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SECTION I 

INTRODUCTION 

1. This Handbook contains a description of and instruc
tions for the Installation, Operation, Maintenance, and 
Overhaul of the locally controlled Lo.wer13all Turrets, 
Types A-2, A-2A, and A-13, manufacrured by the Briggs 
Manufacturing .Company, Detroit, Michigan, on con
tracts W-535-AC-21453, W-535-AC-30847, W-2119-AC-
252, and W-535-AC-32719. 

2. The type A-2 and A-2A turrets are designed for 
mounting in the B-17 airplane. The typ'~ A-13 turret 
is designed for mounting in the B-24 airplane. These 
rurrets house all of the necessary equi pmen t for directing 

the tire of two caliber .50 type M-2 aircraft machine 
guns. For information concerning the Operation and 
Maintenance of these guns, reference should be made 
to T. O. No. 11-1-8. 

3. A Sperry automatic computing sight is used with each 
of the turrets to provide automatic calculation of predici
tion and ballistic deflections so that projectiles will be 
directed to strike a moving target. T. O. No. 11-35A-l 
covers all Maintenance and Operational Data on the 
Sight; T. O. No. 11-35A-2 covers all Overhaul Instruc
tions. 
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SECTION II 

DESCRIPTION 

1. GENERAL DESCRIPTION. 

a. The lower ball turret is a spherical metal structure 
mounting two caliber .50 machine guns, and containing 
equipment needed by a gunner in accurately directing 
the fire of the guns. (See figures 1, 2, 3, and 4.) 

(1) The gunner rides within the spherical part of 
the turret or ball which rotates on both vertical and 
horizontal axes in order to aim the guns. 

(2) The ball is 44 inches in diameter, being an 
assembly of aluminum alloy castings and armor plate 
with transparent Plexiglas windows, giving the gunner 
a wide field of vision. The circular sighting window is 
made of laminated safety glass. 

h. The turret is designed for mounting in the lower 
part of the fuselage of an airplane. The opening required 
is a circular hole 46% inches in diameter, through which 
the ball extends approximately 24 inches beyond the 
skin line of the airplane. 

c. The type A-2 and A-2A turrets remain in this ex
tended position. In the type A-13 turret provision is 
made for retraction of 28 inches, bringing the ball and 
guns within the skin line of the airplane. (See figures 2 
and 3.) 

d. The turret may be moved in elevation from zero 
degrees (horizontal) to - 90 degrees (straight down
ward). It may be rotated 360 degrees in azimuth. The 
guns may be fired in any direction in a hemisphere below 
the airplane fusel age, except where the firing is automati
cally interrupted according to the fuselage and propeller 
arc contour. (See figures 5, 6, and 7.) 

e. The turret drive mechanism is designed to give a 
speed range in azimuth of from zero degrees per second 
to 45 degrees per second. Range of speeds in elevation 
is from zero degrees per second to 30 degrees per second. 

2. DETAILED DESCRIPTION. 

a. HANGER AND COLLECTOR RING 
ASSEMBLY-TYPE A-2 TURRET. 

(See figure 8.) 

(I) Bolted to the framework at the top of the fuse
lage is a trunnion assembly containing a self-aligning 
bearing. 

(2) Suspended from the self-aligning bearing is the 
collector ring assembly which in turn supports the 
hanger assembly. 

(3) The hanger · assembly consists of a tubular 
framework which is bolted to the housing of the collec
tor ring assembly, so that the collector ring housing will 
rotate in azimuth with the hanger assembly and the 
turret. 

(4) Brushes are mounted within the collector ring 
housing and also rotate in azimuth with the turret. These 
brushes bear against stationary collector rings which 
are connected by lead wires and a terminal block 
(located near the. top mounting flange) to wires bring
ingcurrent from the ship's supply. The brushes pick up 
the current from the collector rings and conduct it 
through the main power conduit to the main switch box 
of the turret. 

(5) Fastened to the tubular supporting structure 
by two steel straps is an oxygen bottle which serves to 
supply the gunner. Also attached to the hanger assembly 
is a spare parts box. (Refer to section VI, paragraph 4. 
a. (2) (i) for contents of box.) 

h. TOP MOUNTING SWIVEL- TYPES A-2A 
AND A-13 T URRETS. 

(1) The types A-2A and A-13 turrets are suspended 
in the airplane by me.ans of a top mounting swivel assem
bly which includes a flanged retainer bolted to a sup
porting beam in the airplane fuselage. (See figures 9 
and ZO.) 

(2) This assembly is self-aligning so that no stress 
can occur in the other turret components as a result of 
fuselage deflections. 

c. SUPPORT COLUMN- TYPE A-2A TURRET.
The type A-2A turret is suspended from the top mount
ing swivel by a support column which extends downward 
from the top mounting swivel to the hanger and collec
tor ring assembly. (See figure ZO.) 

d. HYDRAULIC RETRACTION 
ASSEMBLY-TYPE A-13 TURRET. 

(1) Type A-13 turret retracts 28 inches into the 
fuselage of the airplane, so that neither guns nor 
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turret ball project beyond the skin line of the air
plane. 

(2) Suspended from the top mounting swivel is a 
hydraulic retraction cylinder assembly. The piston rod 
in this assembly is secured to a piston guide flange, 
which is in turn bolted to assemblies supporting the 
rest of the turret. (See figure 9.) 

(3) Hydraulically forcing the piston upward 
raises the turret. This is accomplished by means of a 
hydraulic hand pump mounted at the side of the air
plane fuselage, connected to the cylinder by hydraulic 
feed and return lines. 

(4) The lower end of the retraction cylinder is 
held rigid in the airplane by four bracing tubes ex
tending from the fuselage framework to the bottom 
end of the cylinder. The piston is prevented from 
rotating by two piston guide rods secured to the piston 
guide flange. 

(5) The hydraulic retraction system in the air
plane _ includes a reservoir, breather tank, and control 
valve. 

e. HANGER AND COLLECTOR RING 
ASSEMBLIES-TYPES A-2A AND A-13 

TURRETS. (See figures 9 and 10.) 

(1) SHAFT AND FLANGE ASSEMBLY. 
Suspended from the support column (type A-2A) or 
the piston guide flange (type A-13) is a shaft and 
flange assembly which extends downward through the 
collector ring upper trunnion housing and the col
lector ring assembly. This shaft carries bearings which 
support the weight of the turret and permit the turret 
to rotate in azimuth. 

(2) HANGER AND COLLECTOR RING 
ASSEMBLY. 

(a) The hanger and collector ring assembly 
includes a tubalar supporting framework bolted to 
the collector ring housing assembly. The framework 
and the collector ring housing rotate in azimuth with 
the turret. Brushes are mounted within the collector 
ring housing to carry electrical current to the turret 
from eleven stationary collector rings secured to 
the collector ring upper trunnion housing. The col
lector rings are connected by means of lead wires and 
terminal blocks to cables bringing power and com
munication circuits to the turret. 

(b) A flexible cable carries the electrical circuits 
from the collector ring housing to the turret ball. 

( c) A spare parts box forms a part of the col
lector ring housing. (Refer to section VI, paragraph 
4. c. (2) (1) for contents of box.) 

(3) OXYGEN SWIVEL.-An oxygen swivel and 
tube assembly is supported by the upper trunnion hous
ing; this assembly extends downward through the col
lector ring assembly and is connected to the airplane 
oxygen supply. 

(4) RETRACTION LIMIT SWITCH-TYPE A-
13.-A retraction limit switch is mounted to the collec-

. tor ring upper trunnion housing. The switch is actuated 
by a plunger mounted on the piston guide flange. 
When the turret is retracted with the guns at -22 
degrees elevation, an electrical circuit is completed 
through the elevation position switch to indicate to the 
airplane pilot that the turret is in landing position. 

(5) HANGER TUBE STRUCTURE-TYPES A-
2A AND A-13 TURRETS.-The hanger tube structure, 
suspended from the collector ring housing, is bolted at 
four flanges to the trunnion ring support assembly 
which carries the turret ball. 

f. TRUNNION RING SUPPORT ASSEMBLY. 

(1) The supporting structure of the turret rotates 
in azimuth and, on the type A-13 turrets, provides 
vertical retraction movement. The trunnion ring sup
port assembly is bolted to the hanger and collector 
ring assembly and includes two trunnion ring support 
brackets which carry the turret ball by means of elev~
tion trunnion bearings permitting rotation of the ball 
in elevation. 

(2) The trunnion ring support assembly (figure 
11) includes the following components: 

(a) Trunnion ring support bracket assemblies, 
right-hand and left-hand, which support elevation trun
nion bearings which carry ball support trunnions 
mounted in the turret ball end bell assemblies. The 
right-hand ball support trunnion contains two bevel 
gears transferring power from within the ball through 
a splined coupling and drive shaft to the azimuth 
pinion gearing. 

(b) The azimuth pinion gearing is mounted on 
the trunnion ring support assembly and includes the 
azimuth drive pinion which meshes with the azimuth 
ring gear, driving the turret in azimuth. (Refer to sec
tion II, paragraph 2. ;. (2).) 

( c) The hand elevation drive unit is mounted 
on the trunnion ring support at the left side, including 
a demountable hand crank for moving the turret ball 
in elevation, and a brake assembly for holding the 
turret ball at any position in elevation. The hand eleva
tion drive unit includes a pinion gear meshed with a 
gear rack secured to the turret ball. 

( d) Adjustable horizontal rollers are mounted 
on the trunnion ring support to align the turret in a 
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lateral plane. These units roll within the azimuth ring 
gear assembly. 

( e) On the type A-13 turrets, eight vertical roll
ers are mounted on brackets secured to the trunnion ring 
support, rolling in a U-shaped channel which is a 
part of the retraction mounting ring. The rollers sup
port the retraction mounting ring and the azimuth 
ring gear assembly. 

(f) The elevation quadrant gear is attached to 
the trunnion ring support and is meshed with the eleva
tion power pinion gear which extends through an open
ing in the ball. 

(g) An elevation position switch is mounted on 
the trunnion ring support on the type A -13 turrets. 
This switch is operated by a cam on the ball and closes 
when the turret is at - 22 degrees elevation. The eleva-

HAND ELEVATION 

DRIVE UNIT 
HAND BRAKE 

tion position switch is in series with the retraction limit 
switch and lights a light in the pilot's compartment 
when the turret is retracted and at the - 22 degree 
elevation position. 

g. AZIMUTH RING GEAR ASSEMBLY. 

.( 1) The azimuth ring gear is a circular internal 
gear mounted in the airplane so that it cannot rotate. 
The azimuth drive pinion meshes ' with this gear to 
drive the rurret. The ring gear also provides a path 
for the horizontal rollers. 

(2) In the type A-2 and A-2A turrets the azimuth 
ring gear assembly is secured to the airplane structure 
by means of rubber shock mountings which help to 
prevent damage to the ring gear or drive pinion during 
firing. 

(3) In the type A-13 turret, the azimuth ring gear 

AZIMUTH PINION GEARING AZIMUTH 

DRIVE PINION 
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14 
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SUPPORT BRACKET 

Figure I I-Trunnion Ring Support Assembly-Exploded View 
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ACCESS HOLE 

Figure 12-Type A-13-Section Through Azimuth Ring Gear and Associated Parts 

assembly moves vertically with extension or retraction 
of the turret. The gear remains meshed with the azimuth 
drive pinion, being secured by means of rubber shock 
mountings to a retraction mounting ring assembly hav
ing four bushings which slide vertically on four rods 
provided in the airplane to prevent rotation of the ring 
gear. (See figure 12.) 

(4) The azimuth ring gear assembly includes a fire 
cut-off cam rigidly secured to the ring gear by means 
of brackets. 

(5) The cam actuates a fire cut-off switch by means 
of a cam riser pin to interrupt the firing of the guns 
whenever they are pointing within a restricted area. 

h. TURRET BALL. (See figure H.)-The turret ball 
consists essentially of the following assemblies: 

(1) End bell assemblies, right-hand and left-hand, 
are provided with gun mounting brackets front and rear. 

(a) The rear gun mounting brackets provide for 
lateral and vertical adjustments of the guns. The front 
gun support accommodates an E-IO Edgewater adapter 
to reduce the effect of gun recoil on the turret structure. 

( b) The end bell assemblies include mounting 
pads, studs, etc., for mounting of the electric hydraulic 
power unit and other assemblies. Plexiglas windows are 
provided for maximum field of vision for the gunner. 

(2) Center section assemblies include: 

(a) Front center section contains circular safety 
glass sighting. window between the guns. On this center 
section is mounted a fire cut-off switch and cam riser pin 
operated by the fire cut-off cam. 

(b) Armor plate assembly adjoins the front 
center section. The gunner's seat, also of armor plate, 
is secured to this section of the ball. 

(c) The door assembly ad joins the armor plate 
section and provides access to the ball from within the 
airplane when the ball and guns are at the maximum 
down position in elevation ( - 90 degrees). The door 
is equipped with latches which may be opened from 
inside or outside the ball; two retaining cables with 
hooks to support the door in "OPEN" position are pro
vided with the turret. 

(d) Rear center section provides an access door 
for adjustments and a Plexiglas inspection window. Two 
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Figure 13-Turre, 8all and Trunnion Ring Support-Exploded View 
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stop brackets with rubber bumpers are mounted to the 
fcar center section to prevent excessive rotation of the 

ball in elevation in case of emergency. The main power 
conduit runs from a receptacle ip this section to the 
switch box. 

(3) The turret power units and control devices 
are enclosed in the turret ball. 

i. HYDRAULIC POWER UNIT. (See figure 14.) 

( e) The ammunition box cover completes · the 
spherical surface of the ball. 

(1) The turret is driven in azimuth and elevation 
by the double power unit which is mounted within the 
turret ball. The power unit consists of three separate 
assemblies bolted together: 

ELEVA TlON ---:/ "",",--
( , 

DRIVE 

PINION 

ELEVATION TRANSMISSION 

SIGHT MOUNTING BRACKET 

ELECTRIC POWER MOTOR ---------' 

ELEVATION 

CONTROL 

SHAFT 

ASSEMBLY 

r-------- FLUID LEVEL GAGE 

r--------- HYDRAULIC 

t 
r 

BREATHER TANK 

~ AZIMUTH CONTROL 

-~ ROD ASSEMBLY 

TRANSMISSION 

AZIMUTH POWER 

GEARING ASSEMBLY 

Figure 14-Hydraulic Power Unit and Power Gearing Assemblies-Exploded View 
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(a) Constant speed electric motor. 

( b) Azimuth hydraulic transmission. 

( c) Elevation hydraulic transmission. 

(2) The electric motor is driven by the airplane 
current supply, being turned on or off from within the 
turret by means of a main power switch. The motor 
drives both .hydraulic transmissions, one being connected 
to each end of the motor armature shaft. 

j. TURRET MOVEMENT GEARING. (See figure 
15.)-Power from each hydraulic transmission is trans
mitted through gearing arranged so that the t"uret may 
be moved in azimuth through 360 degrees (no limit) 

Figure J 5-Turret Gearing Diagram 

and in ele.vation through 90 degrees (horizontal to 
straight downward). 

(1) ELEVATION. (See figures 14 and 16.)
Power from the elevation (left-hand) transmission drives 
the elevation power gearing bolted to the power unit. 
This gear case is a part of the complete power unit assem
bly, and contains an elevation power clutch which may 
be operated from inside or outside the turret ball. 

(a) A projecting shaft is machined to accom
modate the elevation hand crank inside the turret ball, 
which is normally carried in. the clip provided inside 
the turret above the door. After engagement of the ele
vation hand clutch, this crank may be used to move the 
turret in elevation when the operator is inside the turret. 

( b) The power transmitted through the elevation 
power gearing assembly turns a pinion projecting 
through the end bell of the turret ball, engaging the 
elevation quadrant gear attached to the trunnion ring 
suPPOrt assembly and driving the turret ball in elevation. 

( c) A hand elevation drive unit is attached to 
the trunnion ring support so that the turret ball may 

ELEVATION 

DRIVE PINION 

-Vw 
SPLINE SHAFT t 
TO VICKERS UNIT 

ELEVATION 

HAND CRANK 

INSIDE TURRET 

GEAR CAS~ 

Figure J 6-Elevation Power Gearing Assembly
Exploded View 

be moved in elevation from outside the ball. (See figures 
II and 17.) A removable crank operates the turret by 
turning gears moving a pinion meshed with a gear rack 
mounted on the turret ball. (See figure 15.) The crank 
is secured to the hanger assembly by a chain and is nor
mally kept in the spring clip holder mounted on the 
trunnion ring support. 

Figure J 7-Hand Elevation Drive Unit-Phantom View 
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(d) The power gearing must be disconnected 
during hand operation. Disengaging the power clutch 
allows the turret to rotate freely; therefore the hand 
elevation drive unit is provided with a brake which 
when applied will hold the turret ball securely in any 
elevation position. 

(e) An elevation-to-sight gear unit is secured to 
the left-hand end bell within the turret ball. A pinion 
projecting from this gear box through the end bell 
meshes with an elevation-to-sight sector gear mounted 
on the left-hand trunnion ring support bracket. (See 
figure 15.) Flexible shafts are secured to the elevation
to-sight gear unit and rotate as the turret moves in 
elevation. These shafts carry elevation position in
formation to the computing sight and the elevation 
limit stop mechanism. (Refer to section II, para
graph 2. k.) 

(2) AZIMUTH. (See figures 14 a/1d 18.) 

(a) Power from the right-hand transmission 
enters the azimuth power gearing assembly mounted on 
the power unit. Motion is transferred through the 
azimuth po,wer clutch to the azimuth end bell gearing 
assembly. (See figure 19.) This gear unit drives the 
azimuth trunnion gearing assembly (figure 20) mounted . 

1--------- SPLINE SHAFT TO 

VICKERS UNIT 

Figure l8-Azimuth Power Gearing Assembly
Phantom View 

in the right-hand trunnion ring support bracket, per
mitting rotation of the turret in elevation ~hil e power 
is carried up to the azimuth pinion gearing (figure 21) 
mounted on the trunnion ring support. This gear unit 
includes a pinion which is meshed with the azimuth 
ring gear secured to the airplane so that the turret 
is rotated in azimuth as the pinion turns. · 

( b) A geared chain and sprocket (azimuth hand 

FLEXIBLE 
SPLINE TO SIGHT 
SHAFT 

AZIMUTH 
POWER 

CLUTCH 
PLATE 

Figure 19-Azimuth End Bell Gearing Assembly
Phantom View 

Figure 20-Azimuth Trunnion Gearing Assembly
Phantom View 
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Figure 2J -Azimuth Pinion Gearing Assembly
Phantom View 

gear assembly) within the turret driving the azimuth 
end bell gearing provides for attachment of a crank 
for moving the turret in azimuth by hand. The crank 
is normally kept in the spring clip holder provided 
inside the turret above the door. 

( c) In each power unit gear train there is con
siderable reduction so that the turret is moved within 
a speed range suitable for tracking the target. The gear 
reduction also produces great torque in the turret move
ments, insuring smoothness of motion. 

k. HAND CONTROL AND LIMIT UNIT.-(See 
figure 22.)-To provide the gunner with complete free
dom of control over a wide range of speeds in both 
elevation and azimuth movements, a hand control unit 
is mounted within the turret ball, bolted to the ball 
structure. The hand control unit gives the gunner 
control over the turret movements by indirectly position
ing the control shafts of the elevation and azimuth 
hydraulic transmissions. 

(1) CONTROL MOVEMENTS.-The handgrips 
move forward and backward in a vertical plane to con

trol the turret in elevation. The handgrips move to 

the right or· left to control the turret left or right, 

respectively, in azimuth. (The lower eQds of the hand

grips point in the direction of gun movements in 

azimuth and eievation.) 

(a) The amount of handgrip displacement de

termines the speed of turret movement. A slight dis

placement results in very low speed, while 'full dis

placement furnishes high speed. 

(b) Any combination of azimuth and elevation 
speeds may be achieved by displacement of the con-

trol unit handgrips forward or backward and right 
or left simultaneously. 

( c) The two hand grips are mechanically con
nected; either handle serves to control the turret in 
azimuth and elevation. 

(2) GUNFIRING BUTTONS. - Gunfiring but
tons are arranged in the eno of each handgrip to operate 
switches, so that pressure of the gunner's thumb fires 
either or both guns, as selected by switches on the main 
switch box. (Refer to section II, paragraph 2. j.) Gun
firing switches are controlled by the handgrip buttons 
so that either button will fire either ?r both guns. 

(3) HAND CONTROL MECHANISM. 
(See figure 23.) 

(a) The mechanism within the hand control and 
limit unit is arranged so that right or left displacement 
of the handgrips moves only the azimuth control as
semblies. A system of gears is used to transfer hand
grip movement to an arm on the cover plate of the 
hand control unit. From this arm an adjustable link 
rod carries the movement to the hydraulic transmission 
control shaft. 

(b) Displacement of the handgrips in a vertical 
plane actuates only the elevation control assemblies, 
transferring indirectly the handgrip movements through 
an adjustable coupling to the elevation hydraulic trans
mission control shaft. 

( c) Centralizing springs are situated within the 
hand control unit to return the handgrips to a neutral 
position upon release by the gunner, so that a neutral 
or zero-rate position of the transmission control shafts 
is obtained., Centralizing spring assemblies are used 
in both azimuth and elevation control mechanisms. 

(d) Variable rate mechanisms are provided in 
the azimuth and elevation control systems within the 
hand control unit to give the gunner very accurate con
trol over low-speed operation of the turret. When 
tracking a target greatest accuracy of control is re
quired, but it is also necessary to have immediately 
available means for quickly rotating the turret, or 
"slewing." 

(e) Initial movement of the handgrips effects 
very small movement of the transmission control shaft. 
As the handgrip is moved farther to accelerate the 
turret operation, the handgrip movement causes a pro
gressively greater movement of the transmission control 
shaft. Specifically, a constant or rectilinear movement 
of the handgrips is converted within the hand control 
unit to a progressive or curvilinear control character
istic. 

(t) This characteristic is provided for by a varia-
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figure 22-Hand Control and Limit Unit 

ble displacement mechanism. Handgrips rotate a shaft 
with a lever having a channel in which rides a roller. 
The roller is at the end of another lever which rotates 
the output shaft. 

(g) As the channel rotates, ' the rolle.r causes 
rotation of the output shaft. As the roller progresses 
farther in the channel it moves farther from the center 
of rotation of the channel, so that the output shaft is 
displaced in a progressively greater amount, because the 
roller must traverse the longer distance traveled by the 
outer end of the channel. 

(4) ELEVATION LIMIT STOP.-The hand con
trol and limit unit also contains the elevation limit stop 
mechanism which restricts travel of the turret to the 
necessary limits in elevation (zero degrees horizontal to 
- 90 degrees), to prevent the guns from striking the 
airplane fuselage. 

(a) Elevation control movements are transmitted 
through shafts to a bevel gear in the hand control unit 
which in turn drives the elevation control shaft to the 
hydraulic transmission. 

(h) On the shaft carrying the bevel gear in the 

hand control is mounted a worm wheel free to rotate. 
A worm gear meshing with this wheel is driven by a 

flexible ~haft from the elevation-to-sight gear unit and 
therefore the worm wheel rotates as the turret moves 
in elevation. 

(c) The worm wheel carries a dog or projection. 

Two similar projections are mounted on a disc secured 
to the shaft carrying the elevation control output bevel 
gear referred to above. As the turret approaches a limit 
in elevation, the worm wheel dog engages one of the 
projections secured . to the shaft so that the shaft is 
turne.d and the power unit control shaft is returned to 

neutral. 

(d) This is accomplished regardless of handgrip 

position because the handgrip control movements are 
transmitted through overload springs which yield when 
the limit stop mechanism returns the elevation control 

shaft to neutral. 
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position. ( e) Reversing (he hand grip causes normal re

verse of (he turret in elevation because the worm wheel 

dog does not prevent rotation of the control shaft in a 

direction to operate the turret away from the restricted 

I. ELECTRICAL SYSTEM.-(See figure 24.)-The 
lower ball turret is operated by power from the airplane 
electrical system. 

ELEVATION 

ADJUSTMENT 

OVERLOAD SPRING 

ELEVATION ______ .f!!!r"" 
LIMIT STOP 

V ARIABLE RATE 

CENTRALIZING SPRINGS 

Figure 23-Hand Control and Limit Unit Mechanism Diagram 
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(I) CURRENT SUPPL Y.-Direct current at a 

voltage of 27.5 ± 5 percent is specified for safe opera

tion of the turret. The turret should not be operated on 

the airplane battery without supply from a generator, as 

the current drawn may be excessive and the voltage will 

drop so low as to cause damage to the main power relay. 

Overload conditions or extreme cold conditions will 

magnify the above harmful result. 

(2) ELECTRICAL COMPONENTS. (See figures 

24 and 25.)-The turret electrical system consists of the 

following essential assemblies: 

only.) 

(a) Collector ring assembly 

( b) Retraction position switches (Type A-13 

(c) Main switch box 

(d) Power unit motot 

(e) Fire cut-off switch 

(t) Gun solenoids 

(g) Gunfiring switches 

(h) Computing sight connection 

FILrER 

I 
IKTIZACTION /' LIMIT 

SWITCII 

.... g .... 
PILOT:S 

RETRACTION 

AIRPLANE 
GIlOVND 

SWITCH 

I 

I 
COLLEC~~ 

RIN6S 

RHEOSTAT 

(i) Heated suit receptacle and rheostat 

0) Trouble light 

(k) Associated conduit assemblies 

(I) Push-to-talk switch, head set, and mIcro

phone connections 

(3) COLLECTOR RING ASSEMBLY - TYPE 
A -2. 

( a) Connections to the turret from the airplane 
power and communication circuits are made to terminals 
on the terminal block which remains stationary in 
azimuth, being mounted on the top trunnion assembly. 

(b) From the terminal block the circuits are 
continued through lead wires to eight stationary col
lector rings which are in contact with brushes mounted 
in the collector ring housing which rotates in azimuth 
with the turret. (See figure 5.) One of the rings 
"DCG" is for power supply, one ring "G" is for 
ground, four rings "TM-I," "THM," "THS-I," and 
"TM-2" carry communication circuits, and two rings 
"5_1" and "S-2" are spares. 

( c) Lead wires from the brush terminals are 

Figure 24-Electrical System Diagram 
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Figure 26-Main Switch Box-Cover Removed 

carried through the lower end of the collector ring 
housing to a receptacle mounted on the tubular hanger 
assembly_ A large flexible conduit carries the. circuits to 
a receptacle on the turret ball. 

(d) The receptacle on the ball is assembled to 
a receptacle within the ball to which is connected a 
conduit carrying the circuits to the main switch box 
in the turret. 

(4) COLLECTOR RING ASSEMBLY-TYPES 
A-2A AND A-13. 

(a) Connections to the rurret from the airplane 
power and communication circuits are made to ter
minals in the conduit box on the collector upper trun
nion housing which remains stationary in azimuth, 
being bolted to the retraction piston guide flange in 
the type A-13 turret and to the base plate of the sup
port column in the type A-2A turret. 

(b) From terminal blocks in the conduit box 
. circuits are continued through lead wires to eleven sta

tionary collector rings which are in contact with 

brushes mounted in the collector ring housing which 
rotates in azimuth. with the turret. (See figures 6 and 
7.) One of the rings "DCG" is for power supply, one 
ring "G" is for ground and four rings "TM-l," 
"THM," "THS-l," and "TM-2" are for communica
tion circuits. In the type A-13 turret, one of the rings 
"GL" is for connection to the elevation position switch 
on the .trunnion ring support which indicates to the 
pilot whether therurret ball is in retraction position 
in elevation. The remaining four rings "S-l," "S-2," 
"S-3," and "S-4" are spares. In the type A-2A turret, 
five rings are spares, there being no necessity for the 
elevation position switch. 

( c) Brush terminals are connected to a receptacle ' 
mounted on the collector ring housing. A large flexible 
conduit carries the circuits to a receptacle on the turret 
ball. 

(d) The receptacle on the ball is assembled to 
a receptacle within the ball to which is connected a 
conduit carrying the circuits to the main switch box 
in the turret. 
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(5) RETRACTION POSITION SWITCHES -
TYPE A-13 ONLY. (See figure 9..) 

(a) A retraction limit switch is mounted on the 
collector ring upper trunnion housing. The switch closes 
when the turret is fully retracted. 

(b) An elevation position switch is mounted on 
the trunnion ring support, being closed by a cam on 
the turret ball when the guns are at - 22 degrees in 
elevation, the position necessary for them to be com
pletely withdrawn into the fuselage wells when the ball 
is retracted. 

( c) These two switches are connected in series 
so that when both are closed an indicator light on the 
airplane pilot'S instrument panel informs the pilot that 
the turret is in correct position for landing the air
plane. 

(6) MAIN SWITCH BOX.-(See figures 26 
and 27.)-Within the turret, electrical circuits are led 
into a switch, box which contains equipment to give the 
gunner control of the electrical devices in the turret. 

(a) The switch box contains: 

1. Main power switch 

2. Main power relay 

3. Gun selector switches 

4. Fuses 

5. Communication circuit terminals 

6. '·'AN" receptacles 

7. Necessary terminal blocks, wiring, etc. 

(b) All electrical connections from the switch 
box to turret and gun operation equipment are made by 
means of standard "AN" plugs and receptacles. 

1. On later types A-2A and A-13 turrets, wires 
to the gun solenoids and the trouble light are led 
through rubber grommets on the switch box. 

2. The gunner's headphones and microphones 
are plugged into jacks at the ends of flexible leads. These 
leads enter the switch box through rubber grommets and 
are connected to a terminal strip in the box. 

( c) The main power switch is single-pole, single
throw, mounted at the left of the. gun selector switches. 
The switch is moved upward to the "ON" position, as 
marked on the switch box cover, and protected by a 
guard to prevent accidental operation. 

(d) The main power relay is energize.d by the 
main power switch to operate a set of heavy contact 
points. These contacts supply the turret power and gun
firing circuits with 27.5 volt doc power. The purpose 
of the relay is to quickly make or break large current
carrying circuits with a, minimum of damage from arcing. 
If the turret is operated at low voltage, current demand 
on the system may lower the voltage across the energiz-

MAIN POWER CONDUIT 
(TURRET WALL TO SWITCH BOX) 

GUNFIRING SWITCf+ CONDUIT 
(HAND CONTROL) 

FIRE CUT·OFF SWITCH CONDUIT 

SIGHT CONDUIT 

26 

MAIN POWER CONDUIT 
(COLLECTORRING HOUSING TO TURRET BAL, 

PUSH.TO·TALK SWITCH CONDUIT 

HEATED SUIT CONDUIT 

WIRE TO RIGHT GUN SOLENOID TROUBLE LIGHT, CORD AND SWITCH 

Figure 27-Main Switch Box and Conduit Assemblies 
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ing coil even further so that the relay contacts are not 
firmly closed. Burning of contacts and unsatisfactory 
operation of the relay will result. 

( e) Gun selector switches are single-pole, single
throw, mounted at the right of the main power switch, 
permitting the gunner to connect either or both guns 
to his gunfiring switches. 

(f) Fuses protect all individual operation circuits 
within the turret in suitable capacities as follows: 

I. 120 amperes for power motor. 

2. 20 amperes for gun firing circuits. 

3. 15 amperes for computing sight. 

4. 20 amperes for heated suit. 

5. 5 amperes for trouble light. 

6. The four smaller fuses at the right of the 
box are easily replaced. The power motor fuse is bolted 
into the box above the relay. 

7. In the type A-2 turret, spare fuses are con

tained in the spare parts box mounted on the hanger 

support frame work. 

(g) The switch box cover is provided with Dzus 
fasteners to be easily removable. 

(7) POWER MOTOR. 

(a) Driving the hydraulic transmissions IS a 

AREA PROTECTED BY FIRE CUT-OFF CAM 

Figure 28-Fire Cut-off Switch Assembly 

two-horsepower, 4000 rpm, compound-wound motor 

supplied with 27.5-volt direct current through the main 

power relay. 

( b) The motor must be protected against exces

sive oil or moisture under unusual conditions. 

(8) FIRE CUT-OFF SWITCH. 

(a) A normally-closed, spring-loaded micro

switch is placed in the circuit supplying current to the 

gunfiring solenoids. (See figure 28.) 

(b) The function of this switch IS to prevent 

----------

Figure 29-Diagram of Fire Cut-off Area-:'8-17 Airplane 
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AREA PROTECTED BY FIRE CUT-OFF CAM 

Fi gu re 3D-Diagram of Fire Cut-off Area-B-24 Airplane 

firing of the guns by opening the circuit when the guns 

are pointcd so that projectiles would strike the airplane 
fuselage or propellers. (See figures 29 and 30.) 

(c) The fire cut-off switch is mounted inside the 
front center section of the curret ball, being actuated by 
a round-nosed cam riser pin projecting forward through 
the turret wall. 

(d) When the guns approach a restricted area, 
the pin encounters a sheet meral cam mounted on the 
azimuth ring gear stationary with respect to the airplane. 
The cam opens the switch by depressing the pin. 

( e) The cam contour IS d esigned according to 

Figure 31-Fire Cut-off Cam for 8 - 17 Airplane 
(Types A-2 a nd A-2A Turrets} 

the position of the airplane parts relative to the turret 
guns. (See figures 31 and 32.) 

(9) GUN SOLENOIDS. 

(fI) The caliber .50 M-2 aircraft type guns are 
fired by gun solenoids (type G-ll) mounted on the guns. 
Each solenoid is connected in series with a gun selector 
switch in the switch box and the fire cut-off switch. The 
circuit is completed by either of the hand control trigger 
switches. 

( b) The circuit receives 27.5-volt current 
through the main power relay. While the solenoids are 
energized the guns continue firing. 

Figure 32-Fire Cut-off Cam for 8-24 Airplane 
(Type A-13 Turret} 
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Figure 33-Heated Suit Receptacle and Rheostat
View from Below Seat 

(10) HEATED SUIT RECEPTACLE AND RHEO
ST AT. (See figure 33.)-A receptacle for the gunner's 
electrically heated suit is placed under the seat in the 
box containing the rheostat for controlling the current 
through the suit heating elements. The circuit is 
separately fused and current IS supplied independent 
of other circuits and fuses. 

(11) TROUBLE LIGHT. - A swivel-mounted 
trouble light is provided with an extension cord carry
ing a switch. The trouble light swivel fitting may be 
pushed into either of the two receptacles mounted 
within the turret above the door opening. The circuit 

Figure 34-Push-to-Talk Switch and Conduit 
Assembly 

is independent of switches and fuses other than the S
ampere fuse in the switch box. 

(12) SIGHT CONNECTION. 

(a) The Sperry computing sight requires cur
rent for operation of a small constant-speed motor and 
reticle lamp within the sight. A switch is placed on the 
sight, with a rheostat for controlling the intensity of 
reticle illumination. 

Figure 35-Elevation-to-Sight Gearing Assembly
Phantom View 

( b) The sight receives current from the switch 

box through a IS-ampere fuse. 

(13) CONDUITS. 

((/) Conduits are all of the flexible, metal
sheathed type coate:! with a protec~ive covering. 

( b) Plugs and receptacles are standard "AN" 
type. Care must be exercised to determine that all plugs 
are connected all the way into the receptacles for safety 
and proper electrical characteristics. 

(14) PUSH-TO-TALK SWITCH. (See figure 
34.)-Two-way communication is provided for the 
gunner. Connections arc made to a terminal strip in 
the switch box. A normally-open push-to-talk switch 
is located in front of the gunner's right foot rest; the 
gunner pushes the switch when he wants to use his 
microphone. The headphones are always connected to 
the ship's communication system. 

nt. SIGHT CONNECTIONS. 

(1) The type K-4 caliber .50 automatic computing 
sight directs the gunner's fire to insure 'maximum 
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Figure 36-Framing the Target Correctly 

accuracy at long ranges. The sight continuously 
calculates the varying effects upon the path of the bullets 
of such factors as wind direction, force of gravity, range, 
and movement of the target. 

(2) The gunner controls the turret, moving sight, 
guns, and himself in order to align his target with the 
optic head of the sight. As the turret moves to follow 
the, target ("tracking the target"), the sight computes 
the varying deflection angles necessary to correct for 
windage, prediction, etc. The computing mechanisms 
deflect the reticle image in the optic head by the correct 
amount to permit the gunner to accurately aim his 
guns merely by framing his target in the reticles. (See 
figw'e 36.) 

(3) Wind, or air speed, at a given altitude will 
alter the course of the bullet by an amount depending 
upon the position of the guns in azimuth and elevation. 

(a) ELEVATION DATA.-An e1evation-to
sight gearing assembly is mounted inside the left-hand 
end bell of the turret ball. (See figure 35.) A pinion 
gear extends through the end bell, meshing with an 
elevation-to-sight sector gear mounted on the left-hand 
trunnion support bracket. A flexible shaft connected 
to the elevation-to-sight gearing assembly rotates as the 
turret moves in elevation and carries elevation informa
tion to the sight. 

(b) AZIMUTH DAT A.-Azimuth data is fur
nished to the sight by means of a flexible shaft from 
the azimuth end bell gearing. 

(4) The sight computes the correction angles 
necessary to aim the guns so that the projectile will 
strike the target in its position at the time the pro
jectile reaches it. 

(5) Movement of the turret in tracking the target 
furnishes the sight with data on the speed or angular 
travel of the target. This rate is given to the sight by 
means of the two shafts mentioned. 

(6) RANGE DA T A.- The above calculations are 
all affected by range or distance of the target from the 
turret. Range calculation in the sight is based on the 
fact that a nearby object appears larger than a distant 
object. 

(a) The gunner identifies the enemy airplane 
and immediately sets a target dimension knob and dial 
on the sight to inform the sight of the actual size of 
the target. The gunner, while tracking the target, ad
justs the reticle image in the optic head to frame the 
target. Vertical lines in the reticle image are close to
gether when the target is at long range; as the target 
approaches, the reticle lines are moved apart as the 
target appears larger. The distance between reticle lines 
for a target of given size is the basis for range calcula
tion in the sight. 

(b) The reticle lines are moved by a foot range 
control which the gunner operates with his left foot. 
(See figure 37.) A flexible shaft connects this control 
unit to the sight. 

11. AMMUNITION BOXES AND CHUTES. (See 
figures 38 al1d 39.)- An ammunition box is provided 
for each gun, secured within the turret ball structure, 
directly in front of the gunner. 

( 1) The boxes are accessible from outside the 
turret ball through an opening provided with a cover 
plate held in place by four Dzus fasteners. 

(2) A later style cover is held in place by two 
latches instead of Dzus fasteners. 

(3) The rear ammunition box is for the left gun 
and has a capacity of 571 rounds. The forward box is 
for the right gun with a capacity of 445 rounds. 

(4) Al1ll1lunition is fed from the boxes via chutes 
to the left side of the left gun and to the right side of 
the right gun. New guns are usually arranged for left
hand feed, so it is necessary to modify the right-hand 
gun. 
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Figure 37-Foot Range Control Unit-Phantom View 

(5) The gunner manually charges the guns by 

means of two cables passing around pulleys located at 

the front and rear of the turret ball, pulling back on the 

handles provided at the free ends of the cables. 

Figure 38-Ammunition Boxes and Chutes 

COMPUTING SIGHT 

AMMUNITION BOXES 

Figure 39-Turret Ball-Cutaway Drawing 

(6) Links and empty shells fall into chutes having 

open ends arranged so that the discarded parts fall 

clear of the airplane. 

o. OXYGEN SYSTEM.-The gunner IS provided 

with equipment supplying oxygen for breathing at high 

altitudes. 

(1) In type A -2 turrets, an oxygen cylinder is 

strapped to the tubular framework of the hanger as

sembly. A flexible tube carries the oxygen to a fitting 

extending through the turret ball structure. 

(2) In types A-2A and A-13 turrets, a flexible 

hose from the airplane supply is connected to a fitting 

mounted in the collector ring upper trunnion housing. 

A tube extends downward through the collector ring 

assembly to a swivel secured to the bottom of the col

lector ring housing. A flexible tube carries the oxygen 

from the swivel to a fitting extending through the turret 

ball structure. 

Figure 40-0xygen Regulator-View from Below Seat 
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NOTE 

The oxygen swivel JOInt is unsatisfactory and 
will be replaced in production turrets with 
double oxygen cylinders until an approved 
swivel is developed. 

(3) Within the ball, tubing extends to a tee which 

provides for the connection of a pressure gage indicat

ing oxygen supply pressure. 

(4) From the pressure gage, tubing carries oxygen 
to an A-12 type demand regulator mounted on a bracket 
under the seat. (See figure 40.) A flexible hose is pro
vided to carry the mixture to the gunner's mask connec
tion. A supply shut-off valve and a regulation control 
arc provided in the regulator. 

NOTE 

Care must be exercised to prevent the entry of 
oil or dirt into the oxygen system. 

32 RESTRICTED 



RESTRICTED 
AN 11-4SG-l 

SECTION III 

INSTALLATION 

Section III 
Paragraph 1 

1. INSTALLATION OF GUNS. (See figure 41.) 

a. This operation is performed with the turret resting 

on the shipping crate bottom. 

c. Remove the two windows immediately behind the 

rear gun mounting brackets. These windows are secured 

with four Dzus fasteners. 

h. Position the turret so that the gun mounts are 

approximately horizontal. 

d. Remove the gun charger pulley brackets located 

just inside the door opening. 

GUN CHARGING CABLE PULLEY 

REAR GUN MOUNTING BRACKET 

~-- G·11 GUN FIRING SOLENOID 

.... , 

. "_ 

VERTICAL ADJUSTING NUTS 

figure 4 J -Installation 01 Guns in Turret 

RESTRICTED 

FRONT GUN MOUNTING SUPPORT 

SHELL EJECTION CHUTE 

LATERAL ADJUSTING SCREWS 
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e. Remove the small access plate on the outside surface 
of the ball at the right-hand gun boss. This plate is 
secured with four Phillips head screws. 

f. Remove the cotter pin and hinge pin securing the 
gun cover on each gun. Remove the cover detent pawl 

GUN COVER 
HINGE PIN -----+~::l4III1A' 

Figure 42-'nstallation of Special Gun Cover Hinge Pin 

assembly by removing cotter pin and spring. Remove 

the belt holding pawl pin, secure in place the gun cover 

hinge pin stop (43-11177), and replace the pawl pin. 

Make certain the front cartridge stop is in place when re-

AZIMUTH 
PINION 
GEARING 
ASSEMBLY . 

~ 

ELEVA TION HAND 
CRANK SHAFT 

~-- TRUNNION RING 

IP~~~~~~~ __ - suprORT 

CRATE MOUNT 

t 
6 INCHES FROM FLOOR 

.....L 

Figure 43-Positioning Turret Ball on Crate Mount
Types A-2 and A-2A 

inserting the belt holding pawl pin. Insert gun cover 
hinge pin through receiver case and cover. (See figure 
42.) These replacement parts are to be found in a cloth 
bag in the loose parts box shipped with each turret. 

g. Push the guns through from the rear to the front 
of the turret with the gun slides fitting into the rear gun 
mounting brackets. 

h. Install link ejection chutes and secure with belt feed 
pawl pin. 

i. Secure each gun at the front mounting with two 
Edgewater adapter bolts found in the loose parts box. 
The outside bolt on each gun must be inserted from 
outside the ball through the access hole provided. 
Tighten and lock wire these four bolts, as all adjustments 
are made at the rear gun mounts. 

j. Replace the gun charger pulley brackets and fasten 
the cables to the charging levers with the bolts provided 
on the cables. Insert the cottcr pins in the bolts. 

k. Replace the two rear access windows and front 
access plate on right-hand gun boss. 

2. INSTALLATION OF TURRET
TYPES A-2 AND A-2A. 

a. The airplane must be lifted by an overhead crane 
attaching to the fin, or, if a crane is not available, a jack 
capable of raising the airplane so that 52 inches ground 
clearance is obtained .at the point of installation. (See 
figure 43.) 

h. Place the azimuth ring gear and turret supporting 
framework in the ship but do not instalL 

c. The turret, carried by a carloader and in its crate 
mount, should approach the airplane at a right angle 
with the guns pointed downward so that the ends are 
approximately six inches off the floor. (See figure 43.) 
In a horizontal plane, the guns should point approxi
mately between the fin and the left wing of the airplane 
so that the azimuth pinion gearing sets into the last of 
the four fire cut-off cam notches in the lower fuselage 
opening. 

d. Move the carloader forward until the turret is 
centered under the fuselage opening. (See figure 44.) 
By jockeying and using the elevation hand crank, raise 
the turret through the fuselage opening to a distance of 
eight inches above the deck inside the fuselage. (See 
figure 45 .) 

e. Inside the airplane, lower the fire cut-off cam and 
azimuth ring gear over the ball to fit into the four fire 
cut-off cam notches, line up the zero scribe mark on 
the inside of the ring gear with the center line of the 
plane, and secure. 

f. Lower the turret until it is in its correct mounted 
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figure 44-Aligning Turret Ball under Airplane
Types A-2 and A-2A 

position, or with the horizontal rolle~s just dearing the 
lower surface of the ring gear. Place 12 studs of the 
trunnion ring support through proper openings in 
the bottom pads of the supporting framework (hanger 
assembly) and secure into place with Elastic stop nuts. 

CAUTION 

On the type A-2A turret, when bolting the 
tubular supporting framework to the trunnion 
ring support, it is important that the frame
work be so positioned with respect to the ball 
that the power cable outlet will be located on 
the side opposite to the receptacle on the tur-

ELEVATION HAND 

TO 8 
NCHES 

Figure 45-Raising Turret Ball Through Opening
Types A-2 and A-2A 

HANGER 
TUBING 

ASSEMBLY 

ElEVATION 
HAND CRANK 

TRUNNION 

~~~~~~FIRE CUT·OFF CAM 

figure 46-Complete Ball and Hanger Installation
Types A-2 and A-2A 

ret ball. (One mounting pad on the trunnion 
ring support and the corresponding flange on 
the hanger assembly are marked with red 
paint.) This precaution is necessary to prevent 
the power cable being stretched beyond the 
limit of its length when the ball is rotated to 
extreme positions in elevation. 

g. After inserting a shim or shims of the proper thick
ness, the top trunnion of the supporting framework is 
bolted to the mount in the upper part of the fuselage. 
The terminal box should be pointed to the left or port 
side of the airplane. (See figure 46.) 

h. Remove the carloader and secure the four safety 
hangers or hooks to the trunnion ring support. 

i. Test the Lord shock mounts for {lIT -inch clearance 
of the ring gear below the azimuth drive pinion. Two 
stop nuts on horizontal bolts may be loosened to allow 
proper clearance. (See figure 50.) 

j. Check the adjustment of the 20 eccentric rollers 
with the ring gear and adjust if necessary. (Refer to 
section V, paragraph 3. h.) 

k. Connect turret power lead to turret and intercom
munications circuits to corresponding terminals on top 
terminal block. Connect ground wire on type A-2A 
turrets. 

t. Check operation of the turret under power. 
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AZIMUTH RING GEAR 

LORD SHOCK 
MOUNTING 

Figure 50-Azimuth Ring Gear Installation
Types A-2 and A-2A 

CAUTION 
Since there is approximately 10 inches clear
ance between the turret and the ground, care 
should be taken to prevent more than a 30-
degree swing of the guns in elevation. 

3. INSTALLATION OF TURRET-TYPE A-13. 
a. The first step in installing the turret into the air

plane consists of bolting the hanger assembly at the top 
mounting flange to the supporting beam in the airplane. 
(See figures 57 £lIld 52.) 

h. Make the hydraulic connections to the retraction 
cylinder from the hydraulic system provided in the air
plane for retraction of the turret. 

c. The turret is shipped in a crate having cradle 
blocks fitting the turret ball. When the top and sides arc 
removed from the crate, the bottom forms a convenient 
mount for handling the turret with a carloader. (See 
figure 53.) 

d. At least 52 inches clearance between the skin line 
of the airplane and the floor is required for installation 
of the turret ball. 

e. Position the turret ball on the crate mount so that 
the guns arc at least 22V2 degrees below horizontal. 

j. Move the trunnion ring support to a level position 
by disengaging the elevation power clutch, releasing 
the elevation hanu brake, and using the outside elevation 
hand crank to move the trunnion ring support. 

g. Center the turret ball and attached trunnion ring 

support in the opening in the airplane fuselage and 
raise the turret so that the guns enter the fuselage gun 
wells. 

h. The azimuth ring gear and retraction mounting 
ring may be installed with the fire cut-off cam attached if 
great care is e:~.:rcised to prevent bending the cam or 
brackets. The ling gear assembly must be worked down 
over assemblies projecting from the trunnion ring sup
port. DO NOT USE FORCE. 

i. When the ring gear assembly has been lowered into 
place over the trunnion ring support, raise the turret 
ball with the carloader so that the mounting pads on 
the trunnion ring support meet the bolt flanges of the 
hanger assembly. One pad and corresponding flange 
are marked with red paint. 

j. Secure the turret ball to the hanger assembly with 
12 Elastic stop nuts. 

k. The tuaet may now be lifted clear of the crate 
cradle by means of the hydraulic retraction cylinder. 

I. Locate the ring gear assembly so that the zero 
azimuth scribe mark inside the ring gear is toward the 
nose of the airplane. 

111. With the weight of the turret supported by the 

Figure 5 J -Top Mounting Flange Bolted to Upper 
Beam in Fuselage-Type A- 13 
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Figure 52-Retraction Cylinder and Hanger Assembly 
in Airplane-Type A- J 3 

hanger assembly, install four vertical retraction guide 

rods through the bushings in the retraction mounting 
ring, securing each rod at its top end to the airplane 
by means of a bolt through the angle bracket secured to 

the floor structure. (See figure 54.) 

n. Install eight vertical roller and bracket assemblies 
to the turret. 

o. Extend the turret very slowly to determine the 
extended position of the turret. The twenty tapered 
bushings extending below the ring gear rubber shock 

Figure 53-Turret Ball Positioned on Crate Mount
Type A-J3 

Figure 54-Retraction Ring and Vertical Guide Rods 
Installed in Airplane-Type A- J 3 

mountings should extend into the holes in the circular 

flange at the bottom of the turret opening well in the 

airplane fuselage. If the bushings do not extend into 

these holes with a snug fit, support the turret from be

low and remove the bolts holding the top mounting 

flange to the support beam in the airplane fuselage. 

p. Insert a shim of proper thickness to allow the 

turret to extend to a position where the tapered bush-

Figure 55-Elevation Position Switch Mounted on 
Trunnion Ring Support-Type A- J 3 
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figure 56-Complete Type A-13 Turret Installation 

RESTRICTED 

Section III 

41 



Section III 
Paragraphs 3-4 

RESTRICTED 
AN 11-4SG-l 

ings are a snug fit In the holes in the flange, and re
place the bolts supporting the turret. 

q. Adjust and bolt the four diagonal brace rods from 
the -airplane fuselage to the guide flange at the bottom 
of the hydraulic retraction cylinder. 

r. All electrical and communication connections are 
made to the conduit box at the bottom of the retraction 
piston rod. The ground return connection is through 
the support column to the collector ring upper trun
nion. 

( 1) Connect the ground lead from the airplane 
to one of the bolts securing the top mounting swivel 
to the supporting beam in the airplane. Scrape the paint 
from the bolt flange where the lead is attached to in
sure good contact. 

(2) The power lead from the airplane system must 
be connected to the terminal provided on the noise 
filter mounted on the conduit box. 

s. Connect the "AN" plug on the flexible conduit 
from the turret ball to the receptacle on the collector 

ring housing. 

t. Mount the elevation position switch to the trun
nion ring support by means of the bracket provided. 
(See figure 55.) 

u. Install the flexible oxygen hose from the turret 
ball to the fitting on the turret oxygen swivel beneath 
the collector ring housing. 

v. Install the tubing from the airplane oxygen supply 
system to the fitting provided just below the bottom 
of the retraction piston rod. 

w. Check operation of the turret under power. 

4. SIGHT INSTALLATION AND BORESIGHTING. 

a. INSTALLATION. 

(1) The sight is provided with a locking handle 
assembly which includes a mounting pin, locking 
handle, mounting pin lugs, and a mounting hook to 
facilitate its installation on the sight mounting cradle 
provided in the turret. 

(2) Remove the mounting pin from the sight and 
lubricate with thread lubricant (AN Specification No. 
AN-C-53). 

(3) Place the sight in the turret with the mounting 
hook engaging the fixed mounting pin on the sight 
cradle. 

NOTE 

Before installation, the sight should be 
properly adjusted and preliminary boresighted 
to align the reticles with the mounting pin 
holes on the sight housing. 

figure 57-Soresighting Chart Dimensions 

(4) Insert the sight mounting pin through the 
holes in the mounting bracket and in the sight. Snap 
the locking handle into the spring latch. 

(5) Flexible shafts and "AN" plug are not con
nected until the boresighting operation has been per
formed. 

b. BORESIGHTING. 

(1) The term boresighting, as used in these instruc
tions, is to be considered as signifying exactly what the 
word implies; namely, sighting through the bores of 
the guns to align correctly and exactly each gun with 
the other, and to set the sight so that it is in its correct 
relation with both guns. The distant target method 
consists of aligning the guns and the sight on a small 
distinct target approximately 1000 yards away. This 
method is quicker and more accurate and should be used 
if possible. The chart method consists of aligning the 
guns and the sight on targets spaced on a chart to make 
the guns and sight paralleled in both lateral and vertical 
planes. The chart method should not be used unless the 
distant target method is impractical. 

(2) DISTANT TARGET METHOD. 

(a) Remove the gun bolts so that the target may 
be sighted through the gun bores. 

( b) Set one gun at the center of its lateral and 
vertical adjustments. It may be assumed that the gun is 
now level with respect to the turret at zero elevation. 
If a level is available this can be checked and adjusted 
if necessary. 

( c) Move the turret to align this gun on a target 
at a 1000-yard range. It is important that the center of 

the target is at the center of the gun bore. (See figure 
59.) 

(d) Make lateral and vertical adjustments on 
the second gun to align it on the same target. 

( e) Tighten all adjustment bolts. 

(f) Set target dimension dial to 20 feet and range 
dial at 1000 yards. 

(g) Rotate azimuth and elevation inputs tv the 
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sight until the lateral and vertical deflection dials read 
exactly zero. (See figure 58.) The range flexible shaft 
may be removed from the foot control gearing for this 
purpose. 

(h) With the sight switch "OFF," remove the 
lamp case assembly and lamp from the sight. Direct a 

RANGE DIAL 

TARGET 
DIMENSION 
KNOB 
DIAL 

DEFLECTION DIALS 

COMBINING GLASS 

~ 

light (flashlight or rurret trouble light) into the opening 

so that the reticle image can be seen. 

(i) Remove the deflection dial cover and ad

just the deflection worm screws until the reticles are 

centered on the target. 

AUXILIARY BEAD SIGHT 

SIGHT MOUNTING HOOK 

ELEVA TlON DIAL WINDOW 

LAMP HOUSING 

CANNON PLUG 
CONNECTION 

ELEVATION 
FLEXIBLE 

SHAFT 
---INPUT 

AZIMUTH 
FLEXIBLE 

SHAFT INPUT 

SIGHT MOUNTING PIN 

Figure 58-Sperry Caliber .50 Computing Sight-Type K-'1 
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TARGET 

WRONG 

REAR END 

OF BARREL 

FRONT END 

OF BARREL 

WRONG RIGHT 

Figure 59-Method of Sighting Target Through Gun Bore 

CAUTION 

Check the deflection dials to make sure they 
have not moved off zero. 

(j) Replace the deflection dial cover, lamp, and 
lamp case assembly. 

(3) CHART METHOD. 

(a) Layout a target per dimensions shown in 
figure 57. 

(b) Set the chart at least 50 feet away and posi
tion the turret and chart in such a manner that the 
chart is perpendicular to the line of sight in both lateral 
and vertical planes. The horizontal center line of the 
chart should be parallel with the top of the sight. This 
can be determined with the aid of a bubble level. 

( c) Boresight the guns and sight on their proper 
targets by following the same procedure as the distant 
target method. 

e. SETTING INPUTS. 

(1) Move the turret to zero azimuth and zero 
elevation. 

(2) Remove the sight from its mounting bracket. 

(3) Using a flexible shaft, set the sight elevation 
and azimuth dials at zero mils. Attach the azimuth 
flexible shaft to the sight first, rather than to the 
azimuth end bell gearing. 

(4) Connect the "AN" plug into the receptacle 
on the sight and replace the sight in its mounting 
bracket. Be sure the azimuth dial remains at zero mils. 

(5) Connect the azimuth flexible shaft to the tur-

ret. Connect the elevation flexible shaft from the eleva
tion-to-sight gearing to the sight elevation input. 

CAUTION 

In connecting the flexible shafts, care should 
be taken not to disturb the zero setting of the 
dials. Make certain that all connections are 
secure. 

(6) With the range flexible shaft disconnected 
from the foot range control, connect one end to the 
sight range input. Rotate the shaft until the range dial 
is as far below zero as possible. (This should indicate 
approximately - 40 yards. Since there is no marking 
on the range dial below zero, this position must be 
estimated.) Back off the shaft an amount correspond
ing to two teeth on the shaft spline. The range dial 
should indicate approximately - 25 yards. This posi
tion of the shaft insures that the foot range control 
stops will limit the rotation of the shaft correctly to 
prevent damage to the sight. 

(7) Connect the flexible shaft to the foot range 
control. Check the travel of the sight range dial while 
SLOWLY moving the foot pedal. Travel should be 
from below zero to over 1000 yards. Be sure the flexible 
shaft is free from kinks and bends which might cause 
binding and jerky action. 

CAUTION 
Do not operate turret under power with sight 
installed unless sight motor is running. Fail
ure to observe this precaution may result in 
serious damage to the sight. 
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1. PRINCIPLES OF OPERATION. 

a. The lower ball turret is operated by an electric 
hydraulic power system consisting of a double power 
unit together with necessary gearing to rotate the turret 

in azimuth and elevation. (Refer to section II, para
graphs 2. i. and 2. j.) 

ELEVATION tt:.... / 
~II 

-g, )' ""-1 
DRIVE . 1 ~ 

PINION " ,?' k 
~ ~ '{ 

~ ~f~ , 
I' 

• 

. ~ 
'J .-

ELEVA nON POWER 

GEARING ASSEMBLY 

ELEVATION TRANSMISSION 

SIGHT MOUNTING BRACKET . 

ELECTRIC POWER MOTOR . _______ .J 

h. Two complete hydraulic systems, one for azimuth 
and one for elevation, are used. (See figure 60.) Both 

ELEVATION 

CONTROL 

SHAFT 

ASSEMBLY 

FLUID LEVEL GAGE 

HYDRAULIC 

BREATHER TANK 

"'" ~ AZIMUTH CONTROL 

1. ROD ASSEMBLY 

BLEEDER PLUGS 

AZIMUTH 

TRANSMISSION 

AZI M UTH POWER 

GEARING ASSEMBLY 

Figure 60-Power Unit Assembly-Exploded View 
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POWER CONDUIT RECEPTACLE ELEVATION TRANSMISSION 

AZIMUTH CONTROL ARM COUPLING ELEVATION CONTROL ARM COUPLING 

Figure 61-Double Power Unit Complete 

systems are driven by a single constant-speed el&tric 
motor and their respective power outputs are indepen
dently governed by the gunner's manipulation of the 
hand control. 

c. Each hydraulic system consists of: 

(1) A constant-speed, variable displacement pump. 

.(2) A variable-speed, fixed displacement hydraulic 
motor. 

(3) A control booster piston and valve assembly 
(servo unit). 

(4) A replenishing and control pump. 

(5) Associated check valves, relief valves, pipe 
lines, shafts, etc. 

d. The above mechanisms are contained within a 
transmission housing which also serves as a reservoir 
for the hydraulic fluid necessary for operation. (See 
figures 61 and 62.) 

e. The variable displacement pump or "A" end of 
the hydraulic system is rotated at a constant speed of 
approximately 4000 rpm. Fluid pumped by the "A" end 
flows through connecting pipe lines and forces the fixed 
displacement hydraulic motor or "B" end to rotate and 
thus drive the turret through associated gearing. (See 
figure 62.) 

t· The "A" end is provided with p istons having con
necting rods fastened to a disc with universal joints. 

The pistons operate within cylinder bores in a cylindrical 
barrel. These assemblies rotate together. The cylinder 
barrel is mounted on a bearing to a yoke, permitting 
the cylinder bores to be tilted relative to the center line 
of rotation of the piston assembly. 

g. When the pistons and cylinder are rotating at 
normal speed with the, yoke in a neutral position, the 
pistons do not move in their cylinder bores or displace 
fluid. When the yoke is tilted, the cylinder bores rotate 
off center, but the pistons are retained by their connect
ing rods to a disc remaining in the same plane. There
fore, the pistons move relative to their cylinder bores, 
and fluid is pumped in an amount determined by the 
angle at which the yoke is tilted. 

h. The action is reversible: fluid is pumped in a direc
tion determined by the direction in which the yoke is 
tilted. 

i. The "B" end is driven by the "A" end at a speed 
and in a direction determined by the amount and direc
tion of displacement or tilting of the yoke. 

j. The yoke is tilted through linkage by the control 
booster piston and valve assembly or servo unit. The 
piston of this unit is controlled by a valve operated by 
a control shaft which is in turn positioned by the gun
ner's handgrips on the hand control unit. A small torque 
applied to the control shaft actuates the servo unit and 
thus displaces or tilts the yoke. 
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k. The displacement of the yoke, determining the 
hydraulic output of the "A" end, controls very accur
ately the speed of the "B" end, or hydraulic motor, 
which drives the turret. A neutral position of the yoke 
causes no output from the transmission, so that the 
turret is stationary even though the power unit electric 
motor <:ontinued to run. 

I. Inasmuch as the transmissions for azimuth and 
elevation are separate hydraulic systems, they are con
trolled by separate shafts from the hand control unit, 
so that azimuth and elevation movements may be in
dependently operated. 

m. The replenishing and control pump In each hy-

draulic unit is driven by the constant-speed electric 
motor. Replenishing valves are so situated that hy. 
draulic fluid from the housing reservoir will automatic
ally be forced into the "A" end and "B" end system 
when the pressure in the system falls below a prescribed 
limit. This pump also furnishes pressure to drive the 
servo unit piston. 

n. Pressure relief valves are also provided to protect 
the system against abnormally high pressures. 

o. The breather or expansion tank (figure 60) is 
common to the two hydraulic units and perlllits the 
addition of hydraulic fluid to the units when required. 
A fluid gage is provided and removable screw plugs 

CYLINDER BARREL 

PRESSURE RELIEF Y AL YES 

HIGH PRESSURE 
LINE 

"B END" 
(HYDRAULIC MOTOR) 

REPLENISHING RELIEF Y AL YE 

11\ RETURN LINE D REPLENISHING AND CONTROL 
PRESSURE 

Figure 62-Hydraulic Transmission Diagram 

RESTRICTED 47 



Section IV 
Paragraphs 1-2 

RESTRICTED 
AN 11-45G-1 

are placed in the bleeder tubes to the tank so that air 
may be removed from the hydraulic systems. 

2. OPERATION INSTRUCTIONS. 

p. The two hydraulic transmissions proviqe the 
gunner with power for smooth and easily controlled 
motion of the turret in elevation and azimuth. 

ELEVATION RETRACTION POSITION SWITCH 

ELEVATION POWER CLUTCH HANDLE 

ELEVATION HAND BRAKE 

ELEVATION HAND CRANK 

WARNING 
Personnel operating or maintaining the lower 
ball turret must become familiar with pro
cedure to be followed in operation of the 

COLLECTOR RING HOUSING SPARE PARTS BOX 

HANGER TUBE STRUCTURE 

ELECTRIC CONDUIT 

OXYGEN HOSE 

INSPECTION WINDOW 

ACCESS PLATE- POWER UNIT 

AND BREATHER TANK 

ELEVATION ZERO BUMPER ___ -----' RING GEAR MOUNTING BRACKETS RETRACTION MOUNTING RING 

figure 63-Mechanisms Outside Turret Ball-Type A-13 
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Figure 64-80mb Hoist Used lor Emergency Retraction 

turret. Serious injury and death have resulted 
from failure to follow the complete instruc
tions. 

a. EXTENSION AND RETRACTION-TYPE A
l3.-The hydraulic retraction cylihder applies the force 
necessary to retract the ball turret. The hydraulic sys
tem is independent of other hydraulic systems in the 
airplane. In the retracted position the weight of the 
turret is sustained by the retraction safety hooks. 

~OTE 

If the retraction cylinder should be damaged, 
the turret may be retracted with the airplane 
bomb hoist. (See figure 64.) Two hook
retaining pins are provided on the retraction 
piston guide flange for emergency retraction. 
Hook cables to these pins so that the turret 
is lifted evenly. It will be necessary to remove 
the pulley wheels near the top mounting 
swivel in order to feed the bomb hoist cable 
over the pulleys. Be sure that the hydraulic · 
retraction release valve is open to allow fluid 
to flow from above the retraction cylinder 
piston. 

(1) TO EXTEND TURRET. 

(a) Close hydraulic retraction release valve. 
(See figm·e 65.) 

( b) Use hand pump mounted on the airplane 
fuselage (figure 66) to lift turret enough to release 
safety hooks. 

(c) Move safety hooks to "OPEN" position. 

(d) Open hydraulic valve. Turret will descend 
to' its extended position. 

( e) Be sure that turret is properly seated at its 
lowest position. Tapered bushings are placed on the 
lower end of the bolts holding the azimuth ring gear 
to the retraction mounting ring. The tapered bushings 
seat in holes provided in the airplane Boor ring. (See 
figure 67.) 

(2) TO RETRACT TURRET. 

(tl) Upon leaving turret, guns will be down 
( - 90 degrees in elevation). 

(b) Close hydraulic retraction valve. 

( c) Make sure the turret door is closed and 
operate hand pump to raise turret until retraction safety 
hooks may be closed. 

(d) Close safety hooks to retain turret securely. 

( e) With azimuth power clutch disengaged, 
move turret by hand in azimuth to 180 degrees as 
marked on trunnion ring support (guns pointing direct
ly toward tail of airplane). Engage azimuth power 
clutch to secure turret in this position. 

Figure 65-Hydrau/ic Retraction Valve and Reservoir 
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figure 66-Retraction Pump 

(t) With elevation power clutch disengaged, 
crank turret in elevation (by means of hand crank) to 

- 22 degrees as indicated by cam closing elevation 

position switch. (On earlier type A-13 turrets it will 

be necessary to move the outside hand clutch to "IN" 
position before hand cranking.) 

(g) Engage elevation power clutch from out
side the turret, using the handle provided in the re
tainer clip on the trunnion ring support. Replace handle 
in clip. 

(h) Tighten elevation hand brake and replace 

hand crank in clip. 

h. ENTERING AND LEAVING TURRET. 

(1) TO ENTER TURRET. 

NOTE 

Type A·13 turret should be moved to fully 
extended position before entering. 

(a) Remove elevation hand crank from retainer 
clip on trunnion ring support and place it on vertical 
shaft projecting from hand elevation drive unit. 

(h) On type A-2 turrets and early type A-13 
turrets, be certain outside hand clutch is in the "IN" 
position. 

( c) Holding hand crank firmly, release elevation 
hand brake. 

( d) Holding crank firmly, move elevation pow
er clutch to "OUT" position by means of the handle 
provided in the retainer clip on the trunnion ring 
support. It may be necessary to rock the turret slightly 
with the hand crank to free the power clutch. 

( e) Remove the clutch handle and replace in 
retainer clip. 

(f) Crank the turret in elevation to - 90 de
grees (guns straight down) to bring the turret door 
into accessible position. 

(g) Holding the crank firmly, open turret door, 
reach inside and move elevation power clutch to "IN" 
position. Rock turret with hand crank, if necessary, 
to engage clutch. BE SURE CLUTCH IS ENGAGED. 

(h) Turret is now held in elevation position by 
power gearing. Move outside hand clutch (types A-2 
and early A-13 turrets) to "OUT" position. 

(i) Remove outside hand crank and replace in 
retainer clip on trunnion ring support. 

(j) When entering turret, maintain a firm grasp 

figure 67-Tapered Bushing Seated in Airplane 
floor Ring 
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TRIGGER BUTTONS 
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ELEVATION HAND CRANK 
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Figure 68-Interior of Turret and Operating Controls 
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Figure 69-Interior of Turret and Operating Controls 
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on the tubular supporting structure until certain that 
the turret will not move. 

(k) When inside turret, fasten safety belt and 
close door securely. BE SURE THAT DOOR LATCHES 
ARE COMPLETELY CLOSED. 

(2) TO LEAVE TURRET. 

(a) Drive turret in elevation to -90 degrees 
(guns straight downward). 

rurret. 

(b) Turn power and sight switches "OFF." 

(e) Disengage AZIMUTH power clutch ONLY. 

( d) Open door, unfasten safety belt, and leave 

( e) Attach outside elevation hand crank. 

(f) On types A-2 and early A-13 turrets, move 
outside hand clutch to "IN" position. 

(g) While holding hand crank firmly, disengage 
elevation power clutch inside turret. 

( h) Tighten elevation hand brake. 

(i) Close and latch turret door. 

.0) Retract turret (type A-13). 

e. OPERATING TURRET. 

(1) PRE-FLIGHT OPERATION CHECK.-(Re
fer to section V, paragraph 2.) 

seat. 

(2) IN-FLIGHT POWER OPERATION. 

( a) Enter turret as per instructions. 

(b) Turn on power switch. 

( e) Turn on sight switch. 

( d) Plug heated suit into receptacle beneath 

( e) Connect oxygen mask to hose from regu
lator beneath seat. 

(f) Connect microphone and head set into jacks 
on cords from switch box. 

(g) Charge guns twice. (Charging is more suc
cessful when guns are not vertical.) 

(h) Turn gun switch "ON." 

(i) At high altitudes or low temperatures, 
operate the power unit frequently to keep oil warm 
and thinned out. 

0) When target is observed, set target dimen
sion dial on sight. 

(k) Operate turret so that reticles stay on target 
(tracking target). 

(I) Operate foot range pedal to frame target 
with reticles. 

(m) Fire guns with either handgrip button. 

(n) When ammunition is used up, charge guns 
twice to insure that no live shells are left in guns. 

NOTE 

The guns should not be vertical during this 
operation, since the combination of wind and 
friction may hold the last round in the T 
slot. 

(0) Turn gun switch "OFF." 

(p) Leave turret as per instructions. (Refer to 
section IV, paragraph 2 b. (2).) 

(3) IN-FLIGHT MANUAL OPERATION.-In 
the event of power failure, the turret may be moved in 
azimuth and elevation by means of the hand cranks. 
It is not possible to track a target successfully when 
the hand cranks are used, since the movement of the 
turret would be too irregular for accurate sighting even 
if the gunner could manipulate all of the controls at 
once. Manual operation may be used, however, for 
positioning the turret so that the guns may be aimed 
at the approximate position of the target. The pro
cedure outlined below should be followed exactly. 

(a) Disengage azimuth power clutch, remove 
hand crank from retainer clip above turret door, and 
place crank on square shaft protruding from azimuth 
hand drive gearing. 

(b) Engage inside elevation hand clutch, re
move the other hand crank from its retainer clip above 
the door, and place crank on square shaft protruding 
from elevation power gearing assembly. 

CAUTION 

Serious damage to the turret may result if 
the following step is not adhered to exactly. 

( e) Holding the elevation hand crank securely, 
disengage the elevation power clutch. If the turret is 
not held in position with the hand crank while the 
power clutch is being disengaged, the turret ball, due 
to weight distribution, may immediately spin to its 
opposite extreme position in elevation. 

( d) Move the turret in desired direction by 
means of the hand cranks. 

( e) When finished, engage elevation power 
clutch and then remove elevation hand crank and re
place it in its retainer clip. 

(f) Disengage elevation hand clutch. 

(g) Engage azimuth power clutch and replace 
azimuth hand crank in its retainer clip. 
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SECTION V 

SERVICE INSPECTION, MAINTENANCE, AND LUBRICATION 

1. SERVICE TOOLS REQUIRED.-No special tools or 
fixtures are required by any of the s.ervice, maintenance, 
or lubrication procedures described in this section. 

2. SERVICE INSPECTION. 

NOTE 
In accordance with Technical Order No. 
00-20A-2, a summary of the periodic inspec
tions prescribed .below will be entered on the 
Master Airplane Maintenance Instruction 
Forms maintained in the back of Form 41-B 
for airplanes affected. 

COLUMN NO. 1 2 

Gunnery 

Pre-Flight Inspection 

The following pre-Bight operation check is recom
mended to insure satisfactory operation of the turret 
during combat: 

Clean sighting window and Plexiglas. 

Check oil level in hydraulic breather tank. Oil should 
be just visible in inspection window of breather tank 
when tank is level. Replenish if necessary. (Refer to 
section V, paragraph 3. c.) 

Turn power switch and sight switch "ON." 

NOTE 

In the case of type A-13 turrets, the tail of 
airplane must be raised and the turret fully 
extended before the power switch is turned 
"ON." 

Check response of power and control mechanisms 
by manipulating hand control, being careful not to 
permit the guns to strike the ground. 

Adjust the sight reticle light to desired brilliance. 

Determine that reticles respond to the foot range 
control. 

Check roughly the alignment of the sight and guns 

by boresighting. (Refer to section III, paragraph 4. b.) 

Operate the oxygen system. Be sure that the gage 
shows oxygen supply to be adequate. 
Operate the heated suit to be sure that it is func

tioning properly. Try several rheostat positions. 

Check the communications system, depressing the foot 
switch to use the microphone. 

Load ammunition cans and push ammunition down 
to the guns. Lift each gun cover plate and pull the 
first shell down into the gun magazine by hand. (A 

hook bent from iron wire may be usefuL) Close gun 

cover plates. 

Remove accumulated hydraulic fluid from the drain cup 

at the base of the retraction piston rod. 

50-Hour Inspection 

The following check should be made after every 50 
hours operation of the airplane: 

Make sure that cap screws, castellated nuts, etc., are 

lockwired securely. 

Check the oxygen system for operation and condition 

of hose, tubing, etc. 

Clean collector rings with drycleaning solvent (Fed

eral Specification No. P-S-661) and inspect for smooth
ness. Use crocus cloth if necessary. Replace brushes if 

necessary. 

Check items in spare parts box. (Refer to section VI, 
paragraphs 4. a. (2) (i) and 4: c. (2) (1) for con

tents of box.) 

Examine AN plug connections for tightness and good 

contact. 

Check oil level in hydraulic breather tank. Add clean 
fluid (AN Specification No. AN-VV-O-366-b) if neces

sary_ (Refer to section V, paragraph 3. c.) 

Check hydraulic systems for air and bleed if necessary_ 

(Refer to section V, paragraph 3- c.) 

Check grease on exposed gearing. Wipe off excess. 

Check ring gear and azimuth pinion gear adjustment. 

(Refer to section V, paragraph 3. a.) 

Operate turret in elevation and azimuth with the hand 

-cranks. 
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Figure 70-Azimuth Ring Gear Ad;ustment 

See that all hand cranks are in their proper stowed 
locations. 

Examine all cover plate fastenings. 

Operate turret in azimuth and elevation under power. 
Check control, smoothness, limits, etc. 

Inspect hinge and latches on the door for security. See 
that safety belt is in commission. 

Clean sighting window and Plexiglas. 

Inspect screws in window retainers. 

Check fire cut-off action. 

Service guns. 

Check alignment of sight and guns by boresighting. 
(Refer to section III, paragraph 4. h.) 

Check tightness of guns in mountings. 

Operate foot range pedal. 

Operate heated suit and rheostat. 

Check operation of firing switches, solenoids, and 
gun selector switches. 

Inspect sight mounting. 

Check inter-communication circuits for proper opera
tion . 

. Inspect gun charger pulleys and cables. 

Check trouble light. 

Inspect relay contacts. Clean with crocus cloth. 

On type A-13 turrets, check the retraction system for 
operation and tightness of fittings and tubing. 

Check emergency retraction mechanism. 

3. MAINTENANCE. 

fl. AZIMUTH RING GEAR. 
( 1) The azimuth ring gear must be positioned on 

its Lord shock mountings so that the fire cut-off cam 

will clear the trunnion ring support brackets as the 
turret rotates in azimuth. 

(2) A dimension of ~/16-inch must be maintained 
from the top of the azimuth pinion gear down to the 
top of the azimuth ring gear to establish the proper 
clearance between the top of the fire cut-off cam and 
the trunnion ring support brackets. (See figure 70.) 

(3) The ~'i 6-inch dimension should be checked at 
various points around the ring gear. To change the 
position of the ring gear on the Lord shock mounts , 
loosen the two stop nuts on the side of the shock mount 
bracket, position the ring gear and secure by tightening 
the two stop nuts. 

CAUTION 

When tightening the stop nuts on the Lord 
shock mount brackets, care should be exer
cised to tighten the stop nuts evenly to prevent 
breaking or cracking the brackets. 

h. HORIZONTAL ROLLERS. 

(1) The purpose of the horizontal rollers is to 
locate the trunnion ring support, in a lateral plane, 
with respect to the azimuth ring gear. 

(2) Adjustment of the rollers is made at the fac
tory and readjustment should seldom, if ever, be re
quired. 

(3) The rollers should just touch the ring gear, 
and it should be possible to rotate the rollers with the 
fingers. If this condition does not exist adjustment 
should be made. 

(4) The eccentric shafts supporting the rollers 
may be turned with a wrench (figure 71) after loosen
ing the stop nuts accessible through the holes in the 
lower flange of the trunnion ring support. 

Figure 7l-Horizontal Roller Ad;ustment 

54 RESTRICTED 



Section V 
Paragraph 3 

HYDRAULIC FLUID 

(SPEC. No. AN-VV-O-366-bl 

BREATHER TANK 

OIL LEVEL GAGE 

Figure 72-Replenishing Hydraulic Fluid 

CAUTION 

The eccentric shafts should not be moved 
unless the turret is plumb so that the weight 
of the turret is not against the rollers on one 
side of the trunnion ring support. 

(5) Rotate the turret by hand in azimuth to de
termine that the azimuth pinion gear does not bind 
at any point on the azimuth ring gear. 

c. REPLENISHING HYDRAULIC FLUID. 

(1) Remove the power unit access window secured 
with four Dzus fasteners and move the turret to zero 
degrees elevation so that the hydraulic breather tank 
is in a level position. 

(2) The hydraulic fluid should be just visible in 
the glass gage on the tank when the oil is cool. (See 
figure 72.) If not, proceed as follows: 

(a) Remove the two lis-inch pipe plugs from 
the bleeder tubes attached to the tank. Remove the 
filler plug from the top of the tank. 

(b) Pour clean hydraulic fluid, AN Specification 
No. AN-VV-O-366-b, into the breather tank until the 
fluid level IS approximately half way up on the glass 
gage. 

CAUTION 

clean. Do not allow oil to drop on the electric 

motor. 

(c) Close one of the bleeder tube plug openings 

with the finger. Apply a gentle pressure to the filler 

opening by blowing with the mouth until clear hy

draulic fluid, free of air bubbles, runs from the open 

bleeder tube. Place a rag below the opening to catch 

the oil. (See figure 73.) 

(d) Repeat the bleeding operation for the other 

hydraulic unit by closing the other breather tube plug 

opening with the finger. 

Keep oil containers, pipe plugs, and tools Figure 73-Bleeding Air 'From Hydraulic Units 
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AZIMUTH 

CONTROL 

SHAFT 

ADJUSTING 

KNOB 

Figure 74-Azimuth Creep Adjustment 

( e) When the hydraulic systems are completely 
tilled and bled, the fluid should be just visible at the 
bottom of the glass gage on the breather tank. Add oil 
or bleed out excess' as necessary. 

(f) Replace and lockwire the three plugs. 

d. CREEP ADJUSTMENTS.-With the power unit 
warm and the power switch "ON," a neutral or re
leased position of the control handgrips should result 
in no turret movement, or a zero rate. Should the turret 
"creep" with the handgrips neutral, a neutral position 
of the hydraulic transmissions must be established to 
correspond to the neutral position of the handgrips. 

CAUTION 

Disconnect limit stop flexible shaft at e1eva-

Figure 75-Elevation Creep Adjustment 

tion-to-sight gearing assembly before cranking 
turret by hand. 

(1) AZIMUTH. 

(a) With a man in the turret, disengage both 
azimuth and elevation power clutches and rotate the 
turret by means of the inside elevation hand crank to 
a point where the power unit access window can be re
moved. Lock the outside elevation hand brake and 
remove the access window. 

( b) With the turret motor running, loosen the 
locknut and turn the knurled knob on the azimuth 
control shaft. (See figure 74.) The man inside the turret 
should use the trouble light to watch the male or inside 
plate of the azimuth power clutch; when the control 
shaft has been adjusted to a point where, with the 
hand controls in a neutral position, the clutch plate 
stops rotating, turn off the motor. 

( c) Re-engage the azimuth power clutch, turn 
on the motor, and check the adjustment by running the 
turret back and forth several times. Remove the re
maining creep (if any) by turning the knurled knob on 
the azimuth control shaft in the same direction as the 
turret is creeping. 

( d) Tighten the lock nut above the knurled knob 
and test again for creep. . 

(2) ELEVATION. 

(a) With a man 10 the turret, rotate the turret 
by hand to an approximate position of - 45 degrees 
elevation and lock the outside elevation hand brake. 

Figure 76-Zero Elevation Position of Turret 
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(b) With the motor running and both power 
clutches disengaged, use a screw driver to turn the 
thumbscrew worm up on the back of the hand control 
unit until the "hub dial" gear on the elevation control 
shaft stops turning. Reverse the direction of turning 
and count the number of half turns until the opposite 
maximum is reached. Turn back half way. This should 
be the approximate neutral position of the elevation 
hydraulic transmission. (See figure 75.) 

( c) Turn off the motor and engage the elevation 
power clutch. Release elevation hand brake. 

(d) Turn the motor switch "ON" and "OFF" 
quickly to determine the amount and direction of creep. 

( e) With a screw driver held ready· in the 
thumbscrew worm, turn the motor on and adjust the 
worm until a zero rate (no creep) is obtained. 

CAUTION 

To prevent damage to the thumbscrew worm, 
the turret motor must always be "ON" when 
turning the thumbscrew worm. 

(f) Check the adjustment by running the turret 
back and forth in elevation several times. 

e. LIMIT STOP ADJUSTMENT.-The limit stop 
mechanism should be so adjusted that the turret will 
travel in elevation from zero degrees to - 90 degrees, 
and no farther. 

(1) Remove all elevation creep. 

(2) Disconnect the limit stop flexible shaft at the 
elevation-to-sight gearing. (This is located in the left 
end bell, just forward of the main switch box.) 

(3) With a man in the turret, rotate the turret 
by hand to exactly zero degrees elevation, as indicated 
by the pointer and scribe mark. (See figure 76.) 

(4) Turn the loose end of the limit stop flexible 
shaft COUNTERCLOCKWISE until it can be felt that 
the dogs in the hand control unit are contacting each 
other. Remesh the flexible shaft in the elevation-to-sight 
gearing and tighten the coupling. 

CAUTION 

Never move the turret by hand in elevation 
with the limit stop shaft engaged unless it is 
certain that the limit stops are properly ad
justed. Failure to observe this precaution can 
result in serious damage to the hand control 
unit if the limit stops are incorrectly set. 

(5) Engage the elevation power clutch and run 
the guns down a short way under power and then 
slowly upward to see where the limit stop takes effect. 
This should be at zero degrees elevation. 

TRUNNION SUPPORT 

BRACKET 

ELEV A TlON-TO -SIGHT 

SECTOR GEA R 

ELE V A TlON-TO-SIGHT 

PINION 

END-BELL 

Figure 77-Elevation Limit Stop Gearing Adjustment 

CAUTION 

Do not permit the turret to travel far enough 
past zero to allow the fire cut-off switch pin to 
spring out on top of the fire cut-off cam. 

(6) If setting is incorrect, disconnect the limit 
stop flexible shaft and repeat the adjustment procedure. 

(7) If, after repeated trials of the above method 
the setting is still unsatisfactory, it is possible to make 
a finer adjustment by changing the relationship be
tween the elevation-to-sight pinion gear and the eleva
tion-to-sight sector gear. THE TURRET MUST BE 
BORESIGHTED FOLLOWING THIS OPERATION. 

(a) Run the guns down to approximately - 90 
degrees elevation. With the turret in this position the 
elevation-to-sight sector gear is accessible on the out
side of the left-hand end bell. 

NOTE 

On type A-2 turrets and early type A-13 tur
rets it will first be necessary to remove the 
left-hand end bell cap. 

(b) Remove the two screws holding the sector 
gear at the end nearest the pinion gear. Carefully pry 
the sector gear free of the pinion gear. (See figure 77.) 

(c) If the turret has been running short of zero, 
turn the pinion gear one tooth COUNTERCLOCK
WISE and remesh with the sector gear. 

(d) If the turret has been running beyond zero, 
turn the pinion gear one tooth CLOCKWISE and rc-

RESTRICTED ·57 



Section V 
Paragraph 3 

RESTRICTED 
AN 11-45G-l 

Figure 78-Elevation Travel Limit Adjustment 

mesh with the sector gear. 

( e) Replace the two screws holding the sector 
gear and lockwire. 

(I) Check the adjustment by running the turret 
under power. Slight additional adjustment may be nec
essary. 

I. ELEVATION TRAVEL LIMIT ADJUSTMENT. 

(1) When the limit stop adjustment has been 
made so that the limit stop takes effect at zero degrees 
the turret should be operated under power to determine 
the opposite limit. This should be -90 degrees (guns 
straight downward). 

(2) If the turret travels more or less than - 90 
degrees the trouble is probably in the limit stop mecha
nism within the hand control unit. 

(a) Remove the hand control unit from the 
turret. 

( b) Remove the top cover and housing from 
the hand control unit. 

CAUTION 

Mark the position of the azimuth crank arm 
and elevation thumbscrew worm so that they 
may be returned to the same position when 
the unit is reassembled. 

( c) Position the limit stop mechanism so that 
the dog or projection of the floating worm gear is in 
contact with either of the dogs on the stationary discs. 

(d) The dimension across the three dogs should 
be "VB-inch. Since the travel of the floating worm gear 
governs the travel of the turret in elevation, the turret 
will travel more than 90 degrees if this dimension is 
LESS than "VB-inch and less than 90 degrees if it is 
GREATER than "VB-inch. (See figure 78.) 

( e) If the "VB-inch dimension does not exist, 
loosen the three set screws on the stationary disc, posi
tion the dogs properly, and tighten the screws. 

(I) Replace the housing and cover on the hand 
control unit, making certain that the azimuth crank 
arm and the elevation thumbscrew worm are in their 
original positions. 

(g) Replace the hand control unit in the turret. 

(b) Make creep adjustments in azimuth and 
elevation, make limit stop adjustment, and test the 
travel limits. 

g. BORESIGHTING. - Boresighting adjustment 
should be made according to instructions in section III, 
paragraph 4. 

b. FIRE CUT-OFF ADJUSTMENT.-To protect the 
airplane, the gunfire! is cut off within restricted areas 
of turret operation. The turret positions at which the 
circuit is broken (figure 29 and 30) are determined by 
the relationship between the fire cut-off switch pin on 
the turret ball and the fire cut-off cam on the azimuth 
ring gear. Because the cam may become dented or bent, 
it is important that the fire cut-off action be checked 
carefully. 

CAUTION 

The fire cut-off cam is adjusted and bolted in 
place at the factory and should not be removed 
from the ring gear except when absolutely 
necessary. 

(1) Carefully examine the cam for dents or a bent 
condition. 

(2) Be sure that the switch pin does not bind 
In its hole. 

(3) Check the position of the ring gear. (Refer to 
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Figure 79-Fire Cut-off Cam Checking Points
B- J 7 Airplane 

section V, paragraph 3. fl.) 
(4) BE SURE THE GUNS ARE NOT LOADED. 

(5) With gun conduits connected to gun solenoids, 
turn on selector switches. With azimuth and elevation 
power clutches disengaged, turn on main power switch, 
thus energizing the gun-firing circuit. 

CAUTION 

Use outside elevation hand crank and hand 
hrake to secure the turret in elevation. 

(6) In an unrestricted area, make certain that the 
firing huttons will ene rgize the solenoids. 

(7) With either firing button depressed, move the 
turret by means of the hand cranks until the fire cut-off 
switch pin makes contact with the fire cut-off cam at 
one of the cam checking points. (See figure 79 or figure 
80.) When gun solenoids click, stop turret movement. 

(8) Stopping turret movement at this point, bore
sight through the guns to make certain that gun bores 
point a t least 10 inches but not more than l6 inches 
'1way from any part of the airplane or propeller arcs. 

(9) Repeat the procedure for each of the o ther 
cam checking points. At the different points tested, 

Figure 80-Fire Cut-off Cam Checking Points
B-24 Airplane 

cut-off should occur at very nearly the same positIOn 
on the inclined surface of the cam; this should be at 
least y, I; -inch from the edge of the inclined surface. 

(10) The radius of curvature of the cam should 
be constant. If cam surface is not a constant radius, use 
shims at cam mounting points until switch pin does not 
move in and out while moving over sn;outh portion of 
cam as turret is moved in azimc;th or elevation. 

FIRE CUT-OFF CAM 

FIRE CUT-OFF CAM lii;'~= 

CAM RISER PIN 

CAM RISER PIN 
LOCK NUT 

SWITCH HOUSING 

Figure 8J-Fire Cut-off Switch Pin Adjustment 

(11) Adjust fire cut-off switch pin by loosening 
lock nut; run the pin OUT to increase the restricted 
area, or IN to decrease restricted area. (See figure 81.) 

(a) If it becomes necessary to remove fire cut-off 
cam the following method should be used: 

1. Turn the turret to approximately 195 de
grees azimuth. 

2. Remove the eight bolts holding the cam to 
the azimuth ring. 

3. Open the turret door and support same to 
prevent damage to the hinge or weather seal. 

4. Rotate the turret in elevation until the cam 
can be dropped inside the turret. 

5. The cam can be reinstalled by the same 
method. 

NOTE 

This information pertains to B-17 aircraft only. 

i. LOADING AMMUNITION. 

(1) Position the turret ball to zero elevation, at 
which position the amm unition box cover is inside the 
airplane. 

(2) Remove the ammunition box cover. 

(3) Feed the first shell to each gun by dropping 
the free end of the ammunition belt down the chute to 
the gun, allowing the weight of the belt to force the 
first shell over the feed pawl into the gun. This is 
easily accomplished if the gun covers are opened. 

(4) Load the ammunition boxes. (See figure 82.) 

(5) The forward box (for the right-hand gun) 
holds approximately 445 rounds; the rear box (for the 
left-hand gun) holds approximately 571 rounds. 
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FRONT BOX 

REAR BOX 

Figure 82-Diagram Showing Proper Method 01 
Loading Ammunition Boxes 

;. CLEANING. 

(I) Precautions should be taken to keep dust and 
dirt out of the turret. Cover plates must be kept in 
place except when servicing operations are being per
formed . This work should be done in surroundings as 
dust-free as possible. 

(2) Particular care must be taken to prevent the 
entry of foreign matter into the hydraulic units. The 
most common cause of trouble with these units is the 
presence of lint, dust, or dirt within the hydraulic 
systems. 

(3) Electrical contacts such as collector rings, 
brushes, relay and switch contacts, terminals, and AN 
plug bayonets must be kept free of oil and grease. 
Clean with drycleaning solvent (Federal Specification 
No. P-S-661) on a clean cloth. Use crocus cloth when 
necessary. 

(4) Plexiglas windows have a soft surface, and 
care must be taken to avoid scratches during cleaning 
or service work. Never use coarse or dirty rags. 

(5) Wash the Plexiglas windows with soap and 
water and soft sponge or chamois. Naptha may be used 
to remove grease. 

CAUTION 

Never use solvents such as lacquer thinner, 
acetone, benzene, etc. 

(6) The absorbent pad in the drip cup secured 
to the sight mounting bracket should be removed, 
squeezed out as dry as possible, and replaced daily. 

k. OXYGEN SYSTEM. 

( I) Care must be exercised in maintalOlOg the 
oxygen system. Oil and grease in contact with high 
pressure oxygen is likely to cause spontaneous com
bustion and explosion. Water or moisture in the system 
will freeze at high altitude where oxygen is required 
by the gunner. 

(2) Any foreign matter may contaminate the 
oxygen or interfere with the functioning of the system. 
For this reason, precautions must be taken to service 
the oxygen system under conditions of extreme cleanli
ness. 

(3) Only lubricants conforming to AAF Specifi
cation No. AN-C-86 should be used anywhere in the 
oxygen system. 

(4) The drain cup at the base of the retraction 
piston rod on type A-13 turret.s should be emptied of 
its contents daily. This receptacle is placed there to 
prevent leakage from the retraction cylinder coming 
in contact with the oxygen swivel. Hydraulic fluid in 
the cup can be removed with cotton or other absorbent. 

I. HYDRAULIC RETRACTION SYSTEM
TYPE A-13 TURRET. 

( 1) The oil level in the reservoir should be kept 
approximately one-half full. 

(2) Should the hydraulic cylinder be leaking ex
cessively at the bottom and filling the drain cup too 
often, tighten the six cap screws on the bottom cylinder 
cover. 

4. LUBRICATION. 

Lubrication is a very necessary part of the turret. 
However, an excessive amount of oil or grease can be 
harmful. 

a. The foot range control assembly, azimuth hand 
gearing, and elevation-to-sight gearing assembly require 
grease conforming to AN Specification No. AN-G-3 or 
equivalent. 

b. The elevation trunnion bearings are packed with 
grease when assembled at the factory and should require 
no regular attention. If disassembIy is necessary, the 
trunnions should be partially filled with grease con
forming to AN Specification No. AN-G-3 when re
assembled. 
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c. The azimuth power 'gearing assembly, azimuth end 
bell gearing assembly, azimuth pinion gearing assembly, 
and elevation power gearing assembly should be lubri
cated with grease cooforming to AN Specification No. 
AN-G-3. 

NOTE 

On earlier turrets these gear boxes were filled 
with oil instead of grease. It is not necessary 
to drain such gear boxes and refill with grease 
unless they are disassembled for other pur
poses. However, they should have the oil 
checked regularly and replenished as necessary 
with oil conforming to AAF Specification No. 
3582, AN Specification No. AN-O-4, or 
Ordnance Specification No. A.X.S.-777 

d. The azimuth spline coupling should be kept lubri
cated at all times with grease conforming to AN Speci-

fication No. AN-G-3, since this coupling is exposed to 
the weather. 

e. The hand control unit should be oiled occasionally 
by removing the cover and housing and putting a few 
drops of oil conforming to AAF Specification No. 3582, 
AN Specification No. AN-D-4, or Ordnance Specifica
tion No. A.X.S.-777 on the bosses through which the 
elevation gear rack plungers pass. A few drops should 
also be placed on the centralizing springs to prevent 
binding. 

f. The hydraulic power units should be replenished 
with hydraulic fluid conforming to AN Specification 
No. AN-VV-0-366-b. (Refer to section V, paragraph 
3. c. ) 

g. On type A-13 turrets, a thin film of oil conform
ing to AAF Specification No. 3582, AN Specification 
No. AN-O-4, or Ordnance Specification No. A.X.S.-777 
should be spread on the four vertical guide rods and 
on the two retraction guide rods. 

5. SERVICE TROUBLES AND REMEDIES. 

Trouble Probable Cause Remedy 

SLUGGISH OPERA nON Low oil level in hydraulic Check oil level in breather tank. Bleed air from 
power units. system. 

By-passing of oil in Vickers With power off, power clutches engaged and 
units. elevation hand brake released, try to move the 

guris in elevation and azimuth by hand. Move-
ment indicates leakage through the transmission 
replenishing check valves. Remove the two ball 
and spring valves in each unit by taking out 
the cap screws at the end of the large tubing 
assemblies mounted on the unit. A momentary 
use of the power motor will pump oil out the 
valve openings, flushing foreign matter away. 
Be sure balls and springs are free of dust and 
dirt and replace them. Again check for by-
passing of oil by attempting to move guns. 

DEAD SPOT IN CONTROL Low oil level In hydraulic Check oil level in breather tank. Bleed air from 
HANDLE MOVEMENT power unit. system. 

Backlash in hand control unit Check control linkage and remove play. Hand 
and/ or control shafts. control unit output shafts should rotate more 

than 19 degrees with full movement of the 
handgrips from neutral. 

Low control pressure in Test by removing Va-inch Allen plug from gear 
hydraulic power unit. pump and connecting a pressure gage with 
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Figure 83-Ad;usting Pressure at Control Pump 

ELEVATION CREEP CAN- Worn elevation control shaft 
NOT BE ELIMINATED spur gear (hub dial) or worn 

adjustment screw worm. 

Backlash in elevation control 
shaft adjusting screw mount-
ing. 

TURRET FAILS TO OPER- Elevation control shaft spur 
ATE IN ELEVATION gear (hub dial) teeth stripped. 

Bevel gear teeth stripped with-
in the hand control unit. 

POWER UNIT DOES NOT Power fuse blown. 
RUN WITH SWITCH "ON" 

Brushes not contacting col-
lector rings "DCG" or "G." 

Relay failure. 

Open circuit. 

GUN SOLENOIDS DO NOT Main power switch "OFF and/ 
OPERATE or gun selector switches"OFF" 

Gun solenoid conduits 
disconnected. 

Guns in a restricted area. 

Fire cut-off switch stuck open. 

Fuse blown in firing circuit. 
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Remedy 

copper tubing and suitable fittings. With the 
unit operating, pressure should be about 85 
pounds per square inch. Turret will operate at 
a pressure as low as 20 pounds, but the neutral 
hand control dead spot will be appreciable 
and sluggish response will result. To increase 
the pressure, remove the acorn nut on the gear 
pump, loosen the lock nut and adjust the spring 
loaded ball by turning the screw. (See figure 
83.) If the pressure cannot be raised sufficiently 
this way, remove the gear pump and clean all 
foreign matter from the four check valves in 
the gear pump assembly. 

No backlash ~hould exist 10 this assembly. 
Replace worn parts. 

Bracket holding the adjusting screw worm 
should be replaced or bent so that the worm 
will be secure. 

Replace spur gear (hub dial). 

Replace hand control unit. 

Replace 120-ampere fuse in switch box. 

Check power circuit from connection to turret 
to brush "DCG" and ground circuit from air-
plane ground to brush "G." Free the sticking 
brush or replace. Clean the collector rings. 

Check power circuit to relay, main switch, and 
connections. Examine large relay contact points. 
Clean or replace. 

Make a complete check of the power circuit. 
Refer to wiring diagram (figure 25). Examine 
motor brushes. 

Turn switches "ON." 

Be sure all conduits are in place. 

Move the turret to close the fire cut-off switch. 

Check switch for open circuit_ 

Replace 20-ampere firing circuit fuse. 



Trouble 

GUN SOLENOIDS DO NOT 
OPERATE (con't) 

HYDRAULIC UNIT WHINE 
EXCESSIVE 

HYDRAULIC UNIT OPERA-
TION FAULTY 

SIGHT MOTOR DOES NOT 
RUN 

POWER UNIT DOES NOT 
SHUT OFF 

TURRET DOES NOT 
TRAVEL TO CORRECT 
LIMITS IN ELEVATION 

RESTRICTED 
AN 11-4SG-l 

Probable Cause 

Firing switches to the hand 
control unit inoperative. 

Open circuit. 

Azimuth clutch yoke mis-
aligned. 

Azimuth clutch misaligned. 

Limit stops incorrectly set. 

Presence of dirt or failure of 
parts in hydraulic unit causing 
erratic operation. 

Sight fuse blown. 

Sight motor governor on a 
dead spot. 

Open circuit in turret. 

Open circuit in sight. 

Relay stuck closed. 

Main switch defective. 

Elevation limit stop not prop· 
erly adjusted. 
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Remedy 

Check switches for open circuit with firing 
buttons depressed. 

Check for power from relay through circuit, 
using a gun solenoid to detect presence of 
current, or a continuity test set. 

Remove handle, yoke assembly, and check yoke 
for wear on one side. Straighten yoke fork. 

Move clutch handle to check for binding in 
different positions of shaft. Relocate power unit 
on mounting bolts if necessary, checking align-
ment as bolts are tightened. Do not tighten 
mounting bolts until all bolts are in place. 

Make limit stop adjustment. 

Hydraulic units must be overhauled only under 
proper conditions and after proper instruction. 

Replace IS-ampere fuse in switch box. 

Turn sight switch "OFF," then "ON." 

Check for current to the sight AN plug on 
sight conduit. 

Remove sight and test for continuity. 

Disconnect power lead from airplane to turret 
at the noise filter terminal. Remove quickly to 
minimize arcing. Replace relay or replace relay 
contact points and examine relay spring tension. 

Check switch and replace if necessary. 

Follow elevation limit stop adjustment pro-
cedure. (Refer to paragraphs 3. e. and 3. f. of 
this section). 
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DISASSEMBLY, INSPECTION, REPAIR, AND REASSEMBLY 

1. OVERHAUL TOOLS REQUIRED. 
(See figures 84 and 85.) 

Part No. 
T-970-F9 

T-1300-F1 

T-1300-G6 

T-1300-G9 

Nomenclature 
Special Spline 
Wrench 

Spanner Wrench 

Spirit Level 

Azimuth Pointer 

T-1300-G 10 Elevation Dial 
and Pointer 

T-14S0-G1 Set-up and 
Checking Fixture 

T-1S17-F3 Special Spanner 
Wrench 

Application 
To hold gear shaft while tight
ening nut on azimuth power 
gearing assembly. 

To tighten locknut on trunnion 
gearing assemblies. 

To check zero position of guns 
during testing procedure. 

To set fire cut-off cam at azimuth 
zero point. 

To set fire cut-off cam at -221/2 
degrees elevation. 

To align azimuth and elevation 
power gearing assemblies to 
double power unit. 

To loosen or tighten firing but
tons in handles of hand control 
unit. 

2. REMOVAL OF TURRET FROM AIRPLANE. 

4. TYPE A-2 TURRET. 

CAUTION 

Make certain the airplane power supply is 
turned off before starting removal of turret. 

(1) Place the bottom of a turret shipping crate 
on a carloader under the airplane and CAREFULLY 
raise the crate bottom until the weight of the turret is 
supported. 

CAUTION 

Do not force the turret upward; the crate 
bottom should be just touching the turret 
ball. 

(2) Remove the oxygen bottle from the turret 
hanger assembly and disconnect the oxygen hose at 
the turret ball. 

(3) Remove the four fillister-head screws and 
lock washers from the top terminal block cover and 
slide the cover back. Disconnect main power supply 
wire and all communications wires from the top ter
minal block. Disconnect the main power conduit at 
the hanger assembly and at the turret ball and stow 
inside the ball. 

(4) Remove the SIX hex head cap screws secur
ing the top trunnion to the I beam of the fuselage 

and slide out the shims and spacers between the I 
beam and the trunnion. The turret ball is now sup
ported by the crate bottom and carloader. 

(5) Remove the three Elastic stop nuts from each 
of four pads securing the tubular supporting framework 
to the four bosses of the trunnion ring support. 

(6) Jack up the tail of the airplane until the col
lector ring and hanger assembly can be lifted off the 
studs and removed_ 

NOTE 

The collector nng and hanger assembly may 
be removed from the airplane through the 
waist window. 

(7) Remove the cap screws securing the azimuth 
ring gear to the floor of the airplane. Lift the ring gear 
carefully so as to clear the azimuth pinion gearing as
sembly and the hand elevation drive unit. Place the 
ring gear aside on the airplane floor. 

CAUTION 

Use every precaution to avoid bending or other
wise damaging the fire cut-off cam attached 
to the azimuth ring gear. 

(8) Raise the tail of the airplane sufficiently to 
permit lowering and removal of the turret ball. 

(9) Lower the turret ball and move the carloader 
back until the turret is free of the airplane. 

CAUTION 

Care must be exercised to prevent damage to 
the fuselage of the airplane. 

(10) The ring gear may now be removed through 
the turret opening. 

h. TYPE A-2A TURRET. 

CAUTION 

Make certain the airplane power supply is 
turned off before starting removal of the 
turret. 

(1) Place the bottom of a turret shipping crate 
on a carloader under the airplane and CAREFULLY 
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Figure 8S-Special Tools Required for Overhaul 
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raise the crate bottom until the weight of the turret is 
supported. 

CAUTION 

Do not force the turret upward; the crate 
bottom should be just touching the turret ball. 

(2) Remove the dual oxygen bottles from the 
hanger assembly and disconnect the oxygen hose at the 
turret ball. (Oxygen bottles are being used until an 
improved oxygen swivel joint is available, at which 
time the turret will receive oxygen from the airplane's 
supply). 

(3) Disconnect the main power conduit at the 
collector ring assembly and at the turret ball and stow 
inside the ball. 

(4 ) Disconnect the positive power wire at the noise 
filter. 

(5) Disconnect the negative or ground wire at the 
noise filter and at the top mounting flange. 

(6) Remove the three stop nuts at each of the 
four pads securing the tubular supporting framework 
to the four bosses of the trunnion ring support. The 
turret ball is now supported by the crate bottom and 
carloader. 

(7) Remove the remaining five cap screws securing 
the top mounting flange to the I beam of the fuselage. 

(8) The support column and collector ring and 
hanger assembly may now be removed as one unit 
through the waist window of the airplane. 

(9) Remove the cap screws securing the azimuth 
ring gear to the floor of the airplane. Lift the ring 
gear carefully so as to clear the azimuth pinion gearing 
assembly and the hand elevation drive unit. Place the 
ring gear aside on the airplane floor. 

CAUTION 

Use every precaution to avoid bending or 
otherwise damaging the fire cut-off cam at
tached to the azimuth ring gear. 

(10) Raise the tail of the airplane sufficiently to 
permit lowering and removal of the turret ball. 

( 11) Lower the turret ball and move the car
loader back until the turret is free of the airplane. 

(12) The ring gear may now be removed through 
the turret opening. 

CAUTION 

Care must be exercised to prevent damage to 
the fuselage of the airplane. 

Figure 86-Removal 01 Main Power Conduit and 
Oxygen Supply Hose 

~. TYPE A -13 TURRET. 

CAUTION 

Make certain the airplane power supply is 
turned off before starting removal of the 
turret. 

(1) Place the bottom of a turret shipping crate 
under the airplane in a position to receive the turret 
ball. (If a shipping crate is not available, a carloader 
can be used. In this case the fire cut-off switch and fire 
cut-off pin must be removed to prevent damage). 

(2) Remove the circular sighting window by taking 
off the three retainer strips. 

(3) Remove the two machine guns. (Refer to 

section VI, paragraph 3. d .) 

(4) Remove the computing sight. (Refer to section 
VI, paragraph 3. c.) 

(5) Disconnect the outside main power conduit 
at the turret wall. (See figure 86.) 

(6) Disconnect the oxygen supply hose at the 
turret wall. (See figure 86.) 

(7) Remove the elevation position switch and 
bracket assembly from the trunnion ring support and 
tape it to the supporting framework. 

(8) Remove the eight vertical roller and bracket 
assemblies from the trunnion ring support. 

(9) Remove the vertical retraction guide rods as 
follows: 

( a) With the turret retracted to its upper limit, 
break the lock wire and remove the four cap screws 
holding the top of the vertical retraction guide rods to 
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figure 87-Vertical Guide Rod Angle Bracket 

the angle brackets attached to the airplane floor. (See 
figure 87.) 

( b) Remove the angle brackets. 

( c) Remove the four vertical guide rods. 

(10) Remove the azimuth ring gear and retrac
tion mounting ring assembly as outlined in following 
paragraphs (a) and (b). (This assembly should be re
moved with the fire cut-off cam attached and great 
care must be exercised to avoid bending the cam or 
brackets.) 

(a) Turn the ring gear and retraction mounting 
ring until the fire cut-off cam is midway between the 
azimuth pinion gearing assembly and the hand elevation 
drive unit. 

( b) CAREFULLY raise the ring gear and 
mounting ring on the side nearest the hand elevation 
drive unit. DO NOT USE FORCE. Once the mounting 
ring and ring gear assembly have cleared the hand 
elevation drive unit, it may be moved slightly to one 
side and allowed to rest on the framework of the 
hanger assembly. 

(11) Carefully extend the turret until the ball 
rests solidly on the crate bottom under the airplane. 
(If a carloader is being used without the crate bottom, 
the turret must be hand cranked to -90 degrees before 
extending so that the ball will rest on the flat surface 
around the sighting window opening.) 

CAUTION 

When extending the turret, use care to insure 
that the ring gear and retraction mounting 

ring assembly, which is resting on th· hanger 
assembly, is not damaged. 

(12) Disconnect the trunnion ring support from 
, the hanger assembly by removing the three Elastic stop 

nuts at each of the four hanger arms. (See figure 88.) 

(13) Retract the hanger assembly and place the 
azimuth ring gear and retraction mounting ring assem
bly out of the way a't the top of the turret well. 

(14) Raise the tail of the airplane sufficiently to 
e1e,ar the turret. 

(i 5) Move the turret ball out from beneath the 
airplane. 

(16) Remove the hanger and retraction cylinde.r 
assembly as follows: 

(a) Disconnect the communication wires from 
the terminal block on the collector ring assembly. 

( b) Disconnect the positive turret power wire 
from the terminal on the noise filter and tape the lug 
on the wire. 

(c) Disconnect the negative or ground wire by 
removing the bolt securing it to the top mounting 
swivel. 

(d) Disconnect the two hydraulic supply lines 
at the top and bottom of the retraction cylinder. (See 
figure 89.) 

( e) Plug the hydraulic tubing and the openings 
in the retraction cylinder (until reinstallation of the 
turret). 

(t) Disconnect the airplane oxygen line from 
the fitting at the top of the collector ring assembly. 
(See figure 90.) 

figure 88-Disconnecting Trunnion Ring Support 
from Hanger Assembly 
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Figure 89-Top and Bottom Hydraulic Fittings 

( g) Seal the oxygen supply line and the oxygen 
fitting on the collector ring assembly (until re-installa
tion of the turret). 

(b) While supporting the hanger and retraction 
cylinder assembly, remove the remaining five bolts secur
ing the top mounting swivel to the mounting beam of 
the airplane. 

(i) Remove the hanger and retraction cylinder 
assembly by taking it out through the turret well open
ing. 

(17) Complete the removal of the turret by taking 
out the azimuth ring gear and retraction mounting ring. 

3. DISMANTLING THE TURRET. 

a. SUPPORT COLUMN AND COLLECTOR 
RING AND HANGER ASSEMBLY

TYPE A-2A TURRET. 

(1) Remove the six Elastic stop nuts securing the 
lower plate of the support column to the top of the 
collector ring assembly. 

(2) Lift ,the support column off the collector ring 
and hanger assembly. 

b. RETRACTION CYLINDER ASSEMBLY 
AND COLLECTOR RING AND HANGER 

ASSEMBLY-TYPE A-13 TURRET. 

(1) Remove the six Elastic stop nuts securing the 
lowel plate of the hydraulic retraction cylinder and . 
guide rod assembly to the top of the collector ring 
assembly. 

(2) ~ift the retraction cylinder and guide rod as
sembly off the collector ring assembly. 

c. COMPUTING SIGHT. 

NOTE 

In the case of type A-13 turrets, the computing 
sight was removed before taking the turret out 
of the airplane. 

(1) Disconnect the sight conduit at the sight. 

(2) Disconnect the elevation and range flexible 
shafts at the sight. 

(3) Disconnect the azimuth flexible shaft at the 
azimuth and bell gearing. 

(4 ) Remove the sight mounting pin and carefully 
lift the sight from the turret. 

d. MACHINE GUNS. 

NOTE 

In the case of type A-13 turrets, the machine 
guns were removed before taking the turret out 
of the airplane. 

(1) Disconnect the gun solenoid wires at the 
solenoid cannon plugs. 

(2) Remc.ve the four Phillips head screws from 
the right hand gun cover plate (located on the right 
hand gun boss at the outside of the turret) and remove 
the plate. 

(3) Remove the cotter pins at the gun end of the 
gun charging cables. 

(4) Remove the two stop nuts holding the right 
hand gun charger pulley bracket to the end bell near 
the door and remove the pulley bracket. 

(5) Remove the belt feed pawl pins from both 
guns and remove the link ejection chutes which they 
hold in place. 

(6) Remove the two turret windows that are lo
cated directly behind the guns. 

Figure 90-0xygen Supply Connection at Collector 
Ring Assembly 
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(7) Remove the small circular access plates from 
the outside of the ball surface near the front gun open
ings and remove the front gun mounting support bolts. 

CAUTION 

The front of the guns 'should be supported 
while these mounting bolts are being removed. 

(8) Slide the guns out through the back window 
openings. 

e. SIGHTING WINDOW. 

NOTE 

In the case of type A-13 turrets, the sighting 
window was removed before taking the turret 
out of the airplane. 

(1) Remove the three window retainer strips. 

(2) Remove the sighting window. 

f. HAND ELEVATION DRIVE UNIT. 

(1) Break the lock wire and remove the six cap 
screws securing the hand elevation drive unit to the 
trunnion ring support. 

(2) Remove the hand elevation drive unit, being 
careful not to damage the dowel pins. 

g. AZIMUTH PINION GEARING ASSEMBLY. 

(I) Remove the cotter pin in the spline coupling 
on the vertical drive shaft below the gear box housing. 

(2) Remove the four Elastic stop nuts securing 
the gear box housing to the trunnion ring support. 

(3) Raise the gearing assembly carefully and re-

Figure 9J-Removing Cover Plate from Azimuth 
End Bell Gearing 

Figure 92-Removing Spur Gear and Shaft from 
Azimuth Trunnion Gearing 

move. Do not damage the dowel pins. 

h. TRUNNION RING SUPPORT. 

(1) Position the turret so that it is resting on the 
flat surface around the sighting window opening and 
is supported by the four mounting pads of the shipping 
crate bottom. 

(2) Cut the lock wire and remove the four hex 

head cap screws securing the cover plate to the outside 

of the azimuth trunnion gearing housing and remove 

the cover plate. 

(3) Remove the six Elastic stop nuts securing the 

trunnion gearing assembly to the trunnion ring support 

bracket. 

Figure 93-Removing Trunnion Lock Nul 
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Figure 94-Hardwood Wedge to Hold Trunnion 
Ring Support 

( 4) Inside the turret, remove the sheet metal in
struction plate from the. azimuth end bell gearing 
assembly. 

(5) Break the lock wire, remove the pipe plug 
from the bottom of the azimuth end bell gearing, and 
drain the oil. (Later turrets have grease instead of 
oil in this gear box.) 

(6) Remove the six countersunk head screws secur
ing the round cover plate at the lower end of the 
azimuth end bell gearing assembly, and remove the 
cover plate. (See figure 91.) 

(7) Outside the turret, remove the Elastic stop 
nut and washer from the horizontal shaft of the trun
nion gearing assembly. (The azimuth gearing may be 
kept from turning by means of the azimuth hand drive 
unit inside the turret.) Remove the bevel gear from 
the horizontal shaft. 

(8) Inside the turret, remove the spur gear and 
shaft from the azimuth end bell gearing assembly. (See 
_figure 92.) 

(9) Outside the turret, remove the trunnion gear 
housing from the trunnion ring support bracket. 

Figure 95-Wedges Driven Between Trunnion Ring 
Supp'0rt and Turret Ball 

(10) Using special spanner wrench (tool No. 
T-1300-Fl), remove the spanner nut and special locking 
washer from the right-hand trunnion hub. (See figure 
93.) 

(11) Remove the six Elastic stop nuts securing the 
outside left-hand trunnion cover plate to the trunnion 
ring support bracket and remove the cover plate .. 

(12) Remove the six Elastic stop nuts securing 
the inside left-hand trunnion cover plate to the end 
bell and remove the cover plate. 

(13) Using special spanner wrench (tool No. T-
1300-Fl), remove the spanner nut and special locking 
washer from the left-hand trunnion hub. 

(14) Form two hardwood wedges to the shape 
illustrated in figure 94. 

(15) Drive the two wedges between the trunnion 
ring support and the turret ball in such a manner as 
to prevent the trunnion ring support from dropping 
on the ball when the trunnion hubs are driven out. 
(See figure 95.) 

(16) Carefully drive out the trunnion hubs with 
a fiber rod and light hammer. (See figure 96.) 

(17) The trunnion ,ring support may be lifted off 
the turret. 

CAUTION 

When lifting trunnion ring support, extreme 
caution must be exe.rcised to prevent damage 
to the elevation-to-sight pinion gear. 

i. DOOR AND ARMOR PLATE. 

( 1) Remove the insulating padding from the seat. 

Figure 96-Driving Out Trunnion Hub 
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(2) Remove the 36 Phillips head screws from the 
window retaining strips just below the sighting window. 

(3) Remove the seven window retaining strips 
and the two Plexiglas windows. 

(4) Remove the six washer head screws and six 
stop nuts at the rear of the sear. 

(5) Break the lock wire and remove the eight 
cap screws and washers securing the armor plate to 
the end bells. 

(6) Remove the armor plate and door as a unit. 

j. HAND CONTROL UNIT. 

(I) Disconnect the limit stop flexible shaft at the 
hand control unit. 

(2) Disconnect the hand control conduit at the 
hand control unit. 

(3) Disconnect the azimuth control linkage at the 
hand control unit by removing the cotter pin, washer, 
and shaft from the crank pin. (The elevation control 
linkage is disconnected as the hand control unit is 
removed.) 

(4) Break the lock wire and, while supporting 
the hand control unit, remove the four securing cap 
screws. 

CAUTION 

Support the unit firmly in its secured position 
until the . next step is performed. 

(5) Carefully break the mesh between the elevation 
hub dial and the thumbscrew worm by lifting the hand 
control off the elevation control shaft. 

(6) Remove the hand control unit from the turret. 

k. MAIN SWITCH BOX. 

(I) Disconnect all "AN" plugs from the switch 
box. 

(2) Remove the two Elastic stop nuts and conduit 
clips for the right-hand gun solenoid wire from the 
bottom of the ammunition box. 

(3) Make certain that no wire or conduit will 
interfere with the removal of the switch box. 

(4) Remove the switch box cover by unlocking 
the two Dzus fasteners. 

(5) Remove the two mounting screws at the right 
inside of the switch box. 

(6) LOOSEN the two mounting screws at the 
left inside of the switch box. 

(7) Slide the box slightly to the right and lift 
it out of the turret. 

I . ELEVATION-TO-SIGHT FLEXIBLE SHAFT. 
Unscrew collar at elevation-to-sight gearing and remove 
elevation-to-sight flexible shaft. 

m. OXYGEN PRESSURE GAGE. 

( 1) Disconnect tubing at both ends of pressure 
gage tee fitting. 

(2) Remove two stop nuts securing gage bracket 
to turret wall. 

(3) Remove gage and bracket. 

n . AZIMUTH POWER CLUTCH ASSEMBLY. 

(1) Remove the two bolts and two Elastic stop 
nuts. (See figure 97.) 

(2) Remove the clutch actuating mechanism. 

(3) Slide the male clutch plate as far to the left 
as possible . 

o. DOUBLE POWER UNIT. 

( 1) The following uni ts are sti ll attached to the 
double power unit when it is removed. 

(a) Azimuth power gearing assembly. 

(b) Elevation power gearing assembly. 

( c) Breather tank. 

(d) Sight mounting bracket. 

(e) Azimuth control shaft. 

(f) Elevation control shaft. 

(g) Elevation control shaft bracket. 

(h) Male azimuth clutch plate. 

(2) Break the lock wire and remove the four cap 
screws (two at each side) which extend from the outside 

Figure 97-Removal of Azimuth Power Clutch 
Assembly 
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Figure 98-Removal of Azimuth Offset Bracket 

of the end bells into the brackets attached to the 
hyd raulic transmissions. 

(3) Disconnect the left-hand (gunner's left) air 
bleeder line at the breather tank so as to permit removal 
of the double power unit without disturbing the main 
power conduit. 

(4) Break the lock wire and remove the two cap 
screws at the breather tank bracket. 

(5) Support the double power unit with a wood 
block between it and the ammunition box; then remove 
the az imuth offset bracket by first breaking the lock 
wire and rel~loving the two securing <;ap screws and 
then removing the two Elastic stop nuts. (See figure 98.) 

CAUTION 

Be certain that the two cap screws removed 
from the transmission are replaced in the 
same location in reassembly. Failure to do so 
may cause irreparable damage to the trans
mission case. 

(6) Remove the three cap screws and lock washers 
securing the elevation power gear assembly to the turret. 

(7) Slide the unit toward the turret door opening 
and disconnect the "AN" plug at the double power 
unit electric motor. Care should be taken in moving 
the unit to release the left-hand bleeder line from 
behind the main power conduit. 

(8) Reconnect the bleeder line to the breather 
tank, hand tight. 

(9) Remove the double power unit assembly. Care 
should be taken at all times in handling the power 
unit, so that the weight is not placed on the s~de 

away from the gunner. It should be kept level or 

tilted toward the gunner; failure to observe this pre
caution will result in damage to the elevation control 
shaft bracket. 

p. AZIMUTH HAND DRIVE UNIT. 

( 1) Break the sprocket chain of the azimuth hand 
drive unit at the master "break link" and remove the 
chain. (See figure 99.) 

(2) Remove the three Elastic stop nuts holding 
the hand drive unit bracket to the turret and remove 
the unit. 

q. AZIMUTH END BELL GEARING ASSEMBLY. 

(I) Break the lock wire and remove the six castel
lated nuts exposed by the removal of the large spur 
gear from the gear box. (See figure 100.) 

(2) Remove the two Elastic stop nuts securing 
the azimu th end bell gearing to the turret. 

(3) Remove the gearing assembly. 

r. ELEV ATlON-TO-SIGHT GEARING 
ASSEMBLY. 

( I) Break the lock wire and remove the two cap 
screws securing the elevation-to-sight gearing assembly 
to the inside of the left-hand end bell. 

(2) Carefully remove the gearing. 

s. GUN CHARGER ASSEMBLIES. 

( I) Remove the Elastic stop nut and shoulder 
screw fwm the right gun charger pulley housing. 

(2) Remove the right gun charger assembly. 

(3) Remove the two Elastic stop nuts securing 
the left gun charger pulley bracket to the end bell 

near the door. 

Figure 99-Master Link in Sprocket Chain 

RESTRICTED 73 



Section VI 
Paragraph 3 

RESTRICTED 
AN 11-45G-l 

Figure IOO-Removing Castellated Nuts from Azimuth 
End Bell Gearing 

(4) Remove the Elastic stop nut and shoulder 
screw from the left gun charger pulley housing. 

(5) Remove the left gun charger assembly. 

t. ELECTRICAL CONDUITS. 

(]) Remove the three Elastic stop nuts and three 
conduit clips on the left bottom and upper forward 
parts of the ammunition box. 

(2) Disconnect and remove the fire cut-off switch 
conduit from the switch. 

(3) Break the lock wire and remove the two cap 
screws that secure the telephone foot switch to the 
right-hand end bell. 

(4) Remove the telephone foot switch and tele
phone foot switch conduit as a unit. 

(5) Remove the two Elastic stop nuts securing 
the two conduit clips to the upper rear ammunition 
box and remove the clips. 

(6) Remove the sight and hand control conduits 
from the turret. 

NOTE 
Do not attempt to remove the heated suit 
conduit at this time. 

(7) At the outside of the turret, remove the four 
flathead ·screws securing the main power conduit reo 
ceptacle to the turret wall. 

(8) Push the receptacle inward and remove the 
main power conduit from the turret. 

u. FOOT RANGE CONTROL ASSEMBLY. 

( 1) Disconnect and remove the range flexible shaft 
from the foot range control. 

Figure J Ol-Removal of foot Range Control Assembly 

(2) Remove the two Elastic stop nuts securing the 
foot range control bracket to the turret wall. (See figure 
101.) 

(3) Remove the foot range control and bracket 
as a unit. 

v. AMMUNITION BOX COVER AND PLEXI
GLAS WINDOWS. 

(1) Unfasten the four Dzus fasteners securing the' 
ammunition box cover. 

(2) Remove the ammunition box cover. 

(3) Remove the remaining retaIning screws from 
the Plexiglas window retainers at the outside of qle 
turret. 

Figure J 02-Removing Right-Hand End Bell 
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Figure J 03-Removing Front Center Section 

(4) Remove the retainers. 

(5) Remove the Plexiglas windows and the rubber 
channels surrounding the windows. 

(6) Slip sheets of paper between the Plexiglas 
pieces and cover to reduce the possibility of scratching 
the Plexiglas. 

w. RIGHT-HAND END BELL. 

(1) Break the lock wire and remove the eight 
cap screws attaching the four ammunition box brackets 
to the right-hand bell. 

(2) Remove the eight Elastic stop nuts attaching 
these anwnunition box brackets to the ammunition box. 

(3) Position the ball in the cradle so that the left
hand end bell is at the bottom. 

(4) Remove the 12 Elastic stop nuts securing the 
right-hand end bell to the center sections. 

(5) Carefully lift the right-hand end bell evenly 
off the center sections. (See figure 102.) 

NOTE 
Care must be exercised to prevent damage 
to the stud threads. 

x. FRONT CENTER SECTION. 
(1) Remove the six Elastic stop nuts securing the 

front center section to the left-hand end bell. 

(2) Remove the front center section. (See figure 
103.) 

y. AMMUNITION BOXES. 

(1) Break the lock wire and remove the eight 
cap screws securing the four ammunition box brackets 
at the rear of the ammunition boxes. 

(2) Remove the six Elastic stop nuts at these 
brackets and remove the brackets. 

(3) Break the lock wire and remove the eight 
cap screws securing the remaining four ammunition 
box brackets at the front of the ammunition box. 

(4) Remove the six Elastic stop nuts at these 
brackets and remove the brackets. 

(5) Lift the ammunition box assembly out of the 
turret. 

z. REAR CENTER SECTION. 

(1) Remove the four Elastic stop nuts securing 
the rear center section to the left-hand end bell. 

(2) Remove the rear center section. 

4. DISASSEMBLY, INSPECTION, REPAIR, AND 
REASSEMBLY OF SUB-ASSEMBLIES. 

a. COLLECTOR RING AND HANGER 
ASSEMBLY-TYPE A-2 TURRET. 

(1) DISASSEMBLY. (See figure 104.) 

(a) Remove the six fillister-head screws securing 
the brush cover to the collector ring housing and 
remove the cover. 

(b) Take off the contact brush holder by remov
ing two Elastic stop nuts. 

( c) Pull the eight brushes from the holes in 
the brush holder and disconnect the wire from each 
brush. 

( d) Remove the six Elastic stop nuts securing 
the collector ring assembly to the hanger assembly and 
lift off the collector t;ing assembly, allowing all wires to 
be fed through the opening provided. (These wires are 
continuous to the receptacle at the elbow of the hanger 
assembly and will remain with this structure.) 

( e) Remove the four flathead screws securing 
the fibre plate to the top terminal block and disconnect 
all wires leading to the under side of this plate. 

0) Remove the six Elastic stop nuts at the top 
of the collector ring housing and one Elastic srop nut 
securing the spring clip retainer inside the housing at 
the bottom. The collector ring assembly should now 
slide easily out of the housing. 
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FIBRE PLATE - __ SELF-ALIGNING BEARING 

TOP TERMINAL BLOCK ----~::=~~i!~ 

BRUSH BOX 
COVER --------.oJ. 

CONTACT BRUSH HOLDER 

HANGER ASSEMBLY 

.------------- GREASE SEAL 

- ------COLLECTOR RING HOUSING 

OXYGEN TANK 

POWER CONDUIT 
RECEPTACLE 

Figure 104-Disassembly and Reassembly 01 Type A-2 Collector Ring and Hanger Assembly 
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(g) Remove the 2-inch hex nut directly below 
the leather grease seal and thread a ll wires out through 
the center of the se lf-aligning bearing. 

(h) The collector rings and spacers may now 
be separated by removing the two Elast ic stop nuts from 
the rods extending through the length of the co llector 
ring assembly. It will be necessa ry to disconnect a jumper 
connecting wire THS-l to the ground wire; this jumper 
is so ldered to the ground wire terminal at the 'metal 
plate of the leather grease seal. 

(i) Bend back the four prongs of the special 
locking washer and remove the 2-inch locking nut. The 
self-alignin'g bearing may now be lifted off the top trun
man. 

( 2) INSPECTION, CLEANING, AND REPAIR. 

(a) Inspect all wires for good insulation and 
good connections at the collector rings and at the ter
minal lugs. 

( b) Inspect all terminal lugs for general condi
tion and freedom from corrosion. 

(c) Inspect fibre separators and fibre terminal 
plate for cracks or breaks. 

(d) Clean collector rings with a dean cloth 
dampened with dry-cleaning solvent (Federal Specifica
tion No. P-S-66l). 

( e) Inspect collector rings for freedom from pits 
and corrosion. Minor pitting may be remedied by sand
ing the rings lightly with crocus cloth. DO NOT USE 
SANDPAPER OR EMERY CLOTH. Be certain that the 
parts arc free from dust by blowing compressed air over 
the entire unit after sanding. 

(I) Inspect the brushes to make certai n that they 
are clean and bright. Sand lightly with crocus cloth, if 
necessary ro remove pits. 

(g) M ake certain the collecror f1ng housing is 
free from dirt and g rease. 

( h) The self-al igning bearing should be cleaned 
thoroughly in clean gasoline or naptha. Inspect the 
rollers of the bearing to make certain that current has 
not grounded through the bearing and pitted the rollers. 
Repack the bearing with a small amount of grease con
forming ro AN Specification No. AN-G-3. 

(i) Inspect the spare parts box to make sure it 
contains the following parts: 

Payt No. 

521 
1516 

523 

Item QU{II/tity 

1;use- 120-amp , . .. , .. " ,2 

Fuse-5-amp .. , ' . . ,3 

Fuse- l5-amp . , , .. 3 

Part No. 

524 

It em Quantity 

Fuse-20-amp ..... , ..... 4 
871 

869 
1859 
1903 
877 

Brush- large .. , ... , . .... 2 
Brush-small ., .. " . , ... ,2 
Lamp- trouble light . , .. .. 2 
Cable Assy-door , , . , . , , ,2 
Plug- Spring retainer , .. , ,2 

(3) REASSEMBLY. (See figure 104.) 

(a) With the collector rings held together, solder 
the loose jumper from wire "THS-l" to either of the 
two ground wire terminals at the metal plate of the 
leather grease seal. 

( b) Replace the self-aligning bearing on thtl 
shaft of the top trunnion and secure it with the special 
lock washer and 2-inch hex nut. 

( c) Thread a ll wires from the collector rings 
through the center shaft of the top trunnion and out 
the side toward the terminal block. 

. (d) Secure the leather grease sea l in place by 
tightening the bottom 2-inch hex nut. 

(e) Insert the collector ring assembly into the 
housing and guide the self-aligning bearing down flush 
with the top of the housing. 

(I) Secure the collccror ring assembly in the 
housing ny replacing the spring clip retainer and Elastic 
srop nut at the bottom inside of th e housing. 

(g) The loose ends of the wires at the terminal 
block can now be secured to the fibre plate as follows: 
The la rge cabk (from the bottom collector ring) i~ the 
main power line and should be fastened securely to 
the back side of the terminal labeled " DCC." Connect 
the remaining wires to the proper terminals according 
to the labels on the wires and the fibre plate. 

( b) Insert th e brushes so th<:lt the radius on the 
brush tip will conform to the radius of the collector 
nng. 

(i) Using an ohmmeter or continuity test set, 
check for continuity between the following points: 

I. The steel trunnion itself and No. I (ground) 
brush at the top. 

2. Terminal "TM-l" on the fibre plate and 
No.2 brush (second from top). 

3. Tccminal "TM-2" and No. 3 brush. 

4. Terminal "TM-3," "THM-2" and No. 4 
brush. 

5. Terminal 'THS-l" and No.5 brush. 

6. Terminal "SPARE L" and No.6 brush. 

7. Terminal "SPARE 2" and No.7 brush. 
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8. Terminal "DCG" and No.8 brush. 

(j) Secure the fibre terminal block to the top 
trunnion with the four flathead screws. 

(k) Thread all wires and cables from the hanger 
assembly through the bottom of the collector ring hous
ing and connect to the respective brushes according to 
the labels. 

(I) Secure the collector ring housing to the 
hanger assembly with six Elastic stop nuts. 

(m) Secure the top trunnion to the collector ring 
housing with six Elastic stop nuts. 

(n) Replace the contact brush holder and secure 
with two Elastic stop nuts. 

( 0) Using an ohmmeter or continuity test set, 
check for continuity between the following points on 
the top terminal block and the receptacle on the hanger 
assembly: 

1. Terminal "DCG" to receptacle HH." 

2. Terminal "TM-I" to receptacle "A." 

3. Terminal "THS-l" to receptacle "B." 

4. Terminal "TM-2" to receptacle "c." 
5. Terminal "THM" to receptacle "E." 

6. Steel top trunnion itself to receptacles " F" 
and "D." 

7. Terminal "S-I" to No.6 brush. 
8. Terminal "5-2" to No. 7 brush. 

(p) Replace the brush cover and secure with 
SIX lock washers and six fillister-head screws. 

( q) Make certain the machined surfaces of the 
four pads at the base of the hanger assembly and the 
surface of the top trunnion are free from burrs. If 
necessary, remove burrs with a mill fil e. 

b. HYDRAULIC RETRACTION ASSEMBLY
TYPE A-13 TURRET. 

(I) DISASSEMBLY. (See figure 105.) 

(a) Detach and remove the safety hook spring 
(1 ) . 

(b) Break the lock wire and remove the hex
head shoulder screw (2) at the lever. 

( c) Remove the cotter pin, castellated nut, wash
er, and bolt (3) at each safety hook, remove the safety 
hooks, lever, and lever rods as a unit, and remove the 
washer behind the lever. 

( d) Loosen the lock nut (4) at the bottom of 
the piston rod. Unscrew the piston rod from the piston 
guide flange and remove the drip cup. 

( e) Remove the cotter pin, castellated nut, wash
er, and guide rod bumper (5) from each guide rod. 
Remove the piston guide flange and two guide rods as 
a unit. 

(f) Remove the seals from the hydraulic ports 
and drain the hydraulic fluid. 

(g) Break the lock wire and loosen the spanner 
nut (7) near the top of the hydraulic\ cylinder. 

(h) Remove the cylinder cap (8) and gasket at 
the top of the cylinder. 

(i) Break the lock wire and remove the six cap 
screws (at the lower end of the cylinder) securing the 

8 

7 

5 

3 

2 

-........-----9 

_----4 

Figure 70S-Disassembly and Reassembly of 
Type A-73 Hydraulic Retractio~ Assembly 
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hydraulic cylinder packing retainer (9) in place. 

(j) Remove the packing retainer and carefully 
remove the packing. Do not use hooks. 

(k) The piston and piston rod may now be reo 
moved from the cylinder. 

(2) INSPECTION, CLEANING, AND REPAIR. 

(a) All metal parts may be washed in gasoline, 
naptha, or drycleaning solvent (Federal Specification 
No. P-S-661). After cleaning, a film of hydraulic fluid 
should be applied to all unpainted metal surfaces to 
prevent rusting. 

( b) Inspect the piston for smoothness and free
dom from burrs. 

( c) Inspect the piston rod for smoothness and 
the threads at the end of the rod. 

(d) Inspect the piston rings to make certain that 
they slide freely into the grooves of the piston and that 
they are free from burrs. 

( e) Inspect the gasket to make certain that it is 
free from tears and holes. 

(f) Inspect the packing for tears and general 
condition. Clean in gasoline or kerosene. 

( g) Replace any worn or defective parts. 

(3) REASSEMBLY. (See figure 105.) 

(a) With the piston rings in place on the piston, 
assemble the piston and rod to the cylinder. 

(b) Replace the gasket in the cylinder cap (8) 
and screw the cylinder cap firml y in place. 

( c) Lock the cylinder cap in place by tightening 
the spanner lock nut (7) . 

(d) Check the operation of the piston in the 
cylinder. It should operate freely. 

(e) Carefully replace the packing. Care should 
be taken that the threads on the end of the piston rod 
do not damage the packing. 

(f) Replace the packing retainer (9) and hold 
it in place by replacing the six cap screws. Do not 
tighten the screws. 

(g) Again check the operation of the piston. 
It should operate freely. 

(b) Lockwire in place the spanner lock (7) nut 
near the top of the cylinder. 

(i) Reinstall the two guide rods and the piston 
guide flange as a unit. Before attaching the piston rod 
to the piston guide flange, make certain that the hy
draulic drip cup is in place. 

(j) Screw the piston rod into place in the piston 
guide flange . The piston rod will be properly seated 
when the end of the rod is flush with the bottom vf 
the piston guide flange. 

(k) Secure the piston rod and drip cup in place 
by tightening the lock nut (4) on the piston rod. 

(l) Reassemble, in the following order, the guide 
rod bumper (5), washer, castellated nut, and cotter 
pin at each guide rod. Do not compress the bumpers 
when tightening the castellated nuts in place. 

(m) Replace the safety hooks, lever, and lever 
rods as a unit. 

(n) Insert the washer behind the lever. 

(()) Replace the cap screws (3) that secure the 
safety hooks, add the flat washers, and run on the 
castellated nuts. 

(p) Replace the hex-head shoulder screws (2) 
at the lever and tighten. When tightening, check to see 
that the safety hooks operate freely. 

(q) Lockwire the shoulder screw in place. 

(r) Tighten the castellated nuts on the cap 
screws at the safety hooks as far as possible without 
interferring with the easy operation of the safety hooks. 

(5) Secure the castellated nuts in place with 
cotter pins. 

(t) Replace the safety hook spring (1). 

(u) Re611 the cylinder with clean hydraulic fluid 
conforming to AN Specification No. AN-VV-O-366-b. 

(v) Stand the hydraulic retraction assembly in 
the vertical operation position and check at the packing 
retainer at the lower end for leaks. Tighten the six re
tainer screws as necessary to prevent leaks around the 
piston rod. Do not lock wire the cap screws, as a final 
adjustment will probably be necessary when the turret 
is installed in the airplane. 

c. COLLECTOR RING AND HANGER 
ASSEMBLY- TYPES A -2A AND A-13 

TURRETS. 

(1) DISASSEMBLY. 

(a) Unscrew and remove the horizontal oxygen 
fitting at the top of the collector ring assembly. Seal 
the opening in the vertical oxygen tube extending 
through the collector ring assembly. 

(b) Break the lock wire and remove the two 
screws securing the swivel retainer to the hanger as
sembly. 

( c) Remove the oxygen swivel joint and tube as 
a unit by lowering it through the collector ring and 
hanger assembly. 

(d) Remove the cotter pins and clevis pins secur
ing the two diagonal tie rods to the hanger and to the 
collector ring assembly and remove the two tie rods. 

( e) Remove the six Elastic stop nuts securing 
the collector ring assembly tb the hanger. 
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(f) Remove the collector ring assembly. 

(g) Break the lock wire and remove the four 
screws holding the top trunnion conduit box in place. 

(b) Disconnect the wires marked "TGL" and 
"G L" at the terminal strip. 

(i) Remove the top trunnion conduit box and 
retraction limit switch as a unit. 

(j) Remove the four screws, four lock washers 
and four flat washers at both the right- and left-hand 
collector ring housing covers. 

(k) Remove the two covers. 

(I) Disconnect all wires from both the right
and left-hand panel and brush assemblies. 

(m) Remove the four screws, four lock washers, 
and four flat washers that secure both the right- and 
left-hand panel and brush assemblies. 

(n) Remove the right- and left-hand panel and 
brush assemblies. 

( 0) Break the lock wire and remove the two 
set screws at the collector ring shaft nut at the bottom 
of the collector ring assembly. (See figure 106.) 

(p) Remove the shaft nut, shaft nut flange, and 
thrust washer. 

( q) Remove the four spacers and the oxygen 
tube upper retainer from the top of the collector ring 
assembly. 

(r) Remove the collector ring shaft and flange 
assembly. (See figure 107.) 

(5) The collector ring housing may now be re
moved by sliding it away from the collector ring 
assembly. 

(t) By removing the two Elastic stop nuts, two 
washers, and the collector ring end plate and by dis
connecting the wires at the terminal block, it is now 
possible to remove the collector rings one at a time. 
This procedure is not generally necessary, but, in case 
a ring becomes badly pitted, it may be desirable to 
replace it with a new one. Care should be exercised 
when disassembling the collector rings to layout the 
rings and insulators on the bench in the precise order 
in which they are removed as this will facilitate reas
sembly. The rings and insulators must be returned to 
their original positions in the assembly. 

(2) INSPECTION, CLEANING, AND REPAIR. 

(a) Inspect all wires for good insulation and 
good connections at the rings and at the terminal lugs. 

(b) Inspect all terminal lugs for freedom from 
corrosion and general condition. 

'-~--------'----

Figure 1 06-Removing Set Screws from Collector 
Ring Shaft Nut 

J 

Figure l07-Removing Collector Ring Shaft and 
Flange Assembly 
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( c) Inspect the terminal strips for freedom from 
corrosion and good screw connections. 

(d) Clean the collector rings with a clean cloth 
dampened with dry-cleaning solvent (Federal Specifica
tion No. P-S-661). 

( e) Inspect the coUector rings for freedom from 
pits and corrosion. 

(I) Minor pitting may be remedied by sanding 
the rings lightly with crocus cloth. Do not use sand
paper or emery cloth. Be certain that the parts are free 
from dust by blowing compressed air over the entire 
unit after sanding. 

(g) Inspect the brushes to make certain that 
they are clean and bright. Sand with crocus cloth if 
necessary t!o remove pits. 

( h) Be sure that the small brush holders are 
not bent out of shape. 

(i) Inspect the terminals on the back of the 
brush and panel assemblies to make certain that they 
are free from corrosion. 

(j) The collector ring housing should be clean 
and free from dirt and grease. 

(k) The Oilite bearings at the top and at the 
bottom of the collector ring housing should normally 
require no attention. If necessary, they may be cleaned 
with clean carbon tetra·chloride (U. S. Army Specifica
tion No. 4-503-110B) or gasoline, but must be thor
oughly dried and saturated after drying with oil con
forming to AAF Specification No. 3582, AN Specifica
tion No. AN-O-4, or Ordnance Specification No. A.X.S. 
777. 

(I) Inspect the spare parts box to make sure 
that it contains the following parts: 

Part No. 

521 
1516 

523 
524 

12142 
12145 
30020 

1859 
12795 
12796 

Item Quantity 

Fuse- 120-amp . ... . ... .... . .... . . 2 
Fuse.- 5-amp . . . .. ...... ... .. . .. 3 
Fuse 15-amp . ... . .. .... . ... . . .. .. 3 
Fuse- 20-amp .... . ........... ... 4 
Brush-Large . .... ........ . . .... . 2 

Spring-Brush . . . . . . . . . . . . . . . . . . .. 2 
Brush Assembly-Spring . . . . . . . . . . . 4 
Bulb-Trouble light .. . .. .... ... . .. 2 
Cable-Gun charging . .. ......... . 2 
Contactor Assembly-Switch . . . . . . .. 2 

(m) The Oilite thrust washer should normally 
require no attention. If necessary it may be cleaned in 
gasoline, thoroughly dried, and then immersed in a 
can filled with oil conforming to AAF Specification 
No. 3582, AN Specification No. A,N-O-4, or Ordnance 
Specification No. A.X.S 777. 

(n) Using an ohmmeter or continuity test set 
attached to the retraction position switch wires "GL" 
and "TGL", check the operation of the switch. Nor
mally, the circuit should be open, and it should close 
when the plunger is depressed. 

( 0) Using an ohmmeter or continuity test set at
tached to the elevation position swit-ch wire at terminal 
"GL" of the terminal block and the switch mounting 
bracket, check the operation of the switch. Normally, 
the circuit should be open, and it should close when 
the plunger is depressed. 

(3) REASSEMBLY. 

(a) With the collector rings held in place by 
the collector ring end plate and its two washers and 
two stop nuts, the flange and shaft assembly may be 
inserted in the top of the collector ring assembly. 
Care should be exercised to make. sure that the wires 
are not damaged when the flange and shaft assembly 
is inserted. 

( b) Assemble the collector ring housing as
sembly to the collector ring assembly. 

(c) Assemble the flat Oilite thrust washer to 
the bottom of the collector ring assembly and secure 
in place with the shaft nut flange and shaft nut. Tighten 
the nut to the point where the shaft nut flange is pressed 
against the thrust washer, back off the nut only suffi
ciently to permit the two setscrews to be inserted. 

(d) Insert and tighten the two setscrews in 
the shaft nut. 

( e) Lockwire the setscrews in position. 

(I) Replace the right- and left-hand brush and 
panel assemblies and secure them in place with eight 
flat washers, eight lock washers, eight fillister-head 
screws. 

(g) Reconnect all wires to the terminals on thl! 
brushes. The terminals and the wires are both marked 
to facilitate making the proper connections. 

(h) Using an ohmmeter or continuity test set, 
make continuity checks between the following points: 

1. Terminal "SPARE 1" and brush "SPARE 1." 

2. Terminal "SPARE 2" and brush "SPARE 2." 

3. Terminal "SPARE 3" and brusp "SPARE 3." 

4. Terminal "SPARE 4" and brush "SPARE 4." 

5. Terminal "TM-2" and receptacle con-

tact teC." 

6. Terminal "THS-l" and receptacle con-
tact (tB." 

7. Terminal "THM" and receptacle con-
tact ttE." 
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8. Terminal "TM-l" and receptacle con-
tact "A." 

9. Terminal "GL" and brush "GL." 

10. Terminal on the noise filter and receptacle 
contact "H." 

11. Terminal "G" and receptacle contacts "D" 
and "F." The circuits should be continuous between 
these points for any point in the rotation of the col
lector ring housing. 

(i) Pull out slightly both of the large brushes 
"DCG" and "G" to make sure that they return easily 
[Q their position firmly against their collector rings. 

0) Replace both the right- and left-hand col
lector ring housing covers and secure them in place 
with four flat washers, lock washers, and screws. 

(k) Replace the wires marked "TGL" and "GL" 
at the terminal strip. 

(/) Replace the top trunnion conduit box and 
retraction limit switch as a unit and secure in place 
with the four fillister-head screws. 

(m) Secure the screw heads with lock wire. 

(n) Replace the retraction limit switch and 
bracket assembly in position on the top of the collector 
ring asspmbly. 

(0) Replace the four spacers and the oxygen 
tube upper retainer on the top of the collector ring 
assembly. 

(p) Replace the collector ring assembly on the 
hanger assembly and secure in place with six Elastic 
stop nuts. The collector ring assembly is properly posi
tioned when the "AN" receptacle is parallel to the 
cross bar of the hanger and situated nearest the hanger 
foot with the red marking. 

( q) Replace the two tie rods that fasten to the 
hanger and the top of the collector ring housing. Re
place the four clevis pins and the four cotter pins. 

(r) Install the oxygen swivel joint and tube as 
a unit through the opening in the hanger at the bottom 
of the collector ring assembly. 

(s) Replace the swivel retainer and secure in 
place with two %-inch long fillister-head screws. Lock
wire the two screws. 

(t) Remove the seal from the top of the vertical 
oxygen tube and replace the horizontal oxygen fitting. 
Only lubricants conforming to AAF Specification No. 
AN-C-S6 should be used anywhere on the oxygen sys
tem. 

d. TRUNNION RING SUPPORT ASSEMBLY. 

( 1) REMOVING HORIZONTAL ROLLERS.-

The horizontal rollers may be removed for cleaning and 
replacement. Due to the fact that these rollers are 
properly adjusted at the factory, it is important that 
they be replaced in exactly the same position in which 
they are found. Since these rollers are eccentrically 
mounted, it is recommended that they be removed, 
cleaned, and replaced one at a time. 

(a) To remove a roller, first note the position 
of the eccentric bearing stud. 

(b) Remove the Elastic stop nut and washer 
from the bottom of the stud. 

(c) Lift out the stud and bearing. 

(d) Clean the trunnion ring support underneath 
the roller. 

( e) Clean the bearing and stud thoroughly in 
gasoline, naptha, or drycleaning solvent (Federal 
Specification No. P-S-661) and dry carefully. 

(/) After they are thoroughly dry, lubricate the 
stud and bearing with lubricant conforming to Specifi
cation No. AN-G-3. 

(g) Replace the bearing and stud on the trun
nion ring support and replace the washer and Elastic 
stop nut. Tighten the nut with the eccentric stud in 
exactly the same position it was in originally. A final 
adjustment will probaby have to be made when the 
turret is tested. 

(2) TRUNNION RING SUPPORT BRACKETS. 
-The trunnion ring support brackets may be removed, 
hut unless they need replacement there is no advantage 
in removing them. The procedure for their removal is 
quite obvious. In replacing them, the bracket with the 
brass sector gear attached is the left-hand bracket lJnd 
should be positioned under the opening for the hand 
elevation drive unit. 

e. AZIMUTH PINION GEARING ASSEMBLY. 

(I ) DISASSEMBLY. (See figure 108.) 

( a) Remove six Elastic stop nuts (1) and take 
off cover plate (2) and gasket (3). 

(b) Remove Elastic stop nut (4) and washer 
(5) from shaft (7). 

( c) Carefully tap out shaft (7), freeing gear (6), 
Garlock Klozure (S), bearing (9), spacer (10), and 
bearing (11). 

(d) Remove bearing retainer cover (12) and 
gasket (13). 

(e) Remove Elastic stop nut (14) and washer 
( 15). 

(f) Remove Elastic stop nut (16) and washer 
( 17). 
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Figure lOB-Disassembly of Azimuth Pinion Gearing 

(g) Lift gear (18) off shaft (19) and remove 
bearing (20). 

(b) Remove five Elastic stop nuts (21) securing 

bearing retainer (22) and remove the retainer. 

(i) Carefully tap out shaft and gear assembly 
( 19) and remove bearing (Z3). 
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0) Remove Elastic stop nut (24) and washer 
(25), permitting removal of gear (26). 

gear (29), and spacer (30). 

(I) Carefully tap out shaft (31), freeing bearing 
(32), Garlock Klozure (33), and bearing (34). (k) Remove Elastic stop nut (27), washer (28), 
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Figure J 09-Reassembly of Azimuth Pinion Gearing 
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Figure 11 O-Azimuth Pinion Gearing Assembly
Phantom View 

(2) INSPECTION, CLEANING, AND REPAIR. 

(a) Clean all metal parts in gasoline, naptha, 
or drycleaning solvent (Federa l Specification No. P-S-
661). Clean the Garlock Klozures in either gasoline o r 
kerosene. 

( b) After cleaning and drying thoroughly all 
parts should be given a thin film of oil conforming to 
AAF Specification No. 35H2, AN Specification No. 
AN-O-4, or Ordnance Specification No. A.X.S. 777 to 
prevent rusting and corrosion. 

( c) Inspect a ll ball bearings to make sure that 
they all operate freely and that the inside and outside 
diameter surfaces are clean and smooth. 

(d) Inspect all gears and shafts for general 
condition, freedom from burrs, and wear at the gear 
teeth. 

( e) Inspect a ll threaded parts for general con
dition of threads. 

(f) Inspect the Garlock Klozures for freedom 
for tears and dents. 

(g) Inspect the cover gaskets for freedom gen
era l condition and freedom from tears. 

(3) REASSEMBLy'- (See figures 109 and 110.) 

(a) Press bearing (1) on shaft (2) . 

(b) Press gear (3) on shaft ( 2). 

(c) Replace washer (4 ) and nut (5) and tighten. 

(d) Press bearing (6) on shaft (7). 

(e) Press beari ng (8) on shaft (9). 

(fJ Replace and press shaft assembly (2) in case. 

(g) Replace Klozure (10) and bearing (11) . 

(h) Replace spacer (1 2) , gear (13) , washer 
(14) , and nut (15) and tighten in place. 

(i) Replace retainer (16) and secure with five 
stop nuts (1 7). 

(j) Replace and press shaft assembly ( 7) in 
retainer (16) in case. 

(k) Press bearing (18) on shaft (7). 

(/) Replace washer (19) and nut ( 20 ) on shaft 
(7). 

(m) Replace gear (21) , washer ( 22 ) , and nut 
(23) on shaft (7) and tighten. 

(n) Replace gasket (24) and cap (25 ). 

( 0) Lockwire cap (25) in place. 

(p) Press shaft assembly (9) tn case. 

(q) Repl ace spacer ( 26) and bearing (2 7) on 
shaft (9). 

(r) Replace gear ( 28 ) , washer (29) , and nut 
(30) and tighten in place. 
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Figure 111-Disassembly of Hand Elevation 
Drive Unit 
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figure J J 2-Hand Elevation Drive Unit-Phantom View 

(s) Press Klozure (31) in place. 

(t) Apply grease meeting AN Specification No. 
AN-G-3 to all gears inside the case. 

(u) Replace gasket (32) and cover (33) and 
secure in place with six stop nuts (34). 

(v) By turning the drive pinion (13), check the 
operation of the gearing for ease of operation, smooth
ness and quietness. 

f. HAND ELEVATION DlUVE UNIT. 

( 1) DISASSEMBLY. (See figure 11 1.) 

(a) Remove Elastic stop nut (1) . 

(b) Unscrew brake lock handle (3) and remove 
brake shoe assembly (2) from brake (6). 

(c) Remove lock nut (4) and washer (5). 

(d) Remove brake (6). 

(e) Remove cotter pin (7) and carefully tap out 
shaft (8). This will free washer (9), spacer (10), 
washer (11), and gear (12). 

(I) Carefully tap out shaft (13). 

(g) Remove bushings (14), (15), (16), and 
( 17) . 

(2) INSPECTION, CLEANING, AND REPAIR. 

(a) Wash and clean all parts with the exception 
of the Oilite bearings in gasoline, nap'tha, or dry-cleaning 
solvent (Federal Specification No. P-S-661). The Oilite 
bearings normally require no attention. If they are 
dirty or gummy, they may be cleaned in kerosene or 
gasoline. After cleaning they should be thoroughly 
dried, and then saturated in oil conforming to AAF 
Specification No. 3582, AN Specification No. AN-O-4, 
Of Ordnance Specification No. A.X.S. 777. 

( b) Inspect both shafts for smoothne.ss, particu
larly at the bearing surfaces. 

(c) Inspect the threads on the vertical shaft for 
general condition. 

(d) 'Inspect all gears for cleanliness, freedom 
from burrs, roughness, and wear. 

( e) Inspe,ct the threads on the brake handle 
for general condition. 

(f) Inspect the brake and brake shoe for f ree
dom from burrs and general condition. These surfaces 
should be shiny and bright. 

(g) Replace any worn parts. 

5-----

7 --------1 

4 -----

3 

figure 1 13-Reassembly 01 Hand Elevation Drive Uni, 
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(3) REASSEMBLY. (See figures 112 and 113.) 

(a) Press bushings (1), (2), (3), and (4) into 
the case. 

( b) Replace shaft (5) in case. 

(c) Insert shaft (6) part way in case, assemble 
gear (7), washer (8), spacer (9), and washer (to). 

(d) Push shaft (6) into final position. 

( e) Install cotter pin (11). 

(f) Press brake (12) onto shaft (5). 

(g) Replace washer (13) and lock nut (14). 

(b) Tighten nut (14) as far as possible while 
still permitting free rotation of shaft. 

0) Bend ear of lock washer (13) into groove 
in nut (14). 

0) Screw brake lock handle (15 ) into brake 
shoe (16). 

(k) Replace brake shoe assembly (16) over 
brake (12) and secure with Elastic stop nut (17) . 

(I) Attach the handle and test the operation of 
the gearing for smoothness and ease of operation. 

(m) Tighten the brake and again test the oper
ation. The brake should hold the shaft securely. 

g. K-4 COMPUTING SIGHT.-Refer to T .O. No. 

11-35A-2 for instructions for the overhauling of the 
K-4 Computing Sight. 

b. CALIBER .50 M-2 MACHINE GUNS.-Refer to 
T.O. No. 11-1-28 for instructions for the overhauling 
of the caliber .50 machine guns. 

i. DOOR AND ARMOR PLATE ASSEMBLY. 

(1) DISASSEMBL Y.-No disassembly of this unit 
is required. 

(2) INSPECTION, CLEANING, AND REPAIR. 

(a) The fabric trim may be cleaned with carbon 
tetrachloride (U.S. Army Specification No. 4-503-110B). 

(b) The door lock shaft mechanism should be 
cleaned with a lint-free cloth dampened with gasoline, 
naptha, or dry-cleaning solvent (Federal Specification 

No. P-S-661). A small brush, such as a tooth brush, 
will prove helpful. After cleaning, apply a film of oil 
conforming to AAF Specification No. 3582, AN Speci

fication No. AN-O-4, or O rdnance Specification No. 
A.X.S.777. 

(c) The door hinge should be cleaned in a 
similar manner. 

AZIMUTH DRIVE ASSEMBLY 

COVER ASSEMBLY 

BASE ASSEMBLY 

. ELEVATION DRIVE ASSEMBLY BOX ASSEMBLY 

figure I 14-Hand Control and Limit Unit Assembly-Exploded View 
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(d) Inspect the insulating trim for damage and 
replace if necessary. 

( e) Inspect the hinge for proper operation and 
security of fastening. 

(f) Inspect the door lock mechanism for proper 
operation. The handles should operate freely and should 
catch in the spring clips at the inside of the doors. 

(g) Make certain that the brass half nuts are 
held securely in place by their attaching screws. 

( h) Inspect the name plate to make certain that 
it is properly secured. 

(i) Inspect the sealing strips at the bottom and 
sides of the door to make certain that they are properly 
secured. 

(3) REASSEMBL Y.-No reassembly is required. 

j. HAND CONTROL AND LIMIT UNIT ASSEM
BLY.-Two hand control and limit unit models, com
pletely interchangeable, are covered by the overhaul 
instructions below. The ORIGINAL model included 
firing switch housings below the handgrips. The RE
VISED model, illustrated in figure 22, has these hous
ings eliminated. 

(1 ) DISASSEMBLY OF COMPLETE HAND 
CONTROL AND LIMIT UNIT 

ASSEMBL Y. (See figure 114.) 

(a) Mark the position of the azimuth coupling 
on top of the cover. 

(b) Remove the seven fillister-head screws and 
lock washers securing the cover assembly and pry the 
cover assembly gently off the dowels. 

( c) Remove the seven fillister-head screws and 
lock washers securing the base assembly to the box 
assembly. 

(d) Pry the box off gently so as t(> prevent dam
age to the worm in the box or the worm wheel with 
which it meshes. 

( e) Remove the three fillister-head screws and 
lock washers securing the azimuth drive assembly to the 
base assembly. 

(f) Gently lift the azimuth drive assembly clear 
of the base assembly so as not to damage the spur gear 
meshes. 

(g) Remove the taper pins from the two spur 
gears that mesh with the circular racks. 

( h) Slide both spur gears out of mesh with 
the circular racks. 

(i) Remove the three fillister-head screws and 
lock washers securing the e.Ievation drive assembly to 
the base assembly. 

(;) Carefully remove the elevation drive assem
bly by lifting it directly upward and off the circular 
rack shafts. 

(2) DISASSEMBLY OF COVER ASSEMBLY. 

(a) Remove the four fillister-head screws and 
lock washers securing the cover plate to the top of 
the elevation drive adjuster assembly and remove the 
cover. 

(b) Remove the three fillister-head screws and 
lockwashers securing the bearing retainer to the eleva
tion drive adjuster assembly and remove the retainer. 

(c) Remove the taper pin in the elevation bevel 
gear. 

(d) Remove the taper pin from the elevation 
drive adjuster assembly and remove the adjuster as
sembly. 

( e) Slide the bevel gear toward the adjuster 
side of the shaft. 

(f) Carefully tap the shaft and bearing out 
the side of the housing which contained the bearing 
retainer. 

(g) Remove the remaining bearing. 

(h) Remove the bearing retainer from the azi
muth drive coupling. 

(i) Remove the taper pins from the azimuth 
spur gear and the azimuth drive arm. 

(j) Remove the azimuth drive arm. 

(k) Slide the gear toward the inside of the 
cover and slide the shaft toward the outside of the 
cover. 

(l) Remove the remaining bearing. 

(3) INSPECTION, CLEANING, AND REPAIR 
OF COVER ASSEMBLY. 

(a) Clean and wash all parts in gasoline, naptha, 
or drycleaning solvent (Federal Specification No. P-S-
661). 

( b) Thoroughly dry all parts and when thor
oughly dry apply a thin film of oil conforming to AAF 
Specification No. 3582, AN Specification No. AN-O-4, 
or Ordnance Specification No. A.X.S. 777. 

( c) Inspect the worm gear for burrs and wear. 

( d) Inspect all gear teeth for wear and burrs. 

( e) Inspect all bearings for freedom from burrs 
and ease of operation. 

(f) Inspect all shafts, particularly at the bearing 
surfaces, for smoothness and alignment. 

(g) Inspect all threaded parts for perfection of 
threads. 
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(4) REASSEMBLY OF COVER ASSEMBLY. 

(a) Replace bearing in adjuster side of elevation 
adjuster housing. 

(b) Insert the elevation adjuster shaft and bear
ing part way into the housing and replace the bevel 
iear with its teeth towards the adjuster end. 

(c) Complete the insertion of the shaft assembly. 

(d) Replace the adjuster assembly on the shaft 
and secure in place with the taper pin. 

( e) Locate the bevel gear on the shaft and 
secure with its taper pin. 

(f) Replace the bearing retainer and secure with 
its three lock washers and three fillister-head screws. 

(g) Grease both ball bearings and the face of 
the bevel gear with lubricant conforming to AN Speci
fication No. AN-G-3. 

(h) Check to see that the shaft turns freely and 
without binding or endplay. 

(i) Press the bearing into the lower azimuth 
shaft support. 

13 
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(j) Replace the azimuth shaft and bearing part 
way, install the spur gear (collar last), and complete 
the insertion of the shaft assembly. 

(k) Replace the bearing retainer and secure in 
place with three lock washers and three fillister-head 
screws. 

(I) Replace the azimuth drive arm and secure 
to the shaft with its taper pin. 

(m) Locate the spur gear on the shaft and 
secure with its taper pin. 

(n) Apply grease conforming to AN Specifica
tion No. AN-G-3 to both bearings and the spur gear. 

( 0) Check to see that the shaft turns freely 
without binding or end play. 

(5) DISASSEMBLY OF BOX ASSEMBLY. 

(a) Remove the four fillister-head screws and 
lock wa~hers securing the limit stop sh;Jft connector 
to the box and remove the connector. 

(b) Tap out the shaft and bearing towards the 
connector side. 

( c) Tap out the other bearing. 

18 21 19 

5 

7 

3 

4 

10 9 

Figure J J 5-Disassembly of Hand Control Azimuth Drive Assembly 
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(6) INSPECTION, CLEANING, AND 
REPAIR OF BOX ASSEMBLY. 

(a) Wash and clean all parts in gasoline, naptha, 
or drycleaning solvent (Federal Specification No. P-S-
661). Thoroughly dry all parts. After thoroughly dried, 
the parts should be given a thin film of oil conform
ing to AAF Specification No. 35S2, AN Specification 
No. AN-O-4, or Ordnance Specifiation No. A.X.S. 777. 

( b) Inspect all threaded parts for perfection of 
threads. 

(c) Inspect the spline on the end of the limit 
stop shaft for freedom from burrs and nicks. 

(d) Inspect the worm for wear and freedom 
from burrs and nicks. 

(e) Inspect the roller bearings for ease of oper
ation and freedom from burrs. 

(7) REASSEMBLY OF BOX ASSEMBLY. 

( a) Press the bearing into place at the side of 
the housing opposite the connector. 

(b) Insert the shaft and bearing assembly into 
place, and tap the bearing into its seated position. 

( c) Replace the connector in place and secure 
with four lock washers and four fillister-head screws. 

(d) Apply grease conforming to -Specification 
No. AN-G-3 to the worm and to both bearings. 

( e) Check to see that the shaft turns freely 
without binding or end play. 

(S) DISASSEMBLY OF AZIMUTH DRIVE 
ASSEMBLY. (See figure 115.) 

(a) Remove the taper pins from gears (1) and 
(2) and remove gear (2) from the shaft. 

(b) Remove the three fillister-head screws and 
lock washers exposed by the removal of gear (2) and 
remove the bearing retainer they secure. 

( c) Slide gear (1) upward and carefully tap the 
shaft and bearing downward out of the supports. 

( d) Remove the taper pins from gears (3) and 
(4) and remove gear (4) from the shaft. 

( e) Remove the three fillister-head screws and 
lock washers from bearing retainer (5) and also from 
the bearing retainer exposed by the removal of gear 
( 4), and remove the retainers. 

(f) Slide gear (3) downward and carefully tap 
the shaft and bearings upward out of the supports. 

(g) Remove the taper pins from gears (6) and 
(7) and remove the gears from shaft (S). 

(h) Remove the three fillister-head screws and 
lock washers securing bearing retainers exposed by the 
removal of gears (6) and (7). 

(i) Remove the taper pin from gear (9). 

0) Carefully tap out shaft (S). Hold the cen
tralizing spring assembly (10) firmly while the shaft is 
being removed, since the spring is under tension. 

IMPORTANT 
Note carefully the manner in which the cen
tralizing spring is loaded so that it may be 
reassembled correctly. 

(k) Remove taper pins from gears (11) and 
(12) and remove gear (11). 

(l) Remove three fillister-head screws and lock 
washers from bearing retainer (13) and remove the 
bearing retainer. 

(m) Carefully tap shaft (14) upward, sliding it 
through gear (12). 

(n) Remove the taper pin from gear (15) and 
remove the gear. 

(0) Remove the three fillister-head screws and 
lock washers from bearing retainer (16) and remove the 
bearing retainer. 

( p) Remove the two taper pins securing cen
tralizer arm assembly (17) to the shaft. 

(q) Carefully tap the shaft and bearings out 
to the left. Hold the centralizing spring assembly (17) 
firmly while the shaft is being removed, since the 
spring is under tension. 

IMPORTANT 
Note carefully the manner in which the cen
tralizing spring is loaded so that it may be 
reassembled correctly. 

(r) Remove the taper pin from channel arm 
(IS) and remove the channel arm. 

(s) Remove the taper pin from gear (19). 

(t) Remove the three fillister-head screws and 
lock washers from bearing retainer (20) and remove 
the bearing retainer. 

(u) Slide gear (19) to the left and carefully 
tap shaft (21) and its bearings out to the right. 

(9) INSPECfION, CLEANING, AND REPAIR 
OF AZIMUTH DRIVE ASSEMBLY. 

(a) Clean and wash all parts in gasoline, naph
tha, or drycleaning solvent (Federal Specification 
No. P-S-661). 

( b) Thoroughly dry all parts and when thor
oughly dry apply a thin film of oil conforming to AAF 
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Figure 1 16-Reassembly 01 Hand Control Azimuth Drive Assembly 

Specification No. 3582, AN Specification No. AN-O-4, 
or Ordnance Specification No. A.X.S. 777. 

( c) Inspect all gear teeth for wear and burrs. 

(d) Inspect all bearings for freedom from burrs 
and ease of operation. 

( e) Inspect all shafts, particularly at the bearing 
surfaces, for smoothness and alignment. 

(f) Inspect all threaded parts for perfection of 
threads. 

(g) Inspect the special long pins in the central
izer assemblies (10) and (17) for security and align
ment. 

( h) Inspect the channel arm and roller assembly 
for f.reedom of operation of the roller and wear' in the 
channel arm. 

( i) Inspect the complete casting for cracks or 
breaks. 

(10) REASSEMBLY OF AZIMUTH DRIVE 
ASSEMBLY. (See figure 116.) 

(a) Replace bearings which support shaft (21). 

(b) Insert shaft (21) part way into the casting, 

replace gear (19), and complete the insertion of the 
shaft. 

(c) Secure gear (19) with its taper pin. 

(d) Replace the channel arm (18) and secure 
with its taper pin. 

(e) Replace bearing retainer (20) and secure. 
with its three lock washers and three fillister-head screws. 

(f) Replace the bearings for the shaft which 
supports centralizer assembly (17) and insert the shaft 
part way from the left. 

(g) Load the spring of centralizer assembly (17) 
one turn clockwise and secure in this position with the 
interlocking pins on the centralizer arms. 

(b) Replace the centralizer assembly on its shaft, 
position the roller in channel arm (18), and complete 
the insertion of the shaft. 

(i) Replace the bearing retainer (16) and secure 
with Its three lock washers and three fillister-head 
screws. 

(j) Secure the two arms of centralizer assembly 
(17) with their taper pins. 

RESTRICTED 91 



Section VI 
Paragraph 4 

RESTRICTED 
AN 11-45G-l 

(k) Replace gear (15) and secure with its taper 
pin. 

(I) Replace the bearings for shaft ( 14) and 
insert the shaft downward through the upper support. 

(m) Replace gear (12), with its teeth down
ward, between gear (15) and the upper support, and 
complete the insertion of shaft (14). 

(n) Secure gear (12) with its taper pin. 

( 0) Replace the bearing retainer (13) and secure 
with its three lock washers and three fillister-head 
screws. 

(p) Replace gear (11) and secure with its taper 
pin. 

(q) Replace the bearings which support shaft 
(8) and insert the shaft part way in from the left. 

(r) Load the spring of centralizer assembly (10) 
one turn ~c1ockwise and secure in this position with the 

6 

pin on gear (9) and the pin which extends from the 
casting. 

(5) Complete the insertion of shaft (8). 

(t) Secure gear (9) with its taper pin. 

(u) Replace the bearing retainers at each end 
of shaft (8) and secure with their three lock washers 
and three fillister-head screws. 

(v) Replace gears (6) and (7) and secure with 
their taper pins. 

(w) Replace the bearings for the shaft which 
supports gears (3) and (4) and insert the shaft down
ward through the upper support. 

(x) Replace gear (3), with its teeth upward, 
between gear (7) and the lower support and complete 
the insertion of the shaft. 

(y) Secure gear (3) with its taper pin. 

(z) Replace the bearing retainers on the upper 

5 

Figure J J 7-Disassembly and Reassembly of Hand Control Elevation Drive Assembly 
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<lnd lower supports and secure with their three lock 
washers and three fillister-head screws. 

(aa) Replace gear (4) and secure with its taper 
pin. 

(bb) Replace the bearings for the shaft which 
supports gears (1) and (2) and insert the shaft upward 
through the lower support. 

(cc) Replace gear (1), with its teeth downward 
between gear (6) and the center supporting bracket 
and complete the insertion of the shaft. 

( dd) Secure gear (1) with its taper pin. 

( ee) Replace the bearing retainer on the lower 
supporting bracket and secure with its three lock washers 
and three fillister-head screws. 

Of) Replace gear (2) and secure with its taper 
pin. 

(11) DISASSEMBLY OF ELEVATION 

DRIVE ASSEMBLY. (See figure 117.) 

(a) Remove the taper pin from gear (1) and 
remove the gear from the shaft. 

(b) Remove the three fillister-head screws and 
three lock washers from bearing retainer (2) and remove 
the bearing retainer. 

(c) Remove the taper pins from gear (3) and 
from limit stop coupling (4). 

(d) Slide gear (3) downward and carefully tap 
the shaft upward through the limit stop mechanism 
and the upper support. 

( e) Remove the bearings from upper and lower 
supports. 

0) Remove the taper pins from the two arms 
of centralizer assembly (6). 

(g) Remove the three fillister-head screws and 
three lock washers from the bearing retainers at each 
end of the shaft supporting centralizer assembly (6). 

(h) Carefully tap the shaft out to the left. Hold 
the centralizer assembly (6) firmly while the shaft is 
being removed, since the spring is under tension. 

IMPORTANT 

Note carefully the manner In which the 
centralizing spring is loaded, so that it may 
be reassembled correctly. 

(i) Remove the bearings which support this 
shaft. 

0) Remove the taper pin from gear (7). 

(k) Remove the three fillister-head screws and 
three lock washers securing bearing retainer (8) and 
remove the bearing retainer. 

(1) Remove the taper pin securing channel arm 
(9) and remove the channel arm from the shaft. 

(m) Slide gear (7) to the right and carefully 
tap the shaft out to the left. 

(n) Remove the bearings which support this 
shaft. 

(0) Remove gear (9), which was loosened in 
disassembly of the complete assembly. 

(p) Remove the taper pins securing gear (11). 

( q) Remove the three fillister-head screws and 
three lock washers securing the bearing retaine~s at 
each end of the shaft and remove the bearing retainers. 

(r) Holding centralizer assembly (12) firmly, 
carefully tap the shaft out toward the right. 

IMPORTANT 

Note carefully the manner in which the cen
tralizing spring is loaded, so that it may be 
reassembled correctly. 

(s) Remove the bearings which support this 
shaft. 

(12) INSPECTION, CLEANING, AND REPAIR 
OF ELEVATION DRIVE ASSEMBLY. 

(a) Clean and wash all parts in gasoline, naphtha, 
or dry-cleaning solvent (Federal Specification No. 
P-S-661). 

( b) Thoroughly dry all parts and when thor
oughly dry 'apply a thin film of oil conforming to 
AAF Specification No. 3582, AN Specification No. 
AN-O-4, or Ordnance Specification No. A.x.S. 777. 

( c) Inspect all gear teeth for wear and burrs. 

(d) Inspect all bearings for freedom from burrs 
and ease of operation. 

( e) Inspect all shafts, particularly at the bearing 
surfaces, for smoothness and alignment. 

0) Inspect all threaded parts for perfection of 
threads. 

(g) Inspect the special long pins in the central
izer assemblies (6) and (12) for security and alignment. 

(h) Inspect the channel arm and roller assembly 
for freedom of operation of the roller and wear in the 
channel arm. 

( i) Check the setting of the dogs in t~e flange 
and coupling of the limit stop mechanism. The measure
ment across the outside of all three dogs should be 
Ys-inch. If it is not, loosen the three set screws and 
adjust until it is Ys-inch and retighten the set screws. 

(See figure 78.) 
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(j) Inspect the complete casing for cracks or 
brea,ks. 

(13) REASSEMBLY OF ELEVATION DRIVE 
ASSEMBLY. (See figure 117.) 

(a) Replace the bearings for the shaft which 
supports the centralizer assembly (12) and insert the 
shaft part way in from the right. 

(b) Load the spring of the centralizer assembly 
(12) one turn clockwise and secure in this position 
with the pin on gear (11) and the stud which extends 
from the casting. 

( c) Insert the shaft through the centralizer 
assembly, replace gear (10), and complete the insertion 
of the shaft. 

(d) Replace the taper pin in gear (11) . (Gear 
(10) should be left unpinned until the complete unit 
is reassembled.) 

( e) Replace the bearing retainers at each end 
of the shaft and secure with their three lock washers 
and three fillister-head screws. 

(f) Replace the bearings for the shaft which 
supports gear (7) and insert the shaft part way in 
from the left. 

(g) Replace gear (7) and complete the insertion 
of the shaft. 

(b) Replace the taper pin securing gear (7). 

(i) Replace channel arm and secure with its 
taper pm. 

(j) Replace bearing retainer (8) and secure 
with its three lock washers and three fillister-head 
screws. 

(k) Replace the bearings for the shaft which 
supports centralizer assembly (6) and insert the shaft 
part way in from the left. 

(/) Load the spring of centralizer assembly (6) 
one turn clockwise and secure in this position with 
the long pins of the centralizer arms. 

(m) Replace the centralizer assembly on its 
shaft, position the roller in the channel arm, and com
plete the insertion of the shaft. 

(n) Replace the bearing retainers at each end 
of the shaft and secure with their lock washers and 
three fillister-head screws. 

( 0) Replace gear (5) and secure with its taper 
pin. 

9 

(p) Replace the bearings for the shaft which 
supports the limit stop mechanism, and insert the shaft 
part way in from the top. 

Figure J J 8-Disassembly and Reassembly of Hand 
Control Base Assembly-Original Model 
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(if) Replace the centralizer assembly between 
the upper support and gear (5) and continue insertion 
of the shaft. 

(T) Replace gear (3), with the teeth upward, 
betwe.en gear (5) and the lower support and complete 
the insertion of the shaft. 

(s) Replace bearing retainer (2) and secure with 
its three lock washers and three fillister-head screws. 

(t) Secure the limit stop mechanism and gear 
(3) with their respective taper pins. 

(u) Replace gear (1) and secure with its taper 
pin. 

(14) DISASSEMBLY OF BASE ASSEMBLY
ORIGINAL MODEL. (See figure 118.) 

( a) Remove the AN receptacle (1) by taking 
out four fillister-head screws (2) and lock washers (3). 

( b) Remove the micro switch housing (4) from 
the base (5) by removing four fillister-head screws (6) 
and lock washers (7). 

(c) Unscrew the firing buttons (8) and remove 
the push rods (9) and springs. Use special wrench 
(tool No. T-1817-F3). 

( d) The pivot pins (10) can now be pushed out 
and the handles removed with the sector gears attached. 

( e) Pull the cotter pin (11) and remove pin 
(12). By unhooking spring (13) , the firing lever (14) 
can be removed. 

(f) Carefully drive out taper pin (15) and slide 
off circular gear rack (16). 

(g) Remove two fillister-head screws (17) from 
both handle caps (18) and remove the caps. 

(h) Slide downward and remove the two shafts 
( 19) . 

(i) Remove the three fillister-head screws (20) 
and lock washers (21) from each azimuth pinion gear 
(22) and remove the pinion gears. 

(j) Handle brackets (23) may now be removed. 

(15) INSPECTION, CLEANING, AND 
REPAIR OF BASE ASSEMBLY

ORIGINAL MODEL. 
(a) Clean the sector gears of the handles with 

a clean cloth dampened in gasoline, naphtha, or dry
cleaning solvent (Federal Specification No. P-S-661) . 

( b) The remaining metal parts, with the excep
tion of the AN receptacle, may be cleaned in gasoline, 
naphtha, or dry-cleaning solvent (Federal Specification 
No. P-S-661). After they are thoroughly dried they 
should be given a thin film of oil conforming to AAF 
Specification No. 3582, AN Specification No. AN-O-4, 
or Ordnance Specification No. A.X.S. 777. 

(c) Inspect all gear teeth, including th€ circular 
and straight racks, for wear and burrs. 

(d) Inspect the shafts for general condition and 
freedom from burrs. 

( e) Inspect all threads for wear or damage. 

(I) Inspect the six azimuth stop pins to make 
sure they are securely mounte.d. 

(g) Inspect the electrical connections at the 
firing switches and at the AN receptacle for good con
tact. Inspect the wires for good insulation. 

(h) Connect an ohmmeter or continuity test 
set across the AN receptacle contacts. Check to make 
certain that continuity is established when either firing 
switch is depressed. 

( 16) REASSEMBLY OF BASE ASSEMBLY
ORIGINAL MODEL. (See figure 118.) 

(a) Apply grease conforming to AN Specifica
tion No. AN-G-3 to recesses in upper parts of handle 
brackets. 

( b) Replace the handle brackets (23) and secure 
in place by replacing the azimuth pinion gears (22). 
Secure the. pinion gears by replacing the three lock 
'washers (21) and three fillister-head screws (20) at 
each gear. 

(c) Insert the shafts (19) through each handle 
bracket and replace the circular gear racks (16) and 
secure with taper pins (15) . 

(d) Replace the two handle bracket caps (18) 
and secure each with two lock washers and two fillister
head screws (17) . 

( e) Replace each handle so that the center of 
its sector gear is at the center of the straight rack. 
Install pivot pins (10) . 

(I) Connect the springs of the firing levers (14) 
to the handle bracket caps and secure each firing lever 
with clevis pin (12). Secure the clevis pin with cotter 
pin (11). 

(g) Secure each handle pivot pin by replacing 
spring and firing button in the handle. Use special 
wrench (tool No. T-1817-F3). 

NOTE 

The firing button rod must go through the 
hole in the handle pivot pin. 

(h) Replace each firing switch and secure with 
two lock washers (7) and two fillister-head screws (6) . 

(i) Replace the receptacle spacer and AN re
ceptacle and secure in place with four lock washers 
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Figure 1 19-Hand Conlrol Handle Assembly-Revised Model, Exploded View 

(3) and four fillister-head screws (2). Make certain 
that the wires enter the receptacle through the recess 
In the. mounting boss. 

( 17) DISASSEMBLY OF BASE 
ASSEMBLY-REVISED MODEL. 

(a) Remove the four fillister-head screws and 
lock washers securing the AN receptacle and receptacle 
spacer. 

( b) Remove the four roundhead screws and lock 
washers securing the wire clips to the base assembly 
and remove the clips. 

( c) Remove the two cotter pins and the two 
handle pivot pins and remove the two handle assemblies. 

(d) Using a special spanner wrench, (tool No. 
T-lSI7-F3), remove the button guide nut permitting 
removal of the remaining parts with the handle. (See 
figure 119.) 

( e) Remove the taper pin from each of the 
circular racks and remove the racks from their shafts. 

(t) Remove the two fillister-head screws and 
lock washers securing each of the handle bracket caps 
and remove. the caps. 

(g) Slide downward and remove the two shafts. 

(h) Remove the three fillister-head screws and 
lock washers securing the azimuth pinion gear to the 
handle bracket. The handle bracket may now be re
moved. 

(IS) INSPECTION, CLEANING, AND 
REPAIR OF BASE ASSEMBLY

REVISED MODEL. 

.( a) Clean the sector gears of the handles with a 

clean cloth dampened in gasoline, naphtha, or dryclean
ing solvent (Federal Specification No. P-S-661). 

( b) The remaining metal parts, with the excep
tion of the AN receptacle, may be cleaned in gaso
line, naphtha, or dry-cleaning solvent (Federal Specifica
tion No. P-S-6Gl). After they are thoroughly dried 
they should be given a thin film of oil conforming to 
AAF Specification No. 35S2, AN Specification No. 
AN-O-4, or Ordnance Specification No. A.X.S. 777. 

( c) Inspect all gear teeth, including the circular 
and straight racks, for wear and burrs. 

(d) I nspect the shafts for general condi tion and 
freedom from burrs. 

( e) Inspect all threads for wear or damage. 

(t) Inspect the six azimuth stop pins to make 
sure they are securely mounted. 

(g) Inspect the bushings in the handle brackets 
and handle bracket caps for smoothness and security. 

(h) Inspect the electrical connections at the 
firing switches and at the AN receptacle for good con
tact. Inspect the wires for good insulation. 

(i) Connect an ohmmeter or continuity test set 
across AN receptacle contacts. Check to make certain 
that continuity is established when either firing switch 
IS depressed. 

(;) Replace any worn or damaged parts. 

(19) REASSEMBLY OF BASE ASSEMBLY
REVISED MODEL. (See figure 120.) 

(a) Apply grease conforming to AN Specifica
tion No. AN-G-3 to recesses in upper parts of the 
handle. brackets. 
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( b) Replace the handle brackets and secure in 
place by replacing the azimuth pinion gears. Secure 
the pinion gears by replacing the three lock washers 
and fillister-head screws at each gear. 

(c) Replace the circular racks and pin with 
taper pins. 

(d) Replace the handle bracket caps and secure 
with two lock washers and two fillister-head screws. 

( e) Reassemble the handle assemblies and replace 
the handle assemblies so that the center of its sector 
gear is at the center of each straight rack. Install pivot 
pins from outside inward and install cotter pins. 

(f) Check to make certain that both handles 
travel to the same limits. 

(g) Replace the four wire clips with four lock 
washers and four roundhead screws. 

(h) Replace the receptacle spacer and AN re
ceptacle and secure in place with four lock washers and 
four fillister-head screws. 

NOTE 

Be sure that wires enter receptacle spacer 
through the recess in the mounting boss and 
make certain that sufficient wire is available 
near the handles to allow full travel of the 
handles. 

(20) REASSEMBLY OF COMPLETE 
HAND CONTROL AND LIMIT 

UNIT ASSEMBLY. 

(a) Apply light coating of grease meeting AN 
Specification No. AN-G-3 to the two bronze bushings 
in the elevation drive unit. 

( b) Place elevation drive assembly , over the 
vertical control shafts, guiding it carefully onto the 
dowel pins as it is lowered onto the base assembly. 

( c) Secure the elevation drive assembly with 
three lock washers and three fillister-head screws. 

(d) Centralize vertically the gunner's left hand
grip and replace gear (13-figure 117) of the eleva
tion drive assembly, meshing with the circular rack. 

(e) Secure gear (13-figure 117) with its taper 

pin. 
(f) Centralize vertically the gunner's right hand

grip and slide gear (lO-figure 1 17) of the elevation 
drive assembly into mesh with the circular rack. Be 
sure that taper pin holes in the gear hub and the 
shaft are properly aligned. 

(g) Centralize horizontally the handgrips and 
place the azimuth drive assembly on the dowel pins, 
carefully meshing the pinion gears. 
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(h) Secure the azimuth drive assembly with 
three lock washers and three fillister-head screws. 

(i) Check to make sure that right and left 
azimuth stop pins engage simultaneously at each extreme 
of travel limit. 

(i) Place box assembly over base assembly and 
carefully position on the dowel pins, meshing limit 
stop worm and worm wheel. 

(k) Secure box assembly to base assembly with 
seven lock washers and seven fillister-head screws. 

(l) Place cover assembly over box assembly and 
lower onto dowe.l pins with elevation adjuster posi
tioned vertically and toward the center of the unit and 
with the azimuth control arm positioned according 
to the mark made when disassembling. 

(m) Secure the cover assembly to the box as
sembly with seven lock washers and seven fillister-head 
screws. 

k. MAIN SWITCH BOX. 

(1) DISASSEMBLY. 

(a) Remove the two Elastic stop nuts and two 
flat washers securing the 120-ampere fuse and remove 
the fuse. 

(b) Remove the two hex nuts, two flat washers, 
and two lock washers at the 120-ampere fuse terminal 
posts. 

( c) Remove wire "DM" from the left terminal 
post. 

(d) Disconnect all wires from the main power 
relay. Do not attempt to remove the bus bar. 

(e) Remove the two roundhead screws and 
Elastic stop nuts securing the main power relay to the 
box and remove the re.lay with the bus bar attached. 

(f) Disconnect the trouble light wires "DTL" 
and "GTL." 

(g) Disconnect the three wires "DRS," "DT," 
and "DCP" from the right side of the fuse block. 

(h) Remove the four roundhead screws and 
washers securing the switch block and remove the 
switch block. 

(i) Disconnect from the gun switches, the wires 
"FK" and the two wires leading to the gun solenoids. 

(j) Disconnect all four wires from the telephone 
and head set jacks from the telephone terminal strip. 

(k) Disconnect the remaining five wires at the 
telephone terminal strip. 

(I) Remove the. two roundhead screws securing 
the receptacle plate to the switch box and remove the 
plate. Unsolder wire "TM-2" at the small receptacle. 

(m) Disconnect the two ground wires "G" from 
the screw at the left side of the switch box. 

(n) Remove the four roundhead screws securing 
the large receptacle to the side of the switch box and 
remove the receptacle. . 

(0) Remove the four fuses from the fuse block, 
remove the two roundhead screws and Elastic stop nuts 
securing the fuse block, and remove the fuse block. 

(p) Disconnect wire "GDR" from its ground 
connection at the box. 

(q) The remaining wires may be disconnected 
from the fuse block and switch terminals if it is desired. 

(2) INSPECTION, CLEANING, AND REPAIR. 

(a) Clean the inside of the switch box with a 
cloth dampened in dry-cleaning solvent (Federal Speci
fication No. P-S-661). Be sure the box is free from dirt, 
oil, and grease. 

( b) Inspect the terminal posts for the 120-
ampere fuse. to make certain the threads are clean and 
bright and in good condition. 

( c) Inspect the terminal posts of the communi
cations terminal, block to make certain that the posts 
are clean and bright and that the threads are in good 
condition. 

( d) Inspect the 120-ampere fuse terminals and 
the communications terminal strip for security of mount
ing. 

( e) Clean all electrical receptacles, using a cloth 
dampened in drycleaning solvent (Federal Specification 
No. P-S-661). 

(f) Inspect all receptacles on the receptacle plate 
for security of mounting. 

(g) Inspect all receptacles for good soldered 
connections and clean contacts. 

( h) Inspect the threads on all receptacles to make 
certain they are all perfect. 

(i) Inspect the wires soldered to the receptacles 
for good insulation, freedom from breaks, and solid 
connections at the terminal lugs. 

(j) Clean and inspect the main power relay. 
Make sure the contacts are clean and bright. Use crocus 
cloth if necessary. 

(k) Inspect the switch block to make certain that 
the switches are securely mounted. 

(I) Check the mechanical operation of the 
switches to make certain that the spring snaps them from 
one position to the. other. 

(m) Check the switch terminals to make sure 
that they are clean and bright and that the threads are in 
good condition. 

98 RESTRICTED 



RESTRICTED 
AN 11-4SG-l 

Section VI 
Paragraph 4 

(n) Inspect the fuse block to make sure that the 
..:untacts are clean and bright and the threaded terminals 
are in good condition. 

( 0) Check the mechanical operation of the 
trouble light switch to see that the spring snaps it from 
one position to another. 

(p) Remove the cover and light from the trouble 
light assembly and check the contacts in the light socket 
for cleanliness and brightness. 

( q) Inspect the trouble light wire for breaks in 
insulation and freedom from grease and oil. 

(r) Inspect the telephone and head set jacks for 
cleanliness and brightness. 

(s) Inspect the telephone and head set jacks for 
freedom from breaks in insulation and freedom from 
oil and grease. 

(t) Inspect all loose wires for solid connections 
and clean terminal lugs. 

(u) Inspect all loose wires for good insulation 
and freedom from breaks. 

(v) Using a continuity test set or an ohmmeter, 
check the continuity of all wires, fuses, and switches. 

(tv) With the lamp replaced and the trouble 
light switch on, check the continuity of the circuit. Re
peat with switch off. 

(x) Replace any worn or damaged parts. 

(3) REASSEMBLY. 

(a) Connect one lug of wire "GOR" to the small 

ground screw on the box just above the left gun solenoid 
wire grommet and secure with an Elastic stop nut. 

~)DCP 

q)DRS 

Figure J2J-Wire Connections at Lef~-Hand Side 
of Fuse Block 

(b) Connect one end of wires "OCP," "OT," 
and "ORS" to the left-hand side of the fuse block. (See 
figure 121.) 

( c) Replace fuse block in box and secure with 
two roundhead screws and two Elastic stop nuts. 

(d) Replace the trouble light cover. 

( e) Connect "GTL" to the small ground screw on 
the box just to the right of the right-hand gun solenoid 
wire grommet and secure with an Elastic stop nut. 

(f) Snap the four small fuses in place in the 
fuse block in accordance with the values stamped in fuse 
block. 

(g) Replace the large receptacle and wire as
sembly at the rear of the box and secure in place with 
four roundhead screws and four Elastic stop nuts. (The 
large contact should be at the bottom.) 

( h) Replace the parts on the ground post at the 
inside of; the box in the following order: 

1. The long ground wire "G." 

2. The cylindrical spacer. 

3. The fiat nut. 

4. The short ground wire "G." 

5. The flat washer. 

6. The Elastic stop nut. 

(i) Replace wire "THS-l" on the No.4 (right
hand) communications terminal and secure with a fiat 
washer and flat nut. 

(j) Replace wire "THM" on the No.3 post. 

(k) Replace wire "TM-l" on the No.1 post and 
secure with a fiat washer and flat nut. 

(I) Connect wire "GOT" from its small recep

tacle on the receptacle plate to one of the screws holding 

the receptacle to the plate and replace the Elastic stop 
nut. 

(m) Solder wire ''YHM'' to terminal "B" on the 

center right-hand receptacle and apply cement (AN 

Specification No. AN-E-2, Red) to the joint. 

(n) Attach wire "OM" to the left-hand terminal 
of the 120-ampere fuse block, secure with a flat nut, and 
replace the receptacle plate to the box with two round
head screws. 

( 0) Assemble the other wire "THM" to the No. 
3 communications post and secure the two "THM" wires 
with one flat washer and one flat nut. 

(p) Replace wire "TMS-2" on communications 
post No. 2 and secure with a flat washer and a flat nut. 

( q) Install a fiat washer on each of communica
tions posts Nos. 1 and 2 and connect the head set jack 
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Figure 1 22-Wire Connections at Right-Hand Side 
of Fuse Slock 

(JK-26) wires to these communications posts. Secure the 
wires in place with flat nuts. 

(r) Install a flat washer on each of communica
tions posts Nos. 3 and 4 and connect the telephone jack 
(JK-4S) wires to these communications posts. Secure the 
wires in place with flat nuts. 

(5) Connect wire "FK" from the small recep
tacle on the receptacle plate to "OFF" terminal of the 
left gun switch and connect the shorr jumper "FK" to 
this terminal and to the "OFF" terminal of the right 
gun switch. 

(I) Run free end of "FCS-2" wire through right
hand gun solenoid wire grommet and connect it to the 
"ON" terminal of the right-hand gun switch. 

(u) Run the free end of "FCS-l" wire through 
left-hand gun solenoid wire grommet and connect it to 
the "ON" terminal of the left-hand gun switch. 

(v) Connect wire "DCR" to the "OFF" terminal 
of the main power switch. 

(w) Connect wire "DCS" to the "ON" terminal 
of the main power switch. 

(x) Replace the switch block to the box with 
four washers and four roundhead screws. 

(y) Connect the free ends of wires "DCP," "DT," 
"DRS," and "DT1" to the right-hand side of the fuse 
block. (See figure 122.) 

(z) Replace the relay (terminal 2 toward the 
fuse block) and secure to the box with two roundhead 
screws and two Elastic stop nuts. 

NOTE 

Be sure the bus bar is in position on terminal 
2, and that the other end of the bus bar is in 
position on the right-hand terminal of the 120-
ampere fuse block. 

(aa) Connect wires "DCG," "DCS," and "DRS" 
to the large left-hand terminal (No.1) and secure with 
a flat nut. 

(bb) Connect wire "DCP" to the large right
hand terminal (No.2) and secure with a flat nut. 

( cc) Connect wires "DCR" and "DT" to the 
small right-hand terminal (No. C2) and secure with a 
flat nut. 

(dd) Connect wire "GDR" to terminal No. Cl 
and secure with a flat nut. 

( ee) Secure bus bar to 120-ampere fuse terminal 
with a lock washer, flat washer, and flat brass nut. 

(I!) Replace the 120-ampere fuse and secure in 
place with two flat washers and two Elastic stop nuts. 

(gg) Replace the cover. 

1. AZIMUTH POWER GEARING ASSEMBLY. 

(1) DISASSEMBLY. (See figure 123.) 

( a) Remove the six Elastic stop nuts securing 
the gearing assembly to the azimuth power unit trans
mission (four at the spline adapter plate and two at 
the bracket end of the transmission). 

( b) Cut lock wire and remove three cap screws 
(1), permitting removal of cover (2) and gasket (3). 

( c) Remove eight Elastic stop nuts (4) and re
move cover (10) and gasket (11). 

(d) Remove bearing (15), shaft and gear (16), 
and bearing (17). 

( e) Remove six fillister-head screws (5), per
mitting removal of cover plate (6) and gasket (7). 

(I) Remove Elastic stop nut (S) and washer (9). 

(g) Holding shaft (20) with special spline 
wrench (tool No. 970-F9), remove Elastic stop nut 
( 18). 

(b) Carefully tap out shaft (20), freeing gear 
(19). 

(i) Remove bearing (21), spacer (22), Gar
lock Klozure (23), and bearing (24). 

(;) Carefully tap out shaft and gear (14), per
mitting removal of gear (12) and bearings (13) and 
(25). 

(2) INSPECTION, CLEANING, AND 
REPAIR. 

(a) Clean all metal parts in gasoline, naptha, or 
dry cleaning solvent (Federal Specification No. P-S-
661). Clean the Garlock Klozures in either gasoline 
or kerosene. 
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Figure 1 23-Disassembly 01 Azimuth Power Gearing 

( b) After cleaning and drying thoroughly, all 
parts should be given a thin film of hydraulic oil to 
prevent rusting and corrosion. 

( c) Inspect all ball bearings to make sure that 
they all operate freely and that the inside diameter sur
faces are clean and smooth. 

(d) Inspect all gears and shafts for general con
dition, freedom from burrs, and wear at the gear teeth. 

( e) Inspect all threaded parts for general con
dition of threads. 

(t) Inspect the Garlock Klozures for freedom 

from tears and dents. 

(g) Inspect the cover gaskets for freedom from , 

tears. 

(3) REASSEMBLY. (See figures 124 and 125.) 

(a) Replace bearing (1), spacer (2), bearing 
(3), and Klozure (4) into gear box housing. 

(b) Insert shaft (5) and replace gear (6) . 

(c) Replace nut (7) and tighten, using special 
tool on spline (tool No. 970-F9). 

(d) Replace bearing (8) and bevel gear and 
shaft (9). 

( e) Replace gear (10). 

(f) Replace bearing (11), gear and shaft (12), 
and bearing (13). 

(g) Replace gasket (14). 

(h) Press bearing (15) into cover (16) and re
place the cover. 

(i) Secure cover with eight stop nuts (17). 

(j) Replace washer (18) and nut (19), and 
tighten the nut. 

(k) Replace gasket (20), cover (21), and secure 
with three cap screws (22). 

(I) Replace gasket (23), cover (24), and secure 

with six fillister-head screws (25). 

(m) Lockwire cap screws (22) and fillister-head 
screws (25). 

m. ELEVA nON POWER GEARING 
ASSEMBLY. 

(1) DISASSEMBLY. (See figure 126.) 

(a) Remove the four Elastic stop nuts securing 
the elevation power gearing assembly to the double 
power unit and remove the gearing assembly. 

(b) Remove Elastic stop nut (1), washer (2), 
and remove gear (3). 

Figure 124-Azimuth Power Gearing Assembly
Phantom View 
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(c) Remove pins (4) and (6), permitting re

moval of universal shaft (5) and clutch handle (7). 

(d) Remove screw (17), spring (18), and clutch 
pin (19). 

( e) Remove Elastic stop. nut (9) and clutch col

lar (10). 

(f) Remove six Elastic stop nuts (11), cover 

plate (12), and gasket (13). 

(g) Remove spacer (14) and Garlock Klozures 
(15) and (16). 

(b) Remove four Elastic stop nuts (20), re

tainer cover (21), and gasket (22). 

(i) Remove Elastic stop nut (23) and shaft and 

gear (24). 

(j) Remove screw (25) and clutch locking pin 
assembly (26). 

(k) Remove four Elastic stop nuts (27), re
tainer cover (28), and gasket (29). 

(I) Remove six Elastic stop nuts (30), cover 

(31), and gasket (32). 

(m) Remove four Elastic stop nuts (33), bear
ing retainer (34), gear and shaft (35), and bearings 
(36) and (37). 

(n) Remove 13 Elastic stop nuts (38), securing 

cover (39). 

( 0) Remove Elastic stop nut (40) and washer 

(41). 

( p) Remove cover (39) and gasket (42). 

(q) Remove shaft (43), bearing (44), gear 

(45), and washer (46). 

(r) Remove bearing (47), and gear (48) from 

shaft (49). 

(s) Remove shaft and gear (50) and bearing 
(51). 

(I) Remove bearing (52), shaft (53), and gear 

(54). 

(u) Remove spacer (55) and bearing (56). 

(v) Remove four Elastic stop nuts (57), lock 

nut (59), and lock washer (60), permitting the removal 

of retainer (58), bearing (61), and gear (62). 

(tv) Remove shaft (63), gear (65), and bearing 

(64). 

(;Ie) Remove packing nut ( 66), three screws 

( 67), retainer (68), gasket (69), and packing (70) . 

(2) CLEANING AND INSPECTION. 

(a) Clean all metal pans in gasoline, naptha, 
or drycleaning solvent (Federal Specification No. P-S-

661). Clean the Garlock Klozures in gasoline or kero
sene. 

(b) After cleaning and drying thoroughly, all 

parts should be given a thin film of hydraulic oil to 
prevent rusting and corrosion. 

( c) Inspect all ball bearings to make sure that 

they all operate freely and that the inside and outside 

diameter surfaces are clean and smooth. 

(d) Inspect all gears and shafts for general con
dition, freedom from burrs, and wear at the gear teeth. 

( e) Inspect all threaded parts for general con

dition of the threads. 

(f) Inspect the Garlock Klozures for freedom 

from tears and dents. 
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(g) Inspect the cover gaskets for freedom from 
tears. 

(h) Inspect all castings for cracks or other de-
fects. 

(i) Inspect all splines for freedom from burrs 
and sharp edges. 

0) Replace any worn or damaged parts. 

(3) REASSEMBLY. (See figures 126 and 127.) 

( a) Press gears (50 and 48) on shaft (49). 

(b) Press bearings (47 and 51) on shaft (49). 

(c) Press bearings (36 and 37) on shaft (35). 

(d) Press bearing (44) into gear (45) and onto 
shaft (43). 

(e) Press bearing (64) on gear (65) and assem-
ble onto shaft (63). 

(f) Press bearing (52) on shaft (53). 

(g) Press gear (54) on shaft (53). 

(h) Add spacer (55) and press bearing (56) on 
shaft (53). 

(i) Assemble retainer (58) to gear (62), and 

press bearing (61) onto gear (62). 

0) Assemble Garlock Klozures (15 and 16) to 
retainer (12). 

(k) Press bearing (44) onto shaft (43) and as

semble gear (45) assembly to cover (39) and secure 
with washer (41) and nut (40). 

(I) Assemble gear assembly (35) to cover (31), 
secure with retainer (34) and four Elastic stop nuts 

Figure 127-Elevation Power Gearing Assembly
Phantom View 

(33), and grease bearings and gear teeth with lubricant 
conforming to AN Specification No. AN-G-3. 

(m) Assemble gear assembly (62) to the case, 
secure in place with four Elastic stop nuts (57), and 
grease the bearings and gear teeth. 

(n) Replace gear assembly (50) in the case and 
grease the bearing and gear teeth. 

(0) Replace gear assembly (65) in the case and 
grease the bearings and gear teeth. 

(p) Replace gear assembly (54) in the case and 
grease the bearings and gear teath. 

( q) Replace gasket (42) and replace cover 
(39). Secure cover in place with 13 Elastic stop nuts 
(38). The thin nut is to be installed but not tightened 
in the position shown. 

(r) Grease and replace gasket (13). 

(s) Replace retainer (12) and secure In place 
with six Elastic stop nuts (11). 

(I) Replace spacer (14) and gear (3) and se
cure in place with washer (2) and Elastic stop nut (1) . 

(tt) Grease gasket (29), replace gasket and re
tainer (28) and secure with four Elastic stop nuts (27). 

(v) Grease gasket (22) and replace gear (24) , 
gasket (22), and retainer (21) (clutch handle toward 
center of gear assembly) and secure with Elastic stop 
nut (23) and four Elastic stop nuts (20). 

(w) Replace clutch locking pin assembly (26) 
and secure with screw (25). Lockwire screw in position 
after testing clutch operation, adjusting screw (25) for 
best results. 

(x) Replace clutch collar (10) on clutch shaft 
and secure with nut (9). 

(y) Reassemble clutch pin (19) and spring 
(18) to yoke (8) and secure in place with screw (17). 

(z) Assemble yoke (8) to case, replace handle 
and shaft (7), and pin to yoke with pin (6). 

( aa) Replace universal shaft (5) and pin to 
yoke and clutch handle shaft with pin (4). 

(bb) Lockwire screw (17) in position. 

( cc) Grease and assemble gasket (32) and cover 
assembly (31) and secure in place with six Elastic stop 
nuts (30). 

( dd) Replace packing (70), gasket ( 69), and 
retainer (68) and secure with three screws (67) . 

(ee) Replace packing nut (66) . 

n. DOUBLE POWER UNIT. 

(1) DISASSEMBLY OF COMPLETE 
UNIT. (See figure 128.) 

(a) Remove drain cup (6) held to sight bracket 
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by spring clips. Remove two roundhead screws hold
ing each drain tube (7) and remove the drain tube 
assembly. 

(b) Break lock wire and remove nuts (1) and 
washer (2). 

( c) Break lock wire (3) and remove cap screws 
(4). 

(d) Remove sight bracket (5). 

( e) Remove azimuth power gearing support 
bracket (9) by taking out two cap screws (8). 

(f) Remove three nuts (10) and take off bracket 
(11). 

(g) Remove cap screws (12) and bracket (14). 
Do not lose the spacers (13) which go between the 
bracket and transmission. 

23 

21 

22---_----..oIE 

5----

6--____ _ 

(h) Remove two screws (17) and lock washers 
(18), and take off the azimuth control shaft (19), being 
careful not to lose C washers (20). 

(i) Remove elevation control shaft by taking 
two screws (21) and C washer (22) out of the cou
pling. Remove two nuts (23 and 24) and take off 
bracket and control shaft (25). 

0) Loosen the fitting on bleeder line (26) at 
elbow (27) and drain all the hydraulic fluid from the 
breather tank (36) and the elevation transmission. Re
move bleeder line (29) at fitting (30) and drain all the 
fluid from the azimuth transmission. 

(k) Loosen fittings (33) and (35) on bleeder 
lines (32) and (34). The breather tank, bleeder lines, 
and feeder lines will now come off as a unit. The feeder 
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Figure J 28-Disassembly of Double Power Unit 
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Figure 129-Hydraulic Transmission 

lines and bleeder lines may now be removed from the 

breather tank. 

(I) Break lock wire and remove four castellated 

nuts holding each transmission to the electric motor. 

Lift off each transmission, using care to avoid damage 

to stud threads. 

SIDE COVER 

PRESSURE LINE 

Figure 130-Hydraulic Transmission 

(2) DISASSEMBLY OF TRANSMISSIONS. -
Since the azimuth and elevation hydraulic transmissions 
are identical, differing only in the position in which 
they are mounted on the electric motor, the following 
procedure may be used for either unit. 

(a) Break lock wire, remove (12) castellated 
nuts and washers, and lift the rear cover from the hous
ing. (See figure 129.) 

(b) Remove the four castellated nuts which hold 
the flange of the upper pressure line to the housing. 
Remove the four castellated nuts which hold the flange 
of the lower pressure line to the housing. Remove the 
swivel bolts securing the pressure lines to the "B" end 
valve plate. (See figure 130.) 

CAUTION 

Note the thickness and location of the alumi
num gaskets between the swivel bolts and 
pressure lines and between the pressure lines 
and the "B" end valve plate. These must be 
replaced in the same positions when reassem
bling the transmission. 

" 
Figure 131-Yoke Control Arm Removed 
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Figure 132-Con'rol Cylinder Removed 

(c) Remove the two Allen head setscrews ~old
ing the yoke control arm to the yoke. Loosen the other 
two setscrews (beneath the first two, in the same holes) 
sufficiently for the yoke control arm to be released from 

the yoke, and lift the arm out of the housing. (See 

figure 131.) 

(d) Remove the two fillister-head screws which 
secure the control cylinder to the small pad in the corner 
of the housing. (There are four screws in the cover of 

the cylinder, but two of them serve only to hold the 
cover to the cylinder.) The control cylinder may now 
be lifted from the housing. (See figure 132.) 

(e) Remove the two hex-head cap screws which 
pass through the control pump cover, and remove the 
four castellated nuts which secure the cover to the hous

ing. Lift off the pump cover and replace the hex-head cap 
screws in the pump body so they may be used to pull 
the pump from the main housing. (See figure 133.) 

(f) ,Take out the seven Allen head screws which 

secure the "A" end valve plate to the yoke, being care.
ful to hold the plate down. Place one of the longer 

screws 10 the center hole (from which a short screw 

was removed) and use this to hold the rotating assembly 
down as the valve plate is lifted off. (See figure 134.) 

(g) Using any bolt or screw with a % x 16 
thread, screw into each pintle and pull out the pintles. 
Remove the two Neoprene seals from the pintles and 
the four Neoprene seals from the top surface of the 
yoke. Lift out the yoke carefully so as not to disturb 
the "AU end rotating assembly. 

( h) Remove the locking screw and washer hold
ing the "AU end rotating assembly to the shoulder in 
the housing. 

(i) Using a fibre or brass rod of smaller diameter 

than the rotating assembly shaft, CAREFULLY drive out 

the "A" end rotating assembly as a unit. (See figures 

135 and 136.) 

(j) Remove the %-inch pipe plug in the "8" 
end valve plate; pull the pin behind the plug with a 
pair of needle-nose pliers. Hold down the cylinder block 
pilot with a small pointed cool (so as not to disturb the 
rotating assembly when the valve plate is removed) and 

Figure J 33-Con,rol Pump Removed 
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Figure J34-Removing Allen Head Screws from "A" 
End Valve Plate 

lift off the valve plate. (See figure 137.) 

(k) Remove the eight castellated nuts securing 

the side cover to the housing and remove the side cover. 

(See figure 138.) 

(I) Remove the locking screw and lock washer 

securing the "B" end rotating assembly. With a fibre 

or brass rod of a smaller diameter than the rotating as-

Figure J 3S-Driving Out "A" End Rotating Assembly 

sembly shaft, CAREFULLY drive out the "B" end ro

tating assembly. (See figure 139.) 

(m) Remove the six castellated nuts securing 

the "A" end bearing retainer. On opposite sides of the 

retainer, screw in the two screws which are used to hold 

the control pump cover to its body. By alternately turn

ing the two screws a small amount, the bearing, retainer, 

and oil seal will be gradually pulled out of the trans

mission housing. (See figure 140.) 

o 

Figure J36-"A" End Rotating Assembly Removed 
from Transmission 
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figure 137-"0" End Valve Plate Removed 

(n) In order to remove the "B" end bearing, 
retainer, and oil seal, it is necessary to remove the four 
shoulder studs securing the retainer to the housing. 
Thread two IA x 28 hex nuts on each stud, using one 
as a lock nut, and back out each shoulder stud. Insert 
a screw driver alternately in the two slots provided and 
gradually pry the retainer out. (See figure 141.) 

(3) INSPECfION, CLEANING, AND REPAIR 
OF TRANSMISSIONS.-No specific instructions are 
given herein for detailed repairs, since it is assumed 
that skilled personnel will ascertain and make only such 
repairs which are indicated as being necessary for . the 
particular unit undergoing overhaul. In many cases, it 
may only be necessary to clean aU parts thoroughly 
before reassembling. 

(a) The "A" end and "B" end rotating assem

blies consist of parts which have been individually fitted 

and worked in at the factory. , 
(b) The side cover is individually fitted to its 

particular housing so that there will be no warping of 

the cover, with a resultant distortion of the "B" end 

valve plate and cylinder. If a new cover is used, it 

should be "blued" and set in place to determine irregu

larities in the surface, then removed and machined or 

filed to fit perfectly. 

(c) The yoke is also individually fitted to its 

particular housing and pintles. If a new yoke is installed, 

care should be used in fitting it to the housing so that 

the yoke does not bind or is not excessively loose. 

( d) With the exception of the Neoprene gaskets, 

it is recommended that new gaskets be provided 

throughout when reassembling the transmission. 

(e) Too much stress cannot be given to the im

portance of having each part or assembly perfectly clean 

before starting reassembly. Wash all parts thoroughly 

in gasoline, naptha, or drycleaning solvent (Federal 

figure 138-Side Cover Removed 
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Figure 139-"8" End Rotating Assembly Removed 
from Transmission 

Specification No. P-S-661) then blowout with dry air 
having a nozzle pressure of at least 50 pounds. Immerse 
all parts in clean hydraulic fluid (AN Specification No. 
AN-VV-O-366-b) immediately, to prevent rusting. 

(f) Extreme care must be exercised in handling 
all parts. The slightest scratch on any of the "ultra
lapped" surface will render the unit inefficient if not 
useless. 

(g) Examine all bearings for freedom and 
smoothness of operation and replace if necessary. 

( h) Examine the "A" end and "B" end oil seals 

Figure 140-Removing "A" End 8earing Retainer 

Figure 141-Removing "8" End 8earing Retainer 

for tightness around the shafts. If the elasticity of the 
Neoprene oil seals is gone, replace them, but use caution 
when driving the new seals into dte retainer. 

( 4) REASSEMBLY OF TRANSMISSIONS. 

(a) Replace the "B" end retainer and oil seal. 
A new gasket should be used. Turn the shoulder studs 
down evenly and tightly. 

( b) A new gasket should be used under the "A" 
end retainer, and the retainer should be drawn down 
evenly and tightly and then lockwired. 

( c) Install the control cylinder and secure with 
two fillister-head screws. Make certain that the small 
oil hole in the bottom cover lines up with the oil hole 
in the pad of the housing. 
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(d) Place the "B" end rotating assembly in posi
tion and tap in place lightly with a light hammer and 
brass or fibre rod. The rod should be held against the 
driving plate just above the bearing. Extreme caution 
must be taken to lead the end of the shaft through the 
oil seal before driving it into place. 

( e) Lock the "B" end in place with the locking 
screw and washer. Start the lock wire which will eventu
ally be fastened to the "A" end locking screw. 

(f) Place a new side cover gasket between the 
side cover and the housing. Secure the side cover to the 
housing with the eight castellated nuts and washers. 
The side cover contains the control shaft sub-assembly 
and care should be used when placing the cover so as 
to fit the control shaft bearing properly into the hous
ing. The inside arm of the control shaft must be through 
the linkage of the follow valve before securing the side 
cover. 

(g) Place a new gasket between the "B" end 
valve plate and the side cover and fasten the valve plate 
down evenly and tightly with four nuts. Insert the lock
ing pin and replace the plug. 

( h) Place the "A" end rotating assembly in posi
tion and tap in place lightly with a light hammer and 
a brass or fibre rod. The rod should be held against the 
driving plate just above the bearing. Do not pound on 
the bearing. Extreme caution must be taken to lead the 
end of the shaft through the oil seal before driving it 
into place. 

(i) Secure the "A" end rotating assembly in 
place with the locking screw and washer and lock wire 
the screw with the free end of the lock wire from the 
"B" end locking screws. 

(j) Carefully place the yoke over the "A" end 
rotating assembly and insert the pintles. 

(k) Make certain that the Neoprene gaskets are 
in place, secure the "A" end valve plate in place with the 
seven Allen head screws, and lockwire. 

(I) Insert the yoke control arm tee into its hole 
in the yoke control arm. Place the yoke control arm into 
its seat in the yoke and, at the same time, slide the yoke 
control arm tee into the control cylinder and follow 
valve slot. Tighten the yoke control arm to the yoke with 
the two Allen setscrews and replace the two locking set
screws into the same threaded holes. 

(m) Set the control pump body into place in 
the housing, making certain the small locating pin is in 
the slot provided. Place a new gasket between the hous
ing and the pump cover and secure the cover with four 
nuts. Secure the pump to the cover with the two long 
cap screws and lock wire. 

(n) Make certain the Neoprene gaskets are in 
the end of the pintles and secure the upper and lower 
pressure lines at the flanges but do not tighten. Insert 
gaskets of the proper thickness between the "B" end 
valve plate and the pressure lines and between the swivel 
bolt and the pressure lines. Tighten the castellated nuts 
at the flanges and then tighten the swivel bolts. 

CAUTION 

If gaskets of improper thickness are inserted 
between pressure lines and valve plate, or be
tween swivel bolt and pressure lines, distortion 
of the valve plate will result, causing the trans
mission to be inefficient. 

(0) The above procedure is written for earlier 
model transmissions. On newer models many of the 
studs and castellated nuts have been replaced with Allen 
head cap screws, under the heads of which are small 
Neoprene gaskets. Allen head cap screws have replaced 
studs at the following places: "B" end valve plate, "B" 
end side cover, flanges of the upper and lower pressure 
lines, and the control pump cover. 

(p) In the event the azimuth rate control shaft is 
replaced, make certain the ne.w shaft is adjusted to the 
same length as the one replaced. 

(5) ELECTRIC MOTOR.-No further disassembly 
of the electric motor is covered herein, since this unit 
is a common type of direct current, compound wound 
motor and should be handled in accordance with the 
accepted practices for this type of electrical equipment. 

( 6) REASSEMBLY OF COMPLETE UNIT. 
(See figure 142.) 

(a) Insert new gaskets (made from Armstrong 
No. 651 cork) between each transmission and the elec
tric motor, secure each transmission to the motor with 
four castellated nuts, and lockwire. 

NOTE 

When replacing fittings, a small amount of 
grease (AN Specification No. AN-G-14) should 
be used on all pipe threads. 

(b) Replace fittings (30, 33, and 35). Attach 
feeder lines (32 and 34) to breather tank (36) and 
fasten the other ends of lines (32 and 34) to fittings 
(33 and 35). 

(c) Fasten bleeder lines (26 and 29) to fittings 
(27 and 30) at the transmissions and to fittings (28 and 
31) at the breather tank. 

(d) Replace elevation control (shaft and bracket 
(25) and secure with nuts (23 and 24). Secure the cou-
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pIing with C washer (22) and screws (21). Assemble 
exactly as shown in figure 143. 

( e) Connect azimuth control shaft (19) to the 
azimuth transmission and secure with C washer (20), 
lock washers (18), and screws (17). 

(f) Replace right-angle bracket (14) and secure 
with three screws (12). Make certain spacers (13) are 
in place between the bracket and transmission. DO NOT 
TIGHTEN THE SCREWS. 

(g) Replace right-angle bracket (11) and secure 
with three nuts (10) but DO NOT TIGHTEN. Nuts 
(10) and screws (12) are to be tightened when the en
tire unit is placed in assembly and test fixture for proper 
spacing. 

(h) Replace azimuth power gearing assembly 

23 

21 

22 -------tIf:. 

5 ----, 

6 

support bracket (9) and secure with two screws (8). 
(i) Replace sight bracket (5) and secure with 

two screws (4), two washers (2), and nuts (1). 

(j) Attach drain tubes (7) to the azimuth and 
elevation transmissions by means of two roundhead 
screws each. Squeeze fluid out of absorbent pad in drain 
cup (6) and clip drain cup to sight bracket. 

(k) Replace gaskets (15 and 16). 

(7) TEST OF DOUBLE POWER UNIT. 

(a) Remove filler plugs from breather tank and 
fill both hydraulic systems (azimuth and elevation) with 
hydraulic fluid conforming to AN Specification No. 
AN-VV-O-366-b. Make certain that both transmissions 
are full and that fluid is just visible at the bottom of the 
glass gage on the breather tank when the tank is hori
zontal. 

~'----18 

13 

14 

Figure 742-Reassembly of Double Power Unit 
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Figure J 43-Elevation Control linkage Correctly 
Reassembled 

( b) Place the complete double power unit on the 
special assembly and test fixture (No. T-1480-G1) and, 
after proper spacing of the two right-angle brackets, 
tighten the screws and nuts and lockwire. 

( c) Connect the electric motor to a 24-volt d-c 
supply from storage batteries or a generator. Ground 
connection may be made to the frame of the fixture. 

(d) By means of the control shafts, tilt the "A" 
end of each transmission to the maximum and allow the 
unit to warm up for 15 minutes. 

(e) Allow both transmissions to cool to room 
temperature and retighten all nuts and screws on the 
covers and plates of both transmissions. 

(f) Repeat this procedure, operating both trans
missions at full speed for 15 minutes, allowing to cool, 
and retightening all nuts and screws. 

CAUTION 

Use care so as not to strip any threads when 
tightening nuts and screws. 

(g) Operate both transmissions a third time at 
full speed for 15 minutes and check for external leak
age. A transmission should leak no more than 3 drops 
in 2 minutes at places other than oil seals. The com
bined leakage at the oil seals of one transmission should 
not exceed 5 drops in 10 minutes. 

(h) Remove the VB-inch pipe plug in the control 
pump cover of one transmission and connect a pressure 
gage with graduations from 0 to 150 pounds per square 
inch. (See figure 144.) With the electric motor running, 

the pressure should be 85 pounds per square inch ± 5 
pounds per square inch. The control pump pressure may 
be adjusted by the screw under the acorn nut on the 
control pump cover. (See figure 83.) 

(i) Repeat the pressure test for the other trans
miSSIOn. 

(i) With a tachometer, check the maximum speed 
of rotation of each "B" end spline shaft. With the 
voltage not less than 24 or more than 28 volts d-c, the 
maximum speed of rotation of the "B" end spline shaft 
of each transmission should be. not less than 1100 rpm. 

(k) When tests are satisfactorily co~pleted, 
lockwire all nuts and screws. 

(8) REASSEMBLY OF POWER GEARING 
ASSEMBLIES TO THE DOUBLE 

POWER UNIT. 

(a) Loosely attach the azimuth power gearing 
unit to the azimuth transmission with six Elastic stop 
nuts. 

(b) Loosely attach the elevation power gearing 
assembly to the elevation transmission with four Elastic 
stop nuts. Install three cap screws to hold the gear 
housing loosely to the assembly fixture. (See figure 
145.) 

(c) Adjust the azimuth power gearing assembly 
until its spline meshes with the spline on the assembly 
fixture. 

(d) Tighten the six Elastic stop nuts and check 
the meshing of the splines. 

( e) Adjust the elevation power gearing assembly 
until the pinion gear meshes properly with the gear 
rack on the assembly fixture. 

Figure 1 44-Pressure Gage Connected 
to Control Pump 
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(f) Tighten the four Elastic stop nuts securing 
the gearing assembly to the elevation transmission and 
three cap screws holding it to the assembly fixture. 
Check the meshing of the pinion gear and gear rack. 

(g) Loosen the tubing connections and securely 
fasten the breather tank to the fixture with two cap 
screws and two Elastic stop nuts. (See figure 145.) 

( h) Tighten the bleeder tubing connections. 

(i) Remove the complete double power unit 
from the assembly and test fixture. 

o. AZIMUTH HAND DRIVE UNIT. 

(1) DISASSEMBLY.-This unit may be readily 
disassembled by following the steps indicated by the 
numbers in figure 146. 

(2) INSPECTION, CLEANING, AND REPAIR. 

(a) Clean and wash all parts in gasoline, naptha, 
or dry-cleaning solvent (Federal Specification No. P-S-
661) . 

(b) After the parts have been thoroughly dried, 
apply a thin film of hydraulic fluid (AN Specification 
No. AN-VV-O-366-b) to prevent rusting and corrosion. 

( c) Inspect all bearings for general conditions 
and ease of operation. 

(d) Inspect the shafts and gear hubs for free
dom from burrs. 

( e) Inspect all gear and sprocket teeth for wear 
and burrs. 

(f) Inspect the casting for breaks and general 
condition. 

Figure J 45-Double Power Unit Installed in 
Assembly Fixture 

2 3 5 7 6 

\ J 

®I 

2 3 8 9 10 12 II 

Figure J 46-Disassembly and Reassembly of 
Azimuth Hand Drive Unit 

(g) Replace all worn or damaged parts. 

(3) REASSEMBLY. (See figure 146.) 

(a) Replace bearing (11) in end bell casting. 

(b) Place spacer (12) on shaft and insert shaft 
in bearing (11). 

( c) Place keys (10) in shaft and slide sprocket 
wheel (9) and gear (8) on shaft, seeing that each is 
properly keyed. 

(d) Place spacer (3) and bearing (2) on shaft. 

(e) Replace bearing (6) in end bell casting. 

(f) Place spacer (7) on shaft and insert shaft 
in bearing (6) . 

(g) Place key (5) in shaft and slide gear (4) 
on shaft, meshing with gear (8). 

(h) Place spacer (3) and bearing (2) on shaft. 

(i) Replace cover (1) and secure with Elastic 
stop nuts. 

p. AZIMUTH END BELL GEARING ASSEMBLY. 

(1) DISASSEMBLY. (See figures 147 and 148.) 

(a) Remove three fillister-head screws (1) and 
remove adapter plate (2). 

(b) Remove five caps screws (3). 

(c) Remove parts (4, 5, 6, 7, 8, 9, 10, and 11) 
as one assembly. 
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(d) Remove taper pin from gear (6) and remove 
shaft (11) together with parts (7, 8,9, and 10). 

(e) Remove six Elastic stop nuts (12) and eight 
flathead screws (13). 

(I) Remove three stop nuts (14) and remove 
bearing retainer (15). 

(g) Remove stop nut (16). 

(h) Remove three fillister-head screws (17) and 
remove bearing retainer (18). 

(i) Pry cover (19) upward slightly to start its 
removal from the dowels. 

0) Tap shaft (29) upward slightly to loosen 
bearings (20) from the gear housing. 

(k) Complete the removal of cover (19). Parts 
(21, 22, 23, 24, 25, 26, 27, and 28) will come off with 
the cover as a complete assembly. It will be necessary 
to move shaft (29) slightly so that gear (21) will clear 
gear (30) during the removal of this assembly. 

(l) Remove the female clutch plate (28) from 
shaft (24). 

(m) Cut lock wire and remove six fillister-head 
screws securing gear (22) to gear (21) and remove the 
two gears. 

(n) Remove three stop nuts (27) securing bear
ing retainer cover (26) and remove the cover. 

(0) Remove shaft (24) from Klozure (25). 

(p) Remove bearing (23) and cover (19) and 
remove bearing (31) from the gear housing. 

(q) Remove bearings (20 and 32) from shaft 
(29). 

(r) Remove taper pin securing gear (30) and 
remove the gear from shaft (29). 

(s) Remove Elastic stop nut (33) and washer 
(34). 

(t) Move shaft (35) out of housing. 

(u) Remove locking ring (36) and unscrew 
bearing retainer (37). 

(v) Remove gear (38) and bearing (39) from 
shaft (35) . 

(2) INSPECTION, CLEANING, AND REPAIR. 

(a) Clean all metal parts in gasoline, naptha, 
or drycleaning solvent (Federal Specification No. P-S-
661). Clean the Garlock Klozure in either gasoline or 
kerosene. 

( b) After cleaning and drying thoroughly, all 
parts should be given a thin film of hydraulic oil (AN 
Specification No. AN-VV-O-366-b) to prevent rusting 
and corrosion. 

( c) Inspect all ball bearings to make sure that 
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Figure 147-Disassembly and Reassembly of 
Azimuth End Bell Gearing 

they operate freely and that the inside diameter surfaces 
are clean and smooth. 

(d) Inspect all gears and shafts for general con
dition, freedom from burrs, and wear at the gear teeth. 

( e) Inspect all threaded parts for general condi
tion of threads. 

(f) Inspect the Garlock Klozure for freedom 
from tears and dents. 

(g) Inspect the cover gaskets for freedom from 
tears. 

(h) Replace worn or damaged parts. 

(3) REASSEMBLY. (See figures 147 and 148.) 

(a) Replace bearing (39) and gear (38) on shaft 
(35). 
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Figure 148-Azimuth End Bell Gearing Assembly
Phantom View 

( b) Replace bearing retainer (37) and locking 
ring (36). 

(c) Replace this assembly by inserting shaft (35) 
into the gear housing and replace washer (34) and 
Elastic stop nut (33). 

(d) Replace bearing (23) in cover (19) and 
bearing (31) in the gear housing. 

(e) Replace Klozure (25) and cover (26) on 
shaft (24). 

(f) Insert shaft into cover (19) and secure cover 
(26) with three Elastic stop nuts (27). 

(g) Replace female clutch plate (28). 

(h) Secure gear (22) and gear (21) with six fil
lister-head screws and lockwire. 

(i) Place this assembly of gears in the gear 
housing with the hub of gear (21) resting on bearing 
(31). 

0) Replace gear (30) and shaft (29) and secure 
with taper pin. 

(k) Replace bearing (20) on shaft (20) and 
replace this assembly in the gear housing, meshing 
gears (30 and 22). 

(l) Replace cover (19), using care to see that 
the spline of gear (24) fits easily into the female spline 
of gear (21), and that cover fits properly into dowels 
in the gear housing. 

(111) Secure cover (19) with eight flathead 
screws (13) and six Elastic stop nuts (12). 

(n) Replace bearing (10), spacer (9), bearing 
(8), and spacer (7) on shaft (11) and insert this assem
bly in the cover. 

( 0) Replace gear (6) on shaft (11) and secure 
with taper pin. 

(p) Replace gasket (5) and cover (4), includ
ing parts (6, 7, 8,9,10, and 11). 

( q) Secure cover with five cap screws (3) and 
lockwire. 

(r) Replace bearing retainer (15) and secure 
with three Elastic stop nuts (14). 

(s) Replace bearing retainer (18), secure with 
three fillister-head screws (17) and lockwire. 

(t) Replace adapter plate (2), secure with three 
fillister-head screws (1), and lockwire. 

q. ELEVATION-TO-SIGHT GEARING 
ASSEMBLY. 

(1) DISASSEMBLY. - The elevation-to-sight 
gearing assembly may be disassembled in the order in
dicated by the numbered arrows in figure 149. 

(2) INSPECTION, CLEANING, AND REPAIR. 

(a) Clean all metal parts in gasoline, naphtha, 
or drycleaning solvent (Federal Specification No. P-S-
661). 

( b) After cleaning and drying thoroughly, all 
parts should be given a thin film of hydraulic oil (AN 
Specification No. AN-VV-O-366-b) to prevent rusting 
and corrosion. 

( c) Inspect all ball bearings to make sure that 
they operate freely and that the inside diameter sur
faces are clean and smooth. 

(d) Inspect all gears and shafts for general con
dition, freedom from burrs, and wear at the gear teeth. 

( e) Inspect all threaded parts for general con
dition of threads. 

(f) Replace worn or damaged parts. 

(3) REASSEMBLY. (See figures 149 and 150.) 

(a) Replace bearing (28), shim (27), spacer 
(26), and bearing (25) on shaft (24) and insert this 
assembly into the gear housing. 

(b) Replace bevel gear (23) and secure with 
taper pin (22). 

( c) Replace adapter (21) and secure with four 
fillister-head screws (20). 

(d) Replace bevel gear (19) on shaft (13) and 
secure with taper pin (18). 

( e) Replace bearing (17) on shaft (13). 

(f) Replace gear (16) on shaft (13) and secure 
with taper pin (15). 
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Figure J 49-Disassembly and Reassembly of 
Elevation-to-Sight Gearing 

(g) Replace bearing (14) on shaft (13). 

(b) Insert this assembly into the gear housing 
so that gear (19) meshes with gear (23). 

Figure J 50-Elevation-to-Sight Gearing Assembly
Phantom View 

(i) Replace bearing (10) on shaft (7). 

(j) Replace gear (12) on shaft (7) and secure 
with taper pin (11). 

(k) Replace spacer (9) and bearing (8) on shaft 
(7). 

(I) Insert this assembly into the housing, so that 
gear (12) meshes with gear (16). 

(m) Replace cover (6), using care to see that 
bearings (8 and 14) are seated properly in the recesses 
of the cover. 

(n) Secure cover with four Elastic stop nuts (5). 

( 0) Replace gear (4) on shaft (7) and secure 
with taper pin (3). 

(p) Replace adapter (2) and secure with three 
fillister-head screws (1). 

r. FOOT RANGE CONTROL ASSEMBLY. 

(1) DISA~SEMBLY. (See figure 151.) 

(a) Remove four Elastic stop nuts and four fil
lister-head screws securing supporting bracket to foot 
range control assembly and remove bracket. 

(b) Remove two fillister-head screws (1) and 
two lock washers (2), permitting removal of slide block 
stop plate and pin assembly (3) and relieving tension 
of spring (4). 

CAUTION 

Hold plate and pin assembly firmly while re
moving screws; release the spring slowly. 

( c) Remove four fillister-head screws (5) and 
four lock washers (6) securing support bracket (7) to 
the gear housing, and remove the support bracket. 

(d) Remove slide block assembly (8). 

( e) Remove four fillister-head screws (9) and 
four lock washers (10) securing cover plate (11) and 
remove the cover plate. 

(f) Remove four fillister-head screws (12) and 
four lock washers (13) securing adapter (14) and re
move the adapter. 

(g) Remove the three fillister-head screws and 
three lock washers securing each of the bearing retain
ers (15,16,17, and 18). 

(b) Remove the taper pin securing gear (19) . 

(i) Carefully tap shaft (20) out to the left, slid
ing gear (19) off the right end of the shaft. 

(j) Remove bearings (21 and 22). 
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Figure J 5 J -Disassembly of Foot Range Control 
Assembly 

(k) Remove the taper pin securing bevel gear 
(23). 

(I) Bracing gear (23), carefully tap shaft (24) 
out to the left, sliding gear (23) off the right end of 
the shaft. 

(m) Remove bearings (25 and 26). 

(n) Remove the taper pin securing bevel gear 
(27) and remove the gear from shaft (28). 

( 0) Remove shaft (28), bearing (29), spacer 
(30), and bearing (31). 

(2) INSPECTION, CLEANING, AND REPAIR. 

(a) Clean all metal parts in gasoline, naptha, or 
drycleaning solvent (Federal Specification No. P-S-
661). 

( b) After cleaning and drying thoroughly, all 
parts should be given a thin film of hydraulic oil (AN 
Specification AN-VV-O-366-b) to prevent rusting and 
corrosion. 

( c) Inspect all ball bearings to make sure that 
they all operate freely and that the inside diameter sur
faces are clean and smooth. 

(d) Inspect all gears and shafts for general con-

dition, freedom from burrs, and wear at the gear teeth. 

( e) Inspect all threaded parts for general con
dition of threads. 

(3) REASSEMBLY. (See figures 152 and 153.) 

( a) Replace bearing (29), spacer (30), and bear
ing (31) on shaft (28), and replace this assembly in 
the housing. 

(b) Replace bevel gear (27) and secure with 
its taper pin. 

( c) Insert shaft (24) part way into the housing 
from the left and replace gear (23), so that it is be
tween bevel gear (27) and the right hand side of the 
housing. Complete the insertion of shaft (24). 

(d) Replace adapter (14) and secure with four 
lock washers (13) and four fillister-head screws (12). 

(e) Replace bearings (25 and 26). 

(f) Secure gear (23) with its taper pin . 

(g) Replace bearing retainers (16 and 18) and 
secure each with three lock washers and three fillister
head screws. 

Figure J 52-Foot Range Control Assembly
Phantom View 
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(b) Insert shaft (20) part way into the housing 
from the left and replace gear (19), so that it meshes 
with gear (23). Complete the insertion of the shaft. 

(i) Replace bearings (21 and 22). 

(j) Secure gear (19) with its taper pin. 

(k) Replace bearing retainers (IS and 17) and 
secure each with three lock washers and three fillister
head screws. 

(l) Replace slide block assembly (8), so that the 
straight rack meshes with the small spur gear on shaft 
(20). 

(m) Replace cover plate (11) and secure with 
four lock washers (10) and four fillister-head screws 
(9). 

(n) Replace spring (4) into the slide block, re
place slide block stop plate and pin assembly (3), and 
compress the spring until the stop plate is resting on 
the bottom of the slide block. 

( 0) Secure the stop plate with two lock washers 
(2) and two fillister-head screws (1). 

(p) Lockwire all fillister-head screws. 

s. FRONT CENTER SECTION ASSEMBL Y.-Nor
mally the front center section assembly will require no 
further disassembly. The fire cut-off switch can be 
checked for continuity and ease of operation. The cast
ing should be examined for cracks or other defects. 
Inspection should be made to make certain that the 

. fire cut-off switch is securely fastened to the center 
section. A general inspection should be made of the 
center section casting for cracks or other damage. Inspect 
and service the oxygen regulator in accordance with 
instructions in T. O. No. 03-S0A-S. Inspect the heated 
suit rheostat and check its operation, using an ohmmeter 
or continuity test set. Replace any worn or damaged 
parts. 

t. REAR CENTER SECTION.- Normally the rear 
center section assembly will require no further disas
sembly. The attaching parts may be easily removed if 
it is found necessary. Examine the two emergency 
bumper stops to make certain that they are not cracked 
and are securely mounted. Examine the large casting for 
cracks or other flaws. Inspect the trouble light sockets 
to make certain that they are securely attached. Check 
to see that the clips for holding the hand cranks are 
securely attached and contain two hand cranks. Check 
to see that the bushings for the door lock pins are in 
good condition. Replace any worn or damaged parts. 

u. RIGHT-HAND END BELL. - Normally the 
right-hand end bell assembly will require no further 
disassembly. The attaching parts may be easily removed 

6 

Figure 153-Reassembly of Foot Range 
Control Assembly 

if it is found necessary. Examine the large ball bearing 
at the center of the end bell assembly for a smooth in
side diameter and ease of operation. Inspect the front 
and rear gun supports to make certain that they are 
securely attached, that the front support is properly 
lockwired, and that they are in good condition. Exam
ine the shell ejection chute to see that it is securely 
mounted and lockwired and that it is free from dents. 
Inspect the large casting for freedom from cracks and 
other flaws. 

v. LEFT-HAND END BELL.-Normally the left
hand end bell assembly will require no further disas
sembly. The attaching parts may be easily removed if it 
is necessary. Examine the large ball bearing at the cen
ter of the end bell assembly for a smooth inside diam
eter and ease of operation. Inspect the front and rear 
gun supports to make certain that they are securely 
attached, that the front support is properly lockwired, 
and that they are in good condition. Examine the shell 
ejection chute to see that it is secu·rely mounted and 
lockwired. Inspect the large casting for freedom from 
cracks or other flaws. 

w. CONDUIT ASSEMBLIES.-A visual inspection 
of all conduits should be made and the wires should all 
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be checked for continuity. The wiring diagram (figuu 
25) should be used as a guide in making continuity 
checks. 

x. AZIMUTH RING GEAR AND RETRACTION 
MOUNTING RING ASSEMBLY.-The azimuth ring 
gear assembly may be removed from the retraction 
mounting ring by removing the cap screws and Elastic 
stop nuts. Caution should be exercised to make certain 
that the fire cut-off cam is not bent or damaged. The 
inside surface of the retraction mounting ring should be 
examined for smoothness and freedom from dents. The 
four bushings should be examined to check for smooth
ness and security of mounting. The ring gear should be 
examined to make certain that the teeth are free from 
burrs, wear, and sharp edges. The lower inside surface 
of the ring gear should be smooth and free from burrs. 
The fire cut-off cam and brackets should nOt be re
moved unless absolutely necessary. 

5. REASSEMBLY OF THE TURRET. 

a. INST ALLA TION OF AMMUNITION BOXES. 
(1) Replace the rear ammunition box bracket to 

the flat side of the left-hand end bell with two washers 
and two cap screws. 

(2) Secure the rear ammunition box by means of 
two Elastic stop nuts at the bracket on the side wall of 
the end bell. 

(3) Install the front bracket and secure the front 
ammunition box by means of two Elastic stop nuts at 
the bracket on the side wall of the end bell. 

h. INSTALLATION OF CENTER 
SECTIONS. (See figure 154.) 

(1) Place rear center section over studs in left
hand end bell and secure with four Elastic stop nuts. 

(2) Place front center section over studs in left
hand end bell and secure with six Elastic stop nuts. 
Leave the Elastic stop nuts off the two long studs. 

(3) Install the remaining ammunition box brack
ets, securing to the ammunition boxes with Elastic stop 
nuts and to the end bell and center sections with cap 
screws. 

(4) Lockwire the cap screws. 

c. INSTALLATION OF RIGHT-HAND 
END BELL. 

(1) Carefully place the right-hand end bell over 
the studs on the center sections and secure with 12 
Elastic stop nuts. (See figure 155.) 

(2) Position the ball assembly in the cradle so that 
it is resting on the rear center section. 

Figure J 54-'nstalling Front Center Section 

(3) Install the balance of the ammunition box 
brackets, securing them to the ammunition boxes with 
Elastic stop nuts and to the right-hand end bell with 
cap screws. 

(4) Lock wire the cap screws. 

d. INSTALLATION OF PLEXIGLAS WINDOWS, 
SEAT, AND AMMUNITION BOX COVER. 

(1) Replace rubber channels surrounding the 
Plexiglas windows. 

(2) Set the windows in place on the end bells 
and secure with retainers and Phillips head screws. 

(3) Install the gunner's seat and secure with two 
flathead screws and two Elastic stop nuts. 

(4) Install the ammunition box cover and secure 
with four Dzus fasteners. 

e. INSTALLATION OF FOOT RANGE 
CONTROL ASSEMBLY. (See figure 156.) 

(1) Position the turret ball so that it is resting 
on the flat surface surrounding the sighting window 
opening and, is supported by the four mounting pads 
of the crate bottom. 

(2) The foot range control unit and its supporting 
bracket should be installed as one unit. 
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Figure ISS-Installing Right-Hand End Bell 

(3) Secure supporting bracket to the turret wall 
by means of two Elastic stop nuts. 

f. INSTALLATION OF ELECTRICAL CONDUITS. 

(1) Inside the ball, insert the main power conduit 
receptacle in the hole provided in the rear center section. 

(2) Outside the ball, secure the receptacle with 
four flathead screws. 

(3) Place the sight and hand control conduits in 
place on the top ammunition box and secure with two 
conduit clips and two Elastic stop nuts. (See figure 157.) 

(4) Install the telephone foot switch and telephone 
foot switch conduit as a unit, securing the switch to 
the right-hand end bell with two cap screws. 

(5) Lockwire the cap screws. 

Figure I 56-Installation of Foot Range 
Control Assembly 

(6) Connect the fire cut-off switch conduit to the 
fire cut-off switch. 

(7) Secure the tire cut-off switch conduit and the 
telephone foot switch conduit with two conduit clips 
and two Elastic stop nuts on the top left-hand side of 
the front ammunition box and with one conduit clip 
and one Elastic stop nut on the left bottom edge of 
the rear ammunition box. (See figure 157.) 

(8) Secure the heated suit rheostat conduit to the 
left-hand end bell with one conduit clip and one fillister
head screw installed next to the cap screws which secure 
the left-hand shell ejection chute. 

(9) Lockwire the fillister-head screw. 

g. INSTALLATION OF GUN CHARGER 
ASSEMBLIES. 

(1) Set the left gun charger assembly on the boss 
provided and secure with one shoulder screw and one 
Elastic stop nut. 

(2) Attach the left gun charger pulley bracket to 
the studs provided on the left-hand end bell at the 
door opening and secure with two Elastic stop nuts. 

(3) Set the right gun charger assembly on the 
boss provided and secure with one shoulder screw 
and one Elastic stop nut. 

h. INST ALLA TION OF OXYGEN TUBE 
IN RIGHT-HAND END BELL. 

(1) Replace the oxygen tube (with the two tube 
clips attached) to the right-hand end bell. 

(2) Secure the clips with two flat washers, two 
lock washers, and two s·crews. 

Figure I 57-Electrical Conduits in Turret Ball 
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Figure J 58-Installation of Elevation-to-Sight 
Gearing Assembly 

i. INSTALLATION OF ELEVATION-TO-SIGHT 
GEARING ASSEMBLY. (See figure 158.) 

( 1) Secure the elevation-to-sight gearing assembly 
to the left-hand end bell with two cap screws. 

(2) Lockwire the cap screws. 

j. INST ALLA TION OF AZIMUTH 
END BELL GEARING ASSEMBLY. 

(1) Set end bell gearing assembly in place over 
the eight studs on the right-hand end bell. 

(2) Secure the assembly with two Elastic stop nuts 
near the top of the gear housing. 

(3) Install and tighten six castellated nuts on the 
studs around the trunnion inside the gear housing. 
(See figure 159.) 

Figure J 59-Securing Azimuth End Bell Gearing 
Assembly to Right-Hand End Bell 

(4) Lockwire the six castellated nuts. 

k. INSTALLATION OF AZIMUTH HAND 
DRIVE UNIT. (See figure 160.) 

(1) Set the unit in place over the three studs on 
the right-hand end bell and secure with three Elastic 
stop nuts. 

(2) Loop the sprocket chain over the sprocket 
wheels and connect the two ends with the master link. 

t. INSTALLATION OF DOUBLE POWER UNIT. 

(1) The following units should be attached to 
the double power unit when it is installed. 

(a) Azimuth power gearing asssembly. 
( b) Elevation power gearing assembly. 
(c) Breather tank. 
(d) Sight mounting bracket. 
( e) Azimuth control shaft. 
(f) Elevation control shaft bracket. 
(g) Elevation control shaft. 
( h) Male azimuth clutch plate. 

(2) Place a wood block on the ammunition box 
so that it will support the double power unit. 

(3) Lift the double power unit into the turret and 
rest it on the wood block on the ammunition box. 

CAUTION 

The unit should be tilted slightly toward the 
gunner at all times to avoid damage to the 
elevation control shaft bracket which extends 
from the lower portion of the double power 
unit assembly. Be sure the male clutch plate is 
in position on the azimuth power gearing 
assembly. 

Figure J 60-lnstallation of Azimuth Hand Drive Unit 
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(4) Disconnect the left bleeder line at the breather 
tank. 

(5) Slide the assembly into position, making sure 
that the left bleeder line goes around the main power 
conduit. 

(6) Reconnect the bleeder line to the breather 
tank. 

(7) Connect the conduit to the electric motor of 
the double power unit. 

(8) Replace the three cap screws securing elevation 
power gearing assembly to the left end bell, but DO 
NOT tighten. 

(9) Replace the azimuth offset bracket, securing to 
the right end bell with two Elastic stop nuts, but DO 
NOT tighten. (See figure 161.) 

NOTE 

Be sure that spacers are replaced between the 
offset bracket and the bosses on the end bell. 

(10) Replace the two cap screws secunng the 
azimuth offset bracket to the azimuth transmlSSlOn 
housing, but DO NOT tighten. 

IMPORTANT 

Be sure that the correct length cap screw is 
replaced in the transmission. If too long a 
screw is used (for example, one of those 
securing the elevation power gearing assembly 
to the left end bell) the transmission housing 
will be punctured when the screw is tightened . . 

(11) Adjust the position of the double power unit 
assembly until the male and female plates of the azi
muth clutch will engage and disengage easily. Try the 
clutch at different position of the female clutch plate 
to make sure it will work easily in all positions. 

(12) Tighten the three cap screws securing the 
elevation power gearing assembly to the left end bell. 

(13) Tighten the two Elastic stop nuts securing 
the azimuth offset bracket to the right end bell. 

(14) Tighten the two cap screws securing the 
azimuth offset bracket to the azimuth transmission 
housing. 

(15) Replace and tighten the two cap screws secur
ing the breather tank to the center section. 

(16) Lockwire all cap screws. 

(17) Remove the wood supporting block. 

Figure 161-lnstallation of Azimuth Offset Bracket 

(18) Insert and tighten the four cap screws (two 
at each side) which support the double power unit 
from outside the ball. Lockwire the cap screws. (See 
figure 162.) 

m. INSTALLATION OF AZIMUTH 
POWER CLUTCH ASSEMBLY. 

(1) Engage the male and female clutch plates. 

(2) Assemble the clutch actuating mechanism so 
that the yoke fits over the shaft of the male clutch 
plate and secure the clutch support arms to the azimuth 
power gearing housing with two bolts and two Elastic 
stop nuts. (See figure 163.) 

n. INSTALLATION OF OXYGEN 
PRESSURE GAGE. 

(1) Replace the gage bracket on the turret wall 
and secure with two Elastic stop nuts and two flathead 
screws. 

(2) Remove the sealing from the tubing and 
connect the oxygen tubing at both ends of the tee fitting. 

o. INSTALLATION OF ELEVATION-TO-SIGHT 
FLEXIBLE SHAFT. 

(1) Connect the elevation-to-sight flexible shaft to 

the elevation-to-sight gearing and tighten the collar. 

(2) Lay the shaft on the ammunition box between 
the switch box mounting supports. 

p. INST ALLA TION OF MAIN SWITCH BOX. 
(See figure 164.) 

(1) Screw two mounting screws part way into the 
left-hand switch box supports. 

(2) Place the switch box approximately in position 
and connect the main power conduit. 
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Figure J 62-lnslallalion of OUlside Cap Screws 
Securing Double Power Unil 

(3) Set the switch box over the two mounting 
screws started in the supports and slide the box to the. 
left so that the keyhole slots fit snugly over the mount
ing screws. 

(4) Replace the two mounting screws at the right 
inside of the switch box and tighten all four mounting 
screws. 

(5) Replace the switch box cover, locking the two 
Dzus fasteners. 

(6) Replace the two conduit clips and Elastic stop 
nuts securing the right-hand gun solenoid wire and 
the trouble light wire to the bottom of the ammunition 
box; 

Figure J 63-lnslallalion of Azimulh Power 
C/ulch Assembly 

(7) Connect the six conduits at the main switch 
box according to figure 165. Be sure that all connections 
are tight. Use a strap wrench if necessary. 

q. INST ALLA nON OF HAND CONTROL UNIT. 

(1) Set the hand control unit in place, carefully 
meshiIig the worm of the elevation adjuster with the 
hub dial at the top of the elevation control shaft. 

(2) Install the four cap screws securing the hand 
control unit (two at the bracket on the. double power 
unit and two at the bosses on the turret wall). (See 
figure 166.) 

(3) Lockwire the cap screws. 

(4) Connect the azimuth controL linkage by plac
ing the clevis over the crankpin, replacing the washer, 
and securing with the cotter pin. 

(5) Connect the hand control conduit at the hand 
control unit. 

NOTE 

The limit stop flexible shaft should not be 
connected at the elevation-to-sight gearing 
until the turret has been tested and adjusted. 
(Refer to section VII.) 

r. INST ALLA nON OF DOOR AND 
ARMOR PLATE. 

(1) Set the armor plate in place and secure to the 
end bells with eight washers and eight cap screws. 

(2) Lockwire the. eight cap screws. 

(3) Replace the six washer head screws and SIX 

Elastic stop nuts at the rear of the seat. 

(4) Replace the 2 Plexiglas windows between the 

Figure 1 64-lnslallation of Main Switch Box 
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circular sighting window and the armor plate, replace 
the. 7 window retaining strips, and secure with 36 
Phillips head screws. 

(5) Replace the insulating padding on the seat. 

s. REASSl\MBL Y OF TRUNNION RING 
SUPPORT TO TURRET BALL. 

(1) Set the trunnion ring support in place over 
the turret ball, using special hardwood wedges to pre
vent the trunnion ring support from resting on the 
ball itself. Make certain the trunnion ring support is 
so positioned that the boss for attachment of the azimuth 
pinion gearing assembly is at the gunner's right. 

(2) Line up the trunnion holes in the trunnion 
ring support brackets and end bells, and drive in both 
trunnion hubs. Make certain trunnion bearings are 
held in place during this operation. 

(3) Secure both trunnion hubs with special locking 
washers and spanner lock nuts, using special spanner 
wrench (tool No. T-1300-FI). Remove hardwood 
wedges. 

(4) Replace left-hand inside trunnion cover plate 
and secure with six Elastic stop nuts, attaching conduit 
clip on stud nearest ammunition boxes. 

(5) Replace left-hand outside trunnion cover plate 
and secure with six Elastic stop nuts. 

(6) Replace right-hand trunnion gearing assembly 
housing and secure to trunnion ring support bracket 
with six Elastic stop nuts. 

(7) Replace the spur gear and shaft in the lower 
end of the azimuth end bell gearing assembly. Secure 
with bevel gear, washer, and Elastic stop nut in trun
nion gearing assembly. 

(8) Replace the round cover plate on the azimuth 
end bell gearing assembly and secure with six counter
sunk head screws. 

(9) Replace the sheet metal instruction plate and 
secure with two Elastic stop nuts. 

(10) Repla.ce outside cover plate on trunnion gear
ing assembly and secure with six hex head cap screws. 

(11) Lockwire where. necessary. 

t. INST ALLA TION OF HAND ELEVATION 
DRIVE UNIT. 

(1) Set the unit in place over the dowels on the 
trunnion ring support and secure with six cap screws. 

(2) Lockwire the cap screws. 

u. INSTALLATION OF AZIMUTH 
PINION GEARING ASSEMBLY. 

FIRING KEY 

FIRE CUT-OFF 

HEATED SUIT 

COMPUTING SIGHT 

Figure 165-Conduit Recep'acles on Main Switch Box 

dowels on the trunnion ring support, inserting the 

splined shaft through the hole provided in the trun
nion ring support. 

(2) Place the spline coupling on the splined shaft 

of the pinion ge.aring assembly, meshing with the 
splined shaft of the trunnion gearing assembly. Secure 
the coupling with a cotter pin. Be sure the splined 
shafts are in correct alignment. 

(3) Secure the azimuth pinion gearing assembly 
to the trunnion ring support by means of four blastic 

stop nuts. 

(1) Set the gearing assembly in place over the Figure 166-Ins,alla,ion 01 Hand Con'rol Unit 
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TEST PROCEDURE 

1. TYPES A-2 AND A-2A TURRETS. 

a. TESTING IN TEST STAND. 

(1) Place the turret ball assembly, on the shipping 
crate bottom, under the center of the test stand, with 
the trunnion ring support approximately horizontal. 

(2) Place the azimuth ring gear on the floor of 
the test stand over the turret opening, but do not bolt 
it down. 

CAUTION 

Use care in handling the azimuth ring gear, 
so as not to damage the fire cut-off cam. 

(3) Attach the hanger assembly (for type A-2 
turret) or the hanger and collector ring assembly (for 
type A-22 turret) to the trunnion ring support, securing 
with three Elastic stop nuts at each of the four mounting 
pads on the trunnion ring support. 

NOTE 

The hanger assembly pad marked with red 
paint should match the trunnion ring support 
mounting pad marked also with red paint. 

(4) On type A-2 turret, secure the collector ring 
assembly to the top of the hanger assembly wid~ six 
Elastic stop nuts. On type A-2A turret, secure the 
support column to the top of the collector ring assembly 
with six Elastic stop nuts. 

(5) Hoist the turret into positIOn and secure at 
the top mounting swivel with at least three %-inch 
bolts. 

CAUTION 

Guide the azimuth ring gear carefully over 
the elevation hand drive unit and the azimuth 
pinion gearing assembly while raising the 
turre,t. 

(6) Secure the a:..muth ring gear to the floor of 
the test stand, using all of the Lord shock mountings. 

(7) Check the ring gear adjustment for fire cut-off 
cam clearance as described in section V, paragraph 3 a. 

(8) Connect 27.5-volt d-c power and ground leads 
to the turret, with a voltmeter hooked in parallel. 

(9) Remove azimuth and elevation creep as de
scribed in section V, paragraph 3. d. (1) and 3. d. (2). 

(10) Set the limit stops as described in section V, 

paragraph 3. e. Check the travel of the turret in elevation 
with quadrant dial and pointer (tool No. T-1300-GlO) . 
(See figure 167.) If the travel of the turret is greater or 
less than 90 degrees, make elevation travel limit adjust

ment as described in section V, paragraph 3. f. 
(11) The voltage should be 27.5 volts ± 5 percent. 

(12) Run the turret at maximum rate in azimuth 

and, with a stop watch, check the speed of rotation. 
The turret should make one revolution in not more 

than eight seconds (a rate of 45 degrees per second) . 
This check should be made for both directions of 

azimuth rotation. 

(13) Run the turret at the maximum rate in ele

vation between -15 degrees and -75 degrees, and clock 
the speed with a stop watch. The turret must travel 

------ • ; , 
i 
t 
! ... 

Figure 167-Installation 01 Elevation Quadrant 
Dial and Pointer 
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Figure J 68-lns'alla'ion of Azimuth Pointer 

this distance in not more than two seconds (a rate of 
30 degrees per second). This check should be made for 
both directions of elevation travel. 

(14) With the power motor turned off and the 
azimuth power clutch engaged, check azimuth back
lash by rocking the turret, using the hand crank. Back
lash should not exceed 1,4 degree, as measured by the 
azimuth pointer (tool No. T-1300-G9). (See figure 
168.) 

(15) With the elevation power clutch engaged 
rock the turret in elevation with the hand crank; using 
the elevation quadrant dial and pointer (tool No. 
T-1300-GlO) check to make sure that backlash does not 
exceed 1,4 degree. 

(16) Check operation of gun selector switches, 
firing switches, and gun solenoids. 

(17) Check the trouble light. 

(18) Check the heated suit rheostat. 

(19) Check the ammunition feed with a belt of 
dummy rounds. Guns must charge properly, and links 
and cases must be expelled without jamming in the 
ejection chutes. 

(20) Check the foot range control for freedom of 
operation. There must be absolutely no binding in this 
unit. 

(21) Make a visual inspection of the entire rur

ret for covers being secure, safety belt in place, oil leaks 

from hydraulic unit, etc. 

h. TESTING AFTER INSTALLATION IN AIR

PLANE.-Further testing is necessary when the turret 

is installed in the airplane. After completing installa-

tion as described in section III, patagraph 2, proceed 
with further testing as follows: 

(1) Check the ring gear adjustment for fire cut
off cam clearance as described in section V, paragraph 
3. a. 

(2) Remove the back plates and bolts from the 
guns and, by boresighting at all restricted areas (the 
four propeller arcs), make certain that the guns will 
cut out to provide a minimum clearance of 10 inches 
and a maximum clearance of 16 inches. With the gun 
solenoids mounted as shown in figure 169, it will be 
possible to tell exactly when the fire cut-off switch is 
opening the gunfiring circuits. The circuit should be 
broken when the fire cut-off pin reaches a point ap
proximately half way up the slope of the cam. (See 
figure 170.) If not, the pin may be adjusted as described 
in section V, paragraph 3. h. (11). Replace the bolts 
and back plates in the guns. 

(3) Plug a telephone head set and throat micro
phone into the communications jacks and test the com

munications system while the turret is moving continu

ously in azimuth. This is to make certain that there 

are no "dead spots" on the communication rings of the 

collector ring assembly. 

(4) Again check the turret to make certain that 

no creep exists in azimuth or elevation. 

2. TYPE A-13 TURRET. 

a. TESTING IN TEST ST AND.-The material con

tained herein is based on the assumption that the ' fol

lowing equipment is available: Hanger and collector 

ring assembly from type A-2 or A-2A turret, azimuth 

Figure J 69-Gun Solenoids Positioned for Fire 
Cut-Off Adiusfment 
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ring gear from type A-2 or A-2A turret, and test stand 
(No. T-I300-G2.) 

(I) With the retraction mounting ring and ring 
gear removed, attach the type A-2 hanger and collector 
ring assembly to the trunnion ring support at the four 
mounting pads. 

(2) Place the type A-2 ring gear on the floor of 
the test stand over the turret opening, hut do not bolt 
it down. 

(3) Hoist the turret into position and fasten it at 
the top with at least three o/s-inch bolts. 

CAUTION 

Guide the azimuth ring gear carefully over 
the elevation hand drive unit and the azimuth 
pinion gearing assembly while raising the tur
ret. 

(4) Secure the azimuth ring gear to the floor of 
the test stand, using all of the Lord shock mountings. 
Check the ring gear adjustment for fire cut-off cam 
clearance as described in section V, paragraph 3.0. 

(5) Connect 27.5-volt d-c power and ground 
leads to the turret, with a voltmeter hooked in parallel. 

(6) Remove azimuth and elevation creep as de
scribed in section V, paragraph 3. d. (1) and 3. d. (2) . 

(7) Set the limit stops as described in section V, 
paragraph 3. e. Check the travel of the turret in eleva
tion with quadrant dial and pointer (tool No. T-I300-
G-lO). (See figure 167.) If the travel of the turret is 
greater or less than 90 degrees, make elevation travel 

limit adjustment as described in section V, paragraph 

3. f. 
(8) The voltage should be 27.5 volts -+- 5 percent. 

(9) Run the turret at maximum rate in azimuth 
and, with a stop watch, check the speed of rotation. The 
turret should make one revolution in not more than 

eight seconds (a rate of 45 degrees per second). This 
check should be made for both directions of azimuth 
rotation. 

(10) Run the turret at the maximum rate in eleva
tion between -15 degrees and -75 degrees and clock the 
speed with a stop watch. The turret must travel this 
distance in not more than two seconds (a rate of 30 

degrees per second). This check should be made for 
both directions of elevation travel. 

(11) With the power motor turned off and the 

azimuth power clutch engaged, check azimuth backlash 

by rocking the turret, using the hand crank. Backlash 
should not exceed %. degree, as measured by the azi
muth pointer (tool No. T-1300-G9). (See figure 168.) 

(12) With the elevation power clutch engaged, 
rock the turret in elevation with the handcrank; using 
the elevation quadrant dial and pointer (tool No. 
T-I300-GlO), check to make sure that backlash does not 
exceed lA degree. 

(13) Check operation of the gun selector switches, 
firing switches, and gun solenoids. 

(14) Check the trouble light. 

(15) Check the heated suit rheostat. 

(16) Check the ammunition feed with a belt of 
dummy rounds. Guns must charge properly, and links 
and cases must be expelled without jamming in the 
ejection chutes. 

(17) Check the foot range control for freedom 
of operation. There must be absolutely no binding in 
this unit. 

(18) Make a visual in,spection of the entire turret 
for covers being secure, safety belt in place, oil leaks 
from hydraulic unit, etc. 

h. TESTING AFTER INSTALLATION IN AIR
PLAN E.-Further testing is necessary when the tu rret 
is installed in the airplane. After completing installation 
as described in section III, paragraph 3, proceed with 
further testing as follows: 

(1) Check the ring gear adjustment for fire cut-off 
cam clearance as described in section V, paragraph 3. a. 

(2) With the turret in its retracted position, check 
to determine that the weight of the turret is supported 
by both retraction safety hooks. 

(3) Extend the turret to its combat position. ( It 
will be necessary to jack up the tail of the airplane 
slightly.) There must be no turret weight on the retrac
tion mounting ring in this position. This may be checked 
by testing the freeness of the vertical roll ers; they should 
be free enough to be turned with the fingers . If not, 
remove a shim from between the top mounting swive l 
and the support beam of the fuselage. If all shims have 
been removed and this condition still exists, loosen the 
lock nut on the retraction piston rod and thread the 
rod farther into the piston guide flange o f the collector 
ring assembly. 

(4) An auxiliary generator or set of batteries 
should be used to furnish power while testing the turret 
in the ship. Do not use the ship's batteries unless ·i:he 
motors are running. 

(5) With the turret in its retracted position, oper
ate the hand pump until the retraction safety hooks can 
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be opened. Then CLOSE the globe valve in the hy
draulic retraction circuit and permit the turret to ex
tend. With the valve closed, the turret should extend 
at a rate no greater than seven inches per minute. 

(6) With the tail jacked up for ground clearance, 
extend the turret into combat position and test the 
turret for fre.e azimuth and elevation movement. 

CAUTION 

Care must be taken not to move the guns low 
enough in elevation to strike the ground. 

(7) Check the hydraulic retraction cylinder assem
bly for leakage and tighten the six retainer cap screws 
at the lower end of the cylinder if necessary. Lockwire 
the cap screws. 

(8) Remove the back plates and bolts from the 
guns and, by boresighting at the restricted area, make 
certain that the guns cut out to provide a minimum 
clearance of 10 inches and a maximum clearance of 16 
inches. Using the gun solenoids as an indicator, adjust 
the fire cut-off switch pin to break the gunfiring circuit 
when the pin is half way up the slope of the cam. 
(See figure 170.) Replace the bolts and back plates in 
the guns. 

(9) Plug a telephone head set and throat micro-

TURRET WALL 

FIRE CUT· OFF CAM 

FIRING CIRCUIT 
SHOULD OPEN 
WHEN PIN REACHES 
THIS POINT 

FIRE CUT· OFF SWITCH PIN 

SWITCH 
ACTUATING 

ARM 

figure 170-Point at which fire Cut-off Pin Should 
Open Gunliring Circuit 

phone into the communications jacks and test the com
munication system while the turret is moving continu
ously in azimuth. This is to make certain that there 
are no "dead spots" on the communication rings of the 
collector ring assembly. 

(10) Again check the turret to make certain that 
no creep exists in azimuth or elevation. 
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