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1-3

ANTIAIRCRAFT ARTILLERY FIELD MANUAL

SERVICE OF THE PIECE

40-MM FIRE UNIT

(This manual supersedes FM 4-141, 24 June 1942, including C 1, 29

March 1943 ; and TC No. 74, War Department, 1948.)

CHAPTER 1

GENERAL

@ 1. Iytropucrion.—The manual prescribes the knowledge and

skill required to effectively serve the equipment of the 40-mm
fire unit. It is a guide for the selection and assignment of

individuals, Fire control is covered in FM 4-151.

H 2. Scopsp—tThe subjects covered include organizations, drill,
care and maintenance, and tests and adjustments. Instructions

for destroying the equipment in the event of imminent capture

are detailed in chapter 6.

@ 3. Cyaracreristics AnD Dara.

a. Gun and carriage (40-mm automatic gun M1 and 40-mm AA

gun carriage M2).

Weight of gun and carriage_________ 5,549 lbs.

Maximum elevation 90°

Maximum depressio:

Gun level____ ue

With jacks. —11°

Traverse 360°

Maximum recoil 9.45 in.

Normal recoil (7.87 preferred) _.

Wheel base-.

Minimum turning diamete:

7.4 to 8.3 in. limits

126 in.

38 ft.

Over-all length (traveling) 18 ft. 9Y%4 in.

Over-all width (traveling)— . 6 ft. Oin.

Over-all height (traveling)— _ 6ft. 7% in.

Maximum extension of jacks____-___ 9% in.

1
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40-MM FIRE UNIT 3

Height of gun trunnion (traveling

DOSLEION!) eeesae eee eeere 62 in.

Overall width of carriage with out-

riggers extended and locked______ 13 ft.

Carriage road clearance — 14% in.

— 6.00 x 20

rare ree wewes Whe 2 oN 45 Ibs./sq. in.

bv. Director M5 or M5A1.

Weight of director (without tripod) 500 lbs.

Weight of director in packing chest_ 665 Ibs.

Weight of tripod_-_____-_-_--__-_--_ 120 lbs.

Limits of director

Azimuth, no limit.

Hlevation, electrical stops, —5°

and 85°

Elevation, mechanical stops,

—10° and 92°

Maximum angular rates: *

— 20° per sec.

20° per sec.

Range, 40-mm (maximum limited by

GiteCtOr) 2a ee 3,000 yds.

ec. Remote control system M5 (see TM 9-1648).—Uses M1 oil

gear unit; 60-cycle, 115 volts, 3-conductor, power cable 225 feet

long; 15-conductor director cable 30 feet long; generating unit

M5; and necessary wiring on carriage.

Weightsof power cable222 sas en os ea asa 67 lbs.

Weight of director cable___-_-._-_-------_---- 31 Ibs.

d. Remote control system M10.—Same as remote control sys-

tem M5, except the M10 system uses the M3B1 oil gear units; no

blackout dial; and variations in wiring (fig. 33).

Weight of M3B1 oil gear (approximate)_-__ 250 lbs.

e. Unit generator M5 or M10.

Weight —____ 800 Ibs.

f. Machine gun, c

M3.—See FM 4-155.

‘M2, WC, and mounts M2A1 and
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3 ANTIAIRORAFT ARTILLERY FIELD MANUAL 40-MM FIRE UNIT 3

| g. Multiple caliber .50 machine-gun carriage M51.—M45 tur-

ret with four HB caliber 50 M2 machine guns-on the M7

generator trailer. (See FM 4-157.)

Road clearance____--------------- 14¥ in.

A Overall length_.

. Overall width -- 96in.

Height of lower guns from ground_-. 56 in.

Weight of turret, fully equipped,

with guns (approximate) __~_____ 2, 400 Ibs.

Weight of trailer (approximate)_-_ 4, 500 Ibs.

Total weight_ _. 6,900 lbs.

— 7.50 x 20

ie 50 lbs./sq. in.
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40-MM FIRE UNIT 45

CHAPTER 2

ORGANIZATION

Srcrion I

GENERAL

@ 4. Generat.—a. The 40-mm fire unit, mobile, consists of a crew
of fourteen men, equipped with one 40-mm gun, a director and
power plant, and a caliber .50 machine gun, water-cooled, for
local protection. Two 2%-ton trucks and one 1-ton trailer
provide transportation.

b. The caliber .50 machine gun, water-cooled, is being replaced
by the multiple caliber .50 machine gun carriage M51, mounting
four caliber .50 machine guns on a power driven turret. In this
case, the 1-ton trailer is not issued.

¢. The 40-mm gun is towed by a 2% ton truck referred to as
the prime mover. The 1-ton trailer or the multiple caliber .50
machine gun carriage is towed by the fire control truck which
also carries the director and power plant.

d. The semimobile 40-mm fire unit consists of a thirteen man
crew, equipped as above, except that neither the 2%-ton trucks
nor the 1-ton trailer are issued to the fire unit.

H 5. 40-0 Fire Unir—a. Each 40-mm fire unit is under the
command of a chief of section and consists of a range section
and a gun section. The individual members of the fire unit are
listed below, and are referred to by the numbers and abbrevia-
tions given at the left margin:

CS Chief of section.

RS Range setter.

1 Elevation tracker.

2 Azimuth tracker.

3 Power plant operator and chauffeur.

4 Telephone operator and alternate tracker,

G Gunner.

5 Machine gunner and lookout.

6 Machine gunner and lookout.

7 Loader and firer.

8 Lookout and lateral gun pointer.

9



5-7 ANTIAIRORAFT ARTILLERY FIELD MANUAL

9 Lookout and vertical gun pointer.

10 Ammunition relayer. (10 is not present in semimobile units

but is supplied from basics in battery headquarters.)

11 Ammunition detail and chauffeur.

b. The range section, composed of RS, 1, 2, 8, and 4, is under the

control and direction of RS. The gun section, composed of

G, 5, 6, 7, 8, 9, 10, and 11, is under the control and direction of G.

e. The members of the gun section, with the exception of the

machine gunners, ride in the prime mover. The members of the

range section and the machine gunners ride in the fire control

truck. When on the road, the machine gun is mounted in the

fire control truck, manned, and ready for instant action.

d. When the multiple caliber .50 machine gun carriage M51 is

used, the two machine gunners and 4 ride in the multiple caliber

.50 machine-gun carriage at the alert, ready to open fire on any

attacking planes.

H 6. Equrement.—a. Each mobile 40-mm fire unit is equipped as

follows:

(1) Gun, 40-mm automatic-M1, on carriage M2; forward area

or speed ring sights, or computing sight MT.

(2) Remote control system M5 with oil gear unit M1, or remote

control system M10 with oil gear unit M3B1.

(8) Director M5 or M5A1.

(4) Generating unit M5 or M10.

(5) Machine gun, caliber .50, M2, water-cooled, on antiaircraft

mount M2A1 or M8, or multiple caliber .50 machine-gun carriage

M51.

(6) Two trucks 2%4-ton.

(7) One trailer 1-ton (if multiple caliber 50 machine-gun

carriage is not issued).

b. Equipment for the semimobile 40-mm fire unit differs from

a above as follows: no 2-14 ton trucks or 1-ton trailers are is-

sued to the fire units.

Section IT

DUTIES OF PERSONNEL

@ 7. Curr or Sxcrion.—a. The chief of section is responsible

for the administration and training of his fire unit. He is respon-

sible during drill for the prompt correction of errors.

10
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b. In the field, he is responsible, under the general supervision

of the platoon commander, for—

(1) Tactical control of the fire unit.

(2) Proper emplacement and fortification of the equipment

and preparation for fire.

(3) Camouflage and camouflage discipline.

(4) Local security and antiaircraft observation.

(5) Recognition and selection of targets.

(6) Conduct of fire,

(7) Maintenance and sanitation of the emplacement.

(8) Efficiency of the personnel.

e. The chief of section must insure observance of the following

precautions in the conduct of drill:

(1) DO be sure axletrees are not unlocked after emplacement

if any weight of the gun is carried by the jacks. If this is done,

the axletree, acting under the force of counterpoise spring, will

snap the wheels down with great violence and (rear axletree)

whip the gunstay into the air suddenly, or (front axletree) whip

the drawbar forward instantly. Failure to exercise this caution

results in severe injury to personnel. This is a major caution for

initial training in gun emplacement drill.

(2) DO grasp the drawbar forward of the “A” frame in lower-

ing the mount. There is very little clearance at the “A” frame

and fingers are likely to be injured.

(3) DO see that the front jack handle is locked toward the

front of the carriage before lowering the mount.

(4) DO keep feet clear of the places on which the jack pads

are about to fall when carriage is lowered.

(5) DO be sure that the traversing handle at the rear of the

top carriage is in the “down” position when lowering mount. It

will interfere with the full movement of the drawbar necessary

to lower the gun into position if “up.”

(6) DO be sure that the handbrakes are released before low-

ering mount.

(7) DO be certain that, after the gun has been used for drill,

the rammer shoe is forward and that the extractors have been

released, allowing the breechblock to close. This relieves tension

on the rammer spring, the breech closing spring, and on the firing

pin springs.

11
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(8) DO be sure to lock the leveling jacks by turning the han-

dles downward and engaging them in the notches after the gun

is leveled.

(9) DO be sure to test the electric brakes, and the operation

of the break-away switch, whenever the gun is connected to a

truck for towing.

@ 8. Rance Serrer.—a. The range setter is in charge of the

range section and is responsible for the care of the director and

other range section equipment. He personally supervises all

tests and adjustments of the director, and all handling of the

director.

b. In the field, he is responsible for—

(1) Correct emplacement of the director, power plant, and

machine gun.

(2) Accurate orientation of gun and director.

(3) Fire control of the fire unit when at director control, or at

sight control when using the computing sight M7.

(4) Condition of matériel under his charge.

(5) Efficiency of the range section.

ce. The range setter must insure observance of the following

precautions in director operation :

(1) DO engage the elevation oil gear clutch before closing

elevation switch.

(2) DO be sure not to force orienting clutch knob. Use only

thumb and forefinger and turn only about one-quarter turn to

loosen. Never turn the large knurled knob unless the small

knurled knob is tight.

(3) DO reverse the elevation rate as the telescopes approach

zero or 85°, to prevent the elevation motion from running against

the mechanical stops.

(4) DO be sure not to apply rates greater than those used to

track actual targets. The director can travel in azimuth at a

higher rate than the M1 oil gear can drive the gun, and the gun

will jump out of phase. The gun slewing lever must always be

lifted before the director is slewed, except when gun is equipped

with M3B1 oil gear.

(5) DO use slewing clutch or handwheel only to traverse

director.

(6) DO be sure power is OFF before inserting or removing

any cable plugs.

12
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(7) DO not lean on the director.

(8) DO be sure to reverse rates slowly, otherwise the torque

amplifier bands may snap.

(9) DO tighten telescope thumbscrews evenly.

@ 9. Gunner.—a. The gunner is in charge of the gun section.

He personally directs and assists in the care and maintenance of

the gun.

b. In the field he is responsible for—

(1) Correct emplacement and leveling of the gun.

(2) Proper adjustment of all mechanisms of the gun and

carriage.

(8) Functioning of the gun during firing.

(4) Fire control of the fire unit at sight control, using forward

area sights, or speed ring sights, including use of the speed ring

sights on the computing sight M7.

ce. The gunner insures observance of the following precautions:

(1) DO be sure the extractor releasing lever is not operated

when the gun is loaded.

(2) DO secure the gun casing with the stay (or by having

the vertical crank held or tied down) before removing the tube.

If not done, the resulting unbalance would permit the equilibrator

to cause the breech casing assembly to run up suddenly to the

maximum elevation stop, and probably damage the gun.

(3) DO open the breech block before removing the tube.

(4) DO not raise or lower the mount with the tube out.

(5) DO insert the breech ring retaining pin in the left side

of the gun casing before removing tube. It must be inserted in

the opening immediately above the hinge of the side cover.

(6) DO leave top cover open until the gun barrel is again

in position. Failure to observe this precaution may result in

displacement of and damage to the breech ring and the auto-

loader.

(7) DO be sure that gun slewing lever is lifted before direc-

tor is slewed, except when gun is equipped with M8B1 oil gear,

(8) DO be certain to remove the muzzle bore sight after ori-
entation. The muzzle bore sight should have a large red tag

permanently affixed to make it conspicuous.

@ 10. Duties or Rance Secrion.—a. The range section and ma-

chine gunners, as directed by RS, handle the 1-ton trailer or

554769°—43——2 13
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multiple caliber .50 machine gun carriage M51 in going in and

out of position. They handle and operate the director and power

plant.

6. When the multiple caliber .50 machine-gun carriage M51 is

provided, the telephone operator sets up the telephone at a con-

“yenient place for the chief of section, and assists the machine
gunners by serving the right machine guns.

ce. When the computing sight M7 is used, the. range setter

mounts the gun platform and operates the course and speed

_ controls.

@ 11. Durms or Gun Sxcrion.—a. The gun section, except for

the machine gunners, serve the 40-mm gun. The machine gun-

‘ners, as members of the gun section, are responsible to the gun-

ner for administrative purposes. They emplace and march order

the machine gun under the direction of the range setter. During

action, they supplement the fire of the 40-mm gun and are par-

ticularly responsible for covering that portion of the field of fire

in the dead area of the 40-mm gun. Riding the fire control truck

they are responsible to the range setter during motor marches.

b. When the fire unit is equipped with the water cooled ma-

chine gun on the antiaircraft mount M2A1 or M8, 5 and 6 serve

the machine gun, and alternate as machine gunner and assistant

machine gunner.

c. When the fire unit is equipped with the multiple caliber .50

machine gun carriage M51, the machine gunners assisted by the

telephone operator, serve the power turret, 5 as gunner, 6 as left

cannoneer and 4 as right cannoneer, 6 assists 5 in engaging

targets. §

Nove.—CHIEFS OF SECTION, RANGE SETTERS, AND GUNNERS

MUST BE CAPABLE OF PERFORMING THE COMBAT DUTIES OF
ALL MEMBERS OF THE FIRE UNIT. ALL MEMBERS OF THE

FIRE UNIT MUST BE CAPABLE OF PERFORMING THH COMBAT

DUTIES OF NUMBERS 5, 7, 8, AND 9 AS A MINIMUM.

14
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CHAPTER 3

DRILL

Secrion I

PRELIMINARY COMMANDS AND FORMATIONS

@ 12. Genrrat.—ea. The following drill is an analysis of jobs

that must be performed by the members of the fire unit. The drill

is organized in a sequence suitable for training. Certain jobs

within the fire unit are more complex than others. By close

observation during preliminary training in drill, individuals are

selected and assigned to the job most suitable to their aptitudes.

The fire unit is then drilled as a team to obtain precision. Hach

imember of the fire unit should then be trained in the duties of

other members of the crew. Battery officers are personally re-

sponsible for the supervision and coaching of chiefs of sections

in the conduct of drill.

b. The following general instructions apply to all drills:

(1) The drill prescribed herein will be adhered to strictly.

(2) Drill is conducted in silence, except for commands and

reports.

(3) Commands and reports are given in a clear and positive

manner,

(4) Errors are corrected instantly and on the spot.

(5) Drill is practiced until all reactions to commands are

automatic, instant, and effective.

(6) The ultimate in precision and speed is the goal.

(7) Drill is conducted at the fastest pace at which the fire

unit can operate smocthly.

c. The drill is presented in chronological sequence of action,

with explanatory notes. Paragraph titles agree with primary

commands. Each command is followed by the individual actions

performed under that command. Each main operation performed

under any primary command is separated from other main oper-

ations by a row of dashes. Each group or series of actions per-

formed concurrently or consecutively under a command is sepa-

rated from other such actions by a space only.

d. The drill contains a number of commands which are shown

in bars, for example, [EMPLACE GUN]. These secondary

15



12-13 ANTIAIRCRAFT ARTILLERY FIELD MANUAL

commands are provided to insure coordination of action during

early stages of training, for use when necessary at night, and

for continued use when considered helpful. Well trained units

must be prepared to anticipate these commands so that no delay

in action results from their use. In advanced stages of training

and combat, such commands are omitted from the drill, at the

option of the unit commander.

e, Throughout this drill the terms RIGHT, LEFT, FRONT, and

REAR are used as follows:

(1) With gun in traveling position, these terms are used to

refer to the carriage only. The drawbar end is the FRONT and

the gun stay end is the REAR.

(2) With gun emplaced, these terms are used to refer to the

carriage or to the gun. Whenever these terms apply to nontra-

versing parts, they refer to the carriage, and the drawbar end

is FRONT. Whenever these terms apply to traversing parts

they refer to the gun, and the muzzle is FRONT.

(3) With prime mover or instrument truck loaded or un-

loaded, these terms are used to refer to the vehicle itself and the

radiator is FRONT.

(4) When these terms are used to refer to the power plant, the

radiator of the power plant is FRONT.

@ 13. Farx In.—The fire unit assembles in two ranks with the

range section on the right, facing CS. The interval is 4 inches

@ © eo

ene q ee
Figure 6.—Positions of crew at FALL IN. CS takes post 3 paces in

front of and facing where the center of the front rank is to form and

commands : FALL IN.

between files and 40 inches between ranks. CS takes his post 3

paces in front of the center of the line on which the front rank

16
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is to form. This command is used when necessary to assemble

the fire unit, and is always used prior to dismissing the fire unit

from drill.

CS commands: FALL IN.

RS takes his post as guide on the right, facing CS.

2, 4, G, 6, 8, and 10 form the front rank.

1, 3, 5, 7, 9and 11 form the rear rank.

(i and 3 cover off 2 and 4; 5, 7 and 9 cover off 6, 8 and 10; and

11 covers a blank file.)

Nore.—CS forms the fire unit in this formation when required,

and locates the assembly point so as to best suit the particular

situation.

@ 14. Counr Orr.—tThe fire unit being in formation,

CS commands: COUNT OFF.

RS. reports, “Range. setter.”

1 to 4 report, their numbers consecutively.

G reports, “Gunner.”

5 to 11 report, their numbers consecutively.

@ 15. Catt Orr.—tThe fire unit being in formation,

CS commands CALL OFF, when necessary to verify the fire

unit,

Each member of the fire unit reports his assignment as

follows:

RS reports, “Range setter.”

reports, “Elevation tracker.”

reports, “Azimuth tracker.”

reports, “Power plant operator and chauffeur.”

reports, “Telephone operator and alternate tracker.”

reports, “Gunner.”

reports, “Machine gunner and lookout.”

reports, “Machine gunner and lookout.”

reports, “Loader and firer.”

reports, “Lookout and lateral gun pointer.”

reports, “Lookout and vertical gun pointer.”

reports, “Ammunition relayer.”

11 reports, “Ammunition detail and chauffeur.”

to the fire units.
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16-18 ANTIAIRORAFT ARTILLERY FIELD MANUAL

Hf 16. Cuancr Orper.—The fire unit being in formation,

cs

Ri

A
2
r
Q
r
R
w
n
nA

commands : CHANGE ORDER.

All members of the firing unit change positions as

follows:

falls out to rear, takes place of 11.

takes place of RS.

takes place of 1.

takes place of 2.

takes place of 3.

takes place of 4.

takes place of G.

through 11 move to position of next lower member.

All members move simultaneously to new positions and

dress right.

H 17. Mount.—The fire unit being in formation,

cs

4,
5

o
e

b
o

W
H

4

3

10

8,
9

i

commands: MOUNT.

When equipped with M2A1 or M3 machine gun mount:

2, and 1 mount instrument truck at right rear in that order.

and 6 mount instrument truck at left rear and man machine

gun.

fastens safety strap.

and RS take seats in cab.

When equipped with multiple caliber .50 machine-gun

carriage M51:

and 1 mount instrument truck at right rear in that order.

5, and 6 mount turret trailer in that order.

takes post at left of turret.

takes post in turret seat.

takes post at right of turret.

and RS take seats in cab.

Remainder of crew take posts as follows:

and G mount prime mover at left rear in that order.

7, and 9 mount prime mover at right rear in that order.

fastens safety strap.

and CS take seats in cab.

@ 18. Dismounr.—The fire unit being in the trucks,

CS dismounts; commands: DISMOUNT.

18
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RS and G repeat command when necessary.

RS and 3 dismount from cab,

1 unfastens safety strap.

1, 2, and 4 dismount from right rear of instrument truck.

5 and 6 dismount from left rear unless instructed to remain

in truck.

9 unfastens safety strap.

9, 7, and 8 dismount from right rear of prime mover.

G and 10 dismount from left rear of prime mover.

11 dismounts from cab.

Nore.—When, equipped with multiple caliber .50 ma-

chine gun, carriage M51, 4, 5, and 6 dismount from trailer.

All form as at the command, FALL IN.

@ 19. Loap Trucks.—This command is used primarily in early

stages of training. The fire unit being dismounted, and in for-

mation as prescribed for FALL IN (par. 18).

CS commands: LOAD TRUCKS.

RS and G give supplementary commands as required.

All take posts and load equipment as for MARCH ORDER

(sec. V).

@ 20. Untoap Trucks.—This command is used primarily in

rly stages of training. The fire unit being mounted in trucks,

CS dismounts and commands: UNLOAD TRUCKS.

RS and G dismount—give supplementary commands as re-

quired.

All dismount, take posts and unload equipment as for

PREPARE FOR ACTION (Sec. II).

@ 21. Srarr Power Pranr,

CS commands and signals to 8: START POWER PLANT.

Hand signal: Facing 3, simulates CRANKING with

right hand.

3 starts power plant; returns hand signal.

19



22-25 ANTIAIRCRAFT ARTILLERY FIELD MANUAL

@ 22. Crosu Swircu.

CS commands and signals to 3: CLOSE SWITCH.

Hand signal: Facing 3, raises and clasps hands to-

gether high overhead.

3 closes switch; returns hand signal.

@ 23. Open SwitcH.

CS commands and signals to 3: OPEN SWITCH,

Hand signal: Facing 3, raises right hand high over.

head, palm toward power plant operator,

3 opens switch; returns hand signal.

@ 24. Sror Powrr PLanr.

CS commands and signals to 3: STOP POWER PLANT.

Hand signal: Facing 3, swings arms across body paral

lel to ground.

3 stops power plant; returns hand signal,

Secrion II

PREPARE FOR AOTION

M 25. Prepare ror Acrion.—a, General—The procedure for

placing the various elements of the fire unit into action from

the traveling position is designed so that-=

(1) The gun is emplaced in minimum time and is ready to

fire, using sight control system, during emplacement of the re.

mainder of the equipment.

(2) The director and power plant are emplaced and prepared

for action with the least possible delay, in order that the gun

may be fired, using director control, as early as possible.

(3) Local protection is furnished throughout emplacement of

all equipment, by either the machine gun or the 40-mm gun.

bv. In the following drill, it is assumed that CS, RS, and G

have made their reconnaissance, and that €S has indicated posi-

tions to be occupied by 40-mm gun, director, power plant, max

chine gun, and trailer. It is also assumed that gun has been

traveling with covers in place. If gun is withaut covers, those

portions of drill referring to removal of covers may be omitted,

CS dismounted and near gun position, commands; PREPARE
FOR ACTION; Takes post where he can supervise work of
the firing unit; exercises general supervision over unload-

ing and emplacement of equipment,
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40-MM FIRE UNIT 25

[repeats command PREPARE FOR ACTION] directs 3 to

drive instrument truck to trailer position, and then to

machine-gun position.

[repeats.command PREPARE FOR ACTION] directs 11 to

drive to gun position.

supervises movement of instrument truck to trailer posi-

tion; dismounts [commands: DISCONNECT TRAILER]

assists 1 and 2 in disconnecting trailer.

drives truck to trailer position, as directed by RS.

unhooks safety belt.

and 2 dismount and, assisted by RS, disconnect trailer. (1

at left side, 2 and RS at right side.)

1, and 2 remount truck (if machine-gun position is near,

they proceed on foot).

supervises movement of instrument truck to machine-gun

position; dismounts.

drives. truck, as directed by RS; stops truck at machine-gun

position; dismounts.

2,and.4 (if.mounted) dismount as soon as truck stops.

and 2 unhook tailgate and lower tailgate.

on truck, continues toe-man machine gun.

on truck, continues to assist 5 as required; checks ammuni-

tion supply and thereafter remains alert for targets.

directs preliminary preparation of machine-gun emplace-

ment.

2, 3, and 4 begin preliminary preparation of machine-gun

emplacement under the direction of RS.

supervises movement of prime mover to gun position (CS

may accompany prime moyer and supervise its movement

to gun position). z

as directed by CS or G, drives prime moyer to position at

which 40-mm gun will be disconnected; stops prime mover.

Nore.—When equipped with multiple caliber 50 ma-

chine-gun carriage M51, the following drill is applicable:

At command PREPARE FOR ACTION (see fig. 7).—

dismounts [commands: DISCONNECT TRAILER], discon-

nects break-away chain, light cable and trailer drawbar.
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4 and 6 dismount from trailer, ground front jacks (6 on right

side of trailer and 4 on left), to lift drawbar off pintle.

1 and 2, dismount from instrument truck, ground rear jacks

(lat right rear trailer jack and 2 at left rear).

1, 2, 4, and 6 adjust jacks at RS’s direction to stabilize the

trailer (the jacks should not carry any of the trailer’s

| weight), and then unload machine-gun ammunition from

truck.

5 remains in turret at all times, on the alert.

4 and 6 leave trailer and perform duties required by standard

drill to emplace director, power plant, cables and tele-

phone, then return to multiple caliber .50 machine-gun

carriage M51 acting as lookouts and cannonneers.

Instrument truck proceeds to director emplacement, and

standard drill is continued.

@ 26. Emptace GuN.—As soon as prime mover reaches gun

position,

G [commands: EMPLACE GUN] dismounts; takes post at

left of drawbar. (See fig. 8.)

(
M
u
l
t
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e

9 unfastens safety belt at rear of truck (tailgate of prime

mover is not lowered for dismounting).

10 dismounts from left rear of prime mover; takes post at left

rear of carriage to assist in removing gun covers.

9, 7, and 8 dismount in order named, from right rear of

truck.

9 takes post at right rear of carriage, to assist in removing

gun covers.

7 takes post at right of drawbar, near its center.

8 takes post at right of drawbar, near lunette,
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~~ ¥ G disconnects break-away chain and brake cable; places brake

cable in socket; wraps break-away chain around drawbar,

above brake cable retaining tube; signals 11 to back up or

pull ahead slightly, as required for disconnecting drawbar.

assisted by 7, disconnects drawbar from prime mover}; pro-

ceeds to left of carriage, to remove lateral sight cover.

7 assists 8 in disconnecting drawbar from prime mover; pro-

ceeds to right of carriage, to unlace gun cover from center

to front of chassis frame.

@
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40-MM FIRE UNIT 26

9 unfastens gun cover upper strap, barrel cover strap and

snap, located at sight bracket; unfastens gun cover lower

strap, located at right rear side of chassis frame; unlaces

gun cover from center to rear. (Gun cover should be laced

from both ends toward the center.)

10 unfastens gun cover lower strap, located at left rear side of

chassis frame; unsnaps gun cover along gun stay; unfastens

gun cover upper strap and barrel cover strap, located at

sight bracket.

G, as soon as gun is disconnected [commands : PULL AHEAD]

Supervises removal of covers; resumes post at left of draw-

bar.

11 drives prime mover forward about five yards and stops; dis-

mounts; proceeds to right rear of carriage, to assist 10 in

removing barrel cover.

7 unlaces gun cover from center to front of chassis frame;

unfastens gun cover front strap.

8 removes lateral sight cover and places it aside; receives

barrel cover from 10, and vertical sight cover from 9; places

them aside with lateral sight cover.

9 finishes unlacing gun cover from center to rear; removes

vertical sight cover and passes it to 8.

10, assisted by 11, removes barrel cover; hands cover to 8.

11 assists 10 in removing barrel cover.

7, 9, and 11 on right side of carriage, pass top portion of gun

cover across gun to 8 and 10.

8 and 10 receive gun cover and carefully fold it to prevent

inside of cover from being exposed to dirt; place with barrel

and sight covers, clear of gun.

7 removes autoloader hood and breech cover; lays them

aside. .

9 and 8, when time permits, place gun covers at suitable

place ; return to their posts at carriage.

When gun has to be pushed into a prepared emplace-

ment,

G directs movement of gun into position. (CS may direct

movement of gun. Such other members of the fire unit as

are required may assist in moving gun into position.)
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7 takes position at right of drawbar near lunette; lifts draw-

bar.

8 takes position at left front wheel.

9 takes position at right front wheel.

10 takes position at left rear wheel; operates brake as neces-

sary.

11 takes position at right rear wheel; operates brake as neces-

sary.

7 assisted when necessary by G, guides and helps push gun

into position.

8, 9, 10, and 11, assisted by 7, push gun into position. (CS, G,

and other members of the fire unit assist when necessary.)

When gun is in position for emplacing,

G takes post at left of drawbar ; unlocks steering link securing

clamp; assisted by 7, locks drawbar and steering gear with

pins, so that they are rigid; takes post at drawbar.

7 assists G in locking drawbar and steering gear; takes post

at drawbar end of carriage, in rear of front axletree, and

between right front wheel and chassis frame.

8 attaches traversing handle; takes post at drawbar end of

carriage, in rear of front axletree, and between left front

wheel and chassis frame.

9 attaches elevating handle; removes right outrigger cover

and places it aside ; swings right outrigger to firing position

and locks it; after 11 releases upper plungers of gun stay,

elevates gun until it is clear of gun stay and will clear

drawbar when gun is slewed (45° is sufficient) ; takes post

at gun stay end of carriage, in rear of rear axletree, and

between right rear wheel and rear jack.

10 removes left outrigger cover and places it aside; swings left

outrigger to firing position and locks it; sees that slewing

lever is down; takes post at gun stay end of carriage, in

rear of rear axletree, and between left rear wheel and rear

jack; checks that lower plungers of gun stay are locked to

rear axletree.

11 releases upper plungers of gun stay; takes post at gun stay

to right of carriage.

26

40-MM FIRE UNIT 26

G commands: UNLATCH.

8 sets front locking handle to unlocked position [reports,

“Unlatched.”|

9 sets rear locking handle to unlocked position [reports,

“Unlatched.”]

G commands: READY—LOWER. (See fig. 9.)

7, 8 and G at front, and 9, 10, and 11 at rear, lower carriage to

the ground,

G sets front locking handle to locked position.

11 sets rear locking handle to locked position; disengages gun

stay plungers and lowers gun stay.

[G commands: MAN JACKS.]

7 takes post at front jack [reports, “Ready.”]

9 takes post at right jack [reports, “Ready.”

10 takes post at left jack [reports, “Ready.”]

11 takes post at rear jack [reports, “Ready.”]

8 removes lever and maul from gun platform, and maul from

prime mover; places them in position convenient for use.

(He places one maul near each end of chassig frame; if

only one is available, he places it near front of chassis

frame; takes post at slewing lever.) (See figs. 10 and 11

for positions at jacks.)

G [commands: GROUND JACKS] (directs 7, 9, 10, and 11

when uneven ground makes it advisable for certain jacks

to be extended farther than others).

7, 9, 10, and 11 lift leveling jack handles; turn handles until

footplates rest firmly against ground and handle locks are

exactly opposite notches. (All four plates must carry equal

loads.)

Note.—Throughout this drill the terms UP and DOWN

refer only to the carriage. Jack handles are to be turned

im the direction required to produce movement of the

carriage in the direction specified. When command is

UP, turn handles clockwise.
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40-MM FIRE UNIT 26

G commands: UP THREE TURNS (more if on soft ground).

7, 9, 10, and 11 give jack handles exactly three full turns

[report their numbers together with the command, as

“Seven—Up Three Turns.”]

G, if CSis present [reports “Ready to Level.”

CS commands: LEVEL, or if desired, gives command: SIGHT

CONTROL. If latter command is given, it is executed im-

inediately’ (see SIGHT CONTROL helow).

G [commands (or repeats) : LEVEL] assisted by 8, slews gun

go that muzzle ig toward gun stay and one leveling tube i
s

parallel to chassis frames.

8 assists G in slewing gun during leveling of gun.

7, 9,10, and 11 grasp leveling jack handles.

G observes position of bubbles in leveling tubes fastened to

upper carriage (when gun is out of level, the bubble is

always displaced from center of tube in the direction of

the higher end) ; orders that jack at higher end of chassis

frame be locked.

Example: Assuming that drawbar end of chassis frame

is the higher end, the procedure for leveling is as follows:

G commands: SEVEN—LOCK.

7 locks front jack by lowering handle lock into notch [and

reports, “Seven—Locked.”]

G commands; ELEVEN—UP TWO TURNS.

11 gives jack handle exactly two turns in the direction re-

quired to raise rear end of chassis frame [reports,

“Eleven—Up Two Turns.”]

9 and 10, while 11 is turning his jack handle, give their jack

handles exactly one turn (half as many turns and in same

direction as 11) [report, “Nine—Up One Turn’—“Ten—

Up One Turn.”]

G continues to raise lower end in this manner until gun is

level along chassis frame (each outrigger jack raising gun

exactly half as much as end jack) or until 11 has raised bis

end too high.

Nore—Whenever time permits, it is desirable that gun

be leveled or releveled, with a minimum extension (ru
n-

31



26 ANTIAIRCRAFE ARTILLERY ‘LD MANUAL

out) of jacks. This entails digging out under wheels and

chassis, and lowering gun with jacks.

If 11 has raised his end too high,

G commands: ELEVEN—DOWN TWO NOTCHES.
11 moves his jack handle exactly two notches in the direction

required to lower rear end of chassis frame [reports,

“Eleven—Down Two Notches.”]

9 and 10, while 11 is turning his jack handle, move their jack
handles exactly one notch (half as many notches and in the
same direction as 11) [report, “Nine—Down One Notch,”

“Ten—Down One Notch.”]

When gun has thus been leveled along chassis frame,

G commands: ELEVEN LOCK.

: 11 locks rear jack by lowering handle lock into notch [reports,
“Eleven Locked.”|

G observes position of bubble in leveling tube which is paral-
lel to outriggers, commands that jacks at end of outriggers
be turned through exactly the same number of turns or
notches, but in opposite direction,

Assuming that left outrigger is the higher, the pro-
cedure is as follows:

G commands: NINE UP—TEN DOWN—FOUR NOTCHES.
9, upon command, moyes his jack handle exactly four notches

in the direction required to raise outrigger [reports, “Nine—
Up Four Notches.”]

10, while 9 is turning his jack handle, moves his jack handle
exactly four notches in the direction required to lower
outrigger—[reports “Ten—Down Four Notches.”]

G directs 9 and 10 in this manner until gun is level along out-
riggers; commands, LOCK. [Each man at jack reports, as
he complies with any leveling order] assisted by 8, slews
gun through 180° and checks that bubbles come to rest in
same place. (Bubbles will come to rest at center of bubble
tubes if tubes are properly adjusted.)

NotE.—In the event G, or any man at jacks, becomes
confused or has reason to believe that jacks are not
carrying equal loads, he calls “RELEV EL.”

40-MM FIRE UNIT 26

G commands: RELEVEL.

7, 9, 10, and 11 turn their jack handles in the direction re-

quired to lower the carriage, and continue to lower carriage

until wheels rest upon ground [report, “Carriage Down.”]

G commands: GROUND JACKS.

The procedure as described above is repeated until the

gun is properly leveled.

G when gun is level, removes drawbar pin; folds drawbar to

front; places pin in socket.

[G commands: DRIVE STAKES.]

8 takes post to right of chassis frame in front of rear axle-

tree, and faces chassis frame, removes upper stake and

passes it to 7; removes lower stake and passes it to 11;

assists in driving stakes when necessary.

7 veceives stake from 8; inserts stake in bracket at front of

chassis frame; procures maul; immediately drives stake

into ground; passes maul to 9.

9 removes stake from right outrigger; inserts stake in

bracket; receives maul from 7; drives stake into ground;

passes maul to 11.

stake from 8; inserts stake in bracket at rear of

chassis frame; procures second maul if available or receives

maul from 9; drives stake into ground; passes maul to 10.

10 removes stake from left outrigger; inserts stake in bracket;

receives maul from 11; drives stake into ground; places

maul aside or hands it to 11.

abt

11 collects mauls ; places mauls with gun covers.

G checks level of gun; when found to be out of level, raises

drawbar and inserts pin, gives command, MAN JACKS,

followed by command, LEVEL. (These commands, when

given, are executed as previously described, and gun is

accurately leveled.)

[G reports, to CS: “Gun Level.”]

reports, READY TO LEVEL),

CS commands: SIGHT CONTROL (G gives the command in

absence of CS). (See figs.12, 18, and 14.)
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G [repeats (or commands): SIGHT CONTROL] removes

drawbar pin; folds drawbar to the front; places pin in its

socket; supervises preparation for sight control action; in-

sures that elevation switch is “OFF” and slewing lever

lifted; takes hold of free end of rope which is attached to

firer’s foot.

7 takes post on gun platform for sight control action.

8 takes post in lateral gun pointer’s seat for sight control

action.

9 takes post in vertical gun pointer’s seat for sight control

action; insures that oil gear clutch lever is to rear; at-

taches rope to right foot and passes free end to G.

10 and 11 proceed to secure and prepare ammunition.

RS (when M7 sight is used) mounts gun platform in rear of

8 and acts as lead setter.

When members of gun section are at posts for sight

control action, and time does not permit complete examina-

tion of equipment.

CS commands: EXAMINE FOR ACTION. (In absence of CS,

G gives the command.)

G [repeats command] insures that recoil buffer is full, secure

and properly adjuste inspects recuperator and equilibra-

tors; examines barrel and loading mechanism; insures re-

coil recorder set to minimum; insures top and side covers

properly closed and locked; verifies deflector tube lowered

and secured; insures feed control lever to left; insures safe

or fire lever at “SAFE”, and loading lever in rear catch;

checks condition of sights (assisted by 8 and 9) ; inspects

ammunition.

7 pulls loading lever fully to rear to set feed control lever

to right; moves loading lever to front catch; t firing

mechanism; tests safe or fire lever in three positions; sets

to “SAFH”; sets feed control lever to left; inspects loading

tray and autoloader; insures top and side covers are closed

and locked, loading lever is in rear catch, and breechblock

is open; assists 10 and 11 in examining ammunition.

8 and 9 traverse and elevate gun as required to assist Gs

check operation of traversing and elevating mechanism;

assist G in checking condition of lateral and yertical sights.
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and 11 examine ammunition and clips

assists 7 in trippin; xtractor releasing levig the extrac et t leasing lever as

ia it is evident that members of the fire unit have

mpleted their duties under coma RS mmand EXAMINE

commands: REPORT. (In absen iony ce of CS, G gives the

repeats command.]

8, 9, 10, and 11 report any defects to G.

reports to CS, “Gun in ” or repor’pare i Order,” or reports any defects in

commands: LOAD (In abs iae (In absence of CS, G gives the com-

[repeats command] make: g i
frer’s foot; takes hold of oe ae pes
insures safe or fire lever is at “SAFE”; reports, “Safe”;

tees feed control lever is at left; pulls loading aren
ully to rear; moves it slightly forward, and engages it i

rear catch. f :
Pee a loaded clip; keeps himself placed at right of

ech casing; passes loaded clips across right side of

autoloader to 7. 10 holds loaded clips with fern to hi
right ; closed side of clip vertical and on side ase i 3
him. His right hand is placed beneath center of ou
round and his left hand over center of top round. 4
one loaded clip from 10 by reaching across autoloader.

placing palm of right hand against base of bottom saan)
and palm of left hand against next to bottom fuze so as to
ee bottom fuze also; adjusts position of hands so that

lower edges of palms touch front and rear guides; dro;

Joaden! clip into autoloader; presses down hard on to: : ro ea
with both hands until bottom round drops to a -
and 11 relay or pass ammunition to 7 as required. ed

40-MM FIRE UNIT 26-27

When 40-mm gun is ready for sight control action,

[G. reports, “Ready for Action.” }
G, 10, 11 unload spare parrel, ammunition, tools, and supplies

from prime mover and place as directed by CS. Spare bar-

rel should be located conveniently near gun position a
nd

protected from dirt and weather.

CS orders 11 to park prime mover, indicating parking location;

takes post where he can supervise work of the fire unit.

11 parks prime mover returns to gun.

Nore.—The above unloading and parking of the pri
me

mover is done when most expedient.

H 27. Emerace MacHine Gun.—When 40-mm gun is re
ady for

sight control action (tf RS is engaged on M7 sight, CS performs

his duties).

CS [ecommands: EMPLACE MACHINE GUN] indicates spo
t

for emplacement.

IRS repeats command.]

and 6 unload feedway and chamber of machine gun.

clamps machine gun at horizontal; swings muzzle tow
ard

cab of instrument truck.

6 places power cable at rear of power plant; raises right seat

of truck to facilitate removal of machine gun.

4, RS, 3, 2, and 1 (dismounted) take post facing tailgate o
f

truck, in order named (RS slightly to left of center).

5 dismounts; takes post at left of 4,

6 removes the ammunition chest and passes it to 4.

ation is urgent, chest is not removed.)

4 places ammunition chest near indicated location; re
turns

to this post at rear of truck.

pushes water chest to rear of truck.

and 2 lift water chest off of truck; place under tailgate.

on truck, pushes gun and tripod assembly to rea
r.

and 8 grasp rearmost tripod leg; pull toward rear; lift.

2 and 1 grasp next tripod leg; pull toward rear; lift,

4 and 5 grasp last tripod leg; pull toward rear; lift.

6, on truck steadies machine gun by barrel, as it is lifted down.

5, 4, RS, 3, 2, and 1 lower gun and tripod assembly; place

machine gun in position. (See fig. 15.)

o
n
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40-MM FIRE UNIT 27-28

immediately replaces ammunition chest on machine gu
n;

swings machine gun to point into dead area; loads ma-

ehine gun; unclamps machine gun in elevation; remains

ready to fire.

passes machine-gun ammunition and tools to 1 and 2; dis-

mounts; assisted by 1 and 2, places water chest to left of

machine gun.

and 2 assist 6 in placing water chest to left of machine gun.

2,3 and 4, remount.

drives instrument truck to director site as directed by RS.

6 proceed to director site on foot.

H 28, Expnace Drrecror.—When instrument truck has reached

the position to which the director is to be emplaced (see note 
at

beginning of par. 27),

RS [commands: EMPLACE DIRECTOR] (He marks on

ground with his heel the spot on which the director tripod

is to be set); takes post facing left rear of instrumen
t

_ truck to supervise and assist in removing director fr
om

truck.

.digsmounts ; takes post facing center rear of truck.

takes post facing right rear of truck.

and 2 unlash director tripod from director packing
 case.

insures that power cable is at rear of power plant
, So as

not to interfere with removal of director; hands di
rector

cable, radio, and telephone equipment to 3h
receives director cable, radio, and telephone equipment

from 4; places them near the place at which director is 
to

be emplaced ; returns to rear of truck.

and 4 hand director tripod to 3 and 6.

and 6 receive director tripod from 2 and 4; place it exactly

on spot marked by RS, so that two plungers of tripod wi
ll

be directly toward direction from which director will
 be

brought to tripod; extend plungers about % inch; return

to posts at rear of truck.

Note—When tripod is thus emplaced, the director can

be positioned through the gap between the tripod 
plung-

ers, thus reducing the amount of lifting required.
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and 2, assisted by 4, move director packing chest to rear of
truck; turn chest one-quarter turn clockwise, so that its
long sides are parallel to rear axle of truck, and so that

side on which white arrows are painted faces toward the
rear.

NovE.—When on truck, director chest should be at.the
front, to right of power plant, and should have its long

sides parallel to truck sides. The side on which two

white arrows are painted should be to the right. 1

should take hold of left rear corner, 2 should take hold

of right front corner, and 4 should take hold of right rear

corner, I should coordinate the efforts of all three by

giving commands suggestive of the direction in which

chest should be moved. He should say “Clockwise” when

chest should be rotated in that direction, as viewed from

and “Counterclockwise” when chest should be

moved in the opposite direction. By giving these orders

alternately and by all three working together, the chest

can be moved easily to the rear and rotated one-quarter

turn clockwise before allowing it to come to rest at rear

of truck.

2 insert carrying bars in director chest brackets nearest
left and right sides of truck, respectively.

dismounts; takes post to left of 6.

and 2, holding carrying bars and assisted by 3 and 4, move
chest until it extends slightly beyond rear end of truck

floor. 5
takes hold of left carrying bar at end which extends toward

the rear.

takes hold of right carrying bar at end which extends toward

the rear.

takes hold of left carrying bar slightly to rear of center,

takes hold of right carrying bar slightly to rear of center.

commands: READY—LOWER.]

3, and I (at left) and 6, 4,2 (at right), lower director chest
until only the forward ends (6 to 8 inches) of carrying

bars rest upon rear of truck. (See fig. 16.)
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1 dismounts to left; takes hold of front end of left car
rying

bar.

2 dismounts to right; takes hold of front end of 
right carry-

ing bar.

[RS commands: READY—CARRY.]
[RS, 3, and 1 (at left) and 6, 4, and 2 (at yight) l

ower director

chest; carry director chést to location indicated b
y RS;

Jower chest to ground.

Norm.—RS should direct that chest be placed
 several

feet from the place where the tripod is emplaced
, and

that the side on which white arrows wre painted
 will be H

facing the direction toward which the director m
ust be

carried to mount tt upon tripod.

3 and 4 remove upper section of director chest.

6 removes canvas cover from top of director.

1 and 2 remove carrying bars from director

them in director earrying brackets.

[RS commands: READY—RAISE.]
1, 2, 3, and 4, assisted by 6 and 11 as required, carry

 director

to tripod and prepare to lift and emplace it. (See fig. 17.)

6 and 11 assist as required in carrying and emplac
ing di- {

rector.

Nore.—Director, when in packing chest, should always

have azimuth panel on same side of chest as white arrows

(marked on outside of chest). The azimuth panel may be

easily identified by the orienting clutch, directly aund
er-

neath. The director, before it is removed from tripod

and placed in packing chest, should be slewed s
o that

orienting clutch (as azimuth panel is faced
) appears

slightly to right of one of the three plunger re
ceptacles.

This facilitates clearing the tripod when director is lifted.

Director, when being emplaced, should be b
rought to

tripod with azimuth panel facing the two tripod plungers

previously placed in direction of approach. 
When direc-

tor is then lifted over tripod, the plungers and receptacles

will approximately match. RS, facing azimuth panel,
lewing handle with left hand,should then stoop, grasp $'

and with right hand, position the receptacles so that rota-

chest and insert

c
s
a
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H 29. Duprace Power Pranr.

RS
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tion of director is not required, Ui iy
ter director over triipod.

RS, as directorj‘Ss brought to tri
x 

: 

pod, takes post at tri 
1eee director [and commands; READ Ueos ane of director over tripod; positions eee2 % and 4, assisted by 6 and 11 if nec: 'y, lift i ;remove it over tripod as directed by ke ce

When director is properly positioned,
RS [commands:
1, 2, 3, ana 4, assisted by

1,

gently lower

When director has been placed upon tripod,>

RS directs 3 to ari© drive to position at iwhich po iemplaced, removes carrying bars; ae ae cemrount; 

ee

S the telescopes; levels director ; connects" oe
gl 10n bo: y st

cables to pees and to gun junction box. (RS ma: assist: 
2 

before 1 
i 

iee ae truck to Place indicated by me, starts; 
n truck, if directed by RS, 

: i
and recei cryi
See ae carrying bars from RS; insert barg into di; i est carrying brackets ; close direct a na‘ake it to concealment, 

ce atnes11 places canyas cover near director,

Norn.—If the tactical situatio: iiplant may be left in the truck. ee en,

‘0 to a

be emplaced. EX Power plant position when it iatta

When directorplaced (see note at beginning of par. 27) eee cs: ,

[commands: EMPLA LAN
comm 

: 
CE POW: 

iSists in unloading power ae - ae! a
mounts ; places power ca e to ri; of power plant; inserts

3 

rig)

ts 
ble ti ‘ht of poy t tilong carryir 1g bars into power plant side brackets.bars to extend ‘0 rear as far ag possible, in order

t ras fi bl der t2 ir

allowing

0 provide

46

2,

RS,

ll,

1,

40-MM FIRE UNIT 29

and 2 mount instrument truck; hand power cable to 4 and

6; each secures a short carrying bar.

and 6 receive power cable from 1 and 2; place it at location

selected for power plant emplacement.

grasps ends of long carrying bars and lifts rear end of

power plant; moves rear end of power plant. slightly to

right; lowers power planton short carrying bar which has

been placed beneath power plant by 1.

after 3 has lifted rear end of power plant, places short

carrying bar beneath rear ends of power plant skids.

dismounts; takes post facing left rear of truck.

RS, 10, 6, and 4, in order named, take posts at right of 3

and face rear of truck.

at front of power plant, pushes power plant toward rear of

truck.

when power plant has been pushed toward rear of truck

far enough for I’s carrying bar to be about midway beneath

power plant, places second short carrying bar beneath power

plant.

continues to push power plant.

when necessary, continues to place first one and then the

other short carrying bar beneath the power plant, until rear

of power plant extends slightly beyond rear end of truck;

inserts one short carrying bar into power plant rear brack-

ets; holds power plant while 1 adjusts long carrying bars

to center.

assisted by 11 (at left) and 6 (at right), adjusts long carry-

ing bars so that bars extend equal amounts to front and

rear of power plant.

10 grasp ends of left and right long carrying bars, respec-

tively.

6 grasp left and right ends of short carrying bar, respec-

tively.

2, 6, 10, 11 and RS pull power plant until only about one foot

of power plant skids remains upon truck ; lower rear end of

power plant slightly below truck floor level to assist 2 in

removing other short carrying bar from beneath power

plant; move rear end of power plant slightly, to right.

removes short carrying bar from beneath power plant;

hands it to 3.

at
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8 yeceives short carrying bar from 2; places it into power

plant front brackets; continues to hold left end of front

carrying bar.

4 grasps right end of front carrying bar as power plant is

moved slightly farther to rear.

IRS commands: READY—LOWER.]

RS, 1, 2, 3, 4, 6, 10, and 11 lower power plant until only 6 to 8

inches of front ends of long carrying bars rest upon truck.

1 and 2 dismount; resume grasp of same carrying bars.

[IRS commands: READY—LOWER] supervises movement of

power plant to position. (See fig. 18.)

RS, 1, 2, 3, 4, 6, 10, and 11 lower power plant to ground; secure

more comfortable holds on carrying bars; carry 
power

plant to position as directed by RS.

Norz.—Power plant should be emplaced with radiator

toward gun position so that 3 can see signals while facing

control panel.

Nore.—If erew is short, the rear of the power plant

may be extended over the end of the truck and lowered to

the ground. The front end may then be raised clear of

truck bed and the truck driven out from under the power

* plant. Caution: Truck brakes must be set until front

end is raised. Ewxercise care to prevent dropping either

end of power plant and injuring personnel.

H
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4, assisted when necessary py 1 and 2, strings power cable from

power plant to gun; returns to his post at the phone or

M51 carriage.

6 returns to his post at machine gun.

10 and 11 return to their posts at the gun.

* 3 removes carrying bars; starts power plant if directed by CS.
RS directs 3 to park instrument truck at place indicated by

CS; returns to director.

3 parks instrument truck as directed; returns to power plant.

H 30. Prepare To ORIENT.

Nore—In the following drill it is assumed that the

conditions below prevail when the command, PREPARE

TO ORIENT, is given:

48
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The members of the: ‘s e gun secti irGs tion are at their posts for

The gun is loaded. i, pointed in the directia ection of antici.

ISTE) ate and elevated to 30° or ieeePe normal standby

a aS We se ts in satisfactory operating condition. (It

ie i ‘ ae as the director be checked to eine
t is stioning correctly prior t i A,ee. : : L ‘0 orientation.

ieie ees Gusta! oil gear units on the gun es im
oe a operating condition. (It is imperative that

se units be in proper adjustment prior to Loot ce )

Nore.— op fvee a oan 4-157 for duties of 4, 5, 6 in orienting
soe . ee ee M51 carriage MUST be smn

e r the 40-mm gr ir :Gb ee gun and director are oriented,

CS comma :

f s note at end of par.
and signals: par. 31) [command:

tercineion Se eee ] scans ees Genin
: ae nesinuiae Coane ig (orienting) point. (See note

start : ane
$ power plant; adjusts to proper speed and voltage

IRS repeats theepeats the command, PREPARE Toe : : F TO ORIENT.

: oe oe SAFE; checks level of gun

a or fire lever at “SAFE”; r ‘ q
i uarows elevating handle into gear; Rene M eg
ce his hands behind loading ‘baie = ° a
pulls loading lever ful: leastas ‘ully to rear, releasing round on loading

11 catches round as it sli4 as it slides off loading t:

7 places loading lever in front catch. ee

G connect: ver
ia (pene to gun; insures that elevation switch

ih em S eee a Bee dy, for power calls, “Power,” to CS.

matched (this ee Switches are “OFF,” deflection meni
is “OFF”; ees approximate zero rate and deflection)

RS checks director He y for power calls, “Power,” tn SC. :
Peale eae connections; calls, “Power,” 

to CS;

50

CS, when both G

and signals: CL

handling of cables or co
nnec

40-MM FIRE UNIT 
30

and RS have called “Power,” faces 3, commands

OSE SWITCH. (CS does not permit any
tions after main switch is

closed.) ain switch3 adjusts voltage as
3 connects miain cable

; closes m:

required. 
? :

4, 5, 6,8, 10, and 11 remain at normal posts.

RS,

1 and 2 leave switches

RS runs range pointer from

1 and 2, while RS is moving r
ange

RS

Notre.—Before orienting, it is necessary that deflections

(or rates) be brought precisely to zero. 
The effect of @

small deflection left in either side of the 
director is ea-

actly the same as an error im voresighting 
the gun. Ifa

deflection does exist in the director it w
ill be in propor-

tion to the range setting; therefore, @ c
hange in the

range setting will cause a corresponding 
change in the

deflection—visible as a movement of the 
fine dial (azi-

muth or elevation). If a deflection does not exist, then @

change in range setting can have no effect on the fine dial,

and dial will remain stationary.

j, and 2 test and accurately set zero defl
ections as follows:

“QFF” ; push tracking clutches “IN”,

grasp handwheel handles and bring defle
ction marks to

matched positions ; pull clutches “OUT” HARD.
2,500 yards to 500 yards.

pointer, watch their fine

deflections are at accurat
e

dials. If dials do not move, orienting; 1 and 2 report,
zero, and the director is ready for

“No Change.”

If either does move,

or 2 (the tracker concerned) pushes dutc
h “IN”; calls,

“Repeat.”

again runs range fro:

often as required, un

turns range pointer tom

or 2 (the tracker concerned) 
,

watches his fine dial

jn order to stop movement 
0:

vw; when change jn rani

m 2,500 yards to 500 yards; repeat
s as

til tracker reports, “No Change”
; re-

jnimuny range.

while RS is moving ra
nge

and adjusts handwheel as

f dial during move-

ge setting causes
vointer,

necessary,

ment of range pointe:

51



30-31 ANTIAIRCRAFT ARTILLERY FELD MANUAL

no movement of dial he reports:ing clutch half way & ce
Jar (inside director) will not el
ABH deflection setting ;

orienting,

1 elevates telesco

Degrees.”

2 removes orienting clutch cover.
9, as soon as round Slides off loading tr.

upper deflector tube is clear of Sanenote at end of par. 815) :
G removes pin and raises de:

bore sight in muzzle or pl
i ee) bore sight in breech,

elevates gun to 80°; reports to G, “El icone es and pushes oil gear clutch lever pa eeand 1 have reported, “Elevation Thirty agrees,” turns gun elevation swi 0 report 0

t 
ts te

ERS reports to CS, “Director Ready.” ]

“
ee Change”; pulls track-

YY, so that Stationary col-
ngage clutch and shift thvac a) j 

:leaves clutch in this position during

Pes to 80°; reports to G, “Elevation Thirty

depresses gun until
(For exception, see

ae tube; replaces pin; places
aces cross hairg on muzzle

@ 31. Ormnr.

Nore.—The aimin, iing (orientin, ijat an estimated range of at a sine ae
: 

east 1,000een relies (shortest distance, not Becca oeeae LL line of gun bore and line of azimuthor aaa vi. id of gun and director, when both gun
Hila eae epproximately at aiming point.mee ee gUr a gun and director pointed approwi.oe e

e
 i auning point, line of azimuth telescope

2 yards ; in ies eees aie eee ee peesminimum range of 2,000 Aretereomen. :Ca

1 azimuth telescope is

point should be at a mini-
In both examples accuracy

about 4 yards, and the aiming
ag range of 4,000 yards.

within 1 mit is insured,
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The procedure required to orient gun and director in

azimuth is distinctly different from that required to

orient gun and director in elevation. Throughout both

operations, deflection gears are at zero (pointers

matched), rate (tracking) clutches are “OUT”, rate

switches are “OFF”, and all changes in direction or eleva-

tion of telescopes are accomplished by moving tracking

handwheels.

CS commands: ORIENT (For exception, see note at end of

paragraph) ; points at and describes aiming point.

RS [repeats command] identifies aiming point (RS will select

aiming point in absence of CS).

G grasps gun slewing lever; slews gun until blackout dial is

blacked out (or pointers matched) ; slams gun slewing lever

down.

RS places himself at rear of gun; signals (to 1 and 2) direc-

tions and amount of movement required in order to point

gun toward aiming point; sights through bore; signals 1

and 2 until bore is alined exactly on aiming point. (See

fig. 19.)

1 and 2, using hand tracking only (switches “OFF” and

deflections exactly at zero as previously set), operate their

tracking handwheels as required to move the gun according

to signals from RS; stop moving handwheel when RS

signals, STOP.

RS, when bore has been exactly alined on aiming point, signals

1 and 2 to stop moving handwheels; commands, LOCK;

continues to observe aiming point through bore of gun.

8 and 9, at command, LOCK, from RS, take places standing

peside their gun pointer’s seats.

9 removes screw and places elevation adjusting lever at

“LINE UP.”

8 and 9 lean over and check alinement of their sights on aim-

ing point; make adjustments if necessary. (See par. 97.)

8 reports to RS, “Lateral On”; resumes post as lookout.

9 yeports to RS, “Vertical On”; places adjusting lever to

“FAR”; replaced screw; resumes post as lookout.:

2, at command, LOCK, holds handwheel still; wedges hand-

wheel in position with handkerchief or cloth; screws small

53
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40-MM FIRE UNIT 31

knurled nut up tight with thumb and forefinger ONLY

(thus locking azimuth transmitter and preventing motion

of the gun) ; unscrews large knurled knob one-quarter turn

(thus disconnecting transmitter from director traversing

gears) ; traverses director with handwheel until azimuth

telescope is alined accurately in azimuth on aiming point;

reports, “On.” (See note at end of paragraph regarding

halving backlash.)

Nota—Large knurled knob should be unscrewed just

enough to free it; further unscrewing may cause the gun

to move. It should never be handled at all (tightened

or loosened) unless the small knurled nut is screwed up

tightly.

1, at command, LOCK, holds handwheel still; wedges ha
nd-

wheel with handkerchief or cloth; if same aiming point is

to be used when orienting in elevation, looks into telesc
ope

to see whether the horizontal cross hair is on the aiming

point and calls, “Elevation On” or “Elevation Off.”

RS, observing that gun has not moved from aiming point, when

2 reports “On”, goes to director; looks into azimuth tele-

scope; verifies that vertical cross hair is on aiming point;

returns to gun; verifies that gun is still on aiming point;

commands, UNLOCK. (If at any time during locking,

traversing, and unlocking, the gun moves in azimuth, RS

commands: REORIENT. 2, in such a case, tightens large

knurled knob, loosens small knurled nut, brings gun to

aiming point, and the above operation is repeated.)

2, at the command, UNLOCK, from RS, screws large knurled

knob up tightly with his fingers; unscrews small knurled

nut; traverses director about 20° off aiming point to right

and left; each time brings it back on aiming point; reports,

“On”; replaces orienting clutch cover when RS repeats,

“On” ; keeps director pointed at aiming point.

RS remains at breech of gun; insures that gun returns to aim-

ing point each time 2 realines director; reports, “On”

to 2 (In case gun does not return to aiming point he

commands: REORIENT.) ‘This completes orientation in

azimuth.
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1, after deflector tube is replaced, elevates gun and director to, afteCS may indicate a new aiming point for elevation. Otherwise
Same aiming point is used.

1 places the horizontal cross hair of elevation telescope on

aiming point by means of his tracking handwheel.

2 places or keeps the vertical cross hair of azimuth telescope
on aiming point by means of his tracking handwheel.

RS looks through gun bore to see whether bore is correctly
alined on aiming point in elevation; if alinement is in cor-

rect, commands: ADJUST ELEVATION; remains at rear

of breech.

G, at command, ADJUST ELEVATION, gets necessary tools
and goes to elevation oil gear; removes sideplate and ad-

justs gear so as to move gun vertically in amount and direc-

tion indicated by RS. (See par. 129.)

1 and 2 retain grasp of handwheel handles; continue to look

into telescopes, keeping director pointed exactly at aiming

point. (See note at end of paragraph regarding halving

backlash.)

RS looks through bore; commands and signals: UP or DOWN,
as required; when bore is exactly alined on aiming point in

elevation, he reports, “Elevation On.”

G, at report, “Elevation On,” from RS, tightens oil gear
screws; checks with RS that gun has not moved; replaces

sideplate (if elevation adjustment has been necessary) }

removes bore sight (or cross hairs) from muzzle and

passes it to 11; lifts slewing lever and slews gun to point

in normal standby direction; holds elevation switch at
“ON” while 1 depresses gun.

7 removes bore sight from breech and passes it to 11; places

receives bore sights from G@ and 7; places bore sights with

tool box,

10 passes loaded clip to 7 (if required).

56

30° or normal standby elevation.

G, when gun is elevated above horizontal, removes hi
>

[RS

cs

is hand

rom elevation switch. 
: j

oi All members of the fire unit take (or remain at) their
posts. abe

reports to CS, “Ready.” 
:

Rens READY] if desired, he commands and signals to
3: OPEN SWITCH and STOP POWER PLANT.

Nore—The director should be checked for backlash
 in

r trains of both azimuth and elevation motio
ns as

prescribed in paragraphs 111 and 112, and the deviat
ions

from aiming point determined, Backlash should oe Be

taken into account during orientation. After gun has

imi int + i the di-i in the aiming point in azimuth and

ei 4 the director

the gew

been 
die

rector orienting clutch has been locked,

should be traversed in one direction until the vert
ical

cross hair has passed the aiming point by an CE
O

al to half the measured backlash angle, thus halw
ing

ue

e The elevation backlash should bethe backlash error.

halved similarly.

Nore.—It may be desirable, when time is limited, i
G

check orientation with gun sights, instead of ey) e
e

sighting. Such a method requires positive Ne Ue

that gun sights are already correctly lined: The one

cedure is identical with that above, with the fo
llowing

exceptions:

adds the words, “WITH SIGHTS”, to the two command
s,

loading lever in rear catch; presses down hard on top eS PREPARE TO ORIENT, and ORIENT. eee
round in autoloader until bottom round drops onto loading G, 7, 9, 11, and 1 omit all procedure relating to handling 0

tray; receives loaded clips from 10 and refills autoloader if ; the bore sights and deflector tube. pis é
required. 

9 yemoves screw and places elevation adjusting lever a

1, using elevating handwheel on the director, depresses gun “LINE UP,” immediately after he pushes oil gear clutcuntil deflector tube can be replaced. 
forward. ;7 replaces deflector tube as soon as it will clear chute. RS, aaa oie through bore, looks through and alines

gun until sights are on aiming point (lateral sight 
for azi-

muth and vertical sight for elevation).

57



32-83 ANTIAIRCRAPE ARTILLERY FIELD MANUAL

EB 32. Drrarzs, Posts.

CS commands: DIRECTOR CONTROL (or SIGHT CON-

TROL)—DETAILS, POSTS.

The individual members of the fire unit take their posts

as follows, for director control:

RS _ facing range panel of director.

facing elevation panel of director.

facing azimuth panel of director.

at power plant.

at telephone and radio.

at machine gun, as firer.

at left side of machine gun, as loader.o
n
u
k
w
n
r

Note.—When equipped with multiple caliber .50 ma-

chine-gun carriage M51, 4, 6, and 6 take posts on trailer.

(See fig. 23.)

G near breech, where he can supervise gun section.

on gun platform, at left of and facing breech casing.

8 in dead area, behind director, on right of line from director

“to gun, as AA lookout.

9 in dead area, behind director, on left of line from director

to gun, as AA lookout.

10 on ground at right of breech casing, near enough to pass

ammunition to 7.

11 near ammunition supply.

x

For positions at director control, see figure 20.

For positions at sight control, see figure 21.

#33. EXAMINE EQUIPMENT.

CS commands: EXAMINE EQUIPMENT.

[RS repeats command.]

[G commands: EXAMINE GUN.]

RS and G check cable connections.

8 checks fuel, oil, and water of power plant; verifies that

trouble light and dash light are in order; starts power

plant ; adjusts voltage and speed (frequency).
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RS and G report, “Power” to CS.

CS commands, and signals 3: CLOSE SWITCH.

3 insures that main power cable is connected, and closes

main switch, on command of CS; checks voltage and speed
4

Positions of Personnel and Equipment at Director Controt

a te De tea

70° DEAD AREA

i
 
—
-
—
—
 
—
-
1
0
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—

o
) i | | |

Figure 20.—DETAILS, POST. Director control—schematic.

(frequency) ; makes necessary adjustments for proper

operation.

RS checks level of director; tests operation of slewing clutch

and operating limits of range scale; checks alinement of

open sight; supervises director tests made by 1 and 2.
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1, 2, and RS, with clutches “OUT” and switches “OFF,” check

zero deflection. (See par. 105.) )

1 and 2 set handwheel handles at twelve o’clock; turn

switches “ON”; push clutches “IN”; note that direction of

Positions of Personnel and Equipment at Sight Control

f
e
-
=
-
=
1
3
)
 
0
°
 
—
—
—
—

70° DEAD AREA

Fiaurn 21.—DETAILS, POST. Sight control—schematic.

rotation of constant speed gears is counterclockwise on M5
(clockwise on M5A1) directors; time the rate of rotation
to insure that speed is 20 revolutions in 60 seconds, plus or
minus 4% second; introduce rates in both directions, noting

60
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smoothness of operation; return handwheel handles to 12

o'clock position; pull clutches “OUT” hard (1 notes slight

movement of elevation dials and 2 notes no movement of

azimuth dials); turn switches “OFF”; check uniform

tightness of telescope thumbscrews; check alinement of

telescopes.

snaps “ON” illumination switch.

and 2 cover telescopes with hands; look in eyepieces and

check that cross hairs are illuminated; focus telescopes.

snaps illumination switch “OFF.”

checks superelevation run-down time (see par. 115) ; checks

elevation prediction by running elevation test problems

(see par. 121).

checks azimuth prediction by running azimuth test prob-

lems (see par. 122).

tests telephone and radio communication.

checks level of gun through 180° ; insures that recoil buffer

is full, secure, and properly adjusted (see par. 74); in-

spects recuperator spring and equilibrators; removes

breechblock and gages protrusion of striker; examines bar-

rel and loading mechanism; insures top cover and side

cover are properly closed and locked ; verifies that deflector

tube is lowered and secured; checks oil motors for leaks;

adds oil, if necessary; checks (and adjusts if necessary)

backlash, dither, and creep (see pars. 128 to 134) ; tests

traversing and elevating mechanism, including slewing

clutch, blackout dial, and limit switches; checks alinement

of sights (assisted by 8 and 9); examines steering gear,

drawbar assembly, brake cable, break-away switch springs,

axles, tires, and wheels; checks ammunition, tools, and

spare barrel.

sets feed control lever to right; tests firing mechanism;

tests safe or fire lever in its three positions; sets at

“SANE”; sets feed control lever to left; assists G in re-

moving, examining, lubricating, and replacing breech

mechanism; assists G@ in examining loading tray and auto-

loader; closes and locks top and side covers; leaves breech

closed and rammer forward ; examines and lubricates front

jack and front locking handle; assists 10 and 11 in examin-

ing ammunition.
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traverses gun as required to assist G@; checks operation

and lubrication of traversing mechanism: adjusts seat;
examines and lubricates rear locking handle; inspects
stake lifting lever and mauls; assists G in checking lateral
sight; makes certain traversing handle is out of gear.
elevates gun as required to assist G; checks operation and
lubrication of elevating mechanisms; adjusts seat; exam-
ines and lubricates right jack and outrigger eccentric
pivot; assists G in testing vertical sight; makes certain
elevating handle is out of gear and oil gear clutch lever is

forward; tests the firing mechanism with safe or fire lever
in each of its three positions.

examines ammunition and clips, assisted by 7 and 11; as-
sists 7 by tripping extractor releasing lever as required ;
examines and lubricates left jack and outrigger eccentric

pivot; lubricates springs, axletrees, wheels, and remainder
of carriage; examines steel stakes.

assists 10 in examining ammunition and clips; examines
and lubricates gun stay and rear jack.

Nore.—Machine gun not stripped or disassembled.

If action is likely, the machine MUST not ve examined

at same time as other equipment, but LATER. Hither

the 40-mm or the machine gun must be ready to fire at
all times.

pulls machine-gun operation handle to rear, unloads, re-

leases and presses trigger to insure that gun will fire;

examines firing pin striker for possible break or improper
protrusion; checks oil buffer adjustment and insures that

backplate is completely closed and latched; insures that
Jatch on mount (lower right rear for M2A1) is released ;
again pulls handle to rear and releases; checks head space

adjustment: checks timing adjustment ; insures that back-

plate buffer adjusting screw is tight; loads gun and, with
operating handle, works several rounds through gun to

insure proper feeding and loading; where situation permits,

obtains permission of CS and fires short burst at high
angle, in safe field of fire, in order to test gun; unloads;

makes adjustments if necessary; checks condition and

alinement of antiaircraft sight (if furnished) ; places first
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round behind holding pawl, closes cover, and pulls Opera

ing handle once; points gun into dead area away trom

40-mm gun. (One additional operation of handle will be

required before gun can be fired.) ce ‘

checks ammunition supply, insuring that ammunition belt.

is folded correctly in chest, with double link ahead (if metal

links are used) ; insures that belt feeds freely through ig

opening in chest; tests feed pawl spring and ane Dan

spring by pressing with fingers; examines feed lever pivot

for excessive play; examines feed lever stud and bolt cam

grooves for burs and excessive wear; sees that bolt switch

is set for left-hand feed; examines extractor and oR pACLOL

switch for flaws, burs, and faulty or missing springs in-

sures that automatic cartridge aliner is securely in D1 ACes

and spring working freely; lubricates breech mechanism Me

required; insures that water chest is filled, and pumps

water through gun; observes muzzle and for leaks ae

tightens muzzle gland (very slightly) if required; ols

into muzzle (with bolt retracted by 5) to see that bore is

clean and free of obstruction; aids 5 as required,

No When equipped with the multiple mach GED

carriage M51, the duties of 4, 5, and 6 at EXAMINE

EQUIPMENT are as follows. If action is likely, ihe

M51 carriage MUST not ve examined at the same time as

other equipment, but LATER. Bither the 40-mm or the

M51 carriage must be ready to fire at all times,

turns on turret drive switch.

starts power charger. sienehy

elevates to 90° limit stop, then depresses to zero limit stop

noticing any sluggishness or slipping of the elevation drive.

Returns guns to horizontal ; elevates to 10°. '

and 6 unload guns, examine chamber, pull operating han-

dles of all guns to rear and release. ieee ;

turns on firing circuit switch, observes whether indicator

light goes on. : ; ;

Besisted py 4 and 6, checks the operation of the solenoids,
one at a time. As firing mechanisms of each gun operate,

4 and 6 report, “Check.” 4 and 6 pull back on operating

handles as necessary to verify operation of firing mecha-

nisms.
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5 traverses 360°, noting any sluggishness or slipping of turret

drive mechanisms; selects orienting point, indicating it to

4 and 6. Holds sight on orienting point with central dot

one-fourth of radius of inner circle below orienting point

to compensate for superelevation setting; 5 turns off turret

drive switch. Thereafter uses sight interlock switch as

needed to check that sight has not moved off orienting

point.

4 and 6 remove golenoid cables, remove backplates, driving

springs, bolt studs, and bolts of all guns. Close top covers

and verify the alinement of guns on orienting point. If

barrel reflectors are provided, the backplates and bolts need

not be removed.

4 veports, “Right guns on” as soon as he has verified the

alinement.

6 reports, “Left guns on” as soon as he has yerified the aline-

ment. If any gun is not correctly alined, either 4 or 6

reports, “Gun out of line.’ Immediate action is taken by

4 or 6 to correct alinement.

4, 6 lift covers, replace bolts, bolt studs, driving springs, back-

plates of guns, and reconnect all solenoid cables; retract

bolts fully and lifting ejectors slightly, lock bolts to rear;

check the ammunition chests for proper loading; verify

that front gun joint pins are latched in place.

5 slews gun to cover dead area (or primary zone assigned) ;

turns off sight light and turret drive switch.

4, 6 clean bores of gun.

5 checks contents of left and right spare bulb containers;

leaves seat; turns on turret drive switch; checks voltmeter

reading for condition of batteries; turns off turret drive

switch; checks gasoline supply; examines water level in

batteries (3¢’’ above top of plates) ; examines connection

of battery cables, power cables, power charger leads and

grounds, trunnion cables, solenoid plugs; turns off power

charger; unscrews oil filler plug of power charger and

checks oil level; takes place in seat again.

4, 6 check stowage on the trailer; check ammunition in chests

in corners of trailer for proper markings and left and right

feed.

4, 6 release bolts on guns, inspect machine gun mechanism as

follows: Examine firing pin strikers for possible break or
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improper protrusion ; check head space adjustment; insure

that backplate buffer adjusting screws are tight: test belt

feed lever springs, feed pawl springs, holding pawl springs,

and extractor switch springs by working parts with fingers;

examine feed lever pivots for excessive play; examine feed

levers, studs, and bolt cam grooves for burs or excessive

wear; verify that bolt switches are set for correct direction

of feed; examine extractors for worn edges, flaws, burs, or

missing springs; insure that automatic cartridge aliners

are securely in place and springs working freely. Set hand

firing mechanisms to operating positions and operate firing

mechanisms; set hand firing mechanism out of operating

position; close covers; half load all guns; stand by at

attention behind receivers of respective guns ready to

report.

When the members of the range section have com-

pleted their inspection,

commands: REPORT.

reports, “Elevation In Order,” or reports any defects.
reports, “Azimuth In Order,” or reports any defects.

reports, “Power Plant In Order,” or reports any defects.

reports, “Communications In Order,” or reports any defects.

When the members of the gun section have completed

their inspection,

commands: REPORT.

reports, “Machine Gun In Order,” or reports any defects.

reports, “Machine Gun Ammunition In Order,” or reports

any defects. : : -

Nore.—When equipped with multiple caliber 50 ma-

chine-gun carriage M51, 6 reports, “Machine Guns And

Ammunition In Order.” ¢ andi do not report. =

reports, “Breech and Loading Mechanism In Order,” or re-

ports any defects. is ie

reports, “Traversing Mechanism In Order,” or reports any

defects. i e é f

reports, “Elevating Mechanism In Order,” or reports any

defects.
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10 reports, “Ammunition In Order,’ or reports any defects.

When RS and G have received their reports,

CS commands: REPORT.

RS_ reports, “Range Section In Order,” or reports any defects.
G reports, “Gun and Machine Gun In Order,” or reports any

defects.

@ 34. Trran SHor—Trial shots should be fred immediately fol-

lowing orientation, whenever the tactical situation permits. Au-

thority for firing trial shots must be specifically obtained by the

chief of section from a higher commander. At least two trial

shots should be fired, one with left traverse and one with right

traverse. (See FM 4-151.)

The gun being loaded and the fire units at posts,

CS commands: TRIAL SHOT. If necessary, signals and com-

mands 8; START POWER PLANT.

w
w

starts power plant; adjusts voltage and speed.

1 and 2 insure that switches are “OFF”, deflection marks

matched, and tracking clutches “OUT”; report, “Power,”

to RS.

RS reports, “Power,” to CS; sets range pointer to 1,500 yards

(or other range as desired for firing trial shot) and wedges

range handwheel with handkerchief or cloth,

CS faces 8; commands and signals: CLOSE SWITCH.
closes main switch; adjusts voltage as necessary.

insures that gun is elevated to 30° reports to G, “Elevation

Thirty Degrees.”

1 insures that director is elevated to 30° ; reports to G, “Ele-

vation Thirty Degrees.”

G insures that oil gear lever is forward; then turns elevation

switch to “ON” and sets recoil recorder to minimum reading.

1 and 2, as soon as power is furnished, turn switches “ON.”

RS commands: THIRTY DEGREES (or other elevation as
desired for firing trial shot).

N
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1 pushes clutch “IN”; elevates to specified elevation, and

carefully adjusts handwheel until fine dial does not move;

wedges handwheel with handkerchief or cloth; removes

hands from director.

1 and 2 report, “Ready,” to RS.

RS - reports, “Ready for Trial Shot,” to CS.

CS commands: FIRE ONE TRIAL SHOT, LEFT TO RIGHT

(or Right to Left if desired).

1 keeps hands off director; takes paper and pencil in his

hands.

RS grasps slewing handle; slews director to point at least 30°

left of gun (for left to right trial shot) ; releases slewing

handle; keeps hand off wedged range handwheel; raises

left arm and holds it aloft.

G, as soon as director is slewed by RS, grasps slewing lever and

slews gun until dial is blacked out (or pointers matched) :

slams slewing lever down.

7 insures that gun is loaded; places loading lever in front

catch; places safe or fire lever at “SINGLE FIRE.”

2, as soon as director is slewed and arm of RS is raised,

moves handwheel handle to 12 o'clock position; pushes

clutch “IN”; moves handwheel handle smoothly to 6

o’clock position (clockwise for left to right trial shot, or

counterclockwise for right to left trial shot) ; wedges hand-

wheel with handkerchief or cloth; removes hands from di-

rector ; takes paper and pencil in his hands.

1 and 2 look into telescopes.

RS, when gun has traversed to position where it points directly

away from director, commands: FIRE, and drops his arm

to his side.

7 presses firing pedal one time; places safe or fire lever at

“SAFE” ; places loading lever in rear catch.

1 and 2 observe the tracer in their telescopes; look down

quickly and draw path of tracer on prepared sketch of

reticle.

2 removes cloth wedge; matches deflection marks; pulls

clutch “OUT.”

1 turns switch “OFF”; leaves handwheel wedged and clutch

“IN” if another trial shot is to be fired.

67

|



34-35 ANTIAIRCRAFT ARTILLERY FIELD MANUAL

RS examines sketches made by 1 and 2; reports to CS, “One
Trial Shot Fired.”

G reads length of recoil (if unsatisfactory adjusts recoil
buffer) ; resets recoil recorder.

4, 5, 6, 8, 10, and 11 remain at normal posts during the trial
shot procedure.

Nore.—For each additional trial shot, the above pro-
cedure is repeated. The point of intersection of each pair
of tracer trajectory curves as seen by 1 and 2 and super-
imposed on each others drawings should coincide with
the point of intersection of the telescope cross hairs. If
they do not coincide, a complete check of gun and director
adjustments and orientation is made and another pair of
trial shots are fired. Correct orientation and adjust-
ments should eliminate lateral deviation of the trial shot

and should insure intersection in elevation as well, how-
ever, if intersection in elevation does not result after
accurate orientation and adjustment of gun and director
are accomplished, an adjustment is made in the elevation

oil gear to produce intersection. (See par. 129.)

H 35. Renieve SPRINGS.—Upon completion of the day’s drill, or
when the gun is to be left for a long period of time, it is desirable
that tension of breech closing, breechblock, and rammer springs
be relieved.

CS commands: RELIEVE SPRINGS.

10 takes post at right side of breech casing near extractor
releasing lever, and exerts a moderate pressure on lever
toward rear of gun.

7, after determining that gun is unloaded, pulls loading lever
fully to rear, thereby taking weight of rammer off check
leve places feed control lever to the right.

10, pushing on extractor releasing lever, allows breech to close.
7 closes breech slowly by moving loading lever into front

catch, thereby relieving the breech closing and breechblock
springs; places safe or fire lever to “SINGLE FIRE”; re-
leases rammer by operating fire mechanism; places safe or
fire lever at “SAFE” and returns feed control lever to the
left.
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Secrion III

ACTION, DIRECTOR CONTROL

H 36. Generat.—Upon the appearance of a target, CS or any

member of the fire unit who sights or hears the target calls out,

TARGET, and points out the approximate location.

Immediately upon hearing the report, CS commands: TARGET,

if action is to be with director control. He commands: TARGET,

SIGHT CONTROL, if action is to be with sight control.

Immediately upon hearing the report, each member of the fire

unit goes to his post, if not already at his post, and upon hearing

the command, TARGET, prepares for action as indicated by the

command.

After giving the command, TARGET, CS recognizes the target

and, if it is hostile, commands: ENGAGE.

The fire unit prepares for action at the command, TARGET,

but does not open fire until after CS has commanded, ENGAGE.

The primary responsibility of the machine-gun or M51 ¢

riage is the dead area of the 40-mm gun. In case the director as

not being used, the primary zone of the machine-gun or M51
carriage is designated by CS. Surveillance of the primary zone

must be continuous regardless of whether the machine-gun or

M51 carriage is engaged therein or not. Especially in case of

multiple targets, particularly when approaching from different

directions, the crew of the machine-gun or M51 carriage must

take immediate and appropriate action without command from

cs.

Norp.—See FM 4-155 for detailed duties of 5 and 6 at the fol-

lowing commands (TARGET, FIRE, CEASE FIRING, and

CEASE TRACKING) at the machine gun.

Notr.—See FM 4-157 for detailed duties of 4, 5, 6 at the fol-

lowing commands (TARGET, ENGAGE, FIRE, CEASE FIRING,

and CEASE TRACKING) at the M51 carriage. The duties of

1, 2, 3, as prescribed in FM 4-157, become the duties of 5, 4, 6,

respectively in the 40-mm fire unit. Those portions of the drill

in FM 4-157 which relate to the half-track vehicles do not apply

when manning the M51 carriage.
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TARGET, DirEcror CoNnTROL,

Note.—In the following drill it is assumed that the

conditions below prevail when the command, TARGET,

is given:

All members of the fire unit are at their posts for di-

rector controlled action as in figure 22.

The power plant is operating properly, and the main

switch is closed.

The gun is loaded, pointed in the direction of antici-

pated attack, and elevated to 30° or other normal stand-

by direction,

Lhe director telescopes are pointed in the direction of

anticipated attack and elevated to 30° or other normal

standby direction.

The director is set with range dial indicating minimum

range with deflection gears at zero (pointers matched),

with rate (tracking) clutches “OUT” and with rate

switches “OFF.”

The machine gun is manned, ready for instant action,

and may engage, without command, any target entering

its sector and which is recognized as hostile.

Note.—lf the multiple caliber .50 machine-gun car-

riage M51 is used, figure 22 is modified to the extent

shown in figure 23.

commands: TARGET; points at target; if more than one

target is visible in direction indicated, he describes de-

sired target, as necessary; continues to look at target.

checks to see that main switch is closed and that power

plant is operating at proper frequency and voltage.

repeats command; checks that oil gear lever is forward

and elevation switch is “ON”; grasps gun slewing lever;

slews gun to point slightly ahead of target; looks down at

blackout dial; slews gun so that dial is blacked out (or

pointers matched); continues to slew gun, keeping dial

blacked out (or pointers matched); takes hold of rope

which is attached to firer’s foot.

Nore.—Periodically G sets recoil recorder to minimum,

reads length of recoil after gun is fired, makes any neces-
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sary adjustments to recoil buffer, and resets recoil re-

corder, checking again if adjustment was necessary.

7 places loading lever in front catch; insures that feed con-

trol lever is turned left; keeps autoloader full.

8. and $ aid CS in recognizing target; act as AA lookouts.

10 and 11 each obtain a loaded clip pass to 7, as required.

4 acts as AA lookout.

5 and 6 as firer and loader, respectively; prepare to fire on

any hostile target within range.

Norge.—When equipped with multiple caliber .50 ma-

chine gun carriage M51, 6 indicates target to 5 and assists

him in getting on target. (See fig. 24.)

1 and 2 at command, TARGET, turn rate switches “ON”;

look into telescopes; each grasps his tracking handle lightly

with thumb and fingers of right hand (handles should be

held in this manner at all times); moves handle to 12

o'clock position; pushes rate clutch “IN”; (movement of

handles to 12 o’clock position prior to pushing clutches

“IN” introduces no tracking rate).

RS at command, TARGET, grasps slewing handle with right

hand and places left hand over 1’s right hand ; looking over

open sight, slews in azimuth and sets in vertical rate so

that telescopes point toward target. (RS must remove

excessive elevation rate before releasing l’s hand.)

allowing his right hand to be guided by RS, reports, “On”

as soon as he sees target in telescope.

continuing to hold his handle at 12 o’clock, reports, “On”

as soon as he sees target in telescope.

e
f

2

RS when 1 and 2 have reported, “On,” commands: TRACK;

at same time, smartly removes both hands from director:

quickly raises left arm and holds it aloft. (The command

TRACK is given loudly and is used to insure perfect coordi-

nation of action by RS, 1, 2, G, and 7.)

G repeats command, TRACK (heard from RS or 7, or when

he sees RS’s arm raised) ; slams gun slewing lever down;

retains hold of rope attached to 7’s ankle.

7 repeats command, TRACK (heard from RS or G, or when

he sees RS’s arm raised).
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at command, TRACK, adjusts tracking rate, as necessary.

at command, TRACK, immediately applies a rate by a

smooth movement of his handwheel (this initial movement

must be in proper direction, clockwise for traverse right).

and 2, when tracking is smooth, report, “Steady,” continue

to track. (If they lose sight of target they report, “Lost”

(see TARGET LOST Drill).)

commands: ENGAGE, as soon as he (with aid of other sec-

tion members) has recognized target as hostile. (He may

also command ENGAGE, AUTO-FIRE.)

observes target ; estimates and sets ranges.

and 2 continue to track target.

maintains proper operation of power plant.

5, 6, same as at TARGET.

places safe or fire lever to “SINGLE FIRE.” (If command

is ENGAGE AUTO-FIRE he places safe or fire lever to

“AUTO.”) Stands ready to fire and receive additional

loaded clips from 10.

and 9 acts as lookouts for new targets; follow gun around

as traversed, or take other positions as directed by CS.

keeps himself placed in position to pass additional clips;

receives loaded clip from 11.

passes loaded clip to 10; prepares to pass additional clips;

loads clips, as necessary. (10 and 11 may alternate in

passing loaded clips directly to 7.)

cs

commands: FIRE, when target is within range, tracking

is steady, and proper range is set in director; at same time,

drops left arm smartly to his side; continues to set ranges.

s firing pedal; releases it and presses it again for

shot, at rate of about one shot per second (if com-

mand by CS was ENGAGE, AUTO-FIRE, he presses firing

pedal and holds it down for duration of firing) ; when pos-

sible defiects empty clips from gun platform.

and 2 continue to track.

exercises general supervision; may command CEASE

FIRING, CHANGE TARGETS, or SIGHT CONTROL.

(See par. 88, 40, and 42.)
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3, same as at ENGAGE.

4, 5,6, same as at TARGET.

G watches functioning and pointing of gun. (If gun points
near director or other unsafe condition develops, he pulls

7s foot from firing pedal and, at same time, commands:

CEASE FIRING. As soon as firing is again safe he

commands FIRE. (See par. 45.)

8 and 9 same as at ENGAGE; act as AA lookouts; remain

alert for command SIGHT CONTROL or other commands.

10, 11, relay or alternate passing loaded clips to 7, as require

insure that empty clips are cleared from gun platform. 11

loads additional clips, as required.

@ 38. Cease Frrine, Director ConTROL.

RS commands: CEASE FIRING, when target is out of range.

(CS may give the command at any time.)

G [repeats command] and pulls rope attached to 7’s foot,

removing foot from firing pedal.

7 places safe or fire lever at “SAFE” and reports, “Safe”;

fills autoloader, as necessary.

10 and 11 stand ready to relay ammunition to 7.

1 and 2 continue to track target.

RS_ continues to set ranges.

3, 4,5, 6, 8 and 9 continue normal duties.

H 39. Cease Tracking, Director ContRoL.

CS commands: CEASE TRACKING.

[RS repeats command.]

G lifts gun slewing lever; swings gun to direction of antici-

pated attack. (In order to protect the selsyn units, G

insures that the gun is always so positioned that the azi-

muth indicator is blacked out or pointers matched as long

as power is being delivered to the gun and director.)

7 sets safe or fire lever to “SAFE”; secures loading lever in

rear catch.

1 and 2 immediately move handwheels to 12 o’clock, making

certain that all rates are zeroed; pull out clutches; turn

switches to “OFF.”
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_ sets telescope at 30° or normal standby direction.

G checks that safe or fire lever is at “SAFE” and that loading

jever is in rear catch; leaves elevation limit switch at

“ON”; checks gun level.

RS slews director to direction of anticipated attack; sets range

to minimum; verifies position of switches, deflection marks,

and clutches; checks level of director.

keeps power plant running properly.

continues as telephone operator and lookout.

continues as lookout.

gathers empty cartridge cases and clips; places them near

11; returns to post as lookout.

10 and 11 replenish ammunition at gun; load empty clips, as

necessary.

5 and 6 continue normal duties.

C
O
R

@ 40. Caance Tarcets, Director CONTROL.

CS commands: CHANGE TARGETS: points at new target.

(If more than one target is available in new direction, he

indicates desired target, as necessary.)

[RS repeats command.]

G [commands: CEASE FIRING] pulls 7’s from firing pedal;

lifts gun slewing lever; slews gun to point slightly ahead

of new target; looks down at blackout dial and slews gun

so as to keep dial blacked out (or pointers matched).

7 removes foot from firing pedal; places safe or fire lever at

“SAF. refills autoloader as necessary.

1 and 2 quickly move tracking handwheel handles to 12

o'clock position, leaving tracking clutches “IN”; insure

that deflection marks are matched; report, “Zero” to RS;

hold handwheel handles at 12 o’clock as director is slewed.

RS, after 1 and 2 report, “Zero” and gun slewing lever is lifted,

grasps slewing handle with right hand; slews director to

point approximately at new target; retains grasp on slew-

ing handle; looks over open sight; uses left hand to aid 1

in getting on target.
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1 and 2, as soon as they see target in telescopes, report “On”;
2 does not apply tracking rate.

1 allows his right hand to be controlled by RS’s hand.
RS, when 1 and 2 have reported “On.” smartly remoyes both

hands from director; at same time commands: TRACK
(loudly enough to be heard at gun); quickly raises left
arm and holds it aloft; sets range into director.

G repeats command, TRACK (heard from RS or 7, or when he
sees RS’s arm raised); slams gun slewing lever down;
takes hold of rope attached to 7’s ankle.

7 repeats command, TRACK (heard from RS or G, or when
he sees RS’s arm raised) ; places safe or fire lever to previ-
ous firing position.

J, at command, TRACK, adjusts tracking rate, as necessary.
2, at command, TRACK, immediately applies tracking rate.
1 and 2 when tracking is smooth report, “Steady”—continue

to track target. If they lose sight of target, they call,

“Lost.” (See par. 41.)

3, 4,5, 6,8, 9, 10, and 11 continue normal duties,

RS commands; FIRE when target is within range, tracking
steady, and proper range is set into director, at same time
dropping left arm smartly to his side; continues to set

ranges.

7 vesumes firing.

H 41. Tarevr Lost, Director Controt.

Nore—Whenever target disappears from telescopes,
L and 2 call “Lost.”

When RS believes that target is only temporarily ob-
secured and that it will reappear in the telescopes or he

believes that he can aid and coach 1 and 2 back on target,

he merely repeats, “Lost.”

When RS believes that a new pick-up is required he
repeats, “Lost” and. commands: ZERO.

The drill procedures are as follows:

When target is lost and RS can aid and coach trackers
back on target,
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1 and 2, call, “Lost”; do not change tracking rates; leave

clutches “IN”; continue to look into telescopes.

RS repeats, “Lost,” loud enough to be heard at gun. an

G pull’s 7’s foot from firing pedal, [and at the same time,

commands: CEASE FIRING] does not lift gun slewing

7 ee foot from firing pedal; places safe or fire lever at
“SARE”; refills autoloader, as necessary. ;

RS looks over open sight, searching for target; gives no cones

mand as long as he thinks target will reappear near his

line of sight ; grasps 1’s hand on handwheel handle.

CS, 3, 4, 5, 6, 8, 9, 10, and 11 continue normal duties.

RS, when he again sees target, looks over open sight, guides

‘ 1's hand on handwheel handle; coaches 2 by commanding
RIGHT or LEFT. <ce

1 and 2, when they sce target in telescopes, report, lors

j i ssar’ ck target.adjust rates as necessary to track ae

RS, when 1 and 2 report “On,” commands: TRACK; raises Jett

? arm and holds it aloft; sets range into director.

1 and 2, when tracking smoothly, report, “Steady”; continue:

to track target.

RS commands: FIRE, when tracking is steady and proper

range is set into director; at same time, drops left arm.

smartly to his side; continues to set ranges.

7 yresumes firing.

When target is lost und new pick-up is necessary,

1 and 2 call, “Lost”; do not change tracking rates until RS

commands ZERO.

RS repeats, “Lost,” loud enough to be heard at gun; com-

mands: ZERO, loud enough to be heard at gun. ;

G pulls 7’s foot from firing pedal, [and at same time com-

mands: CEASE FIRING]. “i

7 removes foot from firing pedal; places safe or fire lever at

“SAFH”; refills autoloader, as necessary.
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41-42 ANTIAIRCRAFT ARTILLERY FIELD MANUAL

1 and 2 quickly set tracking handwheel handles to 12 o’clock:

leave clutches “IN”: report, “Zero” to RS; hold nein
wheel handles at 12 o’clock, as director is slewed.

G, at command ZERO, lifts gun slewing lever; slews gun to

a slightly ahead of target; looks down at blackout dial;

slews gun so as t ) i iAe 0 keep dial blacked out (or pointers

RS, immediately after 1 and 2 report “Zero” and gun slewing

lever is lifted, grasps slewing handle with right hand; slews

director to point approximately at target; retains grasp
on slewing handle; looks over open sight; uses left hand to

aid 1 in getting on target.

» allowing his right hand to be guided by RS, reports, “On”

as soon as he sees target in telescope.

, continuing to hold his handle at 12 o’clock, reports, “On”

as soon as he sees target in telescope.

RS, when 1 and 2 haye reported, “On,” commands: TRACK; at

same time, smartly removes both hands from director;

quickly raises left arm and holds it aloft; sets range into
director.

G repeats command, TRACK (heard from RS or 7, or when

he sees RS’s arm raised) : slams gun slewing lever down;

takes hold of rope attached to 7’s ankle. i
repeats command, TRACK (heard from RS or G, or when

he sees RS’s arm raised) ; places safe or fire lever to pre-

vious firing position.

1, at command, TRACK, adjust tracking rate, as necessary.

, at command, TRACK, immediately applies tracking rate,
1 and 2 when tracking is smooth, report, “Steady,” continue

to track target.

CS, 3, 4,5, 6, 8, 9, 10, and 11 continue normal duties.

_
n
o

a
J

RS commands: FIRE, when tracking is steady and proper

range set into director; at same time, drops left arm

smartly to his side; continues to set ranges.

7 resumes firing.

W@ 42. SraHr Conrron, From Director ContTRot.

CS commands: SIGHT CONTROL; when desirable, commands

and signals; OPEN SWITCH to 3.
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G [repeats command, SIGHT CONTROL] lifts gun slewing

lever ; throws elevation switch to “OFF.”

RS [commands: ZERO] sets range to minimum—(when M7

sight is used, mounts gun platform in rear of 8 ready to

set in leads).

1 and 2 insure that tracking rates are at zero, tracking

clutches “OUT,” and switches “OFF”; they report, “Zero”

to RS.

8, takes lateral gun pointer’s seat; leaves traversing handle

out of gear, as long as command TARGET is not given.

7, if 9 is to fire, removes rope from his ankle and passes rope

end to 9.

9, takes vertical gun pointer’s seat; raises latch and pulls oil

gear clutch lever to rear; throws elevating handle into

gear; attaches rope end to right foot (if he is to fire).

3, at command or signal, OPEN SWITCH, opens main swi

keeps power plant running, unless CS orders other

4, 5,6, 10, and 11 continue normal duties.

H 48, Grounp Tarcer op Water Tarcer, Director ConrRoL.

CS commands: GROUND TARGET, DIRECTOR CONTROL

or WATER TARGET, DIRECTOR CONTROL; indicates

target by pointing and describing.

[G repeats command.]

The command is executed in manner similar to execu-

tion of TARGET (see par. 87). Exceptions are as fol-

lows:

same as for sight control (par. 60).

same as for sight control (par. 60).

will normally leave switch “OFF” and clutch pulled out

hard, with deflection marks matched; will track target

manually, tracking high or low as required, in terms of

target heights. (On command, ONE-CLUTCH IN from

RS at any time, he will tun switch “ON,” move handwheel

handle to 12 o’clock, push clutch “IN,” and track center of

target with aided tracking.)

2 will normally leave switch “OFF” and clutch pulled out

hard, with deflection marks matched; will track target

manually, taking leads in terms of target Jengths. (On

command, TWO-CLUTCH IN from RS at any time, he

will turn switch “ON,” move handwheel handle to 12
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44-45 ANTIAIRCRAFT ARTILLERY FIELD MANUAL,

through the entire procedure. The breech casing may be

clamped in the gun stay, or the elevation handle thrown

into gear, and tied securely.

G turns top cover latch, raises cover and opens until auto-

matic catch holds cover open.

Caution: Never close top cover with barrel removed.

Serious damage may result.

7 and 10 place rear tube wrench on top of barrel, making

certain that lug engages recess.

8 and 11 place front tube wrench on barrel (with catch

down) and lock wrench.

[G@ commands: TURN.]

7, 10, 8, and 11, facing breech casing, turn wrenches one-half

turn counterclockwise.

[G@ commands: LIFT.]

7, 10, 8, and 11 take up weight of barrel on wrenches: con-

tinuing to face breech casing, withdraw barrel to front;

place on convenient supports.

7 and 10 remove rear tube wrench; place wrench under spare

barrel, engaging lug in recess.

8 and 11 remove front tube wrench; fasten on spare barrel

(with catch up), and lock.

{@ commands: READY-UP.]

7, 10, 8, and 11, facing breech casing, lift spare barrel; insert

carefully in gun; slide barrel into place; turn wrenches

one-half turn clockwise; remove wrenches.

G closes top cover and secures latch; removes breech ring

retaining pin.

11 replaces wrenches with tools; returns to this post.

7 returns to gun platform.

8 and 9 return to their posts.

@ 45, Evevation (WHEN Our oF PHASE), DIrEcToR CoNTROL.—

Any member of the firing unit who observes that gun is out of

phase in elevation calls, ELEVATION.
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40-MM FIRE UNIT 45-46

G pulls 7’s foot from firing pedal; throws elevation switch to

“OFF.”

RS_ reports to 7 approximate elevation of telescope (to nearest

degree) ;

continues to track target.

2 continues to track target.

RS continues to set ranges.”

7 throws elevating handle into gear; elevates or depresses

to elevation reported by RS; reports, “Set.”

G turns elevation switch to “ON”; reports, “Gun Ready.”

7 resumes firing (unless other command has been given).

Nore—G is responsible for the pointing of the gun.

If gun jumps out of phase in azimuth, he pulls 7’s foot

from firing pedal; commands: CEASE FIRING; lifts

slewing lever; slews gun to point slightly ahead of

target; glances down at blackout dial and slews gun so

that dial is blacked out (or pointers matched) ; slams

lever down and 7 resumes firing unless other command

has been given.

Wi 46. Sroppacr, Direcror ContTro..—The term stoppage denotes

a failure of gun to fire. It may be the result of personnel,

ammunition, or mechanical failure.

If gun fails to fire,

7 releases firing pedal; presses pedal again, holding it down.

If gun still fails to fire,

7 checks to see if failure to fire is due to lack of ammunition;

if not due to lack of ammunition, calls, “Stoppage”; re-

moves foot from pedal; sets safe or fire lever at “SAF.

reports, “Safe.”

G, when 7 calls, “Stoppage,” lifts slewing lever; assists 7 as

necessary.

7, assisted by G as necessary, checks extractor releasing lever

to see if breechblock is open or closed (if lever moves

through about 90°, the breechblock is closed; if about 40°,

the breechblock is open).
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If breechblock is open,

calls, “Stoppage”; assists 7 in remedying stoppage.
assisted by G, remedies stoppage.

If breechblock is closed,

Nore.—The following portion of STOPPAGE Drill is
applicable to target practice conditions only:

calls, “Misfire”; slews gun to point in safe direction.
when G calls, “Misfire,” immediately recocks gun and
tempts to fire,

at-

Novre—To recock the firing pin. the loading lever is
pulled to the rear until the loading lever handle is in line
with both upper stop pawls of autoloader. A slight relict
m pressure is noticeable at this point and the lever
should not be moved further to the rear as additional
movement would cause lowering of breechblock. The
firing pin having thus been cocked, it is necessary only
to return loading lever to front catch. The forward
movement of loading lever will release the firing pin:
therefore, it is not necessary to step on firing pedal.

If second attempt to fire fails, and at least 30 seconds
but not more than 40 seconds has elapsed since original
misfire,

commands : MAKE SAFE.

and 11 execute command, MAKE SAFE, as prescribed in
paragraph 30.

Ss round to G.

xamines round; passes it to 11, with instructions as to
disposal of the round.

If primer has been struck,

places round in a safe place at least 20 yards from the gun,
as directed by G.

If primer has not been struck,

removes breechblock, tests firing mechanism
, 

and firing pin.

assists G.
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If round has not been fired or removed within 45 sec-

onds and barrel is HOT,

CS directs further action as required.

If water is available, it should be played on barrel

until barrel is cool, after which additional effort should

be made to remove the round.

If water is not available, all personnel should stand

clear of gun until it is cool, after which additional efforts

should be made to remove the round.

Nore.—When a stoppage occurs during combat, the

gun must be cleared at once. Tracking is continued and

G, assisted by 7, clears the stoppage as quickly as

possible.

If the breechblock is closed, 7 recocks gun and attempts

to fire. If second attempt to fire fails, the round is im-

mediately removed from the breech and placed to one

side. Firing is resumed.

When stoppage has been remedied,

CS commands: LOAD; gives further instructions as required.

B 47. Cueck Lever, Director Conrrot.—The gun and director

must be level if director control fire is to be effective. There-

fore, the gun and director must be checked for level frequently

(after each firing engagement when practicable, or whenever

considered necessary by CS).

CS commands: CHECK LEVEL.

G _ slews gun so that one leveling tube is parallel to an out-

rigger and the other leveling tube is parallel to the chassis

frame; if gun is not level, directs leveling of gun as pre-

scribed in paragraph 26.

RS slews director so that a leveling tube is parallel to two

Jeveling plungers; when found to be out of level, proceeds

‘to level the director as described in paragraph 103.

Nore.—If either gun or director is greatly out of level

CS commands: ORIENT.
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48-49 ANTIAIRCRAFT ARTILLERY FIELD MANUAL

@ 48. Untoap, Direcror Conrrot.

CS commands: UNLOAD.

{[G repeats command.]

7 sets safe or fire lever to “SAFE”; reports, “Safe,” insures

that gun is elevated to about 30°.

11 places his hands behind loading tray.

pulls loading lever fully to rear, releasing round on loading

tray: while loading lever is fully to rear, sets feed control

lever to right.

11 catches round as it slides off loading tray.

7 engages loading lever in forward catch: inserts unloading

tool, removes rounds from top of autoloader; insures

that round in feed rollers is removed; passes rounds to 10:

sets feed control lever to left.

10 receives ammunition from 7.

a

, ELEVATION@ 49. Sranpsy, Direction

CONTROL.

» DIRECTOR

Notre.—/t has been provided that following the com-

mand CEASE TRACKING, both gun and director are

made to point in the direction of anticipated attack and

elevated to 30° or other normal standby direction.

Therefore, the gun and director will normally be pointed

toward the center field of fire and be elevated to 30° or

other normal standby direction. To prevent the gun

from jumping out of synchronization in elevation at a

point below the limit switch, and so necessitate resyn-

chronizing in elevation, 30° are usually taken as the

normal standby elevation. In tactical set-ups this may

prove unsatisfactory and another elevation may be des-

ignated as SOP for that situation. In this event or

when, for any reason, it is desired to point the gun and

director in a direction or at an elevation other than

normal,

CS commands: STANDBY, DIRECTION , ELEVA-

TION (CS specifies the direction toward which the

gun is to be pointed in azimuth, and the angle at which

the gun is to be pointed in elevation.)
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RS slews director to indicated direction. ‘
”

1 sets telescopes to elevation ordered and reports, “Set.

G slews gun to direction ordered.

@ 50. Sranp Fast, Direcror Contror.— When CS desires to pre-

vent or check execution of a command already given, or to insure

that all members of the fire unit remain vigilant at post,

CS commands: STAND FAST.

[G and RS repeat command.]

G pulls 7's foot from firing pedal (if necessary); lifts gun

slewing lever.

removes foot from firing pedal; places safe or fire lever at

“SAFE”; reports, “Safe.”

RS sets range to minimum (if no target is visible).

1 and 2 immediately move handwheels to 12 o’clock, making

certain that deflection marks are matched—pull clutches

“OUT” and turn switches “OFF” (if no target is visible).

a

All members of the fire unit remain vigilant at posts

and await further commands.

@ 51. Rest, Drrecror Conrror.—The command, REST, is given

when firing has been temporarily suspended and it is considered

undesirable to withdraw the fire unit from the gun position, or

when it is necessary to keep the unit in action for long periods,

ready to open fire on short notice.

CS first gives orders for such work to be carried out as may

be necessary. When this work has been completed,

CS commands: REST.

7 checks safe or fire lever at “SAFH”; reports, “Safe.”

4 (or other member designated by CS) remains at telephone.

8 and 9 (or other members designated by CS) remain alert as

lookouts.

All other members of the firing unit remain near their

posts.
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52 ANTIAIRCRAFT ARTILLERY FIELD MANUAL

HW 52. Casuarry Driri.—In the event of casualties to personnel,

replacements to the fire unit will be detailed by CS. If CS

becomes a casualty, RS or @ will perform the duties of CS, in

addition to his own.

The minimum required for director control is five: RS, 1, and

2, at the director; 3 at the power plant; and 7 as loader and

firer.

The minimum required for sight control is three: 8 and 9 as

lateral and vertical gun pointers, and 7 as loader.

A suggested alternate list is as follows:

Reet | Iternates Assignment | Alternates

| RS and G. 6 and 3.
-| CS and 4. 5 and 3.

CS and RS. G and 10.

9 and 4. land 2.

8 and 4. 1 and 2.

6 and 11. li and 8.

Ae se eeewal RS. 10 and 9.

duties, must learn the duties of other members of the fire unit.

A suggested list (consistent with the alternate list) is as

follows:

Reculat essen To learn | Heewarvesslene Moleann’
——— 

=| ees

CSee rk RS and G. | 6.

CS, G, and 4. | 5 and 3."
8 and 9. No other duties.

8 and 9. | 2 and 10.

5 and 6. | land 11.

RS, 1, and 2. 7 and 11.

CS and 7. | 3 and 10.
|
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Srcrron IV

ACTION, SIGHT CONTROL

O53. Generar,

ore.—Sight control is employed when director control is

impossible due to shortage of, maladjustment of, or accident to

director and associated equipment. Sight control is also used in

situations requiring extreme mobility and when the field of fire

is caceedingly limited by terrain features or enemy tactics which

result in angular rates beyond the capacity of the director.

Upon the appearance of a target, CS or any member of the

fire unit who sights or hears the target calls out, “Target,” and

points oug the approximate location.

Immediately upon hearing the report, CS commands: TAR-

GET, SIGHT CONTROL, if action is to be with sight control.

Immediately upon hearing the report, each member of the fire

unit goes to his post, if not already at his post; and upon

hearing the command, TARGET, prepares for action as indi-

eated by the command,

After giving the command, TARGET, SIGHT CONTROL, CS

recognizes the target, and if it is hostile, commands: ENGAGE.

The fire unit prepares for action at the command, TARGET,

but does not open fire until after CS has commanded, ENGAGE.

@ 54. Tarcet, SigHr Conrror.

Notr—In the following drill it is assumed that the

conditions below prevail when the command, TARGET,

SIGHT CONTROL is given:

All members of the fire unit are at their posts for sight

controlled action, as in figure 26.

The gun is loaded, pointed in the direction of antici-

pated attack, and elevated to 30° or other normal standby

direction.

Note.—The machine gun is manned, ready for instant

action, and may engage, without command, any target

entering its sector and which is recognized as hostile.

See notes under paragraph 36 regarding detailed duties
of 4, 5, 6 at the machine-gun or M51 carriage.

91



ANTIAIRCRAFL ARTILLERY FIELD MANUAL

M
7
 
s
i
g
h
t
.

2
6
.
—
D
P
o
s
i
t
i
o
n
s
 
o
f 

c
r
e
w
 
fo
r 

a
c
t
i
o
n
 
a
t
 
s
i
g
h
t
 
co
nt
ro
l,
 

wr
th

2

cs

G

10

11

m
0

e
t

40-MM FIRE UNIT 54

commands: TARGET, SIGHT CONTROL. (G gives com-

mand in absence of CS.)

grasps gun slewing lever; slews gun to point toward

target; removes hand from slewing lever; picks up free

end of rope, attached to 9’s (or 7s) foot; studies target in

order to recognize it; coaches 8 and 9 in taking initial

leads.

takes vertical gun pointer’s seat; raises latch and pulls oil

gear clutch lever to rear; throws elevating handle into

gear; attaches rope to right foot (if he is to fire) ; elevates

or depresses to target; takes lead, as directed by Gy

reports, “On”; tracks target.

takes lateral gun pointer’s seat; throws traversing handle

into gear, after gun is slewed to point toward target ;

traverses to target; takes lead as directed by G; reports,

“On”; tracks target.

places loading lever in front catch; insures that feed con-

trol lever is turned left; attaches rope to right foot (if he

is to fire) ; keeps autoloader full.

passes loaded clips to 7 as required.

passes loaded clips to 10; loads additional clips if needed.

(10 and 1] may alternate in passing to 7.)

2 replace 8, 9 as lookouts.

remains at power plant, ready for action.

remains at telephone and radio (if equipped with multi-

ple machine-gun carriage M51, acts as right cannoneer)

6 remain as machine gunners, ready for instant action.

Notz.—When M7 sight is used, RS mounts gun plat-

form in rear of 8 and acts as lead setter.

sets target’s course and speed.

tracks target through telescope.

tracks target through telescope.

commands: ENGAGE, when target is recognized as hostile.

(G gives command in absence of CS.) Command may

also be ENGAGE, AUTO-FIRE.

sets safe or fire lever to “SINGLE-FIRE.” (May set

“AUTO-FIRE” if command ig such) ; stands ready to re-

ceive additional loaded clips.

554769° 437 93



54 ANTEAIRCRAF? ARTILLERY FIELD MANUAL

G observes target to determine when within range; coaches

gun pointers in taking leads.

8, 9, 10, 11 (and RS when using M7 sight) same as at

TARGET, SIGHT CONTROL.

G commands: FIRE, when target is within range and gun

pointers are tracking properly; observes tracers and

coaches gun pointers in correcting leads (except when using

M7 sight). He observes pointing of gun; remains alert to

command, STOP-TRAVERSE., if necessary.

9 (if he is to fire) depresses and releases firing pedal as

rapidly as individually aimed rounds can be fired; fires

only while target is visible to him. (If command was

ENGAGE, AUTO-FIRE, pedal is depressed.) Continues

tracking; corrects lead as directed by G (except when

using M7 sight).

8 continues tracking: corrects lead as directed by G@ (except

when using M7 sight).

7 watches functioning of autoloader: receives additional

loaded clips from 10 (or 11) as required; keeps autoloader

properly filled; remains ready to fire with his foot pedal

in case 9’s pedal becomes inoperative, or in case G directs

that 7, rather than 9, fire; when possible, deflects empty

clips from gun platform. s

id, 11 relay or alternate passing loaded clips to 7 as required:

insure that empty clips are cleared from gun platform. -

11 loads additional clips as required.

Nore.—Periodically, G sets recoil recorder to minimum,

reads length of recoil after gun is fired, makes any

necessary adjustment to recoil buffer, and resets recoil

recorder, checking again if adjustment was necessary.

Nore.—if high speed, close range target makes track-

ing impossible, if gun points dangerously near friendly

personnel and equipment, or if gun points dangerou.

near any obstruction close by,

G commands: STOP—TRAVERSE; pulls firer’s foot from

firing pedal.

a

40-MM FIRE UNIT 54-56

9 removes foot from firing pedal, if he is firing; leaves ele-

vating handle in gear.

8 throws traversing handle out of gear.

7 yvemoves foot from firing pedal, if he is firing (Sets safe

or fire lever to “SAFE” in target practice only.)

10 and 11 remain ready to pass ammunition.

G slews gun to direction where firing may be resumed;

coaches gun pointers in taking leads (except when using

M7 sight).

8 throws traversing handle into gear; traverses to target;

takes lead, as directed by @ (except when using M7 sight) ;

reports, “On”; tracks target.

9 elevates or depresses to target; takes lead, as directed by

G (except when using M7 sight); reports, “On”; tracks

target.

at report, “On,” insures that safe or fire lever is set to

previous firing position.

RS continues to set leads when using M7 sight.

G commands: FIRE.

Firing is resumed.

HB 55. Cease Frrtne, Sight Conrgo..

G commands: CEASE FIRING and pulls firer’s (9 or 7, as

case may be) foot from firing pedal when target is out of

range. (CS may give the command at any time.)

_

7 places safe or fire lever to “SAFE” and reports, “Sate” ;

fills autoloader as necessary.

G watches for target; coaches 8 and 9.

10 and 11 stand by ready to relay ammunition to Te,
8 and 9 continue to track target; when target reappears,

establish leads and report “On”.

RS continues to set leads when using M7 sight.

G commands FIRE and firing is resumed.

HM 56. Cease TRACKING, SIGHT CONTROL.

CS commands: CEASE TRACKING.

[G repeats command.] 
:

7 insures that safe or fire lever is at “SAFE”; secures joading

lever in rear catch.

95



56-57 ANTIAIRCRAFE ARTILLERY FIELD MANUAL

8 throws handle out of gear; takes post as lookout if director

control is to be used.

9 sets gun at 80° (or other normal standby direction) ; gath-

ers empty cartridge cases and clips, placing them near 11;

if fire unit is to revert to the normal director control,

throws handle out of gear; raises latch and pushes oil gear

clutch lever forward; returns to post as lookout.

G checks that safe or fire lever is at “SAFE,” loading lever

ig secured in rear catch, gun is level; slews gun to direction

of anticipated attack; if fire unit is to revert to the normal

director control, checks that elevation limit switch is at

“OFF” position, and that elevation oil gear clutch lever

is forward.

10 and 11 replenish ammunition at gun; load empty clips as

necessary.

RS sets speed indicator to speed of expected attack when

using M7 sight.

@ O57. Cuanax Tarcrrs, Si¢Ht CONTROL.

CS commands: CHANGE TARGETS, when new and more im-

portant target appears.

G [repeats the command] (gives command in absence of CS) ;

pulls firer’s foot from firing pedal.

9 removes foot from firing pedal, if he is firing; leaves ele-

vating handle in gear.

8 throws traversing handle out of gear.

7 (removes foot from firing pedal, if he is firing) ; sets safe

or fire lever to “SAFE.”

10 and 11 remain ready to pass ammunition.

G slews gun to point toward new target ; coaches gun pointers

in taking leads (except when using M7 sight).

RS estimates speed and course of new target and applies leads

when using M7 sight.

8 throws traversing handle into gear; traverses to target;

takes lead, as directed by G (except when using M7 sight) ;

reports, “On”; tracks target.

9 elevates or depresses to target ; takes lead, as directed by G

(except when using M7 sight); reports, “On”; tracks

target.
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7 at report, “On,” sets safe or fire lever to previous firing

position.

G commands: FIRE.

Firing is resumed.

When target is obscured

nN,

@ 58. Tarcer Lost, Stent Conrrot.

bu a cloud or some feature of the te:

8 and 9 report, “Lost,” do not change tracking rates.

G commands: CEASE FIRING; pulls firer’s foot from firing

pedal.

9 removes foot from firing pedal, if he is firing.

7 (removes foot from firing pedal, if he is firing) ; refills

autoloader, as necessary.

G watches for target; coaches 8 and 9.

8 and 9, when target reappears; quickly establish correct

leads, as directed by G (except when using M7 sight);

report, “On”—track target.

RS quickly sets correct leads when using M7 sight.

G commands: FIRE.

Firing is resumed.

TM@ 59. Drrecror ContRoL, From Sigurt ConTROL.

CS commands: DIRECTOR CONTROL; commands and sig-

nals: START POWER PLANT, if plant is not running.

[G and RS repeat the command, DIRECTOR CONTROL.)

9 raises latch and pushes oil gear clutch lever forward;

removes rope from his ankle; passes rope end to 7; calls,

“Elevation.”

RS, 1, and 2, take posts at director.

1 and 2 insure that rates are at ZERO, clutches “OUT” and

switches “OFF.”

RS observes elevation scale; when 9 calls, “Elevation,” he

reports, “Elevation” (to nearest degree).

RS calls; “Power” to CS; checks director level.

CS faces 3—commands and signals: CLOSE SWITCH.

3 closes main switch; adjusts voltage as required.
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9, at report, “Elevation ” from RS, brings gun to the
reported elevation; reports, “Set”; throws elevating handle

out of gear; takes post as lookout,

8, at command, DIRECTOR CONTROL, traverses gun to nor-
mal standby direction; throws traversing handle out of

gear; at report “Sed,” from 9, throws elevation switch to
“ON” position ; takes post as lookout.

G checks gun level; checks that elevation switch is “ON.”
7 receives rope end from 9 and attaches it to his own ankle,

4, 5,6, 10, and 11 continue normal duties.

@ 60. Grounp Tarcer on Warer Tarcer (Ser Conrrot).

CS commands: GROUND TARGET, SIGHT CONTROL, or

WATER TARGET, SIGHT CONTROL; indicates target by
pointing and describing. (G@ gives command in absence of

CS.)

Note.—For fire control, see FM 4-151. The M7 sight

is not used for ground or water target sight control.

[G repeats (or gives) the command.]

The command is executed in manner similar to execu-
tion of TARGET, SIGHT CONTROL. (Sce par. 54.)
Exceptions are as follows:

CS (or G), if target is a tank, immediately commands: A. ee
following the above command. ‘Thereafter only armor-

piercing rounds (in clips) are passed to 7.

7 normally sets safe or fire lever to “SINGLE FIRE.” If
target is a tank and A. P. is ordered, he sets safe or fire

lever to “AUTO FIRE” and returns to “SINGLE FIRE”

as soon as HE rounds in autoloader have been fired, unless

“AUTO-FIRE” has been ordered.

9, unless ordered otherwise, turns elevation adjusting lever
to “NEAR.”

7 or 9 in firing at “SINGLE FIRE,” fires each shot only after
8 has reported, “On.”

G pulls 7 or 9’s foot from firing pedal and orders: SINGLE
FIRE, whenever necessary. He coaches 8 and 9 in terms
of target lengths and target heights, as LEFT TWO, and

UP ONE-HALF. These orders always represent the
desired total lead.
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8, each time he judges that his lead and tracking is correct,

reports, “On,”

Nore.—In order to provide maximum security of posi-

tion and cover for personnel, 7 may kneel on the gun

platform ready to fire with his hand if ordered to fire by

G. In this case 10 keeps autoloader full and 11 passes

ammunition to 10.

SEcTION V

MARCH ORDER

@ 61. Genrrat.—tThe procedure for placing the various elements

of the fire unit into traveling position is designed so that—

The gun remains in firing position as long as possible.

bd. Fire control equipment is loaded with least possible delay.

¢, Local protection is provided by either the 40-mm gun or

.50 caliber machine gun during all operations of placing the

‘equipment into traveling position.

@ 62. Marco Orprer.—When the fire unit is to be moved out of

position or from one position to another,

CS commands: MARCH ORDER [if necessary, commands and

signals: STOP POWER PLANT to 3] supervises the work

of the fire unit.

[G commands: SIGHT CONTROL.] (For execution see par.

63, SIGHT CONTROL—At March Order.)

[RS commands: MARCH ORDER POWER PLANT.] (For

execution see par. 64, MARCH ORDER POWER PLANT.)

8, opens main switch; disconnects power cable; prepares

power plant for loading; inserts carrying bars; goes for

instrument truck; drives truck to power plant position.

6, 10, and 11 go to power plant position.

@ 638. SicuT ConTRot (AT Marcy ORDER).

Now.—If already at sight control, the gun section

(except 10 and 11) stands fast at the command, SIGHT

CONTROL. [If the fire unit is at director control,

G [commands: SIGHT CONTROL] lifts gun slewing lever;

throws elevation switch to “OFF” position.
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8 takes lateral gun pointer’s seat; throws traversing handle
into gear; continues, in his seat, to act as lookout.

7 removes rope from his ankle; passes rope end to 9 (if 9 is
to fire) ; fills autoloader, if required.

9 takes vertical gun pointer’s seat; raises latch and pulls
oil gear clutch lever to rear; throws elevating handle into
gear; if he is to fire, attaches rope to his right foot, passing
free end to G; continues, in his seat, to act as lookout.

G remains near slewing lever, ready to slew gun to target if
necessary; prepares to pass loaded clips to 7 when needed.

RS (when using M7 sight) mounts gun platform in rear of
8 prepared to set in leads.

§ 64. Marcu Oxper Power Pranr.

Nore.—In case RS is engaged with the M7 sight while the
remainder of the fire unit is being prepared for move-

ment, it will be impossible for RS to perform any of the

duties shown in this paragraph. In this case CS per:
forms the duties.

RS [commands : MARCH ORDER POWER PLANT] verifies
main switch open; disconnects director cable from director

and gun ; goes to power plant position.

1 and 2 at director, insure that deflection marks are matched,
clutches are pulled “OUT,” switches are “OFF”; ree
Switch covers on. After power cable is disconnected, assist
4 in rolling up power cable from gun to power plant.

4 disconnects phone or hands phone to CS, as CS may direct;
verifies main switch is open ; disconnects power cable from
gun junction box; assisted by 1 and 2, rolls up power
cable from gun to power plant.

CS receives phone from 4; stays near telephone; continues
to supervise work of the firing unit.

3, after he has driven instrument truck to power plant posi-
tion, dismounts.

RS, 1, 2, 3, 4, 6, 10, and 11 take same position at carrying bars
as during emplacement of power plant (See par, 29,

EMPLACE POWER PLANT). i

RS [Commands: READY—LIFT] directs movement of power
plant to instrument truck so that front (radiator) end

100

©

40-MM FIRE UNIT 64

of power plant is carried toward truck; directs that power

plant be stopped when slightly to rear of truck.

RS, 1, 2, 3, 4, 6, 10, and 11 carry power plant to truck.

[RS commands: READY—LIFT.]

RS, 1, 2, 3, 4, 6, 10, and 11 lift power plant until carrying bars

are slightly higher than truck floor; move power plant

forward until front ends of carrying bars extend 6 to 8

inches within truck; lower power plant so that front ends

of carrying bars rest upon truck and rear ends of carrying

bars are slightly lower than front ends.

1 and 2 mount truck; face to the rear; grasp front ends of

carrying bars.

[RS commands: READY—LIFT.]

RS, 1, 2, 3, 4, 6, 10, and 11 lift power plant until its skids are

slightly higher than truck floor; move power plant forward

until front ends of skids extend 6 to 8 inches within

truck; lower power plant so that front ends of skids rest

upon truck and rear ends of skids are slightly lower than

front ends; move rear end of power plant slightly to the

right to assist removal of front short carrying bar by 3.

3 removes front short carrying bar; places it beneath front

ends of power plant skids, keeping carrying bar as far to

right of truck as possible and at an angle which will facili-

tate movement of power plant toward left front corner of

truck; mounts truck to left of power plant.

RS, 3, 4, 6, 10, and 11 push power plant forward until rear end

of power plant extends only slightly beyond rear of truck.

11 removes rear short carrying bar; hands it to 2.

2 receives carrying bar; places it beneath front ends of power

plant skids in same manner as other bar (when necessary,

continues to place first one and then the other short carr)

ing bar beneath power plant until front of power plant is

within about one foot of front of truck).

1, 2, and 3 push power plant toward left front corner of truck.

3 withdraws long carrying bars rearward until front ends

are about flush with front end of power plant.

8, when power plant is against front of truck, takes hold of

rear ends of long carrying bars and, using leverage thus

provided, places power plant in left front corner of truck;

lifts rear end of power plant to permit 1 to withdraw short
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carrying bars from beneath skids; lowers rear end of power
plant to truck floor; withdraws long carrying bars and
places them between power plant and left side of truck.
places short carrying bars with long bars.

dismounts.

assisted by 2 lifts power cable onto truck.

and 3 place power cable on truck floor at rear of power
plant; dismount.

Norn.—If crew is short, power plant may be loaded by
reversing the process outlined in the note in para-

graph 29.

M
R

@ 65. Marcu Orper Direcror—When power plant has been
properly placed upon instrument truck (see note at beginning

of par. 64),

RS [commands: MARCH ORDER DIRECTOR] goes to direc-
tor position.

3 mounts truck and drives to director position; dismounts.
1, 2,and 4 go to director position.

6 and 11 go for director packing chest; place chest; place
chest near director position so that side of chest, on which
white arrows are painted, faces the direction toward which
the director will be carried to chest: open chest.
returns to gun position; prepares to hand ammunition to
7 as required during sight control action.

open sight; dismounts telescopes; secures them

ctor chest; slews director so that orienting clutch
(as azimuth panel is faced) appears slightly to right of
tripod plunger opposite the direction toward which director
will be carried when removed from tripod (See par. 28,
EMPLACE DIRECTOR) : releases slewing handle when
director is in this position.

1 and 2 remove car ing bars from director chést brackets ;
hand-carrying bars to RS.

RS receives cz

10

RS

ing bars from 1 and 2; places carrying bars
into director carrying brackets; directs 1, 2, 3, 4, 6, and 11
to their places at carrying bars; takes post at azimuth
panel.

2, 3, 4, 6, and 11 take same positions at carrying bars as
during emplacement of director; raise brackets.
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when director carrying brackets have been raised, US OMES

pins [commands, READY—LIFT] directs movement of

director from tripod to packing chest ; insures that director

ig placed in chest so that azimuth panel is on same side

of chest as white arrows (marked on outside of chest).

2, 3, 4, 6, and 11 lift director from tripod; carry it to chest :
3, 

»

place it in chest, as directed by RS. ‘ _

and 2 remove ca. ng bars from director, and insert bars

into packing chest carrying brackets, inserting bars first

into the two brackets farthest removed from side marked

with arrow.

procures canvas cover.

and 6 place cover over director. ? : i

and 4 close chest, being certain that white arrows (painted

on outside of upper and lower sections of chest) are

matched.

returns to gun. 
i ig

1, 2, 3, 4, and 6 take same positions at carrying bars as» 2, 3, 
3 :

during removal of director chest from tr uck.

[commands: READY—LIFT] directs movement of chest

to truck so that, when chest is carried to truck, the side

bearing the white arrows will be away from truck. ie

1, 2, 3, 4, and 6 carry director chest to truc 2djust their

holds upon carrying bars.

[commands: READY—LIFT.] é jrcivestipe

1, 2, 3, 4, and 6 lift chest until front ends of carrying bars
» 2, 

eet

are slightly higher than truck floor; move chest fory td

until front ends of carrying bars extend 6 to 8 inches within

truck; lower chest until front ends of carrying bars rest
: i a aa

upon truck and rear ends are slightly lower than front

ends. a

and 2 mount truck; face to rear; grasp front ends of carry:

ing bars.

[commands: READY—LIFT.] cian ne

1, 2, 3, 4, and 6 lift chest until bottom of chest is slightly

higher than truck floor; move chest forward until chest is
more than halfway within truck; lower chest onto truck.
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1 and 2 pull while RS, 3, 4, and 6 push chest into truck.
1 and 2 remove carrying bars,

4 mounts.

1, 2, and 4 move chest toward front of truck in same manner
used to move it to rear of truck during unloading of
director; turn chest one-quarter turn counterclockwise, so
that long sides are parallel to truck sides, and so that the
side on which white arrows are painted faces to right ;
move chest against front of truck and close to right side
of power plant.

places carrying bars between chest and power plant.
and 6 get director tripod and hand it to 2 and 4,

2 and 4 receive tripod; place it across top of director chest
with leveling plungers to the left,
and 2 lash tripod to director packing chest,
dismounts; gets director cable and phone; loads director
cable and phone into truck; mounts truck: places director
cable upon power plant and power cable at rear of director.

1 and 2 agsist 4 in loading director cable and telephone.
1, 2, 3, 4, and 6 load radio. and any remaining equipment

into instrument truck,

3 mounts.

6 returns to machine-gun position to assist 5,
RS _ reports to CS, “DIRECTOR LOADED.”

C
O
 
b
e
t

m
y

HE 66. Marcu Orver Macuing Gun.—When the director has
been loaded onto instrument truck (when equipped with caliber
50 machine gun on M2A1 or M3 mount) (see note at beginning
par. 64),

[CS commands: MARCH ORDER MACHINE GUN.]

[RS repeats command.]
3 drives instrument truck as directed by RS.

RS, 1,2, 3, and 4, proceed to machine-gun position,
[RS commands: MACHINE GUN ON TRUCK]
5 and6 unload chamber and remove ammunition from feed-

way of machine gun,

3 clamps machine-gun mount at horizontal;
toward truck.

6 removes ammunition chest and passes it to 4. (If situ-
ation is urgent, chest is not removed.)

swings muzzle
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4 places ammunition chest on truck, and returns to his post

g vachine gun. f

1 ae Be by 6, place water chest under en mn
6 mounts truck; places ammunition chest so that it wil ae

interfere with the process of placing Lea gun on ae

5, 4, RS, 3, 2, and 1 take hold of machine-gun ie ipod ne
same manner as during emplacement of machine Oe 5 =

machine gun on truck, executing in mevelse order eee

cedure followed when removing machine gun inkojan Pees

6, on truck, steadies machine gun by barrel as it is p) sae

on truck; pulls gun into position; replaces Sethe ;

chest on machine gun; raises top cover, places first rounc

i ding pawl, and closes top cover.

5 ee Taeaitas loads machine gun; ee
machine gun in elevation ae ready to fire; reports,

y ine Gun Ready” to RS. 1S

1 et ee water chest on truck; place ammunition and
tool box on truck.

RS. reports, “Machine Gun Ready,” to CS.

3 mounts truck.

4 mounts truck, lowers right seat of truck; places power

cable on right seat, near front of truck.

1 and 2 raise and hook tailgate.

1 hooks safety belt. : i

3 drives instrument truck to trailer, as directed by Re f

RS, 1, and 2 proceed to trailer position; connect trailer to
» A,

instrument truck (1 at left side, 2 and RS at right side) ;

mount.

@ 67. Marcu OrpER GUN.

Nore.—If gun is without covers, those portions of drill

referring to replacement of covers may be omitted.

When machine gun is on truck and ready to fire.

{CS commands: MARCH ORDER GUN.]

[G commands: UNLOAD.] ma

See par. 48).7, 10, andn 11 unload the gun , : i

", after receiving round from loading tray, places round w ith
,

ammunition; goes to rear stake.
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9 dismounts from seat; obtains stake lever; loosens right
stake; hands lever to 11; replaces stake in right out-

rigger bracket.

8 dismounts from seat; procures gun covers; places them
near left outrigger; procures outrigger covers; places one

outrigger cover and one sight cover near each outrigger ;

places autoloader hood and rear (breech) cover on gun

platform,

G as soon as unloading is completed [commands: RELIEVE

SPRINGS] slews gun to point over rear of carriage ;

pres: slewing lever down.

1@ and 7 relieve springs (see par. 35).

10 goes to left outrigger stake.

7 insures that safe or fire lever is at “SAFE,” loading lever
in front catch, and gun elevated to about 30°; places hood

on autoloader and rear cover in breech; goes to front stake.

11 receives stake lever from 9; loosens rear Stake; hands

lever to 10; replaces stake in lower rear chassis bracket;

assist 7 in replacing stake in top rear chassis bracket.

10 receives lever from 11; loosens left stake; hands lever to

7; replaces stake in left outrigger bracket.

7 receives lever from 10; loosens front stake; hands lever
to 8; hands stake to 11; returns to front jack.

8 places lever and maul on gun platform, strapping them in

place.

G@ [commands: MAN JACKS] takes post at drawbar; raises
drawbar and inserts pin.

7,9, 10, and 11 take regular places at jacks; grasp jack handles
and unlock jacks.

[G, as soon as jacks are manned, commands: READY—CAR-
RIAGE DOWN.]

7, 9, 10, and 11 rapidly lower the carriage until wheels rest
upon ground; retract jacks fully and lock handles (all

must lock handles in notch away from gun).

7 8, and G take posts at drawbar, as during emplacement.
9, 10, and 11 take posts at gun stay, as during emplacement.

ll engages gun-stay plungers.
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Caution: To prevent injury to personnel, it is essential

that weight of carriage rest upon wheels before locking

handles are unlocked; otherwise, drawbar may move

forward with great force or gun stay may move upward

with great force.

commands: UNLATCH. ~ Pane a

and 11 set locking handle to unlocked position; report,

“Unlatched.”

commands : READY—RAISE. f iat

8, and G at front and 9, 10, and 11 at rear, raise carriage5

to travel position. i ‘ :

guides securing clamp so that it will clear bracket during
g

last portion of movement. Ha e

and 9 set locking handles to the locked position (without

order from G). ‘ : svat

assisted by 7, fastens steering link securing clamp 5 re

moves pins from drawbar and steering gear; places pins

in brackets. 2 :

assists G in fastening steering link securing clamp, in

removing pins from drawbar -and steering gear, and in

placing pins in brackets.

depresses gun into gun stay. : j

clamps gun securely in gun stay with upper plungers.

and 10 unlock outrigg and swing them to travel position ;

attach outrigger covers. : :

and 9 remoye their traversing and elevating handles ; strap

securely to platform.

passes barrel cover to 10.

and 11 replace barrel cover.

goes for prime mover.

and 9 replace sight covers. : :

and 10 lift gun cover and throw top portion across gun

to 7 and 9 : : hele

and 9 receive top portion of gun cover from 8 and ls

and 9 complete fastening and lacing of gun cover.

Nore.—Procedure for replacing and fastening all

covers should be as nearly as possible the reverse of

procedure for removing them.
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10, 11, and 7 load ammunition into prime mover.
G, 8, and 9 load tools and other equipment as required,

11 backs prime mover up to drawbar ag directed by G.
G directs 11 in bac king up.
8 and 7 connect drawbar to prime mover.
G connects break-away chain; places brake cable plug into

receptacle of prime moyer; signals 11 to pull ahead very
slightly and checks brea k-away switch,

11 tests operation of electric brakes from cab.
[G commands: MOUNT.]

All members of the gun section take the same positions
which they originally occupied in truck. (See fig. 27.)

CS takes place in cab of prime moyer; directs movement of
firing unit to new location,

@ 68. Marcu Orver TRATLER.—The following drill applies whenthe unit is equipped with multiple caliber .50 machine gun car-riage M51. At command MARCH ORDER POWER PLANT andMARCH ORDER DIRECTOR—

4 and 6 leave multiple caliber 50 machine gun carriage M51
to perform duties under the standard drill in loading the
power plant, cables, and director; return to multiple cali-ber .50 machine gun carriage M51.

When the fire unit is loaded and prepared to travel
except for hooking on the multiple caliber .50 machine-
gun carriage M51.

[CS commands MARCH ORDER TRAILER.]

& backs instrument truck to trailer.
2, 4, and 6 load ammunition on instrument truck.
and 2 run rear trailer jacks up (1 right, 2 left). [Bachreports, “Jack up.”]

4 and 6 man front trailer jacks to position drawbar so thatit can be engaged in the pintle, then run jacks up.
RS guides instrument truck to trailer; hooks lunette on pintle,and locks it; connects light cable and break-away chain;

Supervises testing of electric brakes,
4 and 6 mount trailer, as AA lookouts and cannoneers, 6Standing in front right corner, and 4 in front left corner
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of trailer. (6 serves left guns on turret, 4 serves right

guns.) ; meee

5 continues on the alert in the turret, which is faced to the

rear of the trailer.

RS, 1, and 2 mount instrument truck.

RS awaits or proceeds with instructions from CS.

Section VI

ACTION FROM WHEELS

@ 69. Genrrat.—a. No member of the 40-mm fire unit will ride

the gun carriage while the gun is being towed. i tae

b. When the 40-mm fire unit is on the march in the combat

zone and action against either aerial or ground targets is immi-

nent and highly probable, the fire unit is prepared for emergency

action and the following conditions preva’ :

(1) The gun is without all covers, except the breech and

barrel covers and the autoloader hood, which are in place.

(2) Seven rounds of ammunition are in autoloader, load-

ing tray is empty, springs are relieved, loading lever is in front

catch, and safe or fire lever isa “SAFE.”

(3) All personnel are in their proper plac

shown in figure 27.

in the trucks as

Norre.—For duties of machine gunners when on the march,

see PM 4-155. For detailed duties of 4, 5, 6 at CUTE, TAR-

GET (BEING ON THE MARCH) when manning the M51 car-

riage, see PM 4-157 (also see note in par. 36).

@ 70. Action From WHEELS.

CS or any member of the fire unit who sights or hears the

target, calls out, “TARGET,” and points out the approxi-
mate direction,

CS commands: ACTION FROM WHEELS.

11 heads prime moyer out of traffic lane; halts as quickly as

possible without throwing the men in the urucle etuas

unduly. He chooses any near spot, out of all traffic Janes

with a good field of fire and on level ground if possible.

Speed is essential; therefore, action is immediate and

field of fire is sacrificed if necessary.
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G [commands: ACTION FROM WHEELS]
prime mover as goon as it stops.

7, 8,9, and 10 dismount from prime mover

dismounts from

as soon as it stops.

Position of Personnel and Equipment in Trucks

(0) 40 mm AMMUNITION

SPARE BARREL

© Power PLant

©) oirector

© cat. 50 ammunition
Figure 27.—Loading arrangement, 40-mm fire

trailer “A” shown is the 1-ton trailer. W
machine-gun carriage M51 is issued, it replaces this trailer, and 4, 5,and 6 ride the multiple caliber .50 machine-gun carriage M51 at thealert. 5 rides in the gunner’s seat with the guns to the rear andhorizontal, acting as antiaircraft lookout to the rear. 4 ana6 act asantiaircraft lookouts to the sides. ) j

unit, mobil (The

hen the multiple caliber .50

7 removes autoloader hood and breech cover,
8 cane © swing left and right outriggers respectively to firing

position and lock them; take their respective seats.
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releases upper plungers of gun stay; lowers gun stay; re-

moves barrel cover.

grasps gun slewing lever; slews gun to point toward target ;

removes hand from slewing lever; picks up free end of

rope attached to 9’s foot; studies target in order to recog-

nize it; coaches 8 and 9 in taking leads.

pulls loading lever fully to rear; moves it slightly forward

and engages it in rear catch; presses down hard on top

round with both hands until bottom round drops to loading

tray; places loading lever in front catch; insures that feed

control lever is turned left; keeps autoloader full.

throws traversing handle into gear after gun is slewed to

point toward target; traverses to target; takes lead as

directed by G; reports “On”; tracks target.

insures that oil gear lever is toward rear; throws elevating

handle into gear; attaches rope to right foot; elevates or

depresses to target; takes lead as directed by G; reports

“On”; tracks target.

disconnects break-away chain and brake cable; signals 11

to back up or pull ahead slightly, as required to disconnect

drawbar; opens pintle; signals 11 to pull ahead about 5

feet; lowers drawbar to ground; unfastens tailgate; un-

loads a box of ammunition; signals 11 to pull truck ahead:

passes loaded clips to 7, as required.

moves truck about 50 feet from gun, under cover if avail-

able; dismounts; assists 10 in supplying ammunition to 7.

Remainder of action is the same as under the com-

mand, TARGET, SIGHT CONTROL (see par. 54).

Ne If the 40-mm AA gun is fitted with the M7

computing sight, and it is to be used, the above drill is

modified accordingly:

and 9 track target through telescopes.

sets the direction and estimated speed on the sight; makes

necessary adjustments on sight based on observation of

tracers.

When ready to resume march—

commands: MARCH ORDER. (Command given by G in

absence of CS.)

111



70 ANTIAIRCRAFT ARTILLERY FIELD MANUAL

G commands: MAKE SAFE followed immediately by RE-
LIEVE SPRINGS (see pars. 30 and 85).

7 and 11 make safe.

7 and 10 relieve springs.

7 fills autoloader as required; insures safe or fire lever is
at “SAFE,” and loading lever is in front catch; replaces

autoloader hood and breech cover.

8 traverses gun to point over rear of carriage.
9 depresses gun as required to engage the gun stay.

10 raises gun stay and engages upper plungers ; replaces barrel

cover,

8 and 9 unlock left and right outriggers respectively; swing
them to traveling position.

11 backs prime mover up to drawbar as directed by G.
10 and 11 load ammunition onto prime mover.

G and 10 connect drawbar to prime mover as 11 moves
vehicle in accordance with signals from G; connect brake

cable and break-away chain; check break-away switch.

11 tests operation of electric brakes from cab.

cs

cs

, G, 7, 8, 9 and 10 mount prime mover.

Nore.—When time permits or terrain requires lower

center of gravity,

commands: DROP CARRIAGE when gun has been pre-
pared for sight control action as prescribed under com-

mand ACTION FROM WHEELS above. All members of
the gun section take the same posts and follow the same

procedure in lowering the carriage as is prescribed in para-

graph 26 of the regular drill; however, they immediately

return to their posts for sight control without extending

the jacks.

Nove.—CS may give the command, ACTION FROM

WHEELS—DROP CARRIAGE, initially. In this event,

the gun section first prepares the gun for immediate

sight control action from wheels with carriage up, and

then lowers the carriage unless the command ENGAGE

by CS precludes the lowering of the carriage until a
break in action. When the carriage has been dropped,

the gun is placed in traveling position according to

standard drill.
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CHAPTER 4

CARE AND MAINTENANCE

Sxction IT

GRNERAL

71. Inrropucrion.—It is necessary that all antiaircraft per-

sonnel understand the problems of everyday maintenance oO

alitiaireraft artillery equipment. All members of (ane Re unit

are trained in first echelon maintenance and to assist in second

echelon maintenance. Selected personnel are trained in second

echelon maintenance. Detailed maintenance procedures will be

found in TM 9-252, 9-616, 9-659, and 9-1643.

a. First echelon.—First echelon maintenance is performed by

battery enlisted personnel trained in the operation of the

equipment. -

b. Second echelon.—Second echelon maintenance is performed

by battery personnel trained in the operation of the equipment

and augmented by a noncommissioned officer (battery spec alist)

specially trained in the maintenance of the battery matériel.

@ 72. Quativiep Batrery SPECIALIST.—d. A qualified battery

specialist is a man who has completed a recognized course of

instruction in maintenance, such as offered by the exon ace

Schools, Antiaireraft Artillery School, offi ally authorized man-

ufacturer schools, centralized training camp schools, or schools

conducted by qualified maintenance company personnel.

b. The chief of section, range setter, and gunner must be able

to perform all authorized first and second echelon tests and

adjustments on the equipment and to use supervise and

be responsible for maintenance and repair. (See app. I.)

Secrion IT

40-MM AUTOMATIC GUN M1

@ 73. Lupeicatron.—The following instructions supplement the

lubrication chart figure 28.
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a. Note 1, Fittings—Clean before applying lubricant. Where

bearings can be seen, lubricate until new lubricant is forced il

from the bearing.

Caution: Lubricate after washing gun and carriage. Do not

use high pressure washing system for cleaning artillery matériel.

-Intervals indicated are for normal sery-(Wnderneath) (Note 3) Avaptonetbett ies Fe b. Note 2, Intervals.

sec gear OHM [es — — ice. For extreme conditions of speed, heat, water, sand, mud,
LD D OE Gun bore (Note 14) snow, rough roads, dust, etc., lubricate more frequently.

Firing pedal shaft 06 \ Oil gear chain case level c. Note 3, Recoil fluid.—See paragraph 74.

GUN, 40-mm, MI (AA)

Lubricant Interval 
(Roo ET

Recall meebanies 

CAUTION—Lubricate Dotted

plug

f (Check weekly and drain excess d. Note 4, Gear cases.—Monthly, check level ; if necessary, addHelical gear lubricating OH M 
oball (Note6) Hydraulic oil gear drain lubricant to correct level. Every 6 months, drain, flush, and

inp ercsnen ieearoen cen tere a refill. Gear cases will be flushed when changing grades of oil

P MOH He vane 18) to clean them of sediment and moisture. In localities where
Elevating worm wheel OE M Note 4) meee atmospheric temperatures permit the use of the same grade the

gear case (Note 4) {1 M on fee) get ein year round, they will be drained and flushed every 6 months.

iin slerting ear case 06 M inal cae eels Follow the procedure below :
(Fill and lei exe a (1) Drain used oil and replace drain plug.

Elevating hand crank bro, 06 M ats ee uae at (2) Fill case approximately half full with oil, engine, SAE
M 06 Equilibrator trunn é ani Sears MADidlycforS IDi ‘3bearing (te ae 10, and manipulate the gears rapidly for 5 minutes.

© DOG Recoil slide (Note 12) (3) Drain flushing oil, replace plug and fill case to correct
M 06 Azimuth and power shaft

Elevating power adapter 06 M
d 

gear case

{Fill and level plug) (Note 18)

Cirinecetrieaey aint gears and bras. level with lubricant specified on Lubrication Guide: ‘

lower bearing (Sparingly) W0G ee e. Note 5, Hydraulic oil gears—Remove cap from filter, fill

vee ; M06 iMate to) through center hole, using gun provided, until oil escapes from

HA EL) 06 fHaad iaversia Get vent at side of filter.
cineca ag eae Te Moetinecn ea f. Note 6, Helical gear lubricating balls—Remove cover held |

(Mote?) M06 shall oer eg. Saar on by six stud nuts and fill recess around ball. Caution: Do not

Elevating pinion bearing 06 M nae Sean (Note 7) allow moisture, dirt, or grit to enter open mechanism. Add only

tesesnes il DOF Faulbrater connecting rod enough oil to fill ball recess. |
iden ae OED Oe: perc eg ia aria ws g. Note %, Traversing bearing. —It no fittings are present, }

————____J remove handhole plate and han@-fill with grease, O. D. (seasonal }

grade). If traverse action becomes difficult due to extreme cold, i

—— KEY —__. Hh fe apply oil, lubricating, preservative, light or oil, hydraulic, |
= LUBRICANTS INTERVALS through handhole plate. In all cases, traverse 360° while lubri- i}

ORE ar, OH—OIL, hydraulic DoDaiLy cating. ; : X 2 ]

O6—GREASE, 0. een i W—WEEKLY h. Note 8, Elevating rack.—Daily, clean and apply oil, engine i
Noito (Belew £386 E M—MONTHLY (seasonal grade). !

NO. 61 CHEK-cHART 4. Note 9, Breech, firing, and automatic loading mechanisms.—

IRE 2 i ai re a fter firing, clean a il all moving partsFigure 28.—Lubrication chart, 40-mm gun M1 Daily and before and after fir ng, ¢ ee n and oil a g pa |

= i and exposed metal surfaces with oil, engine (seasonal grade).

Caution: To insure easy breech operation and to avoid misfiring

in cold weather, clean with solvent, dry-cleaning, dry and lubri-
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cate with oil, lubricating, preservative, light. To clean firing
mechanism, remove and operate pin in solvent, dry Soins 4

j. Note 10, Traversing driving pinion.— Traverse. while ibn
eating to spread lubricant. ‘ ‘
: k. Note 11, Azimuth and power shaft adapter gears and bear-
ings.—Some models have ¥%-inch plug. Remove plug, insert
isting, lubricate with grease, O. D. (seasonal grade) eoaritel
and replace plug. Caution: Do not use upper plug. ‘ ree

: l. Note 12, Recoil slides.—Daily and before firing, clean and
oil exposed metal surfaces. Keep exposed surfaces ear cted with
thin film of oil, engine (seasonal grade).

m. Note 18, Equilibrator case. Every 8 months, remove end
piece and spring; coat inside with grease, 0. D. (ccasonal grade)

n. Note 14, Gun bore.—Daily and after firing, clean antl pate
with oil, engine (seasonal grade).

0. Note 17, Oil can points.—Weekly, lubricate clevyises and
linkage with oil, engine (seasonal grade),

® Note 18, Points to be serviced and/or lubricated by ordnance
maintenance personnel at time of ordnance inspection. ether
lie oil gears, traversing rack and bearing race, hand elevatin, 3
and traversing gear cases, elevating power adapter rien ee
and universal joints on azimuth indicator drive shaft f ..

B74. Mainrrenance—a. Barrel assembly.—(1) Wear in bore of
barrel depends on number of rounds fired, speed of fire, and care
given in cleaning and cooling between periods of firing. Ac
curacy lite of a barrel is greatly decreased by rapid firing and
the resulting quick heating up. s

(2) Change barrel as often ag practicable during firing, to
on down overheating, to produce uniform performance, and to
increase barrel life. :

(3) When possible, barrel should be washed in clean hot
pier immediately upon removal from gun. For several days
piten US) barrels should be cleaned and oiled daily until

EA ALY 5 ceases. No abrasives of any kind should ever be
used in cleaning gun. ;
F on ae barrel is not to be used for some time, all surfaces
show e thoroughly oiled. Surplus oi t
ag A . s oil must be remove i

ae 

‘emoved before

in Breech mechanism.—(1) Breech mechanisms should be
requently taken apart and examined to find out if they are in
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good working order. Treat parts with care. Rough handling

and jerking must be avoided and no unnecessary force em-

ployed in removing or inst alling breechblock.

(2) Upon installation, if breech mechanism fails to operate

smoothly or requires greater than usual effort to operate with

hand operating lever, it should be disassembled immediately, and

cause of malfunction determined and corrected.

(8) Before assembly, special care must be taken to insure

that all sand, grit, and other foreign matter is removed from

threads of breech ring and from threads at breech end of tube.

Failure to observe this precaution may produce badly burred or

torn threads.

(4) Breech casing top cover is opened when disassembling

barrel assembly. It must not, under any circumstances, be

closed until tube is again in position.

(5) Immediately after firing, breechblock and cartridge ex-

tractors should be removed, cleaned thoroughly with dry-

cleaning solvent, washed, oiled, and reassembled in gun. In

very low temperatures, use a low cold-test oil on breech mecha-

nism. Before installing breech mechanism in gun, inspect for

scores or deformations on bearing surfaces, and make sure that

breechblock bushing screw is secure and flush with front face of

preechblock.

c. Automatic feed mechanism.—Keep parts in automatic feed

mechanism free from dirt and foreign substance. Keep a thin

film of oil on the bearing surfaces. Do not oil feed rollers and

feed tray excessively. Oil will accumulate sand and dirt which

will result in malfunctions.

d. Recoil mechanism.—(1) Smooth and efficient working of

gun in action depends lars on proper adjustment and

maintenance of recoil mechanism. It is important that recoil

cylinder be correctly filled in accordance with instructions below.

If recoil cylinder is not properly filled and if, due to worn or

improper packing, there is a loss of liquid, recoil and counter-

yecoil will not be satisfactory, and gun may be put out of action.

(2) Energy of recoil is absorbed largely by recoil cylinder, a

certain amount is taken up by recuperator spring in overcom-

ing friction in slides and in inertia of barrel.

(3) Extreme length of recoil is fixed by distance between

recoil cylinder piston and metal at rear end of cylinder, which
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forms a seat for packing. This distance is 9.45 inches. Recoil
should never reach this limit, howey as this would result in
damage to recoil cylinder. If recoil is too short, automatic
loader will not function efficiently. Therefore, a length of recoil
has been fixed at which gun functions most smoothly and with
minimum shock. Length of recoil is from 74 to 8.8 inches, the
most desirable measurement being 7.87 inches.

(4) Procedure for filling recoil cylinder. A little more than
1 pint of liquid is required to fill recoil cylinder. Steps are
performed in the following order:

(a) Hlevate gun barrel to 25°.

(0) Remove filling plug.

(c) Unscrew counterrecoil a djusting valve.

(d) Using filling funnel, pour in liquid slowly until it over-
fiows from filling hole.

(e) Remoye funnel and replace filling plug.
(f) Elevate and depress slowly a few times, finally bringing

gun barrel back to 25° elevation.

(g) Again remove filling plug and, using funnel, pour in more
liquid until cylinder is again full.

(h) Reset counterrecoil adjusting valve by closing it com-
pletely and then unscrewing it one-third of a turn.

(4) Replace filling plug, being sure that it is tightly secured.
(5) Recoil fluid.—(a) For all operating temperatures above

—20° F., a blend of 60 parts by volume of oil, hydraulic, and 40
parts by volume of oil, recoil, light, will be used. The blend is
to be mixed thoroughly before being placed in the recoil eylin-
ders. If in combat proper liquid cannot be secured, light lubri-
cating oil can be used in recoil cylinder or, in extreme emergency,
water can be used. Any emergency liquid used must be carefully
strained, and all impurities and foreign substances removed.
Any substitute liquid should be removed as soon as possible, the
recoi] mechanism thoroughly cleaned with dry-cleaning solvent
and dried, and proper liquid put in cylinder.

(b) For all operating temperatures below —20° F., a blend
of 50 parts by volume of oil, recoil, special, and 50 parts by
volume of oil, recoil, light, will be used, The blend is to be
mixed thoroughly before being placed in the recoil cylinders.

(6) Certain examinations of recoil system must be made
before firing.
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{a) Examine cylinder to be sure it is correctly filled and that

there is no leakage. If there is leakage, packing glands must be

tightened. This tightening must be done carefully. If peakaee

is serious call ordnance personnel or qualified battery specialists

to make necessary repai

(b) Check to be sure piston .rod is properly connected and

collar, which bears against sleeve to keep recuperator spring

under compression, is screwed home and secured by two set-

screws. f

(7) Faulty recoil or counterrecoil:

Cause

(a) Recoil violent or excessive.

J. Air in recoil cylinder. 1, Blevate gun and refill:

2. Insufficient liquid in re- 2. Check and fill recoil cyl-

coil cylinder. inder.

8. Weak recoil cylinder pis- 3. Have new recoil cylinder

ton rod. piston rod installed.

4. Incorrect setting of re- 4. Close valve a fraction.

eoil cylinder control

spindle yalve.

5. Weak or broken recuper-

ator spring.

(b) Recoil short.

1. Guides or

. Have recuperator spring

replaced.

w
e

guideways /. Remove burs, Clean, and

within breech casing lubricate.

dry or burred.

2. Recoil cylinder packings 2. Repack.

too tight. ;

3. Use of heavy lubricants 3. Use proper lubricants.

at low temperatures. a

4. Incorrect setting of re- 4. Open valve a fraction.

coil cylinder control

spindle valve.

rrecoil slow.

a pene setting of re- 1. Open valve approximately
coil cylinder control one-third turn.

spindle valve.

2, Burs or grit on guides or

guideways within

breech casing.

v
w Remove burs, clean, and

lubricate.
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Cause

8. Use of heavy lubricants

at low. temperatures,

4. Recoil cylinder packings

too tight.

5. Weak or broken recuper-

ator spring.

(@) Counterrecoil yiolent.

1. Insufficient liquid in re-

coil cylinder,

2. Air in recoil cylinder,

8. Incorrect setting of con-

trol rod spindle valve.

(e) Failure to counterrecoil.

1. Recoil cylinder rod spin-

dle valve closed.

2. Burs or grit on guides or

guideways within

breech casing.

8. Recoil cylinder packings

too tight.

4. Weak or broken recuper-

ator spring.

ANTIAIRCRAFY ARTILLERY FIELD MANUAL

Corrective action

8. Use proper lubricants,

4. Repack.

5. Have a recuperator spring

replaced.

1. Check and fill recoil cyl-

inder.

2. Bleyate gun and refill re-

coil cylinder,

8. Close valve a fraction,

1, Open valve approximately

one-third turn.

2. Remove burs, clean, and

lubricate.

3. Repack.

4. Have recuperator spring

replaced.

B 75. Carrripcr OBsrrvucrion IN Automatic Loaper.—a. Feed
rods in automatic loader contain a safety device which prevents
breakage of feed pawls in case any obstruction prevents car-
tridges from moving down onto loading tray.

b. To remove an obstruction, stop and feed pawls should be
depressed with pawl depressing tool into recesses in rods to
allow removal of cartridges in automatie loader. When ob-
struction has been removed, another cartridge placed on loading
tray by hand, and additional cartridges placed in automatic
loader, firing can be resumed. On first recoil, feed holders are
automatically coupled with rods ag plungers return to normal
position.

76. Removine Canrrier Exrractors Wir Brercu Rive IN
GON et: Remove breechblock assembly. Insert threaded end of
puller in hole in right side of breech casing. Screw it into end
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of extractor spindle. Then with extractors in rear position and

spindle arm on breech ring in forward position, pull out ex-

tractor spindle. When spindle is removed, extractors will fall

out. (Extractor spindle arm cannot be removed without taking

breech ring out of breech casing.)

b. Assemble extractors into position in breech ring with hook

sides down. Put extractors in rearward position and extractor

spindle arm forward. Insert spindle by pushing it all the way

into position with puller. Remove puller.

Srcrion III

40-MM CARRIAGE M2

@ 77. Luprication.—a. Cleaning.—Bearing surfaces, revolving

parts, springs, screw threads, gear teeth, and exterior parts must

be cleaned and free from dirt at all times. Special attention

should be given to exposed teeth and bearing surfaces. All lu-

pricating fittings should be kept clean and oil and grease pas-

sages free from dirt and accumulated hardened grease. A piece

of wire may be used. to clean out these passages.

b. Lubricants —Additional lubrication and service instructions

applicable to individual units and parts shown in figure 29 are

as follows:

(1) Note 1, Fittings.—Clean before applying lubricant. Where

bearings can be seen, lubricate until new lubricant is forced

from the bearing. Caution: Lubricate after washing gun and

carriage. Do not use high pressure washing system for cleaning

artillery matériel.

(2) Note 2. Intervals—Intervals indicated are for normal

service. For extreme conditions of speed, heat, water, sand,

mud, snow, rough roads, dust, ete., lubricate more frequently.

(3) Note 15, Wheel bearings—To clean and pack wheel

bearings properly, they must be removed from the hub. Follow

the procedure below:

(a) Remove bearings from hub and wash in solvent, dry-

cleaning, until all the old lubricant is removed from both inside

and outside of cage.

(b) Lay bearings aside to dry and wash inside of hub and

spindle with solvent, dry-cleaning.
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(c) When bearings are thoroughly dry, coat lightly with oil
engine (seasonal grade), and pack races with grease, general

CARRIAGE, GUN, 40-mm, MI and M2 (AA)

GAUTION—Lubricate Detted
Acro Pins anBoth Side, orn

By Bottea “short shot “arrous,

Interval @ Lubricant

M 06 Drawbar hinge pin

eyM 0G Steering lock pin
f W 06 Leveling jack

(Note 16)

Lubricant » Interval

Tie rod (fitting and plug) 0G M
{Remove plug, insert fitting)

Suspension arms 06M.

Tie rod 06 M

rail N M06 Axle lock-bearing

U W OE Axle lock latch

Ss

King pin 06 M

Front wheel bearings WB 6M

(remove) (Note 18)

Suspension arms 06 M & 0G Axle balancing gear link
pin (Note 18)

Axle bearing 06 M

Leveling jack 06 W
(Note 16)

M 06 Front axle swivel bearings

Outrigger hinge pin 0G M ~” M 06 Axle balancing gear
sprocket and chain

Traveling lock clamp 06 M (Mote 18)
screw

Traveling lock support 06 M -0 
06 Axle balancing gear link

bearing pin (Note 18)

Suspension arms 06 M

Rear wheel bearings WB 6M“
(cemove) (Hote 15)

Suspension arms 06 M

Axle bearing 06 M. ” Pc
W 06 Leveling jack

(Note 16)

KEY

SAE 10 (+32° F. to 0° F.)

OG—GREASE, O.D. MONTHLY
Neg (bore +3256)
No. 00 (below +32° F., ences

NO. 61 CHEK- CHART

FigurRB 29.—Lubrication chart, 400m gun ca lage M2.

purpose, No. 2, and reassemble in hub. To pack a*bearing satis-
factorily, it is necessary to knead lubricant by hand into space
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between the cage and inner race. Coat inside of hub and

with a thin coat of grease to prevent rusting. The lubricant

packed in bearing races is sufficient to provide lubrication until

the next service period. An excess may result in leakage of

lubricant into the brake drum.

(d) Replace wheel and adjust bearings according to instruc-

tions in TM 9-252.

(4) Note 16, Leveling jacks ——Weekly, coat cylinders with oil,

engine (seasonal grade).

(5) Note 17, Oilcan points —Weekly, lubricate drawbar travel-

ing lock, brake levers, inner tie rod ends with oil, engine

(seasonal grade).

(6) Note 18, Points to be lubricated by ordnance maintenance

personnel at time of ordnance inspection.—Front and rear axle

balancing gear spring rod thrust bearings front and rear axle

balancing gear link pins, and rear axle balancing gear sprocket

bearings and chain.

Srcrion IV

DIRECTOR M5

H 78. Insrrucrions For Care iN Hanpuine.—qa. Never lift di-

rector without using carrying bars provided.

b. Set tripod legs firmly in ground to insure that once director

is placed on tripod and level it will remain in a level position.

c. When placing director on tripod, lower it carefully into

position. Do not drop it, because to do so might damage di-

rector mechanisms or threads on leveling screws.

d, Turn off all electrical switches when inserting or removing

cable plug from receptacle in bottom of director.

e. Do not slew director by pushing on case; use azimuth

throw-out lever and slewing handle. Grip lever tightly so as to

fully disengage clutch teeth. Use moderate slewing speeds.

Slewing director too fast will cause director to get out of

synehronization with gun which necessitates reorientation,

f. Never attempt to tighten or loosen the orienting nut

(large knurled knob) unless locking nut (small knurled nut) is

tight, and never attempt to traverse or slew director while both

locking nut and orienting nut are tight. Failure to observe this

precaution will result in serious damage to future azimuth

mechanism.
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g. Never reverse rates with a quick turn of the handwheel.
Such procedure may result in breaking the torque amplifier coz
bands. 

2
aa

879. CLranine.—a. Raternal surfaces.—(1) Remove dust
from metal surfaces of director with a soft, dry cloth.

(2) Wipe metal surfaces with a soft, dry cloth as soon as
possible after being exposed to rain.

(3) When cleaning windows of director, care must be exer-
cised to eliminate possibility of scratching them.

(4) Remove rubber eyeshields occasionally and wash them in
warm water.

b. Telescope lenses—(1) Special care must be exer ised to
keep exposed sides of lenses clean and dry. Dust and moisture
will pit and discolor surfaces if permitted to remain on them.

(2) Remove dust from lenses by brushing lightly with a
camel’s-hair brush. Use of cleaning cloth is prohibited.

(3) Remove grease or oil by applying liquid lens-cleaning q pFsoap or alcohol sparingly and wiping dry with lens tissue paper. 
IIf liquid lens-cleaning soap or alcohol is not available, breathe

heavily on lens and wipe dry as directed above. Repeat the
procedure until lens is clean. 

|(4) Do not wipe lenses with fingers.
———— ——e. Baternal lubrication—Apply a tew drops of oil to hand- 4 }
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|wheel knob pins to keep knobs working freely. Occasionally oil
Jeveling screws in tripod head to insure smooth and easy
movement of screws.

d. Internat lubrication.—(To be done only by ordnance or
qualified battery personnel.) Internal lubrication of M5 4)
director will only be done periodically or when deemed necessary.
(See fig. 30.)

(1) Rate motor governor ball bearing. Maintain a light film. .
(2) Torque amplifier input drum spindle bearings and input “a” |
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(3) Differentials. Several drops.

(4) Multiplying and variable speed mechanism rails. Several
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E
L
E
V
A
T
I
O
N
 
S
I
D
E

n
a
t
e
 
s
t
o
F

(5) Variable speed mechanism slide. Several drops.
(6) Use only grease, lubricating special at the following Ln
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(a) Torque amplifier grease cups. Keep full.

(b) Large bearing in director support housing. Use grease

gun periodically. This bearing can be lubricated only on dis-

assembly.

(c) Variable speed mechanism disks and roilers. Cover with

a light film.

(d) Multiplying mechanism time screw and nut. Cover with

a light film.

(e) Ball bearings. Ordinarily these bearings will require no

attention while in service. If grease shows signs of hardening

or other deterioration, bearings should be removed, thoroughly

cleaned with a dry-cleaning solvent, dried, and immediately

lubricated with grease. Upon assembly, ball bearings should

be lubricated with a thin film of g

structed, primarily to prevent corrosion of the metal surfaces.

Application of too much grease should be avoided. Excessive

greasing will clog the ball bearings and may retard speed of

shafts and cause complete stoppage in cold climates. Note that

ball bearings in rate motor governor and torque amplifier input

shaft and spindle are lubricated with oil rather than with grease.

(f) Upon assembly, seal the top plate and four side plates

with grease.

80. Parrs REPLACEMENT.—Disassembly and assembly for parts

contained in accessory chest.

a. Torque amplifier—Remove top cover. Disconnect electrical

leads to torque amplifier motor. Loosen small set screw on in-

put coupling. Slide back, breaking contact with output cylinder.

Rotate output coupling until slot is vertical. Loosen three cap

screws holding torque amplifier to base and lift torque amplifier

out of the director, The torque amplifier is replaced by revers

the procedure.

bo. Rate motor.—lIf the director has fuse block, remove three

cap screws holding same and the fuse block may be held out of

the way by tying it to the front tie bar. With the governor at a

two o’clock position (as seen from the rear of the motor) remove

the two cap screws holding the guard; then remove the guard.

Disconnect all electrical leads to the rate motor. (Care must be

taken to avoid damage to the carbon ring of the governor.)

Remove the four cap screws which hold rate motor to- base.

ag
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Remove rate motor. To reassemble, reverse procedure. (See

fig. 81.) 
; :

c, Range scales.—Remove three screws holding the range scale.

Remove range scale, and replace.

d. Selsyn motors.—One transmitter can pe removed without

removing the entire holding bracket by first removing 
necessary

parts of gear train in the individual case under consideration;

then disconnect electrical connections and shift out of holding

bracket.

Sxction V

REMOTE CONTROL SYSTEM M5

1. Care tn Hanprine Castes anp Component PARTs.—d. No

cable of the size used with this system will withstand repeated

kinking or twisting. Avoid bending cables on a short radius or

allowing them to chafe against a moving object.

b. Do not allow vehicles to run over unprotected cables.

c. Keep plugs and receptacles clean; accumulated dirt will

cause faulty connections.

d. When the cables are not connected, all plugs must be kept

closed with covers provided to exclude dirt and moisture.

D-shaped plugs of director cable are furnished with leather

covers that should be pulled over plugs when plugs are not

connected.

e. When disconnecting a cable, pull on body of plug, never on

eable or spring. D-shaped plugs have to be turned to unlock

them before they can be disconnected. a

f. If it becomes necessary to tape ends of any flexible cables,

use rubber tape only.

g. Oil and grease are detrimental to rubber; keep cables free

of these materials. If oil or grease does get on cable, wipe off

oil or grease, and wash with soapy water the place which has

been exposed. 
‘

nh. When cables are not plugged in, protect cable receptacles in

gun junction box by means of covers provided for that purpose
.

@ 82, Luprtcation.—a. Oil gears.—(1) Cleanliness is important

in handling oil for oil gears. When replenishing oil supply of

oil gears, oil must be taken from a container whose seal is not

broken. Dust or moisture must not be allowed to get into oil
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while refilling, and remaining oil in container should be used

for some other purpose or thrown away. Oil gun must be kept

clean and should be used only for hydraulic oil. Caution: Oil

gear units, when filled with oil, must always be kept upright;

otherwise oil will get into electrical control elements and cause

damage. If, through accident, oil does get into electrical control

compartment, remove covers from compartment, and wipe up any

excess oil.

(2) If system is in frequent use, oil should be changed every 6

months. To change oil, drain used oil through drain plug under

filter assembly; replace drain plug, tighten plug securely, and

then add new oil through filter until oi] flows from overflow hole

in side of filter. Use only oil, hydraulic (U. 8S. Army Specifica-

tion 2-79A). If dirt is suspected to be in oil system, unit should

be removed and cleaned thoroughly.

(3) The filter contains a filter bobbin assembly which may

require replacement after several oil changes. ‘To replace filter

pobbin assembly, unscrew retainer at top of filter opening, using

spanner provided ; lift out old filter, and install a new one.

(4) Drain oil from chain case daily and from clutch housing

weekly. The chain requires lubrication with grease, graphite,

medium, at 6-month intervals.

(5) Transmitter spiral gear is lubricated by a cork lubricating

pall located in a recess under driving pinion. This recess should

be filled with oil hydraulic, at frequent intervals. The cover over

the spiral gear must be removed to permit lubrication. Left-

over oil may be used. When lubricating spiral gear, note con-

dition of cork ball. Bal] must be replaced as soon as it shows

signs of becoming soft and oil-soaked.

pb. Agimuth indicator—(1) The azimuth indicator (blackout

dial) has an oil cup, fitted with a felt pad, located in top of

housing.

(2) Several drops of oil, lubricating (U. S. Army Specification

2-27) should be applied yearly to these oil cups. Oil very

sparingly, as excess oil will damage the repeater.

H 988. Reparr AND REPLACEMENT.—@. Wiring diagram.—When

checking wiring connections after repair and replacement or

when searching for bad or wrong connections use the wiring

diagram (figure 32).
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b. Malfunctions—(1) If induction motor in either oil gear does

not run when power is applied, the trouble may be due to blown

fuses in elevation limit switch or azimuth switch. (The fuse

used is rated 15 amperes and 250 volts.) Shut off power before

attempting to replace fuses. Close cover tightly after fuses have

been replaced.

(2) If gun tracks irregularly, it is probable that the supply

of hydraulic oil is getting low. Remedy this malfunction by

replenishing oi] supply. Fill unit through oil filter and from

new cans of approved oil. (U. S. Army Specification 2-794).

Fill until oil flows out through small pilot hole in filter body.

Screw filter cover on tightly after filling.

(8) If system still fails to operate properly, the cause may be

either a fault in electrical connections or a malfunction of

mechanical parts of oil gear. Qualified personnel must be called

to remedy this condition.

c. Replacing oil gears—To perform unit replacement of il

gears in case of failure of a unit, proper facilities must be avail-

able to preyent entrance of dust into the interior when cover

plates are removed. Proceed as follows:

(1) Disconnect three leads to electric motor by removing

terminal well cover plate on top of motor and loosening the three

terminal screws. Note the lead markings, black for 60 cycles

and red for 50 cycles (mark the leads if there are no lead

markings) to insure that leads can be reconnected to their corre-

sponding terminals. Remove four screws securing cable adapter

to motor housing and withdraw wires from terminal well.

(2) Remove terminal side cover over transmitter and electrical

=| i differential assembly, exposing terminal screws. This cover is

on the same side as the clutch lever. Disconnect three leads

(R:, R2, R;) from differential and two leads (X, Y) from resetter

transmitter by loosening the terminal screws. Do not disconnect
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i is A bas| a interconnecting leads (S:, Sz, Ss, and 1, 2, 8). Note lead mark-

; | g : ings (mark leads if there are no lead markings) to insure that

iH i . 2 leads can be reconnected to their corresponding terminals. Re-

: Fi = move three screws securing cable adapter to housing and with-

3 55 ES draw wires.

' az ao Norn.—Interchanging two wires will result in gun moving in opposite

[> direction from that of director.

(3) Remove four bolts securing oil gear to carriage, and single

polt at the rear of electric motor. Remove oil gear by pulling it
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forward from front of carriage, being careful not to d
drive shaft or coupling mechanism,

(4) Note that in replacing a unit, a distinction must be made
between azimuth oil gear and elevation oil gear. Although both
units are similar in outward appearance, they cannot be inter-
changed, except by performing process as outlined below, as
their gearing ratios are different. The azimuth unit has a 64-
tooth spiral gear, on the resetter transmitter, while elevation
unit has a 108-tooth spiral gear. Algo, the pinion which meshes
with these gears is differently positioned in the two units. In
absence of accurate name plate data, unit can be positively
identified by removing adjusting side cover (this cover is on
same side as filter cap) and counting teeth on resetter transmitter
spiral gear.

(5) To mount replacement oil gear, reverse foregoing process,
(6) After replacing elevation oil gear, it will be necessary to

reorient gun in elevation.

d. Changing elevation oil gear to azimuth oil gear. (1) Data:

amage

‘Type of unit | Spiral pinion | Spiral gear Gear ratio

| |

Elevation__...._| 21 teeth______] 108 teeth.____ 5.14 to 1,
Azimuth. __._-_| 16 teeth._____ 64 teeth______ 4to 1.

(2) One spare elevation oil gear is furnished with every two
gun carriages. A package of Spare parts consisting of a ial
gear, a taper pin, and a sleeve, to be used on converting elevation
unit to an azimuth unit is also furnished.

(3) In order to convert an elevation oil gear to an azimuth
unit, remove right-hand gide cover plate. The three screws
clamping the spiral gear between toothed disk and adapter on
gear assembly must be withdrawn and disk and gear removed.

(4) The taper pin securing double pinion (left pinion for ele-
vation and right pinion for azimuth) on transmitter shaft as-
sembly must be driven out, pinion slid over to left side of shaft,
and pinion secured in place by inserting taper pin into hole
provided.

(5) Mount spare spiral gear (64 teeth), replace disk, and se-
sure gear and disk to adapter by means of three screws that

132
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were withdrawn. Take care to mesh gear with right-hand

ioe. backlash between gear and pinion. UE GESNO back-
Jash will result in erratic orientation of gun and GRE IOR, IOP

adjustment see paragraph 130, Replace cover plate, taking care

insert gasket.

" Ghats the four nuts arid studs holding the rear bell
housing. In order to remove the studs with the nuts, mutilate

threads on ends of studs so that nuts will not screw completely

off. The studs will come out upon exerting pressure on nuts.

After removing nuts with studs, rotate bell housing 180° and

secure in place. Do not under any circumstances pull bell

housing off motor. If this is done the rear motor bearings wal!

fall out and replacement of bearing necessitates use of a special

tool which is not issued to the using arm. The bell housing is

rotated to enable fastening the upper portion of the oil gear unit

to carriage. (Bell housings which are equipped with two

brackets need not be rotated.) ‘

(8) Interchange pipe plug and grease fitting in clutch housing

cover and secure each in place.

(9) Remove cotter pin on shaft pin which supports ole

lever locking Jever, drive out shaft pin and remove locking Tae

Insert spare sleeve, drive shaft pin back in place and secure it by

means of cotton pin. : ;

(10) An azimuth unit can be converted to an elevation by

reversing above replacements and assemblies. ;

(11) When spare elevation oil gear is changed over into an

azimuth oil gear and replaces the azimuth unit on gun, be sure

to switch name plates. After having done this, then otesse

azimuth unit, which has just been removed from gun into an

elevation oil gear. Name plates will then be correct.

Section VI

REMOTE CONTROL SYSTEM M10

®@ 84. Generat.—Field operation and maintenance requires the

removal of no cover that exposes any part of the hydraulic

system. No dither adjustment, pilot valve adjustment, creep

test, or adjustments of elevation resetter transmitter (for ele-
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yation orientation as required in M1 oil gear units) can be made

py using personnel. Dither is set at the optimum value, and

together with the pilot valve js preset by the manufacturer an
d

SARRYING BRACKETS

ZIMUTH=ELE VATS
: LAT

FILLER PLUG FOR

MOTOR ORIVE —~<

GEAR CASE

OIL SUMP.

oRAIN TM

Picuny 34,—Oil gear unit M3B1—front view.

neither permits of field adjustment. Figure 33 shows the wiring

diagram for the remote control system M10.

a. Lubrication—(1) Hydraul ransnission.—Lubrication of

the hydraulic portion of the oil gear is unnecessary if the su
mp

case is kept filled with clean Univis 48 oil or equivalent (fig. 84).
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(Univis 40, 47, 54 in temperate climates, and SAE 10 and kero-

sene mixed for extremely cold temperatures.) The oil gears

comprise precision apparatus. It is important that the oil gear

Figure 35.—Oil gear unit M3BL ht side view.

be operated only after the oil level has been checked. The level

should be approximately midway between the limits of the

window on the sight gage (fig. 44). The hydraulic transmission

system is completely sealed and requires no adjustment or
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maintenance by using personnel other than filling the oil sump.

(No oil gun is required to fill or replenish oil.) Sump capacity,

2% gallons.

(2) Gear train and clutches (see fig. 85) —Remove side plate

covers and grease the gear train and clutch mechanism in the

synchro and output gear housing with a Norma Hoffman #51 or

#66 grease, or equivalent every month. Any oil leakage from

the hydraulic portion of the control into the selsyn housing

should be drained monthly by removing the drain plug (fig. 35).

(3) Output bearing.—Grease the output bearing with Norma

Hoffman #51 or #66 grease or equivalent every few months

(fig. 44).

(4) Input gearing—Lubricate the gear train between the

electric motor and the hydraulic pump by keeping the electric

motor gear case full to the drain plug level with SAH 50 motor

oil (fig. 35).

b. Oleaning the filter (see fig. 36).—(1) The filter inserted in

the oil line to the stroke control should periodically be removed

and cleaned. This cleaning can be accomplished without drain-

ing the oil merely by removing the six screws at the end of the

filter housing and withdrawing the filter cartridge, being careful

not to injure the gasket. The filter cartridge is accessible from

the right side of the unit. A small quantity of oil may be lost

from the filter housing, but it will be replaced by the gear pump

when the control.is again started.

(2) The filter cartridge is metallic and should be washed free

of dirt, lint, and other foreign particles, using solvent dry-clean-

ing or gasoline and allowed to dry before inserting. The screws

should be kept tight and the gasket free from damage to prevent.

leakage of oil at the replenishing pressure. Any time that a

large amount of oil is added to the sump, the filter cartridge

must be cleaned after 5 minutes of operation to remove the lint

inherent in new oil.

(3) The symptoms of a clogged filter are absence of snappi-

ness in the action of the control, sluggishness during synchroni:

tion and low oil pressure. The oil pressure should be approxi-

mately 150 lbs./sq. in. and can be checked by inserting a pressure

gage in place of the pipe plug in the filter cap.

137



85-86 ANTIAIRCRAFT ARTILLERY FIELD MANUAL

C Secrion VIT

UNIT, GENERATING, M5

B85. Care anp Precautions.—«. The M5 power plant should be

kept clean and adequately supplied with water, lubricating oil,

and gasoline at all times.

b. Be sure that antifreeze is added to water supply when oper-

ating in cold climates and that proper grade of oil is used for the

temperature under which the unit is operating.

c. Always keep main switch in “off” position when connecting

or disconnecting power cable, and before starting engine.

d. If unit is used in any inclosure, be sure that exhaust is piped

to outside. Exhaust contains carbon monoxide which is odorless

and very deadly.

e. Periodically check to see that all electrical connections and

leads are in good order and that electrical indicators and con-

trols are functioning properly. When not in use, keep the

receptacle cover screwed to outlet receptacle.

f. Do not pour gasoline into fuel tank while engine is running

or while ignition switch is turned on.

g. Operate unit at 180 volts and 60 cycles. Never let the voltage

get below 115.

86. Lusrication.—The M5 power plant should not be lubri-

cated excessively and frequency of oiling should be based on the

number of hours of operation. Use only specified oils and

lubricants.

| Quantity and
‘applicationPart | Frequency Lubricant

I

‘A-c¢ generator---| 200 hours operation..| Grease, lubricat- | One turn of grease cup

‘ing special cap each bearing.

(Grease, special | Keep grease cup

low-tempera- | filled.

ture). |
Grease, water | One turn of grease cup

pump, hard, | cap. Keep grease

| cup filled.

‘Water pump._./ 200 hours operation.

|

bd]

40-MM FIRE UNIT 86-87

Part Frequency Lubricant Quantity «
application

Crankease-___ 50 hours operation.._/ Oil, engine________ Drain and refill

through breather

tube as required to

maintain level at

least three-fourths

full on bayonet gage;

capacity 4 quarts.

Remove plug in hub.

Fill until oil drips

from shaft.

Few drops in oil hole.

8 to 10 drops in oil cup

TM sa eeceenn 50 hours operation__.| Oil, engine.

Starter___. 50 hours operation___| Oil, engine.

Battery charg- | 50 hours operation__ | Oj, engine.

ing generator. at each end.
Ollfiltersss==— 150 hours operation | Oil, engine.___.... Renew refill cartridge.

if oil becomes

dirty. |
Distributor. 150 hours operation; | Oil, engine..______ Few drops in oiler.

oftener if meces-

sary.

Breaker__..---.] 50 hours_.-- Grease, water | Wipe breaker

pump, hard. lightly with grease

50 hours__ Oil, engine_______. One drop on breaker

é 
cam pivot pin.

‘Air filter. Once a day in dusty | Oil, engine......._| Remove oil cup ;empty

conditions to once | and refill with fresh
aweek where little | oil.

dust is encoun-

tered. |

Governor link- | Occasionally... Oil, engine........ Few drops on joints
age. |

Commutators | Do not lubricate under any circum-

and slip rings. | stances.

@ 87. CRanxcasr.—a. SAE 30 engine oil should be used for tem-
peratures of 32° F. and over.

o. Use SAE 10 engine oil for temperatures between 32° F.

(freezing point) above zero and 0° F.

c. When temperature is below 0° F., the following procedure

should be followed using SAE 10 engine oil:

(1) With oil level at full mark, add 1 quart of solvent, dry-

cleaning, or gasoline.

(2) Run engine 5 to 10 minutes to mix oil and dilute

thoroughly and stop engine.
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(3) After stopping, notice level of crankcase oil on oil gage

stick. Level will be above normal “full” mark. Mark this

increased level on gage for future reference.

@ 88. Procepure For Supzero TEMPERATURES—The following

procedure should be used when operating power plant at subzero

temperatures :

a. At end of each operating period, check oil level.

b. If oil level is below normal “full” mark, add necessary

quantity of SAE 10 engine oil to bring level to full mark. Then

add the necessary quantity of dry-cleaning solvent or gasoline to

raise the level to the mark recorded in paragraph 87 ¢(3).

c. Oil pressure should be noted immediately after each start.

If none is indicated, engine must be shut down immediately to

determine the cause.

d, The generator must be run at least 30 minutes every time

it is operated. The radiator should be covered to give rapid

warm-up and the cover removed as soon as operating temperature

is reached. After engine is stopped, the cover should be re-

placed to keep engine temperature as high as possible during

shut-down period.

e. If engine is hard to start due to cold weather, then the

spark plug gap could be reduced from 0.025 inch to 0.015 inch,

or any intermediate point between the two limits.

f. If difficulty is experienced with water in the gasoline, caus-

ing freezing in tank or in lines, add 4 pint of pure wood alcohol

(not Prestone) to each 5 gallons of gasoline. This will absorb

the water and allow the engine to run smoothly.

g. At temperatures below +32° F., add Ethylene Glycol to the

cooling system to prevent freezing.

@ 89. Trouste SHOOTING, GENERATOR.

Malfunctions Causes

a, Arcing at brushes of exciter (1) Dirty commutator.

generator. (2) Worn-out brushes.

(3) Brushes stuck in hold-

ers.

b. Fails to generate rated cur- (1) Unbalanced load in

rent. lines.

(2) Defective wiring.

140

Malfunctions

c. Fails to operate at proper

frequency.

d. Fails to deliver rated output.

@ 90. Trousre SHoorine, Eneine.

Malfunctions

a. Starter will not turn over the

engine.

b. Engine fails to start or is

hard to start, runs and stops.

(1) Fuel system.

554769°—43——-10

UNIT 89-90

(3)

(4

(5)

(1)

(2)

(3)

qq)

(2)

(3)

(4)

(5)

(6)

(1)

(2)

(3)

(4)

(a)

(0)

Causes

Links in subpanel con-

nected incorrectly. ;

Rheostat incorrectly ad-

justed.

Worn brushes or dirty

commutator in ex-

citer.

Links in subpanel con-

nected incorrectly.

Defective wiring.

Engine not set at cor-

rect speed.

Links in subpanel con- «

nected incorrectly.

Defective wiring.

Fuses out.

Rheostat incorrectly ad-

justed.

Engine not up to speed.

Dirty commutator and

worn brushes in ex-

citer.

Causes

Low battery.

Defective starter motor.

Loose or defective wir-

ing.

Broken Bendix spring.

No gasoline or clogged

gas line.

Improper fuel mixture.

(¢) Throttle valve stuck,

loose or out of adjust-

ment.
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Malfunctions

(2) Ignition system.

Very rare

(8) Mechanical failure.

¢. Engine misses.

(1) Ignition system.

(2) Mechanical failure.

d. Runs but lacks power.

(1) Fuel system.

142

Causes

(a@) Loose or defective wir-

ing.

(b) Breaker points out of

adjustment, worn, or

pitted.

(¢) Defective coil or con-

denser,

(d) Magnet weak.

(e) Spark plug cracked or

dirty.

(a) Intake manifold leak-

ing.

(b) Valve seats bad.

(¢) Valve sticking.

(a) Spark plug dirty or

cracked.

(b) Spark plug gap wrong.

(¢) Loose or defective wir-

ing.

(d) Breaker points sticking,

pitted, or worn.

(a) Head or manifold gas-

kets leaking.

(b) Valves warped or bro-

ken.

(c) Valves or tappets stick-

ing.

(d) Valve tappets improp-

erly adjusted.

(a) Improper gas mixture.

(6) Governor or throttle

loose.

(c) Air cleaner needs clean-

ing.

(d@) Oil too thin,

&

40-MM FIRE

Malfunctions

(2) Mechanical failure.

e. Overheats.

(1) Fuel system.

(2) Ignition system.

(3) Lubrication system.

(4) Valves leaking.

(5) Overload on generator.

(6) Cooling system.

f. Faulty carburetion,

(1) Fuel system.

(2) Mechanical failure.

g. Poor compression.

(1) Ignition system.

(2) Lubrication system.

(3) Mechanical failure.
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Causes

(a) Valve seats worn.

(0) Piston rings weak,

worn, or sticking.

(¢) Improper timing.

(d) Mufiler clogged.

(a) Carburetor choke valve

partly closed.

(6) Improper gas mixture.

(a) Spark retarded too far.

(b) Improper timing.

Lack of oil or oil too thin.

(a) Radiator clogged, leaks.

(6) Water low.

(ec) Water pump clogged or

broken.

(a) Carburetor improperly

adjusted.

(0) Using too much fuel.

(c) Water in fuel.

(ad) Sediment in fuel tank.

(e) Shut-off valve closed.

(a) Valve leaking.

(b) Intake manifold leak-

ing.

(ce) Gaskets leaking.

Loose or cracked spark plug.

Oil too thin to seal piston.

(a) Valves sticking or not

Seating.

(b) Valve tappets sticking

or set too close.

(¢) Piston

weak,

sticking.

rings worn,

broken, or
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Matfunctions

h. Explosion in carburetor or

intake manifold.

(1) Fuel system.

(2) Mechanical failure.

4. Explosion in muffler.

(1) Ignition system.

(2) Mechanical failure.

j. Excessive smoke from ex-

haust.

(1) Lubrication system.

(2) Fuel system.

(3) Worn bearings.

k. Low or high oil pressure.
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Causes

(d) Cylinder head loose.

(e) Head gasket leaking.

(f) Scored cylinder.

(g) Worn piston and cylin-

der.

Gas mixture too lean.

(a). Intake valve sticking,

warped, or broken.

(b) Intake tappet sticking

or set too close.

(ce) Intake yalve spring

weak.

(d) Intake manifold leak-

ing.

(e) Incorrect timing.

(f) Cylinder head gasket

leaking.

Ignition too late or weak

spark.

Exhaust valve holding open

or warped.

(a) Too much oil in crank-

case.

(b) Oil too thin.

(a) Carburetor needle valve

open too far.

(0) Carburtor float sticking

or leaking.

(1) Oil too heavy or too

light for climatic con-

ditions.

Clogged oil lines or bad

oil pump.

(2

, 40-MM FIRE UNIT 90-92

Malfunctions . Causes

(8) Worn bearing and pis-

ton ring.

1. Operating knocks.

(1) Motor overheated. (a) Radiator clogged.

(b) Water pump: not oper-

ating satisfactorily.

(c) Loose or broken fan

belt.

(d) Lack of oil.

(2) Mechanical failure. (a) Carbon in cylinder.

(b) Loose main bearing or

rod bearing.

(¢) Worn piston or cylinder

(piston slap).

(d) Loose valve tappets,

(e) Tight piston.

(f) Loose flywheel.

m. Overheating.

(1) Cooling system. (a) Leak or low in water.

(b) Clogged radiator.

(c) Broken water pump.

(d@) Slipping or broken fan

belt.

(e) Bent fan blades.

Srcrion VIII

AMMUNITION

@ 91. Genvrat—Moisture and extremes of temperature are

detrimental to ammunition. Therefore, ammunition must be

kept dry and under cover from direct rays of the sun at all times.

@ 92. 40-MM Ammounirion.—a. Identification by marking— —~

When ammunition is manufactured, an ammunition Jot number

is stamped on each round. Therefore to obtain the greatest

accuracy in any firing, use rounds from the same ammunition lot,

whenever practicable.

0b. Painting and marking.—Projectiles are painted to prevent

rust. Various colored paints are used for the purpose of identi-
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fication as to type. The projectiles of the types of ammunition

listed below are painted as follows:

(1) High explosive—yellow, the markings in black.

(2) Armor-piercing (not explosive)—black, the markings in

white.

(8) Drill or dummy (inert)—black, the markings in white.

c. High explosive shell—A complete round (HE) is designed

on use against lightly protected targets, such as aireraft. It
consists of a primer and a propelling charge contained in the

prass cartridge case, which is crimped tightly to projectile.

Tracer and igniter which is fitted to base of projectile, is known

ag a shell-destroying or self-destroying tracer, because it is so

arranged that should projectile fail to hit target and explode,

tracer, upon burning through, will destroy shell by causing its

explosion. Tracer burns for approximately 7 seconds on gor

about 8,500 yards. Th round is 17.65 inches long and weighs

4.67 pounds.

d. Armor-piercing shell.—Projectile does not contain a fuze or

high explosive. It has a tracer in base.

ce. Fuzes.—The fuze is of inertia type designed to explode upon

impact with a target of very light weight. It is boresafe.

Caution: Fuzes will not be tampered with or disassembled. They

are very sensitive.

f. Ammunition checks.—(1) 40-mm ammunition —(a) Check

to see that all rounds are properly loaded in clips, and that they

are clean, free from nicks and burs, and not corroded.

(b) Inspect nose of fuze to insure that it is not damaged or

perforated.

(c) Inspect primer to insure that it is flush with the base of

the cartridge. It must not protrude.

(2) Caliber 50 ammunition—(a) Inspect belts for short

rounds, corroded or split cases, or thin rims.

(bd) See that belt feeds into gun with double end of links

feeding first.

Secrion IX

COMPUTING SIGHT M7

sembly and assembly is per-

ally authorized herein. The

ighting,

@ 93. GENnerAL PRECAUTIONS.—Di

mitted only to the extent specific:

turning of screws or other parts not incident to bor
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alinement of telescopes, or to the use of the system is ey

forbidden except for qualified personnel.

H 94. Luprication.—a. Ball bearings, gear drives, covered joints,

and the flexible shaft are lubricated at assembly. Further lubri-

cation of these will be required only at long intervals, and is

performed by ordnance personnel.

b. Telescope yoke surfaces, the telescoping rod to the azimuth

telescope yoke and link clevis pins should be frequently oiled

with oil, lubricating, for aircraft instruments and machine guns.

c. Keep the outside of the flexible shaft casing free of oil.

d. Lighting devices.—Remove the flashlight battery cells when-

ever the lighting devices are not in use for several days. Chem-

ical reaction set up in the cells as they become exhausted will

cause the cells to swell, thereby making removal difficult and

damaging the battery tube.

@ 95. Mamvrenance.—«. To replace the dry cells, grasp the cap

at the forward end of the lighting device and pull it forward,

removing the tube containing the dry cells from the cylindrical

sleeve on the arm. Unscrew the tube and replace the dry cells,

placing both cells with their central terminals toward the cap.

Use two standard flashlight battery cells. Screw the tube into

the cap and replace it in the sleeve on the arm.

b. To replace a lamp, remove the plug on the flexible cord from

the lamp socket, then unscrew the socket, rendering the lamp

accessible. Replace the lamp, using a standard screw-base flash-

light lamp, and return the socket and plug to their original

positions.

Section X

COLD WEATHER OPERATION

@ 96. Exercisine EquieMENT.—When temperature is below £
F., in order to keep the weapon in readiness for immediate opera-

tion, generator, oil gear, director, andgun must be periodically

exercised. Schedule for exercise should be as follows:

a. Procedure.—(1) Start and run generator as specified in

paragraph 88.

(2) While generator is warming up, elevate and traverse gun

manually in order to work out excessive stiffness. Gperate

breechblock by cocking and releasing firing pin.
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C. Telescope M7, azimuth.
D. Telescope M74, elevation. A. Front sight, direct fire. N. Superelevation cam shaft arm.

HE. Main support bar. H. Main support bar. O. Link.

F. Flexible shaft. F. Flexible shaft. P. Link wing screw.

G. Azimuth gear box handwheel. Ny *e H. “Direction of flight” arrow. Q. Superelevation cam link.
HH. “Direction of flight” arrow. J. Deflection mechanism control R. Boresighting plug (shown in its

case. clip (S8)).I. Speed adjustment wheel.

J. Deflection mechanism control case. Boresighting plug clip.
Boresighting plug boss.

Kx. Lead screw housing.

0, Link (superelevation cam shaft arm to trunnion frame). By %, L. Telescope lateral adjustment.
YV. Telescope light switch. M. Telescope vertical adjustment. U. Boresighting hole.

m & 5 })
Ftcure 86.—Computing sight M7 ready for use with teléscopes M7 Ticurn 37.—Azimuth side of computing sight M7 with direct fire sight

(Azimuth—right) and M74 (elevation—left) in their holders. mounted, ;
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(8) After generator motor has reached stable conditions, close

main switch.

(4) Turn switches on the director, balance out superelevation

creep and allow motors of director to run.

(5) With clutch disengaged, close switch to elevation oil gear

and allow this to warm up. Wedge azimuth clutch in “off”

position and after elevation gear has operated for 5 minutes,

engage azimuth slewing clutch to operate azimuth gear.

(6) After azimuth gear has operated 5 minutes, engage both

clutches and operate gun with director for approximately 5

minutes.

(7) Turn off director switches and allow oil gears and gen-

erator to run approximately 10 minutes.

(8) This exercising operation should be performed from 4 to

12 times per day when temperatures are below 32°, depending

on temperatures and requirements of individual units.

b. When unit is at proper operating temperature.—(1) The oil

gear unit has just been in use and is at the proper operating

temperature. It is desired to run the unit a certain period every

half hour in order to maintain the oil at a sufficiently high

temperature to allow satisfactory operation at a moment’s

notice.

(2) The normal operating speed of the output shaft of the

unit at maximum deflection of the sensitive valve is 210 rpm,

corresponding to a tracking rate of approximately 20° per second.

If the minimum satisfactory speed at maximum deflection of the

sensitive valve is 160 rpm, corresponding to a tracking rate of

approximately 15° per second, then the operating time per half

hour listed in column 1 below will be sufficient at the tempera-

tures between the limits listed in column 2. However, if the

minimum satisfactory speed under the same conditions is 180

rpm, corresponding to a tracking rate of approximately 17° per

second, then the same operating time will be sufficient only for

the temperature ranges listed in column 8.
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Column 1

Length of time each

unit must be op-

erated each half

hour.

0 minute.

5 minutes.

10 minutes.

15 minutes,

40-MM FIRE UNIT

Column 2

Maximum starting

speed not less

than 160 rpm

whentemperature

is—.

Above +30° F.

+30° F. to —10° F.

—10° F. to —40° Fr

Below —40° F,

(3) Correspondingly longer periods, up

tion, will be required as the temperature

falls below —40° F.
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Column 3

Maximum starting

speed not less

than 180 rpm

when temperature

is—

Above +40° F.

+40° F. to 0° F.

02). to = 302 i:

—80° F. to —40° F.

to continuous opera-

of the surroundings
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CHAPTER 5

TESTS AND ADJUSTMENTS

Secrion I

40-MM AUTOMATIC GUN M1

— 97. CHEcCKs TO By Mabe Berore Every Firine.—da. Failure to

observe the following points during assembly of gun may cause

stoppages:

(1) See that striker cover is flush with breech and properly

locked with slot vertical. (Arrows must be matched.)

(2) See that loading tray bolt is flush with breech ring and

properly locked with slot vertical. (Arrows must be matched.)

(3) See that tapered pins in cylinder catches are fully home in

correct position.

(4) See that rollers on ends of feed pawl rod are in position.

(5) See that all springs are working correctly, especially

springs operating three check levers in base of automatic loader.

(6) See that no obstruction is preventing check levers from

working.

(7) See that split pin and bolt are replaced in upper part of

cartridge deflector tube.

b. Gun level (false zero).—Check to see that gun is properly

leveled. (See fig. 88.) If gun leveling tubes prove to be out of

adjustment proceed in following manner:

(1) Use one leveling tube to level gun if one or both level

tubes are out of adjustment.

(2) Place leveling tube parallel. to line between two jacks and

bring bubble to center.

(3) Rotate gun through 180°. If bubble moves off center

return it halfway to center using leveling jacks.

(4) Place leveling tube in line with alternate sets of leveling

jacks in turn and continue successive half-corrections toward

center until error in bubble position from center of vial remains

unchanged. This false center of bubble is called the “false

zero”, and gun is level at this point.

(5) At first opportunity refer gun to ordnance or qualified

battery specialist for adjustment of leveling tubes.
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¢. Forward ar a sight check.—Put bore of gun on a point 1,500
yards or more from gun position. If forward area sights are
not on same point, adjust in following manner:

(1) Remove screw and place elevation adjusting lever of
rear element of elevation sight at “line up” position

Eigvre 88.—Importance of preciise leveling. (Note how an error i
leveling of 1° may caus i Cea

Ps 
ay cause an error twice as great in orientati i

Sa 
grea orientation in

(2) Adjust in azimuth by loosening the two setscrews holding
rear element. Slide element right or left as required and tighten

screws. ;
(3) Adjust in elevation by loosening the two screws (not the

wing nuts) holding front element. Slide element up or down ng
required and tighten screws.
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H 98. TABLE OF MALFUNCTIONS AND Corrective Action.—Stop-

pages during firing and corrective action:

Stoppages

a. Round on Joad-

ing tray, rammer

cocked (at rear).

b. Round on load-

ing tray, rammer re-

leased (forward).

ce. No round on

Joading tray, rammer

released and breech

open,

d. Round in barrel

chamber, rammer re-

leased, and breech

not fully «closed,

e. Round in barrel

chamber and breech

open.

f. Round partially

loaded.

g. No round in bar-

rel chamber.

Cause

a. Slow loading

(only two rounds

in autoloader).

b. (1) Broken

catch lever spring.

(2) Broken ram-

mer lever spring.

ce. (1) Cartridge

obstruction jam-

ming feed pawls.

(2) Gun improp-

erly loaded.

d. (1) Too much

grease in chamber.

(2) Burred mech-

anism.

(8) Loose projec-

tile.

e. Breech closing

spring broken.

7. Broken ram-

mer spring.

g. Broken cylin-

der catch, broken

cylinder catch arm,

or broken catch tor-

sional spring.

Corrective action

a. Insert new clip

of cartridges.

b. (1) Remove

loose round. If gun

fails to fire, replace

broken spring.

(2) Replace

broken spring.

e. (1) Unload gun

and release feed

pawls.

(2) Reload cor-

rectly.

d. (1) Unload

gun, and clean bar-

rel chamber.

(2) Unload gun,

dismantle | mecha-

nism and remove

burs.

(8) Remove round

from gun,

e. Unload gun

and replace spring.

f. Unload gun,

remoye automatic

loader, and replace

broken spring.

g. Remove auto-

matic loader and

replace broken

parts.

Stoppages

h. No round on

loading tray, rammer

released, breech open,

and one round on

feed rollers.

i. Misfeed and no

rounds on loading

tray.

j. Feed roller fails

to rotate.

k. Premature — fir-

ing of shell (muzzle

or tube burst).

7. Round in barrel

chamber, rammer re-

leased, breech closed,

and round fails to

fire.

40-MM FIRE UNIT

Cause

h. (1) Feed con-

trol lever to the

right.

(2) Insufficient

rounds in loader.

i. Bottom car-

tridge in clip not

parallel to top of

loader.

j. Taper pin out

of position.

k. Obstruction in

bore, perforated

fuze of worn barrel.

l. (1) Defective

round.

(2) Round © still

doesn’t fire.

(3) Primer has

been struck.

(4) Primer has

not struck.

(a) Broken strik-

er (firing pin) or

faulty striker

spring.

(b) Insufficient

protrusion of firing

pin.

(c) Striker spring

cover incorrectly in-

stalled.
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Corrective action

h. (1) Place feed

control lever to the

left and reload.

(2) Reload if fir-

ing is to continue.

4. Push down on

cartridges. If they

do not move, re-

move and reload.

j. Remove auto-

matic loader and re-

place taper pin.

k. Replace — bar-

rel.

1. (1) Recock and

fire again.

(2) Wait 30 sec-

onds and extract

round.

(8) Remove

round from gun

area and put in safe

place.

(4) Remove

breechblock.

(a) Replace

striker or striker

spring.

(0) Remove

breechblock and re-

place as above.

(ec) Remove

breechblock and in-

Stall striker spring

cover in correct

position.
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Stoppages Cause Corrective action

(d) Striker stick- (d) Remove

ing in striker bush- breechblock and in-

ing. stall striker spring

cover in correct po-

sition.

(e) Firing mech- (e) Examine fir-

anism failing to ing mechanism and

function properly. find fault.

Secrion IIT

40-MM GUN CARRIAGE M2

W 99, Braxrs.—a. Keep electric brakes in good adjustment

and braking of all wheels equalized. Check that “hotshot”

battery is properly charged.

b. Before moving the gun any distance get in the habit of

making sure that the following is done:

(1) Electric brake plug is plugged into prime mover and

preak-away chain is hooked up.

(2) Test emergency brake by putting break-away switch on

the “on” position and driving prime mover forward slowly.

(3) Test electric brakes by having the driver of prime mover

drive very slowly ahead and slowly apply electric brakes.

c. Trouble shooting chart.

Malfunction Cause Corrective action

(1) No braking or (1) (a) Broken (1) (a) Check

intermittent braking. wire in circuit. entire wiring for

broken wires. Re-

pair or replace.
(bv) Broken wire (6) If. broken

in magnet. wire is on outside of

magnet, repair if

possible. If no cur-

rent flows through

magnet, notify qual-

ified battery or ord-

nance personnel,
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Malfunction

(2) Very weak

brakes.

40-MM FIRE UNIT

Cause

(ec) Controller de-

fective.

(d@) Poor connec-

tion at brake, con-

troller, or plug and

socket.

(e) Defective

plug or socket.

(2) (a4) Worn

out.

(b) Glazed mag-

net facing,

(c) Foot control

out of adjustment

on prime mover.

(d) Insulation of

wire broken.

554769°—43—_11 157
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Corrective action

(c) Short out

controller by con-

necting both wires

to one terminal and

see whether brakes

are effective. If

they are, replace

controller.

(d@) Clean and

tighten all connec-

tions.

(e) Check plug

and socket for loose

connections, dirty

or corroded blades,

or broken socket.

Repair or replace

with new socket.

(2) (a) Report to

ordnance or quali-

fied battery person-

nel,

(0) Roughen face

of magnet with

coarse emery cloth.

(c) When car-

riage brakes are ad-

justed pedal travel

is shortened. This

throws controller

out of adjustment.

Reset controller

with new pedal

travel to cover, full

range of controller.

(d) Check wiring

for defective part.
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Malfunction Cause Corrective action

(e) Loose connec- (e) Repair or re-

tion. place.

(f) Insufficient (f) Clean and

current. tighten all connec-,

tions, and check

plug and socket for

corroded or dirty

plades or broken

socket. Replace

broken parts.

(g) Poor ground (g) Clean and

connections at make good connec-

brakes. tions at brake and

frame.

(h) Worn wheel (h) R eplace

bearings. bearings.

@ 100. Baurmrarors.—a. On end of compressing rod in equi-

librator is a large adjusting nut. This nut on each equilibrator

can be tightened and loosened to maintain correct balance of

gun and to insure easy rapid elevation and depression.

bd. Equilibrators require little lubrication. Every 8 OAS,

springs should be removed from case, and the inside of case,

springs, and spring guides should be lubricated with grease.

@ 101. Fronr anp Rear Axte CouNTERPOISE MECHANISMS.—d.

Counterpoise mechanisms are designed to aid in raising and low-

ering gun and carriage. Keep them in constant adjustment.

Adjusting is done by means of a large nut threaded upon the

long rod holding the compr on springs. By removing polled

key this nut can be either tightened to place the spring in

more compression or loosened to slack up the compression.

b. Tabrieation of the axle balancing mechanism should be done

by ordnance personnel at the time of ordnance inspection. How-

ever, the threaded portion of the compression rod on which the

adjusting nut travels should be kept greased.

H 102. Trres.—a. Tires and tubes used on the gun carriage are

size 6.00 x 20. Tires are 6-ply heavy duty truck transport type,

with heavy, bullet-resisting tubes. Pressure to be maintained
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in the tires is 45 pounds per square inch. Check tires daily for

proper air pressure.

6. Rubber deteriorates rapidly in tropical climates. Special

care must be taken to store spare tires and tubes in the dark

and, if possible, in an even temperature. When possible protect

tires from direct rays of the sun,

Secrion JIT

DIRECTOR M5

@ 103. Director Leven.—a. Level.—Place one of the level tubes
in line with two leveling knobs. Level the tube by adjusting

the two leveling knobs. Level the other tube by raising or

lowering the third leveling knob. Traverse director through

360° stopping every 90° to check both bubbles. If bubbles
deviate from center of tubes by more than one division, releyel

and recheck, If bubbles are still off then adjust as in b below.

b. Adjustment of level bubbles.—Level one of the leveling

tubes when parallel to two knobs. Swing director around 180°
and bring that bubble half-way back to center of tube by means

of same two knobs. Then with a pin wrench raise or lower the

tube until bubble is centered. Repeat this process until bubble

stays level at these two positions. Then turn director 90° and

with third leveling knob move bubble to center of tube. This

particular tube should now be level at all points. Other bubble

tube can then be raised or lowered by the pin wrench to show

level.

@ 104. Rance Srop ann RANGE Dran (to be done by ordnance

and qualified battery personnel).—a. Range stop.—Check that

10 full turns of range handwheel can be made. If they cannot,

proceed in following manner: check that small pings in range

shaft which engage range stop are driven in shaft go that

threaded sleeve is in its proper position. If threaded sleeve is

not properly located, pull pins, adjust sleeve, and reinsert pins.

b. Range dial.—At minimum range setting of handwheel

against its stop, the scribed lines on each multiplying mechanism

should be lined up, and range dial should indicate minimum

(datum line) range. If these conditions do not exist, proceed
in following manner:
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(1) If dial is all that is off, loosen screws holding it and

2) If scribed lines on lateral multiplier are off but range

stop is correctly set, disengage bevel gears at bottom of time

screw, realine these marks, and remesh gears. Reset dial if

necessary.

(8) If range stop is not set correctly, move range mechanism

enough so that stop nut can be rotated up against the inner-

most stop pin, when scribed lines on lateral multiplier are cor-

rectly matched. Reset dial if necessary.

(4) If scribed lines on vertical multiplier are not matched at

minimum range position, remove screws holding range mecha-

nism to base of director. Slide whole mechanism back until

beveled gear (immediate left-front) can be unmeshed from

shaft leading to multiplier. Then turn this shaft until scribed

lines are matched and remesh beveled gear. Reset dial if

necessary.

@ 105. Zero Drrection.—With range dial at minimum push in

rate setting, clutch and turn handwheel until white lines on

deflection gear are as nearly matched as is possible by eye.

Then pull out smartly on rate setting clutch. Rotate range

handwheel from minimum to maximum and back again, watch-

ing for movement of fine dial. If it moves, proceed in following

manner: loosen nut on clamp that holds fixed dog (stationary

collar) on rate setting clutch and loosen guide screw on this

casting. Find position of zero deflection (link of multiplier in

vertical position) by turning deflection gear by handwheel

(clutch in), until no movement of fine dial is noticed when range

is run from minimum to maximum and back. Block hand-

wheel. Rotate fixed dog in its casting until teeth of sliding dog

will mesh exactly with fixed dog when clutch is pulled out.

Tighten nut on clamp and then tighten guide screw. Caution:

Above procedure must be followed exactly and care must be

taken on tightening clamping ew to avoid breaking casting.

Recheck zero deflection after tightening. (To be done by ord-

nance or qualified battery personnel.)

H 106. Open Sicur.—Place horizontal cross hair of the eleva-

tion scope on a distant point. If line of sight over open sight

does not intersect this point, loosen thumbscrew of open sight,
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adjust open sight until it is on the point, and tighten thumb-

screw.

@ 107. Sprinc TeNnston or Vartasite SPEED DRIVE (to be done by
ordnance and qualified battery specialists only) —With a spring
balance scale reading from 0 to about 10 pounds, measure ten-
sion on spring between disk and cylinder of variable speed.

drive in following manner:

a. Place one end of a rod which is 2 feet long against center

of rocker assembly, and place hook of scale against other end

of rod. Pull toward director until cylinder is forced away from

ball bearings of variable speed drive.

b. Reading on the scale should be between 7 and 8 pounds.

If it is not, tighten or loosen nut on spring until the proper
reading of scale is obtained.

@ 108. Sprep Cueck or Disk IN VaRIABLe SprED Drive (Con-
STANT SPEED Moror) (to be done by ordnance and qualified bat-

tery personnel).—Turn power on and with a stop watch, record

the time required for 20 revolutions of the bronze gear which

drives the disk of variable speed drive. The gear should rotate

if a counterclockwise direction on M5 (clockwise on M5A1)

directors, and should make 20 complete turns in 60 seconds + %

second. This check shculd be under load and without load
(use load of 2° deflection and 1,200-yard range). If deviation

is greater than tolerance provided above, adjust constant speed

motor governor in following manner:

a, Remove two screws holding governor guard to base, remove

guard by turning governor itself to a 2 o’clock position and then

lift guard up and out with a twisting motion.

b. Turn each of four adjusting nuts on governor.same amount
(hold screw with pliers to prevent its slipping); one-quarter

turn on each nut equals approximately 1 second change in time

for 20 revolutions of disk. Tighten if too slow and loosen if

too fast.

H@ 109. Arrnine TeLescoprs.—a. Level the director. Zero ver-
tical deflection and pull out the elevation rate setting clutch.

& Turn the elevation handwheel until the quadrant elevation

dials read zero. Insert the lining up pin in the quadrant eleva-

tion transmitter,
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c. Place both telescopes on the director in their respective

positions,

d. The elevation telescope shuuld be pointed at zero angle of

sight. Check this by means of a testing target or on the horizon.

If it is not so pointed, loosen the two clamping bolts which

clamp the segment gear to the telescope shaft and shift the tele-

scope to the proper position. Tighten the clamp. Recheck.

e. The lines of sight of the azimuth and elevation telescopes

must be parallel within 1 mil in azimuth, and elevation.

f. To make an accurate check of this condition, construct a

testing target on which is painted a set of cross hairs whose

centers are 293g inches apart. The lines of the cross hairs

should be about 12 inches long and about 1 inch in width. This

testing target should be placed between 100 and 200 yards from

the director at the same height as the telescopes.

g. Using the elevation handwheel, elevate the telescope about

10° then reverse direction and bring the horizontal reticle line

of the elevation telescope to bear accurately on the horizontal

crossline on the left side of the testing target. Lightly block

the handwheel to prevent further movement.

h. The horizontal reticle line of the azimuth telescope should

now intersect the horizontal crossline on the right side of the

testing target. If it does not, remove the telescope, loosen the

four screws which hold the clamping ring, retaining enough

friction to hold the telescope in any position. Replace the

telescope and shift it manually until the alinement is correct.

Remove the telescope, tighten the four screws, then replace the

telescope and recheck the alinement.

4, Pull out the azimuth rate setting clutch. Turn the azimuth

handwheel until the vertical reticle line of the azimuth telescope

accurately intersects the vertical crossline of the right side of

the testing target. Block the handwheel to prevent further

movement. Never force the block; drop it in lightly. <A slight

pressure against the director will tend to slew it in azimuth

and render this adjustment inaccurate.

j. The vertical recticle line of the elevation telescope should

now intersect the vertical crossline on the left side of the testing

target. If it does not, remove the telescope and check that no

foreign substance lies between the telescope and the flange.

Also check the azimuth telescope in this respect. Check also
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that the four screws which hold the clamping ring on the

azimuth side are properly and evenly tightened.

k. Tf no testing target is available, the telescopes may be

checked in elevation on any point which lies in the same plane

as the telescopes on the director. For the check in azimuth,

both vertical reticle lines should intersect on some target which

is between 1,500 and 8,000 yards range. The tolerance must

still be observed.

@ 110. Verrican PrumB TRaven.—a. Level the director. Estab-

lish a plumb line of sufficient length to remain in the field of

view of the telescope for 45° movement.

6. The vertical reticle line of the azimuth telescope should

follow the plumb line from 0° to 45° within 1 mil. If an ad-

justment is necessary, it probably means that the four clamp-

ing screws which provide the telescope adjustment are im-

properly tightened. Tighten the four screws necessary in order

to correct any condition outside the tolerance. In the event

adjustment cannot be obtained, try a substitute telescope or

place a shim under the pads of the azimuth or elevation tele-

scope shaft flange.

@ 111. Curckine AzrmurH BackrasH.—a. Set range dial to

datum line. Aline zero deflection marks and pull out the azimuth

rate setting clutch.

b. Locate several objects in the field of view which are ap-

proximately 90° apart in azimuth. These objects should in-

clude angles throughout 360°. Turn the azimuth handwheel to

increase azimuth and stop when the vertical reticle line of the

azimuth telescope intersects the first reference point. Do not

overrun. Record the reading of the firing azimuth dials.

ec, Continue to turn the handwheel in the same direction for

approximately 20° then reverse direction. Observe through

the telescope and stop when the vertical reticle line again inter-

sects the first reference point. Do not overrun. Record the

reading of the azimuth dial. The difference between these

readings must not be more than 6 minutes. The width of each

line graduation is approximately 3 minutes.

d. Any adjustment necessary will require a complete check

of the gear train in-azimuth. Note particularly the differential

mechanisms, and if necessary, replace them with serviceable
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parts. Check that the orienting clutch is tight and that the dials

will record any handwheel or slewing motion of the director as

this will have considerable bearing on the results of the check

for backlash in azimuth,

H 112. Curcxine BACKLASH IN ELEVATION.—a. Set range dial
to datum line. Aline zero deflection marks and pull out the
elevation rate setting clutch.

b. Locate several objects in the field of view which are ap-
proximately 30° apart in elevation. These objects should in-

clude angles from zero to 90°, Turn the elevation handwheel to
increase elevation and note when the horizontal reticle line
of the elevation telescopes intersects the first reference point.

Do not overrun. Record the reading of the quadrant elevation

dials.

¢. Continue to turn handwheel in the same direction for
approximately 20° then reverse direction. Observe through the

telescope and note when the horizontal reticle line again inter-

sects the first reference point. Do not overrun. Record the
reading of the quadrant elevation dials. The difference between

the two readings must not be more than 6 minutes. The width
of each line graduation is approximately 3 minutes,

d. Any adjustment necessary will require complete check of

the gear train in elevation. Note particularly the differential
mechanisms and if necessary replace them with serviceable

parts. Check that the pinion of the quadrant elevation
mechanism is meshed properly with the segment gear. If it

appears to be loose, check the tension of the antibacklash gear

sprin If the gears appear to be too far apart, loosen the
four screws clamping the bearing of the pinion and shift it up
as necessary until the mesh is proper.

e. This is a comparatively rough check, but is Satisfactory
for field use where a transit or similar instrument is not avail-

able for making an accurate check. If a transit is available,
it may be used by making a special adapter to fit it on the
telescope flange to compare dial reading against transit reading
for any angular movement, and for check of backlash.

W113. Dynamic Oprrarion or Torque AMPLIFIER.—This is
merely a check to determine whether or not torque amplifier

is delivering a smooth rate without chatter or Jerk. Any jerk
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can be noticed by watching movement of fine dial when a rate

has been applied. Other causes of jerk besides the torque

amplifier may be orienting clutch, worm drive assembly, rate

motors, and tension of flat spring supporting ball carriage.

H 114. Zero Rargz in AzImuTH.—With azimuth deflection gear

set at zero deflection (pointers matched), fine dial should Onego

no more than 1°/min. with motor on. If creep is excessive,

loosen locking screw on bracket of bar assembly Endl turn atl

justing screw in direction of rotation of output cylinder until

motion ceases. (To be done by ordnance or battery personnel.)

@ 115. Suprrerevarion anp Zero Rate Erevarion (to be done

by ordnance or qualified battery personnel).—Set deflection

gears at zero elevation (pointers matched). Check superele-
yation run-down times; that is, with a stop watch, time run-

down of telescope from 5° to 0° on fine dial. After running up

to about 67°, time the run-down from 65° to 60°. For 0.058’" K

setting (40-mm gun) times are 12.9 seconds + 0.5 second for run-

down from 5° to 0°, and 29.1 seconds + 2.5 seconds for run-down

from 65° to 60°.

a. If a stop watch is not available, the test can be made by

using the second hand of an ordinary watch. In this case the

test will be run as follows: set the telescopes at 25° (as read

on the elevation transmitter dials), and time the run-down

from 20° to 0°. For 0.058’ K setting (40-mm gun) times are

58 seconds + 5 seconds for run-down from 20° to 0°, and 63 sec-

onds + 5 seconds for run-down from 65° to 55°.

bd. If actual time exceeds the limits mentioned above, proceed

in following manner:

(1) Remove top cover and front panel.

(2) Observe to see that maximum eccentricity of supereleva-

tion cam is downward at 90°. On most directors there are

scribed lines on end of cam which will match when this con-

dition is realized. On other directors, it is necessary to de-

termine proper setting by eye alone. If this setting is off,

it ean be corrected by first loosening the nut holding super-

elevation cam lever bracket to telescope shaft. Rotate cam to

proper position by tapping lightly on lever bracket in direction

desired. Tighten nut.
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¢. (1) Push rate clutch in and move ball cage out to near edge

of constant speed disk. Loosen the two screws holding K

setting scale to ball carriage. With special wrench loosen lock

nut on adjustable arm, being sure to hold micrometer head

firmly with finger. Tighten screws holding scale and with a

screw driver run micrometer head out until scribed line on

head matches 0.05 setting on the scale (zero division point on

head should be opposite bottom edge of scale). Make proper

number of turns and divisions on micrometer head to set in de-

sired K factor. For a 40-mm gun (muzzle velocity 2750 f/s—

0.0580’’ K setting), set in 6 turns and 18 divisions. Loosen

screws holding scale; tighten lock nut; retighten scale screws

and run ball cage back to center of disk, by setting deflection

gear to zero (fig. 89).

(2) Place electric wire jumpers across elevation limit switch

by connecting one end of wires to Y and Z phases of rate motor

at fuse block (normally pink and orange) and other ends to

connections on top of elevation rate motor switch, being careful

that pink wire at block is connected to pink wire at switch.

Check for zero rate at 90° (motors on) as indicated by fine dial.

If creep in excess of 1°/min. is observed, loosen lock screw on

bracket of bar assembly, and turn adjusting screw in direction

of rotation of output cylinder until minimum creep is observed.

(Keep scopes at 90° at all times during this check.)

(8) Test run-down times as indicated above. After checking

run-down from 5° to 0°. if time is not within tolerance, move

ball cage as in adjusting for zero rate, until time is within

tolerance. Run telescope to 90° and check for zero rate; if off,

move cam, as in initial setting, until zero rate is obtained. If

any adjustment of this cam is necessary, recheck time from 5°

_ and 0°, and continue adjustments until it is within tolerance.

Recheck run-down from 65° to 60°. If time is not within limits,

turn adjusting screw on ball cage until it is correct. If any

adjustment is necessary at this point, a complete recheck of

run-down from 5° to 0° and 65° to 60° as well as zero rate at 90°

must be run. When the requirements for all three tests have

been satisfied, remove jumper wires from elevation limit switch

and fuse block. ‘

M 116. Remesuine or Erevation Suecment Gear (to be done by

ordnance and qualified battery personnel).—Elevation segment
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gear is purposely disengaged from quadrant elevation mecha-

nism during the process of effecting certain repairs and it may

become disengaged during operation of director, due to neglect

or abuse. Segment gear may be engaged with antibacklash

gear of quadrant elevation mechanism from either side, there-

fore both procedures are given below.

a. When segment gear is engaged from the right (move in a

clockwise direction until contact is made with antibacklash

gear), proceed as follows: set elevation deflection gears to zero

and pull clutch out. Swing the mechanical stop, which is to-

ward rear of director, out of path of segment gear. While hold-

ing segment gear out of mesh, turn elevation handwheel wavall

lining up pin can be inserted into elevation transmitter, and in-

sert lining up pin. Lower segment gear until it touches antiback-

lash gear on quadrant elevation mechanism. From point oe

contact, count 21 teeth in a counterclockwise direction on anti-

backlash gear and mark tooth for identification. Remove lining

up pin, lift segment gear slightly, and turn antibacklash gear

clockwise, by means of elevation handwheel, until marked tooth

will engage with first tooth of segment gear. Wind antibacklash

gear four or five teeth in proper direction to tighten, and then Ot

gage segment gear. Turn antibacklash gear counterclockwise

by means of elevation handwheel, until lining up pin can again

be inserted, and insert lining up pin. Loosen serew holding

coarse dial and set it to read zero. In same manner, set fine

dial to read zero. (Approximately the seventeenth tooth of

segment gear should be engaged at this time when dials are

indicating zero.) Remove lining up pin, swing stop back into

path of the segment gear, and tighten stop slightly. Turn ele-

yation handwheel until telescopes are depressed to —10°+1°,

adjust stop against segment gear, and tighten stop.

b. When segment gear is engaged from the left (moved in a

counterclockwise direction until contact is made with antiback-

lash gear), proceed as fdllows: set elevation deflection gears

to zero and pull clutch out. Swing the mechanical stop, which

is toward front of director, out of path of segment gear. While

holding segment gear out of mesh, turn elevation handwheel

until lining up pin can be inserted into elevation transmitter

and insert lining up pin. Lower segment gear until it touches

antibacklash gear on quadrant elevation mechanism. From
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point of contact count 25 teeth in a clockwise direction on anti-

backlash gear and mark tooth for identification. Remove lining

up pin, lift segment gear slightly, and turn antibacklash gear

counterclockwise, by means of elevation handwheel, until marked

tooth will engage with first tooth of segment gear. Wind anti-

backlash gear four or five teeth in proper direction to tighten

and then engage segment gear. Turn antibacklash gear clock-

wise by means of elevation handwheel, until lining up pin can

again be inserted, and insert lining up pin. Loosen screw hold-

ing coarse dial and set it to read 80°. In same manner, set fine

dial to read zero. (Approximately the twenty-first tooth of the
segment gear should be engaged at this reading.) Remove

lining up pin, swing stop back into path of the segment gear

and tighten stop slightly. Turn elevation handwheel to increase

elevation until sixth or seventh tooth of Segment gear is en-

gaged. Stop should now be against segment gear. Dial reading

should be 92°+1°. Decrease elevation and set other stop to

engage at —10°+1°. Note that stops can be swung in a slight

arc, thus increasing or decreasing travel of segment gear. A

small adjustment may also be made by bending stop; however,

do not weaken stops by excessive bending. A spring action must

always be present in stops, in order to absorb shock of engage-
ment. Purpose of stops is to prevent disengagement of segment

gear under normal manual operating conditions. Allowing mo-

tor to coast into stop under high deflection rates will soon cause

gear to become disengaged.

Hf 117. Brecrrican Zro—a. All M5 directors are electrically
zeroed by the manufacturer. Due to road shock, occasionally

transmitter housings will slip in their brackets in the director

disturbing electrical zero. Ordinarily this will not greatly aftect

operation of equipment with the M1 type oil gear units. How-

ever, with the M8BI1 oil gears all selsyns in the data transmis-

sion system must be in exact electrical zero. If the gun barrel

“chatters” or waves it may be that one of the director trans-

mitters is out of electrical zero (applicable only to the M38B1

oil gear unit). Repair must be made by Ordnance or author-

ized battery personnel by electrically zeroing transmitters

which have slipped.

b. Electrically zeroing the director (must be followed in

sequence as it appears below).
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(1) Elevation zero check—(a) Turn power off leaving di-

rector and power cables connected.

(b) Remove director panel and disconnect on the director

power terminal strip leads on the lower bank, Nos. 2, 3, 4, 5,

8, 9, 10, 11, and 12. It is not necessary to tape these leads but

they must be kept separated. By disconnecting lower 8 lead,

single-phase power is obtained (fig. 32).

(¢c) Turn director dials to zero.

(d) Connect a jumper between terminals 1 and 5 and measure

the voltage between terminals 4 and 15, and rotate the stator

housing of the elevation transmitter until voltage reads 20 to

30 volts (approximate check to determine close electrical zero

or 180° from zero).

(e) Exact check—Measure voltage between 8 and 4 and ro-

tate the stator housing of the elevation transmitter until the

voltage reads less than 1 volt. Elevation transmitter is now

electrically zeroed.

Notr.—Turn power on at generator only when measuring tue volt-

ages.

(2) Azimuth zero check.—To be made in sequence after ele-

vation zero check.

(a@) Zero dials.

(b) Disconnect both leads at upper 8 on director terminal

strip.

(c) Connect a jumper between terminals 1 and 9.

(d) Measure voltage between terminals 10 and 15 and rotate

stator of azimuth coarse transmitter until it reads 20 to 30

volts,

(e) Measure voltage from 10 to the lead formerly going to 8

(try both former leads and obtain correct one, but measure

yoltage using each, and the one that jumps in voltage when the

azimuth dial is hand-cranked away from zero but returns to less

than one volt when the dial is returned to zero is the correct

lead to use). Rotate stator of azimuth coarse transmitter until

the yoltage is less than one volt.

Noru.—Probably the left lead at terminal 8 is the correct one of the

two and in order to make the check, mov2 the azimuth dial as described.

(f) Connect jumper from 1 to 12.
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(g) Measure voltage between 10 and 15 and rotate stator
housing of the azimuth fine transmitter until the voltage reads

20-30 volts. If the voltage reads about 200 volts the housing

has slipped 180° from electrical zero.

(%) Measure voltage between 10 and 11 and rotate stator of

fine azimuth transmitter until it reads less than one volt.

(i) Remove jumpers, reconnect all wires, replace cover.

Electrical zero is complete.

118. Test Prosrems.—The purpose of running these problems

is to collect data on operation of director that will enable a

definite and orderly procedure for trouble shooting to be fol-

lowed, which will uncover the root of any improper behavior

quickly and effectively.

@ 119. Exevarion Tusr Prosrem.—a, Aline zero deflection marks

on elevation side and pull out rate setting clutch. First set in

proper range for problem. To check increasing elevation, set

telescopes at about 0° (use telescope scale), push in rate setting

clutch and turn in deflection wanted (as registered on fine dial).

Turn on motor and time, with stop watch, travel of telescope

from 15° to 75° (watch telescope scale).

b. In checking decreasing elevation follow same procedure,

* except start telescope at about 84° to enable a correct rate to be

set in, and to get a good start before commencing to time it at

75°. Time from 75° down to 15°. ‘This is repeated for various

ranges and deflections as indicated in tables in paragraph 121.

Readings should correspond to those of tables in paragraph 121,

within listed tolerances. If they do not, then follow trouble-

shooting chart (par. 123). (To be done by ordnance or quali-

fied battery personnel.)

@ 120. AzimurH Test Proprems.—Tighten small knurled nut on

orienting clutch and loosen large knurled knob approximately

one-quarter turn. Switch motor on and set in desired range and

then deflection. The time required for one complete revolution

of director is recorded. Tests are made with director turning

in a clockwise direction and again with director turning in a

counterclockwise direction. To facilitate this test, reference

marks may be provided by taping a wire to base of director and

putting a chalk mark on support assembly. The tests are re-
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peated for various ranges and deflections as indicated in table @ 123. Erevarion Trousre CHARt.

in paragraph 122. The readings should correspond to those of

the table in paragraph 122, within the listed tolerances. If

they do not, then follow the trouble-shooting chart in paragraph

124, (Lo be done by ordnance or qualified battery personnel.)

@ 121. Erevation Proprems.—(Problems must be run with in-

creasing and decreasing elevation.)

Range scale (F) MV. 2750 FS SE setting .058

ELEVATION INCREASING

Range in yards T 7 i

Deflection in degrees +
| | Te notsgo no furtherin ofners* if not go to forter Senet kono furiterta”

500 1,000 | 1,500 2, 000 thie eeouy in this Rroup, this Rroup.

1 I 1 T

| [eee rnse ont ering] [ieee astecion J] [po Sector vite |

Piss 19.91.38 | 32.041.9} 47.642.7 =
oaaos| w7ai0) 2314 [lecktinenoton moras | [asec [crema|

6040.6} 9,440.8] 13 6410 (am eeeean | heck syperelevation
| seal Beas ime constant speed motor sting yee econof rotation

Check varlable speed drive

Check torque amplifier

l
‘Bime all high of all low.
Te not, 20 no farther In this

‘rou,

Time, in seconds, for telescopes to elevate from

| 15° to 75°.

ELEVATION DBOREASING

Range in yards

Reriove torque amplifier

chi Cheek toad

operation ‘on motor
Check constant spee motor

Ea [ es | ; ;500 1,000 | 1,500
Deflection in degrees— =

[s
ee

0 no further In thls group

T 0
Maximum defection cannot
be obtained. “Tt 0. Ko
ho further tn this group-| 9440.8) 16.9411] 25.1416 33. 8-2. 0

4,740.5 8.740.7 | 13.141.0 18. 02:1. 2

8.940 7

| ‘Dime, in seconds, for telescopes to depress from fe] eS Se
75° to 15°. i j i

ee r 
Cheek oniput for anor

@ 122. Aaimura Prosrems.—(Problems must be run clockwise = en a See aie —_—<“
iand counterclockwise.) [ icaae ae(fie | heck womgear mesh for

Range scale (F) MY, 2750 FS SE setting 0.58

Range in yards

500 1, 000 1, 500 2,000
Deflection in degrees -+ and —

48.941.8 | 99. 243.3 | 158.145.0 | 226.14+7.1

23.6+1.0 | 48.641.8 | 77.8+2.7 | 111.543 6

31.241.2 | 50.441.8 72. 142.5

36.1414 | 52.641.9

Time, in seconds, required for director to turn

through one revolution in azimuth.
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H 126. Exrcrrrca, Test.—Disconnect power from director. Set

present angular height to 45° by means of elevating handwheel.

This will prevent eievation limit switch from breaking circuit.

(To be done by ordnance or qualified battery specialists only.)

(See fig. 31.)

a. Continuity test (use ohmmeter).—(1) Terminal block #1 to

X on elevation motors—elevation switch on—off. Terminal

block #1 to X on azimuth motors—azimuth switch on—off.

(2) Terminal block #15 to Y on elevation motors—elevation

switch on—off. Terminal block #15 to Y on azimuth motors—

azimuth switch on—off.

(3) Terminal block #8 to Z on elevation motors—elevation

switch on—off. Terminal block #8 to Z on azimuth motors—

azimuth switch on—off.

(4)- Terminal block #1 to X on all transmitters.

(5) Terminal block #15 to Y on all transmitters.

(6) Terminal block #4 to #1 on elevation fine transmitter.

(7) Terminal block #5 to #2 on elevation fine transmitter,

(8) Terminal block #3 to #8 on elevation fine transmitter.

(9) Terminal block #8 to #11 on azimuth coarse transmitter.

(10) Terminal block #9 to #2 on azimuth coarse transmitter.

(11) Terminal block #10 to #3 on azimuth coarse trans-

mitter.

(12) Terminal block #11 to #1 on azimuth fine transmitter.

(18) Terminal block #12 to #2 an azimuth fine transmitter.

(14) Terminal block #10 to #8 on azimuth fine transmitter.

b. Insulation test—(1) Terminal block #1-15, inclusive,

will be “meggered” to director frame. Minimum acceptable re-

sistance value is on (1) megohm.

(2) The 6-volt terminals on the illumination step-down trans-

former will be “meggered’ to director frame. Minimum ac-

ceptable resistance value is 1 megohm.

@ 127. Ser Erevation Limir SwitcH.—The Y and Z phases be-

tween elevation limit switch and elevation motor switch should

be opened at 85° and 0°, within +1° error. Verify limit switch

setting by means of an ohmmeter. If adjustment is necessary,

loosen screws which clamp limit switch to side frame, and

shift switch slightly to right or left as required. Repeat check-

ing and adjusting until desired result is obtained. (To be done

by ordnance or qualified battery specialist only.)
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Szcrion IV

REMOTE CONTROL SYSTEM M5

@ 128. Genrrat.—The tests and adjustments described below

must be made at regular intervals in order to insure proper op-

eration of the system. All of these tests and corrective adjust-

ments are made “On carriage.”

@ 129. Ansustine Sertine or GuN Transmirrer Roror (ELEvA-

TION ADJUSTMENT ).—If the gun and director are not oriented in

elevation, an adjustment is made to position the rotor of gun

position transmitter. Remove cover plate on right side of

elevation oil gear unit. With power turned on, insert adjust-

ing key in hole in large helical gear so that teeth on key mesh

with teeth on smaller gear. Loosen the three setscrews in

small gear and turn key. Turning key rotates transmitter

rotor, energizes oil gear unit, and moves gun. When gun is in

proper orientation in elevation, the gun position transmitter

and director transmitter are aligned. Tighten three setscrews

firmly and remove key.

@ 130. Accuracy (BAcKLASH) ‘Test anD ApsUSTMENT.—a.

Lest.—The purpose of this test is to check over-all operation of

system. A reference mark or indicator is put on the clutch

housing and a corresponding mark made on circumference of

output coupling. The director is traversed 6° (14° for checking

elevation unit) making sure that director does not overrun

reading. The output coupling should make one complete revo-

lution £446 inch (three revolutions +542 inch for elevation).

Test should be run in both directions. If the unit still cannot

meet this requirement, make adjustment for backlash. (To be

done by ordnance or qualified battery specialists only.)

0. Adjustment.—Remove right-hand side cover plate, and test

freedom of movement between gear and pinion for backlash

(play). If backlash is present, loosen the three screws in

bracket which supports right end of pinion shaft. Press the

two gears together by lifting horizontal shaft and then tighten

screws. If the backlash is still excessive, ream out screw holes

in bearing bracket to a slightly larger diameter, and again push

the two gears together while tightening screws. Be sure that

gears run together smoothly and freely after adjustment.
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@ 131. Drruer ApJUSTMENT.—With unit in operation, correct

dither adjustment is checked by placing a hand on output

coupling. A perceptible tremble or vibration indicates proper

dither adjustment. If no tremble is felt, or coupling vibrates

excessively, an adjustment must be made as follows: Remove

protective cap nut, marked dither, on left side of main case, turn

adjusting screw until proper intensity of vibration exists. Re-

place nut covering adjusting screw.

Nors.—AN ADJUSTMENT OF DITHER INCREASES SENSITIV-
ITY; THEREFORE, CREEP OF OUTPUT COUPLING MAY RESULT.

FOR THIS REASON IT IS ADVISABLE TO ADJUST FOR DITHER

BEFORE ADJUSTING FOR CREEP. (See fig. 40.)

@ 182. Nevrran Serrinc or Pimor VaAtye (Creep TEsT).—a.

Test.—When there is no torque in electrical differential, pilot

yalve must also be in neutral position so there is no turning of

output shaft. Switch power off at generating unit and remove

director cable from gun junction box. It is imperative that

director be disconnected from gun while making creep adjust-

ment. This will make the electrical differential electrically

“dead” and allow springs to hold torque arm in neutral position.

Restore power and close limit switch putting oil gear in opera-

tion. Check output coupling of oil gear unit for rotation

(creep). Maximum allowable creep is 1 revolution in 3 minutes.

If creep is more than 1 revolution in 8 minutes adjustment must

be made.

b. Adjustment.—To take out creep, remove right-side cover

plate and adjust by turning knurled screw of pilot valve rod in

proper direction.

Caution: Oil motor will operate and move gun rapidly when

the slightest pressure is applied to torque arm or knurled screw.

Adjustment must be made by turning screw slightly, then re-

moving hand and observing effect of adjustment. Adjustment

should always be made until no creep exists at output coupling.

Check final adjustment by moving torque arm a small amount

clockwise and counterclockwise. Upon release, unit should

come to rest without creep of output coupling. (See figs. 41

and 42.)

@ 138. Torque Test.—This test is to check power developed by.

oil gear. A low rate is set in director. The gun should follow
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smoothly without lag. If this condition is not met, check oil

level and voltage and frequency at power plant. If oil level and

power are satisfactory, increase dither slightly. If unit still

cannot meet the test remove it and turn it over to ordnance or

qualified battery specialist.

@ 134. ApsusrmentT or Liurr SwitcHEes.—a. Elevation limit

switch.—This switch must cut off power to oil gear units at 85°

ct 1° and at 0° + 1°. With system energized, elevate by means

of director until unit shuts off. Take elevation reading at

director dials. Repeat procedure while depressing gun and

adjust, if necessary, by changing position of blocks on rotating

disk on gun trunnion until above limits are reached.

bv. Azimuth limit switch—This switch is not a true limit

switch and may require adjustment. The switch should snap

on just after oil gear clutch is engaged by throwing gun slewing

lever. Adjustment is made by changing spring tension on azi-

muth oil gear clutch lever.

Section V

REMOTE CONTROL SYSTEM M10

@ 135. Om Gear Stewine Crurcn.—The azimuth oil gear slew-

ing clutch must fully engage before power reaches the unit.

Adjustment is maintained by adjusting tension on the springs

of the azimuth oil gear slewing clutch rod connected to the

azimuth slewing handle.

@ 136. Excevation Limrr Cam (By ORIENTATION).—Units fully

Self-synchronous.—After cables are connected and unit is ready

for orientation, disengage oil gear boresighting clutches (fig. 48).

Hand crank the gun onto the aiming point and reengage the oil

gear boresighting clutches. Orientation is now complete. Do

not use the azimuth orienting clutch on the director. The eleva-

tion limit switch must remain open while the azimuth controls

are being started to prevent generator overload. Power one, and

then the other. To stop the remote control system, disengage

gun slewing lever and electrical limit switch. Power switch at

generator should be opened if both oil gears are off.
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@ 187. Unrrs Serr-SyncHRoNOUS IN AzIMUTH Bur Not IN ExEva-
TIow.—Boresight in azimuth ag described in paragraph 136. In
elevation use the following procedure:

FIGURE 3.—Oil gear unit M3—rear view.

a. Procedure when limit cam is in proper position—Slew the
gun in elevation with power on by pushing the upper power
slewing push button on the elevation oil gear and thus slewing
the gun in elevation. With the push button depressed the gun
should stop, because of the hydraulic limit cam, at 85°. If the

183



137 ANTIAIRCRAFL ARTILLERY FIELD MANUAL
40-MM FIRE UNIT 137

gun does not stop at about 87° immediately release the push

button to prevent moving the gun against the mechanical limit

stop on the gun elevating rack and thereby damaging it. If the

gun does stop at 85° with the button still depressed then by

pushing the lower push button the gun should depress and stop

hydraulically at 0°. Leaving the gun at 0°, run the director

telescopes to 0° by hand and then power the elevation unit.

Then move the director telescopes on to the aiming point.

This should move the gun barrel to within a few mils of the aim- i

ing point in elevation. Disengage the oil gear boresighting |

clutch. Crank gun manually onto aiming point, making certain |

that director telescopes remain on aiming point. © Re-engage

oil gear boresighting clutch. Run director telescopes above 85°

and below 0°. Gun should stop at 85° and 0° without discon-

necting the elevation electrical limit switch. Using director,

move gun back on to aiming point. Orientation should check

within one quarter of a mil. 4

b. Procedure where limit cam is not properly positioned.—

When the test mentioned in a@ above has been made, and the gun

has not stopped by the time it has reached 87°, release push

putton as described above. Then depress lower push button

and slew gun down until the limit cam stops it, which in this

ease will be something greater than 0°. Sjnce the mechanical

limit stop has stopped the gun’s depression and since this limit

cam was designed to stop the gun at 0°, it will be necessary to

disengage the boresighting clutch and run the gun by hand to 0°

and reengage the boresighting clutch. A retest should allow

the gun to stop at 0° and 85° by use of the push buttons. Orien-

tation will then proceed as described in @ above. If, when the

test described in @ above is made and the gun when slewed in

elevation stops at something less than 85°, then, leaving the gun

barrel as stopped, release push button, disengage boresighting

(3) Move director on to aiming point.
This should bring gun within a few
Disengage the boresighting clutch,

mils of the aiming point.
crank gun exactly on to aim-

|

| (2) Run director to 0° and power the unit.

|

|

clutch, crank gun to 85°, reengage boresighting clutch. A retest, 4% & ;

using the push buttons, should stop the gun at 0° and 85°. Pro- : oo ENG :

ceed with orientation as described in @ above where gun did stop Fievre 44.—Oil gear unit M3B1—left side view.

at 0° and 85°. Once the limit cam has been properly positioned i f 4

in order to orient a unit (gun stops at 0° and 85° at push button ing point. Reengage pboresighting clutch. Using personnel
cise 

should be restricted to the use of the elevation boresighting

(1) Run the gun by hand to 0°. clutch only for orienting. If this precaution is followed the
elevation hydraulic limit cam cannot get out of mosition’ and
thus require the adjustment described above,
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W 138. Cuancine an AzimMuTH To ELevatTion UNir or VICE

Versa.—a. All M3B1 oil gear units are adaptable to azimuth

drive or elevation drive. As they leave the factory, they are

assembled one way or another as indicated by the small name

plate (fig. 34) on the motor drive gear case. Any unit can be

reversed in the field by performing the following operations:

(1) Remove the left-hand side cover looking at the coupling

end of the unit (fig. 44).

(2) Loosen the Allen type setscrew in the collar of the change

gear pair (fig. 45).

(3) To make an azimuth unit slide the change gear pair to

the right hand position so that the smaller gear of the sliding

pair will then mesh with the right-hand gear on the hydraulic

motor shaft. To make an elevation unit, slide the change gear

pair to the left, so that the larger gear of the pair meshes with

the middle gear on the hydraulic motor shaft (fig. 45).

(4) Check to be sure the proper mesh is obtained and tighten

the lock screw securely.

(5) To make an elevation unit, turn the hydraulic limit cam

(fig. 44) so that the flanges face inward and will then contact

the roller of the limit mechanism. There is a point marked

on the cam and on the shaft showing its proper location, by

matching the white lines. It may be necessary to slip the limit

cam in either direction away from line up position of white

marks (fig. 44) in order to get the limit cam to stop the gun at

0° when oriented with director. Thus final adjustments of

limit cam, using the two screw heads holding it to the shaft,

should be made with gun and director operating. This limit

8 ; cam will commence to stop the gun 5° before it reaches the limit

as set. To make an azimuth unit, turn the limit cam so that

the flanges on the cam are toward the outside of case (fig. 45).

This prevents it from acting on the limit mechanism.

* (6) Replace the side cover,

(7) Remove the top cover over wiring compartment and

put switch “on”, for all self-synchronous units. If the unit is

not self-synchronous (no elevation coarse transmitter in the

director)-turn switch to “off” position. Replace cover.

(8) To make an azimuth unit, remove the pin through the

slewing clutch lever gravity lock (fig. 43) and insert the lock

so that in the down position it does not lock the slewing lever.
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In elevation units, the gravity lock must operate to lock the

slewing lever in the down position.

(9) Change the small name plate on the motor gear by re-

versal so that it reads “Azimuth” or ‘“‘Hlevation”, as required

(fig. 34).

Szcrron VI

UNIT, GENERATING, M5

@ 139. Barrery—The battery should be checked weekly for

water supply. Level of liquid should be 4 to % inch above top

of plates. Terminals should be kept clean and tight and covered

with a light coat of petrolatum to help prevent corrosion.

HM 140. Am Creaner.—The air cleaner is of the oil type and is

normally self-cleaning except that oil in its reservoir should be

changed at intervals, according to amount of dust in air. Air

cleaner should be inspected daily and oil should be changed at

the end of every day’s operations if air is very dusty, otherwise

once a week. Use same oil as specified for crankcase. At tem-

peratures below 0° F., operate air cleaner without oil. The oil

reservoir is in outside cup and, to be refilled, thumbscrew on

bottom should be unfastened, cup dropped down, old oil emptied,

and reservoir refilled to the bead with specified oil.

@ 141. Gasorine Ficrer.—Dirt or water in gasoline line will be

trapped in glass bowl of gasoline filter and will be plainly

visible. Gasoline should be turned off before removing bowl

and care exercised not to damage gasket. If metallic filter

element should clog, it should be blown out by means of a tire

pump.

@ 142. Barrery CHARGING GrNERATOR.—The strap on battery

charging generator that bears the name plate should be removed

and commutator and brushes cleaned as often as necessary.

H@ 148. Om Fimrer—tThe oil filter has a replaceable element.

Inspect after every 50 hours of operation and replace if element

is plugged with sludge.

@ 144. Fan Bert—tThe V-type fan belt should be kept in proper

adjustment. It does not need to be extremely tight. It is tight
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enough if it can be deflected about 1 inch when grasped midway

between its pulleys.

@ 145. Om Pressure.—Oil pressure should be approximately 15

pounds per square inch when engine is warm and running at

1,200 rpm. At lower speeds the pressure will be less.

@ 146. Srarrer.—tit starter pinion fails to engage engine flywheel

properly, entire starter motor should be removed. The drive on

end of armature should be cleaned and lubricated or spring

replaced if found to be broken.

@ 147. Disrrieuror.—Distributor cap should be removed occa-

sionally and breaker points inspected. They should be kept

smooth and bright and if pitted they should be replaced. The

maximum spark gap should be 0.025 inch.

H 148. Carsuretor.—The carburetor has no adjustments for gas

mixture; this was determined and fixed at factory. The only

adjustment is for setting idling speed at approximately 900

rpm. To make this adjustment, throttle lever should be held

against idling speed stop with engine at full operating tempera-

ture and idling screw adjusted until frequency meter reads 48

eycles or slightly less.

@ 149. Spark Prues.—Spark plugs are 14-mm in size. The

points of spark plugs should be spaced 0.025 inch apart.

@ 150. Apsusrmenr From 50- to 60-Cycrz Current.—a. Gen-

eral.—For 50-cycle current, power unit should operate at 1,000

rpm for 60-cycle current it should operate at 1,200 rpm. M5

director requires 60-cycle, 130-volt current while Director M6

(British) requires 50-cycle, 145-volt current. (The voltages

specified are those to which power plant should be adjusted

when main switch is open and frequency is correct. When ad-

Justed to these values the voltages should not drop below 115 and

180, respectively, even under adverse load conditions.)

b. Procedure.—(1) Pivot the links on subpanel from side num-

bered 50 to that numbered 60. Subpanel is mounted on right

side of tool box.

(2) Start power unit and turn on power to director and gun.

Adjust the adjusting screw on carburetor until frequency meter

indicates 60 cycles.
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Szcrion VII

COMPUTING SIGHT M7

@ 151. Genrrat.—The alinement of the sighting system should

be verified frequently and adjusted if necessary.

@ 152. Avinement or Tetrscores.—The optical axes of the tele-

scopes are alined parallel with each other and with the bore of

the gun when superelevation and all deflections are removed

from the sight.

a Prepare gun for boresighting.

b. Remove the wing screw which connects the link from the

trunnion to the superelevation cam shaft arm.

c. Remove the superelevation boresighting plug from its clip.

d. Tip the deflection mechanism control case forward, thereby

rotating the superelevation cam shaft arm, so that the boresight-

ing plug will aline its boss in the superelevation cam arm with

the hole in the superelevation cam link. See figure 46 of sight in

boresighting position.

e, Set speed to zero.

f. Boresight on a celestial body or other aiming point.

g. Adjust the telescope holders laterally and vertically as nec-

essary to bring the telescopes onto the aiming point.

h. Remove the boresighting plug, tip the deflection mechanism

control case into its normally vertical position, and connect the

link from the trunnion to the superelevation cam arm with its

wing screw.

i. Insert the boresighting plug in its clip.

@ 158. Vertricarion or Verrtcat Axis oF DEFLECTION MrcHa-

nism Controt Case.—The vertical axis of this case should re-

main vertical at all elevations of the gun.

a. Level the gun carriage.

b. Elevate the gun to 45° and place a gunner’s quadrant (set

at “0”) or bench level across the bosses on the top of the control

case.

c. If the bubble does not center, loosen the lock nuts at the two

ends of the link from the superelevation cam shaft arm to the

trunnion, and shorten or lengthen the link by turning the rod in

the manner of a turnbuckle.
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d. Check the setting by using the gunner’s quadrant at 0° and

at 85° elevation. If there is a deviation of over 10 mils at either

position, report to qualified personnel.

Hi 154. Vermrication or ALINEMENT OF MAIN ASSEMBLY WITH

Borr.—a. Level the gun carriage.

b. Level the gun to zero elevation, using a gunner’s quadrant

set at “0.”

c. Test level of the main bracket on the azimuth side by put-

ting the gunner’s quadrant across its two bosses. If there isa

deviation of over 5 mils above or below zero elevation, report to

qualified personnel.

@ 155. Vertrication or AzimurH Drive To ArRow.—@. Level the

gun carriage.

b. Level gun to approximately zero elevation and aline bore

and axis of arrow shaft with a distant object.

c. Set speed to 500 miles/hour.

d. Traverse gun through 360°. If axis of arrow does not

remain directed at the same object, report to qualified personnel.
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CHAPTER 6

DESTRUCTION OF EQUIPMENT

@ 156. Generar Principres.—a. Tactical situations arise when,

due to limitations of time or transportation, it becomes impos-

sible to evacuate all equipment.. In such situations it is impera-

tive that all matériel which cannot be evacuated be destroyed to

prevent—

(1) Its capture intact by the enemy.

(2) Its use by the enemy, if captured, against our own or

allied troops.

b. The working principles to be followed are:

(1) Methods for the destruction of matériel subject to capture

or abandonment in the combat zone must be adequate, uniform,

and easily followed in the field.

(2) Destruction must be as complete as the available time,

equipment, and personnel permit. If thorough destruction of

all parts cannot be completed, the most important features of

the matériel must be destroyed, and parts essential to the opera-

tion or use of the matériel and which cannot be easily dupli-

cated, ruined or removed. THE SAMH ESSENTIAL PARTS

MUST BE DESTROYED ON ALL LIKE UNITS TO PREVENT

THE ENEMY’S CONSTRUCTING ONE COMPLETE UNIT

FROM SEVERAL DAMAGED ONES BY “CANNIBALI-

ZATION.”

(3) THE DESTRUCTION OF MATERIEL IS A COMMAND

DECISION TO BE IMPLEMENTED ONLY ON AUTHORITY

DELEGATED BY THE DIVISION OR HIGHER COMMANDER.

@ 157. Mernops.—a. The destruction procedure outlined is

arranged in order of effectiveness. Destruction is accomplished

by method No. 1, if possible. If method No. 1 cannot be used,

destruction is accomplished by one of the other methods out-

lined, in the priority shown.

b. Whichever method is used, the sequence outlined must be

adhered to. Uniformity of destruction is then obtained, whether

or not the method is carried to completion.

e. Certain of the methods outlined require special tools and

materials, such as TNT and incendiary grenades, which may not

be normal items of issue. The issue of such special tools and
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materials, the vehicles for which issued, and the conditions

under which destruction are effected are command CEES in

each case, according to the tactical situation.

B 158. 40-mm Gun.—a. Sights.—Detach all optical sights, when

used. If evacuation is possible, carry the sights; if evacuation is

not possible, thoroughly smash the sights.

bo. Method No. 1—(1) Open drain plug on recoil mechanism,

allowing recoil fluid to drain. It is not necessary to wait for the

recoil fluid to drain completely before igniting the fuze ((5)

below).

(2) Remove an HE shell from a complete round, and seat the

Shell in the chamber.

(8) Plug the bore, for approximately two-thirds of its length,

using a ramrod wrapped with cloth or waste to make it fit

tightly in the bore. Mud, stones, clay, etc., may be used to plug

the bore in lieu of the ramrod.

(4) Cut down a 14-pound TNT block to fit snugly in the cham-

ber behind the HE shell. Insert a tetryl nonelectric cap, with

approximately 3 to 4 feet of safety fuze, into the TNT block.

Close the breech as far as possible without damaging the safety

fuze.

(5) Ignite the safety fuze and take cover at least 100 yards

from the gun. Elapsed time is 2 to 3 minutes if ramrod is used

to plug the bore and cut-down TNT block is carried with gun;

longer if other bore obstructions are used.

c. Method No. 2.—(1) See 0(1) above.

(2) See b(8) above.

(8) Insert one complete HE round into gun.

(4) Take cover and fire the gun using a lanyard 100 feet long.

Elapsed time: 1 to 2 minutes using ramrod to plug the bore;

longer if bore is plugged with mud.

d. Method No. 3—(1) See b(1) above.

(2) Jam an HE round in the muzzle.

(3) Same as ¢(38) above.

(4) Same as ¢(4) above. Elapsed time: 2 to 8 minutes.

Nors.—Spare barrels must be destroyed first by steps d(2), (3), (4).

W 159. Gun Carrtagu.—a. Whenever possible, artillery carriage

destruction must be accomplished in conjunction with the dem-

olition of the tube, breech, and recoil mechanism. When this
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cannot be done, destruction of the tube, breech, and recoil mecha-

nism has priority,

0. Method No. 1.—(1) Place 1%4-pound TNT block as indicated

in table I. Detonate TNT charges simultaneously, using deto-

nating cord, tetryl nonelectric caps, and at least 5 feet of safety

fuze. Electric detonating methods may be used if available.

(2) This method of demolition may be combined with destruc-

tion of the tube, breech, and recoil mechanism (par. 158) by si-

multaneoys detonation.

Taste I—TNT charges for destruction of towed artillery
carriages

Num- Esti- ae
ber of mated | Mini

i en 5 Placed time | davee
Chapels pound Else (required | “OneeTM

TNT mini, | (Z0ne
blocks mum) |

40-mm AA gun One in breech casing through top | 6 to7 200
cover; one elevation pinion hous-

| ing; two front axle balancing| |

| spring. | |

| | |

¢. Method No. 2.—(1) Fire adjacent guns at each other at

point-blank range, using HE or AP shells. Several direct hits

will be necessary to destroy 40-mm cannon by fire from guns of

the same caliber. Fire from cover. Danger space is from 200

to 500 yards.

(2) Destroy the last gun and carriage by the best means

available.

(3) Danger from cannibalization is inherent in this method.

@ 160. Venicres—a. Method No. 1.—(1) Remove and empty

portable fire extinguishers. Puncture the fuel tanks if readily

accessible. Place TNT charges as indicated in table II. Insert

tetryl nonelectric caps with at least 5 feet of safety fuze in each

charge. Ignite the fuze and take cover. Elapsed time: 1 to 2

minutes if charges are prepared beforehand and carried to the

vehicle.
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Taste II.—Charges for destruction of vehicles

i TNT

Vehicle charge Placed—
(pounds)

a
Trucks... 2 On top of clutch housing, It 1s necessary to open hood

properly to place charge.

2| On left side of engine as low as possible. (Use only if

time is available.)

AMrailers te o4 2] Over axle inside each wheel.

(2) If charges are prepared beforehand and carried in the

vehicle, keep the caps and. fuzes separated from the charges until

used.

(8) For the destruction of pneumatic tires, see paragraph 161.
b. Method No. 2 (for trucks).—Remove and empty the port-

able fire extinguishers. Puncture the fuel tanks if readily
accessible. Smash all yital elements (such as distributor, car-

buretor, radiator, engine block, air and oil cleaners, generator,
control levers, crankcase, and transmission) with a heavy ax,

pick, or sledge. Pour spare gasoline, oil, or distillate over entire

unit and ignite.

H 161. Pyeumatic Tirrs.—ca. General.—(1) Rubber is such a
critical item that, whenever matériel is subject to capture or
abandonment, an attempt to destroy pneumatic tires must always

be made, even if time will not permit destruction of the

remainder of the vehicle.

(2) With adequate planning and training, however, the

destruction of tires may be accomplished in conjunction with

destruction of the vehicle without increasing the time necessary.

b. Method No. 1—(1) Ignite an M14 incendiary grenade un-

der each tire.

(2) To insure the best results when this method is combined
with the destruction by TNT of trucks or towed artillery car-

riages, be certain that the incendiary fires are well started

before detonating the TNT. :

c. Method No. 2—(1) Damage the tires with an ax, pick, or

heavy machine-gun fire (deflate them before doing this, if pos-

sible). Pour spare gasoline on tires, dousing each one, and
ignite.
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(2) When used in conjunction with wheeled vehicle destruc-

tion, the ensuing fire will adequately destroy the vehicle.

@ 162. Macuine Gun, Carierr 50 M2.—a. Method No. 1.—Field

Strip. Use barrel as a sledge. Raise cover; lay bolt in feed-

way; lower cover on bolt, smash cover down over bolt. Deform

backplate. Wedge buffer into rear of casing allowing depres-

sors to protrude; break off depressors by striking with the

barrel. Lay barrel extension on its side. Hold down with one

foot, break off the shank. Deform casing by striking side plates

just back of the feedway.

b. Method No. 2.—Insert bullet point of complete round into

muzzle and bend slightly, distending mouth of case to permit

pulling of bullet. Spill powder from case, retaining sufficient

powder to cover the bottom of the case to approximately 14 inch.

Reinsert bullet, point first back into case mouth. Chamber and

fire this round with the reduced charge; the bullet will stick in

the bore. Chamber one complete round, lay weapon on ground,

and fire with a 30-foot lanyard. Use the best available cover as

this means of destruction may be dangerous to the person

destroying the weapon.

@ 163. Mount, Macutne Gun, Carzper .50, AA, M2A1, M3.—Use

machine-gun barrel or tripod leg as a sledge. Deform or break

traversing and elevating mechanisms. Deform or break recoil

and counterrecoil system and trigger mechanism.

@ 164. Ammunition.—a. General.—(1) Time will not usually

permit the destruction of all ammunition in forward combat

zones,

(2) When sufficient time and materials are available, ammu-

nition may be destroyed as indicated below. At least 80 to 60

minutes will be required to destroy adequately the ammunition

carried by combat units.

(3) In general, the methods and safety precautions outlined

in TM 9-1900 should be followed whenever possible.

b. Unpacked complete round ammunition.—(1) Stack ammuni-

tion in small piles. (Small arms ammunition may be heaped.)

Stack or pile most of the available gasoline in cans and drums

around the ammunition. Throw onto the pile all available in-

fiammable material such as rags, scrap wood, and brush. Pour

the remaining available gasoline over the pile. Sufficient in-
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flammable material must be used to insure a very hot fire.

Ignite the gasoline and take cover.

(2) 40-mm ammunition can be destroyed by sympathetic deto-

nation, using TNT. Stack the ammunition in two stacks, about

8 inches apart, with the fuzes in each stack toward each other.

Place TNT charges between the stacks. Use a minimum of 1

pound of TNT per 10 rounds of 40-mm ammunition. Detonate

all TNT charges simultaneously from cover.

c. Packed complete round anumunition.—(1) Stack the boxed

or bundled ammunition in small piles. Cover with all available

inflammable materials, such as rags, scrap wood, brush, and

gasoline in drums or cans. Pour gasoline over the pile. Ignite

the gasoline and take cover. (Small arms ammunition must be

broken out of the boxes or cartons before burning.)

(2) (a) The destruction of packed complete round ammuni-

tion by sympathetic detonation with TNT is not advocated for

use in forward combat zones. To insure satisfactory destruction

involves putting TNT in alternate cases or bundles of ammuni-

tion—a time-consuming job. %

(b) In rear areas or fixed installations, sympathetic detona-

tion may be used to destroy large ammunition supplies if de-

struction by bwmning is not feasible. Stack the boxes, placing

in alternate boxes in each row sufficient TNT blocks to insure

the use of 1 pound of TNT per 10 rounds of 40-mm ammunition.

Place the TNT blocks at the fuze end of the rounds. Detonate

all TNT charges simultaneously. (See FM 5-25 for details of

demolition planning and procedure.)

@ 165. Frre-Conrrot Equirmenr.—a. General.—(1) All fire-

control equipment, including optical sights and binoculars, is

difficult to replace. It should be the last equipment to be

destroyed, if there is any chance of personnel being able to

evacuate. If evacuation of personnel is made, all possible items

of fire-control equipment should be carried. If evacuation of

personnel is not possible, fire-control equipment must be thor-

oughly destroyed as indicated below.

(2) Firing tables, trajectory charts, and similar items should

be thoroughly burned.

(3) All optical equipment will be thoroughly smashed.

b. M5 director—(1) Method No. 1—Demolition with TNT is

the most satisfactory. Remove telescopic sights and smash,
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Remove side, front, and rear covers. Place %-pound TNT

charges in each side, connected together with detonating cord.

Insert tetryl nonelectric cap with at least 5 feet of safety fuze

in one charge. Replace covers as tightly as possible without

damaging the fuze. Ignite the fuze and take cover.

(2) Method No. 2.—Remove telescopic sights and smash. Re-

move side, front, and rear covers. Completely smash the director

mechanisms using an ax or Sledge. Pour gasoline into the

director and ignite.

(8) Smash all cable receptacles and plugs. All cables from

the director to the guns should be heaped up in a pile, doused

with gasoline, and burned. If time is available, cut the cables

into short lengths with an ax before burning.

c. Power plant.—In general, follow the methods outlined in

paragraph 160b for the destruction of trucks. Destruction of

the generator and generator panel must be assured.

ad. Power turrets—(1) Method No. 1.—Use spare barrel as

sledge and smash solenoids, Mk. 9 reflector sight, junction box

batteries, and power charger. Remove guns and deform hangers

with spare barrel. Cut spare V-belts for variable speed drive

unit. Detonate 1-pound TNT charge under gunner’s seat.

(2) Method No. 2.—Cut spare V-belts for variable speed drive

unit. Remove hatch doors, and cut all V-belts on variable speed

drive units. Remove and smah open cells of batteries. Remove

and smash power charger. Remove and destroy all guns. Place

%-pound TNT charge against inner face of each trunnion and

on top of variable speed drive unit and detonate. As an alter-

nate method pile on wood or debris and ignite.

H 166. DecontaminAtion.—See FM 21-40, TM 9-850, and TM

3-series,
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CHAPTER 7

ORIENTATION

Section I

GENERAL

167. Purrose.—The purpose of orientation of the 40-mm auto-

matic gun with the director M5 is to make the axis of the bore

of the gun parallel to the axis of the director telescopes when no

deflections exist in the director.

HM 168, Accuracy Limit.—The limit of accuracy mfonen oe

required to effect satisfactory fire control is 1 mil. This require-

ment means that the center line through the bore of the gun and

the lines of sight through the director telescopes HSE not be cay

of parallelism in either the horizontal or the vertical plane by

more than 1 yard in every 1,000 yards.

@ 169. Essentrat Requirement.—The following requirements

are essential to accurate orientation :

a, The gun and director must be level. : Eith

b. The gun remote control oil gear roust be in proper adjust-

ment with regard to backlash, dither, and creep explained in

0, 181, and 132.

ae Nee ant be in proper operating condition as deter:
mined by the results of the following tests or checks explained in

chapter 5.

(1) Alinement of telescopes (seldom out).

(2) Vertical plumb travel (seldom out).

(3) Backlash in azimuth (seldom out).

(4) Backlash in elevation (seldom outa): a

(5) Dynamic check of torque amplifiers for smooth Que”

(6) Constant speed motors for direction and speed of rotation.

(7) Superelevation run-down time to verity adjustment.

(8) Azimuth test problem to verify predictions.

(9) Blevation test problem to verify predictions. : r

d. The director must be prepared so that the following condi-

i revail:

ae range index indicates the lowest value on the range
dial.

200

40-MM FIRE UNIT 169-170

(2) Hach deflection gear is in that position at which, with no
power being delivered to the director, no movement of the fine
transmitter takes place when the range handwheel is moved
from maximum to minimum. The deflection marks should be
matched when the deflection gears are in this position.

(8) The tracking clutches: should be out,

(4) The rate motor switches should be off.
e. The power and director cable connections must be in order

and power must be supplied to the gun and director at correct

voltage and frequency.

f. The orienting point or points must be selected with proper

care as prescribed in paragraph 31.

g. The orienting procedure outlined in this manual must be
thoroughly understood and correctly followed.

170. Procepure.—a. The procedure for accomplishing orien-
tation in azimuth is distinctly different from that required for

accomplishing orientation in elevation when guns equipped with
the remote control systems M5 and oil gears M1 are concerned.

b. Azimuth orientation involves four main steps:

(1) The axis of the bore of the gun is pointed exactly at the
orienting point by means of the oil gear units controlled remotely
by the director which is moved as necessary by direct tracking
(movement of tracking handwheels with clutches disengaged).

(2) The director electrical transmission system is locked and
its azimuth mechanical motion is interrupted so that the director
can be moved without disturbing its electrical transmission

system or causing movement of the gun.

(3) The vertical reticle of the azimuth telescope is pointed
exactly at the orienting point by means of the tracking hand-

wheel.

(4) The director electrical transmission system is unlocked

and its mechanical motion is reengaged so that any movement

of the director will cause equal motion of the gun,

¢. Elevation orientation involves four main steps:

(1) The horizontal reticle of the elevation telescope is pointed

exactly at the orienting point by means of the tracking hand-

wheels.

(2) The gun elevation oil gear resetter transmitter is discon-

nected from its drive gear by means of loosening the three screws

of its friction connection.
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(8) The axis of the bore of the gun is pointed exactly at the

orienting point by means of the elevation oil gear.resetter trans-

mitter. (See par, 129.)

(4) The gun elevation oil gear resetter transmitter is recon-

nected to its drive gear by means of tightening the three screws

of its friction connection.

d. The detailed procedures which fire unit personnel must fol-

low to accomplish correct orientation in azimuth and in eleva-

tion are outlined in the drill contained in paragraph 31. For

orienting procedure for guns equipped with remote control sys-

tems M10 and oil gears M3B1, see paragraph 136.

e. When the tactical situation permits, orientation should be

checked by firing trial shots. (See par. 34.)

@ 171. Practricy.—It is essential that orientation be practiced

often. Personnel must be encouraged to devise many means for

effecting accurate orientation in the face of a variety of condi-

tions and full advantage must be taken of this constructive

thinking by requiring that orientation be accomplished under

many difficult assumed or imposed conditions such as adverse

terrain and blackout.

Section IT

METHODS

@ 172. GeneraL.—The methods of orientation are divisible into

two main classes: parallelism, where the axis of the bore and the

line of sight are made absolutely parallel; and convergence,

where the axis of the bore and the line of sight are made to con-

verge upon a common point selected so that the converging angle

does not exceed 1 mil. Under certain circumstances, orientation

in azimuth and in elevation are accomplished by the same proc-

ess. Under other circumstances, orientation in azimuth is ac

complished by one method and orientation in elevation is accom-

plished by another method. The choice of methods often depends

upon whether orientation is to be undertaken during the day or

at night. |

@ 173. ParaLreLisM.—The axis of the bore of the gun and the

lines of sight of the telescopes are made parallel by the follow-

ing methods:
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a. A celestial body is selected as the orienting point. Care
must be taken to select one that ig bright, easily identified, and
conveniently located. The North Star or a star which does not
appear to move rapidly is well suited; however, the moon can
be used successfully. The axis of the bore of the gun is placed
on the orienting point by means of the director, the director
transmitter is locked, the director orienting clutch figure is
disengaged, the vertical reticle of the azimuth telescope is placed

Figurp 47.—Orienting clutch.

on the orienting point, the orienting clutch is reengaged, and the
transmitter is unlocked. If out in elevation, the horizontal
reticle of the elevation telescope is placed on the orienting point
and the resetter transmitter of the gun elevation oil gear is
adjusted as required. (See par. 129.) If the moon is used as
the orienting point allowance must be made for its size and
motion, A satisfactory method is as follows: The gun and
director are oriented approximately. By means of the director,
the bore of the gun is placed toward thé moon so that the right
most portion of the moon appears just to the left of the vertical
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reticle of the gun bore sight. The director transmitter is locked

and the orienting clutch is disengaged. The moon is now tracked

in such a manner that the left most portion of the moon appears

just to the right of the vertical reticle of the azimuth telescope.

Tracking with the director is stopped at that instant when the

left most portion of the moon appears even with the vertical

reticle of the gun bore sight. The orienting clutch is then reen-

gaged, the transmitter is unlocked, the director is traversed until

the left most portion of the moon appears even with the vertical

reticle of the director and tracking is continued in this manner

until it is verified that the moon appears in exactly the same

place with respect to the vertical reticle of the gun bore sight.

Orientation in azimuth and in elevation are accomplished simi-

larly by this method which can be employed during evening,

night, and early morning when the weather permits.

b. Two stakes are correctly placed, and the axis of the bore

of the gun is placed upon one and the line of sight of the appro-

priate director telescope is then placed upon the other. The

steps involved are as follows:

(1) When orienting in azimuth, the power is turned off and

the gun and director are placed manually at 90° with and point-

ing to the same side of the gun-director line. The distance from

the center of the azimuth telescope to the center of the gun is

then measured. The center of the 40-mm gun is located approxi-

mately halfway between the pawls and front guide on the auto-

loader. When this distance is established, one stake is emplaced

at some point along the line of sight of the azimuth telescope

and another stake is emplaced at 90° from the telescope line of

sight in the direction of the gun and at the measured distance

from the first stake. Now with power on, the gun is placed on

the second stake, the director transmitter is locked, the orient-

jng clutch is disengaged, the director is placed on the first stake,

the orienting clutch is reengaged, the director transmitter is

unlocked and the correctness of orientation is checked carefully.

(2) When orienting in elevation, the procedure in (1) above

is carried out with the following additions: just prior to manu-

ally placing the gun and director at 90°, the director is slewed

so that the line of sight of the elevation telescope is pointed

toward the pintle center of the gun, the telescopes are placed at

zero elevation as indicated by elevation fine transmitter dial,
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and the difference in height between the center of the telescope
shaft and the center of the gun trunnion is measured by waing
the director as a transit. In order to permit satisfactory use
of the telescope for clear registration at short distances, it is
necessary to cover the front of the telescope with a aay sight
made from a piece of cardboard or other opaque material in the
center of which a round hole of approximately 36-inch diameter
has been cut. This small hole must be centrally located with
respect to the objective (front) lens. After the difference in
height between shaft and trunnion has been measured, the pro-
cedure in (1) above is followed ; however, the director isbreies
are kept level at all times and the gun is set at zero elevation
also. The fact that the director and gun are so placed limits
the use of this method to terrain which will permit the embers:
ment of the stakes into ground which is approximately at the
same level as the gun. Following the emplacement of the stakes,
a mark is placed on each stake at the exact level of the ents
of the telescope shaft, and another mark is placed upon the
stake on which the gun is to be bore sighted. This second mark is
located at a distance from the first mark which is equal to the
difference in height between the center of the telescope shaft

and the center of the gun trunnion. When the marks have been
made, the gun and director are oriented in elevation by holding
the director telescope on its mark and adjusting the eat eleva-
tion oil gear as required to prin: axig the axis of the bore of t

exactly on its mark. oe ete
Nove.—Carefull: rraimarked can be ee ce ace ae Haein cA

the use of lights this method can be used at night. Soin
@ pale azimuth telescope is sighted through the bore of the

gun in order to place its line of sight in coincidence with the axis
of the bore of the gun. When this method is employed, it i
necessary to focus the azimuth telescope so that the bore of the
gun and the reticles of the telescope are clearly defined, and the
peep sight described in paragraph 1730 (2) is mecorcmended
Orientation is accomplished in the following manner: The qin
is slewed until it points away from the director. The gun and
CISenOR are then manually operated until the line of sight of the
azimuth telescope ig made to coincide with the axis of the ins
of the gun. This condition is obtained through successive ne

tat



173 ANTIAIRCRAFT ARTILLERY FIELD MANUAL

ments of the gun and director in azimuth and elevation. The

height of the gun also is adjusted as required by means of the

jacks and care is taken to insure that the gun remains level.

When the gun and director have been properly positioned man-

ually, the gun elevation switch is left off, the main power switch

between the power plant and the gun is closed, and the gun

slewing clutch is engaged. The director transmitter is locked,

the director orienting clutch is disengaged and the director

transmitter is unlocked (both small knurled nut and large

knurled knob of orienting clutch must be loose). After the com-

pletion of the above steps, the gun and director are moved into

line for azimuth. The gun is moved under power by turning the

transmitter drive shaft inside the large knurled knob with a coin

or screw driver and such movement of the director as may be

required is done by means of the tracking handwheel. With

the gun and director now oriented in azimuth, the director trans-

mitter is locked, the director orienting clutch is engaged, the

director transmitter is unlocked, and the azimuth indicator on

gun ig adjusted until the dial is blacked out (or pointers

matched). Upon the completion of orientation in azimuth, the

elevation switch is turned on and if the gun and director are out

of elevation, the gun elevation oil gear is adjusted. (See par.

129.) After the gun is fully oriented, it is lowered by its jacks

and checked for level. This method can be used during daylight

and at night by directing the beam of a flashlight down the bore

from the muzzle.

d. The axis of the bore of the gun is made to point in the same

direction in azimuth as the line of sight of the azimuth telescope

by sighting along the center line of gun barrel. This method

requires an orienting point which is located along the line of

sight of the azimuth telescope when the telescope is pointed at

the pintle center of the gun. Orientation in azimuth is accom-

plished in the following manner: The center of the front guide

of the autoloader is located and a mark is placed thereat upon

the upper rear edge. With power off, the gun and director are

pointed approximately in the same direction. The gun is then

elevated so that the mark, when seen through the azimuth tele-

scope, will appear just above the rear guide of the autoloader

(fig. 48). With the gun elevated to this position, the mark on

the front guide will be almost directly above the azimuth pintle

center of the gun. When the gun and director have been posi-
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tioned in this manner and the vertical reticle of the azimuth

telescope is on the mark, the azimuth handwheel is wedged

lightly and the gun is traversed out of the way so that it will

not interfere with the line of sight of the azimuth telescope (fig.

49). A stake is now set up in line with the vertical reticle of

the azimuth telescope at a distance of 50 to 100 yards from the

director. After the stake has been provided as the orienting

point, the gun and director are oriented in manner outlined in

paragraph 173¢. ‘This method applies only to orientation in

azimuth; however, it can be used during daylight and at night.

e. The axis of the bore of the gun is brought to the same angle

of elevation as the line of sight of the elevation telescope by

means of a gunner’s quadrant. When this method is used, it is

necessary that the director be in proper adjustment. Orienta-

tion in elevation is accomplished in the following manner. The

director telescopes are brought to the selected angle of elevation

as indicated by the elevation fine transmitter dial. The gun is

brought to the same angle of elevation and the gun elevation

switch is turned on, A gunner’s quadrant is set to indicate the

selected angle of elevation and is then placed upon that portion

of the upper surface of the breech casing which is to the left of

the top cover and which has been machine finished for this pur-

pose. If the gun is out in elevation, the gun elevation oil gear

is adjusted. (See par. 129.) This method applies only to

orientation in elevation; however, it can be used during daylight

and at night.

f. The awis of the bore of the gun is brought to the same angle

of elevation as the line of sight of the elevation telescope by

sighting on the horigon. Orientation in elevation is accom-

plished in the following manner: The gun and the director tele-

scopes are elevated approximately to the same angle of elevation

and the gun elevation switch is turned on. The telescopes of

the director are moved in elevation until the horizontal reticle

of the elevation telescope is on the horizon. If the gun is out in

elevation, as verified by bore sighting, the gun elevation oil gear

is adjusted. (See par. 129.) This method, can be used only

upon those occasions where an unobstructed view is afforded

and when orientation can be accomplished during daylight or

moonlight,
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Mf 174. Convercenon.—tThe axis of the bore of the gun and the

lines of sight of the telescopes are made to converge upon a
eommon point by the following methods:

a. A distant point is selected as the orienting point. Gare

must be taken to select one that will permit convergence within

the limit of accuracy of one mil. (See par. 31 and 168.) A

practical method for testing the suitability of any orienting

point is to move the gun and director manually until the line

of sight of the azimuth telescope and the axis of the bore of the

gun are on the point; stand in line with and facing the azimuth

telescope, and estimate the distance from the line of sight to

the axis of the bore of the gun in terms of yards. he point is

satisfactory when it is located as many thousand yards away
from the gun position as there are yards separating the line of
sight of the azimuth telescope from the axis of the bore of the
gun. A point which has been approved in this manner must be

regarded as being located at the minimum distance away from

the gun position; therefore, the point which produces the small-

est angle of convergence should be used when more than one

suitable point is available. After the proper orienting point has
been selected, orientation is accomplished as outlined in the
drill contained in paragraph 31. This method can be used for

orienting in azimuth and in elevation during daylight. It can
also be used at night, when it is safe and practical to use a light

for the orienting point.

b. The axis of the bore of the gun and the line of sight of the
elevation telescope are sighted on a horizontal line. This method
requires a well-defined horizontal line such as is provided by a

building or bridge. The line selected must be approximately
perpendicular to a line from it to the gun position. Orientation
in elevation is accomplished as provided in paragraph 1738f.

209



ANTIAIRCRAFT ARTILLERY FIELD MANUAL

ApprnpDIx I

ECHELONS OF MAINTENANCE

. 40-mM Avromatic GuN M1.—First and second echelons.

. Adjust counterrecoil adjusting nut.

b. Exercise recoil.

a

Q

(3

(4

(5

(6

(7

. Clean and lubricate gun.

. Boresight gun.

Replace following.

jy Barrel assembly.

) Breech ring and components.

) Breechblock and components.

) Breechblock inner cocking lever.

) Breechblock outer cocking lever.

) Breechblock closing spring and components.

) Extractor and components.

(8) Loading tray rammer pad.

(9) Feed pawls on automatic loader.

(10) Recoil cylinder complete assembly.

w 2.

a,

40-mM Capriace M2.

Birst echelon.

(1) Replace complete wheel assembly.

(2) Clean and lubricate carriage.

(3) Inflate tires.

(4) Change tires.

b. Second echelon.—Check voltage in electric brakes and light-

ing system.

B38.

a.

Drrector M5.

First echelon.

(1) Open sight—adjust.

(2) All external surfaces including telescope flanges and

seats—clean.

(8) Telescope lenses (external surfaces only )—clean.

(4) Telescope lamps—replace.

(5) Socket assemblies—replace.

(6) All handwheels and external parts of the director and

tripod requiring lubrication—lubricate.

(7) All exposed or scratched surfaces—retouch with paint.

(8) Telescopes—aline.
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All possible tests without removing the cover plates on the

director—run.

(10) Rubber eyeshields—replace.

bv. Second echelon.

CL)

adjust

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

Range dial—replace and make corresponding micrometer

ment.

Range stop pins—replace.

Reticle light cables—repair and replace.

Levels—replace and adjust.

Rate motor—replace.

Rate motor governor—adjust.

Torque amplifier (Directors M5 and M6)—replace.

Range dial lamp—replace.

Fuses (Directors M5 and M6)—replace.

(10) Transmitters—replace.

(11) Elevation mechanical stops—adjust.

(12)

(13)

Gear segment—reengage.

Brush support assembly—clean.

(14) Solenoid brake (Director M5A1)—adjust.

(15) Packing chest—repair.

(16) Tripod M7—repair.

(17) Over-all inspection—repair.

4, Remove Conrrot System M5,

a. First echelon,

q)

(a)

(b)

(¢)

(@)

(e)

(f)

(9)

(h)

(4)

(i)

(k)

(2)

(3)

(a)

Oil gear.

Adjust dither.

Adjust pilot valve.

Maintain hydraulic oil level. -

Drain and refill gear case.

Maintain oil level in chain case.

Maintain oil level in clutch housing.

Grease clutch housing fitting.

Oil ball-float reservoir.

Replace oil gear unit.

Reverse motor leads.

Remove and replace sensitive valve to flush out unit.

Azimuth indicator—adjust mechanically.

Azimuth switch and elevation limit switch,

Replace fuses.
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(b) Tighten switch.

b. Second echelon.

(1) Oil gear.

(a) Change azimuth unit to elevation and vice versa.

(b) Replace bad connections to gun transmitter and electrical

differential.

(ce) Clean oil filter bobbin.

(@) Replace oil filter bobbin.

(e) Replace chain case gaskets.

(2) Azimuth indicator.

(a) Tighten electrical shutter wedge.

(b) Replace indicator.

(8) Azimuth switch and elevation limit switch.

(a) Replace blown fuses.

(®) Tighten switch contacts.

(4) Gun junction box.

(a) Tighten electrical connection.

(b) Check continuity of wiring system. (See fig. 31.)

(5) Cables.

(a) Minor repairs to cables.

(6) Replace cables.

8 5. Unir, Generatine, M5 or M10,

a. First echelon.

(1) Maintain oil level in crankcase.

(2) Maintain gas in tank.

(8) Maintain battery water level.

(4) Maintain radiator water level.

(5) Renew fuze links.

(6) Clean gasoline sediment bowl.

(7) Paint all exposed surfaces.

(8) Replace lamps.

(9) Drain crankcase oil and refill.

b. Second echelon.

(1) Grease, oil, and lubricate.

(2) Clean or replace air and oil filters.

(8) Adjust engine governor.

(4) Clean and flush radiator and cooling system.

(5) Adjust or replace fan or generator belts.

(6) Replace battery.

(7) Replace generator.
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(8) Replace starting motor.

(9) Check and tighten all electrical terminals.

(10) Replace small sections of wiring between terminals.

(11) Adjust “zero” settings on voltmeters and ammeters.

(12) Adjust oil pump pressure.

(18) Adjust rate of charge of battery charging generator.

(14) Adjust spring tension or replace brushes on starter

motor, battery charging generator, exciter, and/or alternator.

(15) Sandpaper commutators on starter motor, battery

charging generator and exciter.

(16) Change operation from 50 to 60 cycles, or vice versa.

(17) Replace the following engine and generator accessories:

(a) Spark plugs and ignition wiring.

(b) Spark coil.

(e) Cylinder head and gasket.

(d) Intake and exhaust manifolds.

(e) Valve tappet covers.

(f) Fan assembly.

(g) Starter.

(h) Starter Bendix spring.

(i) Generator, battery charging.

(j) Generator, battery charging voltage regulator.

(k) Water cooling system hose.

(2) External oil lines. ~

(m) Oil pan.

(n) Water cooling system thermostat.

(0) Carburetor.

(p) Battery cables.

(q) Voltage regulator.

(x) Water pump packing.

(s) Oil filter.

(t) Oil gauge.

(wv) Oil lines and fittings.

(v) Oil strainer. :

(w) Fuel gauge.

(w) Battery cables.

(y) Starting switch.

(z) Frequency meter.

(aa) Muffier.

(ab) Exhaust pipe.

4769 °—438——_15 912
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(ae) Small electrical components on the panel.

(ad) Ammeter.

M@ 6. Carmeer 50 MACHINE GUN, M2, W. C.—See FM 4-155.

7. MurtrPce catiser .50 MACHINE-GUN CARRIAGE, M-51—See

FM 4-157.

@ 8. Computing sicHT M7.

a. Aline telescopes.

6. Clean telescopes.

ce. Clean all external surfaces,
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APPENDIX IT

USE AND EMPLOYMENT OF DIRECTOR TRAINER M8

Section I

GENERAL

@ 1. Purpose or Trainer.—a. The director trainer M8 was de-

veloped as an aid in training range setters for M5 directors. The

device consists of an artificial M5 director target and tracer

stream. It is intended for indoor use. All shots produced by the

device are “line” shots.

b. The director trainer M8 permits the range setter to develop

skill by giving him practice and experience in interpreting arti-

ficial line shots, and reacting by manual operation of the range

handwheel. However, use of the trainer is not a substitute for

actual practice firing.

@ 2. Rererencres.—c. TM 9-657 contains a complete description

of the trainer and instructions for its unpacking, installation,

mechanical operation, care,.and maintenance.

b. FM 4-151 contains a detailed discussion of the principles of

fire control and of range adjustment for the M5 director.

Secrron IT

PRELIMINARY INSTRUCTIONS

@ 3. Oxsecrive.—tThe training objective for range setters on M5

directors is to develop to a high degree and maintain their abil-

ity to watch tracers, interpret them accurately, make instant de-

cisions, and react by automatic and correct adjustment of the

range handwheel.

@ 4. Trarininc Pran.—a. Instruction in the following must be

given immediately before training on the M8 trainer:

(1) Method of prediction.—Director characteristics and the

angular travel method of prediction.

(2) Method of fire adjustment.—First, causing the tracers to

intersect the line of sight to the present position of the target;

that is, obtaining line shots. The trainer provides this, In

actual firing, this is the result of proper tracking. Second, caus-

ing this intersection to take place at a future position of the
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target, by applying a range setting that corresponds with this

future position. Hits are obtained as the target flies through

that future slant range.

b. A brief preliminary explanation of the trainer, its purpose,

and its method of operation, must be given the students. The

instructor emphasizes just what decisions regarding range ad-

justments the range setter must make, and how these decisions

are made on the basis of tracer observation. The charts of var-

ious trainer target courses are shown, and the section grouped

around the front of the trainer to observe the movement of the

conductor-wiper contact on the chart as several courses are run

through the trainer.

ce. Director trackers also are included for a proportion of the

training on the director trainer M8, when director crews are

established. In this phase of training the range setter adjusts

range, but only on reports of “Over,” “Short” or “Hit” made by

the trackers, and does not watch the tracers himself. The track-

ers stand at their normal posts for director control and, observ-

ing the tracers, call out sensings.

d. Training on the Hunt miniature range (see par. 18) may

proceed at the same time as training on the M8 director trainer.

. The more proficient men, or those already assigned as range set-

ters, may be given more advanced training on a combination of

the Hunt range and the director trainer. (See par. 14.)

@ 5. Precavurions.—a. The instructor must insist that range set-

ters make bold adjustments of range, hold the setting until thé

target has flown through this range, then make bold corrections

to keep well “ahead” of the target. The practice of a creeping

adjustment will not be permitted.

b. The range setter must be careful to make “jumps” in range

in the right direction. He must never reverse the direction of

turning the handwheel during any one leg of a course.

c. After the first range setting is made, the range setter must

not look at the range dial. He must learn by practice to know

all the time what range setting he has in the director. Once

range is initially set, concentration of mind alone must be

relied on.

d. Some men may attempt to memorize courses for the trainer

in order to get an impressive number of hits. The instructor

must impress upon the men that such efforts are worse than
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useless, as the trainer is only a means to an end. The aim is to

produce hand-eye coordination, not artificially high scores.

e. As the value of training to the range setter depends on

practice in making adjustments based on what he actually sees,

no coaching is permitted by anyone. However, it may be found

desirable to permit an observer to call out “Midpoint” of the

course from the chart if there is difficulty in determining from

the aspect of the target the time at which midpoint is reached.

Section III

TRAINING

6. OrGANIzaTION or Groups For INsrRuction.—In the absence

of a routine operating and recording crew for the equipment,

groups for instruction should be organized in groups of five

men; one man as range setter, two as first and second range

recorders, and two as first and second shot recorders. However,

where several organizations can cooperate, it will be found

profitable to employ a single operating crew and record section

to “process” the large number of trainees more efficiently.

@ 7. Oprrarion or Recorp Secrion.—a. Two record sheets, “A”

and “B,” are used for each range setter’s record course.

b. Record sheet “A” (fig. 50) is used by the first range re-

corder to indicate changes made in the range dial setting. The

first range recorder stands near the target assembly, and in

rhythm with the calling off of the sensing of each shot by the

first shot recorder (see ¢ below) touches his pencil lightly oppo-

site each respective shot number on record sheet “A.” When he

hears “Range” called out by the second range recorder (see d

below) he marks an “X” opposite the shot number on which his

pencil falls at the instant.

c. The first shot recorder is stationed at the target assembly

and, in a low voice, calls sensings of “Short,” “Over,” or. “Hit,”

which are recorded on the record sheet “B” (fig. 51) by the

second shot recorder. The sensings are called out only for the

benefit of the recorder, and must not be loud enough to be heard

by the range setter. The first shot recorder will not use signals

to indicate sensings.

d. The second range recorder stands behind the range setter

and records the initial range and each new range setting. Each
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time the range setter turns the handwheel to set i
n a new range,

he calls out “Range,” for the first range recorder to hea
r, and

records the new ranges in a column on plain paper. Whe
n the

course is over, the appropriate range settings are recor
ded from

this column, on record sheet RIND

W@ 8, InrerPRETATION oF RECORD Sueur “A” any “B.”—Rec
ord

sheet “B” indicates the number of hits obtained, and rec
ord sheet

“<4” generally indicates why any poor scores are obtain
ed.

Record sheet “A” also indicates immediately whether
 or not a

man is making range adjustments in the proper manner, regard
-

less of the score of hits.

H 9. Rovrine or InstRuUCTION.—@. During the first tr
aining pe-

riod, a slow target course chart is used (60 yards per second).
Bach range setter is given a minimum of five courses

 on this

RECORD SHEET “A”

(Sample copy)

Range Range Range
Shot No. dial Shot No. dial Shot No. dial

setting | setting setting

1540

rt, and each time

Enter each new dial setting opposite observed s
hotDIRECTIONS.—Reeord the range dial setting a

t sta:

change is made.

number.

Figurw 50.—Illustration of use of record
trainer M8.
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cha:rie The members of the five-man groups should rotate, so

; eee man acts as range setter for five courses at a an
O. i :ae ie ae courses may be run in 10 minutes for each man

n ample allowance of time for ix the interpretatiKee : 
ation of the

ecord sheets for each range setter as he finishes a course.

RECORD SHEET “B”

(Sample copy)

Sr | =
Shot No. | § |} # | ws lS es 2 ia

BiH] E|| stone. |B] E || Shot No. zlale

= || pasa [ey eo Re (ee ALR )O
sal aes

x 
a

x 
x

x 
x
x

x

x

x

x

x

x

x

x

x

x

x

x

ae “shorts” and “overs” by making x in proper column.

ndicate hits by placing circle in proper column. j
EI 51.—1 ratiicuRE 51,—TIllustration of use of record sheet “B” for director

trainer M8. i

eee ADJUSTMENT TABLE—Figure 52 is a tabulation of

‘ic rules used as guidance in adjus i] a justment of fire by rang

setting. The fourth col i aaumn is used when no sensing;f x nico 's are ob-

oe and its application must be used and stressed ‘fa advance
raining, where the sensings are reported by the trackers.

es ANALTSIS or Correct Fire ADJUSTMENT FoR A SPECIFIC
See Figure 58 illustrates graphically, application of the

principles of fire adjustment embodied in the table in figure 52
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for a particular course. The data used in preparation of figure

58 duplicate the data assumed for the corresponding chart for

the trainer, and illustrate correct range adjustment. The sym-

bols in the legend must be studied before attempting to interpret

the chart.

b. The timing of rounds as fired, is shown across the top of

the chart. The range settings, the timing of rounds as observed,

RANGE ADJUSTMENT TABLE

Range change in handwheel turns

Speed and position of target

Short Hit Over No sensing!

High speed (300 mph or over):

Approaching leg_ No change 1%) 3 =3
Midpoint -42 | No change | No change | No change
Receding leg_..-----..------- +3 -+1% | No change +3

Moderate service speed (under

300 mph):

Approaching leg__.--.------ No change -1 —2 —2

Midpoint_..--. = +1 | No change | No change | No change

Receding leg. t +2 +1 | No change 42

Target practice speed (under 150

mph):

Approaching leg. No change -%| =I =1
Midpoint... +14) No change } No change | No change

Receding leg. +1 +14] No change +1

1 When no sensings are made, range adjustment is made when the estimated

present range is equal to the actual range setting.

Figure 52.—Table for use as guide in technique of range setting.

together with sensings, show in the irregular stepped graph

across the chart. Every tenth round is numbered for conven-

jence in matching rounds as fired with the same rounds as

observed. Time of flight, ty, is also shown, by the curve at the

bottom of the chart.

ec. Assume that fire is opened on this course for a present

range of 2,000 yards or more; an initial range setting of 1,540

yards (seven turns of the handwheel) is used.

(1) Fire commences and continues at the rate of one round

per second throughout the course. By the time the first round

is observed, rounds number two and three have already been
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fired. The range setter sees the first round as “short” just after

the third round is fired. The reaction time for observation, deci-

sion, and range adjustment is about 2 seconds; this means that

two more rounds have been fired by the time he senses the first

round as “short” and decides “no change.”

(2) The fifth round registers a hit, and in 2 more seconds, the

range setter has sensed this shot, made his second decision, and

reduced the range setting by one half turn of the handwheel.

Note that observation of the sixth and seventh rounds, also hits,

does not affect the decision made from sensing round number

five as a “hit.”

(3) The next round to reach the target after this second

decision on range is shot number ten. Accordingly, range is

again reduced one-half turn of the handwheel. The round fired

immediately thereafter, number fourteen, is sensed as an “over”

and the range setting is reduced by a full turn of the handwheel.

Note that this round (the fourth on which a decision is made) is

the fourth “over” in a series of seven “overs,” but that the

adjustment made on observing it yields a hit.

Two things are paramount: first, the range setter must make

bold changes in range. Second, he must allow the first projectile

fired on the basis of each new range setting enough time to reach

the target, before reacting again to tracer observation; he must

ignore intervening rounds.

(4) The process continues similarly until round twenty-five

is observed as a hit near midpoint. Accordingly (see fig. 52)

the range setting is not changed. Rounds twenty-six and twenty-

seven are also hits. Round twenty-eight is an “over,” but being

observed near midpoint, range setting is not altered. Rounds

twenty-nine and thirty are also “over.” However, rounds thirty-

one to thirty-seven are observed as hits.

(5) Round thirty-eight is observed “short” and a full turn

increase of range setting is made. However, this does not pro-

duce a hit for a subsequent round (number forty-one) and again

range is increased by a full turn in accordance with the princi-

ples contained in figure 52.

Record sheets “A” and.“B” are based on the graph of the

course illustrated in figure 53.

@ 12. Apvancep TRAINING ON HicH Sprep Courses.—a. Training

is continued by,the use of higher speed courses. Charts based on

221



ANTIAIRCRAFT ARTILLERY FIELD MANUAL ee
a variation of Rm and H for the various high-speed courses are

run in an orderly sequence. In high-speed courses a series of

shorts may occur, then overs with no intervening hits, or vice

versa, However, the table for range adjustment indicates the

proper number of handwheel turns w ich must be applied in

order to get the maximum probability of hits.

b. During advanced training, the range setter is subjected to

the distracting effect of battle noises and muzzle blast, pro-

duced by the equipment. He is required to wear a gas mask for

a number of the courses.

¢. The degree of ability which the range setter demonstrates

in making adjustments in range on the various courses, target

practice speed and high speed, is a measure of his efficiency on

the trainer. In making an estimate of a man’s ability, record

sheets “A” and “B” are useful. In the analysis of the record

sheets special emphasis is placed on the reaction time (the time

required to make the correct range adjustment) of the range

setter and upon the number of hits he obtains.

d. When the relative positions of the target and the tracer can

be quickly and correctly interpreted by the range setter, hig reac-

tion to overs and shorts becomes automatic. Such hand-eye

coordination, if thoroughly developed in training practice, is

easily brought into effective use in actual combat.

e. The preliminary training outlined above will indicate those

men who show the most ability on the director trainer. Mean-

while initial practices on the Hunt miniature range will demon-

strate the respective abilities of the members of the group in

range estimation. The men who show most aptitude and quickest

reaction as range setters during this preliminary work are given

advanced training. The program of advanced training consists

of further practice on the two devices above, and particularly, on

a combination of the Hunt range and the director trainer as

explained below.
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£ @ 13. Hunr Mrszarure Ranez.—a. The purpose of the Hunt
miniature range (fig. 58) is to provide instruction for the range

setter, and other operators, in range estimation by means of a

three-dimensional model of an aerial target moving in space.

The range consists of a movable mirror which reflects the image

of a scale model of a medium bomber, or some other typical

automatic weapons target. This target is rotated about its cen-

“
3

@ 8° ° ° Ey ° 3

suing 19eynpvoH,

223



ANTIAIRCRAFL ARTILLERY FIELD MANUAL

224

ic
 
d
r
a
w
i
n
g
 
o
f
 
t
h
e
 
H
u
n
t
 
m
i
n
i
a
t
u
r
e
 
r
a
n
g
e
.

i
RS

a

Bj

8

&

40-MM FIRE UNIT

ter so that it assumes any desired angle as the mirror is

moved and thus simulates an approaching and receding plane.

The target is located above and behind the observer in a small,

floodlit room. Light from a small source above the observer

illuminates the target and background, which are seen by the

observer in the mirror located in front of him. The mirror is

moved forward and backward in a range tunnel to vary the

apparent distance to the target. The instructor, observing the

range scale which is part of the mirror control system, may

check the range estimate of the observer against the actual range

which is simulated.

b. The observers must wear an eye-flap, or glasses so con-

structed that the vision of either eye may be blocked out. By

this means the factor of stereoscopic vision is eliminated.

@ 14. Compinep TRAINING ON THE Director TRAINER AND HUNT

Ranex.—Combined training may be provided by two methods:

a. By one method, the director assembly and the target assem-

bly are placed beside each other in the range, the target assem-

bly on the right. The range setter adjusts the range in accord-

ance with tracer observation. At the same time, by careful

practice and timing on the part of the windlass operator, the

mirror is moved forward and backward in close correlation with

the turning of the target so that mirror and target reach the

midpoint at the same time. If this method is to be used, the

range scale of the Hunt miniature range (1 to 72) must be

replotted to conform to the 1 to 185 scale of the trainer.

b. A second arrangement is to place only the director assembly

facing the mirror, leaving the target assembly to one side for

observation and calling out of sensings by the trackers of the

director crew. The light’slot from the control room is opened

and the standard target is used. The range setter estimates

range and sets in an initial range adjustment. The trackers,

observing the tracers on the target assembly, call out sensings,

providing realistic fire adjustment training for a complete

director crew.
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