead sensing can be made.
It is, therefore, sensed as Right.

b. Lead Information. The following are sen-

sings for lead information:

(1) Ahead. In (8), figure 8-6, the observer

knows that the tracer has intercepted the target

course line ahead of the target because the tracer

is eclipsed by the target. When the projectile

crossed the target course line, it was in front of

the nose of the target. It, therefore, had too much

lead and is sensed as Ahead.

(2) Astern. In (4), figure 8-5, the tracer is

silhouetted against the target; therefore, the shot

passed astern and had too little lead. Thus, it is
sensed as Astern,

3-5, Observation at the Gun Outgoing
Course

Figure 3-6 shows tracer pictures for sensings of

Left, Right, Ahead, and Astern for an outgoing

‘AGO 68874



(1) LEFT

(2) RIGHT

FM 4462

2
(3) AHEAD

a
(4) ASTERN

Figure 3-5 Line and lead aensings, incoming course.

course. Notice that the tracer is always read in a

nose-to-tail direction.

3-4. Observation at the Gun, Nonlevel

Crossing Course

‘Tracers of shots fired at crossing targets that

are climbing or diving will produce the same pic-

ture to the observer as those fired at level course

targets (fig. 8-7). Merely tilt figure 8-1 to the de-

sired angle of dive or climb of the target and the

tracer still follows the target course line in a

nose-to-tail direction, However, if the climb or

dive becomes very steep, the sensings for line

change from High or Low to Left or Right,

respectively (fig. 3-8).

AGO s88TA

3-7. Observation at the Gun, Directly-ot-
the-Gun Course

Line sensings only are required for a direetly-at-

the-gun course because the required lead to hit

the target is zero. There is no lateral or vertical

movement of the target in respect to the gun.

Therefore, the tracers are sensed as either High,

Low, Right, Left, or appropriate combinations of

these, Figure 3-9 shows three different tracer

pictures for a directly-at-the-gun course. The tra-
cer appears to climb from the bottom to the top

of the picture, passing through the cone of sight,

and then appears to drop from top to bottom of

the picture, This drop, or curve, of the tracer is

caused by the actual curvature of the trajectory

and {a not an illusion, Whenever possible, the tra-

cer should be read as it appears to drop from top

os
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() LEFT (3) AHEAD

(2) RIGHT (4) ASTERN

Figure $6. Line ond lead oensing, outgoing course.

Q
(1) HIGH 

(2) AHEAD

Figure 8-7. Lins and lead sensing, nonievel crossing course.
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Figure 8-8. Line sensing, steep diving course.

wana

RIGHT

(Q) RIGHT AND HIGH
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to bottom of the picture because this drop nor-
mally starts at a range slightly less than the

range to the target. Reading the tracer from top

to bottom satisfies the basic principle of reading

from nose to tail in the immediate vicinity of the

target.

3-8. Dewncourse Observation

a, How to Observe.

(1) As long as an observer at the gun can
ee both target and tracer, sensings for line can

be made. In combat, tracer observations for both
line and lead usually will be made by observers at

the gun. However, during training, a gun crew
can profit from lead information obtained from

nonline shots, Observers at the gun cannot prov-
ide lead information on nonline shots, but it can
be provided by an observer at a downcourse ob-
servation station. The downcourse observer is
Placed in the slant plane, a computed distance (b
below} from the gun in the direction of target

(2) RIGHT AND LOW

(3) LEFT AND HIGH

Figure 3-9. Seneings, direotly-at-the-gun course,
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flight, The observation station is located left of

the gun for a right-to-left course, right of the

gun for a left-to-right course, and to the rear of

the gun for an incoming course. The position of

the downcourse observer, who is placed in the

slant plane the computed distance } to the right

of the gun for a left-to-right course is shown in

(2), figure 8-10.

(2) From a downcourse station, the ob-

server sees a view of the tracer hump different

from that seen by an observer at the gun, A tar-

get on the approaching leg and the appearance of

the tracer hump is shown in (2), figure 8-10. The

observer determines a lead sensing by noting the

position of the hump in relation to the target. An

imaginary line is projected from the hump per-

pendicular to the target course line. If the inter-

section of this perpendicular line with the course

line is anywhere on the target, the lead is correct

and the sensing is On ((4), fig. 3-10). If the per-

Pendicular line intersects the course line in front

of or behind the target, the sensings are Ahead or

Astern, respectively ((2) and (8), fig. 8-10).

b, Downcourde Distance. The equation used to

solve for the downcourse distance b is:

b meters _,., OBSERVER

(1) DOWNCOURSE STATION

Vx Ds

on BO
Where b = distance from gun to downcourse

station in meters.

V_ = target speed in meters per

second,

Dm = midpoint slant range in meters,

460 = a constant factor.

To illustrate the above equation, the solution for

the downcourse observer distance for a target

traveling 300 kilometers per hour, at midpoint

range of 600 meters, is as follows:

» = 8.x 600

480

The downcourse observer would be stationed 110

meters from the gun.

= 110 meters.

c. Tolerance. The downcourse observer, as

shown in } above, need not be stationed exactly

110 meters from the gun for sufficient accuracy

of observation. A tolerance in this distance makes

observing for several guns possible. This toler-

ance is + 4 , or in the case above, + 28 meters.

This means that the downcourse observer can be

placed anywhere from 82 to 188 meters from the
firing gun. If a firing line contained 5 guns 14 me-

\

i. \ AHEAD

a me

(2) LEAD TOO GREAT

(3) LEAD TOO SMALL (4) LEAD CORRECT

Figure $-10. Downeourse sensinge,
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ters apart, a single downcourse observer sta-

tioned 110 meters from the center gun could ob-

serve for all § guns with acceptable accuracy (fig.

8-11). Because of the large tolerance, it is not

necessary to compute and measure exact dis-

10m

FM 44-62

tances. In the above example, the observer could
be stationed 100 meters from the left flank gun
and move in 14 meters as each gun fires. Any con-
venient arrangement can be used as long as the
tolerance is not exceeded.

DOWNCOURSE

STATION piping

LINE

k

Ae

— “ 138 m
= 83 m/secv

Dy, = 600m

= 10 METERS

Figure 8-11. Downcourse observer location,

AGO B187A,
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CHAPTER 4

AUTOMATIC WEAPON SIGHTING SYSTEMS

Section 1, SPEED RING SIGHTS

41. Basic Principles

a, Speed ring sights are the simplest but least

accurate of ADA AW fire control devices. They

are designed on the principle of similar triangles.

A small triangle formed by the rings and the

gunner's eye (peep sight) is similar to the slant

plane triangle in space, GT.T, (fig. 4-1). The

basic speed ring sight has a rear peep element

represented by the point @ and a serles of con-

centric circles as a front element, the center or

hub of which represents the point 7,’. The point

T,/ is represented at a point on one of the outer

concentric circles where the center of mass of the

target is carried while tracking. The concentric

circles are called speed rings, and the points

similar to the slant plane points G, 7,, and T, are

given the symbols G, T.’, and 7,

b. The radius of the individual speed rings

depends on the range (D,) for which the sight

was designed, the distance the rings are placed

from the rear peep sight, and the target speeds

they represent,

¢. Most speed rings represent multiples of 100

miles per hour; one ring representing 100 miles

per hour, the next representing 200 miles per

hour, etc. For this reason, the English measuring

system (miles, yards, ete.) will be used in thie

chapter.

4-2, Speed Ring Sight Used with 40-mm
Gun M2Al

(fig, 4-2)

@, Front Sight. The speed ring sight used with

the 40-mm guns M2A1 has eight speed rings, The

eight speed rings represent the required lead, at a

midpoint range of 1,000 yarda (914.4 meters), for

targets traveling 25 (40.2), 100 (160.9), 200

(821.8), 800 (488.7), 400 (648.6), 600 (804.5),
600 (965.4), or 700 (1,126.8) miles (Kilometers)

per hour, respectively. This sight has eight radial
wires which serve to hold the sight together and

‘AGO B88TA,
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Figure 4-1, Similar triangles, apeed ring sight.

aid the tracker in keeping tha target nose pointed

toward the center of the sight.

b. Rear Sights. Both rear sights are peep

1
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(700 MPH

(oo wee

Figure 4-8, Speed ving sight used on Mis.

sights, but are mounted differently and adjusted

differently for alinement,

(1) To adjust the left peep sight in eleva-

tion, loosen the safety nut holding the peep sight

bracket to the bracket stud and swing the bracket

up or down, To adjust the left peep sight in azi-

muth, loosen the cap screw holding the sight in

the bracket and move the peep sight in or out of

the bracket.

(2) To adjust the right peep sight in azi-

mauth, loosen the wing nut on the bottom of the

sight and slide the sight right or left. The right

peep sight cannot be adjusted in elevation,

4-3. Reflex Sight M18

4, Description. The reflex sight M18 (fig. 43)

used on the multiple caliber .50 machinegun

mount consists of a mounting bracket, sight as-

sembly, and housing assembly. The sight assem-

bly contains the optical system of the reflex sight,

while the housing assembly provides for artificial

illumination when desired. The housing assembly

can be raised by pulling out on the housing knob

and rotating it 90°. In the up position, the hous-

ing assembly will allow daylight to enter the op-

tical system of the sight assembly. The light

rays, either from a natural or artificial source,

pass through the sight assembly window. The

diffused light passes through the reticle, is re-

flected 90° by a mirror, and is focused at infinity

by a double-lens objective in the objective assem-

bly. The reticle image from the objective assem-

a2

bly strikes the reflector which is held at an angle

of 45°. This reflector is a chemically-treated

glass plate that acts as both a mirror and a win-

dow. To the tracker, the image appears in space

at the same range as the target. This image has

four speed rings and three dots. The speed rings
represent the required lead, at a midpoint range

of 1,000 yards (914.4 meters), for targets travel-

ing 100 (160.9), 200 (821.8), 300 (482.7), and

400 (648.6) miles (Kilometers per hour, respec-

tively. The lower dot is the hub or center of the

speed ring reticle. The upper dot is used during
boresighting to establish superelevation and is

approximately 10 mils from the dot at the hub.

‘The dot located midway between the hub and the

upper dot is used to vary superelevation in sur-

face firing and represents approximately 5 mils

of superelevation, For alinement, the sight is ad-

justed vertically by loosening the elevation clamp

nut and turning the elevation adjusting screw,

moving the reticle image up or down, For lateral

adjustments, the azimuth clamp nut is loosened

and the azimuth adjusting screw is turned, mov-

ing the reticle image left or right as desired,

». Operation. The tracker sights at the target
through the reflector. He moves the mount in azi-

muth and elevation until the reticle image is pro-

perly superimposed on the target. The speed ring

image always subtends the same lead angle re-

gardleas of range to the target, The point 7,
(Ag. 4-1) is the point on the reticle image corre-

sponding to the tracking point. T,’ is the geome-

tric center of the reticle image. Point G is the

point of convergence of the reticle image. The po-

sition of the tracker’s eye does not affect the

image position. The only requirement is that the

tracker look into the reflector in such a manner

that the reticle image is reflected back to his eye

and, at the same time, the target is visible

through the reflector.

4-4, Gunnery Chain, Speed Ring Sights

a. Link I. The tracker’s line of sight is estab-

lished when the target appears within the sight

pattern (fig. 44). This requirement is not exact-

ing since the other links of the gunnery chain

will position the target at one specific spot in the

sights.

>. Link II. The tracker keeps the nose of the

target pointing toward the center of the sight.

‘This will establish the axis of the gun bore (dis-

regarding superelevation) in the slant plane. The

tracker visualizes the target course line by ex-

‘AGO B587A
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Figure 4-8. Reflez sight M18, cross section.

tending the center line of the fuselage of the tar-

get, Then he positions the target in the sight so

that the target course line passes through the

center of the sight. In figure 4-4, the target

course line is above the hub of the sight, The axis

of the gun bore is represented by the center of

the sight. Therefore, the axis of the gun bore

(disregarding superelevation) is not in the slant

plane, and the sight must be elevated until the
center lies on the target course line (fig. 4-5).

When a target is being tracked properly, on a

level crossing course, it will appear to be climb-

ing toward the center of the sight on the

proaching leg, will appear to level off at mid-

point, and will appear to be diving toward the
center on the receding leg. This appearance of

the target rotating about the hub of a sight is

called image spin and makes the maintenance of

lnk II a continuous operation,

AGO B88rA

c. Link HI, The tracker establishes the correct

amount of lead (fig. 4-6). The required lead

angle is constantly changing because the angle of

approach and range are constantly changing.

When the tracker carries the target on one speed

ring the entire length of the course, the gener-

ated lead is constant. Assuming the speed ring on

which the target is tracked represents the correct

speed of the target, the generated lead will equal

the required lead only when D, equals the range

for which the sight was designed. To establish

link III, the tracker must be able to estimate the

speed of the target correctly. If the tracker

should overestimate the speed of the target, the

result would be the firing of an entire course with

all rounds ahead of the target. To eliminate this

possibility, the tracker must adjust the sight pi-

eture so that the center of the target will lie

under » speed ring representing three-fourths of

a



Figure 4-4. Link I established.

the estimated target speed (fig. 4-6). Using this

rule, the tracker is given a leeway in target speed

estimation and will be assured of an effective fly-

through. The factor of three-fourths speed gives

the greatest assurance of at least one effective

fiythrough, Figure 4~7 illustrates a fiythrough.
As explained in paragraph 2-10, the required

Teed angle increases as the target approaches

midpoint and decreases after midpoint. Using a

fixed lead generated by a speed ring, representing

three-fourths of estimated target speed, will

cause the generated lead angle to be too great at

the beginning of the course and too small at mid-

point, After midpoint the generated lead will

change from too small to too great again as the

target moves out on the receding leg of the

“4

course. At one point on the incoming leg and one

point on the receding leg, the generated lead

angle will be correct and the target will fly
through these hit zones.

4. Link IV. Superelevation is set into speed

ring sights during alinement and is a fixed value.

In every case, the aiming point will be alined

with a point above the center of the sight. The

sight pictures, when the sights are properly

alined on the aiming point, are depicted in figure

4-8, The first step in alining any speed ring sight

is to boresight the gun on the aiming point,

(1) Reftew sight. M18, The top dot is alined

with the aiming point; then, when the bottom

(center of sight) dot is used for tracking, 10 mile

AGO 88th
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Figure 4-5. Link I established.

of superelevation are set in, The middle dot, re-

Presenting 5 mils of superelevation, is used in
surface firing.

(2) Speed ring auailiary sight for M42 gun.

The peep sight is adjusted so that the aiming

point appears two-thirds of the distance from the

center of the sight to the top of the innermost

ring. This alinement will set in 10 mils of supere-

levation.

4-5. Adjustments for a Hit

a. General. Speed ring gunnery does not neces-

sarily depend on tracer observation. If the

tracker establishes the four links of the gunnery

chain as prescribed, flythroughs wil] be obtained.

If, however, the tracker is able to make a positive

tracer sensing, a correction should be made under

certain circumstances.

b, Line, If the tracers appear high, low, left, or

right, depending on the type of course, the

tracker should adjust the fire. For line adjust-

AGO BEBTA

ment on crossing courses, he moves the center of

the sight up or down depending on the correction

needed. The basic rule is: move the center of the

sight in the direction you desire the rounds to go.

¢. Lead. Because of smoke, dust, and vibration

of the gun, the tracker will rarely be able to ob-

tain accurate lead sensings and, therefore, should

concentrate on tracking the center of mass of the

target on the proper speed ring to obtain two

flythroughs. If the tracker does make a lead sen-

sing, an adjustment should be made only if the

sensing indicates a hopeless case. A hopeless case

is an Astern approaching leg, an

ity of midpoint, and

an Ahead anywhere on the receding leg of a

course, These are hopeless cases because, if the

firing is continued in that manner, no flythroughs

can occur. For @ properly tracked course, tracers

should appear Ahead far out on the approaching

leg, Astern in the vicinity of midpoint, and

Ahead far out on the receding leg. Thus, even a

properly tracked course has a hopeless case on

os



Figure 4-6. Link ILI established.

the receding leg. To correct for a hopeless case,

select a larger or smaller speed ring (at least 100

mph (160.9 km) difference).

4-6. Speed Ring Sight Engagement

Technique

a. The following technique will bring hits on

all types of courses except one:

(1) Point the nose of the target toward the
center of the sight at all times.

(2) Track the center of mass of the target

on the speed ring representing three-quarters es-

timated target speed.

(8) Keep firing.

b, The one exception to the above is made dur-

ing @ directly-at-the-gun course. In that course,

the rule is to hold the center of the sight on the

node of the target and keep firing.

‘AGO B8s7A
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Figure 4-8. Boresighting and almement, speed ring sights.
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Section Il. COMPUTING SIGHT M38

4-7. General

Computing sight M88 (fig. 4-9) includes reflex

sight M24C, a mechanical computer, and the link-

age necessary to couple the outputs of the com-

puter to the sight, Computing sight M88 is used

with the twin 40-mm gun M42 for controlling fire

against rapidly moving aerial and surface targets

and against stationary surface targets. Inputs to

the sight are target speed and target flight direc-

tion. The computer is constructed for accuracy at

a range of 914.4 meters (1,000 yd) and computes

the required lead angle based on this range con-

stant, target speed, flight direction, and contin-

uously changing angle of approach. Supereleva-

tion is generated by a mechanical linkage that

causes 9 mils superelevation at 0 mils elevation of

the gun and gradually diminishes superelevation

to zero as the gun is elevated.

4-8. Operation and Functioning

a. Basic Principles. Computing sight M88 ad-

dresses the solution of the AW gunnery problem

through the slant plane concept and the princi-

ples of similar triangles,

4, Operation. Two men are required to operate

the sight, A tracker controls the gun and mount

while tracking the center of mass of the target in

the center of reflex sight M24C. A computer oper-

ator observes the target and enters target course

(angle of approach), target inclination (angle of

climb or dive), and target speed into the com-

puter, using the following procedure.

(1) Turn computer positioning handwheel

(fig. 4-9) to position flight direction indicator

(fig. 4-10) so that it points in the same direction
that the target is flying.

(2) Turn inclination slide adjusting knob

(or position bail directly) (fig. 4-10) to position

the flight direction indicator at the same dive or

climb angle as that of the target.

(8) Estimate target speed and set it on the

speed knob scale (fig. 4-10).

c. Funetion Principles. Figure 4-11 illustrates

the basic principles on which the computer func-

tions, The distance traveled by the target during

time of flight of the projectile (7, to T,), present

slant range (G to T,), and predicted slant range

(G to T,) form a large triangle in the slant plane.

‘To mechanically generate the required lead angle

within the computer, a small similar triangle must

‘AGO s887A

be set up within the computer. The computer is

so constructed that the speed input determines the

length of side 7,’ to T.’, represented in figure

4-11 by the inclination slide rack. Side 7,’ to 7,’

is measured from the center of the spur gear at

T,' to the center of the stud at 7,’. The inclination

slide is made parallel to the target course line by

positioning the flight direction indicator in azi-

muth and dive or climb angle. The stud at T,’ is

mechanically connected to sight M24C, causing

the sight to be offset from the axis of the gun tube

by the angle Ze in the slant plane. The flight

direction indicator and the inclination slide (and

slide rack) are always parallel to each other.

d. Function Mechanics. Figure 4-10 shows the

position of the computer parts with zero speed

and level flight set in. The vertical axis of the

computer is the vertical center line of the slide

joint stem under these conditions. It can be seen

that the stud and the spur gear are centered on

each other, and that setting in a dive or climb

angle or positioning the computer in azimuth will

not cause lateral or vertical movement of the

slide joint stem, Consequently, reflex sight M24C

will remain lined on the gun tube axis (disre-

garding superelevation).

(1) Speed setting. If a speed of 400 miles

per hour is set in by positioning the speed knob

(fig. 4-12), the inclination slide is moved back

(opposite to the direction of flight) and the stud,
vertical and horizontal slides, and slide joint stem

move with it. This action will move the tracker’s

line of sight back along the target course line and

cause him to traverse and elevate or depress the

gun ahead of the target to again line the sight on

target.

(2) Target course setting. In figure 4-12,

the flight direction indicator shows a level course.

Figure 4-18 shows the position of the computer

parts for a target speed of 400 miles per hour and

a climb angle of 85°. Note that moving the bail

and flight direction indicator to the proper climb

angle rotated the speed knob, spur gear, and in-

clination slide together, causing the stud, vertical

ide, and slide joint stem to move down. This ac-

tion will move the sight down (opposite to target

flight direction), and the tracker will have to

move the gun ahead along the target course line

to bring the sight back on target.

(8) Sight movement. Figures 4-12 and 4-18

show lateral and vertical movement of the slide

“9
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Figure $10. Position of slides (zero speed, level flight).

joint stem, respectively. The actual movement of

the sight in elevation and azimuth depends on the

target course direction as well as on the move-

ment of the shde joint stem. For example, with a

directly-at-the-gun course, speed and target

course settings will cause a movement of the slide

joint stem, but they will cause no movement of

the sight even though the stem ball moves verti-

cally and laterally as the speed knob is turned.

(4) Course memory feature, The computer

AGO 6674

is positioned in azimuth by both the computer po-

sitioning handwheel and by the azimuth drive

fiexible shaft (fig. 4-9) working through a dif-

ferential. As the gun is traversed, the compute

including the flight direction indicator and incli-

nation slide, will remain parallel to the target

course line because the flexible shaft turns it an

equal amount and in the opposite direction to the

gun movement. As the gun is elevated or de-

pressed, the elevating drag link rod (fig. 4-9)

an
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keeps the computer level. The effect is that the

gun and sight are moved around the computer.
Because the angle between the inclination alide

and the sight linkage changes, the deflection of

the sight changes as the gun is traversed and ele-

vated. The result of these features is that the

generated lead angle is proportional to the sine of
the angle of approach and is not fixed as it is in

speed ring sights.

4-9. Establishing the Gunnery Chain with

Computing Sight M38

a, Link I, To establish and maintain line of

sight, the gunner acquires and smoothly tracks

the center of mass of the target in the center of

the sight reticle image throughout the course.

d. Link II. To place the axis of the gun bore

(disregarding superelevation) in the slant plane,

Position the computer and the inclination slide so
that the flight direction indicator is parallel to

the target course line, To raise shots to the target

course line, adjust the inclination slide to bring

the point of the flight direction indicator up. To

bring shots down to the target course line, adjust

the inclination slide to bring the point of the

flight direction indicator down. An exception is

made in the case of a target flying directly at the

gun; in this case, ignore the flight direction indi-
cator and set speed at zero.

a2

¢. Link IIT, To establish correct lead, set the
speed to full estimated target speed for all tar-

gets except one that is flying directly at the gun.

To make lead corrections after sensing tracers,

increase the speed setting to increase lead and de-

crease the speed setting to decrease lead. For tar-

gets flying directly at the gun, ‘set in zero speed

and correct by changing the sight picture to aim

higher, lower, right, or left.

. Link IV. Superelevation is established by at

justing the length of the slide joint stem. With

the gun bore at —9 mils elevation, the slide joint

stem length is adjusted until the quadrant seats

on the computer mechanism body are level. The

slide joint assembly connects the slide joint stem

to the computer mechanism swivel assembly with

a right-angle offset. Because of this offset, the su-

perelevation will decrease from 9 mils at 0 mils

elevation to 0 mils at 1,600 mils elevation, (For

details on making the superelevation adjustment,

see TM 9-218.)

¢. Computer Synchronization (Leveling). To

perform properly, the computer must be level

with the gun mount at all elevations of the gun.

Adjustment of synchronization is accomplished

by adjusting the length of the elevating drag link

rod (fig. 4-9). (For details on making synchroni-

zation adjustments, see TM 97218.)

f. Sight Alinement. To aline reflex sight M24C

‘00 880A
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Figure 4-12. Computer shde posttions (speed 400 mph, level course)

(fig 4-14), the gun must be boresighted on an _ prescribed in FM 44-61 to eliminate supereleva-

aiming point (fig. 4-8); the computer, flight di- tion; and the reflex sight adjusted to aline the

rection indicator, and speed knobs positioned as _ center of the reticle image on the aiming point.

AGO stera rary
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Figure 4-13 Computer stde posttions (speed 500 mph, clrmbmg course)

30 65H,



REFLECTOR

RETICLE MIRROR

\

\

dp al y
V,

FM 44-62

es >
EYE

MAGNIFYING

N

y

y

Figure 4-14. Reflex sight MEsC.

Section Ill, COMPUTING SIGHT XM61

4-10. General

Computing sight XM61 is used on the towed and

self-propelled Vulean weapon systems. This sight

is part of a fire contro! system that includes a

range-only radar and a sight current generator.

It uses electric current inputs from the sight cur-

rent generator and the angular rate of traverse

and elevation to position the vertical and horizon-

tal axes of a gyroscope. The positions of the gyro-

scope axes are transmitted mechanically to posi-

tion the sight reticle image up or down and left

or right in accordance with the computed lead an-

gles. Superelevation is computed in the sight cur-

rent generator and is received by the torque

motor in the sight. The torque motor current ef-

fects movement of the gyro vertical axis and

causes the sight reticle image to be moved down

‘AGO 8897

an amount equal to the required superelevation.

‘The sight contains a reticle illuminating lamp

and a ready-to-fire indicator lamp. The sight case

is a sealed unit, filled with dry nitrogen at a pres-

sure of 5 pounds per square inch.

4-11. Operation and Functioning

«, Basic Principles (fig. 4-16). The computing

sight XM61 solves the AW gunnery problem in

the slant plane, but, unlike the M88 sight, it

solves for the required lead angle by generating

an angular rate of target movement and multi-

plying that rate by the time of flight of the pro-

jectile, Range, range rate, muzzle velocity, air
density, external ballistics, and angular rate are

combined by the sight current generator to deter-

mine magnet current and torque motor current

as
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turning the MODE ewitch on the weapon control

panel to RADAR, MAN, EXT, or GRD.

(1) Radar mode. When the MODE switch is
turned to RADAR, the radar is put in a standby

condition, ready for use after a 2-minute warm-

up. To operate in the radar mode, the following

procedure is followed:

(a) Turn MODE switch to RADAR, and
wait until the READY WHEN LIT indicator

lamp on the control panel lights.

(b) Manually uncage sight.

(c) Slew mount to bring sight reticle cen-

ter on target. If possible, bring sight on target

from the rear of target.

(a) Press foot switch and continue to

track target,

(e) When radar locks on target, sight re-

ticle will move quickly to a position behind the

target. Smoothly bring sight back on target’ and

keep it there for at least 2 seconds before firing
the gun. Ready-to-fire lamp must light before gun

is fred,

(f) Continue to track target smoothly
while firing,

(9) If sight is slightly off target at end of

burst, move it back on and wait at least 2 seconds

before firing again. If sight gets off target, the

radar may break lock; check the ready-to-fire

lamp.

(2) Manual mode, The radar is not used in

the manual mode of operation. Range and target

speed must be set on the RANGE and TARGET

SPEED controls on the control panel. Electrical

caging must be accomplished by the gunner

pressing the sight cage switch on the left control

handle, To engage a target in the manual mode,

proceed as follows:

(a) Turn MODE ewitch to MAN,

(b) Set TARGET SPEED control to esti-

mated speed of target.

(ce) Set RANGE control to estimated
range at which the target will be when fire will

commence.

(a) Manually uncage sight.

(e) Press sight cage switch and acquire

target in sight reticle image by moving sight reti-

cle image up from behind the target.

(f) Release sight cage switch when center
of reticle image is on the tail of the target and

bring center of reticle image on center of target.

(g) Track center of target smoothly for
at least 2 seconds, then fire.

AGO 6887
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(h) Continue to track smoothly while

firing and between bursts,

(8) External mode. In the external mode,
operation must be accomplished by two persons;

ie,, the senior gunner and the operator of the ex-

ternal range unit. To operate in the external

mode, proceed as follows:

(a) Turn MODE switch to EXT.

() Manually uneage sight.

(c) Press sight cage switch and acquire

target in sight reticle image by approaching it

from the rear.

(@) Release sight cage switch when center

of reticle image is on tail of target and bring cen-

ter of reticle image on target.

(e) External range unit operator sets

range, at which he desires to open fire, on exter-

nal range unit. When estimated range reaches set

range, he pushes ready-to-fire switch on external

range unit, then continuously adjusts range set-

ting as target range changes.

(f) When ready-to-fire indicator lamp on
sight lights, gunner fires and continues to track

target.

(4) Ground mode. In the ground mode the

computing features of the sight are not used. The

sight is caged mechanically, automatically setting

in a fixed superelevation of 7 mils,

c. Function Principles, The sight measures the

angular rate of movement of the target and mul-

tiplies this rate by the time of flight to the target

future position. For example, if the gunner is

tracking the target at a rate of 10° per second

and the time of flight of the projectile is 2 sec-

onds, the generated lead angle is 20°,

d, Function Mechanics (fig. 4-16). Lead angle

is generated by the gyro lagging behind the

movement of the sight case as the target is

tracked. The amount that it lags depends on the

rate of tracking and other forces exerted upon it.

(1) Magnet current. The main force exerted

on the gyro is applied by the range magnet,

mounted inside the sight case just in front of the

eddy current disk. The eddy current disk is

mounted on the left (forward) end of the gyro

shaft and spins in the magnetic field of the range

magnet. The result is that the magnet tends to

pull the gyro around with it as the sight case

moves, The strength of the range magnet and,

consequently, the amount of gyro lag behind the

magnet movement depend on the magnitude of

the magnet current and the rate of tracking.
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(2) Torque motor current. The second force

exerted on the gyro 1s applied by the torque

motor. Current supplied to the torque motor ex-

erts @ force on the gyro, tending to turn it on its

vertical axis. The gyro reacts to this force by

moving down on the left (forward) end and caus-

ing the reticle image to be depressed an amount

equal to superelevation.

(8) Caging.

(a) Mechanical caging locks the sight

gyro and reticle image in a zero-lead and 7-mil

superelevation position. Mechanical caging prev-

ents damage to the sight during rapid movement

of the mount, It is also used in ground target fire.

To mechanically cage the sight, turn the caging

knob on the rear of the sight until the white

stripe on the knob is vertical and alined with the

white stripe on the sight case,

(0) Electrical caging applies maximum

current to the sight magnet and, in effect, locks
the gyro so that the line of sight is parallel to the

gun, Electrical caging prevents damage to the

sight and keeps the sight, gun, and radar alined

while the mount is slewed to acquire a target.

Electrical caging is accomplished manually by

pressing the cage switch on the left control han-
dle when operating in the manual and external

modes. In the radar mode, the sight is automati-

cally caged when the system has warmed up and

remains caged until the radar lock-on signal re-

leases it. It is automatically caged again when the

foot switch is released and the radar breaks lock.

The lock-on signal removes all magnet current

and most of the elevation and azimuth tachome-

ter feedback for a very short acquisition delay.

Removal of the magnet current allows the sight

to generate a lead angle quickly, and removal of

the tachometer feedbacks causes the cannon to

accumulate the lead angle at a fast rate. As a re-

sult, the mount will jump ahead at lock-on. After

this short delay, normal magnet current is ap-

plied to the sight, and tachometer feedbacks are

restored. Gunners must be trained to expect this

and to bring the reticle image back on target

amoothly, with a minimum of correction,

4-12. Establishing the Gunnery Chain

a, Link I. To establish and maintain line of

sight, the gunner acquires the target by bringing

the sight reticle image onto the center of the tar-

get from the rear (moving the sight and mount

in the same direction that the target is moving)

and holding the center of the reticle image on the

center of the target. Smooth tracking is a major

factor in effective operation of the sight XM61.

The slightest jerk or hesitation in movement of

the mount will cause extreme changes in the

tracking rate, which is a major factor in compu-

tation of lead angle.

». Link II, The axes of the gun bores (disre-

garding superelevation and deliberate dispersion)

will be in the slant plane if tracking is accurate.

‘The total displacement of the gun axis from the
line of sight is the vector sum of the elevation
and traverse angles developed by displacement of

the sight gyro and, consequently, the sight reticle
image.

¢. Link II, Correct lead is established by the

tracking rate and the magnitude of the magnet
current. In the radar mode, the magnet current

will be correct if tracking is smooth and accurate,
the radar is locked on and functioning properly,

the sight current generator is functioning pro-

perly, and the muzzle velocity and air density in-

puts to the sight current generator are correct.
Faulty lead would indicate malfunctioning of fire
control equipment or faulty tracking. In the man-

ual mode, faulty lead can result from incorrect
estimation or setting of target speed and range,
An increase in range and speed settings will

cause an increased lead angle.

d. Link IV, Superelevation is computed by the
sight current generator and applied through the
torque motor to the gyro.
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CHAPTER 5

SURFACE FIRING

Section |.

5-1, General

Air defense automatic weapons can be fired

against surface targets by either direct or indi-

rect fire methods, Direct fire is used against tar-

gets that are visible to the trackers at the

weapon, Indirect fire is used against targets that

cannot be seen through the weapon sights.

5-12. Basic Elements of Data

Regardless of the method used in surface fire,

certain elements of data are always present in

the gunnery problem.

a, Direction, Gun to Target, The horizontal

Section II.

5-3. General Procedure

Direct fire is aimed fire in which the gun is laid

by sighting directly at the target. Corrections are

made by sighting above or below, and left or

right, of the target. The gun is laid by the gunner

(or trackers) visually lining the sight on the tar-

get.

a, Azimuth, The vertical center line of the

sight is positioned on the center of mass of a sta-

tionary target, or ahead of a moving target.

8, Elevation (fig, 6-1), The horizontal center

line of the sight is positioned on the center of

mass of the target, or above or below the target,

depending on range. To determine how much

above or below the target to position the line of

sight, the required superelevation for that range

and the superelevation already set into the sight

must be considered, Angle of site will automati-

cally be included in the gun elevation (quadrant

elevation) when the sight is on target.

(1) Quadrant elevation is the vertical angle

of the gun bore axis above or below horizontal. It

is the algebraic sum of the angle of site and su-

perelevation.

AGO BISTA
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angle in mils measured in a clockwise direction

from a fixed reference (usually grid north) to the

target is called direction to target.

5. Angle of Site. The vertical angle between

the horizontal plane and the gun-target line is

called the angle of site,

¢. Range. Range is the horizontal distance from

gun to target,

4. Target Description. The type of target is an

important factor in determining the type of am-

munition to be used. Dimensions of the target

will aid in determining range when using binocu-

lars and applying the mil relation formula.

DIRECT FRE

(2) Superelevation for a given range to the

target will vary with the height of the target

above or below the horizontal plane at the gun.

Firing tables for ADA AW contain supereleva-

tion data for targets at altitudes above the gun.

(8) Some superelevation is set into the

sighting systems of all air defense artillery auto-

matic weapons. This preset superelevation will be

the correct amount for firing at surface targets at

specific ranges. If the target is at less or more

than these ranges, the sight should be positioned

an estimated amount below or above, respec-

tively, the center of the target. Weapons, sights,

ranges, and preset superelevations for current

automatic weapons are as follows:

(a) Mé42—M88_ sight—1,060 meters—9

(0) M55—M1is sight—990 meters—10

mils.

(c) Vulean—XM61 sight (mechanically
caged) —500 meters—7 mils,

5-4. Specific Direct Fire Methods

a, Stationary Targets.

(1) Computing sight M88. Manual control

51
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Figure 5-1. Angle of site, superelovation, and quadrant elevation.

usually is used for stationary surface targets.

The azimuth tracker uses the speed ring sight,

and manually alines the vertical sight reference

line on the center of mass of the target. Adjust-

ments for deviations in azimuth are made by

using the splash or burst of the projectile as a

reference for moving the gun according to devia-

tions observed by the azimuth tracker. For exam-

ple, the azimuth tracker tracks off, moving the

point of burst position in the sight (with refer-

ence to the vertical sight reference line) onto the

target (fig. 5-2). Adjustments are continued until

fire is brought on target. The elevation tracker

should use the reflex sight M24C instead of the

speed ring sight. Zero speed must be set on the

computer. The angle of site and superelevation

are applied by tracking the center of mass of the

target with the horizontal sight reference line,

then modifying this setting according to target

range by tracking higher or lower. Range devia-

tions are corrected by the splash-on-target

method of adjustment; i.e. the elevation tracker

tracks off, moving the point of burst position in

the sight (with reference to the horizontal sight

reference line) onto the target (fig. 6-2). Adjust-

52

ments are continued until correct, then fire for ef-

fect is employed.

(2) Computing sight XM61. Ground mode is

used for stationary targets. The senior gunner

alines the vertical center line (imaginary line) of

the sight reticle image on target and, according

to the range, alines the horizontal center line

(imaginary line) or the open sector at the bottom

of the inner reticle image ring on target, Correc-

tions are made by the splash-on-target method.

To prevent movement of the mount during
bursts, it may be desirable to set the

NORM/STATIC/TEST switch on the distribution

box at STATIC before firing for effect.

(8) Speed ring sights. For speed ring sights,
except the M18, the tracker alines the vertical

sight reference line on the center of the target

and the horizontal sight reference line on, above,

or below the target, depending on range. For the

M18 sight, the bottom dot, center dot, or top dot

in the reticle pattern is alined on the center of

the target, depending on range. Adjustments are

made by the splash-on-target method with all

speed ring sights,
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Figure 5-2, Splash-on-target adjustment.

Section Ill.

5-5, General

Automatic weapons may be required to deliver in-

direct fire in a direct support role or to deliver

harassing and interdicting fire. Indirect fire can

be conducted by either the direct command or tar-
get grid procedure,

AGO G68TA,
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b. Moving Targets.

(1) Computing sight M38. If a rapidly mov-

ing surface target can reasonably be expected to

maintain its speed and course, the computing

sight M38 can be used to compute and set in lead,

In this case, it is operated by setting the flight di-

rection indicator parallel to the target course,

setting estimated target speed on the speed knob,

and tracking the target in the center of the M24C

sight, In most cases, the speed knob should be set

at zero speed and the trackers lead the target by

tracking ahead of it by one apparent target

length. Tracking may be manual with the azi-

muth tracker using the speed ring sight, or it

may be power tracking with the gunner tracking

in elevation and azimuth and using the M24C

sight only. Adjustments of fire can be accom-

plished by tracer observation and the splash-on-

target method of correction.

(2) Computing sight XM61. The Vulean can

be fired at moving surface targets in either the

ground mode or manual mode. In the ground

mode, the senior gunner sights on the target in

the same manner that he would for a stationary

target, except that he must lead it by one target

length and then adjust by the splash-on-target

method. In the manual mode, target speed and

range are estimated and set on the respective con-

trols. The gunner than tracks the center of target

in the center of the sight and adjusts by the

splash-on-target method, adding or subtracting

from the sight-computed lead as required to ob-

tain hits,

(8) Speed ring sights. In utilizing speed

ring sights (except the M18 sight) on moving

surface targets, manual or aided tracking may be

used, The trackers track off in both azimuth and

elevation, depending on range and speed of the

target. The M66 machinegunner tracks the target

with the lower dot of the sight reticle pattern

ahead and above or below the target, depending

on target speed and range, Adjustments are made

by tracer observation or splash-on-target method,

INDIRECT FIRE

5-6. Indirect Fire Positions

a. Positioning Weapon. Although indirect fire

can be delivered from air defense or direct fire

positions, situations may arise when indirect fire

positions must be used. Gun positions must be se-
lected to provide defilade and still provide the de-

cx)
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sired target area coverage, It is desirable that

guns be emplaced 20 to 80 meters apart to prov-

ide working space and still get adequate density

of fire with a parallel sheaf. However, the tacti-

cal situation may require that weapons be em-

placed at other intervals. If this results in a front
greatly in excess of target width, corrections are

applied to reduce the width of the sheaf (para

58).

b. Numbering Weapons, No matter how the

weapons are positioned, guns in a surface firing

position are normally numbered from right to
left, facing the direction of fire.

¢, Leveling. Gun carriages should be cross-lev-

eled to eliminate errors produced by cant. The

level may be checked by using the gunner’s quad-

rant,

d. Minimum Quadrant Elevation. To insure

safety of friendly troops, the minimum quadrant

elevation required to clear the crest (visible from

the battery position), minimum range lines, no-

fire lines, and intermediate crests must be deter-

mined and recorded, Minimum quadrant elevation

for ADA AW indirect fire positions can be deter-

mined as follows:

(1) Determine the angle of site from each

weapon to the highest point on the visible crest

by boresighting and measuring quadrant eleva-

tion, The greatest angle measured is the angle of

site for the battery,

(2) Determine the range to the highest

Point on the crest by map measurement, estima-

tion, or by triangulation. To compute the range to

a point on the visible crest, using triangulation,

proceed as follows (fig. 5-8).

(a) Boresight the two flank pieces on each

other. Set the azimuth indicator on the left piece

to 8,200 mils and the azimuth indicator on the

right piece to 0 mil

(®) Traverse the flank pieces and bore-

sight them both on the same point on the crest,

(c) Measure the distance between the two

flank pieces. This distance is the width of the bat-

tery.

(a) Enter the azimuth readings to the

point on the crest and the battery width into the

mil relation formula and solve for the range to

the crest as in the following example,

Ezample: The battery width is 100 me-

ters, azimuth from left flank piece to crest point

is 1,700 mils, and azimuth from right flank piece

to crest point is 1,600 mils.

100 x_1,000

1,700 ~ 1,500

_ 100 x 1,000

200

500 M

3,2000

Figure 5-8. Computing range to orest.
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width of battery (meters) x1000

eft flank ezimuth) —
(right flank azimuth)

100 x 1000 _ 100 x 1000

TTO0 — 1500 200

=500 meters.

(8) Elements of the minimum quadrant ele-

vation consist of:

(a) Angle of site to highest point on crest.

(b) Vertical angle corresponding to a 5-

meter vertical clearance of the crest. This angle

is computed by using the mil relation formula (5

meters divided by the range to the crest in thou-

sands of meters). Unless otherwise informed, the

ADA commander will assume the crest is oc-

cupied by friendly troops.

(c) Superelevation

range to crest.

(@) Two C factors (elevation change re-

quired to increase range 200 meters) at the range

to crest. The sum of elements (a) through (d) is

the minimum quadrant elevation at which the

guns may be fired to clear the crest safety. Mini-

mum quadrant elevations for other crests,

friendly troops, no-fire lines, and minimum range

lines are computed in a similar manner. An ex-

ample of computing minimum quadrant elevation

for an M42 platoon follows:

Range to crest (meters) =

corresponding to.

Ezample: 40-mm gun M42, cartridge

HE-T-SD, range to crest 600 meters, greatest

angle of site to crest 10 mils.

Solution:

1. Greatest angle of site report 10 mi

2. Vertical angle corresponding to 5-meter ve

cal clearance of crest (5 + 0.5) - 10. mils

3. Superelevation for creat range (from fring

tables) -. = 88 mile

4. Two C factors (from firing tables). 1.6 mils
Total ooo eee eens one BOA le

Minimum quadrant elevation is 26 mils.

(4) Minimum quadrant elevation for the

M66 can be computed in the same manner. Some

firing tables for caliber .60 machineguns contain

a table from which minimum quadrant elevation

can be read direct. To compute minimum quad-

rant elevation for Vulean, proceed as explained in

(8) above except that 3 mils must be added to

compensate for vertical dispersion caused by the

muzzle clamp.

5-7. Orientation

‘The M42 and Vulean are oriented by boresighting

and setting azimuth on their azimuth indicators.

Improvised azimuth indicators for the M65 are

00 B887A,

FM 44-62

described in appendix C. There are two methods

of orienting; i.e, known datum point method and

backsighting method.

a. Known Datum Point Method. Boresight the

weapon on the known datum point (aiming point

to which the azimuth is known). Set the azimuth

indicator to read the azimuth of the datum point.

b, Backsighting Method. Set up an aiming cir-

cle at least 60 meters from the closest gun. Orient

the aiming circle on grid north, using the com-

pass needle of the aiming circle or a surveyed ori-

enting line (FM 6-40). Boresight a gun on the

optical center of the aiming circle. Sight the aim-

ing circle on the gun bore. When the axis of the

gun bore and the line of sight of the aiming circle

are alined, read the angle on the aiming circle.

Set the back azimuth of this angle on the gun azi-

muth indicator, Boresight and set azimuth indica-

tors on the remainder of the guns in the same

manner.

c. Distances to Metallic Objects. When the aim-

ing circle or magnetic compass is used, all objects

(barbed wire, small arms, etc.) that may attract

the needle must be kept away from the instru-

ment. The instrument should be set up no closer

to the following objects than the distances listed:

Objeota Distance tx metore
High-tension powerlines . - o- 160

Railroad tracks . eee -

Medium and heavy towed artillery pieces and all

self-propelled artillery pieces ©

Telephone wire or vehicles... 40

Barbed wire and small metallic objects .........._ 10

5-8. Adjusting the Sheaf

Usually several weapons are employed as a bat-

tery in delivering indirect fire. The width of the

parallel sheaf of the battery may be too small or
too large to produce the desired density of fire on

the target. An azimuth difference is applied to in-

dividual weapons to achieve a width of sheaf dif-

ferent from the width of the battery front. The

sheaf is opened or closed on any desired piece

(normally the base piece) a computed number of

mils, The sheaf is opened when the width of the

desired sheaf is greater than the width of the

battery front and closed when the width of the

desired sheaf is less than the width of the battery

front. No corrections are applied to make the lat-

eral interval between bursts equal.

a, The adjustment to open or close the sheaf is

determined in the following manner.

(1) Determine the difference between the

ray
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width of the desired sheaf and the battery front

(with respectto the direction of fire).

(2) Divide the value determined in (1)

above by one less.than the number of pieces in

the battery.

(8) Divide: the value obtained in (2) above

by the range in thousands of meters.

Example: An M42 platoon is in position

with a battery front of 210 meters, Fire com-

mands are received that include BATTERY AD-

JUST, SHEAF 70 METERS AT 4,000, ete. The

platoon leader determines the difference (140 me-

ters) between the width of the desired sheaf (70

meters) and the width of the battery front (210

meters), He divides 140 meters by 7 intervals (8

pieces in the battery). The’ result (20) is divided

by the range in thousands of meters (4). The
amount to be closed ig 5 mils. The fire commands

to the M42's will include, AZIMUTH 1,800, ON

NUMBER 4, CLOSE 5 (number 4 gun being the

base piece).

b. The squad leader at each automatic weapon

except No, 4 will multiply the amount to be

closed (6 mils) by the number of pieces his piece

is removed from No, 4 and apply the result to the

announced azimuth, The application of azimuth

correction to close on No. 4, as required in a

above, would be subtracted for pieces to the right

of No. 4 and added for pieces to the left of No. 4.

For example, the squad leader of No, 2 would

command, AZIMUTH 1792 (azimuth difference

multiplied by number of pieces removed = 4 x 2

= 8; therefore, LEFT 8); the squad leader of No.

7 would command AZIMUTH 1812 (azimuth dif-

ference multiplied by number of pieces removed

= 4x 8 = 12; therefore, RIGHT 12). Other

pieces would lay on new azimuths in a like man-

ner, The gunner’s aid dial of the azimuth indica-

tor M27 on the M42 and Vulean is set at zero on

the announced azimuth, and corrections LEFT or

RIGHT are made, using this dial, Corrections on

the M65 must be made by laying on a new azi-

muth as indicated on the improvised azimuth

seale (app C). At the end of the fire mission,

azimuth differences must be removed and the

weapons returned to lay parallel on the same azi-

muth

5-9. Direct Command Procedure

a. General. This procedure provides a rapid ac-

curate method of placing fire on targets when

rey

they are beyond the effective vision of on-

riage sights or when visibility from the guns is

reduced by dust, smoke, defilade, or other causes.

It is used primarily with single weapons where a

fire direction center is not available. However,

with proper coordination, it may be used to fire a

platoon,

b, Limitation. Direct command procedure can

be used only when the displacement of the ob-

server, normally the squad leader, from the gun

position in any direction is not more than one-

tenth of the gun-target range. The observer

transmits his commands direct to the gun with-

out resortingto the use of a fire direction center.

If it is apparent that more than one target is to

be engaged from any one position, the observer

should select an observation point so that his lat-

eral location from the gun 1s not more than one-

tenth of the gun-target range to the most critical

target.

¢. Initial Firing Data. Upon entering an indi-

rect fire position, the observer determines certain

initial date necessary to orient the weapon and to

place initial rounds on or near the target.

(1) Orientation, The observer selects a ter-
rain feature that is visible from the gun as a ref-

erence point, He determines the approximate azi-

muth from the gun to the refernce point by

means of a map or compass, or he may assume an

arbitrary azimuth for this direction line. The

weapon is oriented in azimuth by sighting on the

reference point and setting the azimuth to that

point on the azimuth indicator.

(2) Target azimuth. The observer deter-

mines the azimuth to the target by use of a com-

pass, or by measuring the angle between the ref-

erence point and the target with binoculars. The

initial azimuth is announced to the guns as AZI-

MUTH, —____ MILS.

(8) Site. The difference in altitude between
the gun and target usually is estimated or scaled

from a map. This difference in altitude, in me-

ters, is converted to a vertical angle in mils by

use of the mil relation formula. If an aiming cir-

cle is available, the angle of site may be measured

directly; this is announced to the gun as SITE,

PLUS (MINUS) — Mils.

d. Sequence of Fire Command Elements, The

elements of initial fire commands are transmitted

in the following sequence:
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Element Seample
(1) Pieces te follow command .. BATTERY, AD-

‘JUST. (If only

‘one weapon is

present, the com-

mand is AD-

JUST.)

(2) Projestite .. SHELL HE (AP,
ete).

(8) Pisces to fire -.---- . BASE PIECE.
(Omit if only one piece is (Any or all pieces

Present) alerted by first
command may be

designated to

fire.)

(A) Method of fire -..--- 1 ROUND, BAT-
TERY ¢

ROUNDS IN

EFFECT.

(8) Asimuth - AZIMUTH, 1,800.

(6) Height of target above or SITE PLUS

below gun QMINUS) 10.

(7) Range from gun to target RANGE 8,000.

in meters.

e. Application of Initial Fire Command. In di-

rect command procedure, the gun crew acts as its

own fire direction center in computing quadrant

elevation from the range and site information an-

nounced by the observer, The initial fire com-

mand is applied to the weapons in the following

manner:

(1) The first four elements of the command

serve to alert the crew, designate the type of pro-

jectile to be used, and specify the method of fire.

(2) The azimuth element is transmitted to

the azimuth tracker or gunner who traverses the

‘weapon to the announced azimuth,

(8) The commands for site and range are

transmitted to the quadrant setter. From appro-

priate firing tables, the quadrant setter deter-

mines the superelevation corresponding to the an-

nounced range, He adds the angle of site algebra-

ically to the superelevation to get the quadrant

elevation. He then sets quadrant elevation on the

gunner’s quadrant and places the quadrant on the

weapon, When the gun has been elevated or de-

pressed so that the quadrant is level, he removes

the quadrant and commands, FIRE.

f. Subsequent Corrections. The observer ad-

juste fire by sensing the impact of the rounds and
sending corrections directly to the gun. Shots

that are off the observer-target line are corrected

by commanding @ shift in the appropriate direc-

tion in mils, eg., RIGHT (LEFT) 5, The target

is bracketed for range by commanding changes in

range in meters, e.g, ADD (DROP) 400. The ini-

tial range change should be large enough to in-

AGO ex8tA
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sure bracketing the target. This bracket is suc-

cessively split until the target is within a bracket

of suitable size, depending on the nature of the

target and the characteristics of the weapon and

ammunition used. Fire for effect is begun at the

center of that bracket. Corrections are announced

in the following sequen¢

Blement Beample
(1) Change in ammunition .. SHELL AP.

(2) Change in method of fre: 10 ROUNDS.
for example, to change

number of rounds upon

tering fire for effect.

(8) Azimuth correction RIGHT 10,

(4) Range correction DROP 60.

Note. Subsequent corrections are always terminated with a oor

rectlon for range Any element that lt not belng changed may be

‘omitted, If po change fs desired, the observer sends, REPEAT.

g. Application of Subsequent Corrections at

Gun.

(1) When a change in azimuth is announced

by the observer, the azimuth tracker, or gunner,

traverses the gun until the new azimuth is set on

the azimuth indicator. The azimuth tracker, or

gunner, must bear in mind that azimuth de-

creases when moving to the left and increases

when moving to the right. For example, a shift of

RIGHT 60 from an azimuth setting of 1,867

would result in a new setting of 1,367 + 60, or

1,427, A subsequent command of LEFT 35 would

change the setting to 1,427 — 35, or 1,892.

Note. The gunner’s eid dial on azimuth indicator

‘M27 (on M42 and Vulcan) is used as an aid in the appli-

cation of azimuth changes. (For complete instructions on

the use of the azimuth indicator and gunner’s aid dial,
see FM 44-61.)

(2) In handling subsequent corrections in

range, the quadrant setter uses the C factor

(number of mils elevation equivalent to a 100-

meter change in range) corresponding to the ini-

tial range command. The value of C in mils is

taken from the tabular firing tables. The quad-

rant setter multiplies C by the range correction

expressed in hundreds of meters. He adds the re-

sulting value in mils algebraically to the last

quadrant setting fired. For example, assume a

round was fired at » quadrant of 70 mils and that

C = 8 mils, If a range change of ADD 400 were
ordered, the quadrant setter would set his quad-

rant at 70 + (8 x 4), or 82 mils. A subsequent

correction of DROP 200 would result in a quad-

rant setting of 82 — (3 x 2),or 76 mils.

5-10. Target Grid Procedure

Target grid procedure for indirect fire involves

the employment of a fire direction center (FDC).
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The FDC receives information from an observer,

computes fire commands, and transmits fire com-

mands to the guns. The observer is seldom within

the short distanee from the guns required for di-

rect command procedure; therefore, location of

guns and observer orientation are desirable for

accurate firing:

4, Platoon Fire Direction Center.

(1) General. When necessary, an improvised

fire direction center may be established within

the automatic weapons platoon headquarters. Its

purpose is to process target information from an

observer into fire commands used by AW squads.

(2) Personnel. The personnel required to op-

erate a platoon FDC include:

(a) Fire direction officer (FDO).

(b) Chart operator.

(c) Computer.

Note. The FDO usually is the ADA AW platoon

leader or platoon sergeant. Othera listed above are ob-

‘tained from selected members of the platoon headquarters.

Duties of the personnel are outlined in FM 6-40. (The

chart operator performs the combined duties of the hori-

zontal control operator. (HCO) and vertical control op-

erator (VCO).)

(8) Equipment. As the normal fire direction

equipment provided a field artillery unit is not

authorized for the ADA AW unit, necessary

equipment must be improvised, At a minimum,

the following items are needed:

(a) Firing chart. The firing chart may be

‘a map of the area or a grid sheet.

(b) Scale. A scale is needed to measure

range. A scale cut.from a map may be used. The

scale should be the same as that of the firing

chart,

(c) Protractor. A protractor is used to

measure azimuth. The protractor should be grad-

uated in mils,

(a) Firing tables. Firing tables for the

‘weapons and ammunition used are required,

(e) M17 plotting board. This device may

be used to convert the observer's corrections to

corrections with respect to the gun-target line

when a firing chart and target grid are not avail-

able, An M17 plotting board can be improvised if

one is not available. (For a description of the

plotting board, see FM 23-85. Operation of the

board is the same as that of the M10 plotting

board which is described m FM 6-40.)

(f) Target grid, The target plotting grid

(DA Form 6-58) is issued in pads of 50 and may
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be requisitioned through normal publications

channels, (For details of the use of the target

grid, see FM 6-40.)

(g) Coordinate scate, The coordinate scale

is used to plot target locations when they are

given by grid coordinates, Coordinate scales

should be graduated in meters and of the same

scale as the firing chart.

(A) Miscellaneous. In addition, map tacks

or plotting needles, straightedges, and hard lead

pencils are needed.

8. Observer Procedure.

(1) Calt for fire, When an observer desires

fire on a target, he transmits a cai! for fire. This

18 a concise message containing the information

needed at the FDC for preparation of fire com-

mands. The call for fire, as developed by the field

artillery, contains six elements arranged in a pre-

scribed sequence as follows:

(a) Identification of observer.

(b) Warning order.

{c) Location of target.

(d) Description of target.

(e) Method of engagement.

(f) Method of fire and control,

(2) Identification of observer. The element

identifying the observer consists of the call signs

or codes necessary to establish contact between

the observer and the FDC. For example, the ob-

server transmits VOODOO ALPHA 2 (call sign

of platoon FDC), THIS IS VOODOO ALPHA 20

(observer's call sign).

(8) Warning order. The warning order ele-

ment is sent by the observer to achieve communi-

cation priority and to alert the FDC. The warn-

ing order is announced as, FIRE MISSION.

(4) Location of target.

(a) The location-of-target element must

always contain two or more subelements, one of

which will be the reference line (direction). The

following are examples of reporting the direction

of the spotting line:

1. Grid azimuth from observer to tar-

get; e.g., DIRECTION 4810.

2, Magnetic azimuth from observer to

» MAGNETIC DIRECTION 2450.

3, Gun-target line; eg., DIRECTION

GUN TARGET.

(0) When a target is located by grid coor-

dinates, the subelements of target location are

transmitted in the following manner.

target; e,
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1. Grid coordinates; e.g., GRID 576431

2. Grid azimuth from observer to tar-

get; e.g., DIRECTION 3410,

(ec) When a target is located by a shift

from a known point, the subelements of the tar-

get location are transmitted in the following

manner and sequence:

1, Known point; e.g., FROM TARGET

AF 2011,

2. Observer target azimuth; eg., DI-

RECTION 1280.

3. Lateral shift; eg., RIGHT (LEFT)

200.

4, Range shift; e.g., ADD (DROP) 400.

5. Vertical shift;e.g., UP (DOWN) 20.

Note. If there 1s no shift in = particular

direction, that subelement is omitted,

(a) When the target location is reported

by polar coordinates, the subelements of the tar-

get location are transmitted in the following
manner:

1. Observer-target azimuth; eg. DI-

RECTION 1620.

2, Observer-target distance; e.g., DIS-

TANCE 2600.

3. Vertical shift; e.g., UP 50.

(5) Description of target. The element indi-

eating the nature of the target includes a brief

description of the installation, personnel, equip-

ment, or activity at which the observer desires to

fire, This description should be sufficiently in-

formative to enable the fire direction officer

(FDO) to determine the relative importance of

the target and the best manner of attack. The ob-

server should state the approximate number of

persons or units of materiel comprising the tar-

get; eg. 60 INFANTRY AND 8 TANKS IN

THE OPEN. He should give a clear description

of the target to include the shape when signifi-

cant; e.g., 60 INFANTRY DIGGING IN ALONG

RIDGE LINE. He should indicate the approxi-

mate size of a target that covers a large area;

e.g, TRUCK PARK IN WOODS, 300 BY 300.

(8) Method of engagement. If no specific

type of adjustment is designated, area fire will be

FM 44-62

used. In area fire, the adjustment normally is con-

ducted by firing the two center pieces of the bat=

tery (platoon). The term, DANGER CLOSE,

may be included in the method of engagement

when the target is within 600 meters of friendly

troops, and the observer may request certain

types of ammunition and the volume of fire de~

sired in fire for effect. The type sheaf desired

(eg., CONVERGE or SHEAF 100 METERS)
‘may also be included in this element.

(1) Method of fire and control.

(a) Adjustment normally is conducted by
firing the two center piecea simultaneously. If,

for any reason, the observer determines that

PLATOON RIGHT (LEFT) will be better, he

may request it. If he wants the fire at other than

5-second intervals, he may ao specify.

(2) Method of control is indicated by the

observer by use of the terms below.

1. AT MY COMMAND indicates that

the observer desires to control the time of deliv-

ery of fire. This announcement immediately pre-

cedes ADJUST FIRE or FIRE FOR EFFECT;

eg., AT MY COMMAND, ADJUST FIRE. When

the pieces are ready to fire, FDC announces to the

observer, PLATOON IS READY. AT MY COM-

MAND remains in effect until the observer an-

nounces, CANCEL AT MY COMMAND.

2. ADJUST FIRE indicates that ad-

justment is necessary and the observer can see to

adjust fire. Unless AT MY COMMAND has been

included, ADJUST FIRE indicates that the unit

may begin firing when ready.

%, FIRE FOR EFFECT may be an-

nounced instead of ADJUST FIRE, indicating

that no adjustment is necessary. It may be an-

nounced after fire has been adjusted onto the tar-

get. Except when preceded by AT MY COM-

MAND, fire for effect may begin when the unit is

ready.

4. If the observer announces, CANNOT

OBSERVE, he is unable to adjust fire but re-

quests fire on the target without adjustment.

(8) ADJUSTMENT PROCEDURE. Tech-

nique of spotting shots and announcing correc-

tions is explained in detail in FM 6-40,

Section IV. MISCELLANEOUS

5-11. Harassing and Interdletion Fire

Current air defense automatic weapons are suited

for firing indirect fire to harass the enemy or to

deny his unrestricted use of areas. Harassing or

AGO s80TA,

interdiction fire is prearranged, and target loca-

tions and the gun-laying data required to hit

them are recorded. Weapons are laid to the re-

quired azimuth and quadrant elevation and fired

ce)
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in a statie condition; that is, with tracking power

off (Vulcan will have the NORM/STATIC/TEST

switch on the distribution box set at STATIC). If

the fire is observed, corrections, will be made

through the procedures outlined in paragraphs

6-8 and 5—4 or 6-5 through 6-10, as applicable.

5-12. Ballistics

Interior and exterior ballistics of projectiles are

affected by many factors, among which are pow-

der temperature, tube wear, characteristics pecu-

Har to a particular lot of ammunition, and atmos-

pheric conditions. Firing tables list data on pro-

Jectile trajectories for a standard muzzle velocity

and for standard atmospheric conditions. Insofar

as changes from standard can be determined and

data on the effects cause by these changes are

available, correction can be made to firing data to

compensate for nonstandard conditions. Firing

tables for ADA AW lack the necessary data to

compute some desirable corrections; therefore,

registration becomes necessary to improve accu-

ray of first rounds in indirect fire.

5-13. ‘Registration

Registration is conducted to determine firing data

that will place the mean point of impact on the

5-10

target. Registration data are used to determine

corrections that must be applied to compensate
for the effects of nonstandard conditions. Correc-
tion factors obtained from a registration are
valid until atmospheric conditions change signifi-
cantly or a new ammunition lot is used. Registra-
tions should be conducted as described in FM

640, modified as required by availability of FDC
equipment and as authorized by the commander
concerned.

5-14. Range Cards

A range card should be made for all automatic
‘Weapons upon occupation of position. It should be

a sketch of the position and surrounding area

showing pertinent objecta within the ground
range of the weapon and the ranges to each ob-

ject. Likely targets for harassing or interdiction
fire and for fire in ground defense of the position
should have their range and the firing data re-

quired to hit them recorded on the range cards, If
time and tactical situation permit, ranges should
be accurately determined and the gun registered
on several key targets.
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APPENDIX A

REFERENCES

Department of the Army pamphlets (810-se-

ries) should be consulted for the latest changes

or revisions of references listed in this appendix

and for new publications relating to material cov-

ered in this manual.
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AR 810-26

AR 810-60

AR 885-68

DA Pam 810-series

Dictionary of United States Army Terms.

Authorized Abbreviations and Brevity Codes.

Regulations for Firing Ammunition for Train-

ing, Target Practice, and Combat,

Indexes of military publications.

DA Pam 860-16- Operations—Lessons Learned.

series

FM 6-40 Field Artillery Cannon Gunnery.

FM 23-85 60-mm Mortar, M19.

FM 81-86 (Test) Night Operations.

FM 44-2 Air Defense Artillery Employment, Automatic

Weapons, M42/M56,

FM 448 Air Defense Artillery Employment, Chaparral/

‘Vulean,

FM 44-5 Procedures and Drills for Vulcan Self-Propelled

‘Weapon System.

FM 4457 Procedures and Drills: Multiple Caliber .50

Machinegun Trailer Mount M65.

FM 44-61 Procedures and Drills for Twin 40-mm Self-

Propelled Gun M42 and M42A1.

TM 9-2010 Organizational Maintenance: Mount, Machine-

‘TM 9-2360-800-10

TM 9-7218

FT 50AA-T-1

FT 40AA-A-8

gun, Caliber .50, M55 (Composed of Mount,

Machinegun, Multiple, Caliber .60, M45C and

‘Trailer, 1-Ton, 2-Wheel, Machinegun Mount,
M20).

Operator's Manual for Gun, Antiaircraft

Artillery, Self-Propelled: 20-mm, XM168,

Operator and Organizational Maintenance

Manual: Gun, Antiaireraft Artillery, Self-

Propelled; Twin 40-mm, M42 and M42A1.

Firing Tables for Gun, Machine, Cal. 0.60,

Browning, M2; Firing Cartridge, Armor-

Piercing-Incendiary, Cal. 0.50, M8.

Gun, Automatic, 40-mm, Mi, and Gun, Dual,

Automatic, 40-mm, M2; Firing Cartridge

HE-T, SD, Mk 2; With Fuzes, PD, Mk 27,

M64A1, M71 or No, 251 Mk 1; and Cartridge

AP-T, M81 and M81A1.
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APPENDIX B

GLOSSARY OF AIR DEFENSE ARTILLERY AUTOMATIC WEAPON SYMBOLS AND

TERMS

Section |. SYMBOLS

Detwition Bombe Depnition
Angle of approach, zz Present (observed) angular height,
‘Lead angle,

Generated lead angle,

‘Required lead angle.
Required lead angle to intersect tail of

target.

Required lead angle to intersect nose of
target.

Slant range.

Slant range to midpoint,

Slant range to present (observed) position.

Slant range to future (predicted) position.

Angular height,

Midpoint angular height,

Section

Ahead—In tracer observation, a sensing on a tra-

cer that passes in front of the target.

Angle of approach—The angle formed by G, T.,

and T,, with the apex at 7.

Angle of site—In surface gunnery, the vertical

angle between the gun-target line and the hori-

zontal plane.

Approaching leg—That portion. of the target

course line where the target is flying toward

midpoint.

Astern—In tracer observation, a sensing of a tra-

cer that passes to the rear of the target.

Base machinegun—Right inboard machinegun of

the mount M65,

Base piece—A weapon, at or near the center of

the battery, normally used for registrations,

Center of mass—That point representing the

mean portion of matter in a given target,

Climbing course—A target course with increas-

ii de.
Cone of sight—In tracer observation, a general

cone with the apex at the observer's eye, hay-

ing a cross section shaped like the outline of

the target, and extending to infinity.
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Future (predicted) angular height.

Slant plane angular height.

Pintle center of the gun.

‘Midpoint.

Quadrant elevation (phi).

Superelevation.

Time of fight,

Speed of target.

Velocity of projectile,

‘Target position,

‘Target at midpoint.

Present (observed) position,

Future (predicted) position.

TERMS

Crossing course—Any target course that does not

pass directly over the gun.

Directly-at-the-gun course—A target course that

passes through the pintle center of the gun.

Diving course—A target course with decreasing

altitude.

Downcourse observer—In tracer observation, a

Person stationed a specified distance from a

gun opposite the receding leg of a target course

for the purpose of obtaining lead sensings.

Eclipse—In tracer observation, a tracer being

momentarily blotted out by the target as the

target passes between the tracer and the ob-

server,

Flythrough—A condition in firing where the lead

angle generated by the sighting device is tem-

porarily equal to the correct lead angle re-
quired to hit the target.

Flythrough time interval—The length of time

during which a fiythrough occurs.

Gunnery chain—A set of four conditions, known

as links I, II, IIL, and IV, which must be estab-

lished to meet the two requirements for a hit.

High—In tracer observation, a sensing of a tra-

cer observed to pass above the target.
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Horizontal plane—A geometric plane established

by the point at the pintle center of the gun and

all other points at that same altitude, disre-

garding curvature of the earth.

Image spin—The apparent climbing, level flight,

and diving attitude of a target while flying

crossing course.

Incoming course—The coursé of a target flying

toward an imaginary line erected perpendicu-

larly through the pintle center of the gun.

Lead tolerance—Half the angle subtended at the

gun by the length of the target.

Level course—The course of a target flying at

constant altitude,

Line—In tracer observation, a tracer that prod-

uces an eclipseor a silhouette.

Line tolerance—Half the angle subtended at the

gun by the vertical diameter of the target fuse-
lage.

Low—In tracer observation, a sensing on a tracer

passing below the target,

ON—In tracer observation, a sensing on a tracer

correct for line or lead,

Outgoing course—The course of a target flying

away from an imaginary line erected perpen-

dicularly through the pintle center of the gu:
Receding leg—The portion of the target course

where the target is flying away from midpoint.

Sithowette—In tracer observation, the tracer is
superimposed on the target as the tracer passes

between the gun and the target,

Target course line—A straight line of infinite

length formed by an extension of the longitudi-

nal axis of a target fuselage,

Target path—The course a target actually takes

in flight; not necessarily a straight line.

Tracer control—The art of adjusting fire based

on information from tracer observation,

Tracer hump—The point of maximum apparent

tracer path curvature.

Tracer observation—The technique of visually

determining the location of tracers in relation

toa target,

Tracer sensing—A decision made by observation

‘as to the relative position of a tracer to a tar-

get.
Tracker’s ine of sight—A line from a tracker’s

eye through or along a sighting device,
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APPENDIX C

PREPARATION OF M55 FOR INDIRECT FIRE

C1. General

‘The M66 has proved to be an effective weapon in

indirect fire. However, to realize maximum effec-

tiveness, a quick and accurate means for laying it

in azimuth and elevation must be improvised. A

gunner’s quadrant is used to level the mount and

to set required quadrant elevation for firing. The

gunner's quadrant must be placed'on the receiver

of the base machinegun (top right machinegun)

when checking mount level and when laying the

guns in elevation. For laying in azimuth, either
of two improvised azimuth scales may be used;

i.e. a tape scale or @ painted scale,

2. Leveling

Leveling the mount within tolerance is important

to the proper operation of the mount and the

weapon. However, using a gunner’s quadrant to

measure elevation will eliminate elevation error

that would otherwise be caused by cant. The M55
must be emplaced on level ground or the carrier

vehicle must be leveled, Level can be checked
with a gunner’s quadrant on the receiver of the

base machinegun while the mount is traversed.

€-3. Laying in Elevation

a, Elevation Scale. An elevation scale is not a

necessity for laying the M55 in elevation, but it is

an aid to quickly setting the elevation close to

that desired. Fine laying can then be done with

the gunner’s quadrant, To construct an elevation

seale, proceed as follows

(1) Level the mount as closely as possible by
leveling the ground on which it is emplaced.

(2) Place the gunner’s quadrant on the re-

ceiver of base machinegun and elevate or depress

‘the guns until they are level.

(8) Place an adhesive (removable) index

mark on the outside of the moving portion of the

left trunnion, It should be placed near the top of

the trunnion and as close as possible to the sta-

tionary portion of the trunnion,

{4) Mark the stationary trunnion exactly
opposite the index mark. This is the zero eleva-

‘tion mark on the elevation acale (fig. C-1).

‘00 BETA

(6) Set 800 mils on the gunner’s quadrant,

set the quadrant on the base mechinegun re-

eelver, and elevate the weapon until the gunner's

quadrant bubble is centered.

(8) Place a mark on the stationary trunnion

opposite the index mark, This is the 800-mil

mark on the elevation scale.

(7) The space between these two marks
should be divided into 8 equal spaces, and all

100-mil points marked and labeled; ie, 0

through 8. This can be done by setting multiples

of 100 mils on the quadrant and marking the ata-

tionary trunnion at each point opposite the index.

2, Calibrating Elevation Scale, Because the

mount will settle and the degree of level will

change, and because the degree of level will vary

at different emplacements, calibration of the ele-

vation scale should be checked and adjusted fre-

quently, Adjustment can be accomplished in the

following manner.

(1) Level the machineguns, using a gunner’s
quadrant on the base machinegun to check level.

(2) Check the position of the elevation

index, If necessary, move the index to a point ex-

actly opposite the 0-mil point on the scale.

C4. Laying in Azimuth

Either a movable tape or a painted azimuth seale

can be used in conjunction with a vernier index

to allow laying in azimuth with an accuracy of a

few mils. Accuracy in reading the scale depends

on accurate construction and fine markings,

@, Tape Seale, Any durable tape can be, used for

constructing the scale, but the procedures out-

Tined are for use of embossing tape, which is rec-

ommended.

(1) Cut tape to a length exactly equal to the
circumference of the mount base.

(2) Fold the tape into two equal parts and

crease the fold. A white mark will appear at the

crease, This mark will be the 8,200-mil mark.

(8) Fold each part of the tape into two

equal parts and continue to fold and crease until
the tape is creased into 64 equal parts.

C1



FIXED SCALE

Figure C-1. Blevation soale on MES.

(4) Using an embossing machine, number
the crease marks from 1 to 68. The ends of the

tape will represent 0 and 6,400 mils and the num-
bored marks will represent 100 through 6,800
mils,

(8) With the mount sighted on an orienting

Point, position the tape around the base of the

mount so that the vernier index (c below) indi-

cates the azimuth of the orienting point (fig.
C-2). Do not remove the tape backing.

(6) Fasten scale to mount base with. scotch
or masking tape so that it can be moved when

necessary for orientation.

>, Painted Scale, In lieu of an embossing tape
scale, a scale can be painted on top of the mount

base. If this is done, a movable index must be

used to effect accurate orientation. A painted

scale can be preparedas follows:

(1)_Using a nonadhesive tape or similar aid
marked in 64 equal parts, mark and paint a acale
on the top surface of the mount base as close to

the turret as possible. Do not number the 100-mil

marks but paint 10-mil marks (smaller than the

others) between the 100-mi] marks,

on

(2) Sight the weapon on an orienting point.

(8) Using chalk or other temporary marker,

label the 100-mil mark closest to the cutout plug

‘with the orienting point azimuth in hundreds of

mils. For example, if the orienting point azimuth

4s 8,760 mils, label the 100-mil mark closest to

the cutout plug 87.

(4) Place a temporary index mark on the
turret so that the mark indicates 8,760 (six 10-

mil marka clockwise from the mark labeled 37).

(5) Label all 100-mil marks for the com-
plete azimuth scale,

¢. Azimuth Vernier Index (fig. C-2). A vernier

index can be made for reading azimuth on a tape

scale, One end of the index plate is'inserted under

the warning plate next to the cutout plug on the

turret, Care must be taken by the crew to insure

that the index is not bent; loosened, or otherwise

disturbed after the weapon has been oriented. To

construct and install the index, proceed as fol-

lows

(1) Procure a flat piece of sheet metal ap-
proximately8 by 5 inches in size.

AGO ssrA,
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Figure C-8, Azimuth index

(2) Measure the length of a 100-mil seg-

ment of the azimuth scale.

(8) Scribe a 100-mil scale on one of the 8
inch edges of the sheet metal. Mark every 8-mil

point. The 0 mark and multiples of 10-mil marks

should be longer than the 5-mil marks and should

be labeled 0, 10, 20, etc. (fig. C-2).

(4) Taper the end opposite the scale end
and bend the index plate as indicated in figure

C2,

AGO S887,

(5) Push the tapered end under the cutout

plug warning plate so that the scale on the ver-
nier is located just free of the, mount base and

about % inch from the azimuth scale.

(6) To read the indicated azimuth, took the

100-mil indication at, or just to the night of, the

0-mark on the vernier and add the reading on the

vernier that is closest to the 100-mil mark taken.

For example, the azimuth indicated in figure C-2

is 700 mils + 23 mils, or 723 Mils.
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