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ComP.Qnents, The powder car consists of the 
components listed below: 

Car 
Car guide wheels 
Safety latch stops 
Safety latches 
Safety latch cams 
Lower door latch operating cam 
Upper door dog unlocking cam 
Car hotst rope 
Rope guide 
Car switch operating bar 

Car, The car body (fig, 11-11) is a box-like 
aluminum casting, open at the tray side, Two cast 
aluminum powder bag (dumping) trays, horizontally 
pivoted in ball bearings , are mounted one above the 
other in the car body front and rear, Both trays have 
limited till and are separately tilted from their nor­
mal position by handles, These are located at the 
rear of the car te>w;lrd the hoist operator and have 

POWDER HOIST 

detent arrangements to latch the trays In normal 
position. Steel bar balance weights are attached to 
the undersides of the trays. Approximately 16 pounds 
for each tray, the weights prevent tray oseillation 
when the car is traveling from one station to another. 

Car gylde wheels. The car guide wheels are pin­
mounted in fixed cast steel brackets which ar e mount­
ed at the four corners of the car body. The wheels 
are machined steel with bronze bushing inserts for 
bearings. 

Safety latch stop~ The safety latch stops com­
prise four steel blocks bolted two at the front and 
two at the rear of the powder car at the tray side. 
~rranged the same at front and rear, one block is 
located at the bottom of the car and the other is 22. 5 
inches above the bottom. Contacted by the safety 
latches, the safety latch stops proVide emergency 
support for the car. 
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Figure 11-8. Trunk Upper Door Closed, Control Neutr al - Sche matic Diagram. 
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Safety. latches, The safety latches (fig, 11-12) 
project into the path of the powder car, to engage 
the s afety latch stops, when the car is at either the 
upper or lower unloading station, Operated by the 
safety car s top ope rating device (described on page 
11 -7 ), the two safety latches prevent the car from 
droPiing in the event of hoist rope failure, The 
safe latches are spring loaded pawls installed with 
free eartng on the speed gear control shaft, They 
are located in the hoist trunk below the upper door. 

Safety latch cam plates , The two vertical front 
edges of the powder car are cam s urfaces which are 
extended upward, above the top of the car by two 
cam plates. These cams displace the safety latches 
as the ascending car approaches the unloading sta­
tions. 

Lower door latch operating cam, One of the 
safety latch stops (page 11 - 11) is provided with a 
cam surface, This is the operating element which 
unlocks the lower door as the descending powder 
car approaches the loading station, The lower door 
latch is described on page 11-9. 

~pper door dgg unlock~ The upper door 
dog unlocking cam is located on the rear side of the 
car at the top, The cam contacts the arm of the 
interlock hook and arm lever (page 11 - 10) to unlatch 
the hook and actuate an interlock switch, 

Car hoist ro~ The powder car hoist rope is a 
5/8 inch diameter wire rope. Secured to the hoist­
ing drum, the rope passes over the hoisting sheave 
(page 11 -8 ) and bas adjustable attachment to the 
car, Looped around the wrist pin of the rope adjust­
ing socket bolt after it is passed under the rope 
guide, the rope end is secured to the standing part 
by U bolts. 

Rop..!L~lde, The rope guide, a cast bronze 
block, Is mounted in the center of the powder car 
top, Grooved for retaining the car hoist rope, the 
rope guide is mounted with free bearing on a wrist 
pin which is installed in integral lugs of the car body. 

Car switch 0p.erating bar. A vertically position­
ed subassembly, the car switch operating bar includes 
two adjustable trip brackets located on the forward 

POWDER DOOR SOLENOID VALVE 

SUPPLY TANK 

ELECTRIC MOTOR B·END 
ASSEMBLY 

POWDER CAR 

_ AUXILIARY PUMP PRESSURE 

DRAIN 

DOOR 
OPERATING CYLI NDER 

LOCKING 
DOG 

OPERATING 
CYLI NDER 

OPERATING 
CONTROL 

DOG LOCKING 
LATCH MECHANISM 

Figure 11 - 9. T r unk Uppe r Door Opening, Control at OPEN - Schematic Diagram. 
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side of the powder car. The bar actuates the levers 
of limit switches located at the top and bottom of the 
hotst t runk. 

Controls and interlocks 

The powder hoist operating controls and inter­
locks inc lude s tarting and stopping controls , selec­
tion of s ervo or manual electrical and mechanical 
contr ols, powder hoist controls , an interlock and 
indicator system, power drive controls and inter­
locks, a power -on circult, and door and dog latch 
interlocks. These contr ol devices and their func ­
tions are descr ibed 10 following paragraphs: 

Start-stop contr ol. 

Push -button s tat ion. The mas te r start -stop 
switch for each powder hoist controller is a push­
button type located at the hoist operator's station. 
The switch is of enclosed watertight design with two 
buttons designated START-EMERG and STOP, 
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Normally open, the switch is clos ed by preSSing the 
START -EMERG button and opened by pressing the 
STOP button. The switch is arranged in the control­
le r starting circuit with another switch contact that 
must be closed to complete the circuit when the 
START-EMERG button is pressed. This switch con­
tact, the limit switch, is closed when the A- end is 
at neutral stroke . 

Stop switch station. An emergency s top switch 
is provided for each powder hoist controller. Of en­
closed wate rtight deSign, a switch is similarly locat­
ed at each lower door operator's station. The switch 
1s normally closed and is opened by pressing its 
STOP button. 

Powder hotst control. Powder hoist control ar­
rangements at the hoist operator's station include an 
installation of three levers. These are: 

Starling lever 
Control lever 
C antral selector lever 
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Figure 11-10. Trunk Upper Door ClOSing , Control at CLOSED - Schematic Diagram. 
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Figure 11-11. Powder Car, Rear View - General Arrangement 
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Starting lever. The starting lever is bracket 
mounted on the rear of the hoist trunk rear plate 
(fig. 11-14). It is connected to operate the safety 
car stop release valve and one of a series of start ­
ing circuit switches. The star ting lever is inter ­
locked with the lower door and with the upper door 
dog - locking latch through a solenoid-operated detent. 
It has two positions designated START and STOP . 

Control lever. The control lever is bracket 
mounted on the hoist t runk division plate at the holst 
operator's station. It is arranged with a guide quad­
rant which has two positions, des ignated HOIST and 
LOWER, in addition to a neutral notch. The lever is 
keyed to shafts and levers extending forward to the 
dashpot, A-end pump yoke controls, and the B -end. 
In SERVO operation, moving the control lever off­
s ets the A-end yoke by dis placing the servo valve 
which controls pres sure to the servo piston. In 
MANUAL operation, moving the control lever moves 
the pump yoke through a mechanic al linkage. 

Control s elector lever. The control selector 
lever is bracket mounted adjacent to the control 
lever. Arranged with a guide, the lever is positively 

CAR 
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LATCH 

SAFETY 
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OPERATING 
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CAR RAI L 

Figure 11-12. Powder Holst Car Stop Assembly -
Gene ral Arrangement 
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F1gure 11 -13. Limit Stop and Inte r lock Switches 
Trunk Upper End 

held in either of two positions , designated SERVO 
ELECTRICAL and SERVO MECHANICAL AND 
MANUAL. The lever, keyed to a shaft which ex ­
tends forwar d to the A-end pump cont ro ls , is pro­
vided with linkage connected to a venting valve and 
a control lever shaft latch. 

Starting lever inte rlock and ca r indicator sY§tem. 

Starting leve r inter lock. The star ting leve r inter­
lock, comprising a bracket mounted solenoid and 
starting lever detent assembly, locks the s tar ting 
lever at STOP when the solenoid (S3) is de-energiz ed. 
The inter lock ins ur es that both hoist doo rs are clos ed 
before s tarting to hOist, and befor e starting to low­
er from the lower unloading s tation. When both the 
upper and lower hoist doors are closed, the upper 
and lowe r door starting lever interlock switches 
(SW12 and SWll ) are c losed. This energizes the 
starting lever int er lock solenoid (S3) which retracts 
and unlocks the starting lever, and permits it s move ­
ment to start . When lower ing from the upper unload ­
ing station (upper door open) the inter lock is bypassed 
by the interlock cutout switch (SW10), which permits 
starting lever movement to lower the car to the low­
er unloading station. 

The starting lever detent assembly is provided 
with a manually operated keeper. Located below 
the solenOid, the keeper locks out the interlock cir­
cuit (in the event of interlock circuit or s olenOid 
(failure) by keeping the s olenoId retracted. 

11 -15 
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T he circuit is completely independent of the 
electrical hoist contr ol c ir cuit a nd is normally in 
use whether the control selector leve r is at SERVO 
ELECTRICAL or at SERVO MECHANICAL AND 
MANUAL. 

Hoist s~gnal indicator system. The hoist signal 
indicator system oper ates in conjunction wit h pow ­
de r car movement and informs the hoist operator 
when the car is loaded and ready to hois t . An elec­
t r ical system, it comprises two identical indicator 
light as semblies (fig. 11-15) , one located at each of 
the lower door and hoist ope r ator's stations . These 
assemblies a r e arranged with a Switch as sembly at 
the lower end, a car mounted cam, and neces sary 
wi r i ng. The system is energized only when the hoist 
motor is in operation. 

F igur e 11-14 . Powder Hois t Control St ation -
General Arrangement 

11-16 

POWDER CAR 
INDICATOR CAM 

SWITCH ASS EMBLY 

POWDER CAR 

INDI CATOR LIGHT ASS EMBLY 

F igure 11-15 . Powder Hoist Indicator and Switch 
Assembly - T runk Lower End 

The indicator light assemblies each have two 
dials , one marked HOIST and the other DOWN. The 
switch assembly contains a two plate selector switch, 
each plate having eight connection points . One plate 
is connected to the HOIST dials, energizing them 
four times in each rotation of the moving cont racts. 
The other plat e is similarly connected to the DOWN 
dia ls , but with connections offset 45 degrees from 
the firs t to alte r nate the dial indications. The r equir­
ed 45 degrees switch contact movements are obtained 
by a pawl on the switch lever and an eight -toothed 
ratchet on the switch spindle. The switch is held 
in the co r rect position by detents on a star wheel in 
the switch . T he switch handle is limited bI s top pins 
to 90 degrees movement between horizonta and verti­
cal. A s pring r eturns the s witch handle to hor iz ontal 
after it is r eleased bJ the car car or the lower door 
operator. 

![pper end; The indicator is br acket mounted in 
full view of the hoist operator (fig . 11 -14) . When the 
car is at the loading statton, DOWN dials ar e ilIum! ­
nated in both indi cator s . When the car is r eady for 
hois ting, the lower door operator moves the switch 
lever to a vertical position. DOWN lights go out and 
HOIST dials a re illuminated in both indicato r s . 

Lowe r end. The indicator is mounted on the 
trunk wall below the s wit ch asse mbly. When the 
car is at either unloading s t ation the HOIST dials 
a r e illuminated in both indicator s . When the car 
is lowered to the loading station, the ca m on the 
car trips the s witch lever as the car reaches the 
hoist bottom. HOIST lights go out and DOWN dials 
are illuminated in both indicators. 

P owe r dr ive controls and interlocks. The in ­
stalled arrangement of the powder hoist hydraulic 
equipment provides powe r for hoisting and lowering 
the car . Car movement is controlled by the ope rator 
and hois t interlock Switches . The cont r ols include de­
vices t o limit acceleration and decele r ation rates, and 
to prevent dropping of the car in event of powe r failure. 
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Control arrangement . The powder hoist power 
drive is designed for nor mal cont rol through a servo 
s t roking system . T his system positions the A-end 
pump yoke by a ser vo stroking piston that is operated 
by p r es sure from the control and supercharge pump 
(described on page 11 -4). The r e are two control 
s elections, designated SERVO ELEC TRICAL and 
SERVO MECHANICAL, that us e se rvo stroking con ­
trol. I n MANUAL MECHANICAL control, the pump 
yoke is manually offset to a stroke position. 

Servo e lectrical cont rol. This cont rol s election 
utilizes powder car position switches, door interlock 
switc hes, and a starting lever switch . These open 
a nd clos e the hoist control c i r cuit to energize a sole ­
noid which s hifts the venting valve to build up control 
pressur e. The amoWlt of stroke of the A-end yoke 
is cont r olled by manual movem ent of the c ontrol 
lever toward HOIST or LOWER. Car accelerat ion, 
dece ler ation, and speed a r e limited by cams in the 
B-end housing (described on page 11-7). Stopping 
is controlled by car-oper ated switches that ac t to 
vent the main hydraulic s ystem and apply the brake. 

Ser vo mechanical control. This is a control selec­
tion in which the hoist control circuit a nd the venting 
va lve s olenoid are inoperative and the vent ing valve 
is m anually shifted by the cont r ol selector lever and 
linkage . Movement of the control lever initiates 
SERVO pist on stroke. Powder c a r acceleration, de ­
c e leration, and s peed are limited by cams in the B­
e nd hous ing (de~cribed on page 11-7) . Stopping is 
controlled by the latch and vent valve. 

Se rvo cont r ol actions , limits, and s peeds . The 
powder car may be s topped and s tarted again at any 
time dur ing a hoisting or lowering cycle with the con­
t r ol lever. In mid-cycle, acceleration and decele ra­
tion rates are limited to less tha n 16 feet pe r s econd 
per s econd by the das hpot attached to the cont r ol 
s haft (fig . 11-2). At the beginning and end of cyc les, 
these r ates a r e lim ited to the s ame va lve b y the B ­
e nd cams . 

Manual control. This is a cont r ol s election in 
which the yoke is offset by mechanical linkage fr om 
the cont rol lever. Ca r acc eler ation, deceleration 
and s peed a r e limited by the cams in the B - end hous ­
ing (des cribed on page 11-7) . The hoist c ontrol cir­
cuit and ve nting valve solenoid are inoperative as in 
servo m echanical control. The car may be stopped 
and started again at any t ime during a hoisting or 
lowering c ycle by moving the control lever. 

Power failure. A power failure valve, solenoid ­
oper at e d, applies the B -end brake and stops the hois t 
in the event of electric power failure . This action 
occurs regardless of the position of the control levers. 

Power on cir cuit. The controlle r is arranged 
with a power on c ircuit connected t o a s olenoid of 
the power drive controls . When the controller main 
contacto r s are c losed the power on ci r c uit is c los ed 
and the powe r failur e valve operating solenoid is 
ener gized to position the valve as outlined in the pre­
vious paragraph. 

Door and dQg latch inte rlocks . The uppe r door 
assembly is arranged with an upper door interlock 
switch, and a starting lever detent-operating s olenoid 

POWDER HOIST 

switch; these switches are in different circuits . The 
upper door inte r lock switch opens the hoist c ontr ol 
circuit and de - ene rgizes the venting valve solenoid 
when the upper door is open, except when the powde r 
car is at the upper unloading station. T he uppe r door 
inter lock switc h, series connected with the lowe r 
door inte rlock switch, de-energizes the s tarting 
lever interlock solenoid to lock the star ting lever 
when the uppe r door is open. The starting leve r is 
not locked when the car is at the upper Wlloading 
station. This i s prevented by the closing of the up ­
per door int erlock cutout switch by the car ; this 
keeps the s ta rting lever interlock solenoid e nergized 
and the starting leve r free to move the car from t he 
upper to the lower unloading station. 

OPERATION 
General 

P owder car hoisting and lower ing are power 
drive opera tions, servo or manually controlled . The 
s e lection of control and the control of starting, stop­
ping, and speed of hoisting and lowering is determin­
ed by the pos ition a nd movement of levers. The pow­
de r car cannot be hoisted or lowered manually. C ir­
cuit flow c onditions and resultant movement of com­
ponents, s hown schematically in figures 11-16 to 
11 -23 inclusive , are described in the following para ­
graphs : 

Starting 

Perform the following operations when s tarting 
the elect ric m otor: 

1. Place the controller c ircuit -breaker 
lever at ON. 

2. P lace the cont r ol lever at neutral. 

3, Press the START -EMERG button. 

P erform the following operations when stopping 
the electric motor: 

1. Move the powde r car t o the loading station. 

2. Place the control lever at neutral. 

3. Pre s s the STOP button. 

Servo electrical control 

The normal control selection is SERVO ELEC TRI ­
CAL. Hoist ope r ations in this method of control, de ­
scribed below, are s hown schematically in figu r es 
11-16 to 11 - 19 inclus ive. 

Stop_position. The control selector is at SERVO 
ELECTRICAl ... , the s tarting lever is at STOP , and 
the control leve r is at neutral. 

1. Main system pressure, vented and by­
passed, is insuffic ient to retract the plungers of 
cente r-ing spring assemblies CS1 and CS2 which 
hold the pump yoke at neutral (slightly offset t o­
ward hOis t ing). The b rake operating cylinder i s 
open to drain which allows its s p r ing to apply the 
b rake . The cont r ol cir cuit is vented because sole ­
noid S1 (de -energize d) has positioned venting valve 
V1 in its vent pos ition. 

11 - 17 
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2. Transmission line T2 Is bypassed through 
check valve V18, lines L~5..l 1..24 and L25, venting 
valve VI, PFV, and line LZ3 to return line T1. 

3. The control circuit is vented through vent ­
ing valve Vl, around bypass valve V4, and servo 
valve V2 to the supply tank. 

4. Restriction R1 maintains low supercharg­
ing pressure in lines Tl and T2 when the control 
(supercharge) circuit is vented. 

Controls s et ready: to hoist. The control selec­
t or lever is at SERVO ELECTRICAL, the starting 
lever is at START, and the control lever is at neu­
tral. With the power drive motor running and a 
hOisting stroke ready to be initiated, the following 
conditions exist (fig. 11-17): 

1. Starting lever interlock solenoid sa is 
energized when interlock switches SWll and SW12 
are clos ed (upper and lower t runk doors closed). 
This unlocks the starting lever which, when moved 
t o START, closes starting lever switch SW6 and 
pOSitions car stop r elease valve V3 to port main 
system pressure to the safety car stop operating 
device. With door interlock switches SW4 and SW5 
closed and unloading switches swa and SW9 closed, 
the closing of SW6 by the starting lever completes 
the circuit to energize venting valve solenOid S1. 

2. Energized, s olenoid SI moves venting 
valve VI to clos e the main system and control cir ­
cuit vents thereby permitting main system and con­
trol pressure build-up. 

3. Control pressure shifts bypass valve V4, 
porting control pressure to chamber A of s ervo 
stroking piston PI. With servo valve V2 held in 
neutral pOSition, fluid trapped in chamber B of PI 
prevents movement of Pl. 

4. With the pump yoke held at neutral (slightly 
offset toward hoisting) by the control lever, main 
system pressure build up in line T2, ported through 
check valve V1 8 and lines LI0, L15 and L11 retracts 
the plunge rs of centering spring assemblies CS1 and 
CS2. When the plungers are retracted, the control 
lever may be moved to offset the pump yoke. 

5. Main system pressure build -up in line T2 
ported through VIS, L15, L24, L25, VI, PFV, L26 
line L17, and V6, through line L16 to the brake 
operating cylinder releases the brake. 

6. With the brake released, foot valve V5 
m aintains back pressure in line L12 to prevent the 
car from dropping. Check valve VIa and bypass 
valve V14 block line L12 to prevent B-end rotation. 

Hoisting. The control selector lever is at 
SERVO ELECTRICAL, the starting lever is at STOP, 
and the control lever is at HOIST. The following 
cond1t1ons exis t (ftg. 11 - 20): 

1. Moved toward HOIST to initiate a hoisting 
cycle, the cont r ol lever moves linkage L2 which 
shifts servo valve V2 enough to vent chamber B of 
piston PI to the tank. Control pressure in chamber 
A moves PI toward the left offsetting the pump yoke 
to hoisting pOSition, to cause B - end rotation. Move­
ment of the control lever also actuates linkage to 
move cam follower CR2 to contact and ride on hoist ­
ing acceleration cam C 1. 
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2. Hoisting acc eleration and deceleration is 
mechanically controlled by the B - end cams through 
control linkage L5 which is connected to s e rvo link ­
age L2. At its l ower end, L2 is connected to V2 
which 1s held with r estricted movement by locking 
cam C5. Connected to V2 by L2, Pl will offset the 
pump yoke whenever V2 is positioned by the control 
lever. When cont r ol leve r movement toward hoist 
is stoppedt. PI will continue to move until V2 is 
closed by L2. 

a. When the car r ises slightly it permits 
switch SW7 to c lose.; this bypasses SW6 in the sole­
noid Sl circuit to keep the s olenoid energized. When 
the starting leve r is returned to STOP, it opens 
switch SW6 and shifts the car stop re lease valve V3 
to vent the safety car stop cylinde r and return latch 
Ll into the path of the car. 

4. Hoisting acceleration is controlled by cam 
follower CR2 riding on cam C1. The car rises at 
constant speed until CR2 rides on cam ca, which 
moves V2 enough in the OPPOSite direction to port 
control pressure to chamber B of PI. This moves 
the pump yoke toward center and dece lerates the 
hoist. Line T1 is the main system return line; the 
system is replenished through s upercharge check 
valve V16. 

5. As the car reaches the upper unloading 
station it opens switch SW9. This de-energizes SI 
which shifts VI so that it vents and bypasses the 
main system and vents the control circuit. When , 
the main system ls vented, the brake is applied and 
the plungers of cente ring spring assemblies CSI and 
CS2 extend to position the pump yoke at neutral. 

6. With the car at the upper unloading station, 
the interlock cutout switch SW10 is closed energizing 

solenoid S3 and unlocking the starting lever while 
the upper door is open. 

7. The starting lever is moved to START, 
clOSing switch SW6. Switch SW9 is spring-operated 
to close when the car is lowered to the lower unload­
ing s tation . 

8. Moved toward LOWER, the control lever 
shifts V2 (through L2) to port control pressure to 
chamber B of PI which moves the pump yoke to lower. 

9. As lowering movement starts , pressure in 
line T1 is bypassed through check valve V9, to pre­
vent valves RV relieving before the brake releases. 

10. After the brake r eleases back pressure 
ported into line L12 closes V9. This closes the 
main system bypass. F luid ported through line T1 
is at greater pressure than the adjustment of V5 and 
the B -end rotates to lower . 

11. After the car lowers approximately 3 inches 
from the upper unloading station, switch SW9 closes. 
The starting lever should be returned to STOP to 
move latch Ll into the path of the car . If the start­
ing lever is not returned to STOP (upper door open) 
the car will lower, controlled by cam C2 , until switch 
SW8 is opened. This vents the system and applies 
the brake at the lower unloading station. 

12. As the car lowers, switch SW10 opens, 
de-energizing solenoid S3 and locking the starting 
lever. 
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13. Unlocked when switch SW5 is closed by 
closing the upper door, the starting lever is moved 
to START to close SW6. 

14. Moved toward lower, t he control lever 
shifts V2 , porting cont rol pres sure to chamber B 
of PI which moves the pump yoke to lower. 

15. As lowering movement s tarts, pressure 
in line T1 is bypass ed through check valve V9, pre­
venting valves RV r e lieving before the brake releases. 

16. After the brake releases, back pressure 
ported into line L12 c loses V9 and closes the main 
system bypass . Fluid ported through line Tl is at 
greater pressur e than the adjustment of V5 and the 
B - end r otates to lower. 

17. Controlled by cam C2, the pump yoke moves 
to lower and linkage L3 opens bypass valve V14. 

18. As the pump yoke is returned to neutral by 
cam C4 (at the end of the cyc le), V14 is closed by 
LS. Fluid is ported thr ough line Tl at greater pres­
sure than the adjustment of V5. 

19. Switch SW7, opened by the car, de-ener­
gizes Sl which shifts VI to vent the main system and 
apply the brake. 

Power failure. 

Holstinggcle. The control s elector lever is at 
SERVO E LECTRICAL, the s tarting lever is at STOP, 
and the control lever is at HOIST. When the motor 
electric power c ircuit fails during a hoisting cycle, 
the following conditions exist (fig. 11 -19); 

1. When power fai ls, solenoids Sl and S2 are 
de -energized caus ing the main sys tem t o be vented 
and bypass ed thereby appling the brake and permit­
ting the plunger s QS1 and CS2 to extend and move the 
pump yoke to neut ral. 

2. When the brake applies , pump rotation is 
continued by motor inertia. Brake ratchet assembly 
BR permits over run of the drum and B -end. The 
car dec elerates to a gr adual s top and is held from 
dropping by the applied brake . 

3. While the pump yoke is offset to hOisting, 
line L24 opens to line L25 thr ough restriction R2 
until the pump yoke is near neutral. 

Lower ingsy:cle . The control selector lever is 
at SERVO ELECTRICAL, the starting lever is at 
STOP, and the cont rol lever is at LOWER. When 
the motor power c i rcuit fails during a lowering cycle, 
the following conditions e,ost (fig. 11-19), 

1. Venting valve solenoid Sl and power failure 
solenOid S2 are de -energized, bypasSing and venting 
the main s yst em, venting the control circuit, and 
applying the brake. 

2. Simultaneously, pressure drops in line 
T1, center ing spring assemblies CS1 and CS2 are 
vented t o the tank and the plunger of CSI moves the 
pump yake to neutral. 

POWDER HOIST 

Servo mechanical control 

Servo mechanical control operations , described 
below, are shown schematically in figures 11 -20 to 
11-23 inclusive. 

Stop pOSition. The control selector lever is at 
SERVO-MECHANICAL, the starting lever is at STOP, 
ami the control lever is at neutral. The following 
conditions exist (fig . 11 -20): 

1. Movement of the control selector lever to 
SERVO MECHANICAL actuates linkage which shifts 
venting Vl and latch and vent valve V6 to vent the 
main system and control circuit, and in addition 
drops latch L4 into the notch on cam C6. 

2. Vented main system pressur e is insufficient 
to retract the plungers of centering spring assemblies 
CSl and CS2 which hold the pump yoke at neutral 
(slightly offset t oward hoisting). In addition the vent­
ed main system allows the brake to apply. 

3. The main system and cont rol circuit is vent­
ed via transmission lines Tl and T2 through check 
valves Vl7 and V18, through lines L15, L24, and 
L25 VI, PFV to line L26, through line L17 to V6, 
through line Lli to V3 and through lines L1 9 and L20 
to the tank. 

4. The main system bypass is closed by VI 
which is held in closed position by the control s elec­
tor lever. 

Controls set rea.9.y_to hoist. The control s elector 
lever is at SERVO MECHANICAL, the starting leve r 
is at START, and the control lever is neutral. The 
following conditions exist (see fig . 11 -21): 

1. Movement of the starting lever to START 
shifts car stop release valve V3 to close the main 
system thereby permitting main system pressure to 
build-up. Linkage actuated by the sta rting lever 
moves valve V6 up (to port main system pressure to 
the brake operating cylinder, releasing the brake) 
and also unlocks cam C 6 (by moving latch L4 out of 
the C6 notch thereby permItting control lever move ­
ment). 

2. Main system pressure build-up is sufficient 
to hold the loaded car from falling because the pump 
yoke is s lightly offset toward hoisting when it is held 
at neutral by the cont r ol lever . Pres sure ported to 
CS1 and CS2 r et racts the plungers and permits offset 
movement of the pump yoke. 

3. Control pressur e shifts bypass valve V4, 
porting control pressure to chamber A of piston PI. 
With servo valve V2 held in neutral pOSition fluid 
trapped in chamber B of P I prevents movement of Pl. 

4. Wlth the brake r eleased, foot valve V5 
maintains back pressure in line Ll2 to prevent the 
car from droppIng. Check valve V13 and bypass 
valve V14 block line L12 to prevent B-end r otation. 

Hoisting. The control lever is at SERVO 
MECHANICAL, the starting lever is at STOP, and 
the control lever is at HOIST . The following condi ­
tions e,ost (fig. 11 -22): 

1. Moved toward HOIST to initiate a hoisting 
cycle, the control lever moves linkage L2 which 
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s hifts servo valve V2 enough to vent chamber B of 
piston P I to the tank. Control pres sure in chamber 
A m oves P I toward the left, offs etting the pump yoke 
t owar d hoisting, causing B-e nd r otation. Movement 
of the contr ol lever also actuates linkage to m ove 
cam fo llower CR2 to contact a nd r ide on hois ting 
acce leration cam C1. 

2. The starting lever, moved t o START to 
begin the hoisting cycle, must be r eleas ed as soon 
as car movement begins so that latch Ll is r eturned 
into t he path of the car. 

3. Latch L4 is operated by main s ystem pres­
sure (in the top of valve V6) t o r ide on cam C6 until 
the control lever is moved to neutr al by either the 
operator or cam C3. Latch L4 is spring-operated 
to complete the latching ope ration afte r the main 
system and control circuit a re vented by V6 moving 
L4 into the notch of C6. 

4. When the main system is vented, the brake­
operating cylinder vents through line 1.22 to the tank. 
Ce nte ring spring assemblies CSI and CS2 are vented 
to the tank through lines L11 and L10 r es pectively 
and the plungers extend to position the pump yoke at 
neutral. The ca r is at the uppe r unloading station. 

The control lever can not be moved until the 
s tar ting lever is moved to START. 

5. Moved towar d LOWE R, the cont r ol leve r 
s hifts V2 por ting control pr essure to chamber B of 
PI which moves the pump yoke to lower. 

6. As lowering movem ent sta rts, pressur e in 
line T l is bypas sed through check valve V9; to pre­
vent valves RV relieving before the brake releases. 

7. After the brake releases, back pr.essure 
ported into line L12 closes V9 to clos e the main s ys ­
tem bypass . F luid ported through line T l is at 
g r eat er pr essure than the adjust m ent of V5 and the 
B-end r otates to lower . The starting lever must be 
r e leased as soon as ca r movement begins s o that 
latch Ll is returned into the path of the car . 

8 . The main system and control ci rcuit are 
vented by V6. The brake is applied and CSl and 
CS2 position the pump yoke at neutral. 

9. The s tarting lever is moved to START and 
the lowering cycle is continued as in operations 16, 
17, 18, 19, 20, and 21 under ser vo elect r ical con­
t rol. 

10. The main system and control circuit a re 
vented by V6. The brake is applied and CSI a nd 
CS2 position the pump yoke at neutral. 

Power failure. 

Hoisting cycle. The control selector lever is at 
SE RVO MECHANICAL, the starting lever is at 
STOP, and the control lever is at HOIST. When the 
motor electric power circuit fails during a hOisting 
cycle, the following conditions exist (fig . 11 -23): 

1. When power failS, solenoid S2 is de­
ener gized causing the main system and contr ol 
Ci rcuit to be vented ther eby applying the brake 
and per mitting the plunge r of CS2 t o exte nd and 
m ove the pump yoke to neut r al. 
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2. When the brake applies, pump rotation is 
continued by motor inertia. Brake ratchet ass em ­
bly BR permits overrun of the drum and B end. The 
car decele rates to a gradual stop and is he ld from 
dr opping by the brake. 

3. While the pump yoke is offset to hOiSt ing, 
line L24 opens to line L25 through r estriction R2 
until the pump yoke is near neutral. 

Loweri!lg~ycle. The control selector lever is 
at SERVO MECHANICAL, the starting leve r is at 
STOP, and the contr ol lever is at LOWER. When 
the motor power circuit fails during a lowering cycle , 
the following conditions exist (fig . 11-23): 

1. Power failur e solenoid S2 is de-energized 
s hifting valve PFV to vent the main system and con­
t rol ci rcult, and apply the b rake . 

2. Simultaneously pressure drops in line Tl, 
centering s pring ass emblies CS1 and CS2 a re vented 
to the tank and the plunger of CSl moves the pump 
yoke to neutral. 

Interlock sY1:!tem oI1eration 

Hoist inte r lock s ystem arrangements and op era­
tion are described in the foilowing par agr aphs and 
are shown schematica lly in figures 11-24 to 11-26 
inclUS ive. DeSignated circuit QC, the inte r lock cir­
cuit 1s desc r ibed in chapters 12 and 15. 

P owder car at loadipg level; trunk lower door 
QI1en. With the electric moto r r unning and the s tart ­
ing leve r at STOP, the follOwing conditions exist 
(fig. 11-24): 

1. Because the lower door is open and unlocked, 
the lower door interlock switch SW4 and the lowe r 
door starting lever inte r lock switch SWll a r e ope n. 
The loading pOSition switch SW7 is held open by con ­
tact with the powde r ca r. 

2. T he starting lever inter lock solenoid S3, 
also de -energized, locks the starting lever at STOP 
and prevents closure of t he starting lever switch 
SW6. 

3. With the s tarting lever switch SW6 open, 
the venting valve solenoid Sl is de -ene r gized and 
positions the venting valve to vent the hydrauliC 
sys t em. 

Lower and upper trunk doors closed; car ris ing. 
The s tarting leve r is shown after it has been r eturn­
ed to STOP from the START position. As the car 
is r iSing, the following conditions exist (f ig. 11 - 25): 

1. With the lowe r doo r c losed and locked, 
the lowe r door interlock switch SW4 and the low­
er door s tarting lever interlock s wit ch SW11 close 
Starting lever inte r lock solenoid S3, energized, 
unlocks the starting lever. The upper interlock 
s witch SW5 and the lower and upper unloading 
switches SW8 and SW9 are closed. When the s tart ­
ing leve r is pOSitioned at START it c los es switch 
SW6 and completes the ci r cuit to energize vent ing 
valve solenoid S1. This closes the hydraulic sys ­
tem and the car ris es . 
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SW4 LOWER DOOR INTERLOCK SWITCH 

SW5 UPPER DOOR INTERLOCK SWITCH 

SW6 STARTING LEVER SWITCH 

SW7 LOADING POSITION SWITCH 

SW8 LOWER UNLOADING SWITCH 

SW9 UPPER UNLOADING SWITCH 

SWIO INTERLOCK CUTOUT SWITCH 

A 

AV 

B 

STROKING CYLINDER CHAMBER 

AIR VENTS 

STROKING CYLI NDER CHAMBER 

ELECTRICAL SYMBOLS 

SWII LOWER DOOR, STARTING LEVER 
INTERLOCK SWITCH 

SWI2 UPPER DOOR, STARTING LEVER 
INTERLOCK SWITCH 

SI VENTING VALVE SOLENOID 

S2 

S3 

POWER FAILURE SOLENOID 

STARTING LEVER INTERLOCK 
SOLENOID 

HYDRAULIC SYMBOLS 

V5 

V6 

V7 

FOOT VALVE 

CSP CONTROL AND SUPERCHARGE SERVO PUMP V8 

LATCH AND VENT VALVE 

SERVO PUMP BY·PASS VALVE 

SERVO PUMP RELIEF VALVE 

CHECK VALVE (B·END) OIL FILTER V9 

PFV POWER FAILURE VALVE VIO CHECK VALVE 

PI SERVO STROKING PISTON Vll REPLENISHING CHECK VALVES 

P2 DASH POT PISTON VI2 FI LTER CONTROL VALVE 

RV MAIN SYSTEM RELIEF VALVES Vl3 CHECK VALV E (B·END) 

RI RESTRICTION VI4 BY·PASS VALVE (B ·END) 

R2 RESTRICTION VI5 SUPERCHARGE CHECK VALVE 

R3 RESTRICTION VI6 SUPERCHARGE CHECK VA LVE 

VI VENTING VALVE VI7 CHECK VALVE 

V2 SERVO VALVE VI8 CHECK VALVE 

V3 CAR STOP RELEASE VALVE VI9 DASHPOT FEED CONTROL VALVES 

V4 BY·PASS VALVE (kENO) V2D CHECK VALVES 

n, T2 AND LID TO L26 INCLUSIVE ARE HYDRAULIC LINES 

MECHANI CA L SY MBOLS 

BR BRAKE RATCHET ASSEMBLY CR2 CAM FOLLOWER ROLLER 

CI HOISTING ACCELERATION CAM CSI CENTERING SPR ING ASSEMBLY 

C2 LOWERING ACCELERATION CAM CS2 CENTERING SPRI NG ASSEMBLY 

C3 HOISTING DECELERATION CAM Ll SAFETY CAR STOP LATCH 

C4 LOWERING DECELERATION CAM L2 SERVO LINKAGE 

C5 SERVO VALVE LOCK ING CAM L3 BY ·PASS VALVE LINKAGE (B·END) 

C6 HOIST CONTROL LINKAGE CAM L4 LATCH AND VENT VALVE LATCH 

CRI CAM FOLLOWER ROLLER L5 CONTROL LINKAGE 

c::=::J MAIN SYSTEM PRESSURE (VE NTED) 
c::=::J MAIN SYSTEM RETURN (VENTED) 
_ CONTROL PRESSURE (VENTED) 
_ DRAIN 

SERVO MECHANICAL 
AND Me 

CONTROLt.. ,~ 
SELECTOR ~'\, 

LEVER ....... 

SERVO 
ELECTRICAL 

o 

CHANGE 1 
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Figure 11-16. Powder Hoist, Servo Electrical Control -
Stop Position, SchematiC Diagram 
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SW4 LOWER DOOR INTERLOCK SWITCH 

SW5 UPPER DOOR INTERLOCK SWITCH 

SW6 STARTING LEVER SWITCH 

SW7 LOADING POSITION SWITCH 

SW8 LOWER UNLOADING SWITCH 

SW9 UPPER UNLOADING SWITCH 

SW10 INTERLOCK CUTOUT SWITCH 

A 

AV 

B 

STROKING CYLIND ER CHAMBER 

AIR VENTS 

STROKING CYLINDER CHAMBER 

ELECTRICAL SYMBOLS 

SWll LOWER DOOR, STARTING LEVER 
INTERLOCK SWITCH 

SW12 UPPER DOOR , STARTING LEVER 
INTERLOCK SW ITCH 

SI 

S2 

S3 

VENTING VALVE SOLENOID 

POWER FA ILURE SOLENOID 

STARTING LEVER INTERLOCK 
SOLENOID 

HYDRAULIC SYMBOLS 

V5 

V6 

V7 

FOOT VALVE 

CSP CONTROL AND SUPERCHARGE SERVO PUMP V8 

LATCH AND VENT VALVE 

SERVO PUMP BY·PASS VALVE 

SERVO PUMP RELIEF VALVE 

CHECK VA LVE (B·END) OIL FILTER V9 

PFV POWER FAILURE VALVE Vl0 CH ECK VALVE 

PI SERVO STROKING PISTON Vll REPLENISHING CHECK VALVES 

P2 DASH POT PISTON V12 FILTER CONTROL VALVE 

RV MAIN SYSTEM RELIEF VALVES V13 CHECK VALVE (B·END) 

Rl RESTRICTION V14 BY·PASS VALVE (B ·END) 

R2 RESTRICTION V15 SUPERCHARGE CHECK VALVE 

R3 RESTRICTION V16 SUPERCHARGE CHECK VALVE 

VI VENTING VA LVE V17 CHECK VALVE 

V2 SERVO VALVE Vl8 CHECK VALVE 

V3 CAR STOP RELEASE VALVE V19 DASHPOT FEED CONTROL VALVES 

V4 BY·PASS VALVE (kENO) V20 CHECK VALVES 

Tl , T2 AND LlD TO L26 INCLUSIVE ARE HYDRAULIC LINES 

MECHAN ICAL SYMBOLS 

BR BRAKE RATCHET ASSEMBLY CR2 CAM FO LLOWE R ROLLER 

Cl HOISTING ACCELERATION CA M CSI CENTER ING SPRING ASSEMBLY 

C2 LOWERING ACCELERATION CAM CS2 CENTERING SPRING ASSEMBLY 

C3 HOISTING DECELERATI ON CAM Ll SAFETY CAR STOP LATCH 

C4 LOWERING DECELERATION CAM L2 SERVO LINKAGE 

C5 SERVO VA LVE LOCKING CAM L3 BY·PASS VALVE LINKAGE (B·END) 

C6 HOIST CONTROL LINKAGE CAM L4 LATCH AND VENT VALVE LATCH 

CRI CAM FOLLOWER ROLLER L5 CONTROL LINKAGE 

_ MAIN SYSTEM HIGH PRESSURE -=- MAIN SYSTEM RETURN 
_ CONTROL PRESSURE 

B·END BACK PRESSURE 
DRAIN 

SERVO 
ELECTRICAL 

o 

" 
" 

CHANGE 1 

OP 769 
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~ 
L3 

L5 
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Figure 11-17. Powder Hoist, Servo Electrical Control -
Controls Set Ready To HOist, Schematic Diagram 
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SW4 LOWER DOOR INTERLOCK SWITCH 

SWS UPPER DOOR INTERLOCK SWI TC H 

SW6 STARTIN G LEVER SWITCH 

SW7 LOADING POSITION SWITCH 

SW8 LOWER UNLOADING SWITCH 

SW9 UPPER UNLOADING SWITCH 

SWI0 INTERLOCK CUTOU T SWITCH 

A 

AV 

B 

STROKI NG CYLINDER CHAMBER 

AIR VENTS 

STROKING CYLI NDER CHAMBER 

ELECTRICAL SYMBOLS 

SWll LOWER DOOR, STARTING LEV ER 
INTERLOCK SWITCH 

SW12 UPPER DOOR, STARTING LEVER 
INTERLOCK SWITCH 

SI 

S2 

S3 

VENTING VALVE SOLENOID 

POWER FA ILUR E SOLENOID 

STARTIN G LEVER INTERLOCK 
SO LEN OID 

HYDRAULIC SY MBOLS 

V5 

V6 

V7 

FOOT VALVE 

CSP CONTROL AND SUPERC HARGE SERVO PUMP V8 

LATCH AND VENT VALVE 

SERVO PUMP BY·PASS VALVE 

SERVO PUMP RELIEF VALVE 

CHECK VALVE (B ·END) OIL FILTER V9 

PFV POWER FAI LU RE VALVE VlO CHECK VALVE 

PI SER VO STROK ING PISTON VII REPLENISHING CHECK VALVES 

P2 DASH POT PISTON V12 FILTER CONTROL VALVE 

RV MAIN SYSTEM RELIEF VALVES V13 CHECK VALVE (B·END) 

R 1 RESTRICTION V14 BY ·PASS VALVE (B·END) 

R2 RESTRICTION VIS SU PE RCHARGE CHECK VALVE 

R3 RESTRICTION V16 SUPERCHARGE CHECK VALVE 

VI VENTING VALVE V17 CHECK VALVE 

V2 SERVO VALVE Vl 8 CHECK VALVE 

V3 CAR STOP RE LEASE VALVE V19 DASHPOT FEED CONTROL VALVES 

V4 BY·PASS VALVE (A·END) V20 CHECK VALVES 

n, T2 AND UO TO L26 INCLUSIVE ARE HYDRAU LI C LINES 

MECHANICAL SYMBOLS 

BR BRAKE RATCH ET ASSEMBLY CR2 CAM FOLLOWER ROLLER 

Cl HOISTING ACCELERATION CA M CSI CENTERING SPRING ASSEMBLY 

C2 LOWERING ACCELERATION CAM CS2 CENTERING SPRING ASSE MBLY 

C3 HOISTING OECELERATION CAM U SAFETY CA R STOP LATCH 

C4 LOWERING DECELERATION CA M L2 SERVO LINKAGE 

C5 SERVO VALVE LOCKING CAM L3 BY·PASS VALVE LINKAGE (B ·END) 

C6 HOIST CO NTROL LI NKAGE CAM L4 LATCH AND VENT VALVE LATCH 

CRI CAM FOLLOWER ROLLER L5 CONTROL LINKAGE 

- MAIN SYSTEM HIGH PRESSURE 17, 
.::=II MAIN SYSTEM RETURN 
_ CONTROL PRESSURE ( 0 
_ DRAIN 

-

• • 
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Figure 11-18. Powder Holstz Servo Electrtcal Control -
Hoist Position, Scnematlc Diagram 
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ELECTRICAL SYM SOLS 

SW4 LOWER DOOR INTERLOCK SWITCH SWll LOWER DOOR , STARTING LEVER 

SW5 UPPER DOOR INTERLOCK SWITCH 
INTERLOCK SWITCH 

SW6 STARTING LEVER SWIT CH 
SW12 UPPER DOOR, STARTING LEVER 

INTERLOCK SWITCH 

SW7 LOADING POSITION SWITCH SI VENTING VALVE SOLENOID 
SW8 LOWER UNLOADING SWITCH S2 POWER FAILURE SOLENOID 

SW9 UPPER UNLOADING SWITCH S3 STARTING LEVER INTERLOCK 

SWIO INTERLOCK CUTOUT SWITCH SOLENOID 

HYDRAULIC SYMBOLS 

A STROKING CYLINDER CHA MBER V5 FOOT VALVE 

AV AIR VENTS V6 LATCH AND VENT VALVE 

B STROKING CYLI NDER CHAMBER V7 SERVO PUMP BY·PASS VALVE 

CSP CONTROL AND SUPERCHARGE SERVO PUMP V8 SERVO PUMP RELIEF VALVE 

OIL FILTER V9 CHECK VALVE (B·END) 

PFV POWER FAILURE VALVE VlO CHECK VALVE 

PI SERVO STROKING PISTON VII REPLENISHING CHECK VALV ES 

P2 OASHPOT PISTON V12 FILTER CONTROL VALVE 

RV MAIN SYSTEM RELIEF VALVES V13 CHECK VALVE (BEND) 

RI RESTRICTION VI4 BY·PASS VALVE (B·END) 

R2 RESTRICTION VI5 SUPERCHARGE CHECK VALVE 

R3 RESTRICTION Vl 6 SUPERCHARGE CHECK VALVE 

VI VENTING VALVE VI7 CHECK VALVE 

V2 SERVO VALVE VI8 CHECK VALVE 

V3 CAR STOP RELEASE VALVE VI9 DASHPOT FEED CONTROL VALV ES 

V4 BY·PASS VALVE (A·END) V20 CHECK VALVES 

n, T2 AND L10 TO L26 INCLUSIVE ARE HYDRAULIC LINES 

MECHANICAL SY MBOLS 

BR BRAKE RATCHET ASSEMBLY CR2 CAM FOLLOWER ROLLER 

CI HOISTING ACCELERAT ION CAM CSI CENTERING SPRING ASSEMBLY 

C2 LOWERING ACCELERATION CAM CS2 CE NTERING SPR ING ASSEMBLY 

C3 HOISTING DECELERATION CAM Ll SAFETY CAR STOP LATCH 

C4 LOWERING DECELERATION CAM L2 SERVO LINKAGE 

C5 SERVO VALVE LOCKING CAM L3 BY·PASS VALVE LINKAGE (B·END) 

C6 HOIST CONTROL LINKAGE CAM L4 LATCH AND VENT VALVE LATCH 

CRI CAM FOLLOWER ROLLER L5 CONTROL LINKAGE 

_ CONTROL PRESSURE (VENTED) 

CIRCUIT QC ..---.., 

CONTROL LEVER 

~L21 

SERVO MECHANICAL 
AND MANUAL 

i(f\ 
CONTROL J',,\ 
SELECTOR 

LEVER "I 
SERVO 

ELECTRICAL 

o 

SERVO 
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HOISTING DRUM 
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Figure 11-19, Powder Hoist, Servo Electrical Control -
Power Failure, Schematic Diagram 
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SW4 LOWER DOOR INTERLOCK SWITCH 

SW5 UPPER DOOR INTERLOCK SWITCH 

SW6 STARTING LEVER SW ITCH 

SW7 LOADING POSITION SWITCH 

SW8 LOWER UNLOADING SWITCH 

SW9 UPPER UNLOADING SWITCH 

SW10 INTER LOCK CUTOUT SWITCH 

ELECTRICAL SYMBOLS 

SWll LOWER DOOR, STARTING LEVER 
INTERLOCK SWITCH 

SW12 UPPER DOOR, STARTING LEVER 
INTERLOCK SWITCH 

SI VENTING VALVE SOLENOID 

S2 POWER FAILURE SOLENOID 

S3 STARTING LEVER INTERLOCK 
SOLENOID 

HYDRAULIC SYMBOLS 

A STROKING CYLINDER CHAMBER V5 FOOT VALVE 

AV AIR VENTS 

B STROKING CYLINDER CHAMBER 

V6 

V7 

CSP CONTROL AND SUPERCHARGE SERVO PUMP V8 

LATCH ~,,~ '.'c"T VALVE 

SERVO PUMP BY-PASS VALVE 

SERVO PUMP RELIEF VALVE 

OIL FILTER V9 CHECK VALVE (B-END) 

PFV POWER FAILURE VALVE VI0 CHECK VALVE 

PI SERVO STROKING PISTON Vll REPLENISHING CHECK VALVES 

P2 DASH POT PISTON V12 FILTER CONTROL VALVE 

RV MAIN SYSTEM RELIEF VALVES V13 CHECK VALVE (B-END) 

Rl RESTR ICTION V14 BY·PASS VALVE (B·END) 

R2 RESTRICTION VIS SUPERCHARGE CHECK VALVE 

R3 RESTRICTION V16 SUPERCHARGE CHECK VALVE 

VI VENTING VALVE V17 CHECK VALVE 

V2 SERVO VALVE V18 CHECK VALVE 

V3 CAR STOP RELEASE VALVE V19 DASH POT FEED CONTROL VA LVES 

V4 BY-PASS VALVE (A-END) V20 CHECK VALVES 

Tl, T2 AND LlO TO L26 INCLUSIVE ARE HYDRAULIC LINES 

MECHANICAL SYMBOLS 

BR BRAKE RATCHET ASSEMBLY CR2 CAM FOLLOWER ROLLER 

C1 HOISTING ACCELERATION CA M CS1 CENTERING SPRING ASSEMBLY 

C2 LOWERING ACCELERATION CAM CS2 CENTER ING SPRING ASSEMBLY 

C3 HOISTING DECELERATION CAM Ll SAFETY CAR STOP LATCH 

C4 LOWERING DECELERATION CAM L2 SERVO LINKAGE 

C5 SERVO VALVE LOCKING CAM L3 BY-PASS VALVE LINKAGE (B-END) 

C6 HOIST CONTROL LINKAGE CAM L4 LATCH AND VENT VALVE LATCH 

CR1 CAM FOLLOWER ROLLER L5 CO NTROL LIN KAGE 

c:=:J MAIN SYSTEM PRESSURE (VENTED) 
CONTROL PRESSURE (VENTED) 0 

_ DRAIN 

CHANGE 1 

OP 769 - 16 INCH THREE GUN TURRETS 

o 

HOISTING DRU,M 
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BR 

BRAKE OPERATING CYLINDER 
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Figure 11-20, Powder HOist, Servo Mechanical Control 
Stop Position, Schematic Diagram 
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ELECTRICAL SYMBOLS 

SW4 LOWER DOOR INTERLOCK SWITCH SWll LOWER DOOR, STARTING LEVER 

SW5 UPPER DOOR INTERLOCK SW ITCH 
INTERLOCK SWITCH 

SW6 STARTING LEVER SWITCH 
SW12 UPPER DOOR, STARTIN G LEVER 

INTERLOCK SWITCH 
SW7 LOADING POSITION SWITCH SI VENTING VALVE SOLENOID 

SW8 LOWER UNLOADING SWITCH S2 POWER FAILURE SOLENOID 

SW9 UPPER UNLOADING SW ITCH S3 STARTING LEVER INTERLOCK 

SWIO INTER LOCK CUTOUT SWITCH SOLENOID 

HYDRAULIC SYMBOLS 

A STROKING CYLINDER CHAMBER V5 FOOT VALVE 

AV AIR VENTS V6 LATCH AND VENT VALVE 

B STROKING CYLINDER CHAMBER V7 SERVO PUMP BY-PASS VALVE 

CSP CONTROL AND SUPERCHARGE SERVO PUMP V8 SERVO PUMP RELIEF VALVE 

F OIL FILTER V9 CHECK VALVE (B-END) 

PFV POWER FAILURE VALVE VI0 CHECK VALVE 

PI SERVO STROKING PISTON Vll REPLENISHING CHECK VA LVES 

P2 DASH POT PISTON V12 FIL TER CONTROL VALVE 

RV MAIN SYSTEM RELIEF VALVES V13 CH ECK VALVE (B-END) 

Rl RESTRICTION V14 BYPASS VALVE (B-END) 

R2 RESTRICTION V15 SUPERCHARGE CHECK VALVE 

R3 RESTRICTION V16 SUPERCHARGE CHECK VALVE 

VI VENTING VALVE VI? CHECK VALVE 

V2 SERVO VALVE VIS CHECK VALVE 

V3 CAR STOP RELEASE VA LV E V19 DASH POT FEED CONTROL VALVES 

V4 BY-PASS VALVE (A-END) V20 CHECK VALVES 

Tl, T2 AND LlO TO L26 INCLUSIVE ARE HYDRAULIC LINES 

MECHANICAL SYMBO LS 

BR BRAKE RATCHET ASSEMBLY CR2 CAM FOLLOWER ROLLER 

Cl HOI ST ING ACCELERATION CAM CSI CENTER ING SPR ING ASSEMBLY 

C2 LOWERING ACCELERATION CAM CS2 CENTERI NG SPRI NG ASSEMBLY 

C3 HOISTING DECELERATION CAM Ll SAFETY CAR STOP LATCH 

C4 LOWERING DECELERATION CAM L2 SERVO LINKAGE 

C5 SERVO VALVE LOCKING CAM L3 BY-PASS VALVE LINKAGE (B -END) 

C6 HOIST CONTROL LINKAGE CAM L4 LATCH AND VENT VALVE LATCH 

CRI CAM FOLLOWER ROLLER L5 CONTROL LINKAGE 

_ MAIN SYSTEM HIGH PRESSURE -=- MAIN SYSTEM RETURN 
CONTROL PRESSURE 

_ B-END BACK PRESSURE 
__ DRAIN 

CIRCUIT QC - ----, 

SERVO MECHANICAL 
AND MANUAL I 

CONTROL~i, 
SELECTOR I 

LEVER 

: ~ 
SERVO 

ELECTRICAL 

o 

II 

t 
VI0 

SAFETY 

---.-• 
-

_____ -------l 
---- /L23 ~ ' 
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I Vl? 

I 1~ 
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~ 

~ 

, 
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Figure 11-21. Powder Haist, Servo Mechanical Control -
Controls Set Ready to HOist, Schematic Diagram 
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SW4 LOWER DOOR INTERLOCK SWITCH 

SW5 UPPER DOOR INTERLOCK SWITCH 

SW6 STARTING LEVER SWITCH 

SW7 LOADING POSITION SWITCH 

SW8 LOWER UNLOADING SWITCH 

SW9 UPPER UNLOADING SWITCH 

SWIO INTERLOCK CUTOUT SWITCH 

A 

AV 

B 

STROKING CYLINDER CHAMBER 

AIR VENTS 

STROKING CYLINDER CHAMBER 

ELECTRICAL SYMBOLS 

SWll LOWER DOOR, STARTING LEVER 
INTERLOCK SWITCH 

SW12 UPPER DOOR, STARTING LEVER 
INTERLOCK SWITCH 

SI VENTING VALVE SOLENOID 

S2 

S3 

POWER FAILURE SOLENOID 

STARTING LEVER INTERLOCK 
SOLENOID 

HYDRAULIC SYMBOLS 

V5 

V6 

V7 

FOOT VALVE 

CSP CONTROL AND SUPERCHARGE SERVO PUMP VB 

LATCH AND VENT VALVE 

SERVO PUM P BY·PASS VALVE 

SERVO PUMP RELIEF VALVE 

F OIL FILTER V9 CHECK VALVE (B·END) 

PFV POWER FAILURE VALVE VIO CHECK VALVE 

PI SERVO STROKING PISTON Vll REPLENISHING CHECK VALVES 

P2 DASH POT PISTON VI2 FILTER CONTROL VALVE 

RV MAIN SYSTEM RELIEF VALVES VI3 CHECK VALVE (B·END) 

RI RESTRICTION VI4 BY·PASS VALVE (B ·END) 

R2 RESTRICTION VI5 SUPERCHARGE CH ECK VALVE 

R3 RESTRICTION Vl6 SUPERCHARGE CHECK VALVE 

VI VENTING VALVE Vl7 CHECK VALVE 

V2 SERVO VALVE Vl8 CHE"CK VALVE 

V3 CAR STOP RELEASE VALVE VI9 DASHPOT FEED CONTROL VALVES 

V4 BY·PASS VALVE (A·END) V20 CHECK VALVES 

n, T2 AND llD TO L26 INCLUSIVE ARE HYDRAULIC LINES 

MECHANICAL SYMBOLS 

BR BRAKE RATCHET ASSEMBLY CR2 CAM FOLLOWER ROLLER 

CI HOISTING ACCELERATION CAM CSI CENTERING SPR ING ASSEMB LY 

C2 LOWERING ACCELERATION CAM CS2 CENTERING SPR ING ASSEMBLY 

C3 HOISTING DECELERATION CAM Ll SAFETY CAR STOP LATCH 

C4 LOWERING DECELERATION CAM L2 SERVO LINKAGE 

C5 SERVO VALVE LOCKING CAM L3 BY·PASS VALVE LINKAGE (B ·END) 

C6 HOIST CONTROL LINKAGE CAM L4 LATCH AND VENT VALVE LATCH 

CRI CAM FOLLOWER ROLLER L5 CONTROL LINKAGE 

_ MAIN SYSTEM HIGH PRESSURE ;:; -=- MAIN SYSTEM RETURN (f 0 
_ CONTROL PRESSURE 
_ DRAIN 

SERVO MECHANIC~L 
AND MANUAL 

CONTROL~~ 
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- 16 INCH THREE GUN TURRETS 

o~ 

HOISTING DRU 

• 

I 
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Figure 11-22. Powder HOist, Servo Mechanical Control -
Hoist POSition, Schematic Diagram 
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ELECTRICAL SYM BOLS 

SW4 LOWER DOOR INTERLOCK SWITCH SWll LOWER DOOR, STARTING LEVER 
INTERLOCK SWITCH 

SW5 UPPER DOOR INTERLOCK SWITCH 

SW6 STARTING LEVER SW ITCH 

SW7 LOADING POSITION SWITCH 

SW8 LOWER UNLOADING SW ITCH 

SW9 UPPER UNLOADING SWITCH 

SW10 INTERLOCK CUTOUT SW ITCH 

STROKING CYLINDER CHAMBER 

AIR VENTS 

STROKING CYLINDER CHAMBER 

SW12 UPPER DOOR, STARTING LEVER 
INTERLOCK SWITCH 

S1 VENTING VALVE SOLENOID 

S2 

S3 

POWER FAILURE SOLENOID 

STARTING LEV ER IN TERLOCK 
SOLENOID 

HYDRAULIC SYMBOLS 

V5 

V6 

V7 

FOOT VALVE A 

AV 

B 

CSP CONTROL AND SUPERCHARGE SERVO PUMP VS 

LATCH AND VENT VALVE 

SERVO PUMP BY·PASS VALVE 

SERVO PUMP RELIEF VALVE 

OIL FILTER V9 CHECK VALVE (B ·EN D) 

PFV POWER FAILURE VALVE VlO CH ECK VA LVE 

PI SERVO STROKING PISTON Vll REPLENISHING CHECK VALVES 

P2 DASH POT PISTON VI2 FILTER CONTROL VALVE 

RV MAIN SYSTEM RELIEF VALVES Vl3 CHECK VALVE (B·END) 

R1 RESTRICTION V14 BY·PASS VALVE (B·EN D) 

R2 RESTRICTION V15 SUPERCHARGE CHECK VALVE 

R3 RESTRICTION V16 SUPERCHARGE CHECK VALVE 

V1 VENTING VALVE V17 CHECK VALVE 

V2 SERVO VALVE VIS CHECK VALVE 

V3 CAR STOP RELEASE VALVE VI9 DASHPOT FEED CO NTROL VALVES 

V4 BY·PASS VALVE (A·END) V20 CHECK VALVES 

n, T2 AND L10 TO L26 INCLUSIVE ARE HYDRAULIC LINES 

MECHANICAL SY MB OLS 

BR BRAKE RATCHET ASSEMBLY CR2 CAM FOLLOWER ROLLER 

C1 HOISTING ACCELERATION CA M CSI CENTERING SPRING ASSEMBLY 

C2 LOWERING ACCELERATION CA M CS2 CE NTERING SPR ING ASSEMBLY 

C3 HOISTING DECELERATION CAM LI SAFETY CAR STOP LATCH 

C4 LOWERING DECELERATION CAM L2 SERVO LINKAGE 

C5 SERVO VALVE LOCKING CAM L3 BY ·PASS VALVE LINKAGE (BEND) 

C6 HOIST CONTROL LINKAGE CAM L4 LATCH AND VENT VALVE LATCH 

CR1 CAM FOLLOWER ROLLER L5 CONTROL LINKAGE 

_ CONTROL PRESSURE (VENTED) 

CIRCUIT QC _---. 

CONTR9L LEVER 

. ~ HOiST 

SERVO 
ELECTRICAL 

o 

CHANGE 1 

OP 769 - 16 INCH THREE GUN TURRETS 

o 

HOISTING DRUM 

AV 

BRAKE OPERATING CYLINDER 
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Figure 11-23. Powder HOist, Servo Mechanical Control -
Power Failure, Schematic Diagram 
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ELECTRICAL SY MBOLS 

SWIO INTERLOCK CUT OU T SWITCH 
SWII LOWER DOO R, STARTIN G LEVER 

INTERLOCK SWIT CH 
SW12 UPPER DOOR, STARTING LE VER 

INTERLOC K SW ITCH 
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Figure 11- 24. Powder Hoist Interlock Circuit , Trunk Lower Door Open - Wiring Diagram 
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STARTIN G LE VER SWITCH 
LOADIN G POSITI ON SWITCH 
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ELE CTRICAL SYMBOLS 

SWIO IN TER LOCK CU TOUT SWITCH 

S2 

SI 

TRU NK LOWER DOOR 

SI VEN TING VA LVE SO LE NOID 

SWll LOWER DOOR , START ING LE VER S2 POWER FAILURE SOLENOI D 
INTERLOCK SWI TCH S3 STAR TING LEVE R INTERLOCK 

SWI2 UPPE R DOO R, STARTING LEVER SOLENOID 
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F igure 11 -25. Powder Hoist Inte rlock Circuit , Trunk Lower and Upper Doors C losed 
Car Hoist ing - Wiring Diagram ' 
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2. When the car rises slightly it permits load­
ing position switch SW7 to close; this bypasses SW6 
in the solenoid S1 circuit to keep the s olenoid ener­
gized when the s tarting lever is returned to STOP 
and switch SW6 is opened. 

3 . As the car approaches the upper unloading 
stations it contacts the lower unloading s witch SW8 
(to open It), the inte rlock cutout switch SW10 (to close 
it), and the upper unloading switch SW9 (to open it) 
in that order. 

.!lpper trunk door open; car at upper unloading 
station. With the s tarting lever remaining at STOP 
and the powder car at the upper unloading station, 
the following conditions exist (fig. 11-26): 

1. Upper unloading switch SW9, contacted and 
opened by the car as it approaches the uppe r unload ­
ing station, de -energizes the venting valve solenoid 
S1 to vent the hydraulic s ystem and stop the car at 
the upper unloading station. Lower unloading switch 
swa, no longer contacted by the car, closes. 

2. While the upper door is open, the upper 
door inte r lock switch SW5 and the upper door s tart­
ing lever i nterlock switch SW12 are open. This 
opens the solenoid S3 circuit. 

3. With the car at the uppe r unloading station, 
interlock cutout switch SW10 is closed energizing 
starting lever inter lock s ole noid S3. This bypasses 
the interlock circuit and unlocks t he starting lever 
while the upper door is open. 

4. Whe n the starting leve r is m oved t o START 
it closes switch SW6 and completes the circuit to 
e nergize solenoid S1. This closes the hydraulic sys ­
t em and the car lower s to the lower unloading station. 
As the car lowers, switch SW9 clos es . Switch S10 
o pens as the car lowers

i 
de -energizing solenoid S3 

and locking the starting ever. With the car at the 
lower unloading station, solenoid S3 can be energized 
(to unlock the starting lever ) only when the upper 
door is c losed and locked thus clos ing switches SW5 
and SW12. 

Manual mechanical control 

Manual m echanica l contr ol, which provides for 
operating the hoist in the event of control pump c i r ­
cuit failu r e, is des.cr ibed be low. Such failure is in­
di cated, in servo electrical cont rol , by failure of 
t he brake to release, and in ser vo mechanical con­
trol by increased effort required t o move the control 
leve r. The hoist control Ci r cuit used in servo elec ­
t r ical control is inoperat ive. The hoist controls are 
set for manual mechanical operation by: 

Moving the control selector lever from its SER­
VO ELECTRICAL pos ition to the SERVO MECHAN -
1cAL AND MANUAL pOSition. This permits move­
ment of the ser vo pump operating leve r t o MANUAL. 

Moving the servo pump ope rating lever from 
SERVO to MANUAL. This positions the control 
pump bypass valve V7 so that control pressure is 
bypas sed t o the tank. It a lso positions ser vo valve 
locking cam C5 so that it locks s ervo valve V2 in 
its center position. 

Hoist operation in manua l mechanical cont r ol is 
the same as in servQ mechanical control, except that 

POWDER HOIST 

due to lack of control pressure the pump yoke is 
moved manually without servo power ass istance. 
The operating conditions are the same as those for 
SERVO MECHANICAL (beginning on page 11 -19) 
except for the following: 

1. Servo valve V2 is locked in the center posi­
tion by the servo valve locking cam C5. 

2. Bypass valve V4 is spring -operated to open 
the pressure supply lines of s e rvo stroking pIston P1 
to the tank • 

3. Main system lines TI and T2 are not super­
charged; the system is replenis hed through check 
valves V.15 and V16 by suction. 

Limitations of operation. When operating the 
hoist in manua l mechanical control , the following 
limitations of operation are encountered: 

1. Much greater effort is required t o position 
the pump yoke at a s troke pos ition. In addition, the 
load on the linkage a nd cam mechanis m to return the 
pump yoke to neutral is greatly inc reased. 

2. The above conditions , combined with 
stretching of the car hoist r ope (which occur s over 
a period of ti me in serVice), g r eatly increase stop ­
ping variation (controlled by latch and vent valve V6 ) 
at loading and unloading stations. 

3. Air will be pulled into the main s ystem be­
cause lines T1 and T2 will not be s upercharged. Air 
in the hydraulic fluid will cause noise and vibration, 
if the hoist is run at high speed. Continuous opera­
tion under these conditions will cause improper oper­
ation of the brake a nd very s low s tarting. 

Control actions. Operation in manual mec hanical 
control is an emergency measure to be used only if 
servo pump circuit fai ls . Circuit fai lure may be 
Simulated, to t rain turret personnel in t his contr ol 
operation, by pos itioning the servo pump ope r ati ng 
lever at MANUAL. The following control actions 
are nec essary when oper ating the hoist in manual 
mechanical control. 

1. Move t he control selector leve r t o SERVO 
MECHANICAL AND MANUAL. The s ervo pump 
oper ating lever cannot be s hifted to MANUAL while 
the control s elector lever is at SERVO ELECTRICAL. 
If the control pump bypass valve V 7 is at manua l posi­
tion, mOving the control s elector lever to SERVO 
ELECTRICAL will mechanically retu rn V7 to its 
servo position. 

2. Move t he cont r ol lever only partially towar d 
HOIST and LOWER positions . T ime required to 
hoist should be increased to 12 to 15 seconds , to 
lower increased to 10 to 12 seconds. 

3. When lowering the car from the upper un­
loading station t he pump yoke is moved from a posi ­
tion offs et s lightly towar d hOisting , through neut r al 
to the lowe r ing pos ition. Main sys t em pressure will 
drop momentarily as the pump yoke passes neut r a l, 
t nding to permit the centering plungers to extend 
and the br ake to apply. Howeve r venting valve V2 
closes. t he main system, extending the plungers and 
permitting the brake to apply only by leakage in the 
main s ystem. If the pump yoke is held at neutral 
long enough to pe rmit this , the pump yoke may still 
be moved to LOWER without caus ing excessive load 
on the control leve r . 
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Figure 11-26. Powder Hoist Interlock Circuit, Trunk Uppe r Door Open 
Car at Upper Unloading Station - Wi r ing Diagr am 
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F ailure in the hydraulic s~stem 

In the event of rupture or othe, failure of hydrau­
lic piping when operating the hOist, the following con­
ditions exist (figs. 11-16 to 11-23 inclusive): 

1. Failure in line T1 (when in servo electr i ­
cal contr ol) w ill vent control pump pressure thr ough 
line L23 and check valve V10, and apply the brake. 

2 . Failure in line T2 (when in servo electri­
c al cont rol) will vent control pump pr essure thr ough 
c heck V9 and line L22, and apply the brake. 

3. Failure of any main system line (when in 
servo mechanical control) will engage the br ake. 

Oil filter removal during..§.ystem operation 

The oil filters are mounted in parallel in the con­
trol pump pressure lines (figs. 11 -16 to 11 - 23 inclu ­
sive ). One filter at a time may be removed a nd 
cleaned (described on page 11-26) while the power 
drive is operating by moving the filter control valve 
B 12 to by- pass a filter. Wnen V12 is in the cente r 
position both filters are in use. 

Buffers a nd overtravel action 

If the car overtravels at loading or unloading 
s tations, the following conditions exist: 

1. At the upper unloading station the car will 
contact the upper buffers at low speed. 

2 . At the lower unloading station the car will 
com e to rest on the safety car stop latch L1. Check 
valve V9 will open to bypass lines T1 and T2 to pre ­
vent B -end rotation and subsequent unwindi ng of the 
car hoist rope. It is necessary to hoist the car 
s lightly in order to withdraw latch L1. 

3. At the loading station the car will come to 
r est on the lower buffers . Check valve V9 will open 
t o bypass lines Tl and T2 as in ope r ation 2 above. 

.§y'stem vents. 

The hydraulic system is pr ovided with thr ee air 
vents. DeSignated AV (figs. 11 -16 to 11 - 23 inclu­
s ive) these are located as follows : 

At the dashpot, to be used when the unit is being 
fille d. 

At the servo stroking piston, to be used when 
t he power drive is started after it has been drained 
a nd refilled. 

At the brake operating cylinde r, to be used when 
the power drive is started after it has been dra ined 
and refilled. 

INSTR UC TIONS 

Ge ne r a l instructions 

T he powder hoist assemblies a r e to be operated 
and ma intained, including periodic exerc ise , adjust­
ment, and lub r ication, in accordance with the regula ­
tions of the Bur eau of Ordnance Manual, the inst r uc ­
tions be low, and the di r ections contained in chapte r 17. 

POWDER HOIST 

Operating precautions 

The following operating precautions must be ob­
served before operating the hoist under load and be­
fore attempting to pass powder bags: 

1. Check the hydraulic fluid level in the main 
system s upply tank. Replenish if necessary. 

2. Check the hydraulic fluid level in the supply 
tank for the upper door locking dog mechanism. Re ­
plenish if necessary. 

3. Check the liquid level in the lower car buf­
fer system. Use the liquid speCified below. 

4. Perform the "Before operating" lubrication. 
5. Inspect the loading trays, powder car trays, 

upper door, and cradle-spanning tray assembly for 
burrs or deformations that might tear powder bags. 

6. Inspect the hoist drum. Remove burrs. 
7. Inspect the car hoist rope and its fastenings. 
8. Stow the powder car in the down position when 

it is not immediately required for use. When stowed 
in the up position, the car may fall to the bottom ofthe 
hoist, if failure of the A-end replenishing check valv e 
seal results in a loss of hydrauliC oil in the active 
system. * 

Tile electric motor may now be started, by pres­
sing the START-E MERG button. 

1. Run the motor until the hydraulic fluid is at 
no r ma l operating temperature. 

2. Operate the powder car and doors through 
full cycles in servo and manual controls. 

3. Ve. ify the accuracy of car stopping positions. 
4. Ver ify that all interlocks, the hoist drum 

brake , br a ke ratchet assembly, and the car safety 
latches furr.lion. 

;Speed limitations during manual control operation 

In manual control operation, with tlD control and 
supercharge pump delivery, air is drawn into the main 
s ys tem. This ca us es vibration of pipe 1 ines and consider­
able nOis e , the a mount of air, l' es ul'.ant vibration and no ise 
depending on the speed that the powder hOist is oper:ued. 
T o reduce the air entering the system, the power drive 
should not be operated at more than one-third full speed 
(for both hoisting and lowering). Continuous ope ralion at 
reduced speed should be limited to one hour (vibration, 
nOise , and advers e effects vary fo r different hoists). In 
emergency, the hOist may be oper a ted atfull speed i.n man-· 
ua l control but should be limited to 25 or less hoisting­
lower ing cycles. For drill and training operations, limit 
manua l control speed as specified above. 

Buffer liqUid. Th e liquid to be used in the lowe r 
car buffe r s ys t em is recoil cylinder liquid, NAVORDOS 
1914. The buffers s hould be checked for replenishment 
once a month, at which Lime they should be inspe cted 
as follows: 

1. Check for full, normal spring return of the 
buffer plungers. 

2. Check the condition of the plunger packings. 

3. Verify the tightness of the buffer assem­
bly securing bolts. 

NavOrd Ins t. 8350.1 
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Hydraulic oil. Power transmission fluid 61F23 
(Or(ij is to be used in the hydraul1csystem. When 
the hydraulic system is initially fmed, and when re­
plenishing ' the fluid should be poured through a fine 
mesh wire strainer of at least 120 wires to the inch. 
Cheesecloth or rags must not be used as a s t rainer. 
New hydraulic assemblies should be drained after 
15 hours (or less) of operation. The hydraulic sys­
tem should then be thoroughly flushed with new 51F23 
(Ord) and refilled with fresh fluid. A test inspection 
and analys is of a fluid sample from each system 
should be performed monthly. If there is any evi ­
dence of s ludge, water, or acidity, the system must 
be drained, flushed with new 51F23 (Ord), a nd re ­
filled with fresh fluid. The total amount of fluid 
required t o fill each s yst em, when completely vented, 
is apprOximately 32 gallons . The system is vented 
as described on page 11-25. 

Fill!rJg .hydraulic s~tem. To fill the hydraulic 
system for the first time, or after it has been com­
pletely drained, proceed as follows: 

1. Remove the fille r plug from the top of the 
B -end housing and fill with the specified hydraulic 
fluid. 

2. Remove the filler cap from the top of the 
A-end hOUBing and fill to the upper fluid level with 
specified hydraulic fluid. 

3. Run the electric motor for a few minutes , 
then stop. 

4 . Check the fluid leve l at the A-end fluid 
leve l trycocks. Replenish with specified fluid until 
the fluid level is between t he two trycocks. 

Maintenance care. Whe n pipe fittings, flanges, 
or other units of the hydraulic system are discon­
nected or open, keep the openings covered t o pre ­
vent the entrance of foreign matter. Do not remove 
such protection until immediately prior to reassem­
bly. For complete instructions for the care and 
maintenance of the hydraulic system, see chapter 17. 

Cle!!ill!Jg oil filte rs. The all filter is equipped 
with a directional valve t o cont rol fluid flow through 
eiH1er or both filte r elements. By directing the 
flow (according to instruction plate directions) 
through one of the elements .. the inoperative e lement 
can be r emoved and cleanea while the power drive is 
operating. Proceed as follows: 

1. Turn the directional valve toward one of 
the filter elements. 

2. Remove the filter cap from the other 
element. 

3. Remove the filter spring and filter element. 

4. Clean the filter element with solvent Navy 
Specification P-S -661, and compressed air. 

S. Remove the plug from the bottom of the 
filter container and drain the contents. 

6. Flus h the filter container. Replace the 
plug. Reassemble the filter element, spring, and cap. 

7. Turn directional valve toward cleaned 
filter element and perform the above cleaning 
operations on other element. 
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gperating trouble di~nosis 

Locating and correcting powder hoist trouble 
requires a thorough understanding of the eqUipment 
described i n this chapter. The causes of various 
troubles which may occur are given in the paragraphs 
below. The trouble analys is is in a sequence that 
aVOids extensive disassembly unt il the more common 
causes have been eliminated as the s our ce of trouble. 

No electric power. If the electric motor fails to 
start when the START -EMERG button is pressed: 

1. Check the ci rcuit breake r in the electric 
controller; it may be open. 

2. Check the pilot circuit fuse in the electric 
controller; it may be blown. 

3. Check t he limit switch for incorrect con­
nection or adjustment. Limit switch adjustment is 
described on page 

4. Check the main line fuses. 

Circuit breaker opens. If the circuit breaker 
opens: 

1. Check for a s hort circult in the main cir­
cuit supply lines to the electric moto r . 

2. Check for freedom of movement of motor 
s haft. 

Overload relay....9pena . If the electric motor 
starts, but the overload relays in the electric con­
troller open, the trouble is probably a damaged A­
end pump o r control-supe rcharge pump. 

1. Check the pumps for damage by attempting 
to rotate the e lectric motor s haft manually. If a 
binding condition exists, r emove the control -super­
charge pump t o check which pump is binding. 

Control pump bindl!)g. If the control pump is 
binding, this condition must not be corrected by 
loosening the pump head s cr ews. Remove the pump 
head and inspect for damage. Remove the pump 
rotor and inspect the faces of the bronze bus hings 
in the pump body and head for scores . Examine the 
rotor vanes for sheared brass particles that have 
become lodged beneath them. Replace the pump head 
and rotate the pump shaft manually whUe t ightening 
the s crews, 

Main pump' bindmg. If the main (A-end) pump is 
binding, check the control pump gear train to ensure 
that no fore ign matter Is wedged in the gear teeth. 
If the main pump still b inds, disassemble for inspec ­
tion as described on page 11-41. 

Hoist inoperative due to pressure failure when 
the controls are set for a hotsting cycle. 

Failur e of electrical contro l circuit . With the 
electric motor operating, and the controlB properly 
adjusted and positioned for a hois ting cyc le (using 
servo electrical control), pressure should build up 
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in the system as soon as the s tarting lever is moved 
to START: II pressure does not build up immediate­
ly, it is probably due to electrical control ci rcuit 
failure. Check for this condition by shifting the con­
trol selector lever to SERVO MECHANICAL. If the 
hoist functions correctly (requi res normal effort to 
move the control lever) t he trouble is in the e lectri­
cal cont rols . 

1. Check t he solenoid fuse in the electriC con­
troller. Replace with the proper fuse , if blown. 

2. Check to s ee whether t he door interlock 
switches a r e open. Verify that the upper and lower 
trunk doors are closed. If closed, verify that the 
switches are closed and the contacts are in good 
c ondition. 

3 . Check the solenoids in the valve block as­
sembly. Remove the inspection cover from the 
solenoid housing and ve r ify that the s olenoid 81 shifts 
the venting valve when the starting lever is moved 
t o START. Also, verify that the power failure valve 
shifts when the e lectric power is turned off and on. 

4. Check for a s tuck venting valve or power 
failure valve . Operate the valves manually by mov­
ing the operating lever s within t he s olenoid housing 
to verify that no friction exists in the valves and 
that the valve s prings func tion properly. 

5. Check the starting switch for closure and 
prope r contact. Remove the switch cover and verify 
that the contacts close when the s tarting lever is 
m oved to START. 

6. Check the loading and unloading position 
limit switches for c losure and proper contact. Re ­
move covers of the switches not held open by the 
car and verify that the contacts are closed and in 
good condition. 

7. Check for a break or short c ircuit in the 
wiring. 

F ai lure of control pump circuit. If pressure 
builds up to perate the hoist (using servo mechanical 
contrOl), but considerable effort is r equi red to op­
e rate the hoist and control lever, the control pump 
has failed. 

1. Check the control pump relief valve. It 
may be adjusted t oo low to provide pressure to oper­
ate the hots t . Insta ll a pressur e gage in the control 
pump inlet flange . Adjust the r e 'ef valve for a pres­
sure of 160 pounds per square inch. 

2. Check for a stuck control pump r elief valve. 
Remove the acorn cap nut and valve adjusting screw 
and verify that the valve is not stuck. 

3. Check the A-end oil filter for clogging. 
Control pump pressure may be correct but a clogged 
.filte r will prevent fluid flow to the control pump cir­
cuit. Clean the filte r as described on page 11-26. 

4. Check for clogging at restriction R1. Re­
move the plug from the top of the valve block assem­
bly and r emove and inspect the r estriction plug. 

5. Check the control pump for damage. Re ­
move and disassemble the control pump as descrtbed 
on page 11-38. 
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6. Check the by-pass valve in the valve block 
assembly; it may be stuck in it s vented position . 
Disassemble the valve block as described on pag e 
11-39. 

Failure of main circuit. If pressure does not 
build u(l to operate the hoist (using servo mechanical 
control), the trouble will probably be in the main 
circuit. Refer t o drawings 325000 and 325001. 

1. Check the main circuit re lief valves for 
too Iowan adjustment . Adjust the relief valves in 
the B-end motor head. 

2. Check the main circuit r e lief valves; one 
or both may be stuck open . Remove the r elief valves 
as described on page 11 -.43. 

3. Inspect the check valve in the B -end motor 
head. Check valve 206639 -5 may be s tuck open, 
omitted, or assembled for opposite r otation. 

4. Check the B-end motor head for pipe plug 
200075-16; it may be omi.tted or incorrectly assem­
bled. 

5. Check the clearance between the rocker 
arm r ollers and B-end cams , it may be insufficient. 
Refer to adjustment of B -end cams , page 11-31. 

6. Check for a stuck open supercharge or by­
pass check valve. The supercharge check valves 
are located on the inlet and outlet main line flanges 
of the A-end; bypass check valves are in the top of 
the valve block. 

7. Check for a replenishing check valve s tuck 
open. These valves are located within the A-end 
reservoir. Inspect the check valves; refer to page 
11-41 for removal instructions. 

8. Che k the system for excessive leakage 
due to scored cylinder blocks or pis tons in the A­
or B - ends. To do this perform the following opera­
tions: 

a. Increase the clearance between the 
rollers and cams to allow pressure to build up in 
the system . 

b. Remove the connecting drain pipe be­
tween the top of the B-end and the top of the A-end. 

c. Install a temporary drain pipe fr.om 
the B-end to a s eparate container and check the B­
end leakage. If the leakage exceeds 0.5 gallons per 
minute (hydraulic fluid at 100 degrees , Fahrenheit) 
a scored B-end piston or cylinde r block is indicated. 
11 the B -end will operate at slow speed, but hoist 
drum rotation is erratic and uneven, a scored piston 
is indicated. If the B-end leakage is not excessive , 
a damaged A-end cylinde r block or piston is indicated. 

Hoist inoperative due to pressure failure when 
the controls are set for a loweri!).g"'!<y'cle . Check 
the following: 

1. Powder car failure to lower at eithe r 
upper or lower unloading station may be caused by 
the car being blocked by the safety car s top latches. 
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This may occur if the starting leve r is alternately 
placed in START and STOP pos itions several times 
before starting to lower the car. Such improper 
operation r eleases and applies the brake each time 
the sta r t ing lever is depr essed and may lock the car 
on the latches. Move the control lever to HOIST t o 
lift the car above the latches before s tarting to lower. 

2. The condition described above may also 
occur if the car hoist r ope has s tretched in excess 
of the two inches pr ovided for by the B-end cams. 
Improper adjustment of the cams or the loading sta­
tion limit switches may also be the cause . Take up 
the car hoist rope slack, or adjust the cams and 
limit switches. 

3 . Check for pressur e build-up failure when 
t he car is not r esting on the safety car stop latches. 
Check the hoist equipment as desc r ibed for pressure 
failure with controls set for hOisting, described on 
page 11-27. 

StoppiIlg inaccu rate. 

Servo electrical control. When operating in 
SERVO ELECTRICAL control and the car fails t o 
stop within one inch of the intende d stopping posi ­
tion: 

1. Verify the starting lever position when the 
car approaches the loading or upper unloading sta­
tions. The star ting lever must not be held down. 
This is impr oper control by t he operator (the start­
ing lever s hould be released as soon as the car has 
moved a few inches) and will cause the car to over­
travel and str ike the buffers. 

2. Check the ca r hois t rope for stretching in 
exces s of the two inches allowed for by the B-end 
cams . Adjust the cams or, if the cams have been 
doweled in place, shorten the cable. 

S. Check the limit switches for improper 
adjustment. Readjust t he limit switches if neces­
sary. 

4. Check the brake adjustment . Readjust the 
brake t o hold the loaded car. 

5. Check the condition of the brake band lining 
for worn, oil s aturated, or glazed areas which may 
allow the br ake to slip. Remove and c lean, or in­
s tall a new lining. 

Ser vo mechanical control, or manua l cont rol. 
When operating the hoist in SERVO MECHANICAL 
or MANUAL control, stopping will not be as accu­
rate as in SERVO E LECTRICAL control . If s top ­
ping is not no rmal, the probable causes will be the 
same as when us ing SERVO E LECTRICAL (except 
for limit switch adjustments ). An improper ly ad­
justed latch and vent valve latch and cam assembly 
can a ls o cause inac curate stopping. This condition 
prevents the br ake from applying, and the circuit 
from venting, when the ca r r eaches a stop pos ition. 

Ratchet slips when hoisting. Ratchet s lip is 
indicated by a c licking sound in the B -end, while 
the unit is hoisting or s tarting to hOis t . This condi ­
tion is caus ed by slow r eleasing of the brake. Re­
ferring to drawing 325001 : 
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1. Check the brake cylinder piston for too 
much travel. The end of piston 274318-1 is to be 
3.0 inches from the face of the brake cylinder head. 

2. Check for insufficient clearance between 
the brake band and brake drum whe n the brake is 
re leased. Adjust fo r a clear ance of O. OlO- inch 
between brake band and drum. 

3. Check the control pump for insufficient 
pressure. Use a pres sure gage to verify cont rol 
pump pressure of 160 pounds per square inch. See 
causes of control pump pressure failure on page 
11 -26. 

Slow starting of the hoist. If the hoist requires 
e xcessive time to start after the controls a r e set 
for hoIsting or lowe ring: 

Check fo r insufficient clearance between the 
r ocke r arm rollers and the B-end cams. Refer to 
adjustment of B -end cam, page 11 -31. 

Excessive drop of the powder car when the brake 
is released. Wnen the brake is released, normal 
dr op of the powder car is from 0. 50- to O. 75-inch. 
This is due to the time required for main cir cuit 
pressure build up to be sufficient to support the car. 
If the drop is excessive the probable cause is leakage 
in the foot valve ass embly. Refer to drawing 325001. 

1. Check the by-pass va lve in the foot valve 
assembly for impr ope r adjustment. Refer to page 
11 -36 for inst ructions to adjus t foot valve control 
linkage . 

2. Ver ify that the check valve in the foot 
valve assembly is not stuck open. Remove cover 
274330-5 to inspect valve. 

3. Verify that the relief valve ball is not held 
off its seat by fo r eign matter . Remove cover 
274330-9 and inspect the valve ball and retainer; 
clean or replace if necessary. 

Excessive heati~. U the unit overheats: 

1. Check for insufficient hydraulic fluid in 
the main system. Ver ify the fluid level in the A ­
end res ervoir . 

2. Check for mechanical binding in equipment 
or powder car. Verify main system press ures, with 
a gage, at the B-end pressure connections . 

Unusual noises and their causes . When operat­
ing the hoist in s ervo electrical or ser vo mechanical 
cont rol, the hOis t operates with normal nois e and 
vibration. Incr eas e in noise and vibration in manual 
control ope ration is caused by failur e of the control 
pump circuit which no longer supercharges the main 
syst em. The condition r esults from pulling air in­
to the hydraulic system; the eqUipment should be 
operated as described on page 11 -23. 

P opping and sputte ri~ . P opping and s puttering 
are caus ed by air ente r ing the control pump through 
the intake lines . This may be caus ed by leaking 
gaskets in the pump intake line or a damaged oil 
seal on the control pump drive shaft. 
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Grindi!}g. Grinding noises ar e usua lly caused 
by dry bearings or gears, or by foreign matte r . 

Hydraulic chatter or hammer. Hydraulic chatter 
or hammer is caused by vibration of a s pr ing loaded 
valve, long pipe sections not securely clamped, or 
air in the system. 

§.queals. Squeals are caused by the cont rol pump 
head being fastened too tightly against the pump ro ­
tor. 

Leak~ When leakage is indicated , inside or 
outside the system: 

1. Check for improperly tightened threaded 
fittings. Tinning the threads of fittings or pipe p lugs 
will a id in preventing leakage when the parts are 
c orrectly aligned. 

2. Check for crossed threads in fittings. 

3. Check for improperly fitted or to r n gas -
kets . 

4. Check for distorted, scored, o r wor n oil 
seals , sealing rings, or packing. A s ingle scrat ch 
or cut on the working surfaces may cause a slow 
steady leak. 

5. Check for pipe flanges not s eating squarely. 

6. Check for worn or scored valves . 

7 . Check for worn or scored pis t ons in the 
motor or pump. 

8. Check for scored valve plates or cylinder 
blocks in the A - and B -ends. 

9. Check for scored bushings or worn vanes 
in the control pump. 

Adjustments 

General. Adjustment of the va r ious powder 
holst elements is principally confined to adjustments 
of the power drives and control linkages, and the 
inter connection of the latter with the hois t control 
and interlock system. Adjustment of the car hois t 
r ope attachment, the br ake, and the switch actuating 
ca ms are apparent from the general arra ngement 
drawings. The positions of parts of the upper door 
dog locking mechanism, the lower door latch, and 
latch release are prescr ibed by design. They should 
b e set as shown on the general arrangement drawings 
and s hould subsequently be fitted and adjusted t o per ­
form proper ly. Adjustments of the power unit s and 
controls are divided into two stages , preliminary 
adjustment and detail adjustment . The firs t stage 
is only applicable in the installation of a new hoist 
or a disassembled and r eassembled hOist. 

Preliminary adjustments. When making prelim­
inary adjustments disconnect the car hois t r ope from 
the hoist dr um. Remove t he complet e cam assem­
bly and cam support from the B-end (until all pre ­
liminary adjustments and tests have been completed). 
Refe r to drawing 325001. Proceed as fo llows: 

1. Remove inspection cover 325050-1 from 
the B-end cam case. 
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2. Remove locknut 271731 -3 and lockwasher 
200074 -8. 

3. Remove cam support 274322 -1, with the 
cams attached. 

The B -end may now be operated in a hoisting 
direction only, and preliminary tests may be made 
after preliminary adjustments have been completed. 

Adjustment of control selector llnk~~. Proceed 
as follows : 

1. Move the control selector lever to SERVO 
E LECTRICAL. The latch and vent valve latch should 
be held out of its notch, and should clear the hoist 
contr ol linkage cam when the control lever is moved 
to either HOIST or LOWER. 

2. Move the control selector lever to SERVO 
MECHANICAL. The latch and vent valve latch should 
drop into the notch on the hoist control linkage cam, 
when the control lever is at neutral. 

Adjustment of ventipg valve lever. The adjust ­
able r ods are s et to provide for the proper angular 
position of the control selector levers at the A end. 
Refer to drawing 324987. P r oceed as follDws: 

1. Place the control selector lever at 
SERVO E LECTRIC AL. 

2. Move the venting valve manually, at the 
A-e nd, toward the mechanical position. Release 
the leve r and permit it to return to the e lectrical ' 
pos ition (by valve spring action). 

3. Move t he lever one degree farthe r in the 
SERVO ELECTRICAL di r ection. Maintain this 
position by making necessary adjus tments on the 
adjustable rod. 

The lever can be moved farther manually. This 
additional movement provides lost motion when the 
venting valve is s olenoid-operated during SERVO 
ELECTRIC AL cont r ol. 

A..djustme nt of control lever . The connecting rods 
are adjus t ed for pr cper length to provide correct an­
gular position for the control lever. Refer to draw ­
ing 325003. Proceed as follows : 

1. Disc onnect the adjustable rods 325 0.04-2 
from the A-end. 

2. Disconnect control rod 325052-2 that 
connects leve r 325005-1 to the B-end. 

3. P lace the control selector lever at SERVO 
MECHANICAL. P e rmit the latch and vent valve 
latch to engage in the notch of the hoist control link­
age cam. 

4. P lace the ser vo pump (by-pass valve) 
oper ating leve r at MANUAL. 

5. Adjust t he control lever to its neut ral po­
s ition (with the latch in the notch of the linkage 
cam). 
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6. Adjust the universal link (which connects 
the lever on the main control shaft to lever 325005-2) 
for proper length. This link must hold lever 325005 -
2 so that its center line is in Une with the centerline 
of bracket 325004-1. This is determined by measur­
ing the distanc e fr om the centerline of shaft 325005-2 
to the lower s ide of the gun girder cap plate . The 
universal link is adjusted so that the centerline of 
the end of lever 325005 -2 is the same distance (as 
above) from the lower Side of the gun girder cap 
plate. 

7. Adjust the length of rod 325007 -3 (for left 
installation), or of rod 325004- 2 (for right installa­
tion) to fit exactly between the lever on the control 
linkage and the leve r on the A-end. 

S. Adjust control rod 325052 -2 which connects 
lever 325005 -1 to lever 325051 - 4 (refe r to drawing 
325001) to maintain a dis tance of 1. 25 - inches be ­
tween the lower edge of c levis 274253 5 and the top 
of the B-end base. 

Adjustment of se rvo control valve centering 
lever and the s ervo pump-.9perating lever . Proceed 
as follows : 

1. Place the control selector leve r at SERVO 
ELECTRICAL. 

2. Place the servo control valve centering 
lever and the servo pump operating lever at SERVO. 

3. F it the adjustable control r od between the 
leve r on the A-end and the lever on the cont r ol s e ­
lector rocker s haft. The rod adjustment must pre ­
vent m ovement of the lever on the A-end when the 
control s e lector lever is at SERVO ELECTRICAL 
and mus t permit s hifting of the lever when the con­
trol selector lever is at SERVO MECHANICAL. 

Preliminary tests. The power drive must r e ­
ceive functional tests after it is assembled in the 
turret and following the preliminary adjustments of 
the preceding paragraphs. They are slow speed 
tests to verify correct assembly and are essential 
to prevent se r ious malfunctioning. The car holSt 
rope is t o be disconnected from the hOist drum dur­
ing thes e t ests. Proceed as follows: 

Servo mechanical control. Place the contr ol 
lever in neutral and the starting lever at STOP. 
Make the following check: 

1. Verify that the electric motor can be 
started by press ing the START button on the elec ­
t ric controller. 

2. Verify the direction of electric motor 
rotation. Rotation must agree with direction arrow 
on the motor hous ing. 

3. Verify application of the B -end brake. 

4. Verify that the s afety car stop latches 
are in the path of the car. 

5. Verify that the latch and vent valve 
latch engages in the notch in the hoist control 
linkage cam. 
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With the control lever r emaining at neutral, 
move the s t arting lever t o START. Make the 
following check: 

1. Verify that the lat ch is withdrawn fr om the 
notch in the linkage cam to permit control lever 
movement. 

2. Verify r eleas e of the B -end brake. 

3. Verify that the s afety car stop latches are 
withdrawn from the path of the car. 

4. Verify that the centering plungers in the 
A-end are r et racted to pe rmit pump yoke offset. 

5. Move the control lever toward HOIST . 
Verify that B-end rotation agrees with control leve r 
position. 

With the control lever remaining at HOIST , per­
mit the s tarting lever to r etur n to STOP. Make the 
following check: 

1. Verify that the safety car stop latches are 
in the path of the car. 

2. Verify that the latch has withdrawn from 
the notch on the linkage cam and the latch rides on 
the cam. 

3. Stop the electric motor. 

Servo electrical control, Block the car to give 
access t o all limit switches (to permit manual op ­
erat ion of the switches ). With t he car hoist r ope 
remaining disconnected plac e the c.ontr ol s elector 
lever at SERVO ELECTRIC AL, the cont rol lever 
at neut ral, and t he starting lever at STOP. Open 
the powder tr unk doors . Block switch number 7 
open (to simulate car at loading station). Make the 
fo llowing check: 

1. Verify that the electric motor can be 
started. 

2. Verify application of the B-end brake. 

3. Verify that t he s afety car s top latches 
are in the path of the c ar . 

4. Verify that the main system 1s by-passed. 
This is indicated by no movement of the hoist drum. 

Clos e the powder trunk doors and verify that 
there is no change in hoist function fr om the con­
ditions checked above. 

Move the starting lever to START with the con­
trol lever remaining at neutral. Make the follow­
ing check: 

1. Verify r elease of the B-end brake. 

2. Ver ify that the safety car s top latches are 
withdrawn from the path of the car. 

3. Verify t hat the main system by-pass is 
c los ed. This is indicated by slow B-end r otation 
(because the pump yoke is lightly offs et toward 
hoisting when the control lever is at neutral). 
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Unlatch and open t he t runk lower door. With the 
control lever at neutral, place the start ing lever at 
ST ART. Make t he fo llowing check: 

1. Verify application of the B- end brake. 

2. Verify that the safety car stop lat ches are 
in the path of the car. 

3. Verify that the main system by-pass is 
open . This will permit shifting of the control lever 
slightly toward hoisting without causing B-end rota­
tion. 

Close the powder trunk doors . Release switch 
SW7 t o its normally closed position . With the con­
t rol leve r at neutra l, place the s ta rting lever at 
STOP. Make the following check: 

1. Ver ify r e lease of the B-end brake. 

2. Verify that the safety car s top latches are 
in the path of the car. 

3. Verify hoist drum r otation by manipulating 
the contro l lever t o HOIST and LOWER. 

4 . Verify that the opening of one or all load­
ing or unloading pOSition switches, or the opening 
of the trunk lowe r door , will open the main system 
by-pass and apply the B-end brake. 

Detail adjustments. 

Adjust ment of flight le!)gtll. F oliowing comple­
tion of t he preliminary tests, the car hoist rope is 
attached to the hois t drum. The drum s ize permits 
one more loop than is requi r ed for maximum lift 
(56.6 fe et) . Limit Switch ca r s topping pOSitions, 
described below, are adjusted without B - end cams 
assembled, and the car must be operated at slow 
speeds. P erform the following operations: 

To adjust upper limit switch SW9. Proceed as 
fo llows : 

1. Start the electric motor. 

2. Lower the car slowly to the bottom of the 
hoist trunk and open the lower doors . 

3. Block switches SW4 and SW5 closed. 

4. Move the starting lever to START and 
the control lever toward HOIST. 

5. Release the starting lever as soon as 
switch SW7 c loses . 

6. Hoist the car to contact switch SW9. 
Verify the car position and adjust the car cam for 
the desired position (at car movement of 6 inches 
pe r second - slow speed). 

7 . Adjust switch SW9. Limit switches are 
adjustable for opening or c losing by varying the 
pOSition of the switch operating lever. Adjust as 
follows: 

B. Loosen the locknut on the lever clamp bolt. 

POWDER HOIST 

9. Turn the clamp bolt until the operating 
leve r is at the deSired position. 

10. Tighten the locknut. 

T o adjust lower unloadi!).g station switch SWB. 
After adjust ing s witch SW9, proceed as follows: 

1. Move t he starting lever to START. 

2. Move the control lever s lightly toward 
LOWER. 

3. Release the s tarting lever after the ea:c 
has lowered enough t o close switch SW9. 

4. Ve rify the car pOS ition a nd adjust the car 
cam fo r the deSired position. 

5. Adjust switch SWB , following the procedure 
of operations 7 through 10 inclusive of switch SW9 
adjus tment . 

To adjust loading station switch SW7. After ad­
justing switch SW8, proceed as fo llows: 

1. Move the starting leve r to START. 

2. Move the control lever slightly toward 
LOWER, 

3. Lower the car s lowly to contact s witch 
SW7. 

4. Verify the car position and adjust the car 
cam for the deS i r ed position. 

5. Adjust switch SW7 to correct any error in 
stopping, following the pr ocedure of ope rations 7 
through 10 inc lusive of switch SW9 adjustment . 

Adjustment of B-end cams. B-end cam assembly 
adjustment involves pOSitioning the c omponents listed 
below. Before making the adjustments , r emove the 
drain plug at the bottom of the hous ing and remove 
the hous ing cover 325050-1 shown on drawing 325001. 

Component 

HOisting acceleration cam 
Hoisting deceleration cam 
Lowering acc ele ration cam 
Lowering deceler ation cam 
Lowering cam a rm 
Hoisting cam arm 

Piece Number 

274323-1 
274323-3 
325047-1 
274324-1 
325049-2 
325049-1 

These are identical components in a U hoists , 
but have varying arrangements of t he cam pos itions 
in the cam support and clamping rings with respect 
to the two cam arms. Cam arms have the s ame po­
sition in a ll assemblies ; cams a re positioned accord­
ing to the height of lift and hoist location. In the 
left hOists, the cams are r eversed from right and 
center hOist arrangement . There are two obj ectives 
to be accomplished in this adjustment : 

I. To pOSition the cams in exact synchroniza­
tion with car s t opping positions (as adjus ted by limit 
switches SW7 and SW9). 
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2. To position the cam arm rolle r s with r e ­
spect to the adjusted positions of the cams so that 
the arm s (and control lever) have precis e limit of 
movement from neutral when the cams a r e at lim it 
stop positions. 

To accomplish these objectives the switch-actu ­
ating car cam must be properly adjusted , hydraulic 
flu id m ust be at normal operating temperature , the 
s ystem must be full and vented, the s haft linkage 
must be connected from the control leve r t o the A.­
e nd, and B-end controls accurately positioned from 
neut ral. Excessive friction in the control s hafting 
must be eliminated to make accur ate adjustment 
possible. After attachment to the hoist drum , the 
car hoist rope must be adjusted at the car to pOSition 
the car at the loading station as shown i n drawing 
240889. 

Remove the cam support assembly from the cam 
housing and make scribe marks on the cam outer 
faces fr om the prOfile points indicated below, toward 
th e cam shaft center. (Marks need only be s cr ibed 
on new cams . ) Locations and scribe m ar k numbers 
are shown in figure 11 - 27. Sc ribe m a rk locations 
are as follows: 

Mark number 1 is at the high point of the 
loweri ng deceleration cam. 

Mark number 2 is O. 141-inch beyond mark 
number 1 . 

SCR IBE MARK 6 

SCRIBE MARK 

NOTE' CAMS SHOWN FOR RIGHT 
AND CENTER HOISTS. 
CAMS FOR LEFT HOIST 
HAVE REVERSE POSITION 
AND MARKINGS. 

\ 
HOISTING \ 

DECELERATION CA M 

SCR IBE 
MA RK 3 

SC RIBE MARK 4 

Figure 11-27. Powder Hoist B-end Cams, 
Locations of Scribe Marks - Adjustment 
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Mark number 3 is at the high point of the 
hoisting acceleration cam. 

Mark number 4 is O. 141-inch beyond mark 
number 3. 

Mark number 5 is at the high point of the 
hoisting deceleration cam. 

Ma rk number 6 is at the high point of the 
lower ing acceleration cam and is equivalent to the 
upper unloading position stop point. 

In a ddition to the scribe marks on the cams, 
make 12 chalk ma rks on the outer rim of the hoist 
drum, spaced 30 degrees apart. These marks a r e 
for timing (by stop watch) the slow hoisting speed 
required in the following adjustment procedure : 
The distance between chalk marks is equal to appr ox­
imately 6. O-inches length of the car hoist rope. 

After the preceding preparations have been 
complete, adjust the B -end cams as follows: 

1. Star t the electric motor. 

2. P lace the control selector lever at SERVO 
E LECTRICAL. 

3. Move the control lever towar d HOIST for 
slow s peed car movement. Stop the car at a point 
apprOximately 10 feet up the trunk. 

4. Use a stop watch and observe the dr um 
chalk marks . Lower the car at a rate of 6. O-inches 
per s econd until the car operates switch SW7 to stop 
the hoiSt. 

5. Stop the electric motor. 

6. Reassemble the cam support unit. Mes h 
the cam drive gearing so that the lowering decelera­
tion cam is positioned with scribe mark numbe r 1 
adjacent to the lowering arm cam roller (fig. 11-28). 

7 . Verify the exact neutral position of the 
control leve r. Check the control linkage and pump 
yoke for neutral position by verifying the 1. 25 - inches 
dimension is section KK, drawing 325001, sheet one. 

8. Unclamp the cams so that they may be 
positioned by light taps with a copper or lead maHet. 

9. Align a steel straightedge from the cam 
shaft center to the center of the lowering a r m cam 
roller. 

10. Move the lowering deceleration cam until 
mark 1 aligns with the straightedge. Secure the cam. 

11. Align the straightedge from the cam shaft 
center to the center of the hoisting arm cam roller. 

12. Move the hOisting acceleration cam until 
mark 3 aligns with the straightedge. Secure the cam . 

13. Use a O. 062-inch feeler gage to verify gap 
between each roller and cam as pOSitioned. Adjust 
a rms for gap as required (fig. 11-28). Check the 
hoist controls as in step 7. 
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14. Start the electric motor. 

15. Move the control lever toward HOIST fo r 
slow speed car movement. Stop the car at a point 
about 25 feet up the trunk. 

16 . Move the control lever toward LOWER 
(with the dashpot connected and adjust ed as described 
on page 11 -36) for full speed car m ovement into 
s witch 7. 

17. Stop the electric motor. Check t he hoist 
controls as in operation 7. 

18 . Repeat operation 9 and observe position 
of mark 2. T his mark should align with the straight ­
edge . If t he mark has overtraveled, the car has 
o v ert r aveled fr om switch SW7 and cam dece leration 
is late . An extr emely small advance of the cam will 
c orrectly decelerate the car approach to switch SW7. 
In high speed stop at that station, mark 2 s hould 
a lign pr ec isely with the s traightedge . The cam po­
s ition is es sential to permit cam r oller s tarting ac ­
tion (when the contr ol lever is shifted from neutral 
cam r olle r s hould have full bearIng In the notch. ) 
C orrect positions for left and right hoists is s hown 
in figures 11-28 and 11 -30 respective ly . 

19. Repeat step 11 and observe position of 
m a rk 4. This mark s hould align with the s traight­
edge. 

20. Repeat operation 13. 

21. Start the elect r ic motor. 

NOTE: 
SC REWS D CLAMP THE LOWERIN G 
ARM TO THE HUB; 
SC REWS U CLAMP THE HOISTIN G ARM; 
SCREWS B CLAMP BOTH ARM S 

LOWERIN G 
DECELERATI ON 
CAM 

HOISTING 
DECELERATION 

CAM 

SCR IBE 
MARK 4 

--~"""";;;----!-!---SCRI B E 

SC RIBE 
MARK 1 

LOWERIN G / }1 
ARM / l1 
HOISTING 
ACCELERATI ON 
CAM 

LOWERIN G ARM 
ADJU STING SCREW 

MARK 3 

HOISTING 
ARM 

CONTROL 

F igure 11-28. B-end Cams , P ositions for Left Hoist . 
Car at Loading Station, Contr bl Neutral. Adjus tment. 
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22. Move the control lever toward HOIST for 
slow spee d ca r movement. Time the speed as in 
operation 4. Hoist until the car is stopped by switch 
SW9. If operations 13 and 20 have been exact, the 
hoist wi ll operat e at exactly 6.0 inches per second 
with the contr ol held at the limit of starting move ­
ment (0. 0625-lnch cam roller movement). 

23. Start the electric motor with the control 
lever at neutral. 

24. Repeat operation 11. 

SC RI BE 
MARK 6 

HOISTIN G 
ACC ELE RATION 
CAM 

HOISTING 
DECELERATI ON 

CAM 

LOWERING 
ACC ELERATION 

CAM 

Figure 11-29. B -end Cams, P OSitions fo r Left Hoist. 
Car at Uppe r Unloading Station. Control Neutral. 

Adjustment. 

NOTE: 
SCREWS D CLAM P THE LOWE RIN G 
ARM TO THE HUB; 
SCREWS U CLAMP THE HOISTING ARM ; 
SCREWS B CLAMP BOTH ARM S. 

CAM 
CLAMP 
SC REWS 

SCRIBE 
MARK 2 

SCRIBE 
MARK 1 

LOWERIN G 
ARM 

HOISTING 
DECELERATION 
CAM 

LOWERING 
DECELERATION 
CAM HUB 

HOISTIN G AR M 
ADJUSTI NG 

SCR EW 

SCR IBE 
MARK 4 

CO NTROL 
STARTIN G MOVEMENT 

1/1 6 IN CH EQUALS 
HOIST SPEED OF SIX 
IN CHES PER SECO ND 

Figure 11 -30 . B -end Cams , P ositions for Right Hoist . 
Car at Loading Station, Control Neutral. Adjustm ent. 
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25. Move the hoisting deceleration cam until 
mark 5 aligns with the st raightedge . Secur e the cam. 

26. Repeat operation 9. 

27. Move the lowering acceleration cam until 
mark 6 aligns with the straight edge. Secure the cam. 

Cam positions obtained by operations 25 and 27 
provide high speed synchronization with respect to 
switches SW9 and SWB. In high speed stopping by 
action of switch SW9, marks 5 and 6 will overtravel 
but the car s hould be at he upper unloading station. 
See pos itions of marks 5 and 6 on figures 11-29 and 
11-31. If the ca r is out of position, very slight ad­
justment of the hois ting deceleration action will give 
the r equired stopping pos ition. The lowering accel­
eration cam must be r eset a n equal amount. 

Adjust ment of A-end centeripg plungers. The 
centering plunger assemblies have been adjusted 
at the factory to maintain the pump yoke at slight 
offset toward hoisting . The pump is offset t o supply 
fluid enough to overcome system leakage and build 
up enough pressur e to ret ract the centering plungers 
and to r elease the brake and operate the safety car 
stop device. No adjustment is necessary until the 
equipment has worn enough to permit increased 
leakage and improper function. C entering plunger 
adjustment is made by shimming the complete plung­
e r assembly to the des ired pos ition . When this is 
done, control rod 325004 - 2 or 32500'7 -3 between the 
control linkage shaft and the A- end control lever 
must be readjusted. Refe r to drawings 325000, 
325003, and 325007. Proceed as follows: 

1. Remove pipe flanges 271724-4 from both 
centering plunger housings 274304-1. 

2. Remove the s ix long screws 274340-2 
from each ass embly and remove the centering 
plungers. 

LOWER IN G 
ACCELERATION 
CAM 

SC RIBE 
MARK 6 

HOISTING 
DECELERATION 
CAM 

HOISTING 
ACCELERATION 

CAM 

SCRIBE 
MARK 5 

LOWE RING 
DECELERATI ON 

CA M 

Figure 11 -31. B-end Cams, P ositions for Right Haist. 
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Car at Upper Unloading Station, 
Control Neutral Adjustment. 

HOUSING 274303 -1 

ADJUSTING 
SCR EW 
2743004 

PLUNGER 274303-3 

LIM IT SWITC H 23 1705 

LOCKN UT 180226-11 

Figure 11-32. A-end Limit Switch. Adjustment. 

3. Disconnect clevis 325004-4 from control 
rod lever 325005-4 and 325007-1. 

4. Remove O. OlO-inch of shim stock from 
s him 274305-9 under cente r ing plunge r hous ing 
(long plunger 274306-1). This will shift the pump 
yoke farther towards hOisting. 

5. Add the same amount of s him stock (as 
removed in step 4) under the opposite centering 
plunger. 

6. Replace the centering plunger assemblies 
and the pipe flanges. 

7. Adjust the length of control r od 325004- 2 
or 325007 -3 as described in step 7, page 

If the O. 01 0- inch shim adjustment is not enough 
for proper operation, additional shims may be re­
moved from plunger 274306-1 a nd added to the other 
plunger. After the cente r ing plungers have been ad­
justed, the limit switch may need adjusting. Refer 
to the next paragraph. 

Adjustment of A- end limit switch. The limit 
switch (fig. 11-32) Is fac tory adjusted to close only 
when the control lever is at neutral . Center ing 
plunger adjustment may make limit switch readjust ­
ment necessary. Refer to drawings 325000 and 
231705. Proceed as fo llows: 

1. Disconnect the switch electrical connec­
tions . 

2. Remove screws 18 0226 -7. 

3. Remove the complete assembly of switch 
231705 a nd plunger 274303-3 . 

www.tinyurl.com/slover


4. Remove the two screws 196825-7 from the 
limit switch. 

5. Remove plunger 274303-3 from switch 
housing 274303 - 1. 

6. Loosen locknut 180226-11. 

7. Turn adjusting screw 274300-4 out one­
half turn if e lectric motor would not start (control 
lever at neutral). 

8. Tighten locknut 180226-11. 

9. Verify that the motor will start . 

Adjus t ment of control pump r e lief valve. The 
control pump r elief valve Is factory adjusted for a 
pres sure of 160 pounds pe r square inch. It should 
not require adjusting unless the valve block is dis­
assembled. Refer to drawing 325030. To adjust, 
proceed as follows: 

1. Remove cap nut 274280-8 and loosen the 
locknut. 

2. Turn adjusting screw 274277 -8 in to in­
crease the pressure. Turn the screw out to decrease 
the pressure. 

3. Check the pressure with a gage attached at 
t he pump discharge flange 274289. 

4. Adjust pressure to 160 pounds pe r square 
inch. 

5. Tighten the locknut and replace the cap nut. 

Adjustment of main syst em relief valve (lig......ll-
33)... The r elief valve on the same Bide of the B-end 
head - valve plate as the number 1 flange connection, 
is used in left ins tallations to r elieve high pressure. 
The other relief valve, on the same side as the num­
ber 2 flange connection, relieves high pressure in 
right or center installations. Both valves are fac­
tory adjusted to r elieve at a pressure of 2100 pounds 
per square inch. Readjustmant is unnecessary un­
less the head-valve plate is completely dis assembled. 
If adjustment is necess ary, the valve in the high 
pressure line is the only one to be adjusted. The 
other valve (in t he low pr essure line) will act as a 
check valve . Refer to drawing 325001. Proceed as 
follows: 

1. Place the control s elector lever at SERVO 
MECHANICAL. 

2. Att ach a pressure gage to t he air vent on 
the same s ide of the head-valve plate as the valve. 

3. Start the electr ic motor. 

4. Hold the starting leve r at START. 

5 . Move the control lever toward HOIST and 
hoist the car until it contacts the upper buffer . In 
this operation the starting valve (held at start posi­
tion) prevents venting the main circuit lines. 

6. Observe the pressure gage. It indicates 
the r elief valve setting . 

7. Remove cap nut 274311-2 and loosen lock­
nut 274319-3. 

POWDER HOIST 

8. Turn in adjusting screw 274324-5 to in­
crease the pressure setting. Turn out t o decrease. 
An approximate setting can be made by turning in 
the adjusting screw as far as pOSSible , and backing 
it out 1. 5 turM. 

9. Tighten the locknut . Replace the cap nut. 

Adjustment of B -end brake , The brake has three 
types of adjustments to provide for wear of the band, 
(fig. 11-34). These are made at the brake band ends, 
at four eccentric s top pins, and at two adjus ting s top 
screws . Refer to drawing 325001. P roc eed as 
follows: 

1. Start the electric motor. 

2. Place the selector control lever at SERVO 
ELECTRICAL and the control lever at neut ral. 

3. Loosen locknuts 274339-4 and back off the 
upper adjusting nut 206522-3. 

4. Tighten the lower adjusting nut 206522-3 
until the maximum dimension of 3.0 inches is obtain­
ed from the end of brake cylinder piston 274.318 - 1 
to the face of cylinder cap 274317 -2. The adjustment 
permits O. 25 inch of piston t ravel to pr ovide for wear 
before it is necessary to r eadjust the brake . The 
dimension must never be less than 2.75 inches and 
should be checked frequently. 

5. Move the starting lever t o START . This 
releases the brake. 

6. Check the clearance between the band and 
the drum with a O. OlD-inch feeler gage. 

Maintain this clearance by adjusting stop screw 
274328-10 and eccentric stop pins 274307 -2. To 
adjust the stop pins : 

7. Remove the cotter pins and loosen (slightly) 
the castellated nuts 274339 -5 on stop pins 274307 -2 
(sheet 1). 

LOCKNUT 
27431 9·3 

ADJU STIN G 
SCREW 

274324·5 

Figure 11-33. Main System Relief Valve. Adjustment. 

11 -35 

www.tinyurl.com/slover


OP 769 16 INC H THREE GUN T URRETS 

8. Use a wrench on the stop pin flats. Turn 
until proper clearance is obtained around the brake 
band. 

9. Hold the stop pins with a wrench, tighten 
the castellated nuts, and replace the cotter pins. 

Adjustment of foot valve control link~g . With 
the A -e nd yoke held at center position by the center ­
ing plunge r s and the cont r ol rods between t he A- and 
B -ends correctly adjust ed, adjus t the foot valve con­
t r ollinkage. Refer to dr awing 325001. Proceed as 
follows: 

1. Adjust cleviS 274334-9 so that the center­
line of lever 274335 - 9 lines up with the centerline 
of the valve in the foot valve body. 

2. Adjust clevis 274335- 2 s o t hat ther e is 
0 .020- to O. 025-inch deflection of spring 325052-3 
when the valve is seated. Make this adjustment 
when the centerline of lever 274335-9 lines up ex­
actly with the centerline of the valve . 

Adjustment of the dashpQ1. The dashpot assem­
bly is factory adjusted so that the s hortest time 
required for A-end yoke shifting from full hOisting 
to full lowering (or full lowering to full hoisting) is 
2.5 seconds. No adjustment s hould b e nec essary 
unless t he dashpot has been com plet ely disassem ­
bled . Refer to drawing 325009. To adjust, proc eed 
as follows: 

LOCKNUT 
2743394 

LOCKNUT 
2743394 

PISTON 
274318-1 

CYLIN DER CAP 2743 17-2 

EC CENTRI C STO P PIN 
274307 2 

STOP SCREW 274328- 10 

Figure 11-34. B-end Brake. Adjustment. 
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1. Dis connect the link from lever 325 005-2 
to permit cont rol lever operation independent of the 
A- and B -ends. 

2. Move the c ontrol selector lever t o SERVO 
ELECTRICAL to hold the control shaft latch out of 
its notch. 

3. Adjust c levis 274266 -5 to permit full con­
trol travel from full hoist to full lower by loosening 
locknut 274339-9 and screwing in or out on the pis ­
ton rod 274266-13. Tighten the locknut. 

The dashpot assembly needle valves may now be 
adjust ed. Needle valve adjustment number 1 con­
t r ols speed of piston depression, adjustment numbe r 
2 controls speed of piston withdr awal. To adjus t: 

1. Remove t he cap nut, loosen the locknut. 

2. Turn adjusting screw in to decrease the 
piston s peed, or out to increase the speed. 

3. Tighten the locknut and replace the cap 
nut after each adjustment (before operating) to pre­
vent a i r enter ing while testing. 

4. Connect aU linkage after adjustment is 
completed. 

Adjust ment of latch and vent valve cam. Auto ­
matic stopping action in SERVO MECHANICAL 
operation is obta ined (to stop the car at loading 
and unloading stations) by the venting action of the 
latch and vent valve . The valve movement is con ­
tr olled by t he adjus ted positions of the edges of the 
notc h formad by the two segments of the latch and 
vent valve adjust able stop. Refer to drawing 240653. 
Proceed as follows : 

1. P osition adjustable stop 234036-9 to per ­
mit latch m ovem ent when mark number 1 (fig. 11-
30) i s a ligned as in step 10, page 11-32. 

2. P osition adjustable stop 234036 -9 to per­
mit latch m ovement when mark number 5 (fig . 11-31) 
Is aligned as in step 25 , page 11-34. 

Ac;ijustment of upp~powder door c losigg action. 
The adjust able bolt which actuates the quick opening 
valve must be s et at a definite position to obtain 
c orrect s equenc e of porting to the dog operating 
cylinder. Proce ed as follows: 

1. Unscrew adjusting bolt on powder door, 
clos e door. 

2. Screw bolt in until contact is made bolt, 
cam, and valve stem. 

3. Tur n adjusting bolt 2.25 turns and lock in 
position. 

DISASSEMBLY AND ASSEMBLY 

General instructions 

Disassembly and assembly of mos t components 
of the powder hoist are appar ent from the general 
drawings . No instructions are included for dis­
assembling the hoist door s, door operating mech ­
anisms, or the car and its attachments . However, 
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the installed positions of the powe r drive units neces­
sitate their disassembly in order to pass them thr ough 
the gun girder access hatches. Complete instr uctions 
for the disassembly and assembly of A- and B-end 
mechanisms are included in this chapter . As sembly 
procedures are omitted if they are the exact r ever­
s a l of disassembly operations. The equipment dr aw­
ings and illustrations should be studied carefully be­
fore starting operations. 

A-end group 

Control and superchargILPump. Control and 
s upercharge pump removal, disassembly, and asse m­
b ly operations are described below. The control 
pump can be removed without draining the sys tem 
of fluid. Refer to drawlngs 274269 and 325000. 

Removal of the control pump. Proceed as 
follows: 

1. Remove screws 180226-7 and 220718-2 
from the pump intake and discharge flanges. 

2 . Rem ove four screws 196825-6 from the 
pump mounting flange 325029-1. 

3 . Slip the pum;:> drive shaft out of drive 
gear 274294-3 by springing the hydraulic tubing 
slightly. 

Disassembly of the control and supe rcharg~ 
pump. After the pump has been removed as des -­
c r ibed above, proceed as follows: 

1. Break the lockwire through screws 
274270-2 and remove the screws. 

2 . Remove the pump head 324926-3. 

3 . Rem ove all inter nal parts except drive 
shaft 274269-4 and bearing 164474-10. 

4. Loosen screws 196780-4 and remove 
mounting flange 325029-1. 

5 . Remove the drive shaft and bearing. 

Assembly of the control and supercharg~ pump. 
Proceed as follows: 

1. Wash all parts with solvent Navy 
Spec ification P-S-661, 

2. Replace the bearing and dr ive s haft. 

3. Replace the mounting flange; tighten 
screws 196780-4. 

4. Replace all internal parts. The vane 
chamfer must be at the trailing edge. 

5. Replace the pump head. Tighten the 
screws diametrically opposite and rotate the pump 
s haft while tightening screws 274270- 2. 

6. Insert?, new lockwire through the screws. 

Control pumps should be operated in the dir ec ­
tion indicated by the arrows on the hous ing , rotor , 
and bushings. However, they may be assembled 
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fo r opposite rotation by reversing the rotor, cam 
plate, valve plates, and valve plate pin. Direction 
of pump rotation may be reversed in emergency. 

C entering_plu!,lger assembly. C entering p lunger 
as s embly rem oval, disassembly, and assembly 
operations are described below. The assembly can 
be r emoved without draining the system of fluid. 
Refer to dr awlng 325000. 

Removal of the centeripg_plunger assembly. 
Proceed as follows: 

1. Remove s crews 196780-4 from pipe 
flanges 271724 -4, which are secured to the assem­
blies. 

2. Remove six screws 274340-2 from each 
hous ing and r emove the assemblies from the A-end 
cas e. Wilen r emoving, mark the parts to ensure 
that the cente r ing plunger assembly and mating shim 
274305-9 are kept together. The assembly shims 
are of different thickness to adjust the plungers. 

Disassembly of the centering_plu!,lger assembly. 
Afte r the assembly has been removed as described 
above, proceed as follows: 

1. Remove screws 18 0226-6 and remove 
cover 2743 05-8 from the body 274304-1. 

2. Using a jackscrew, remClve the cover 
fro m spr ing 274305-7. 

3. Remove plungers 274306-1 and 274306-4 
from the bushings. 

Assembly of the centerinK.plul1ger assembly. 
Proceed as follows: 

1. Wash all parts with solvent Navy 
Specification P -S -661. 

2. Assemble the parts in reverse order of 
disassemb ly. Make sure that correct centering 
plunge r ass emblies are installed in the bodies and 
that the sam e shims are used. If new s hims are 
necessary, refer to adjustment procedure on page 
11 -34. 

LimIt switch . Neutral interlock limit switch 
removal, disas s embly, and assembly operations 
are described below. The switch can be removed 
without draining the system of fluid. Refer to draw ­
ing 325000, sheet 1. 

Removal of the limit switch. Proceed as follows: 

1 . Shut off the electric power supply at the 
electric controller and disconnect the switch con­
nections. 

2. Remove screws 196325-7 and remove the 
limit swit ch 231705. 

3. Remove sc rews 180226-7 and remove the 
plunge r assembly from the A-end. 

Disassembly and assembly. These operations 
are apparent. Refer to drawing 231705 . 
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Solenoid. Solenoid r emoval l disassembly, and 
assembly oper ations are descrioed below. Refer 
t o drawing 325030. 

1. Open the electric power disconnects . 

2. Remove 14 screws 196825-6 from the 
cover 274277 -1. This permits access to the s ole­
n oids. 

3. Disconnect the solenoid connections and 
remove screws 206446-3 . 

4. Remove solenoids 274233 from the case. 

Disas sembly. Solenoid dis assembly and assem ­
b ly are apparent. Refer to drawing 274233. 

Installation. Install solenoids in the same loca­
tions t hey wer e removed from. Proceed as follows 
to install a new solenoid: 

1. Loosen clamp bolts 196780-4 in the s ole­
noid operating levers 27427-3 and 274273 (s ee draw ­
ing 325030, valve block assembly). 

2. Remove the levers . 

3. Remove the solenoid housing mounting 
screws 196780-4. 

4. Remove the solenoid housing 274279 - l. 

5. Remove pipe plugs 196826-9 located in the 
back of t he solenoid housing. Drive out dowel pins 
196732-8. 

6. Mount the new solenoid in place with its 
mounting screws. 

7. Drill through the solenoid mounting flange, 
us ing a 19/64-inch (size M) twist drill. Do not in ­
jure the solenoid coils by drilling too deep. 

8. Ream the holes for O. 312-inch dowe l pins 
196732-8; assemble the pins and the pipe plugs 
196826-9. 

9. Remove the solenoid and reassemble the 
housing 27427 9-1 to the valve block cove r. 

10. Reassemble the solenoid operating levers 
a nd both solenoids. 

11. Connect solenoid and r eplace the cove r. 

Air breather ass emb ly r e moval. Perform the 
following operations to r emove the air breathe r 
assembly (refer to drawing 274286-2). 

1 . Remove the breather assembly from elbow 
206447 -4; use a wrench on t he lowe r hexagonal por­
tion of the as sembly. 

Disassembly of the air breather . To disassem­
ble the air breather , proceed as fo llows : 

1. Place a hexagonal portion of the breathe r 
in a vise and remove the cover with a wrench. 
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Precautions must be taken not to lose the needle 
valve while disassembling. 

Control and supercha~Ei. pump_gear case assem­
Qly. Removal, dis assembly, and assembly of the 
cont r ol and supe rcharge pump gear case assembly 
are desc r ibed below. Refer to drawing 325000. 

Removal of the control and supercharg~pump 
gear case. 

1. Remove the screws from the number 7 
pipe flange and disconnect the flange. 

2. Remove the flexible coupling between the 
electric motor a nd A-end shaft. 

3. Rem ove screws 206829, insert three 
3/8- 16 NC jacks crews in the screw holes. Turn 
the jackscrews evenly to r emove the assembly. 
Do not dam:lge oil seal 2745338 -7. 

Disassembly of the control and superchargEi. 
pump gear cas e . Mte r the control and supercharge 
pump- gear has been removed as described above, 
proc eed as follows: 

1. Remove two screws 180226 -6 remaining 
in cover 325042 -1. 

2. Inse rt jackscrews in the 3/ 8-16 NC 
tapped holes in the cover. 

3. Tighten the jackscrews evenly to remove 
cover f r om dowel pins. 

4. Remove gear 274298-1 from case 274296 -1. 

5. Remove gear 274298-5 from drive s haft 
274300 -1. 

Assembly of the control pump gear case. Pro-
ceed as follows: - -

1. Wash a ll parts with solvent Navy 
Specification P -S -661. 

2. Assemble gear 274298-5 on shaft 274300-1. 

3. Assemble gear case 274296-1 in position 
on the A- end. 

4. Assemble gear 274298-1 and the two shims 
274300-2 . 

5. Slip oil seal leader 274350-2 over the end 
of the drive shaft 274300-1. Then slip the oil seal 
over the end of the leader and r eplace cover 325042 -1. 

6. Coat s pacer 325042-2 lightly with gre as e 
so that it adheres to cover 325042-1 when placed in 
pos ition . This procedure enables the spacer to be 
assembled over pins 324919-4. 

7. Assemble the cover on the case. 

8. Reassemble the pipe flanges and coupling. 

Oil filter ass embly. Removal, disassembly, and 
ass embly operations of the oil filter assembly are 
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described below. The system must first be drained 
of hydraulic fluid. Refer to drawing 325000. 

Rem oval of oil filte r ass embly. Proceed as 
follows: 

1. Disconnect tubing 274289-2 and tubing 
274256 - 2. 

2. Remove screws 196825 - 11 and r emove the 
oil filter assembly. 

DiSassembly of the oil filter assembly. Proceed 
as follows: 

1. Remove six screws 180226-6 from each 
filter container 274303 -2. 

2. Remove the filt er springs 229026 - 10 and 
the filte r e lement 274306-3. 

3. Remove sc rews 196780- 4 from the oil seal 
retainer 274296-3 and remove valve 274296-4 from 
the filter body 325039-1. 

4. Drive out pin 27431 -5 and lever 274295-4. 

5. Remove s pring 199993-5 and detent 
plunger 274297 -4 . 

Assembly of the oil filter assembly. Proceed 
as fo llows: 

1. Wash a ll parts with s olvent Navy 
Spec ification P -S-661. 

2. Ass emble the parts in reverse order of 
disassembly. Check the assembly for easy move ­
ment of the directional valve. 

3. Connect tubing 274289-2 and tubing 
274256-2. 

Contr ol and supercharg~pump-'py.=pass valve . 
Control and supercharge pump by-pass valve remov ­
al dis assembly, and assembly operations are de ­
s c'ribed be low. The system must first be drained 
of hydraulic fluid. Refer to drawings 274256 and 
325031. 

Removal of control and supercharg~pump~y..: 
pass valve. Proceed as follows: 

1. Disconnect the linkage from lever 325031-1. 

2. Disconnect tubing 274256 -2 and tubing 
274256-4. 

3 . Remove screws 274340 -3 and remove the 
by -pass valve from the valve block ass embly. 

Disass embly of the control and sup.ercharge 
p'ump...!?y:p'ass valve. Proceed as follows: 

1. Remove clamp bolt 196780-4 from lever 
325031 -1 and remove the lever from valve 325031 -2. 

2. Remove key 196716-3 and remove the 
valve from the body. 
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3. Drive out pin 274341-6. 

4. Remove detent plunge r 274257 -3 and 
spring 180233 -6. 

Assembly of the control and supercharg~ pump 
py.=pass valve. Proceed as follows : 

1. Wash all parts with solvent Navy 
Specification P -S -661. 

2. Assemble the parts in reverse order of 
disassembly. Check the assembly for easy move­
ment of the valve. 

3. Connect tubing 274256-2 and tubing 
274256-4. 

4. Connect the linkage from lever 325031-1. 

Valve block assembly. The removal and the 
disassembly and assembly operations of the valve 
block assembly are described below. Before per ­
forming these ope rations, the system must be drain ­
ed of hydraulic fluid. Remove the air breather 
assembly, cont r ol and supercharge pump gear case 
assembly (with control and supercharge pump attach­
ed), oil filter assembly, and both solenoids as pre­
vious ly described. Refe r to drawings 325030 and 
325000. 

Removal of valve block assembly. Proceed as 
follows: 

1. Dis connect aU linkage and tubing f rom 
the valve block. 

2. Remove pipe plug 274341-11 from the A­
end housing 325041-1. 

3. Reach into the top opening of the A-end 
housing and remove slotted nut 274339-2. 

4. Remove pin 274273-11. Keep it from turn­
ing by inserting large s crew driver through the pipe 
tapped hole in the pump housing. 

5. Loosen screws 196825-6 and remove the 
venting valve control leve r shaft 274281 -5. 

6. Remove clamp bolts 196780-4 from the 
two solenoid operating levers 274273-3. Remove 
the lever s . 

7. Remove the solenoid housing mounting 
screws 196780-4. Remove the housing. 

8. Secur e a chain fall (or block and tackle) 
to the valve block eyebolts. This is essential fo r 
ease and safety in handling the very heavy valve 
block unit. 

9, Insert jackscrews in the two 1/2-inch 
tapped holes in the pump housing. Turn in evenly 
on both jackscrews. 

10. Remove the valve block as it s lips off 
dowe I pins 271727 - 11. 

Dis assembly of the valve block assembly com­
p'onents . Remove the valve block to a s uitable work ­
bench before disassembling. Proceed as follows: 
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Valve block servo link~e removal, 

1. Loosen slotted nut 274339-2 and remove 
screw 274273 -6 from the st r oking piston 274280-1. 

2. Loosen slotted nut 206513 -6 and remove 
screw 274273 -10 from servo valve 274283-1. 

3 . T urn control leve r 274276-2 so that the 
end of short lever 274276-4 proJects out of the block. 

4. Remove nut 206513 - 6 and s c rew 274252 -5. 

St roke control piston rem oval. 

1. Remove the mounting screws 325054 -6 
from the stroke control piston retaine r 325037-1. 

2, Remove the piston and retainer from the 
valve b lock. Do not damage oil seal 274273 -8. 

3. When reassembling, insert the piston 
into the block and then assemble the retainer. 

Servo valve removal. 

1. Remove the control and supercharge pump 
by-pass valve as described previously. 

2. Remove the servo valve from the valve 
block. 

The servo valve may also be r e moved f r om the 
valve block when the valve block is as sembled to 
the A-end housing , Drain the A-end a nd r emove 
inspection covers 325043 -1. P r oceed as follows; 

1. Reach into the inspection openings and 
remove nut 206513-6 and sc rew 274273 -10, Screw 
274273 -10 secures servo valve 274283 - 1 to servo 
c ontrol link 274275 -3. 

2. Remove the control and s upercharge pump 
by -pass valve as described previously. 

3. Remove the servo valve and cover 274280- 5. 

4. Remove the ser vo valve from the valve 
b lock, 

When a new servo valve is assembled it m ust 
be gTound to fit. The va lve outs ide diameter will 
be O. 010- inch overs ize; it must be ground to fit the 
valve block with a clearance of O. 0005 - t o 0,0007 -
inc h , T he 45 degree chamfer and 0, 125-inch s ide 
s lots a r e to be ground on the lands of the valve 
(refer to drawing 274283-1). Determine the lines­
of -s eal on the valves for each individual valve block 
as des c r ibed below: 

a. Assemble the valve in the valve block 
with the contr ol pump by-pass valve in place, and 
the large end cover off. Wlth the valve installed , 
turn the cam on the end of the by-pass valve to per ­
mit no movement of the valve. Measure the distance 
f r om the end valve to the valve block cover face 
274280-5 with a depth micrometer. 

b. Remove the valve; measure the dis­
tance from the valve block face to the inner grooves 
in the servo valve bore. 

c. Determine the seal lines from these 
dime ns ions. 
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d, Scribe the lines for the 45 degree 
chamfers and the ends of the O. 125-inch wIde slots 
on the valve. 

e. Set the valve up in a grinding machine 
and grind the slots and chamfers to the scribe marks. 

~y.:pass va lve removal. 

1. Loosen screws 180226- 6 from end c over 
325036 - 5; r emove the cove r. 

2. Remove valve 274283-3 from the valve 
block. 

Valve block cover removal, 

1. Remove end cover 325036 - 5 to expose 
the ve nting valve . 

2, Remove the cover mounting screws and 
the s c rews from the servo valve end cove r . Insert 
jackscrews into the two 1/ 2-13 NC tapped holes in 
the valve b lock cover. 

3. Remove the valve block cover. The s e rvo 
valve a nd venting valve a r e assembled to the c over 
and wlll slip out of the valve block. 

4 . Re move the valves from the valve block 
cover by loos ening the slotted nuts and removing the 
s crews. 

Removal of the venting valve ,_power failur e 
valve, relief valve, and check valve. 

Refer to instructions for valve block cover 
remova l, Furthe r disassembly i-s apparent. 

Assembly of the va lve block. 

1. Wash all parts with solvent Navy 
Specification P -S -661. 

2. Assemble the parts in reverse order of 
disassembly, 

CAUTION: Do not damage valves assembled to 
the valve block cove r 274280- 5 when the cover is 
replaced on the valve block. Ins ert the valves into 
the valve block and push the cover slowly to its 
mounting face, Verjfy the installation of check valve 
196788-10, spring 196786-3, and relief valve s top 
washer 274277 -9 in the valve block before tightening 
the cover screws, 

Reassembly of new sliding valves - special 
i ns t r uctions . When reassembling new sliding valves 
in the valve block, outside diameters must be fitt ed 
to the va lve block bor es by grinding the O,OlO- inch 
oversiz e stock off. Gr ind and polish the valves t o 
a clear ance fit of 0.0005- to O. 0007-inch, 

Removal of check valve assembly, Check valves 
274285 and 274286 (assembled on top of the valve 
block) may be removed without draining fluid from 
the A-end. The A-end must be drained before r e­
moving check valves 274286 from the intake and 
dischar ge flange s 274297 -1 of the A-end, Refer to 
drawing 324999. P roceed as follows; 
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1. Disconnect the hydr aulic tubing from the 
check valves. 

2. Remove the check valve mounting scr ews. 

3. Remove the check valves from the A -end. 

A-end pump assembly. Removal , dis as sembly, 
and assembly of the A-end pump asse mbly are de ­
s cribed below. The as sembly must be drained of 
hydraulic fluid befor e these steps are perfor med . 
Refer to drawing 325000. 

Removal of the A-end pump assembly. Proceed 
as follows: 

1. Disconnect all control li nkage from the 
A-end. 

2 . Disconnect the coupling to the electric 
motor; disconnect all hydraulic tubing. 

3. Remove the A-end mounting bolts. 

4. Slide the A-end under the access opening 
to provide room lor us ing a chain fall (o r block and 
tackle) to remove heavy components. 

5. Remove the contro l and s upercharge pump 
gea r case, the oil filter assembly, the centering 
plunger assem blies, the neutr a l int er lock s witch, 
a nd the valve block as described in previous para ­
graphs. 

6. Remove inspection covers 325043 - 1 from 
the ends of the A-end tank 32501 2. 

7. Reach into the inspection openings a nd 
remove the 21 screws 206513-1. This permits 
sepa r ation of pump housing 325041-1 from pump 
b ase 325040-1. 

8. Remove the pump housing using the chain 
fall. 

9. Remove gear 274298-5 from dr ive shaft 
2743 00-1. 

10. Remove two keys 200066-6, spacer 
274303 -7 , and split rings 274300-5. 

11. Turn the pump hous ing over , s et it on 
wood blocks so that pump shaft 2743 00 -1 pOints down. 

12. Block the pump yoke in a centered pOSition, 
r emove pipe plug 206701-6, and sc rew 196780-4 
from pump head 274302-1. 

13. Remove the pump head mounting screws 
206701-7 and 271730-1 2. 

14. Remove the pump head 2743 02-1. 

15 . Remove the valve plate 274299-5, cylinder 
block 274299- 1, and universal ink asse mbly. 

16. Remove the pump shaft 2743 00-1 with the 
pistons and bearings. 

17. Remove the pintles 274289-3 f rom the 
end of the pump housing. 

18. Remove the pump yoke 274301 - 1. 
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Pump shaft disassembly. Proceed as follows: 

1. Remove screws 271678-4 from piston r od 
retaine rs 271 692-4. Mark these parts to ensure 
reassembly in the s ame pOSitions. 

2. Re move piston rods 271690-4 from the 
shaft. 

3. Disassemble the pistons, straighten lock­
washers 2716 91-4, and remove bearing retainers 
271690 -3. 

4. Remove bearing 274337 - 16 from shaft 
274300 - 1 by tapping on the edge of the inner race 
of the b earing. 

5. Remove bearing 274337 -15 from shaft 
274300-1. This bearing, a press ftt, can be rem ov ­
ed only by inserting pins of equal length in the 0. 375-
i nch diameter holes in the s haft piston rod bores , 
after piston rod bearings 271 691 -6 have been rem ov­
ed. Place shaft and pins in a press and force the 
bearing off the s haft . 

To replace bear ing 2743 37- 15 , heat it in an oil 
bath to 175 degrees fahrenheit . Assemble on shaft 
274300-1 (which is to be coated with finely powdered 
graphite MIL-G -67 11 or equivalent) before beari ng 
cools. 

6. Remove locking sc rew 22 0718-1 and spring 
retainer 2716 92- 2. 

7. Remove universal link retaine r 271692 -5. 

8. Tap out universal link retaine r 271691-3 
and remove the cylinder bearing pin 274296 -5 from 
the cylinde r block . 

Assembly of the A-end pump assembly. Proceed 
as follows: 

1. Wash a ll parts with solvent Navy 
Specification P-S -661. 

2. Assemble the parts in reverse order of 
disas s e mbly. When assembling the pistons into the 
cylinde r block, tilt the pump yoke to one side and 
ins e rt the piston and universal link into their bores, 
one at a time . Verify that all moving parts have 
freedom of movement. If new oversize pistons are 
assembled to an old cylinder block, machine the 
bores true and round. New pistons, O,OlO-inch 
ove rsize, are ground and polished to fit the bores 
with a tolerance of 0.0008- to O. 00l4-inch. 

Replenishi!J.g check valve removaL It is not 
necessary to rem ove thes e valves for inspection 
purposes. Before removing, drain the A-end tank. 
R efer to drawing 274284. Proceed as follows: 

1. Remove inspection covers 325043-1. 

2. Reach into inspection opening and remove 
the cover mounting screws. 

3. Remove the cover and valve 274284-7. 

Verify that the valve does not bind when reassem­
bled by checking valve movement through an opening 
in the lower end of the valve body. 
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B - end g~p 

Cam support assembly. Removal, disassembly, 
and assembly steps for the cam support ass embly 
are described be low. Before performing these 
operations , r emove the large portable plate at the 
cam end of the power drive compartme nt and drain 
the fluid from the cam hous ing . Refer to drawing 
325001. 

Removal of the cam support assembly. Proceed 
as follows: 

1. Remove cam housing cover 325050-1. 

2. Remove locknut 271731-3 fr om the end of 
drive shaft 274313-1, using adjus table spanne r 
wrench 12 -Z-715-011 B; remove the lockwasher. 

3. Mal'k cam support 274322-1 and gear 
274328-9 t o ensure reassembly of parts in same 
locations. 

4. Remove the cam s upport assembly from 
the drive shaft. 

Disassembly: of the cam support assembly. 
Proceed as follows: 

1. Loosen the screws which project above 
the surface of the clamp r ing 274323-4. Remove 
the hoisting cams . 

2. Remove screws 220718-2 from clamp 
ring 274323 -2. 

3. Remove s crew I B0226-6 from fac e of 
gear 274327 -5. 

4. Remove the gear from dowel pinS 
206485-14; remove the lowering cams. 

Assembly: of the cam support as s embly. Pro­
ceed as follows: 

1. Wash all parts in s olve nt Navy 
Specifications P-S -661. 

2. Asse mble the pa rts in reverse order of 
disass embly. Adjustment instructions are on page 
11 -31. 

Rocker arm assembly. RemOVal, disassembly, 
and assembly steps for the r ocker arm assembly 
are described below. Refer to drawIng 325001. 

Removal of the rocker arm assembly. Proceed 
as follows: 

1. Loosen locknut 271665 -3 and lockwasher 
196733 - 14, us ing locknut wrench 220720-2. 

2. Remove the r ocker arm assembly from 
shaft 325048 -3. 

Disassembly of the rocker arm ass embly. 
Proceed as fo llows : 

1. Remove s crews 220718-2 and 180226-7 
which project fr om the hoisting r ocker arm. 
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2. Rem ove hoisting r ocker arm 325049-1 
from hub 325049-3. 

3. Remove s crews 180226-7 from the lower­
i ng rocker a r m 325049-2 and r em ove the arm from 
hub 325049-3. 

Ass embly of the r ocker arm assembly. P r o­
ceed as follows : 

1. Was h all pa r ts in solvent Navy 
Specifications P -8-661. 

2. Assemble the parts in reverse or der of 
disassembly. Adjus tment instructions are on page 
11 - 31. 

Brake band assembly. Removal, disassembly, 
and assembly steps for the brake band assembly 
are desc r ibed below. Refer to drawings 325001 
and 274307. 

Removal of the brake band assembly. Proceed 
as follows: 

1. Block the powder car at the loading 
station. 

2. Loosen lower locknuts 206522-3 a nd 
274339 -4 on the adjustable br ake band end 274318,3. 

3. Remove the two clamp bolts 1968 25 -9 
from the upper bosses of brake support bracket 
325048-1. 

4. Remove shaft 274331 -1 from the brake 
band end 274320-4, lever 274321- 1, and bracket 
325048- 1. 

5. Remove slotted nuts 274339-5 from the 
four eccentric adjusting s crews 2743 07 -2. 

6. Turn the adjusting screws so that the 
flat on the sc rew heads will s lide past the hoisting 
drum; remove adjusting screws 2743 07 -2. 

7. Loosen locknuts 180226 -1 2, located on 
top of brake cylinder housing 274315 -1. 

8. Turn adjusting sc r ews 274328-10 in as 
far as possible. 

9. Remove the brake band cam; s pring it 
s lightly if necessary. 

Removal of the brake cylinder as s embly. After 
removal of the br ake band assembly, described 
above, the brake cylinder assembly may be r emoved 
as follows: 

1. Dtsconnect the hydraulic tubing from the 
brake cylinder. 

2. Loosen slotted nut 206513 -6 and r emove 
screw 325052 -4. 

3. Remove lever 274321-1. 

4. Loosen brake cylinder mounting screws 
274340 -9. 
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5. Lift one end of the br ake cylinder assem ­
b ly until it clears key 274319 -7; remove the cylinder. 

Dis assembly: of the brake cylinder assembly. 
Proceed as follows : 

1. Remove slotted nut 206513-6 and screw 
325052 -4. 

2. Rem ove two cove r s crews 220806-'1 from 
the flange end of the brake cylinde r . 

3. Inse rt jackscrews int o the two tapped holes 
to prevent the spring from forcing the pis ton out of 
t he h ousing when all four s crews 220806 -7 are re­
moved. 

Further disassembly is apparent . 

Assembly of the brake cylinder. Proceed as 
follows: 

1. Wash all parts in s olvent Navy 
Spec ific ations P -S -661. 

2. Assemble the parts in r everse order of 
disassembly. Slip oil sea l leade r 274347-4 over 
t he end of piston 274318-1 whUe the piston is being 
assembled through oil sea l 274338- 10. 

Ass embly of the brake band assembly. Proceed 
as follows: 

1. Ass emble the parts in reverse order of 
dis assembly. Adjustment instructions are on page 
11 -35. 

CAUTION: Do not pe r mit oil or greaRe to get 
onto the brake band or drum. If this happens, wash 
all parts as des cribed above. 

Relief valve. Removal of the B-end relief 
valves is described below. Refer to drawing 
325001. Proceed as follows: 

1. Loosen acorn cap nuts 274311-2 and lock­
nut 274319 -3. 

2. Remove adjusting screw 274324-5' remove 
t he r elief valves and springs , numbe rs 274:h2-6 
and 274312 -3 respectively. 

Wash a ll parts in solvent Navy Specifications 
P -S-661. Assemble tn reverse order of disassem­
b ly. Adjus tment instructions are on page 11 -35. 

Cam hOUSi!lg; as s embly . Removal, disassembly, 
and ass embly of the cam housing assembly are de­
s cribed below. Refe r to drawing 325001 and 325046-1. 

Rem oval of the cam housipg assembly. Proceed 
as follows : 

1. Block the powde r car at the loading station 
to take the load off the ar hoist rope. 

2. Remove the cam support assembly as pre­
viously described. 
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3. Loosen locknut 27433 9-6, using wrench 
274346 -2, on s haft 274314-1. 

4. Remove gear 274328-6 and space r 
274335-6. 

5. Remove clamping screw 196825-7 from 
the upper end of link 274335 -8. 

6. Remove link pin 274334- B. 

7. Loosen locknuts 274339-8 on control rod 
325052-2. 

8. Remove screw 274262-5 from upper end 
of link 274253 -4 . 

9. Screw out control rod 325052 -2 from 
cleViS 274253 - 5 at the B-end. 

10. Remove the mounting screws 229123 -7 
from the mounting face of the cam housing 325046-1 
and remove the dowel pins 27431 9-4. 

11. Slide t he cam housing along the mounting 
base until it clears the drive shaft ; r emove the 
housing with a chain fall. 

Disassembly of the cam hous ing as s embly. Pro­
ceed as follows: 

1. Remove the rocker arm assembly as 
described on page 11 -42. 

2. Slip the rocker arm s haft out of bearings 
325054 -10 and oil s eal 274338 -10. 

3. Remove t he s mall cover 325047-2 and 
loosen the locknut on s haft 274324-3 us ing spanner 
wrench 12-Z-715-0118. 

4. Tap shaft 274324-3 out of gear 274327 - 1 
and outer bearing 196827-9. 

5. Remove the shaft bearing 196827 -9, and 
gear 274328 - 9 assembly. 

6. Loosen key 20014B -6; force the bearing 
and gear from the shaft. 

7 . Remove retainer 274334 - 13. 

8. Remove oil seal 274338 - 8 and bearing 
274337 -11 . 

Assembly of the cam housi[1@; assembly. Pro­
ceed as follows: 

1. Wash all parts in solvent Navy 
Specifications P -S-661, 

2. Ass emble the parts in r eve rse order of 
disassembly. Assemble drive shaft spacer into oil 
seal 274338-8 and bearing 274337-11 before the cam 
hous ing is s lipped over the dr ive shaft. Make sure 
gasket 274329-4 is in place befor e housing is assem­
bled to shaft. Adjustment instructions are on page 
11-32. 

Hoisting drum. Hoisting drum removal, dis ­
assembly, and assembly a re descr ibed below. The 
cam housing assembly must be removed first. Re­
fer to drawings 325001 and 274325. 
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Removal of the hOistim; drum. Proceed as 
follows : 

1. Remove slotted nut 274339 - 1 and collar 
274328-11. 

2. Remove the rope clamps ; pull the car 
hoist rope out of the drum slots. 

3. Remove the hoisting drum from shaft 
274314 -1. 

Disassembly: of the hoistim; drum. Proceed as 
follows: 

1. Remove screws 200075-6. 

2. Remove the ratchet from dowel pins 
206664 -6. 

Assembly of the hoisti!)g drum. Assemble the 
pa rts in reverse order of disassembly. To assem ­
ble t he drum on the shaft, proceed as follows: 

1. Form wire hooks which will hook over 
the edge of the brake drum a nd s lip into holes in 
the ratchet dogs 325048 -2 to hold the dogs. 

2 . Push the drum far enough on the shaft for 
the dogs to engage, remove the wire hooks and push 
the d rum against its retaining face. 

3. Attach the car hoist rope to the hOisting 
drum . 

Brake drum. Brake drum removal, disassem­
b ly, and assembly are des cribed below. Refer to 
dr awings 325001 and 27432 0. 

Removal of the brake drum. Proceed as follows: 

1. Remove the brake band assembly, cam 
housing assembly, and hoisting drum as described 
previously. 

2. Slip the brake drum over the end of drive 
shaft 274314 -1. 

Disassembly of the brake drum. P r oceed as 
follows: 

1. Remove slotted nuts 274339 -7. 

2. Remove the ratchet dog support pins 
274322 - 2 from the brake drum. 

3. Disconnect springs 325052-5 from the 
ratchet dogs. 

Assembly of the brake drum. Proceed as follows: 

1. Wash all parts in solvent Navy 
Specifications P -S -661. 

2. Assemble the parts in reverse orde r of 
dis assembly. 

CAUTION: Do not permit oil or grease to get 
onto the brake band or drum. If this happens, 
wash all parts as described above. 
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Oil seal . Removal of the B-end oil s ea l is 
desc r ibed below. Drain the hydraulic fluid f r om 
the B -e nd cas e by r emoving drain plugs . Refe r 
to drawings 325001 and 325054-9. P roceed as 
fo llows: 

1. Remove the cam housing, hoisting drum , 
and brake drum as previously described. 

2. Remove screw 271 66 9; r emove retainer 
325049-4. 

3. Remove oil seal 325054-9 from the 
retaine r. 

F oot valve control link~~ Removal of the 
foot valve contr ol linkage is apparent from the 
refer ence drawing 325001. 

Foot valve assembly. Removal of the foot 
valve assembly is des cribed below. The assembly 
can be r emoved without completely draining the 
syst em of fluid if a drip pan is placed unde r the 
valve while it is being removed. The system should 
be completely drained if the units must remain dis ­
as sembled for any length of time. Refer to dr awing 
325001. 

Removal of the foot valve assembly. Proceed 
as follows: 

1. Disconnect drain flange 274287 -6 fr om 
the foot valve body. 

2. Remove screw 274334-11 to disconnect 
foot valve clevis 274335 - 2 to the link of the contro l 
linkage. 

3. Disconnect s upply line flange 27433 0-1 
fr om the foot valve body 2743 32 -1. 

4. Remove mounting screws 274340-10; r e ­
move the foot valve . 

Disassembly of t he foot valve assembly. Any or 
all of the valves in the foot valve as s embly may be 
r emoved without removing the assembly from the B­
end. For ease of disassembly, it is advisable to 
remove the assembly. 

12y=pass valve removal. Refer to drawing 
274335-4. 

1. Loosen locknut 180247 -8; remove clevi 
274335 - 2. 

2. Remove the screws from cover 274331-8. 

3. Work the by pass valve 274335-4 back and 
forth and r emove the cover, bushing 274334-1, and 
the valve. 

4. Remove cover 274331 -6. 

5. Tap on the inner face of bushing 274335 -7 
to remove it, using a rawhide mallet. Remove bus h­
ing 274334 - 12. 

Check valve removal. Refer to drawing 
274331. 
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1. Remove the screws from cover 274330- 5. 

2. Rem ove the cover, spring 274329- 5, and 
check valve 274331-2. 

Foot valve, relief valve, and ball seat removal. 
Refer to drawing 274341. 

1. Remove the screws from lowe r cover 
274330-9. 

2. Remove the cover spring 274330- 6, spring 
guide 274330-11 , plunger 274331 - 9, washer 274327 -
7, a nd ball 274341-15. 

3. Remove cover 274330-9. 

4. Remove ball seat 274330-2. 

Assembly of the foot valve assembly. Proceed 
as follows: 

1. Wash all par ts in solvent Navy 
Spec ifi cations P -S -661. 

2. Assemble the parts in reverse order of 
disassembly. 

3. Grind and polish the outside diameter of 
new by -pass valves to a tolerance fit of 0. 0005- to 
O. 0007 - inch with the bushings. 

4. Grind new check valves to a tolerance fit 
of 0.005 - to O. 006-inch with the body. Verify that 
washe r 274327 -7 and spring guide 274330-11 are in 
p lace when the relief valve ball is assembled. 

]!ydraulic motor assem!Jly. Remova l, disassem ­
bly' and assembly of the hydraulic moto r assembly 
are described below ... Refer to drawing 325001. 

Removal of the hydraulic motor assembly. Pro­
ceed as follows: 

1. Block the powder car in the loading posi­
tion (to take the load off the car hoist rope) and re ­
move the car hoist rope from the hoisting drum. 

2. Drain the B-end of hydraulic fluid. 

3. Disconnect all hydraulic tUbing and control 
linkage f r om the B-end. 

4. Remove the B-end from the tu r ret . This 
operation is necessary to provide a convenient work­
ing area with a chain fall to aid in disassembly. 

Disassembly of the hydraulic motor assembly. 
Cylinder block 2743 12 -1 and its assoc iated parts 
can be removed without completely disassembling 
the B -end assembly. II s haft 274314 -1 is to be 
removed, the complete B -end must be disassembied. 
Proce ed as follows : 

..Qylinder block removal. Refer to drawing 
274312. 

1. Block the B-end assembly securely in a 
position tha t places the centerline of the cylinde r 
block and B-end head-valve plate in a vertical plane. 
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2. Remove the foot valve assembly as pre ­
vlously described. 

3. Remove the two screws from the head­
valve plate cap. 

4. Remove the 12 mounting screws from the 
head-va.lve plate 27431 6-1. 

5. Use a chain fall to remove the head-valve 
plate. 

6. Replace s mall cover 2743 12 -9 and screws 
2743 19-2; clamp a 5-inch length of O. 50-inch square 
s teel stock between the cover and the cylinder bear­
ing pin ~74319 - 1. This provides an attachment fo r 
a r ope Sling fo r removing the valve plate 274311 -1 
and cylinder block 2743 12-1 from the motor housing 
27431 0-1. 

7 . Remove universal link 274313-6 and link 
knuck les 274314-4. 

8. Remove cover 274312-9. Using a rawhide 
mallet , tap lightly on the end of the cylinder bearing 
pin 274319 -1 to remove. 

9. Rem ove the universal link retainer from 
the cylinder block. 

10. Remove nuts 27433 9-3 from the motor 
housing 274310-1; remove the housing. 

11. Remove spring r etainer 274329-3. 

12. Insert a 1/2 - 13 NC threaded rod into the 
tapped hole in unive r s a l link retainer 274313-1; 
r emove the reta iner from shaft 27431 4-1. 

13 . Loosen the screws in the bearing retainers 
and remove piston rods 274313-8. The bearings, 
pis ton rods, and retainers are individually fitted to 
bores in shaft 274314-1 and must be reassembled in 
their respective locations. 

Drive shaft removal. Refer to drawing 274314-1. 

1. Remove the cam hOUSing assembly, hoist­
ing drum , brake dr um, brake band assembly, and 
the foot valve and control linkage as previously 
desc r ibed. 

2. Remove the cylinder block as described 
above . 

3. Remove the drive shaft 274314-1. 

4. Remove bearing 274338-1 from shaft 
274314 - 1. This bearing, a press fit, can be ren. 'Jv­
ed only by inserting three pins of equal length in the 
O. 516 -inch diameter holes provided in the bearing 
bores of the shaft. Place s haft and pins in a press 
and force bearing 274338-1 off the shaft. 

To rep lace the bearing, heat it in an oil bath to 
175 degrees fahrenheit . Assemble on shaft 274314 -1 
(which is to be coated with finely powdered graphite 
MIL-G -6711 or equivalent) before bearing cools . 

5. Loosen nuts 206522 -3 . 

6. Insert jackscrews in the two 3/ 4-10 NC 
tapped holes and turn the screws in evenly to re ­
move the drive shaft housing 274309-1 from dowel 
pins 27431 9-4 and key 27431 2-2. 
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Further disas sembly is apparent from drawing 
325001. 

Assembly of the hydraulic motor ass embly. 
Proc eed as follows : 

1. Wash all parts with solvent Navy 
Specifications P-S-661. 

2. Assemble the parts in reverse order of 
disasse mbly. Motor hous ing 274310-1 must be 
assembled befor e cylinde r block 274312 -1 and valve 
plate 2743 11 - 1 are assembled. When assembling 
the pistons into the cylinder block, tilt the pump yoke 
t o one s ide and insert t he pis tons and universal link 
into their bor es one at a time . Ver ify that all mov­
ing pa r ts have fr eedom of movement . If new over­
size pistons ar e assembled to an old cylinde r block, 
machine the bor es t rue and r ound. New pistons, 
O. 010-inch over s ize, must be ground and polished 
to fit the bores with a tole rance of 0.0008- to 0.0015-
inch. 

Afte r assembly and installation, t he assembly 
must be adjusted and test ed as desc r ibed previously. 

Valve assemblies and control link~~ 

Safety car stop release valve. Removal, dis­
asse mbly, and as sembly operations of the safety 
car stop r elease valve are described be low. If a 
drip pan is used, the valve can be removed without 
draining the system of fluid. Refe r to drawing 
274260. 

Removal of the safe ty car stop release valve. 
Proceed as follows: 

1. Disconnect all e lect ric wiring. 

2. Remove the scr ews from flanges 274263-1 
and 271697 -7. 

3. Spring the tubing at the number 5 flange 
connection enough to remove the four valve mounting 
screws. 

4. Remove the valve. 

Disass embly of the safety car s top release 
valve. Proceed as follows : 

1. Loosen the switch mounting screws and 
remove switch 231707. 

2. Remove nuts 191000-2; remove handle 
274262 -1 and link 274262-5. 

3. Loosen locknut 220718 -7; insert pin in 
hole i n valve 274262-1 0. 

4. Remove c leVis 274262-6 from valve 
274262 -10. 

5. Remove the cover s crews; r emove cover. 

6. Remove valve 274262-10 from body 
274261-1. 

7. Remove the cover screws from the oppo­
site end; remove the cover, washer, and s pring 
274263 -2. 
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Assembly of the s afety car stop release valve. 
Proceed as fo llows: 

1. Wash a ll parts with solvent Navy 
Specification P -S-661. 

2. Ass emble the parts in r everse order of 
disassembly. Slip the oil seal leader 274349 - 2 
over the threaded end of the valve 274262 -10 to 
prevent damage when ass embling oil seal 274338 -3 . 
Verify that all moving parts have freedom of move­
ment. 

3. Ver ify that the valve r eturns to STOP 
when lever 274262 -1 is r eleased. 

Grind and polish new valves (which are 0.010 -
inch oversize) to fit the body with a tolerance of 
0.0004- to O. 0008-inch; s tone the sharp edges. 

Latch and vent valve. Removal, disassembly, 
and assembly of the latch and vent valve are describ­
ed below. If a drip pan is used, the valve can be 
removed without draining the system of fluid. Refer 
to drawing 274263. 

Removal of the latch and vent valve . Proceed 
as follows: 

1. Remove 190958-3 and 206829-3 from 
flanges 271697 -7 and 274263 -1. 

2. Spring the tubing at number 6 and 7 flanges 
to permit removal of the four valve mounting screws. 

3. Disconnect the valve linkage. 

4. Remove the valve. 

Disassembly of the latch and vent valve. 
Proceed as follows: 

1. Remove the four cove r screws from the 
stem end cover of the valve assembly; r emove 
cover 325008-2. 

2. Remove valve 274263-4 and bushing 
274266-1 from valve body 274264-1. 

3. Remove the four screws from the opposite 
end cover; r emove cover 325008-3. 

4. Remove washer 196733 -1, spring 
274265-1, and valve plunger 274265-2. 

Assembly of the latch and vent valve. Proceed 
as follows: 

1. Wash all parts in solvent Navy 
Specification P-S -661. 

2. Assemble the parts in reverse order of 
disassembly. Slip the oil seal leader 274349-2 over 
the threaded end of t he valve 274263-4 to preve nt 
damage when ass embling oil seal 274338 -3. Verify 
that all moving parts have freedom of movement. 

3. Adjust the latch to hold just clear of its 
notch when the control s elector lever is placed in 
SERVO ELECTRICAL. 
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Grind and polish new valves to fit the body with 
a t olerance of 0.0004 - to O. 0008-inch; stone the 
sharp edges. 

Safety car stop deVice cylinder and lever assem­
bly. Re moval, dis assembly, and assembly of the 
safety car stop device cylinder and leve r are describ­
ed below. If a drip pan is used, the assembly can be 
r emoved without dra.ining the s ystem of fluid. Refer 
to drawing 274258. 

Removal of the safety car s top device cylinder 
and lever assembly. Proceed as follows: --

1. Remove cover s c rews 206590-7 from the 
flange end of the assembly. 

2 . Remove cover 274259-4 carefully; spring 
274260-3 will force piston rod 274259-9 out of the 
body with a force of approximately 65 pounds. 

3. Remove the fou r cove r screws 196825-11 
from the opposite end of the as sembly; remove cove r 
274259-10. 

4. Remove Garlock packIng 274260-2 and 
retaine r 274260-4. 

5. F urthe r dIsassembly is apparent from the 
reference drawings. 

Assembly of the safety. car stop' device cylinder 
and leve r assembly. P roceed as follows: 

1. Wash a ll parts in solvent Navy 
Spec ification P -S-661. 

2. Ass emble the parts in r eve r s e order of 
disassemb ly. Slip the oil seal leader 274349 -4 over 
the e nd of the piston rod 274259- 9, t o prevent dam ­
age when assembling oil seal 2743 38 -2. 

When asse mbling new Garlock packings 
274260 -2, fit to hold the piston rod in the oil seal 
and packing to a maximum pull of 20 pounds on the 
pIston r od. Verify this by holding the valve as sem ­
bly by the end of tlw piston r od, which s hould s lide 
in its packing and oil seal by the we ight of the body 
and its attached parts. 

Control linkMe assembly. Re moval, disassem­
bly, and asse mb ly of the cont rol linkage ass embly 
are described below. Refer to drawing 325003. 

Remova l of the control 1ink~e as s embly . 
P roceed as follows : 

1. Disconnect the control rod from lever 
325006-2. 

2. Rem ove screw 274252. 

3. Disc onnect link 274253-4 t o the B - end con ­
trol r od which passes thr ough the gun girder cap. 

4. Remove screw 274252 -6 fr om clevis 
274253 -6 . 

5 . Rem ove the four bracket mounting 
screws . 
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6. Force the bracket assembly off its 
dowel pins. 

7. Remove fro m the turret to disasse mb le. 

Disassembly of t he control link~e a s s embly. 
Proceed as follows: 

1. Remove screws 274252-5 and the control 
rod. 

2. Dissassemble link 274253 -4. 

3. Loos en clamp bolt 220718 -2 fr om inner 
leve r 325005-1; slide the lever a long shaft 325006 -3. 

4. Remove the clamp bolt from one of the 
end levers; remove the leve r a nd its keys. 

5. Force s haft 325005-3, with other leve r 
attached, out of the inner lever and bracket 325005- 2. 
Further disassembly is apparent. 

Assembly of the control linkage assembly. 
Proceed as follows : 

1. Wash all parts with s olvent Navy 
Specifications P -S-661. 

2. Ass emble the parts in r eve r s e order of 
disassembly. Ver ify that all moving parts have 
freedom of movement. Inst ructions for adjus tment 
are on page 11-29. 

Dashp'ot cylinde r assembly. Disass embly and 
assembly of t he dashpot cylinder ass embly are 
described be low. Refer to drawing 325009. 

Disassembly: of t he das hpot c:y:linder as sembly. 
Proceed as follows: 

1. Remove filler cap 274266 -7 and drain t he 
assembly by turning ups ide down. Loos en screws 
196780 -4 and cove r 274267 -7 to aid in draining . 

2. Remove locknut 274399- 9 and cleviS 
274266-5. 

3. Inse rt a pin through the hole in pIston rod 
274266 - 13 t o p revent the rod from turning. 

4. Remove cove r 274267-7; push piston r od 
274266 - 13 out of the body 274268-1. 

5. Remove screw 180226 - 6 from the upper 
cover 325009 -1. Remove the cover, washe r 274267 - 5, 
and packing 274266-10. 

6. Remove fe ed control valves 274267 - 1 a nd 
spring 274267 -9. 

7. Remove s mall pipe plugs 196826-9 f r om 
ends of body 274268-1; remove ball checkS 
196701 -9, springs 274266-4 , and spring r etainers 
229060-9. 

8. Remove acorn nuts 206482-11 and loosen 
locknuts 274267 - 10; remove needle va lves 274266-
11. 
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Assembly of the dashpot cylinder assembly. 
Proceed as follows: 

1. Wash all parts with solvent Navy 
Specification P -S-661. 

2 . Assemble the parts in reverse order of 
disassembly. Slip the oil seal leader 274349-3 over 
the thr eaded end of the piston r od 274266-13 to pre­
vent damage when assembling oil s ea l 274338-4 a nd 
packing 274266-10. Fill the assembly and adjust 
according to instructions on page 11-36. 

Piping disassembly and installation 

Refer to the installation and maintenance 
instructions in chapter 17 for disassembly and 
installation of hydraulic system pipes. 

METHOD OF CHANGING POWER EQUIPMENT 
FROM RIGHT HAND TO LEFT HAND 

General 

The steps required to conve rt a right-hand 
power drive to a left-hand powe r drive are des cr ib­
ed below. Components of the A- end, B-end, con­
trol llnkage, and safety car stop device must be 
c onverted. All other units are assembled identically 
fo r r ight and left installations. Conversion from 
left hand to right hand is the same as descr ibed be­
low except the components above a r e to be mounted 
in right hand locations and r ight hand levers are to 
be used. 

B- end changeover 

When the B-end is changed from right hand to 
left hand, the following changes are made: 

The foot valve assembly and its control linkage 
are assembled on the opposite side of the motor 
base and B end head-valve plate. 

The brake cylinder and brake band a re reversed 
and assembled to the opposite side. 

The ratchet dogs and springs are assembled 
for oppOSite rotation. 

The acceleration and deceleration cams in the 
B -e nd are reversed. 

Check valve 206639 - 5 and pipe plug 200075 -16 
are assembled in the opposite side of the B-end 
head -valve plate. 

Refer to drawing 325001, proceed as follows: 

1. Remove the foot valve assembly and its 
control Unkage as described on page 11-44. 

2. Remove the cam hOUSing assembly as 
describe d on page 11-43. 

3. Remove the hois ting drum as described 
on page 11-43. 

4. Remove the brake band and br ake cylinder 
assemblies as described on page 11-42. 
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5. Remove screws 220806-7 from brake 
lever b racket 325048-1; drive out dowels 274329-9. 

• 
6. Remove the brake lever bracket. 

7. Reassemble brake lever bracket 325048 -1 
on the opposite side of the mounting face. 

8. Remove flange 271697 -7 from the br ake 
cylinder assembly; remove pipe plug 196826 -10 in 
the fla nge mounting of the body. 

9. Reas semble the pipe plug in the opposite 
flange mounting. 

10. Mount the brake cylinder (after it is 
altered for left-hand mounting) on the mounting 
base in the left hand position. 

11. Disassemble the three ratchet dogs 
325048 - 2 assembled to brake drum 274320-1 by 
remOving slotted nuts 274339-7 and pins 274322 -2. 

12 . Reverse the ratchet dogs and reassemb le 
with springs 325052 -5 hooked over the opposite 
pins. Remove the brake drum from the drive shaft 
fo r convenience in changing the ratchet dogs. 

13. Reassemble the brake band 274307 and 
the b rake leve r 274321- 1 in the left-hand mounting 
pOSition. Reassemble the brake band stop pins in 
their respective positions. 

14. Assemble the hoisting drum as described 
on page 11-35. 

15. Slide the cam housing over the drive shaft 
after assembling spacer 274334 -13 into bearing 
274337 - 11 a nd into oil seal 274338 -8. Verify t hat 
gasket 274329 -4 is in place on the drive shaft. 

16. Secure the cam housing to the base with 
the dowels and screws provided. 

17 . Reassemble spacer 274335-6, gear 
274328 -6, keys 200148-6, and the bearing, lock­
nuts, and washe r s to the cam hOUSing. 

18. Reassemble the brake cylinder piston to 
the b r ake operating lever and the brake band end 
to the block. Adjustment instructions are On page 
11-35. 

19. Reposition the acceleration and decele ra­
tion cams, before assembling cam support 274322-
1, for left-hand rotation. 

20. Remove screws 180226 - 6 and 220718 -2 
fro m clamping rings 274323 -4 and 274323 -2. 

21. Remove the cams from the grooves, turn 
over 180 degrees, and reassemble in the same 
grooves. 

22. Secure in place with the screws and 
clamping rings; do not tighten the screws until 
all cam adjustments are made. 

23. Reassemble t o the drive shaft; secure 
with washer and bearing locknut. DeSignation 
LH will appear on the outside of the cams if 
they are correctly as sembled for left-hand instal­
lation. 
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24. Adjust the cams as described on page 11-32. 
Replace inspection cove r 325050-1 and fill the case 
with oil. 

25. Change the foot valve to a left -hand assem ­
bly b efore r eassembling it to its left-hand location 
on the B -end head-valve plate . 

26. Remove the large pipe plug 274334 -16 
from the bottom of the valve body 274332 - 1; reassem ­
ble it in the oppos ite s ide. 

27 . Remove the two cover s 274330-9 from the 
top a nd bottom of valve body 274332 -1. 

28. Remove ball seal 274330-2, sp ring 
274330-6, plunger 274331-9, s pring guide 274330-
11, s leeve 274334 - 5, and ball 274341- 15. 

29. Reassemble these parts in the body on 
the opposite side. When the foot valve is assem ­
bled to the B-end head-valve plate, ball seat 
274330 - 2 should be at the top of valve body 274332 -1. 

30. Mount the foot valve assembly on the oppo­
site flange of the head-valve plate ; secure with four 
m ounting screws 274340-10. Verliy installation of 
neoprene s eal 274297 -2 between the foot valve and 
head-valve plate . 

31. Reassemble the foot valve cont r ol linkage 
t o left hand position. Disconnect link 274335 - 3 
from lever 325051-3. 

32. Rem ove lever 274335 - 9 by removing the 
pin a nd nut. 

33 . Remove the key in shaft 325047 -4. Do not 
damage the bronze bushing with the ke y when lever 
274335- 9 is removed. 

34. Slip the bracket off the end of the shaft; 
reas s emble in the opposite way. Refer to draw­
ing 325002. Verliy that all moving parts have free­
do m of movement. 

35. Connect the control linkage to the foot 
va lve clevis 274335 -2 and to the B - end contro l 
leve r 325052- 1. Adjust the linkage a s desc ribed 
on page 11-36. 

36. Change check valve 206639 -5 (in the B -end 
head -valve plate) for left-hand installation. Remove 
the two O. 75-inch pipe plugs 196826 - 11, located be ­
low the relief valve cap nuts. 

37 . Rem ove spacer 274312 -5, s pring 20663 9-1 , 
a nd check valve 206639-5. Reassemble these parts 
in the opposite side; replace the two 0. 75 -inch pipe 
plugs. 

POWDER HOIST 

38. Remove the O. 50 -inch pipe plug 196826-10 
from the end of the B-end head-valve plate . One 
hole is plugged with a O. 375 -inch pipe plug 200075 -
16. Remove it and r eplace it in the othe r 0.375-
inch tapped hole. 

39. Replace both O. 50- inch pipe plugs . 

A-end changeover 

F or A-end changeover fr om right-hand assembly 
to left -hand assembly, refe r to drawing 325000. 

T he right -hand assembly is identical to the left­
hand ass embly except for the three leve rs mounted 
on the valve block assembly. 

1. Remove the clamp bolts of all three levers; 
remove the levers. 

2. Replace with the leve r s shown in drawing 
325000. 

Control link~e challgeover 

F or control linkage changeover from right-hand 
to left -hand, r efer t o drawings 325003 and 325007. 

The control linkage is identical for right - and 
left -hand installations except for the control rods 
and lever which connect it to the A-end. 

1. Remove clamp bolt 220718-2; remove leve r 
325005 -4 on the r ight-hand assembly; remove con­
trol rod 325004-3. 

2. Put lever 325007-1 on control rod 325007-3. 
This is the left -hand control rod assembly. 

Safety car stop device cylinder chaI1geove r 

For s afety car stop device cylinde r changeove r 
from right-hand to left-hand, refer to drawing 
274258. 

Identical as semblies are used for right-hand and 
left-hand installations, except for pipe flange 
27425 9-2. 

1. Rem ove flange 274259- 2. 

2. Remove pipe plug 196826-9 from the s ide 
of the cylinder to which the flange is to be mounted. 

3. P ut the pipe plug in the opposite s ide. 

4 . Mount flange 274259 for left-hand 
assembly. 
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Chapter 12 

FIRE CONTROL 

The general a rrangement of turret fire control 
equipment, s hown in figure 12 -1, is the same in all 
turrets, with the exception of tur r et I, from which 
the rangefinder has been removed, together with the 
projecting hoods. 

Each installation governs turret operation under 
three basic methods of control: primary, secondary, 
and local. Each method of control does not employ 
all of the equipment. 

For a deta iled description of the main battery 
fire control system, see OP 856. -
Ship fire control system 

The ship fire control system enables turret opera­
tion in each of the three basic methods of control, as 
described below. 

Primary control. P rimary control is turret con­
trol by a main battery director in combination with 
main batte ry plotting r oom eqUipment. It has two 

types of operation: "Automatic" and ''Indicating. " 
In "Automatic" control the turret and its guns are 
automatically pOSitioned by the r eceiver -regulators 
through signals rece ived from plot. In ''Indicating'' 
c ontrol the turret and its guns are positioned by the 
turret crew in the follow-the -pointer operation. The 
firing station in both types of control is normally the 
stable vertical in either plotting room. 

Secondary cont r ol. In secondary control a turret 
acts as a controlling director, in combination with 
main battery plotting r oom eqUipment, to control 
either or both of the other turrets and their guns. 
This is an auxiliary method of director control, and 
has two types of operation: "Automatic" and ''Indi ­
cating, " which are identical to the s imilar types of 
primary control. 

Local control. Local control is indepe ndent tur­
ret control deriving target bearing and range locally 
by visual estimate. It is control in which the Sight 
control stations, rangefinder, and auxiliary computer 
control the turret and gun positions. 

GENERAL DESCRIPTION 

Turret fire control circuits 

The turret fir e control circuits consist of e lectri­
cal circuits through which fire control or de rs are 
transmitted for loading, positioning, and firing the 
guns, and for turret communications. The circuits 
are listed below and desc r ibed in the following para ­
graphs. 

Gun-laying control 
Gun-firing control 
Int er locks and indicators 
Interior communications systems 

Gun- laWg contr ol. Gun-laying and turret train 
are controlled through circuits deSignated GE and 
GEP . 

Circuit GE. Shown in figures 12 -2 and 12-4, 
circuit GE connects elect rical elements of the follow­
ing fire control inst ruments : 

Turret officer' s t ransfer switchboard 
Multiple turret train indicator 
Auxiliary computer 
Sight setter's indicator 
Gun elevation order trans mitte r 
Gun elevation indicator 
Turret train indicator and transmitter 
Rangefinder 

The general arrangements and functions of these 
instruments are described in follOwing paragraphs. 
They operate together to control gunlaying and tur­
ret train by "indication" in primary, secondary, or 

local control through signals provided by the direc­
tors, the other turrets, or the local turret . In addi ­
tion, range and train angle data may be transmitted 
to either plotting room and to the other t urrets. 

Circuit GEP. Shown in figure s 12-3 and 12-5, 
circuit GEP connects the same fire cont r ol instru­
ments identified above and, in addition, the following: 

Elevation receiver -regulator 
Train receiver-regulator 

The general arrangement and function of these 
instruments are described in chapters 5 and 6. They 
automatically control gun-laying and turret train in 
primary secondary, or local control through signals 
provided' by the directors, the other turrets , or the 
local turret. 

Gun-fir!Dg control. The gun-firing control 
circuits, shown in figure 12-6, are tPA, lR, 
1VB, and 1U. 

CirCuit IPA, Circuit 1PA, the electric gun­
firing cirCUit, extends trom the directors and plotting 
rooms to the turrets, Through circuit IPA the guns 
are fired either individually or in salvo from the direc­
tors or the plotting rooms, or from one or more sta­
tions within the turret. The entire system is a ground­
return, series-arranged circuit with three alternative 
power sources, the forward and after main battery 
plotting r ooms (120-volt, 60-cycle), and an emergency 
source within the turret (24-volt storage battery). 
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34. CENTER GUN ELEVATION INDICATOR 
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Figure 12 - 1. Turret Fire Control Installation, General Ar rangement 
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Circuit 1R. Circuit 1R, the main battery ready 
light circuit, includes an arrangement of indicator 
dials located at turret control stations. It also in­
cludes foot-operated switches and manually operated 
switches, as well as a system of relays, solenoids, 
and limit switches at various locations. The 1R cir ­
cuit is interconnected with the turret officer's tr a ns­
fer switchboard and selective switch, and with r eady 
switches at the gun captain's, gun layer's, trainer's, 
and sight setter's stations. This circuit serves to 
coordinate loading and gun-laying operations by in­
dicating the readiness of each station with indicator 
lights. In addition, the 1R circuit includes a safe ty 
in ter locking arrangement which prevents lowering the 
cradle and opening the powder unloading door at a ny 
but the proper time during the glm-loading sequenc e . 
The general arrangement and function of the elements 
of this circuit are described in detail in chapter 15. 

Circuit 1VB. Circuit 1VB, the salvo Signal cir­
cui t, is an arrangement of appropriately located 
buzzer-type horns. The circuit is interconnected 
with local contact makers at the turret officer's sta­
tion and at the right and left sig'ht pOinter's stations . 
Salvo Signals, wh~ch indicate to turret per sonnel 
when guns are to be fired, originate at remote princi­
pal fire control stations or the local stations. 

Circuit 1 U. Circuit 1 U, the cease firing Si f!,nal 
circuit, powers a bell mounted in the left rear corner 
of the turret officer's compartment. The bell is op­
erated to indicate "cease firing" by closing a contact 
maker at any of the remote principal fire control 
sta tions. It carmot be operated by turret per sonnel. 

Interlocks and indicators. The interlock and 
indicator circuits are deSignated: CS, CP, RP, QE, 

FIRE CONTROL 

Q, QB, and QC. 
Circuit CS. Circuit CS, the sight setter's clutch 

indicator and interlock circuit, supplies power to in­
te r lock solenoids and two-dial indicators located at 
the sight setters' stations. Alternate legs of the cir­
cuit are energized by clutCh-operated microswitches 
so that the relative pOSitions of the sight setters' 
clutches are indicated by dial lights. The clutches are 
inter locked, so that only one can be engaged at a time, 
by solenoids energized through the microswitches. 

Circuit CPo Circuit CP, the sight pointer's 
clutch indicator circuit illuminates one-dial indica­
tors located at the sight pointer's stations. The cir­
cuit is interconnected with a clutch-actuated switch 
so that when either sight pOinter is clutched in, the 
indicator is illuminated to warn the other sight point­
er not to engag'e his clutch. 

Circuit RP. Circuit RP, the proj ectile ring 
ready light circuit, includes three-dial indicators 
located on the projectile flats at the right operators' 
stations. Identical circuits on each flat are inter­
connected with three contact makers, one located at 
each projectile hoist operator's station. Illumination 
of the indicators notifies the ring operator when the 
ring may be rotated. The projectile hoist loading 
crews may also order ring rotation. 

Circui t QE. Circuit QE, the prOjectile hoist in­
terlock circuit, includes an arrangement of three in­
terlock solenoids, two located at each hoist control 
handle and one at the function control and shut-off 
valve handle. An identical circuit for each projectile 
hoist is interconnec ted with two neutral start inter­
lock and ei ght door and shutt er interlock switches. 
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Figure 12-2. Gun Elevation Contr ol - Circuit GE - Functional Diagram 
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Through cir cuit QE, movement of the function control 
and shut-off valve is blocked and the power drive mo­
to r cannot be star ted unless the hoist control handles 
ar e both at neutral. The hoist control handles cannot 
be moved from neutral unless all door and shutter 
switche s are closed. 

Circuit Q. Circuit Q, the proj ectile hoist control 
handle interlock circuit, i s an arrangement of a five­
dial indicator, a gong, and two solenoids located at 

each proj ecti le hois t operator's station. The circuit 
is interconnected with a gong relay and with switches 
at the function contro l and shut-off valve, the projec­
tile i ndicator lever, and the prOjec til e latch. Circuit 
Q prevents hOisting or limits control handle move­
ment tmder certain conditions. In addition, it provide s 
the hoist cont r ol operator with visual and audible 
sig-nals of the hoist cycles. 
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Figure 12-3. Gun Elevation Contro l - Circuit GEP - Functional Diagram 
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Figure 12-4. Turret Train Control - Circuit GE - F unctional Diagram 
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Circuit~. Circuit QB, the projectile latch indi­
cator circuit, is an arrangement of a one -dial indica­
tor located at each projectile hoist operator's station 
and shared with circuit Q. The circuit is intercoI1-­
nected with a switch mounted on the top of the hoist 
operating cylinder. Circuit QB provides the hOist 
control operator with a Visual s ignal when the hoist 
has completed a hOisting stroke. 

Ci rcuit Q<;. Circuit QC, the powder hoist inter­
lock c irCUit, energizes two s olenoids located at the 
hoist starting lever and the venting valve. The cir­
cuit is interconnected with nine switches which ener­
gize or de -energize the s olenoids to coordinate pow­
der hoist operations. Circuit QC vents the hydraulic 
drive and sets a brake to hold the powder car at a 
loading or unloading level. In addition it prevents 
powder car movement when either door of the hoist 
trunk is open or undogged. 

InterIor communications B}T1!tems. The interior 
c ommunications systems are the circuits desIgnated 
OS, RA, TW, MC, lA, XI, 1, and E, 

Circuit OS. Circuit DS, the depression and train 
stop signal circuit, includes an a r rangement of a 
three-dial and three one-dial indicators located at 
the train operator' s and gun-layer's stations respec­
tively. The circuit is interconnected with s ix switches 
which are located as described on page 6-19, chapter 6. 
Circuit DS opens the firing circult of individual guns, 
and warns (by indicator lights) when a gun's line of 
fire approaches the ship's superstructure. 

Circuit RA. Circuit RA, the emergency alarm 
circuit within the turret, energizes nine sirens 
located as follows: one in the turret officer's com­
partment, one in each gun r oom compartment, one 
on the electric deck, one on each projectile flat, and 
one each in the powder handling room and the powder 

PARALLAX RA NGE 1+ 
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CASE • TRAIN + GUN RECEIVER - TURRET 
ELEVATION REGULATOR TRAIN 

ORD ER INDICATOR 
IND ICATOR TRAI NING AN D 

TRANSM ITTER GEAR 
A-EN D 

I GU N TRAIN ORDER I. 
(H IGH AND LOW SPEED TRANSMISSION) 
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passing space. The circuit is inte rconnected with 
identical locking type contact makers at each s iren 
and additional contact makers (all normally open) in 
the powder handling room and powder passing space . 
An additional non-locking contact maker, in the tur­
ret officer's compartment is normally closed. Cir­
cuit RA sounds the alarm sirens when anyone of the 
locking contact makers is closed. The Circuit can 
be opened by holding the non-locking contact maker 
open. 

Circuit TW. Circuit TW, the train warning sig ­
nal CirCUit, operates a bell mounted under the turret 
overhang. The circuit Is interconnected with a nor­
mally open push button located at the turret office r 's 
station. Circuit TW provides an audible warning to 
personnel outside the turret when it is about to train. 

Circuit MC. Circuit MC , the turret announcing 
Circuit, COTUlects 16 reproducer s at various locations 
in the turret. The circuit is interconnected with an 
amplifier, a transmitter control bOX, and a turret 
officer's microphone. Circuit MC allows the turret 
officer and turret captain to communicate with any 
or all turret stations. The circuit also provides 
transmission for general alarm and chemical attack 
signals. 

Circult lA. Circuit lA, the battle telephone cir­
cuit, is an arrangement of five branch circuits each 
of which connect with the forward and after main bat­
tery plotting r ooms. These circuits are deSignated 
as follows: 

Control Circuit m - Turret officer to plotting 
room and associated director and control station. 

Sight setter's circuit 1E - Local computer, left 
and right sight setters, and train operator to asso ­
ciated computer, director, and control s tation. 

Fuze setter's circuit JK - Fuze setter to second­
ary battery computer fuze follow-up operator. 

OTHER 
MAIN TURRET BATTERY ACTING AS 

DIRECTOR DIRECTO R 

+ • 
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Figure 12-5. Turret Train Control - Circuit GEP - Functional Diagram 
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Rangefinder operator's ci rcuit ;rw - Local range ­
finde r and local computer to graphic plot operator 
and range r eceiver operator in ass ociated plotting 
room and director. 

Spotter' s circuit JB - Local computer to asso­
ciated plotting room, control station, director and 
combat information center (CIC). 

The circuit tie switches a re in a t elephone switch 
box adjacent to the turret officer's transfer switch ­
board. In event .of casualty to either the forward or 
after section, the damaged section may be isolated 
by opening switches deSignated TIE in the switch box. 

Circuit X I . Circuit XJ, the turret officer's tele ­
phone circuit (fig. 12-14), is an arrangement of s ix 
s upp lementary loca l turret circuits deSignated as 
follows: P ointer's circuit X1011, ammunition cir ­
cuit X102J, subcalibe r ci rcuit X103J, right powder 
hoist circuit X104J, cente r powder hoist circuit 
X105J, and left powde r hoist circuit X10SJ. 

The above designations a r e for turret I, the desig­
nations for turret n are X2011 to X206J inclUSive. 
The designations for turr et mare X30lJ to X306J 
inclusive. 

Circuit XJ provides communication Within the 
turret between s tations af the above c i rcuits and the 
turret officer. 

Circuit I. Circuit J , the s hip's service telephone 
circuit, is an arrangement of dial-type telephones in­
stalled in the t urret office r ' s compartment and the 
e lectric deck. These connect through a central auto­
matic s Witchboard to any similar dial te lephone in 
the ship. 

Circuit E. Circuit E , the sound-powered tele ­
phone and call bell cir cuit is an audible call s ystem 
which parallels the supplementa ry local XI circuits 
and most voice tubes. It is an a r rangement of be lls 
and buzzers at various turret locations which para l ­
le l the voice tubes and telephones r espectively, ex­
cept for a call bell fo r ci rcuit X1 02J from the elec ­
tric deck to the turret offic er 's compartme nt . The 
circuit is inte r connected With s ingle or multiple push 
buttons. CIrcuit E provides an audible signal s ys ­
tem to call pe rsonnel to cir cuit XJ te lephones or t o 
voice t ubes. 

Turret fire control station eqj!ipment 

The turret fire control stations, interconnected 
by the c ircuits described previously, are equipped 
with the units described in following paragraphs. 

Turret officer's station. The tur r et office r's 
station is at the right side of the t urret officer's 
compartment shown in figures 12-7 and 12-8. His 
position at the turret transfer switchboa rd provides 
r eady access to the nearby equipm ent described be­
low. 

Tur ret officer's periscope and mount. The tur­
ret offic er's periscope is mounted in the r oof plate 
above the turret officer's s t ation as s hown in figu re 
12- 7. P eriscope Mk 29 is supported by P e riscope 
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Mount Mk 5 Mod 10 and is located in turret 1. Peri­
scope Mk 28 is supported by Periscope Mount Mk 5 
Mod 11 and is located in turrets n and ill. Peris c opes 
MIt 28 and 29 are "quick tilt" periscopes of the pris­
m atic fixed-power (12x) type. Their major apparent 
diffe rence lies in the length, Periscope Mk 28 being 
the longer of the two. Other differences are described 
in detail in OP 1338, the instruction book fo r thes e 
periscopes . The m ain supporting member of the peri­
scope mount is a base ring secured to the underSide 
of the r oof plate. The base ring is provided With an 
azimuth index, r olle r bearing supports for t he peri­
s cope holder, and a fixed internal ring gear which 
meshes with the t rain handwheel gearing supported 
by the periscope holder . The periscope holder, a 
tubular casting with an integral external rimmed spi ­
der ' supports the pe riscope through pressure blocks 
and an azimuth locking pin. The periscope holder 
also s upports t he deflection offset knob and dial, t r ain­
ing handwheel assembly and azimuth index. The peri ­
scope collar, a tubular s teel casting, is mounted on 
top of the roof plate to pr ovide both a rigid vertical 
alignment a nd a watertight seal for the perisc ope. 
The only diffe r ences between these periscope mounts, 
and Periscope Mount Mk 5 Mod 9, descr ibed in detail 
in OP 810 for Gun Director Mk 38, lie in the differing 
he ights of the various periscope collars and the mount ­
ing spacers for the base ring as required by the differ ­
ent lengths of the periscopes and thicknesses of the 
r oof plates of director and turrets. 

Turret t ransfer switchboard. The turret trans ­
fer switchboa rd (fig . 12- 9) is mounted in the turret 
officer' s compa r t ment as shown in figure 12-8. With 
16 rectangular panels arranged across its front, the 
SWitchboard has 21 r otary disc-type switches mount ­
ed in 14 pane ls . The remaining two panels , horizon­
t ally aligned in the lower right corner, serve mis­
cellaneous purposes. The transfer switchboard pro­
vides ON - OFF and t r ansfer s witching fac ilities for 
mos t of the turret fire control Circuits. 

Multiple turret train indicator. The multiple 
turret t rain indicator (fig. 12-1 0) is mounted in the 
turret offic er's compartment as shown in figure 12-7. 
An electrical receiver, the instrument has one -speed 
and 3S -s peed synchr os operating calibrated dials. 
One dial indicates modified tur ret t rain res ponse , 
the other (a z~ro r eader) indicates the diffe rence 
between train or der and modified turret t rain re­
sponse. The instrument indicates whether the tur ­
rets are following gun train orde rs in addition to 
indicating modified turret train r esponse (turret 
t rain response fr om which correction for horizontal 
parallax has been removed) . A complete description 
of these instruments is p r ovided in OP 1309. 

Turret offi ce r' s selective switch. The turret 
officer's s elective switch (fig. 12-11) is mounted 
in the turret officer's compartment as shown in 
figure 12-7. It comprises a pair of rotary switches 
housed in a wate rtight case. Controlled by a 
pointer -type knob, the upper switch has three po­
Sitions , labeled DIRECTOR - OF F - LOCAL. The 
lower, operated by a point e r -handle , also has three 
positions, labeled AC SUP PLY - OFF - BATTERY. 
Through the selective switch the turret officer 
s e lects the characte r of fi re, either director or 
local , and the source of power, either alt ernating 
current supply or batte r y, to energize the firing 
circuit. Battery powe r can be used only for local 
turret firing (see fig . 15-37). 
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Salvo signal contr ol. When the turret i s in local 
control operation of the salvo s ignal horns (circuit 
1 VB) is controlled by the portable contact maker 

Figure 12 - 10. Multiple Turret Train Indicator 
Mk 12 Mod 7 

POINTER 
HANDLE 

'L-BOX 

STOP 

j .. :-------- COV[R 

Figure 12-11. Turret Officer's Selective Switch 

12-8 

located adjacent to the multiple turret t r ain indicator 
shown in figure 12-7. The device i s a nor mally -open , 
button-actuated s witch mounted in a cylindrical grip­
type han dle . 

Cease fi r ing contact maker .. Cease firing con­
tact mak rs (cir cuit 1 V) are 10 'ated at sever al r em ote 
fire contr ol stations outside the turre t.. They indicale 
"cease firing" and cannot be operated by turret per­
sonnel. 

Turret officer 's indicator panel. The turret 
office r 's indicat or panel (circuit 1R) i s m ounted in 
the turret officer' s compartment as shown in figure 
12- 7. Except for the addi tion of five r otary snap 
switche s ar ranged in two horizontal rows at the bot­
t om, and three amber recoil lights ar r anged in a 
horizontal r ow at the t op , this indicator panel is 
identical with the turret captain's indicator pane l 
(fig .. 12-12) described on page 12-9. In addition to 
dial light indications, this panel provides the turr et 
offic e r with 1ndi vidual fi ring key cutout and cut-in 
s witch facili ties. 

Figure 12- 12. Turr et Captain' s Indicator Panel 
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Turret transfer signal indicator. The turret 
transfer signal indicator (circuit GE) is mounted in 
the turret officer's compartment as shown in figure 
12-7. It is a two-dial indicator with the dials marked 
F and A for the forward or afte r plotting room respec ­
tively. It indicates the selected position for transfer 
switches through which control circuits are actuated 
from either plotting room. 

DlUJger sector indicator. The danger sector indi ­
cator (ci rcuit DS) is mounted in the turret officer's 
compartment as shown in figure 12 -7. It is a three­
dial indicator with the dials marked STOP LEFT 
GUN, STOP CENTER GUN, and STOP RIGHT GUN. 
The dials are illuminated to indicate an obstructed 
line of fi re as the respective elevation and train dan­
ger zone switches (described on page 6-19, chapter 
6) are closed. 

Turret offic er 's microphone (MC ). The turret 
officer' s microphone (circuit Me ) is attached by a 
20-foot length of cord to the t ransmitter control box. 
The breast-plate mounted microphone is supported 
by a strap and has a press -to-talk button. It is a 
portable means of communicating over the repro­
ducer circuit. 

Transmitter control box (MC ). The t ransmitter 
control box (circuit Me) is mounted in the turret 
officer's compartment as shown in figure 12 -7. The 
control box Switches contr ol the circuit amplifier. 
In addition there is a group of key-type switches with 
which any combination of talk-back reproducers may 
be tied into the circuit . Cutout switches permit any 
combination of reproducers to be cut out of the cir­
cuit in event of t r ouble in an indiVidual circuit. 

Reproducer (MC ). Reproducers (circuit MC) are 
mounted in the turret officer ' s compartment as shown 
in figur e 12-7 . These are permanent magnet, non­
talk-back type. 

Telephones (1, XI, lA). Three turret telephone 
circuits (circuits 1, XI, and 'JA described on pages 
12-5 and 12 -6) are available to the turret officer at 
his s tation. 

Circuit 1 comprises the dial-type telephone 
mounted on the transverse bulkhead as shown in 
figure 12 -7. 

Circuit Xl connections and cir cuit JA connections 
are at the instrument panel shown in figure 12-8. 

Call bell butto~(circuit E). The turret officer's 
call bell circuit (ci r cuit E described on page 
has push buttons with which the turret officer may 
call either sight control station, any of the gun-layers, 
or the train operator. These buttons are arranged on 
the instrument panel s hown in figure 12-8. 

Turret captain's station. The turret captain'S 
statton, shown in figur e 12-7, is equipped with con­
trols that partia lly duplicate those of the turret offi­
cers station. The turret captain's station is equipped 
with a periscope indicator pane l, emergency alarm 
contact maker , t rain warning push button and commu­
nications as described in following paragraphs. 

FIRE CONTROL 

Turret captain's periscope and mount. The tur­
ret captain's periscope is mounted in the turret roof 
plate above the turret captain's station as shown in 
figure 12-7. The turret offic er's and turret captain's 
periscope installations in anyone turret are identical. 

Turret captain's indicator panel. Mounted in the 
turret officer's compartment (f1g,l2-7) , the turret 
captain's indicator panel is a watertight indicator 
ass embly compris 'ng fifteen dials marked as shown 
in figure 12 -12. Arranged in five horizontal rows of 
three in each row, the dials are colored as follows: 
Top row, yellow; second row (from left to right), 
red, clear, and green; third row, yellow; fourth r ow, 
clear; bottom row, clear. The panel dials indicate 
the loading or firing readiness of the local turret, 
the firing readiness of all turrets , and the reacljness 
of the plotting room in control. 

Emergency alarm contact maker. The emergencr, 
alarm contact maker is mounted in the turret captain s 
compartment as shown in figure 12 -7. It is a non­
locking type contact maker , normally closed, that 
can be held open by hand against a spring r eturn. 
When held open, the alarm sirens are stilled and 
instructions and order may be t ransmitted to turret 
personnel through other communication Circuits. 

Train warning. push button. The train warning 
push button is located at the turret captain's station. 
Of watertight design, the push button is normally 
open and must be held closed to sound the train warn­
ing bell. 

Communications. Telephone and call bell units 
at the turret captain's station provide battle telephone 
communications to turret contr ol and operating sta­
tions. This arrangement can be tied in to any other 
station through a telephone switch box at the turret 
officer's station. In addition, the dial-type telephone 
(circuit J) is located at the turret captain's station. 

Computer's station. The computer' s s tation, 
shown in figures 12-7 and 12 -8, is equipped with 
fire control equipment consisting of an auxiliary 
computer and telephone communication units. This 
equipment provides the turret with local means for 
receiving and computing the various fi re control data 
required for generating values of s ight angle and 
sight deflection, and for transmitting these values 
orally to the sight s etters. 

Auxiliary Compute r Mark 3 Mod 2. The auxil­
iary computer (fig. 12-13) is mounted in the turret 
office r's compartment as shown in figure 12 -7. Com ­
puter Mk 3 Mod 2 i s a computing and indicating mech­
anism used by the computer operator and talker to 
solve fire control problems. It gene rates indicated 
values of sight angle and sight deflection based upon 
three electrical inputs and 13 manual inputs. Com­
plete information on this instrument is contained in 
OP 1290. 

Communications. Range information is received 
and sight angle and s ight defl ection orders are trans­
mitted over the telephone facilities at the computer 's 
station. These comprise battle telephone (circuit lA) 
and supplementary turret officer' s telephone (circuit 
XJ) tie-in arrangements which connect the compute r 
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talker with the sight pointers and trainers, sightset­
te rs, gun-layers, train operator, range finder, plot­
ting rooms, and directors. 

Gun captain's station equipment. The gun cap­
tain's station, shown in figure 12-15, has fire control 
equipment consisting of two 3-dial indicators, s ynchro 
power on indicator, elevating motor STOP button, 
projectile hoist pushbutton, bore clear switch push­
button, action cutout switch for 1R circuit , drill 
switch, turret alarm contact maker, and c ommunica­
tions. Each gun captain's station is similarly equip­
ped. 

Gun captain's ready switch. Mounted on the post 
at each gun captain's station is a gun captain's ready 
s witch (circuit 1R). This switch is a two-position, 
spring return lever-operated, rotary-type unit, and 
has an integral unlocking solenoid which prevents the 
lever from being shifted to the opposite position until 
this solenoid is energized. One position of the lever 
i s SAFE (meaning "safe to load"), and the other posi­
tion is RE ADY (meaning "ready to fire"). This lever 
is spring-returned to the SAFE pOSition when the un­
locking solenoid is energized. A manual P ULL TO 
R ELEASE button is also located on the switch. This 
r elease button can be pulled out to release the lever 
if the unlocking solenoid should fail to function. When 
positioned at SAFE, the switch illuminates dials 
marked LOAD at the gun captain's and gun layer's 
indicators; in addition, with this switch at SAFE, a 
device at the elevation re ceiver-regulator causes the 
gun to move to its loading position (in automatic con­
trol) . When positioned at READY the switch illumi­
nate s red dials at the gun captain's and gun layer's 
indicators; in addition, with the switch at READY, a 
device at the elevation receiver-regulator causes the 

TARGET AN GLE 
KNO B 

TAR GET SPEED 
KNOB 

WIN D CLOCK LEVEH LIGHT WELL COMPASS LEVER 
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Figure 12-13. Auxiliary Computer -
General Arrangement 

gem to match the gun elevation order signal (in auto­
matic control). The gun captain's ready switch also 
functions in a safety interlocking electrical circuit 
to prevent lowering the cradle and opening the powder 
unloading door until the switch lever is positioned to 
SAFE and other operations have taken place during 
the loading sequence. See chapter 15 for details. 

Gun elevation ready, gun ready, and load indica­
tor s . Located at each gun captain's station, these 
three-dial indicator lights indicate, from top to bot­
tom, respectively: gun captain ready, gun elevation 
ready, and load. The indicators for the left gun cap­
tain's station are marked, from top to bottom, L, L, 
and LOAD. Similarly, indicators for the center gun 
captain's station are marked C, C, and LOAD; and 
for the right gun captain's station, R, R, and Lo.AD. 
Th e lower (LOAD) dial is illuminated (with the gun 
captain's ready switch at SAFE, through interlocking 
relays) during the loading cycle, and goes OFF when 
the gun is ready to fire. It remains OFF during firing 
and recoil, until the gun is back in battery; then it 
g'oes on again. In other words, the LOAD light indl­
cates to the gun captain that this portion of his ready 
light circuit is in operation and that the gun is to be 
moved to, or is at, the loading angle. 

The upper (red) light is illuminated when the gem 
captain's ready switch is positioned to READY. These 
lights indicate to the gun captain that his signal circuit 
is functioning. The middle (blue) dial is illuminated 
by the gun layer, through his foot-operated ready 
switch (described on page 12-13). This indicates to 
the gun captain that the gun elevation is matched with 
the gun order. 

Br2ech closed, recoil , and bore clear indicators. 
A second three-dial indicator is located at each gun 
captain's station, mounted directly above the gun 
elevation ready, gun ready, and load indicator lights. 
These dials are illuminated when the actions they 
identify occur during the loading and firing cycle. 

Action cutout switch. Located at each gun cap­
tain's station, mounted on the post and below the gun 
captain's ready switch, is the action cutout switch. 
This is a snap switch with on-off-on-off action, and 
serves to turn off the power supply to the indicator 
lights, switches, and control relays of the ready light 
circult. Before the gun can go through the loading 
sequence, this Switch must be in an ON position. 

Drill s witch. Located at each gun captain's sta­
tion, mounted on the post and below the action cut-
out switch, is the drill switch. This is a single re­
ceptacle which requires the insertion of a plug to close 
the circuit. This switch is only used during gun drill 
and serves to by-pass the recoil switch (ch. 15) so 
that, without firing the gun, the sequences of the load­
ing and firing opera tions can be rehearsed while the 
gun is in battery. It permits the normal functioning 
of the safety interlocking arrangement in the ready 
light circuit (lR) without the need for having the gun 
go through recoil. 

Bore clear switch. Located forward and to one 
side of each gun captain's station, on the longitudinal 
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bulkhead, is the bore clear switch (fig. 15-25A). 
This switch is a momentary contact unit with a 
spring-loaded pushbutton. The main body of the 
switch is mounted on the opposite side of the bulk­
head, and only the mushroom head of the pushbutton 
extends through to the gun captain's station. With 
the gun captain's ready switch at SAFE, momentarily 
depressing the bore clear switch pushbutton (done 
after ascertaining the condition of the bore) will il­
luminate the bore clear indicator light and will initi­
ate the relay circuit which releases the cradle for 
lowering. 

Synchro power on indicator. A one-dial indica­
tor marked SYNCHRO POWER ON is located at the 
gun captain's station. When illuminated, it indicates 
that synchro power is available for the related ele­
vation receiver-regulator. 

Elevating motor STOP button. The elevating 
motor STOP button is mounted adjacent to the gun 
ready switch. It is a nor mally closed, single push­
button switch which, when pressed to open, stops 
the elevating motor and brings the gun to a quick stop. 

Projectile hoist pushbutton. The projectile hoist 
pushbutton is mounted on the transverse bulkhead at 
the gun captain's station. It is a lever-operated 
switch with two pushbuttons labeled START EMERG 
and STOP. The projectile hoist motor is started or 
stopped from the gun captain's station by this switch. 

Turret alarm contact maker. The turret alarm 
contact maker is mounted on the transerve bulkhead 
adjacent to the projectile hoist pushbutton. It is a 

FIRE CONTROL 

normally open, double contact, lever-operated, lock­
ing type. When closed, the contact maker sounds all 
the Sirens in the turret emergency alarm circuit 
(circuit RA). 

Communications. The gun captain's communi­
cation facilities include a talk-back type reproducer 
(circuit MC), turret officer's telephone (circuit XJ), 
and call bell (circuit E) circuits. The circuit ar­
rangements enable the gun captain to communicate 
with the turret officer, or with the powder hoist and 
projectile hoist control stations. 

Right and left sight stations. The right and left 
sight stations have Similar fire control equipment 
which includes a sight setter's indicator, gun eleva­
tion and train ready indicator, train ready indicator, 
foot operated ready switch, firing key, sight setter's 
clutch indicator, pOinter's clutch indicator, gun ele­
vation order transmitter, and communications. 

Sight setter's indicator . Mounted on the forward 
side of the sight trainer's handwheel pedestal, the 
Sight setter's indicator (fig. 12-16) is enclosed in a 
square case. It has two hand cranks, three dials, 
and two output shafts. Sight angle and sight deflec­
tion received electrically by the indicator synchros 
from the plotting rooms operate the indicator dials. 
These are "follow-the-pointer" dials with calibrated 
ring dials (hand crank operated) which are matched 
with the calibrated inner dials (synchro operated). 
Hand crank rotation is transmitted to the trainer's 
and pOinter's sights through output shafts to corr ec t 
the sights for deflection and angle respectively. 
This instrument is described in detail in OP 880. 
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Gun elevation and t rain r eady: indicator . Located 
at t he sight pOinte r 's station, this is a four -dial indi­
cator with the dials marked L, C, and R (for res pec ­
tive left , center, and right guns ), and TRAIN READY. 
When illuminated the dials indicate to the s ight point­
er that the gun and turret positions are matched with 
gun and tra in or de r signals. 

Train ready: indicator. Located at the sight train­
e r ' s station, this is a one -dial indicator (circuit lR) 
marked TRAIN READY. When illuminated (by clos­
ing the foot -operated r eady switch) it indicates to the 
sight tra iner that his sIgnal circuit is functioning. 

SOUND POWERED TELEPHONt 
CIRcUIT E 

PUSHBunONS 
CIRCUIT E 

TURREl OFFICER'S 
TELEPHONE SYSTEM 
RECEPTACLE 
CIRCUIT XJ 

PRIMARY BATILE 
TELEPHONE SYSTEM 
CIRCUIT JD 

TURRET OFFICER'S 
TELEPHONE SYSTEM 
RECEPTACLE 
CIRCUJT XJ 

PR IMARY BATILE 
TELEPHONE SYSTEM 
CIRCUIT JW 

FffiE CONTROL 

Foot- operated r eady switch . Located at the sight 
trainer 's station, this is a normally open, bridge­
type switch (circuit lR). When closed by foot pres­
s ure it illuminates TRAIN READY dials at the tur r et 
officer' s , turret captain' s, t rain operator' s, and the 
sight station indicators. 

Firing key. F i ring Key Mk 16 Mod ~ is m?uoted 
on the sight painter's handwheels. It IS a pIstol 
grip design with spring-loaded t rigger -type con­
tact maker. The des ign includes a latch to hold 
the trigger c losed fo r director fire. Connected in 

SOUND D"""~"C" TELEPHONE 
CIRCUIT E 

BUZZERS 
CIRCU IT E 

TURRET OFFICER'S 
TELEPHONE SYSTEM 

REC PTACLE 
CIRCUIT Xl 

PRIMARY BATTLE 
TELEPHONE SYSTEM 

CIRCU IT J8 

PRIMARY BATTLE 
TELEPHONE SYSTEM 

. CIRCUIT JE 

Figure 12 -14. Voice and Telephone Call Bell Bracket 
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circuit 1PA, the firing keys can be individually clos­
ed to fire the guns (through s witches on t he turret 
officer's indicator panel) when in local control (as 
described on page 12-8. 

fught setter's clutch indicator. The sight setter's 
clutc h indicator (circuit CS), is a two -dial t ype with 
r ed and green dials . Depending on whic h dial is 
illuminated, the relative positions of both sight set­
te r 's clutches are indicated. Red indicates that the 
c ;')posite sight setter's clutch is engaged. Green in­
,~!cates that neither clutch is engaged . 

P ointer's clutch indicator. The pOi nte r' s clut ch 
indic ator (circuit CP) is a one-dial t ype with a r ed 
dial labeled CLUTCH WARNING LIGHT. Illum inat­
ed by either sight pointer as he engages his c lutc h, 
it wa rns the opposite sight pOinter to remain dis­
e ngaged. 

GUN ELEVATION READY, GUN 
READY AND LOAD INDICATORS 

SYNC HRO POWER 
ON INDI CATOR 

DAN GER ZONE INDICATOR 

ELEVA TI ON MOTOR 

TURRET ALARM CONTACT MAKER 

STOPBUTTON--------____ -i ________ -J~ 

~ 
BOR E CLEAR SWITCH 
PUSHBUTTON 

DR ILL SWITCH RECEPTACLE 

Gun E levation Order Transmitter Mk 2 Mods 0 
and 1. Mounted on the sight pointer's handwheel 
pedestal, t he case-enclosed transmitter (figs. 17 
and 19) is deSignated Transmitter Mk 2 Mod 0 at 
the right station, and Transmitter M"K 2 Mod 1 at the 
left . It is an electrical transmitter with 2-speed 
a nd 36 -speed synchros operating calibrated trans­
mitter dials for adjustme nt purposes. With the 
pointe r 's s ight acting as a local director, the instru ­
ment trans mits gun elevation orde rs to related syn­
chros in the elevation indicato r. This instrument 
is described in detail in OP 1308. 

Com munications. Sight station communication 
facilities include battle telephone (circuit JE), t ur ­
r et officer's telephone (circuit XJ), and call bell 
(circuit E) circuits. These arrangements enable 
the turret officer to communicate with the sight 
stations and also connect the sight stations with the 
main battery directors. 

PROJECTILE 
HOIST 

PUSHBUTTON 

ACTI ON CUTOUT SWITCH 

Figure 12-15. Gun Captain' s Sta tion - Ge neral Ar rangement. 
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Gun- la yers'stations. The gun-layers' s tations 
(fig. 12-18) have s imilar fire cont r ol equipment 
which includes a gun elevation indicator, s ynchro 
powe r -on indicator , firing key, gun elevation ready 
and gun r eady indicator, foot-ope r ated r eady Switch, 
and communications . 

Gun Elevation Indicator Mk 33 Mods 3 and 4. 
Mounted on the gun-layer's handwheel pedestal, the 
case -enclosed indicator (fig. 12-18) is deSignated 
Indicator Mk 33 Mod 3 at the right and cente r s tations , 
and Indicator MIt 33 Mod 4 at the left station. There 
are s ix dials arranged in three hor izontal rows on 
the indicator face. In the top row the r e are 2-speed 
and 36- speed synchr o operated dials which are the 
ze ro reader and follow-the-pointer dials respectively. 
These provide gun elevation orders which are match­
ed by the gun-layer in "indicating" cont r ol. In the 
middle r ow the r e a r e also zero reader and follow­
the-pointe r dials . These are mechanically operated 
at 2- and 36-speeds through shafting from the s ight 
pointer 's handwhee ls . They provide gun elevation 
orders which are matched by the gun - layer in "local" 
cont rol . In the bottom row there are ve locity los s 
and angle r eader dials. The velocity loss dial me­
chanically indicates cor r ection for difference in 
equivalent service rounds fired. This correction is 
based on t he quantities "sight angle" and "difference 
in velocity loss " and is set m anually through knobs. 
The angle r eade r dial is mechanically operated through 
shafting from the s ight s etters ' indicators. This in­
strument is completely described in OP 854. 

COARSE. SIGHT 
ANGLE DIAL 

SIGHT DHLECTIONt~~=J---fIt-=-lif~1 
DIAL 

SIGHT DEFLEC I ION 
HAND CRANK 

SGHT SETTER'S 
CLUTCH INDfCA TOR 

SIGHl ANGLE 
SYNCHRONIl l, G 
CLUTCH SHIFTING 
LE'ER 

FIRE CONTROL 

§ynchro power-on indicator. Located at the gun­
layer's station, this indicator is a one-dial type mark ­
ed SYNCHRO POWER ON. When illuminated it in­
dicates t hat synchro power is available for the relat ed 
elevation rece iver-regulator. 

Firing key. Mounted on each of the gun-layer 's 
handwheels, this key is identical in designation, ar­
rangement, and func tion to the sight pointer's fi ring 
key desc ribed on page 12- 11 . 

Gun elevation ready and ggn ready' indicator. 
Located at each gun-layer's station, this indicator 
1s a three - dial type with the two upper dials mar ked 
L, C , or R (for respective left, center, or right 
s tations) and the lower dial marked LOAD. The low­
er dial is i lluminated when the gun captain's ready 
switch is pos itioned to SAFE and the middle dial is 
illuminated when the switch is positioned to READY: 
These lights indicate to the gun-layer when the gun 
is being loaded and when the gun position may be 
matched with the gun order signal. The upper dial 
is illuminated by the gun-layer through his foot-op­
erated ready s witch. This indicates to the gun-laye r 
that his signal c ircuit is functioning. 

Foot-operated ready; switch. Located at each gun­
layer's station, this switch is a normally open, bridge­
type (circuit 1R). When closed by foot pressure it il­
luminates dials marked L, C, or R (for respective 
left, center , or right stations) at the turret offic e rs, 
turret captain's, trainer's , gun captain's , and the sight 
station's indicators to indicate that the gun is ready. 

FINE SIGHT 
ANCLE DIAL 

SIGHT DEFLEC1 ION 
OUTPUT TO 

TRAINER'S TELESCQPE 

F igure 12-16. Sight Setter's Station - Fire Control Arrangement 
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Communications. Gun-lay r communication fa­
cilities include a talk-back type reproducer (circuit 
MC) , turret office r's telephone (circuit Xl), and call 
bell (circuit E) circuits. These arrangements pro­
vide communications between the gun-layer and the 
turret office r. 

J'rainer's station. The trainer's (train opera­
tor's), station has fire control equipment which in ­
cludes a turr et t rain indicator and transmitter, firing 
key, gun e levation and train ready indicator, foot­
operated ready switch and communications. 

Turret Train Indicator and Transmitter Mark 37 
Mods 4 ,~, and 6. Mounted on the trainer 's hand­
wheel pedestal , the case-enclosed Indicator and Trans­
mitter is des ignated Mk 37 Mods 4, 5, and 6 for tur - ' 
r ets I, n and III respective ly. AE. an indicator, the 
inst rument shows four quantities on dials: gun train 
order, modified turret train response, parallax-
ra.nge order, and parallax range in te rms of range 
in yards. As a transmitter, the instrument sends 
modified turret train r es ponse (electrically) t o other 
stations throughout t he ship, and parallax range (me­
chanically) to the t rain receiver-regulator. The in­
strument is used by the train operator who rotates 
his handwheels to match pOinters on the dials. The 
train operator also turns the parallax-range hand­
crank to match pOinters on the range dials. This 
instrument is completely described in OP 851. 

Ftri~~y. Mounted on the trainer's handwheels, 
this key is identical in designation, arrangement, and 
function to the sight pointer's firing key described on 
page 12-11. 

ELECTRICAL OUTPUT TO GUN 
ELEVATIO N INDICATORS VIA 
TURRET OFFICER'S TRANSFER 
SWITCHBOARD CIRCUIT GE 

INPUT FR OM 
PO INT ER'S HANDWHEELS 

COVER TO 
TERMINAL BOARD 

COVER TO 
SYNCHRO DIALS 

AND ADJUSTMENTS 

Figure 12-17. Gun Elevation Order Transmitter 

12-14 

Gun elevation and train ready' indicator. Located 
at the trainer' s station, t his is a four-dial indicator 
(circuit lR) with the dia ls marked L, C, and R (for 
respective left, center, and right guns ), and TRAIN 
READY. When illuminated, the dials marked L, C, 
and R indicate that the gun positions are matched with 
the gun order signals. TRAIN READY indicate to 
the trainer that his signal circuit is functioning . 

Foot-operated ready switch. Located at the train­
er's s tation, this is a normally open, bridge - type 
switch (circuit 1R). When closed by foot pres s ure it 
illuminates dials marked TRAIN READY at the tur­
ret officer's, turret captain's , traine r 's, and the 
sight station indicators. 

Communications. Trainer communication facil ­
ities inc lude a talk-back tYI?e reproducer (circuit MC ), 
battle telephone (circuit JE ), turret officer 's tele ­
phone (circuit Xl), and call bell (ci rc uit E) circuits. 
These arrangements provide communications between 
the trainer and the turret officer and main battery 
directors. 

GUN ELEVATION INDICATOR 

GUN LAYER'S H AINnliNH H '1 c: 

Figure 12-18. Gun Layer 'S Station -
Fire Control Arrangement 
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Rangefinder operator 's station. The rangefinder 
operator 's station in turrets IT and ITI has fire con­
trol equipment which includes the rangeftnder, the 
rangefinde r stabilizer , and communications . 

Rangefinder. The rangefinder Mk 52, stereo­
scopic type, is mounted transversely at the rear of 
the t urret as shown in figure 12 -8. It provides target 
ranges during "secondary" or "local" control opera­
tion . This instrument is des cribed in detail in 
OP 1573. 

Rangefinder Stabilizer Mk 4 Mod 1. Mounted on 
the rear of the rangefinder stand, the stabilizer is 

SIGHT DEFLECTION OUTPUT 
irO POINTER'S TELESCOPE 

SIGHT ANG LE OUTPUT FROM 
POINTER'S TELESCOPE 

SIGH r TRAINER'S SEAT 

GUN ELEVATION ORDER TRANSMI TTER 

FIRE CONTROL 

an electric motor -driven assembly automatically con­
t r olled by a gyr os cope . The s tabilizer keeps the 
rangefinder line of s ight horizontal, as described in 
chapter 14. 

Communications. Rangefinder communication 
facilities include battle telephone (circuit JA), and 
the turret offic er' s compartment non -ta lk -back t ype 
reproducer, These arr angements provide communi ­
cation between the r angefinde r oper ator and local 
computer, graphic plot opE~rator, and associated 
plotting r oom and director. 

SIGHT TRAINER'S 
HANDWHEELS 

IGHT ANGLE SYNCHRONIZING 
CLUTCH AN D INTERLOCK 

OUTPUT TO GUN ELEVATION INDICATOR 

Figure 12-19. Sight Trainer's Station - Fire Control Arrangement 
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Chapter 13 

SIGHT ASSEMBLIES 

16-inch Sight Mark 4 Mods 2 and 3 

GENERAL DESCRIPTION 

Turret local fire control arrangements compr ise 
two interconnected sight assemblies and attached or 
assoc iat ed instruments. The installations are iden­
tical in a ll turrets. 

2'ype 

The design is a car r iage sight a r r angement 
which functions as a directing type fi re cont r ol as­
sembly. Control may be s electively arr anged to 
direct gun laying and turret train from e ithe r of two 

RIGHT RIGHT 

s tations. Thes e stations are designated 16-inch 
Sight Mk 4 Mod 2, in the right side of the gun house, 
and 16 - inch Sight Mk 4 Mod 3, in the left side. 

General arra~ements of sight stations and 
components 

The arrangement of the sight stations and 
associated instruments is shown in figure 13-1. 
Each station is a pedestal and bracket mounted 
arr a ngem ent of a s ight trainer's and sight pointe r 's 
line -of -s ight optic with a sight s etter's indic ator. 

SIG HT TRAI NER'S SIGHT POI NTER'S 

RIGHT GUN 
ELEVATION 
INDICATOR 

TU RRET TRA IN 
INDICATOR AN D 
TRA SMITTER 

__ ~~_T~ATjl~ON~~~ht~ ____ ~~~ __ 

Figure 13 -1. Sight and Gun Attachments, Ge neral Arrangement 

SIGHT TRAINER'S 
HANDWH EEL S 

GUN ELEVATION 
ORDER TRAN SMITTER 

13 -1 
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The lines of sight are mechanically connected for 
s imultaneous offset in deflection and sight angle 
from the sight setter' s input. All lines of s ight move 
togethe r in r esponse to the sight pOinte r' s handwheel 
movement as the controlling sight pointer manipu­
lates his handwheels to hold his telescope on the tar­
get. Howeve r , the sight trainer' s teles copes may be 
unlatched from the sight angle and sight pOinter' s 
inputs. Sight angle and sight pointer's movem ents 
are t ransmitted to instrument dials at the gun layer's 
stations . They are gun order di r ect ing m ovements 
a nd do not position the gun laying controls ; sight train 
is s electively arranged so that the s ight trainer's 
handwheel may be clutched to the s ervo cont r ol of 
the training gear speed gear. The mechanical sys­
t e m of gun or der transmiss ion extends t ransversely 
b etwe en the two sight stations and connects line -of ­
sight and sight setter outputs of both s t ations to a ll 

SIGHT TRAI NER'S TELESCOPE 

SIGHT TRAINER 'S HANDWHEELS 

SIG HT TRAINER'S STATION HOUSING SUPPOR T 

SIGHT POINTER'S HANDWHEELS 

GUN ELEVATION ORDER SHAFT 

i ndicating instr um ents . The interconnect ion is ar­
ranged with manually operated, interlocked, s yn­
chronized s electors. By this m eans eithe r s ight 
station can quickly assume control of gun direction 
in r es ponse to t he tu r r et officer' s designation of the 
c ontrOlling Sight . Turret t rain control se lectors 
(for LOCAL) are ma nually positioned clutches locat­
ed at the t rain operator' s station. Either s ight 
trainer may be given control from this station when 
the ope a tor unc lutches his speed gear contr ol. 

F u nctional arrangements 

T he fi r e control s ystem uti lizing the above de ­
scribed arrangem ent s is supplementary to two other 
basic s yst ems, des ignated PRIMARY and SECOND ­
ARY. T hey are director contr ol sys tems which use 
a portion of t he sight facilities described below. 

TELESCOPE ELEVATION BRACKET 

SIGHT TRAINER'S STATION HOUSING 

SI GHT ANGLE 
SYNCHRONIZING CLUTCH 

RON IZING CLUTCH 
INDICATOR 

SIGHT ANGLE SHAFT 

RRET TRAIN ORDER SHAFT 

Figure 13-2. 16-Inch Sight Mk: 4 Mod 2 
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SIGHT POINTER'S 
TELESCOPE 

CLUTCH SHIFTING LEVER 

LEFT SIGHT 
CONTROL STATIONS 

LEFT GUN LAYER'S ELEVATION INDICATOR 

ELEVATING A-END (left) 

TRAINING A·END 

SIGHT TRAINER'S 
TELESCOPE 

CLUTCH SHIFTING LEVER 

SYNCHRONIZING CLUTCH DIALS 

CLUTCH OPERATING LEVER 

SIGHT ANGLE HANDWHEEL 

·SIGHT DEFLECTION HANDWHEEL 

LEFT FORWARD 

'<RIGHT 

SIGHT DEFLECTION 
WORM AND WORMWHEEL 

SIGHT 
POINTER'S HANDWHEELS 

TURRET TRAIN ORDER CROSS SHAFT 

TRAINING WORM (right) 

TRAIN OPERATOR'S 
HANDWHEELS 

ELEVATING A·END 
(center) 

/'-
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RIGHT SIGHT 
CONTROL STATIONS 

RIGHT GUN LAYER'S 
ELEVATION INDICATOR 

SIGHT DEFLECTION 
HANDWHEEL 

SYMBOLS 

B'grk TURRET TRAIN ORDER 
(HANDWHEEL REGULA· 
TION) 

B'gr TURRET TRAIN (TRAIN 
RESPONSE) 

Os SIGHT DEFLECTION 
tUN ELEVATION ORDER, 

E'bn MECHANICAL; 
SIGHT ANGLE (Vs)+ 
LEVEL ANGLE (L') 

E'g GUN ELEVATION (ELEVA· 
TION RESPONSE) 

Vs SIGHT ANGLE 

NOTE: 
SIGHT ARROWS INDICATE: 

1. DEPRESS LINE OF SIGHT 
2. INCREASING DIAL READ· 

INGS 
SIGHT DEFLECTION ARROWS 
INDICATE: 

1. MOVEMENT OF LINE OF 
SIGHT TO LEFT, OF GUNS 
TO RIGHT 

2. INCREASING DIAL READ· 
. INGS 

GUN ELEVATION ORDER 
ARROWS INDICATE: 

1. DEPRESSING GUNS AND 
LINE OF SIGHT 

TURRET TRAIN ORDER ARROWS 
INDICATE: 

1. MOVEMENT OF GUNS TO 
RIGHT 

Figure 13-3. 16-Inch Sight Mk 4, Mods 2 and 3, Schematic Arrangement 

13-2A/ B 

www.tinyurl.com/slover


P RIMARY control. In P RIMARY control the 
m ain battery fire contr ol director system operates 
t o position the guns "automatically" or by "indicat ­
ing." In either case, gun orders a re generat ed by 
the r angekeeper in the for war d or aft plotting room 
from signals received from either the forward or aft 
main director. In "automatic" PRIMARY cont rol, 
the orders are transmitted to the gun and turret drive 
r eceive r -regulators, providing remote contr ol of all 
gun positioning movements. PRIMARY "indicating" 
contr ol t r ansmits orders to dials of the indicators at 
the gun layer and turret train operato r s t ations. Both 
methods require continuous ope ration of one sight 
s etter's indicator in orde r that sight angle correc ­
tions for erosion may be entered in each gun eleva­
tion indicator. 

SECONDARY control. SECONDARY control is 
an auxiliary m ethod of direc tor fir e control in which 
gun orders originate in one turret (as a cont rolling 
director) and are transmitted t o the other t urrets. 
The s ystem provides "automatic " and "indicating" 
control in the s ame manner as PRIMARY cont rol, 
r equi r ing similar operation of one sight setter's in­
dicator . 

Local control instruments 

T he instruments listed below a re directly asso-
c ated with the operation of the sights , but are not 
part of the sight assembly. Details of their a r range ­
ment with respect to the sight assemblies are given 
in the description of the sight. A mor e complete 
description occurs later in this chapte r. The elec ­
t r ica l circuit a r rangements, illumination, and fire 
control system s elector connections a r e described 
in chapter 15. The instr um ents are as follows : 

Sight 

T elescope Mk 66 Mod 0 
Sight Setter ' s Indicato r M K 3 Mods 2 

and 3 or 4 and 5 
Gun Elevat ion Indicator Mk 33 Mods 3 a nd 4 
Turret T r ain Indicator and T rans mitter 

Mk 37 Mods 4, 5, or 6 
Gun E levation Order T r ans mitt er Mk 2 

Mods 0 and 1 
Multiple Turret Train Indicator Mk 12 

Mods 5 or 6 
Battle Order Indicator Mk 28 
T r ain Receiver-Regulator Mk 18 Mods 5, 

6, or 7 
Elevation Receiver-Regulator MIt 10 Mod 0 

DETAILED DESCRIPTION 

16-inch Sight Mk 4 Mod 2 compr is es the right 
s ight station ass embly and the e lements of the shaft 
system of brackets, gear ing, shaftsl clutches , and 
connected parts that extend ac ros s tne tur ret to the 
left s ight s t ation and to the machiner y floor. 16- inch 
Sight Mk 4 Mod 3 comprises the left sight s tation 
assembly. The two sight s tation assemblies are 
appr oximately s ymmetrical about the longitudinal 
center line of the turret. 

Location and subassemblies . The elements and 
arrangement of the r ight sight s tation are illustr ated 
in figure 13 -2. This is typical of both stations except 

SIGHT ASSEMBLIES 

for the r ight and left positions of parts. Shafts from 
the two stations extend through the shelf plate to 
brackets on the circular girder above the pan floor, 
then obliquely forward to cross shafts rUlUling trans­
versely through t he turr et to connect the two s ight 
ass emblies . From cross shaft brackets other shafts 
extend into the gun layer's and turret train operator ' s 
compartments t o connect to elevation indicators and 
the turret trai n ope rator's handwheel b r acket. See 
f igur e 13-3 for the schematic arrangement of the 
s ystem. 

Components. The components of the Sights are 
as follows : 

Left and right sight pointer's stations 
Left and right sight traine r' s stations 
Shaft and gear box t rans mitting system 
Sight hoods 

Line-of-sight data . 

Sight positions in plan: 

Sight pointer's telescope objective, 
r ight and left of longitudinal center­
line of turret, inches . . . • . . . 

S'ght pOint er' s t elescope objective, 
rea r of t ransverse centerline of 
turret, inches . . . . . . . . .. . 

Sight trainer 's telescope objective , 
r ight and left of longitudina l centet ­
line of tur ret, inches . . . . . . . 

Sight t rainer 's telescope objective, 
forward of t r a nsvers e center line 
of turret, inches . . . . . . . . . 

239. 50 

20.0 

233.50 

36. 0 

Sight positions above plane of gun trulUlion axis: 

Sight pOinter ' s telescope objective, 
inches . . . . . . • . . . . . . . . 5.5 

Sight t rainer 's teles cope ob jective, 
inches .. ..... .... ... • 36.5 

Sight positions above plane of s helf plate: 

SIght pOinter's telescope objective, 
inches . ... ......•. . . . 54.5 

Sight t r a iner's telescope objective, 
inches .......... . 85.5 

Line-of -s ight movement limits: 

Depress ion of line of sight (includes 
200 of r oll) , deg. ...... .. 50 

Elevation of line of s ight (for 200 

of roll), deg. .. ....... 20 
Left deflection of line of sight, 

mils. . . . . . . • . . . . . . 100 
Right deflection of line of sight , 

m ils. . . . . . . . . . . . . . 175 

P oint er's s tation. The princ ipal components of 
each s ight pointe r' s station (figs . 13 -4 and 13 - 5) are 
described below. 

T elescope holder. The telescope holder (fig. 13-
5) holds the teles cope, rotates with the elevation 
bracket fo r sight angle input, a nd pr ovides ve rtical 
trunnions for deflection movement of the teles c ope . 
A s ect or gear, mounted on the inboard end of the 
castingl is driven by a pinion to move the te lescope 
holder In deflection . 

13 -3 
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Deflection gear sector and pinion . Telescope 
deflection is accomplishe d through the deflection 
gear s ector and pinion (fig . 13 - 5). Sight deflection 
input from the sight setter' s handwheel turns the 
p inion to rotate the telescope holder about its verti­
cal trunnions. 

Deflection worm and worm wheel, The sight 
deflection worm and worm whee l (fig . 13 -5) a r e part 
of the gear train between the sight defle ction ha nd­
whee l and the teles cope holder. The worm is on a 
shaft extension from the sight trainer ' s station de ­
flection input, so that both stations receive identical 
sight deflection input. 

Elevation bracket. The elevation bracket s up­
ports t he telescope holde r a nd s upplies elevation 
input. The hollow inboard shaft section of the br ack ­
et mounts the elevation wo r m arc which is driven by 

ELEVATION BRACKET CLUTCH WARN ING I 

He:JUSING 

HOUSING 

sight angle and elevation handwheel inputs. This 
portion of the bracket also encloses and supports 
the deflection pinion shaft. 

E levation wor m and arc . The sight elevation 
wo r m and worm arc drive the elevation bracket in 
e levation. The wor m is driven by the sight angle 
beve l gears which t r ansmit combined sight angle and 
pointe r 's handwheel input from the pOinter's station 
differential. A shaft from the worm also connects 
through an adjustable coupling to the sight trainer'S 
station elevation worm . 

fught pointer's station differential. The sight 
pOinter' s station differential consists of a planetary 
a rrangement of a s pider, two idler bevel gear s , a 
c ombination bevel gear, and a combination spur and 
bevel gear. These elements combine sight setter 's 
sight a ngle and sight pOinter's handwheel elevation 
to pOSition the teles copes in elevation. 

SIGHT POI NTER'S 
HANDWH EELS 

SIGHT 
POINTER'S 

FIRING KEY 

HOUSING SUPPORT 

Figure 13 -4. Sight P ointer' s Station, 16-inch Sight Mk 4, Mod 2 or 3, General Arrangement 
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Handwheel and order s halt gearing. The hand­
whee l and order shalt gearing is composed of two 
bevel gears at the handwheel s halt, a pair of bevel 
gear s t hat connect the handwheel shaft to the eleva­
tion or der shalt, and a spur gear that connects the 
handwheel shalt to the spur bevel gea r of the differ­
e ntial. These gears and shalts, as well as all others 
in the sight, are ball bearing mounted. The e leva ­
tion order shalt is connected from the handwheels t o 
the lowe r bearing sleeve by the synchronizing clutch 
and its r elated indicator gearing. 

§y!!chronizing clutch assembly. The sight point­
er's s ta tion synchronizing clutch, clutch dials , and 
clutch gear ing comprise a device fo r synchronizing 
the s ight station (sight pointer's handwheels ) with the 
gun e levation indicators at the gun layer's s tations . 
When the dials are matched, the clutch may be en­
gaged. The clutch upper jaw is located on the splined 
section of the elevation order shaft jus t below the up­
per synchr onizing dial bevel gear . The clutch lowe r 
jaw is a combination jaw, containing holes to r ec eive 
and match the different diamete r p ins of the upper 
jaw and a double bevel gear. One s ide of the double 
bevel gea r is for the synchroniz ing dial mechanism 
and the other side is for the gun elevation or der 
transmitte r. The matching dial bevel gears are shait ­
connected to wor ms and wormwheels which rotate 
their r es pective matching dials of the s ynchroniZing 
c lutch m atching dials. These dia ls are enc losed by 
the synchr onizing dial housing . Each clutch is ar ­
r anged with an indicator light and a switch in a n elec ­
trical warning light circuit (see chapte r 15) , The 
indicato r light and switch are mounted on the hand ­
wheel bracket. 

DEFLECTION 
WORMWHEEL 

SIGHT 
DEFLECTION 

BALL 
BEARINGS 

OUTPUT FROM 
TRAIN ER'S TELESCOPE 

ELEVATION 
WORM ARC 

BALL 
BEARING 

SIGHT ASSEMBLIES 

§Y!1chronizing dial hous ing. The synchronizing 
dial housing is attached t o the s tation housing support. 
It contains element s for the s upport and enclosure of 
the synchronizing dial mechanism , 

Handwheel bracket . The handwheel bracket (fig. 
13-4) s upports the handwheel shalt and the handwheel 
bevel and spur gear shaft . The bracket is attached 
to the station housing i it has a cover to enable ins pe c ­
tion and as sembly of the enclosed mechanisms . 

Hous inggp. T he housing cap (fig. 13 -4) encloses 
the felescope elevation bracket , s ight deflection gear­
ing, a nd sight elevation gearing . The cap is bolted 
to the top of the cap. 

Housi!:Jg. The hous ing contains elements for the 
support and enclosure of the handwheel, deflection, 
elevation, and sight angle shalts and gearing. Attac h­
ed t o the housing a re the hous ing cap, housing sup­
port, and various covers used in connection with the 
support , i nspection, and lubrication of the enclosed 
mechanism , 

Housing support. The housing s upport supports 
the housing, the s ynchronizing dial housing, and the 
gun elevation order transmitter. It encloses the c lutch, 
gun e levation order shaft bearings, elevation order 
transmitter gears, and s ynchronizing dial gears . An 
inspection cover provides access for service . 

Trainer's sta tion. The principal components of 
each sight trai ne r ' s station are described below. 

TELESCOPE 
HOLDER CAP 

TELESCO PE HOLDER 

BRACKET 

DEFLECTI ON GEAR PINION 

DEFLECTI ON GEAR SECTOR 

Figure 13 -5, Sight Pointer 's Telescope and Telescope Holder - Sectional View 
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Telescope holder. The telescope holder, figure 
13 -6, is s imilar to the s ight pOinter' s stat ion tele­
scope holder except that ther e is provis ion for the 
telescope to r otate within the holder about its longi ­
tudinal axis. This r otation is limited by two stops 
on the holder and can be prevented by a locking pin 
mounted on the holder cap. The holder is driven 
through a sector by a pinion on the deflection worm ­
wheel s haft. Supported by the elevation bracket, the 
holder provides a ball bearing m ount for the t elescope 
(line -of -sight elevating movement). 

Elevation bracket . The elevation bracket differs 
from the pointer's station elevation bracket only in 
the shape of the arm skirt a nd in the length of the 
shaft portion of the bracket. The skirt is cut away 
to permit motion of the telescope in elevation inde ­
pendent of the elevation bracket motion. 

Deflection and elevation movement mechanisms. 
The deflection pinion and sector, the sight deflection 
worm wheel, and the s ight elevation arc are virtually 
identical with the same parts of the sight pointer's 
station. 

§!ght trainer's station differential. The compen­
sating differential (fig. 13-3) compens ates for deflec­
tion movement of the t elescope caused by rotary 
movement of the deflection gear sector around its 
pinion in respons e to sight angle input. 

Handwheel and order shaft gearing. The hand­
wheel and order shaft gearing, enc losed and support­
ed by the handwheel bracket, connects the handwheels 

to the train order shaft. The gear system consists 
of two sets of bevel gears with a handwheel and con­
necting shaft, ball-bearing mounted on the handwheel 
bracket. 

Housing assembly. The housing cap, hOUSing, 
housing support, pedestal , and shaft enclose and 
support the various elements of the s ight trainer's 
staUon, synchronizing clutch, and sight setter' s 
indicator. Thes e parts are arranged in t he order 
mentioned from top to bottom of the s ight t rainer's 
station. The s haft guard fastens to the hous ing and 
to the pedestal by means of a bracket. The seat 
pedestal and foot rests are also attached to the ped­
estal. 

§jght ~k.§y!!chronizing c lutch assembly. The 
sight angle s ynchronizing clutch (fig. 13 -2), located 
at each sight setter's station, enables either station 
to be clutched into correct engagement with the s ight 
angle cross-shaft system. Elect rical interlocks 
described in chapter 15 prevent s imultaneous engage­
ment of both clutches . Each clutch is a 180 degree 
engagement, pos itive jaw type. The gearing arrange­
ment is shown in figure 13 -3. 

Shaft and gear box transmitting ..§~. Start­
ing at the two sight s tations, s haft s ystems (fig. 
13-3) extend down through the s helf plate and 
transversely across the turret through all gun 
girders. These s hafts transmit gun laying and tur­
ret train orders and sight angle movements into a 
series of gear brackets mounted on the gun girders. 
Outputs from these extend down to connect with 
the indicators at the gun laye r and turret t r ain 
operator's stations and to the receiver-regulators 
of the gun and turret drives. 

DEFLECTION GEAR SECTOR 

DEFLECTION SHAFT 

~--_ _ SIGHT ANGLE OUTPUT FROM 
POINTER'S TELESCO PE 

Figure 13-6. Sight Trainer's Telescope and Telescope Holder, Sectional View 
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~stem arra!)gement. The extent of the shafting 
and the locations and mountings of the gear housings 
are as follows: 

Gun elevation fro m each s ight pointe r's hand ­
whe els is transmitted by shafting down through bear­
ing bracket s to gun elevation orde r beve l gear brack ­
ets, mounted on the circular girder of the pan floor. 
From he re , shafting r uns forward to the two s ight 
angle, gun elevation, and t urret t rain order bevel 
gear housings . Each housing is mount ed, right and 
left respective ly, on the outboard gun girder. The 
gun elevation orde r c ross s haft passes transversely 
across the turret between these housings and through 
three sight a ngle and gun elevation c r oss shaft brack­
ets. These brackets are mounted on a beam above 
the pan floor. Ve rtical shafts from these bracket s 
transmit gun ~le'Vation or der s to the input shafts of 
the three gun elevation indicators. 

BLOOMER FRAME 

COLLA 

SIGHT ASSEMBLIES 

A vertical shaft transmits tu rret t rain orde rs 
from each s ight trainer's handwhee ls down through 
bearing brackets t o turret train orde r upper bevel 
gear brackets mounted on the circular girde r of the 
pan floor. From this point a horizontal s haft t rans ­
mits motion forward to the sight angle, gun e levation, 
and turret train order beve l gear housings. The tur ­
ret train order cross s haft extends transvers ely 
across the turret between these housings. At the cen ­
ter of the shaft, the turret train order s elect or clutch 
is mounted on a beam above the pan floor. From t his 
clutch, shafting extends down through bearing b rack ­
ets to the turret t rain orde r lower gea r bracket. A 
shaft runs horizontally from t his gear bracket to the 
turret train indicator and t r ansmitter . 

Sight angle is transmitted from each sight s ette r's 
indicator through bearing brackets to s ight angle bev­
el gear brackets , mounted on the circular girder. 

DOOR DPERATIN G 
MECHANISM 

DOOR 

TELESCOPE 

SIGHT HOOD 

Figure 13 -7. Sight Pointer's Sight Hood, Sectional View 
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From this point shafting extends forward to the two 
sight a ng le, gun elevation, a nd turret trai n order 
be vel gear hOUSings. The sight angle cross s haft 
extends trasverse ly across the turret between the se 
housings and through the three sight angle and gun 
e levation cross shaft brackets. Vertical s hafts 
tr nsmit motion from these brackets to the three gun 
elevation indicators. 

Turret train order selector c lutch. The turret 
train order selector clutch is a combination of two 
jaw-type clutches and a bevel gear arrangement 
which provides a mean s for selecting control from 
e ither the right or left sight trainer's station. The 
jaw-type clutches are eac h composed of a movable 
jaw, spline-mounted on its train order cross shaft, 
and a combination jaw and bevel gear, bearing­
mounted on this same train order shaft and geared to 
the s haft from the turret train order lower gear 
bracket. The two movable jaws a re fo r k positioned, 
lhe forks being connected and controlled together by 
a sector gear and spur gear on a shaft. The unit is 
manually operated by a control lever located over­
head at the train operator 's station. The control 
s haft, positioned by a lever a nd detent, provide s 
adjustment for the clutch by means of an adjustable 
coupling. 

Sight hoods. The sight hood assembly (fig. 13-7) 
comprises the sight hood, sight hood door and seal 
a s sembly, bloomer, bloomer collar and frame, and 
door operating mechanism. All s ight hood assem­
blies are similar. Each c,ight hood is mounted on the 
turre t armor ove r the sight port. Hinged to the sight 
hood is a bullet-proof steel door operated by a double 
screw and link operating mechanism which opens and 
c loses the door and secures it in either position. 
The inside face of the sight hood door is recessed 
a nd a rubber weather seal cemented in the groove, 
Wnen the door is closed, the seal bears against the 
sight hood face, effectively sealing the interior of 
the hood from the weather. The sight hood bloomer 
is s ecured by a fr ame to the armor plate. A collar 
and lashing secures it to the telescope. The bloomer 

EYEPIECE PRISM HOUSING BODY TUBE 

provides a gas and weath er seal for the opening' and 
has a slit to permit wiping of the telescope objective 
len s. 

Instruments 

The s ight optical and instrument assemblies 
attac hed and associated with the sights are the 
Ol'dnance deSignated units listed on page 13-3. 
Their arrange ment and features are described be­
low and in the r eferences mentioned. 

Te l s cope . Te lescope lV1k 66 Mod 0, figure 13-8, 
is installed in the telscope holders of all sight sta ­
tions. 

Components. Each telescope consists of the 
followi ng : 

Optical system 
Body tube and prism housings 
Eyepiec e 
Color Hlte r housing 

Op t icS. The te lescope is a prismatic , fixed 
power, s ingle eyepiece type, containing a 90 degree 
adjustable head prism, a compound objective lens, 
a crossline lens (ill the focal plane of the objective), 
an erecting len s system, a 90 degree eyepiece 
prism, and an eyepiece. The system has the follO\\,'­
ing optical charac teristic s : 

Magn ification .. 
True f ie ld . ... 
Exit pupil mm .. 
Eye distance, mm ... . .. ... . 
E yepiece adj ustment limits, 

diopters . . .. • .. 
Weight, pounds ... .. .... . . 

11. 8X 
40 15' 

5.0 
32.0 

+2 to -4 
60 

Str ucture. The opt ical system exc luding the eye 
piec e a nd color filters, is housed and sealed within 
an airtight assembly of a body tube and two prism 

OBJECTIVE PRISM HOUSIN G 

:------- LAMP SOCK ET 

COLOR FILTER 
HOUSING ;::....1-_ _ _ _ _______ COLOR FILTER KNOB 

DENSITY KNOB 

FOCUSING RING EY EGUARD 

Figure 13-8. Te lesc ope Mk 66, Mod 0, Rear View - Trainers Station 
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housings (fig . 13 -8). Two concentric cylind r ical 
seats a re provided fo r mounting the telescope in the 
t elescope holder. The objective lens is mounted on 
a double eccentric so that the optical axis of t he te le ­
s cope may be adjusted to correspond with the axis of 
the bearings. 

Illumination, The c ross line lens is illuminated 
by a n electric lamp mounted in Lamp Socket Mk 9 
Mod O. Correct illumination requires a two candle­
powe r six- to eight-volt la mp. 

Color filter. The color filter housing comprises 
a m a nually operated arrangement of four c olor filt er 
selections , designated C LEAR, RED, YE LLOW, 
and P OLARIZER. They are rotated into position by 
two knobs, the "ray filter" knob and the "density" 
knob (fig . 13-8). The latter permit s any desir ed 
degree of light transmission when t he " ray filter " 
knob is turned to ' 'POLARIZER,'' 

References. Additional data and information c on­
cerning the telescopes and thei r c ar e are published 
in OP482, First Revision, Turret Sight Optical in ­
s truments. 

Sight setter's indicator. Sight Setter's Indicators 
Mk 3 Mod 2 or 4 (right hand) and Mk 3 Mod 3 or 5 
(left hand) are located on the forward side of the 
res pective sight trainer's stations (fig, 13 -2). The 
instruments are described in OP 880, Each indicator 
receives sight angle, sight deflection, and battle or­
de r s e lectrically from the main battery fi re c ont r ol 
sys tems, and transmits sight angle and sight deflec ­
tion m echanically to the sight pOinter 's statton, the 
s ight trainer's station, and gun elevation indicator s . 
T he instrument receives sight angle and s ight deflec ­
tion from the plotting room compute r and battle 
order s from the plottiQg room battle or de r trans­
mitter. The instrument is pr ovided with handcranks 
for setting values of sight angle and deflection into 
the sights. Dials indicate sight angle, deflection, 
a nd battle orders. Dial gr aduations and limits are: 
s ight angle, 2000 to 4800 minutes; deflection, 350 to 
600 m ils . Mil ca librations a re spaced at two m ils . 
Ze r o sight angle is 2000 minutes; ze r o defle ction is 
500 mils. 

§Jght setter's clutch warni!:Jg and interlock s Y.§!­
tem. E ach sight setter's synchronizing clut ch is 
equipped with a clutch position indicator a nd inter­
lock system. This is an electrical circuit arrange ­
ment of two switches and two signal lights which in­
dicate to ea ch sight sette r the pOSition of the other 
s ight s etter's sight angle synchr onizing clutch. E ach 
s witch is mounted on the clutch case with a plunge r 
in the way of and actuated by the clutch control leve r. 
Two other switches and two solenoids a re a r ranged 
to actuate a nd control interlocking m echanis ms at 
e ach clutch. These systems are further described 
in chapter 15. 

FleXible adjustable coupling assemb ly and shaft. 
The flexible adjustable coupling assembly a nd shaft 
a r e located adjacent to the sight setter's indicator s. 
They pr ovide a means of adjusting the lines of sight 
in deflection relative to the indicators. 

SIGHT ASSEMBLIES 

Gun elevation indicator. A gun elevation indicator 
is located at ea ch gun layer's station. These instru­
ments' Gun E levation Indicator Mk 33 Mod 3 at the 
right and center gun controls and Mk 33 Mod 4 at the 
left gun control, are functionally identical. They 
ope rate to give orders for the gun layer and provide 
cor r ection to the gun response before it is indicated 
as e levation on the dials . Each receives gun eleva­
tion orders electrically fr om the controlling director 
or from the sight pointer's gun elevation order t r ans­
mitte r. When the tur ret is operating in LOC AL con­
t rol ea ch a lso rece ives gun elevation orders mech ­
anically fro m the sight pOinter's stations . For fur ­
the r details , refer to chapter 12 and to OP 854, Fi r e 
Control Equipment, Gun Elevation Indicators Mk 33 
a nd Mk 3S Mods 1 and 4; Description. 

Gun elevation or der transmitter. Gun Elevation 
Order T rans mitter Mk 2 (right hand) and Mk 2 Mod 1 
(left hand) a r e located at the sight pointer's stations . 
In LOCAL fi re contrOL, one instrument trans mits 
gun elevation order electrically to the three gun ele­
vation indicato r s. T he order is equal to the depres­
s ion of the sight pointer's sight which, in turn, equals 
t he sight angle set plus a selected value of level (di ­
rector correction). Thus the sight pointer's sight 
a cts as a local di r ector transmitting gun elevation 
order to the gun layer's gun elevation indicator. In 
SECONDARY control, the local gun elevation or der 
t r a nsmitte r in any selected turret can be switched to 
t ransmit gun elevation order to other turrets. Further 
details are given in chapter 12. 

Turret t rain indicator and transmitter. Turret 
Train I ndicator and Transmitter Mk 37 Mod 4, 5, or 
6 Is located at the turret t r ain operator. 's station in 
each tu r r et. T he ins t rument indicates train order 
a nd s hOWS, by a ze r o reader, when turret train (cor­
r ected fo r parallax) is the same as train order . It 
transmits cor rected train angle and supplies the nec­
essary correction to turret train to give the correct 
t rain angle. It also indicates the actual turret train 
wit h parallax subtracted and transmits these values 
for us e in multiple turret train indicator s , In 
SECONDARY control, these values a r e t r ansmitted 
for di r ection of other turrets. Further details are 
c ontained in chapt e r 12 and in OP 851, Turret T r ain 
Indicat or and T r a ns mitter Mk 37 Mods 0 a nd 1. 

Multiple turret train indicators. Multiple Tur r et 
Train Indicators Mk 12 Mod 5 (turrets I and II) and 
Mk 12 Mod 6 (turret m ) a re located in the turr et 
officer's compartment. They indicate as a direct 
reader and a lso as a zero reader that the turret has 
been tra ined in accorda nce with orders received . In 
turrets I and II, the indicators show the train angle 
of both turr ets so that the turret officer can control 
t rain a nd elevation to prevent interference between 
the guns of the two turrets . The direct reade r dial 
indicat es the train of the tu r ret. The zero reade r 
dial, when pointing to zero (vertical position), indi­
cates that the tu r r et is trained on the s ame target 
as the controlling director. Refer to chapter 12 for 
fur ther details, 

Battle order indicator. A Battle Order Indicator 
Mk 28 Mod 0 is located in each tu r ret officer ' s com­
partment . The instrument indicates range, deflec­
tion' and battle order s transmitted by the battle or­
der transmitter in the plotting room computer. 
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Turret train receiver -regl!lator. Train Receiver­
Regulator :MIt 18 Mod 5 (turret Il, Mod 6 (turret IT), 
and Mod 7 (turret m ) provide automatic control of 
turret train. F or a detailed descr iption of this in­
strument refer to chapte r 6. 

Gun e levation receiver-regulator. All gun e levat­
ing gears are equipped with Elevation Receiver-Regu­
lator:MIt 10 Mod O. This i nstrument provides auto­
matic control of gun laying. Refe r to chapter 5 for 
further details. 

OPERATION 

Personnel, stations 

The per sonne l pr imarily concerned in the opera­
tion of the sights are, in each right and left statton, 
the s ight s etter, the sIght trainer, and the sight 
pointer. The s ight stations are located in the for­
ward cor ners of the turret. The sight setter, at his 
position in front of the Sight, stands faCing aft. Seat­
ed on the trainer's station pedestal is the sight train­
er, the s ight pointer Sits, a lso facing forward. 

LOCAL control 

The r elation of the sight to other fire control 
equipment is defined by its function in LOCAL con­
trol. Starting with values of true compass course, 
speed, own s hip's target bearing, target angle, tar­
get speed, wind angle, wind speed, present range, 
range spot, deflection spot, nominal velOCity, and 
initial velocity, the auxiliary computer supplies 
values of sight angle and sight deflection by oral 
order to the sight setter. The sight setter (in either 
station), by setting dials on the sight setter's indi­
cator, transmits sight angle and sight deflection 
mechanically to his respective sight pointer's and 
sight trainer's stations. The sight pOinter and the 
sight trainer, in laying their sights on the target, 
develop gun elevation order and turret train order, 
respectively. The sight trainer directly controls 
the turret training gear to train the turret. The sight 
pOinte r trans mits elevation orders, electrically by 
means of gun elevation order transmitters or mech ­
anically through shafts and gears, to the gun eleva­
tion indicator of each of the three gun layers. At the 
gun elevation indicators, factors are added for ero ­
sion correction, roller path compensation, and ele­
vation s crew angularity to indicate elevation order 
and gun e levation on follow-the-pointer dials, Each 
gun layer then operates the elevating gear control to 
lay the gun by matching dials (gun elevation indicator). 

PRIMARY and SECONDARY control sight operation 

The sights are not employed in PRIMARY and 
SECONDARY fi r e control methods except for one 
sight setter. This sight setter receives orders 
electrically and operates the indicator to supply 
sight angle correction for gun eros ion. The guns 
are controlled in elevation by the gun layers and 
controlled in train by the turret train operator in 
INDICATING control. All operate by matching 
pOinters in their r espective indicators. The sight 
pOinte r s and sight trainers "s tand by." In AUTO­
MATIC operation, the gun layers and the train 
operator also "stand by. " 
13-10 

~ternative s ight oper ations 

The sight function can be accomplished in three 
ways : by the s ight s ette r, the s ight pOinter, and the 
sight trainer on the s ame s ide of the turret; by com­
binations using the sight stations on both s ides of the 
turret; or by the s ight stations in one turret acting 
through transmitters and indicators to direct other 
turret s , When us ing the s ight stations on either s ide 
of the turret, the s ight setter , s ight poi nte r , and 
sight trainer on one s ide perform t he s ight function 
entire ly independent of the other s ide. The s ight 
pointer can either follow the target continuously, 
caUSing the sight trainer's telescope to follow his 
telescope in elevation, or fi re on selected level, 
making it necessary for the sight trainer to unlatch 
his telescope and use his handgear to pos ition his 
telescope in elevation. The s ight pointer on one 
s ide can operate with the s ole purpose of keeping 
his sight trainer on the tar get in elevation while the 
sight pointer on the other s ide is fixed in elevation 
for selected level firi ng . Any te lescopes not being 
used in t he sight operation can be used for checking. 
However, in all combinations where both sides are 
used, both s ight setter's indicator s must be in 
operation. Under "director" control from one tur ­
ret to other turrets, the Sights of the controlling 
turret are used as in LOCAL control; gun elevation 
orders and turret train orders are transmitted to 
all turrets by the controlling turret's s ight s tation 
elevation order transmitter and turret train trans ­
mitter. All of these various selections and combina­
tions of sight control ope ration are made by use of 
the synchronizing clutehes (sight angle and sight 
pointer's elevation order), the turret train order 
selector clutch, the turret train operator's selector 
clutch, and the turret officer's selector s (chap. 15). 
There if' a synchronizing dial in connection with 
each synchronizing clutch which must be matched 
before engagement of the clutch. It is not intended 
to have two synchronizing clutches of the same sys­
tem engaged during operation. All clutch engage­
ment combinations are evident from the operation. 
However, note that sight angle Is supplied to the 
elevation indicators by the s ight setter on the side 
where the sight pOinter is firi ng, in all combinations. 

Qperation of the sight station differentials 

The differential at the s ight painter's station 
(fig. 13 -3) combines the sIght pointer's handwheel 
and sight angle line of sight inputs to elevate and 
depress the telescope line of s ight. The differential 
at the sight trainer's station compensates for move­
ment of the telescope in deflection due to the plane ­
tary rotation of the deflection sector around the 
pinion when the telescope 1s rotated in elevation. 

INSTRUCTIONS 

General maintenance 

Mechanisms of the class of the Sights and gun 
attachments require high mechanical accuracy and 
must have exacting care. The des igns include am­
ple provision for precise alignment adjustments and 
for retaining the adjusted position of all elements. 
The designs have virtually no backlash and are cap­
able of long service without appreciable increase in 
lost motion. These features have been attained by 
exceedingly high standards of manufacture. They' 
provide accurate s ignal transmis sion and parallelism 
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of the lines of s ight thr oughout the full range of move ­
ment. All e lements have been ve r ified by test instal­
lation, * collimation of the optical instruments, and 
check of the complete assemblies befo r e acceptanc e 
and mounting in the tu rret . Misalignments and 
mechanical e rror s (larger than thos e accepted at 
manufacture) will not develop if the assemblies are 
correctly oper ated; if they are not deranged or other­
wise damaged by misuse of shafts , brackets, and 
any other exposed parts; and if they are constantly 
serviced as prescribed by these instructions and 
the regulations of the Bureau of Ordnance Manual. 

Inspection. 

1. Keep all bracket bolts tight . Inspect for 
looseness after firing and at least once monthly. 

2. Prevent vibration stress, which will occur 
while underway, by setting up the slide securing de ­
vices a nd by s eating the centering pins . 

3. Perform bore s ight alignment check at 
least once quarterly and always before and after 
firing. 

Exercise operations. Exercis e all elements of 
the sights , tra ining gun attachments , and elevation 
gun att achments thr ough the full range of movements 
at least once weekly. 

Lubrication. 

1. Lubricate the assemblies with the lubri­
cants a nd according to the periodic f requency pre­
scribed by the lubrication charts. 

2. All pOints of s haft s upport, all gear brack­
ets , all gearing, and all moving elements of signal 
transmission and optical instruments have been pro­
vided with means for lubri cation. In many instances, 
correct lubrication is obtained only with the use of 
lubricants pr escribed on the cha r ts. This is particu­
larly important with r espect t o the internal mech­
anisms of the housings at the s ight pointer's and 
sight t raine r ' s stations. Oil is r equired at certain 
fitti ngs ; grease must not be s ubs titut ed. Lubricants 
should be applied sparingly, but r egularly. 

Preservation. 

1. When stOwing, dry out and ventilate the 
s ight hoods ; dry the objectives ; secure the move ­
ments at zero sight angle and deflection positions; 
close and secure the hood shutters. 

2. Maintain a complete record in the turret 
journal of a ll s ight mis alignments and shaft errors 
together with data as to shimming, fitting, and ad­
Justment. 

3. Obs erve the following instructions as to 
care of the optics . 

SIGHT ASSEMBLIES 

The s ight, gun attachments, and associated in­
s truments are to be operated in accordance with the 
regulations of the Bureau of Ordnance Manual and 
the instructions below. 

1. Ascertain that all parts of the signal trans­
mission system are properly lubr icated a nd that all 
shafts operate without binding or lost motion. 

2. Make sure that the sight hood doors are 
fully open to pe rmit the full visual range of the tele­
scopes . 

3. When preparing for operation, operate the 
sight painter's and sight traine r 's hand cranks 
through the full r ange of movement. 

4. The s ight setter's indicator hand crank 
mechanis ms inc lude limit stop devices. Neve r at ­
tempt t o force any crank if a restriction is encount ­
ered; check the dial and output positions and adjust 
to operate within the limit stops. 

Gun attachments. Make certain that all s hafting 
is properly lubricated and ope rates without binding 
and lost motion. 

Instruments. 

1. Be sure that all instrument dials are prop­
erly illuminated to facilitate dial readings . 

2. Train the tu r r et and elevate a nd depress 
the guns befo re firing to ve rify the adjusted settings 
of turret train, parallax, and s ight a ngle inputs at 
the roller path t ilt corr ectors , gun erosion cor rec­
tions, and parallax mechanisms of the indicator s 
and regulators. 

3. Never operate the Sights and gun attach­
ments after coupling an uncoupled s haft until the 
dials and s haft t ransmitters have been synchronized. 

Installation car e 

Telescopes . Instructions as to the care of tele­
scopes for turr et Sights ar e contained in OP 482. 
This pamphlet includes instructions for the guidance 
of optical repair ship pers onnel as to maintenance 
and adjustment of optical systems. The following 
extracts are for care of the instruments by turret 
personnel. 

1. T elescopes should be treated with the great­
est possible care, s hould not be handled unneces sari ­
ly, and should be kept clean, dry, and cover ed (door 
closed) except when in use . 

*A report of these tests , inc luding data of accepted backlash, is proVided with each turret assembly; com ­
pare with recorded data for all subsequent dial accuracy and sight alignme nt checks. It is of extre me impor­
tance that the s hafting and brackets should not be disturbed. Any deformation may alte r the adjusted positions 
of the lines of sight. An assembly that performs satisfactorily should not be disturbed. Refe r all lubrication, 
adjustme nt , and servicing of interior elements pf the elevation, train, and s ight sette r 's indicators t o fire c on ­
trol equipment maint enance personnel. These instruments must not be opened by turret personnel. Mainte­
nance care of the s ights and gun attachments includes the instructions prescribed on this page. 
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2. The object glass and the eye lens must be 
kept dry. Never touch them with the fingers . When 
necessary, clean them with drops of a lcohol and lens 
paper. 

3. Great care must be obse rved to prevent 
defo r mation of the bearing rings of the teles cope 
bearings ; keep these surfaces clean, free from 
paint, coated lightly with the pr es cribed lubr icant, 
a nd use no emery cloth or other abrasive. Always 
make bore sight sight alignment check after mount­
ing a telescope. 

4. Cleaning of exterior surfaces of th e tele­
s copes should be performed with a dry, clean cloth. 
Never use solvents, detergents, or abras ives. 

5. Eye shields should not be exposed t o the 
sun's rays , to extremes of te mperatures , nor t o 
perspiration. Remove perspiration, oil, or grease 
as s oon as pOSSible, with a clean cloth s oaked in 
gasoline . Rust should be removed by washing the 
shie ld in soapy water and r insing in fr esh water; 
such washing at frequent intervals will delay deteri­
oration. Eye shields can be made pliable by steep­
ing t hem in warm water. 

6 . Small dust particles in the fie ld of view 
(interior optical surfaces) s hould be toler ated, un­
less such dirt, fogging, or other similar defect 
ser ious ly interferes with efficient use of the instru ­
ment. C leaning, drying out, or other correction is 
to be performed exc lus ively by optical r epair s hip 
personnel. 

Shafts, coupli!Jg§, and gea rs . 

1. Shafts, couplings, a nd critica l spir al bevel 
gears a re fitted and punch marked to designate cor ­
r ect pOSition at assembly. After removal of any 
s uch parts for repair or other purpo'ses these refe r­
ence marks must be matched when reinstalling. 

2. When installing new shafts or couplings, 
fit the splines by dreSSing them down with a fine 
file to obtain a slip fit. 

3. Shafts should be installed with c learance 
between the ends of the shafts to pr event abut ments. 

4 . CoupUng bolts should be pr operly secur ed 
to prevent lost motion fr om developing in se rvice. 

5. After final adjustments have been made on 
a n a djustable coupling, secure the clamp screw to 
prese rve the adjustment. 

Adjustments 

fught alignment. The sights and gun attachments 
require periodic check and adjustment t o correct 
fo r deviations of the line of sight and fo r elimination 
or compensation of lost motion. Verification of align­
ment a nd test of dial accuracy must always be per­
for m ed before and after firing the guns . The neces­
sity for s uch checks, the r easons fo r structural and 
other changes affecting alignment, and the theory 
and method of a lignment operations are fully dis ­
cussed in OP 762, Alignment of Ordnance Installa­
tion on Board Ship; General Instructions. 

General instructions. When an alignment check 
is made, each gun must be bore sighted. When dials 
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are checked and synchronized, each gun and the 
turret must be t rammed as well as bore sighted. 
Alignment of the guns and Sights by bore sighting 
has the following objectives : 

1. To position the telescopes so that a ll in­
struments , when at zero sight angle, zero deflec­
tion' a nd zero gun elevation, have their lines of 
sight parallel to the gun bores and to each other (or, 
for s hort ranges, converge to a point at a des ignated 
range). 

2. To elevate and depress the lines of s ight 
fro m the position described in (1) , in planes per ­
pendicular to the gun t r unnion axis . 

3. To deflect the lines of sight from the posi­
tion described in (1), in planes parallel to the gun 
t runnion axis. 

4. T o obtain indicator readings corresponding 
to a ll ~n and line -of -sight positions as in (1), (2), 
and (3 ), and to synchr onize them with the electrical 
and mechanical transmitters and receivers. 

Bore sight eqillpment. The bore sight equipment 
used is a 16 -inch Bore Sight Mk 2 Mod 0 (figure 13 -
9). It comprises a teles cope, a telescope holder, 
a nd a muzzle disc. The telescope is either Teles cope 
Mit 75 Mod 0 or Telescope Mk 8 Mod 6. The tele ­
scope holder is a steel bar apprOximately 32 inches 
long. A hole at each end of the bar provides a means 
of fastening it to t he gun and a hole in the cente r is 
provided for insertion of the telescope. The alumi­
num muzzle diSC, apprOximately 16 inches in diame ­
ter, has a 1/16-inch hole bored through its center. 

Preparations for bore s~hting. Any convenient 
target ma y be used for bore sighting, such as the 
horizon, a star, or a !3pectally prepared target. 
When in port, many targets on shore are ava ilable . 
When dry-docked, a batten board target should be 
used for precise survey and verification of all line­
of-s ight motions . The batten board should be sub­
stantially constructed, with horizontal and ve rtical 
lines or wires fo r each line of sight and bore s ight. 
Small targets should be pr ovided for zero positions 
in elevation and deflection for each line of s ight and 
scales equivalent to each minute of error should be 
calibrat ed adjacent to each target. The s tructu r e 
s hould be adjusted so that the vertical and horizon­
tal lines a re respectively perpendicular a nd parallel 

MUZZLE DI SC 

~ 
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TELESCOPE 

TELESCOPE HOLDER 

F igure 13 -9 . 16-Inch Bore Sight Mk 2 Mod 0, 
General Arrangement 
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to the plane of the roller path, the tu rret being train­
ed on the batten with any roller path e r r ors compen­
s ated for as prescribed in OP 762 . T hese arrange­
m ents should be on the basis of a batten emplace ment 
located at least 200 feet from the gun muzzle. The 
b atte n board target should establish that s ight angle 
m ovements follow traces that are norma l to the gun 
s lide t r unnion axes throughout the full range of gun 
and s ight movements and that dial indications are 
without excessive lost motion errors, that is, that 
they do not indicate errors greate r than those listed 
in the sight test acceptance report. A chase-mounted 
batten (center gun) is a convenient alternative device 
for p roving the sight angle movements. 

Before bore sighting, it is essential t o inspect, 
test , service, and exercise the as semblies as fol­
lows : 

1. Examine the telescopes to see that they are 
clean, properly focused, free from parallax, a nd 
that the crosslines are clearly visible and in hori­
z ontal and vertical positions. 

2. Run the sights, at one station, thr ough full 
arcs in elevation and deflection to see that they work 
fr eely and a r e properly lubricated ; shift the clutch 
controls to the other station and repeat. 

3 . Verify that the telescope holde r (bor e sight) 
is t rue, that it has not been bent or damaged. 

4. Inspect the bore sight telescope. 

The installed arrangement of the bore sight is 
shown in figure 13-10. Installation pr ocedur e is as 
follows: 

1. Insert the muzzle disc in the gun muzz le 
with the position marked TOP uppe rmost. 

2 . Attach the telescope holder to the gun by 
m ea ns of two bolts pas sed through the holes in the 
ends of the holder and screwed into the threaded 
holes provided in the screw box liner face. 

3. Insert the telescope in the telescope holder . 

MUZZLE DISC SCR EW BOX LINER TELESCOPE 

LINER 

¥~. ----"-----' 
TUBE TELESCOPE HOLOER 

F igure 13-10. 16-Inch Bore Sight Mk 2 Mod 0, 
Installed in Gun 

SIGHT ASSEMBLIES 

Bore sighting.procedure. The procedure describ­
ed below is initiated by bore sighting the center gun 
on the selected target, verifying parallelism of each 
telescope line of sight by bringing it on the s ame tar ­
get, and checking for deviation of dial indications 
from the desired readings of 2000-minute sight angle 
and 500-mil sight deflection. This procedure is re ­
peated for each of the two wing guns. (Deviations of 
triple gun bore alignment are averaged as explained 
in OP 762. ) The operations prove alignment or er­
r or fo r zero sight angle and sight deflection only and 
enable sight system adjustment of dial indications 
and lines of sight to agree with the gun bore at that 
position only. These purposes are accomplished as 
follows : 

Man the sight pointers' and sight trainers' tele­
scopes . (Normally the turret officer takes the sta ­
tion a t the bore sight telescope with the regular 
pe rs onnel at their stations . ) Set the s ights at 2000-
minute sight angle and 500-mil deflection. Using 
one sight station, check one set of lines (horizontal 
or ve rtical) and then the other. This checking is 
done by the off ice r or man at the bore sight telescope 
calling out ''Mark :'' when on the target, with the 
others observing differences. Right, left, and verti­
cal errors of the sight telescopes are then s eparately 
adjusted at their shaft inputs until they are on the 
ta rget when "Ma rk" is given. When the adjus tments 
a re complete it is good practice for the sight pointer 
and s ight t rainer to call "Mark, "separately, so that 
the bore sight observer can see the effect of their 
adjustments. The procedure is then repeated using 
the other s ight station. Vertical and horizontal ad­
just ments of the lines of s ight established by this 
means are made as described in the following para­
graphs. 

Qj.ght movement adjustments. Inaccuracies and 
errors r evealed by the bore sight and dial checks 
are adjustable at the sight mountings and s haft inputs 
a nd outputs. The sight mountings are adjusted by 
refitting and shimm ing the sight station pedestal 
brackets and the shaft inputs and outputs by the ad­
jus table couplings provided. Telescope holder bea r­
ings and elevation brackets are not adjus table and 
must not be altered. Refitting and shimming ope r a­
tions are authorized only when sight errors are con­
firmed by precise survey (batten board bore sighting 
in drydock). F ollowing any adjustments of the sight 
system pedestals or shafts or both, the entire as­
semblies must be a ccurately rechecked and the ele­
vation indicators res et. The adjustments of the indi­
cators are described below. These include all opera­
tions incide nt to coupling a new ins tallation; readjust­
ment operations for ins talled units, to correct dial 
inaccuracies, are apparent from the routine. 

Gun elevation indicator adjustments. The follow­
ing instructions refer only to mechanical alignment 
with the sight assembly; see OP 854 for adjustment 
of other elements. When installing the gun elevation 
indicators , the units must be coupled and adjusted 
in the sequence of oper ations described in the routine 
below, particular ly observ ing the precautions speci­
fie d' 

Couplipg the elevation res ponse shaft. This shaft 
r eceives its drive from the elevating gear B-end. 
It operates a cam in the ins trument which com­
pensates for the lack of proportion between the 
trave l of the elevation lead s crew and the travel 
of the gun, s o that the dials will give true ele­
vation of the gun before additional correction is add­
ed for velocity los s and roller path compensation. 
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B efore c oupling the instrume nt t o the r e sponse gear, 
the following is necessar y: 

1. E levate the gun to 2000- m inutes (zero 
e levation). 

2. Turn the velocity loss knob until the ve loc­
ity loss dial reads zero foot-seconds ve loc it y loss . 

3. Lock the velocity loss knob. 

4 , Turn the elevation response shaft by hand 
until the angle reader dial is exactly 2000 m inutes. 
T he shaft should turn freely. 

5, Remove the lower side cover. Check the 
scribed line on the cam t or-coincidence with the 
fixed i ndex when the angle reader dials are exactly 
a t 2000 m inutes. 

6, With the gun at 2000 m inutes and the indi­
c ato r s et at 2000 minutes, the response shaft from 
t he hydra ulic unit may be coupled to the respons e 
s haft of the indicators . A micrometer is p r ovided 
t o pe r mit coupling the s haft s t ogether in their pr oper 
r e lation. 

7 , After connections ha ve been m ade, t he dial 
s hould be r echecked for 2000 m i nutes, t he indices 
should be checked for matching, the gun retrammed 
fo r 2000-minute positions, 

8, The depression stops for guns of turret II 
s hould be set at 2000 minutes to p r event damage to 
the pe r iscope located in turret I. 

C oupli!")g the sight angle input sh"ft . T his s haft 
rec e ives its drive from the sight s ette r ' s ind icator 
through connecting gearing and s hafting . The sight 
a ngle input shaft drives through a worm to a car ­
riage which operates a multiplying mechanis m. Ii 
t his input s haft is turned so that the s ight angle dial 
r ea ding is greater than 4800 minutes, serious dam ­
age to the m echanism of the inst r um e nt will result. 
Therefore, before connecting the s hafts : 

1. Set all three gun elevation indicators in the 
turret s o that all sight angle dia ls i n the upper right ­
hand corner of the ins t ruments r ead Similarly a t 
som e a ngle between 23 00 and 3000 m inutes . F o r 
purposes of desc ription, it is assumed that a ll dials 
will b e set at 25 00 minutes. 

2. Operate the right sight s etter's sight a ngle 
ha ndle , turning it to the 2000 -m inute dia l pOSition, 
and s et the index pointe r on the s witch carrier of 
t he clutch synchronizing m echanism at the equiva­
l e nt position shown on drawing numb e r 343418. 
Match the index pointer on t he cam carrie r with the 
i ndex on the switch ca rrier. E ngage the r ight sight 
a ngle s ynchr onizing clutch (the left c lutch being dis­
e ngaged and locked out by the solenoid p lunger) . 
Ope r ate t he sight angle ha ndle until t he sight angle 
dial reads 2500 minutes. 

3. Connect all sight angle s hafting bet ween 
the right sight setter's indicator a nd the three gun 
elevation indicators, the latter instruments being 
pos it i oned a s in step (1). If necess ary, fine ad ­
jus tments may be made at the microm ete r c oupling 
located in the sight angle shaft leading to each 
e levation indicator, but not at the microm eter cou­
pling locat ed in the right gun pocket on the trans­
verse s ight angle shaft . 
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4 . Check tha t the right sight setter's synchro­
nizing clutch is engaged. (The left station should 
be dis engaged and the shafts uncoupled.) Check that 
the right sight setter's indicator sight angle dia l a nd 
the sight angle dial in each of the gun elevation indi ­
cators r e ad 25 00 m inutes accurately. 

5. Disengage the synchronizing clutch at t he 
right s ight setter's station. 

6, Ope r ate the left sight setter's sight angle 
handle , turning it to the 2000-minute dial pOSition, 
a nd set t he index pointe r on the switch car rier of 
the clutch synchronizing mechanism at t he equiva ­
lent pos ition shown on drawing 343736. Match t he 
index pointer on the cam carrie r with the index on 
the switch carrie r. Engage the left sight angle 
synchroniz ing clutch, 

7. Ope r ate the sight angle handle until the 
sight a ngle reads apprOximately 2500 minutes. 

8. Connect the remaining sight angle shafting 
from the l eft c lutch to the micrometer coupling in 
the left gun pocket and the elevation indicators. 

9. Ope rate the sight angle handle at the left 
sight sette r's indicator to give exactly 2500 minute 
dial r eading . 

10. By m ea ns of the micrometer coupling in 
the left gun pocket, Simultaneously set all thr ee gun 
elevation indicator sight angle dials accurately at 
2500 m i. nutes. 

11. Verify sight angle indications as follows: 

a. Disengage t he left clutch and engage 
the r ight clutch. 

b, Set 2000 minutes sight angle and che ck 
at each gun elevation indicator. 

c. Set 4700 minutes sight angle and check 
at each gun e levation indicator. 

d. Retur n to 2000 mi.nutes sight angle ; any 
var iation of the elevation indicator readings is indica ­
tive of lost motion . Ii it exceeds plus or minus 2 
m inutes , inspect a ll gear brackets and gear housings, 
Interchanged or incorrect assembly of left and r ight 
gea r e lements of the gear train will result in accu­
mulation of error and cause serious damage to the 
indicator concerned. 

12. Disengage the right clutch and engage t he 
left c lutc h. Ve r ify m inimum sight angle errors as 
desc ribed in step (11). 

Coupli!)g the train angle input and adjusting roll­
e r path tilt c ompensation. Connect the shafting be­
tween the t r a ining gear A-end and the gun elevation 
indicato r. 

1 . T r a in the turret to some angle such as 0 
deg re es or 180 degrees and set the rolle r path az i ­
muth scale to the sam e angle before coupling the 
final shaft to the gun elevation indicators. This pro­
cedure will s ave time in making accurate adjust m e nt 
through the m ic rometer couplings. 

2. After all tra in angle shafts have been 
coupled, the gun elevation indicator rolle r path az i­
muth scale should be checked in all three indicators 
to see t ha t they agree with the train indicator . 
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3. When delivered for initial ins tal lation, all 
gun e levation indicators have the rolle r path azimuth 
s cale set at zero (zero index matching ''C , " fixed 
index), the tilt scale set at zero (the adjustable "A" 
index set on zero of the fixe d scale), and the high 
point set at 180 degrees on the 0 to 360 degree grad­
uat e d dial. When the high point and the amount of 
tilt have been determined for the turret roller path 
(refer to OP 762), adjustments are made accor ding 
to t he following steps. 

4. Remove the rectangular cover below t he 
dial cover. Use the special spanner wrench prOVid­
ed with the gun elevation indicators to remove the 
s lotted nuts. 

5 . Loosen, but do not re move, the two bolts 
(158337-7) which clamp the tilt s c ale mechanism to 
the az imuth scale (315964). 

6. By turning the worm, rotate the ''B '' index 
to th desired high point on the azimuth scale . After 
this ad justment is made, tighten the tilt s cale bolts. 

7 . To adjust the tilt scale, turn the sc rew 
(158338-8) and match graduations on scale "A" with 
the index . It is not necessary to loosen the c lamping 
guides when adjusting the tilt scale. 

8. For siml?licity in making the adjust ments 
in steps (5) and (6), the train drive s haft may be dis ­
connected at the coupling where it ente rs the instru ­
ment. This makes it possible to turn the azimuth 
scale without r otating the turret. After all a djus t ­
ments have been effected, reset the roller path azi ­
muth scale by observing the angle of train on the 
t rain indicator. 

Couplivg the gun elevation order inp_ut (mec hani ­
cal). Before coupling the input, it is first necessary 
to set the sight trainer's and sight pOinter's t ele ­
scopes at zero sight angle (2000 minutes) . If this 
position has not been predetermined, it may be ac ­
compl1shed by bore sighting or by plaCing batte ns 
on the guns. (See New York Navy Ya r d Sketch #A-
1376). 

1. After the sight painter's and sight t rainer's 
sights have been established, s tart at the right sta ­
tion and recheck the setting of sight angle and deflec ­
tion on the sight setter's indicator for zero. 

2. Engage the clutch at the right sight pOinte r's 
station . The clutch in the left sight painter 's station 
must be in neutral. 

3. Connect the shafting to the gun elevation 
indicator from the right station only. 

4. With all guns and sight on 2000 minutes, 
t ur n a ll th r ee mechanical gun elevation orde r i nput 
shafts on the gun elevation indicator s so that t he 
m echa nical follow-the-pointe r and zero-reader dials 
r ead 2000 minutes. 

5. Set the gun elevation order dials by remov­
ing the f ront cover and, using a dial wrenc h, res et 
the ze r o-reader and the high s peed me chanical follow­
the -pointer inner dial. Do not di s turb the s etting of 
the outer mecha nical elevation orde r dial. 

6. Disengage the clutch at the r ight s ight 
pOinte r ' s station. Do not disturb the s ights or 
s hafting unt il the fina l s ettings in the left s ight 
pointer' s station have been accomplishe d. 

SIGHT ASSEMBLIES 

7. Engage the clutch at the left sight pointer 's 
s tation. 

8. Check the sight setter's indicato r for 2000 -
minute reading of the s ight angle dial and for zero 
deflection on the deflection dial. 

9. Couple the s haft ing from the left s ight 
pOinte r ' s station to t he gun elevation indicator s with­
out disturbing the gun elevation order dial settings. 

10. By tur ning the micrometer coupling on the 
s haft running behind a nd parallel with the sight point­
e r 's s ight mount (120-speed s ight angle s haft, dr. 
no . 235200), bring the sight painter's and sight train­
er's telescopes simultaneous ly to 2000 minutes. 

11. Verify that a U settings fo r mechanical gun 
elevation or de r are as follows: Right sight pointer ' s 
station c lutch in neutral, sight pOinter's and sight 
t rainer's teles copes on 2000 m inutes. Sight setter's 
indicator (right station) at 2000 minutes sight angle 
a nd 500 mils deflection. Left sight pOinter's station 
clutch engaged a nd s ight pointer's and sight t r ainer 's 
t elescopes on 2000 m inutes . Sight setter's indicator 
(left s tation) at 2000 minutes sight angle and 500 
mils deflection. E levation or der dials at each gun 
e levation indicator s et at 2000 minutes. E levation 
angle dials at each gun elevation indicator set at 
2000 minutes. 

12. Check the gun order movements by operating 
to full limits in both directions fr om each station. 
If lost m otion e rrors exceed plus or minus two min ­
utes, examine the gear train for incorrect assembly. 

DISASSEMBLY AND ASSEMBLY 

Gene r al instructions 

The positions of a ll telescope mounts, gear 
hous ings , gun atta chment brackets , bea r ing brack­
ets, s hafting and couplings, and attached instrum ent s 
a re fixed by deSign. All were established at ship' s 
insta llation by t ests and bore sight alignments. Al ­
te ration of relative position of these parts m ay not 
be made. They are to be reassembled in the same 
pOSitions after a ny repair or disassembly work. 
Dismantling of any of the elements of the sight, gun 
att achments , a nd assoc iated inst ruments is to be 
discou raged. It must never be attempted except 
under super vis ion of the gunnery office r , expe rienc­
ed fir e control m en, or ho m e yard staff. Instru ­
ments attached to the assemblies may be dis mantled 
only by author ized pe rsonne l familia r with s uch opti­
ca l and fi re control equipm ent . Disassembly a nd 
reassembly of most pa rts of the sight mechanism 
and gun attachments Il. rp appa rent from the i llustra ­
tions of this text a nd the general arrangement and 
des ign detail drawings . It is particulary important to 
observe the assembled pos itions of deflection and ele ­
vating sectors and worms , and bevel and spu r gears. 
These ar e lap-fitted parts . All s uch mating parts 
s hould be pu nch m arked and tagged as r emoved. 
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Chapte r 14 

R ANG E FINDER MOUNT ASSEMBLIES 

Rangefinde r Stand Mark 52 Mod 0 

Rangefinde r Stabilize r Mark 4 Mod 1 

GE NERAL DESCRIPTION 

Turrets II and III are equipped with rangefinder 
mount equipment located and arranged at the rear of 
the turret. All installations are identical. The equip­
ment is adapted to mounting 46-foot base length in­
struments of either stereoscopic or coincidence type, 
the objectives of both types being identically housed 
in shuttered hoods with port openings. These hoods 
permit limited deflection and elevation movement of 
the lines of sight. Stereoscopic Rangefinder Mk 52 
Mod 0 is installed in the mount. 

Components 

Each rangefinder mount assembly comprises 
two assemblies: 

Rangefinder Stand Mk 52 Mod 0 
Rangefinder Stabilizer Mk 4 Mod 1 

Functional arra!.}gements 

The stand supports the rangefinder hor izontally 
in a carriage which pivots the instrument for both 
elevation and azimuth movements. The inst rument 
rotates in carriage bearings for elevation of the lines 
of sight (movement counter to roll of ship), F or azi­
muth movement, the entire carriage and instrument 
pivot in deflection through slight arcs centered at 
the m id-point of the carriage beam. Elevating move ­
ment is automatically stabilized by the rangefinde r 
stabilizer or may be manually operated by hand 
gear , The azimuth movement is manually operated, 

Limits of movement 

The stand and stabilizer designs include limit 
stop arrangements which limit instrument movement 
as follows: 

Elevation: - 30 degrees; 15 degr ees on 
each side of the horizontal 
line of sight, 

Aziml.lth: 12 degrees; 6 degrees on 
left and r ight. 

Stand and stabilizer emplacements 

The stand and the stabilizer assemblies have 
structural support arrangements in the tur ret offi­
cer's compartment. The stand is mounted on ped­
estals, the two roller path elements, r ight and le ft, 
being rigidly secured to these s tructures, The a r ­
rangements locate the rangefinder carriage t rans ­
versely at the rear of the compartment in line with 

large ports in the s ide armor plates. These two 
rangefinde r ports are enclosed by hoods bolted to 
the shield armor plate at the top rear corners of the 
tur r et. The entire stabilizer assembly is located in 
the compartment. Th ree elements, a control panel, 
a motor-amplidyne set, and a motor-alternator set 
are mounted on step brackets behind the rangefinder. 
A fourth e lement, the stabilizing unit, is secured to 
the rangefinder stand carriage. 

DETAIL DESCRIPTION 

Components. Each rangefinder stand (fig. 14-1) 
c omprises the elem ents listed below; they are de­
scribed in this chapte r in the order given. 

Rail and gUide brackets 
Carriage assembly 
Right and left bearing assemblies 
Connecting carriage beam 
Altitude mechanism 
Deflection gea r 
Locking devices 

Rail and g1,!i de brackets. The rail and guide 
br ackets a re lar ge, cast steel, arc -shaped tracks 
machined to provide a horizontal roller path upon 
which the bearing assemblies are guided in their 
azimuth motion. T he left bracket is shown in figure 
14-2. They are bolt ed at opposite sides of the com ­
partment t o structural foundations which are built i n 
the turret . An integral, annular rack segment on 
each bracket provides a fixed gear for the movement 
of 12 degrees in azimuth. Each bracket has two con ­
centric r oller paths on rails machined in a common 
plane on the top of the casting. These rails are 
arranged with ' 'holding-down'' roller paths on the 
unde rside of the inner raU, beneath the r ack. Inte­
gral positive stops which limit movement of the bear­
ing assembly a re in the outer rail spaced in the way 
of a stop bolt . 

Carri~e assembly...! The carriage assembly 
comprises a ca rriage beam, right and left bearing 
b rackets, two r oller brack ets, two bearing caps, 
bearing r ollers , and azimuth rollers. With these 
are assembled the azimuth gear, the altitude mech­
a nism, and the locking gear. 

14-1 

www.tinyurl.com/slover


OP 769 

ALTITUDE MECHANISM 
OUTPUT 

RANGEFINDER 
POINTER'S HANDWHEEL 

ROLLER BEARING 

BEARING BRACKET 

ROLLERS 

RAIL BRACKET 
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DEFLECTION 
SHAFTING 

RANGEFI N DER OPERATOR'S 
HANDWHEEL 

RANGEFINDER 
TRAINER'S SEAT 

RANGEFINDER 
OPERATOR'S SEAT 

DEFLECTION HANDWHEEL 
AND INDICATOR 

RAIL AND GUIDE BRACKET 

SHUTER OPERATING 
MECHANISM 

SHUTTER 
INTER LOCK 
ASSEMBLY 

RIGHT BEARING 
ASSEMBLY 

DEFLECTION GEAR 

Figure 14 -1. Rangeftnder Stand Mk 52 Mod 0, General Arr angement 

BEARIN G CAP BRACKET 

ROLLER ROLLER BEARINGS DEFLECTION GEAR RACK 

F igur e 14-2. Left Rail Bracket and Bearing Assembly. Sectiona l View. 
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Right and left bearipg assemblies . The right and 
left bearing assemblies provide r oller bearing sup­
port for the rangefi nder. Each as sembly has eight 
rollers located in the bottom arc of the instrument 
bearing and two rollers equally spaced in the bearing 
cap. Thus , when m,)unted in the bearings , the range­
finder is supported and r es trained in each bearing 
but is capable of frictionless rotation about its axis. 
The r angefinder bearings are r igidly attached to the 
bearing bracket by m~ans of angle brackets. 

Connectivg carriage beam. The carriage beam 
is a welded steel, box-section beam approximately 
20 feet long. It i s attached to the right and left bear­
ing brackets. The deflection shafting and the deflec­
tion drive are mounted in the beam. The deflection 
handwheel and indicator are mounted on the right 
r ear s ide. The a ltitude mechanism differential, the 
two altitude mechanism handwheels, and the stabiliz­
ing unit of the stabilizer are secured to the left rear 
side. 

Altitude mechanism. Line-Of-sight elevating 
and depressing motion (to follow the r oll of the ship), 
is produced manually through an altitude mechanism 
or automatically thr ough a stabilizer. 

RACK ----~~~~~ 

PINION 

ALTITUDE MECHANISM GEAR CASE 

SHAFTIN G 

ALTITUDE MECHANISM DIFFERENTIAL 

RANGEFINDER POINTER'S HANDWHEEL (coarse adjustment) 

RAN GEFINDER OPERATOR'S HANDWHEEL (fine ad justment) 

RANGEFINDER MOUNT ASSEMBLIES 

Manual drive. The manual mechanis m, figure 
14-3, comprises rangefi nder pointer 's and range ­
finde r operator's handwheels connected by gearing 
and shafting to a pinion and rack. The pinion is en­
closed i n a bracket mounted on the left bearing brack ­
et. The rack attaches to the rangefinder. 

Automatic drive. Elevation movement of the 
rangefinder by means of the stabilizer is described 
later in this chapter. 

Deflection gear. At the cente r of the carriage 
beam Is a handwheel -operated deflection setting and 
indicator assembly, figure 14-4. It consists of a 
bevel gear and shaft dr ive from the handwheel to 
each of two deflection drive pinions meshed with the 
respective racks of the rail and guide brackets. The 
deflection gear provides equal s imultaneous traverse 
for the two bearings, the movement being centered 
at the midpoint of the beam. 

Locking devices. Altitude mechanism and deflec­
tion gear locking devices are pr ovided for securing 
the carriage and rangefinder when not in use. 

RANGEFIN DER 

CARRIAGE BEAM 

Figure 14-3. Altitude Mechanism, General Arrangement 
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DEFLECTION SHAFTING HOUSING IN DICATOR DIAL DEFLECTION HANDWHEEL 

CARRIAGE BEAM HANDWH EEL SHA FT DEFLECTION SHAFTING 

Figure 14-4. Deflection and Deflection Indicator Dr ive, Sectional View 

PLUNGER 

14 - 4 

WORM AND 
WORMWHEEL 

DEFLECTION LOCKING 
HANDLE 

o 

DEFLECTION 
SHAFTING 

INDICATOR 

Figure 14-5. Defle ction Dr ive and Deflection Drive and Deflect ion Locking Mechanis m 

DEFLECTI O 
HANDWHEE L 

www.tinyurl.com/slover


Altitude mechanism. The r angefinder s tand does 
not include provision for locking the a ltitude m ove ­
m ent but the attached stabilizer as sembly operat es 
t o prevent movement of the instr ument in the bear­
ings when the stabilizer is secured. 

Deflection gear The deflection gear locking 
device (fig. 14 -5)i; a hand-crank mechanism with 
eccentrics and locking shafts . At zero deflection, 
these elements can be operated to thrust a plunge r 
s haft, located in each bearing bracket, into an align ­
ed hole in each rail bracket. 

Hoods. Each hood assembly, as shown in figure 
14-6, comprises a cast steel hood, cover plate , 
s hutter frame, and a bronze shutter with a shaft and 
s crew mechanism operated by a hand crank. Fitted 
fab ric sleeves secured to the rangefinder close the 
hood apertures against the admission of gas and 
weather. 

Stabiiizer 

Purpose. Rangefinder Stabilizer Mk 4 Mod 1 is 
an automatic assembly, controlled by a gyros cope 
and driven by an electric motor, which holds the 
rangefinder lines of sight horizontal. 

HOOD GAS SEAL SLEEVE 

RANGE FINDER MOUNT ASSEMB LIES 

Typ~ The stabilizer is a self - contained assem­
blyof commercia l manufacture with functional a r ­
rangement of its parts as shown in figure 14-7. E lec­
t rica l circuit arrangements and details of electric 
equipment are given in chapter 15 and in paragraphs 
below. 

Components. The stabilizer assembly comprises 
five principal units deSignated as follows: 

Stabiliz ing unit 

Rangefinde r drive 
Amplifier control panel 
Motor -amplidyne generator set 

Motor-alternator set 

Stab ilizi!}g unit . The stabilizing unit consists of 
a gyroscope unit and a power drive. It is a large 
enclosed case , mounted on the left side of the car­
riage beam, with an external flange-mounted power 
motor and an "AUTO-HAND" manual selector. 
Two manual input shafts, designated "hand drive" 
and "added hand input, " are located on one side; 
a n output shaft, common to power and hand drive, 
is locat ed on the opposite side. 

MECHANI SM 

HANDWHEEL 

COVER PLATE SHUTTER FRAME SHUTTER 
ARMOR (REA R 
SIDE PLATE) 

Figure 14-6. Hood Shutter Operating Mechanis m and Interlock 
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QYJ:oscope unit, The gyroscope unit consists of 
a gyroscope, gimbal, e recting magnet, ring gear, 
an exciting coil, and a pick-up coil, 

Q,nOSCOPb The gyroscope has a balanced rotor 
with considerable inertia, with a conducting disc 
fastened to the lower end, It r eceives power from 
the 24 - volt, 230-cycle output of the motor-alternator, 
rotating at a speed of approximate ly 13,600 revolu­
tions per minute , The gyros cope Is non-pendulous 
and is erected to a vertical position by means of an 
averaging pendulum coupled electro- magnetically 
to the gyroscope but not physically connected to it, 
The conducting disc is a shell (fo rmed of iron over 
which is spun a thin sheet of copper) in the form of 
a segment of a sphere , 

Gimbal, The gyroscope is pivoted in the gyro­
scope gimbal which, in turn, is pivoted in the pen­
dulum gimbal, The pendulum bail, to which the 
erecting magnet is attached, also pivots in the pen­
dulum gimbal, The pendulum gimbal is pivoted about 
a fixed axis in the case, perpendicular to the line of 
sight and parallel to the deck, The pendulum gimbal 
swings in a plane through the line of sight normal to 
the deck, in r esponse to acce leration of roll or pitch, 
The mean pOSition of the electro-magnet is then in a 
vertical plane normal to the line of sight. The gyro­
scope gimbal pivots about an axis per pendicular to 
the line of sight and parallel to the deck, and estab­
lishes a plane which is maintained parallel to the 
line of s ight, 

Erecting m~net, The e recting magnet is mount­
ed on the pendulum bail and excited with 100 volts 
a lternating current. If the pendulum is displaced by 
any amount from the gyros cope axis, the rotation of 
the conducting disc in the field produced by the mag ­
net causes eddy currents to flow in the conducting 
disc, The interaction of these currents with the mag ­
netic field produces a fo rce on the disc which tends 
to precess the gyroscope into line with the pendulum, 
The magnitude of this torque depends on the displace­
ment·between the gyroscope and pendulum, on the 
strength of the magnetic field , and on the speed of 
the disc (constant in this instance). As a r esult of 
this torque, the gyroscope p recesses toward t he pen­
dulum in a dead beat manner without spiralling. Thus 
the gyroscope tends to assume the average direction 
of magnetization of the elect r o- magnet . So long as 
the gyr oscope axis coincides with t he average posi­
tion of the erecting magnet the gyr oscope is acted 
upon by torques of short per iod, of which the time 
integral is zer o and which exercise a negligible 
effec t upon it. However , if the gyroscope departs 
from this position the pendulum exerts on it a torque, 
increasing with the magnitude of departur e , which 
does not average to ze r o but which caus es preces sion 
into the mean pOSition of the pendulum. 

RimLgear. The ring gear is mounted on the 
gyroscope gimbal s haft. Attached to the ring gear 
is a light leaf spring, Thls spring, when coming to 
rest against one of the two eccentric s tops located 
on one side of the gyrosc ope unit , exerts a pressure 
on the rlng gear teeth t ending to reengage the gears 
when the detent area is reached, 

PICKUP VOLTAGE 
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440-VOLT SUPPLY 

TRANSFORMER 

---- CONTROL PA NE L 

MAIN LINE 
I SWITCH 

~ROTARY 
I
CONTROL 
SWITCH 

I _~ 
- I -------.J-cON TROL FI ELD 

VOLTAGE 

PICKUP COIL 

EXCITING COIL 

440-VOLT 
POWER SUPPLY 

24-VO LT 230 CYCLE 
GY RO SUPPLY 

MOTOR ALTERNATOR MOTOR AM PLIDYNE 

Figure 14-7. Rangefinder Stabilize r Mk 4 Mod 1, Schematic ArrangemeClt 
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Exciti[lg and pick-up. coils. Secur ed to t he pivot 
shaft of the gyroscope level bail and constrained t o 
rotate with the bail is a cylindrical exciting coil ex­
cited with 100 volts alternating current. Concentric 
with the exciting coU is a pick -up coil, mounted in 
the ring gear, in which a voltage is induced propor ­
tional to the angular displacement between the axes 
of the two coils . This voltage is the input signal to 
the vacuum tube amplifier located in the control pan­
e l. The output of the amplifier is fed to the control 
fields of the a mplidyne gene rator which in turn con­
trols the powe r motor located in the stabi lizing unit. 
The voltage i nduced in the pick -up coil depends upon 
the direction and the magnitude of the rotation of the 
exciting coil. Thus, if the exciting coil is rotated 
with r espect to the cylindrica l pick-up coil, the volt­
age in the pick-up coil can be reduced t o ze ro by 
moving it the same amount and direction that the 
exciting coil has been moved. By suitable gearing, 
the power motor rotates the pick-up coil into corre­
spondenc e with the exc iting coil, thereby measuring 
and transmitting to the rangefinder the rotation of 
the gyro level bail r elative to the case . 

Powe r drive. The power drive drives the range­
finder through an adjustable fr iction clutch and 
through a gear train in the upper part of the stabi­
lize r, 

E lectric motor. The power moto r is exte rnally 
flange -mounted against the right side of the stabiliz ­
ing unit. 

CLAMPIN G STRAP RANGEFINDER CENTER LINE 

--.4l-------- -L ---

CLAM PING SEGMENT 

WOR M BRACKET 

WORMWH EEL 
ARC 

CARRIAGE 
BEAM 

ALTITUDE 
CORR ECTI ON 
DRIVE WORM 

Figure 14-8. Rangefinder Stabilizer Drive 

RANGE FINDER MOUNT ASSEMBLIES 

Motor data: 
Type ..•. 
Design features . 

P ermanent magnet fi eld 
. Hor izontally mount ed, 
di rect drive , waterproof 
enclos~re , natural draft 
ventilation 

Horsepower. 1/6 
R. P. M. 1725 
Rotation . • . Reversible 
Voltage . . . . • . . . • • • 0.75 
Ambient temperature, C . 50 
Weight , lbs • • • . • • • • • • • • .. 42 
Manufacturer •..•• Gene ra l Elect r ic Co. 
Manufacturer' s des ignation. • 5BBY47AB10 
Drawing . .• • • •.•••..... • 351101 

Adjustable friction clutch. The adjus table fric­
tion c lutch permits the power motor to r each ope rat ­
ing speed b efore s tarting to drive the gear t rain. It 
comprises a dis c, clutch plate, gear, s pring, a nd 
nut. The clutch is adjus t ed by varying the tension of 
the spring, whic h ie held in place by the nut . 

Gear train, The gear train includes a c lutch 
shiftin« mechanism, a clutch switch, a limit stop 
mechanism, and the "added hand i nput" s haft. 

Clutch shifti!}g mechanism. The clutch shifting 
lever has two positions, AUTO and HAND . When 
the lever is moved to HAND, a shifting fork disen­
gages a gear from the power moto r gear t r ain and 
meshes it with the auxiliary hand drive gear t rain. 

Clutch switch. The clutch switch is operated by 
an arm attached to the shaft of the clutch s hifting 
lever. When the leve r is turned to HAND, the switch 
de -energizes the s ystem. 

Limit stop mechanis m. The limit s top mechan­
ism is of the travelling nut s top type . The travelling 
stop is guided by a rod which rides in a rubbe r bush­
ing in the travelling stop. When the rangefinder 
reaches its limit s of elevation or depres s Ion, a pin 
on the stop strikes a dog at the end of the threaded 
shaft, The rubber bushing lessens the shock. 

'_'Added hand i!)p.ut" shaft. The powe r motor is 
geared to a 1-speed ring gear t hrough one Side of a 
differential; the othe r side of the differential is gear­
ed to the "added hand input" shaft, This shaft per­
mits correction of the line -of -sight when consider ­
ably below or above level. A friction brake, arrang­
ed to drag on a small drum, prevents the shaft from 
turning when not in use. 

~efinder drive. F igure 14-8 illustrates the 
drive attachment of the stabilizing unit output s haft 
by which the altitude movement of the rangefinder is 
controlled. It comprises a worm bracket element 
mounted on the carriage beam and a meshed worm­
wheel arc element clamped on the instrum ent . The 
speed ration of this drive , worm to i nstrument, is 
56 to 1. 

Amplifier control panel. The contr ol panel unit 
is a waterproof enclosure which contains a supply 
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t ransformer, a line switch, a n amplifier unit, a 
selenium rectifier, a selector switch, and pr otective 
fus es . It is mounted behind the rangefinde r on the 
rea r armor plate bulkhead of the gun house. 

Arra!lgements. The line switch (fig. 14 -9) con­
trolS the 440-volt supply to the motor elements of 
the two generator sets described below and to the 
s upply t ransformer. The selector switch is a 3-
position type with the positions des ignated OFF.;. 
START GYRO AND STAND BY, and ATITO. The 
amplifier is an electronic assembly which includes 
power, grid, filament, and plate t ransformers, 
power supply and stabilizing filte r capacito r s, limit 
r elays, and s ix vacuum tubes. The unit picks up 
gyr os cope oscillation Signals, amplifies the Signals , 
a nd transmits them to the field coils of the amplidyne. 
Thes e control-field voltage inputs unbala nce the gen­
erator field and provide amplidyne powe r output to 
the powe r motor as indicated below. 

Motor-amplidyJ!e generator set . The motor­
ampUdyne generator set generates the powe r outputs 
for driving the power motor of the sta bilizing unit. 
It compriSes a 3/4 horsepowe r , 440-volt , 3-phase, 
60-cycle motor driving a 1. 5- ampere , 250 -volt , 
375-watt di rect current amplidyne generator at 3450 
r evolutions per minute. It is m ounted on the rear 
armor plate bulkhead of the gun house. The unit is 
a 2-bea r ing horizontal assembly (both armatur es on 
a common shaft). The set operates (fig . 14 -7) to 
va ry power-motor input in response to cont r ol-field 
voltage changes of polarity and magnitude , t he field 
changes being derived f r om the amplified pick -up 
coil s ignals . It thus pr oduc es motor -driving current 
to level the rangefinder whenever the gyroscope gim­
bal moves in response to motion of the hull. 

T ype • . . . .. . Squirrel cage, induction 
Design features. Horiz ontally m ounted, di ­

r ect drive, semi - enclos ed 
natural draft ventilated 

Hors epower . . . 3/4 
R. P. M. s ynchr onous 3600 
R. P. M. full load. 3450 
Speed class. . . . • . . Constant 
Voltage . . . . . . • • 440 
Phases. . . . . . . . 3 
Cycles . . . . . . . . ., 60 
Ambient temperatu re, C. 500 
T orque class . . . . . Normal 
Weight, lb . . .... . • • . • .• 80* 
Manufacture r . .... . General Electric Co. 
Manufacturer's deSignation, 

motor . ............•. 5K47LC14 
Drawing . . • . . . . • . . . . • 351102 

* Includes entire moto r amplidyne 

The gener ator has field windings fo r cont rol (sepa­
rate ly excited), quadrature, compe nsating, and 
demagnetizing and Is r ated as fo llows : 

Volts (D.C. ) 250 
Amperes . 1.5 
Watts. • . 375 

Motor-alternator s et, The motor -alter nator set 
generates the high-frequency cur rent which drives 
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the gyro (fig . 14-7). It is mounted on the rea r 
a r mor plate bulkhead of the gun house. 

Data. 

Type . .... . 
Design featur es. 

Squirrel cage, induction 
Horizontally mounted, di ­
rect drive, semi-enclos ed 
natural draft ventilated 

Hor sepower . . . 1/4 
R. P. M. synchronous 3600 
R. P. M. full load. .• 3450 
Speed class. . . . • . . Constant 
Voltage . . . . . . . . 440 
Phases . . . • . . . . 3 
Cycles . . . • . . . . 60 
Ambie nt temperatur e, C. 400 

Weight, lb . . . . . . . . . . • . . .• 60* 
Manufacturer . . ..• . General Elect r ic Co. 
Manufactur er's designation .. .• 5K36HD31 
Drawing. . . . . . • . . . . . . . . . .351103 

* Includes entire motor-alternator 

The alternator 1s of the permanent magnet excited 
type and is rated as follows: 

Volts . .••. .• 24 
Cycles .. .... 230 
Watts ... .. •. 100 

Contr ols a nd interlocks 

Rangefinder controls. The r a ngefinder stand 
and stabilizer provide t he m eans of moving the range­
finder in deflection (azimuth movement) and altitude 
(e levating movement). 

Deflection gear (azimuth movement). The range ­
finde r t rainer, s eated to the right of the rangefinde r 
operator, operates the deflection gear handwheel 

Manual control. The deflection handwheel is 
m ounted on the right rear side of the carriage beam. 
Turning the wheel p r ovides a maximum movement of 
6 degrees on each s ide of a line normal to the turret 
fo re-and -aft cente r line. Mil graduations on the in­
dicator dial, directly above the handwheel, s how the 
di rection and amount of deflection setting. 

Altitude mechanis m (elevatipg movement). Eleva ­
tion or depress ion of the rangefinder is accomplis hed 
manually by handwheels or automatically by the sta ­
bilizer. 

Manual control. T he handwheels permit rapid 
altitude setting and fine adjustment between the limits 
of 15 degrees elevation and 15 degrees depression. 
This motion is limited to 15 degrees by the s t abilizer 
e lement with positive stops at 16 deg r ees in the 
rangefinde r s tand. 

Pointer' s handwheel. The pOinter's handwheel, 
mounted on the carriage bea m to the left of the point ­
er' s s eat, permits rapid movement of the rangefinder 
in elevation. 

fiiwgefinder operator 's handwheel. The range ­
finder operator' s handwheel, located to the left of 
the rangefinder operator's seat, provides a means of 
fine adjustme nt after the polnter has set the range ­
finder in elevation. 
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CONTROL PANEL AMPLIFIER 
RESISTOR OHMS WATT 

*Rl 25,000 2 
RECTIFIER R2 500,000 1 

Q SELENIUM STACK SH4AM4 R3 560 1 
R4 30,000 2 
R5 100,000 1 

STABILIZING UNIT R6 500,000 1 
RESI STOR OHM S WATT R7 560 1 

R31 1,000 1 R8 25,000 2 
R32 THYRITE R9 10,000 2 

RIO 25,000 1 
Rll 100,000 1 

AMPLIFIER R12 2,000 1 

CAPACITORS MFD VOLTS 
*R13 2,500 25 

R14 25,000 1 
Cl 01 600 R15 25,000 1 
C2 0.25 600 R16 600 4.8 
C3 1.0 600 R17 350 4.8 
C4 1.0 600 R18 6,900 12 
C5 0.1 1000 R19 2500 4.8 
C6 01 1000 R20 10,000 2 
C7 01 1000 R21 10,000 2 
C8 01 1000 R22 200 20 
C9 10.0 1000 R23 200 20 
CI0 4.0 1000 R24 100,000 1 
Cll 10.0 1000 *R25 5,000 25 

*R26 5,000 25 
*R27 5,000 25 

TUBES TYPE *R28 5,000 25 
VI 6N7 *R29 100,000 2 
V2 6N 7 
V3 5T4 RELAYS V4 6L6 
V5 6L6 Kl 3 N.C. 115 VAC. COIL 
V6 6SN7·GT K2 3 N.C. 115 VAC. COIL 

*THESE ITEMS ARE POTENTIOMETERS 

TRANSFORM ERS RATING 

Tl 
T2 
T3 
T4 
T5 
T6 

--6-
1Y 

68G418 
68G384 
68G81 
68G82 
68G79 
68G692 

60 ru -132/110/83V. PRI. 46/23 V.O.C. 46/23 V.O.C. SEC. 75 KV INS. 
60 ru - .014 KVA-1l5V. PRI. 300/150V. 300/l50V. SEC. 75 KV INS. 
60 ru - .090 KVA-1l5V. PRI. 800/400V-212 SEC. 
60 IU - 101 HENRYS - 1 AMP. D.C. - D.C. RES. 200 OHMS 
60 IU - .049 KVA-1l5V. PRI. 6.3·6.3·6.3·6.3·6.0·5.0/2 .5 SEG. 75 KV INS. 
60 ru - .300 KVA-440V. PRI. 115/100V. SEC. 

SYMBOLS 

R RESISTOR, DESIGNATED BY " R" NUMBER. 
RESISTANCE VALUE STAMPED ON RESISTOR. 

R POTENTIOMETER, DESIGNATED BY " R" NUMBER STAMPED ON CHASSIS BY 
POTENTIOMETER. RESISTANCE VALUE STAMPED ON POTENTIOMETER. 

CAPACITOR, DESIGNATED BY "C" NUMBER. 
C CAPACITANCE VALUE STAMPED ON CAPACITOR. 

TRANSFORMER, DESIGNATED BY "T" NUMBER STAMPED ON CHASSIS BY 
T TRANSFORMER TERMINALS. TRANSFORMER RATING ON NAMEPLATE ON 

TOP OF TRANSFORMER. 

TUBE, DESIGNATED BY "V" NUMBER STAMPED ON CHASSIS BY TUBE 
V SOCKET TERMINALS. TUBE TYPE STAMPED ON TOP OF CHASSIS BY TUBE. 

RELAY COIL, DESIGNATED BY " K" NUMBER STAMPED ON CHASSIS 
K BY RELAY SOCKET TERMINALS. RELAY K· STAMPED ON TOP OF 

CHASSIS BY RELAY. 

K RELAY CONTACT, NORMALLY OPEN , DESIGNATED BY " K" NUMBER TO 
SHOW WHICH RELAY COIL ACTUATES THE CONTACT. 

K RELAY CONTACT NORMALLY CLOSED. 

DRY DISK SELENIUM RECTIFIER , DESIGNATED BY " Q" . DIRECTION 
OF CURRENT FLOW DESIGNATED BY DIRECTION OF ARROW ON 

Q RECTIFIER. CURRENT FLOWS FROM YELLOW TERMINAL TO RED 
TERMINAL. RECTIFIER NUMBER STAMPED ON RECTIFIER. 

? 
I 

I 

6 
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Figure 14-9. Stabilizer Circuit, Wiring Diagram 
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Automatic control. Under automatic control the 
stabilizer unit keeps the rangefinder Hne of sight in 
a horizontal position. 

Control panel selector switch. The control panel 
selector switch has two operating pos itions, START 
GYRO AND STAND BY and AUTO. In t he START 
GYRO AND STAND BY position, the gyro and the 
erecting magnet are energized. When th rown to the 
AUTO position, the power motor is connected to 
rece ive power from the amplidyne and the plate s up ­
p ly of the amplifier is energized. 

Start-stop control. Closing the line switch, 
referred to as the start-stop control, s tarts t he 
motor-amplidyne generator set and the motor-alte r­
nator set. 

Stabilizing unit manual selector. The stabilizing 
unit manual selector has two positions, AUTO and 
HAND . In the AUTO position, the power motor is 
connected to the rangefinder drive and in the HAND 
position , the power motor is disengaged and the hand ­
wheel for manual drive is made operative. 

Ha ndwheel for manual drive. This handwheel 
p r ovides a means of emergency operation in the 
event of a breakdown. 

"Added hand input" handwheel. B y means of 
this handwheel, a vernier correction may be made 
to b ring the line of sight to the desired pos ition. 

Interlocks. There are three interlocks in the 
s tand and stabilizer: the s hutte r mecha nism inter ­
lock, the stabilizing unit clutch shifting leve r i nter­
lock, and the stabilizing unit limit stop inte rlock. 

Shutter mechanism interlock . Each s hutter 
mechanism includes an interlock device which locks 
the rangefinder stand at neutral position until the 
shutter s are opened. When the shutter handwheel 
is turned, opening the shutter, a connecting rod and 
bell crank assembly retracts a locking ba r, permit­
ting the carriage to move in deflection. 

Clutch shifting lever interlock, s tabilizLng J,lliit. 
When the clutch shifting lever is tur ned to HAND, 
the auxi liary hand drive is made oper ative. The 
c lutch switch is also operated and the syste m is de­
energized. 

Limit stop interlock, stabilizing unit. Two ad­
justable hex-headed posts are attached to and extend 
from each side of the t ravelling limit s t op . Each 
post actuates a limit switch. When t he limit s top 
"Strikes the dog at t he end of its trave l , the limit 
s witch actuated by one of the posts reve r ses t he pow­
er motor and backs the r angefinder out of the blind 
spot. 

OPERATION 

General 

The rangefinder is operated manually in deflec ­
tion and either manually or automatically in eleva­
tion. Normally, the elevating movem ent s hould be 

RANGEFINDER MOUNT ASSE MBlJES 

used automatically. However, if failure of any kind 
makes t he use of hand drive necessary, it is pre ­
fe rable t o completely shut down the equipment until 
repair s can be made. 

Manual control 

In manual control, the rangefinder trainer, oper­
ating the deflection ha ndwheel, keeps the rangefinder 
on target in azimuth. The rangefinder pOinter, using 
the pOinter's handwheel, makes the rapid adjustm ent 
necessary to elevate or depress the rangefinder line 
of s ight . The r angefinder operator then makes a 
fine adjus tme nt in elevation through the handwheel 
at his s tation. 

Automatic control 

Before s ta rting the stabilizer, the control panel 
s elector switc h must be in the OFF pOSition. The 
line switch is tur ned to ON, starting the motor ­
amplidyne ge ne r ator and the motor -alternator. The 
selector switch is then moved to START GYRO AND 
STAND BY. After t he gyro has come up to speed, 
the s tabilizing unit clutch shifting leve r is moved to 
AUTO. The control panel selector switch is turned 
to AUTO. (It requires approximately two minutes 
for the gyro to er ect itself; however, the selector 
switch may be tur ned to AUTO almost immediately 
after the gyro is ene rgized. The rangefinde r will 
wander in elevation until the gyro has reached full 
speed.) If the r angefinder is not exactly on level or 
on tar get t he r a ngefinde r operator turns the "added 
hand input" handwheel to bring the line of sight to 
the des ired pOSition. 

WARNING 

Do not attempt to move the stabiliz ­
ing unit clutch shifting lever to 
HAND while the rangefinder is in 
motion. Before shifting gears, the 
control panel s elector switch must 
be in t he START GYRO AND 
ST AND BY position. If the gears 
do not m esh easily, work the man­
ual drive handwheel back a nd forth 
until they slide in smoothly. 

To stop the stabilizer, the control panel selector 
switch is tu rned to START GYRO AND STAND BY 
or to OF F. If t he stabilizer is to be operated im­
mediately thereafte r , the switch should be left at 
ST ART GYRO AND STAND BY. This procedur e 
eliminates the necessity of the two-minute warm -up 
per iod. 

WARNING 

Neve r stop the stabilizer by mov­
ing the s tabilizi ng unit clutc h s hift­
ing lever f r om AUTO to HAND. 

INSTRUCTIONS 

Gener al maintena nce 

The rangefinder s tand should be thoroughly c lean ­
ed, inspected, and exercised at least once weekly. 

14 - 9 
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Before a ny operation, operate the locking gear, the 
shutter mechanis m, deflection gear, and altitude 
mechanism through a complete cycle. Check that all 
parts have no rmal movement and adequate lubrica­
tion. P erform the lubricating schedule as prescribed 
in chapte r 18. Lubrication of the stabilizer assembly 
is to be pe rformed only by authorized and experienc­
ed fire control equipment maintenance personnel. It 
should be checked every s ix months or before any 
period of heavy use . 

Adjustment of stabilizipg unit clutch switch 

The toggle a rm, r igidly attached to the clutch 
shaft, has a s crew and locknut on its end, perpen­
dicular to the axis of the clutch shaft. Adjustment 
is made by turning the clutch switch to AUTO, 

14-10 

loosening the locknut, and moving the screw until 
it actuates the clutch switch . Secure the screw in 
position by tightening the locknut. 

DISASSEMBLY AND ASSE MBLY 

General instructions 

All parts of the rangefinder stand may be readily 
disassembled and assembled by reference to the gen­
eral arrangement and det ail drawings. When dis ­
assembling, mark all gears , shafts, bear ings , and 
pinions for reassembly in their proper places . Dis ­
mant ling of t he s tabilizing unit is to be discour aged. 
It should only be attempted under supervision of the 
gunner y office r , experienced fire control equipment 
maintenance personnel, or home yard s taff. 
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Chapte r 15 

TURRET ELECTRICAL INSTALLATIONS 

Ordna nce Power Equipment 

Fire Control Elements 

Firing C i rcuit Mark 3 

Lighting Circ uit Mark 3 

Bureau of Ships E lect rical Systems 

GENERAL DESCRIPTION 

Turret electrical installations consist of the 
equipment and trans mission facilities for power , 
heat, ventilation, illumination, sprinkling, commu ­
nication, and fire control. Installations vary in de­
tail between various ships of the class but a ll fac il ­
ities in all turrets are of like arrangement, purpos e, 
and capacity. P ower equipment, fire control de ­
vices, portions of the firing circuit , and the ba ttle 
lighting system are e lements of Ordnance cogni ­
zance. All other wi r ing systems and attac hed fix­
tures and devices are elements of Bureau of Ships 
cognizance. Detailed desc riptions of equipment, 
the a rrangements of circuits , and instructions for 
maintenance are contained in the text and illustra­
tions of this chapter. 

Elect rical sy:stems 

Turret electrical installations c ompris e six 
main systems, which are described in the following 
s equence: 

Power system 
Fire control system 
Interior communication system 
Li.ghting system 
Magazine sprinkling system 
Turret ventilating equipment 

Turret s tructural arrangements 

The mounting a rrangements and supply services 
for the equipment of t he six electrica l systems in­
clude special turret structural details. The y are 
structural brackets, foundation platforms, a nd other 
elements that secure motors, panels, and cabinets 
in correct alignment or protect them from s hock 
vib ration or other caus es of trouble. T hey are a lso 
structural and installation details that p r otect units 
from drippings and from chafing, and that s eal, or 
isolate, or support equipment and its wire leads, 
so that trouble-free service will be assured. The 
p r incipal unit of such structural arrangements is 
the turret central column, described below. This 
column and its upper and lower wiring reces s facil ­
ities are service lead-in arrangements that are 
common to all six electrical systems. 

Turret central column, The centra l column pr o­
vides a means for routing and supporting the feeder 

cables of the powe r system and other electrical cir­
cuits between thei r fixed structure s ources and their 
r otating str ucture connections. 

Cables within the column are fleXible. They 
attach to ships! wiring at connection boxes located 
in a wiring trunk below the pivot casting at the base 
of t he column, and are r outed upward to a wiring 
r eces s at the top of the column. These arrangements 
are shown in figure 15 -1. 

All c ables are sus pended and s eparated in the 
column by an arrangement of drilled plates. These 
are the column top and bottom plates and the circu­
lar spacer blockS (fig. 15-1 ). The intermediate 
spacer blocks are of smaller diameter than the in­
side of the column . They are supported by clamps 
attached to the heavy feeder cables of the power sys­
tern, as shown in figure 15-2. This arrangement 
permits lim ited r evolving movement of the blocks 
within the column and, at the s ame time, prevents 
entanglement as the cables twist. 

The cable holes of the fixed plate at the base of 
the ce nter column, and those of the spacer blocks, 
are counte r -bored to form holes of hour-glass shape . 
They are lar ge enough to permit free s liding of the 
cables through the holes , as shown in figure 15-2. 
Sufficient slack is provided at the base of the column 
to a llow for twis ting a nd flexing of the cables when 
the turret is rotated through its training arc. 

Each cable is supported at the top by means of 
a woven-wire cable grip and supporting hooks, ar­
ranged be neath the top plate. This arrangement is 
shown in figure 15 -3. 

Above the cable grip, each cable passes through 
the top plate in a stuffing tube which is a special ­
ly packed fitting. Another stuffing tube is fitted 
at the exit hole from the wiring reces s. Both 
s tuffi ng units are similar t o the ones illustrated 
in figure 15 -4 . The cable terminal tubes and pack­
ing details of this illustration are characte ristic 
of all terminal fitting s at power panels , control­
lers , switches, and other electrical elements of 
the turret. They provide a vaporproof, watertight 
enclosure for each such unit and , in this ins tance! 
seal the wiring recess in a similar manner. Pack­
ing of the top plate stuffing tubes is not accom­
pUshed until after each cable is s upported by its 
cable gr ip. 

15-1 
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ELECTRIC DECK 

TOP PLATE 

WIRING RECESS 

SPACER BLOCK 

UPPER PROJECTILE FLAT 

~~~--!:--__ ---- SPACER BLOCK 

LOWER PROJECTILE FLAT 

\tri~~~~r-------- SPACER BLOCK 

r-....;f-------- GAS EJECTION PIPE 

POWDER HANDLING ROOM 

T c------- BOTTOM PLATE 

BASE CASTING 

Figure 15-1. Base Casting and Central Colum n 
Wiring Tube Arrangements 

15 -2 

C able and conductor details. Turret wiring 
radiating from the central column comprises an 
elaborate system of electrical cables of different 
sizes and capacities. Each cable consists of one 
or m ore insulated conductors enclosed within an 
oute r covering of tough, flexible insulation, or with­
in an insulating material sheathed by an armor cov-

ering of woven metal. 

The fl exible cables are utilized principally in 
the central column. Armored cables are installed 
throughout the r est of the turret, except when con­
nections are required to moving elements, in which 
case flexible cables are used. 

Cables of both types vary in outside diameter 
according to the number of individual conductors, 
the extent of the internal insulation, and the thick­
ness of the external covering. All cables are re­
sistant to moisture, heat, and flame. Some are 
also especially resistant to oil and abrasion. 

Cables in central column. Forty-one electrical 
cables are suspended in the central column. Of this 
total, 39 are active and two are spares. They com ­
prise four highly flexible types which are not readily 
damaged by repeated twisting and bending. The four 
types, and the prinCipal characteristics indicated by 
their designations are: 

Cable Type 

TCOP 

MHFF 

TTHFF 

MCOS 

Principal Characteristics 

Triple co nductor, oil 
resistant, portable 

Multiple conductor, heat 
and flame resistant, 
flexible 

Twisted pair, telephone , 
heat and flame resistant, 
flexible 

Multiple conductor, oil 
res istant, shielded 

Figure 15 -2. Spacer Block Arrangement for F ixed 
and Free Cables 
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DETAIL DESCRIPTION 

Power system 

T he power system consists of the electric mo­
tors , controllers, push-button stations, and powe r 
supply equipment for the turret installations list ed 
below: 

Gun elevating gear (3) 
Turret training gear 
Ram mers (3) 
P r ojectile ring drives (2) 
P a rbuckling gear drives (2) 
P rojectile hoists (3) 
P owder hoists (3) 
Rangefinder stabilizer 
Ve ntilating fan units (8) 

Figure 15 -3. C able Supporting Arrangement 

T URRET ELECTRICAL INSTALLATIONS 

TUB'~ 

GLAND RJNG PACKI NG 

CA BLE 

Figure 15-4. Stuffing Tubes. Typical Designs 
Sectioned 

The powe r system also includes 15 Calrod type T 
heate r s · and s upply circuits for Normal and Emer­
gency power to the turret's Interior Communication 
and F ire Control (IC and FC) Power Panel.· These 
power units and their respective control and supply 
sour c es are indicated in figure 15 -5. 

Main powe r supply...: Power is supplied to each 
t u r ret from the s hip' s main 440-volt, 3-phase, 60-
cycle, tw in turbo -generator units. 

Normal a nd alternate . Each turret has two 
sour ces of s upply, normal and alternate, from two 
of the four s hip 's turbo-generator units, as indicated 
in the t able below . Bus tie connections at the main 
switchboards make possible a rearrangement of 
t hese sou rc es of supply. 

Ma in Switchboard and Generator 

Turret 

I 
II 
III 

Normal 

1 
2 
4 

*Bureau of Ships cognizance 

Alternate 

2 
1 
3 
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Manual bus transfer panel. P ower supply selec ­
tion of either of the two sources is made a t the man­
ua l bus transfer panel, figu r e 15 -6. It comprises a 
large steel cabinet located in the ma chine ry com­
part ment of the upper shell handling flat, mounte d 
on floor brackets to the rear of, and facing t he cen ­
tra l column. It houses 2000 - ampere bus t ransfe r 
switch mechanisms fo r manual changeover from 
NORMAL to ALTERNATE . Two interlocked s witch 
elements, each with an external handle, a re utilized 
to effect the transfer. Each is so arranged that the 
load must be disconnected from one befor e the other 
can be closed. A small opening, immediately above 
each operating handle, reveals a m echanical ON 
and OFF indicator. Powe r available on the two 
supply circuits and connected loads ar e indicated by 
a 3 -dial light indicator described in the paragraph 
following. P ower is fed from the manual bus t r ans­
fer pa nel to five ACE type circuit breaker power 
pane ls which are described below. 

Manual bus transfer indicator. A three-dial 
light indicator is used to indicate the energlzed main 
powe r feede rs and connected load. It is located in 
the machinery compartm ent of the upper projectile 
handling f lat and is mounted at eye level on the cen­
ter gun powder hoist trunk, near the manual bus 
t r ansfe r panel. Its three vertica lly aligned glas s 
dia ls are mark ed and colored NORMAL POWER 
AVAILAB LE (green) , ALTERNATE POWER 
AV AIL~LE (red), and LOAD CONNECTED (white). 
These dIals show which source of power is available 
for operating the turret's power system and whether 
that supply is connected to the tu rret ' s load. The 
1l1dicator is a triple bull's-eye assembly in a water­
tight case. 

. . Powe r available indicator. Two single dial light 
1l1dlcators are mounted on the transverse bulkhead 
in the tur r et officer's compartment, opposite the 
turr et offIce r 's station. One indicates when the nor­
mal main power supply feeder is energized the othe r 
whe n alternate power is available. ' 

. G~n eq1!.ipment power panels. Thr ee ACB type 
CIrCUlt breaker power panels, des ignat ed as gun 
eqUIpment power panels, figure 15-7, are fed by the 
ma nual bus transfer panel. Each serves to supply 
power to the following assemblies of the respective 
guns : 

Elevating gear 
Rammer 
P rojectile hoist 
P owder hoist 
Gun chamber ventilating system 

All thr ee panels are located on the machinery 
deck in a forward compartment fo r med by bulk ­
head extensions of the left gun girder box. T hese 
panels automatically disconnect their respective 
b ranches of the power system upon prolonged or 
excessive overload. Each is set to trip when t he 
currecnt rises to 600 ampers. A switch lever in 
eac h unit permits manual cutoff of power. A small 
c ir cular window in the front cover immediately 
above the switch-operating handle reveals a mech­
a nic al indicator plate to show whether the ci rcuit 
b r eaker is open or closed. In addition, an electrical 
i ndicator, consisting of a lamp with a blue glass 
bull's -eye, located adjacent to the handle, indicates 
when the circuit breaker is clos ed. 
15-4 

Training_gear power p'anel. T he t raining gear 
power panel is of the same type as the gun equip­
ment power pa nels, but is s et to trip at 400 amperes. 
It is fed from the manual bus transfer panel and s up­
plies the training gear sys tem . The panel is located 
in the machinery compartment of the uppe r s hell 
handling flat on a long itudinal bulkhead to the left 
a nd forward of t he central column. 

Mis cella neous eq!,!,ipment Rower panel. The mis ­
cellaneous equipment panel is fed from the manual 
bus t r ansfer pane l. It is of the same type as the gun 
equipment panels and the training gear eqUipment 
pa nel previous ly des cribed, but is adjusted to cut 
out t a load of 300 amperes. The pane l is located 
in the ma chine r y deck, r ear center sector, on the 
circular bulkhead. It ser ves to supply powe r to the 
following ass emblies: 

Sump pump motors (elevating and training 
gear ) 

Project ile ring drives (upper and lower) 

Parbuckling gear (upper and lower) 

Rangefinder stabilizer 

Ventilation systems (turret officer's 
com partment and machiner y deck) 

Heating system 

F eede r distribution box Type XXXlll. T hree 
feede r distribution boxes are used to feed respec­
tive gr oups of fi ve heate rs (fifteen heate rs in all). 
Each has six fus ed single-phase branch circuits, 
inc luding a s pare circuit, and a cutoff s witch 'inte r­
locked with the door . The boxes are watertight en­
closur es and are rated at 500 volts . They a re fed 
froom the mis cellaneous eqUipme nt power pane l. All 
three a r e located in the tur r et gun house as fo llows: 

1. On right-hand bulkhead of passageway 
from turret officer's compartment to left sight sta­
tion. 

2. In center gun chamber on longitudinal 
bulkhead adjacent to gun captain's station. 

3. On left -hand bulkhead of passageway be ­
tween turret offic e r' S compartment and right s ight 
station . 

Feede r distribution box Type NNN. An unfused, 
two -branch, 3' -phase feeder distribution box is use d 
i n the supply cir cuit from the mi scellaneous equip­
ment power panel to the two ventilation groups on 
the machine r y deck. This is a watertight enclosur e 
rated at 500 volts. It is located on a diagonal bulk­
head, immediately over a hatch in the top of the 
right g,m girder box we ldment, adjacent to the cen­
ter gun captain' s station. 

Controllers. Each turret has 17 motor controlle r s. 
These serve to control s tarting and stopping of the 
various hydraulic and mechanical power drive motors . 
All controlle rs are housed in watertight stee l cabinets. 
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MOTOR CONTROLLERS 

[I] RIGHT ELEVATING GEAR 

IT] RIGHT RAMMER 

[IJ RIGHT PROJECTILE HOIST 

IT] VENTILATING SYSTEM (RIGHT GUN CHAMBER) 

IT] RIGHT POWDER HOIST 

[I] CENTER ELEVATING GEAR 

CD CENTER RAMMER 

IT] CENTER PROJECTILE HOIST 

CD VENTILATING SYSTEM (CENTER GUN CHAMBER) 

m:J CENTER POWDER HOIST 

[ill LEFT ELEVATIN G GEAR 

[IT] LEFT RAMMER 

lliJ LEFT PROJ ECTILE HOIST 

DD VENTILATING SYSTEM (LEFT GUN CHAMBER) 

m:J LEFT POWDER HOIST 

mJ TRAINING GEAR 

OD AUTOTRANSFORMER 

[KJ LUBRICATION PUMP 

[}[] ELEVATION AND TRAIN SU MP PUMPS 

[JQJ VENTILATING SYSTEM (ELECTRIC DECK) 

[E] LOWER PARBUCKLING GEAR 

em LOWER PROJECTILE RING 

ill] UPPER PROJECTILE RING 

[K] UPPER PARBUCKLING GEAR 

0[] VENTILATING SYSTEM (TURRET OFFICER'S BOOTH) 

[][] RANGEFINDER STAB ILIZER 

lIED AIR CIRCUIT BREAKER 

~ NEUTRAL START INTERLOCK 

~ BRAKE SOLENOID 

[ill FLOAT SWITCH 

EB- lOOO·WATT HEATER AND SWITCH 

~ MANUAL TRANSFER SWITCH 

CUJ FEEDER DISTRIBUTION BOX (UN FUSED) 

Ij[j FEEDER DISTRIBUTION BOX (WITH SWITCH, FUSED) 

E;3 FEEDER CONNECTION BOX 

® INDICATING LIGHT 

C2] BRANCH BOX 

® MOTOR 

• PUSH ·BUTTON STATION 

--L::J PROJECTILE HOIST BRAKE 

~ ~ TRANSFORMER 

2 

3 

7 

10 

12 

14 
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EMERGENCY 

Figure 15-5. Power System Elementary 
VViring Diagram 
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All but the training gear cont r oller are magnetic type, 
ac ross -the-line starters. The training gear contr ol­
ler is of the autot ransfor mer type . All have over ­
load, undervoltage, and short-circuit protection. 
F or s afety, each controller has an external handle­
operated disconnect device, cons isting of either a 
circuit breaker or switch, inte r locked with t he door 

TURRET ELECTRICAL INSTALLATIONS 

so that the door can be opened only afte r the handle 
has been pos itione d a t "OFF . " 

Cont r oller dat a . Data and references fo r a ll 
Bureau of Ordnanc e contro llers are given in the 
following tabulation: 

TABLE 15-1. ELECTRIC CONTRO LLER DAT 

Overload 
Undervoltagv 

Protection 
Ampere Protection Short Drop - Sea l -

Con - rating, Adjust- Normal cir cuit out ing 
troller BB fu ll able set- protec - vo lt - volt- Shock Weight Manufac- Drawing 

for Nos. load range ti ng tion age age rating lbs. turer No. 

Elevat- 61 / 64 60 80/ 95 90 675 amp 44 374 50 165 Cutler- 365736 
ing circuit Hammer 
gear b reaker 

Train- 61/ 64 355 360/440 400 None 220 372 2000 1400 Wa rd 318740 
iug Leonard 
gear 

Rammer 61 / 64 83.5 78 /95 92 675 amp 44 352 50 165 Cutler- 273545 
circuit Hamme r 
breaker 

Projec- 61/62 48 59.1/71. 0 60 400 amp 110 374 50 130 Ward 23 1756 
tile fll,",",", l eonard 
ring 63/64 48 47 . 5/58.1 52. 8 250 amp 110 374 2000 150 Ward 29388 1 

fuses Leonard 

Par- 6l/64 19.9 23.6/28 . 3 25 800 amp 110 374 150 11 0 Ward 231774 
buck - fus es Leonard 
ling 
gear 

Projec - 61/ 64 95 99. 5/134.5 113.5 AQB 50 370 150 23 5 Westing- 268589 
tile house 
hoist 

Powder 61/ 64 126 125.8/170 . 2 128 . 5 1800 amp 50 370 150 235 Westing- 274360 
hoist c ir cuit 

breaker 

Push -button stations. The push -button station 
a nd starting circuit arrangements function the s ame 
in m ost installations . (Interlocks are pa r t of the 
s tarting circuits of elevating, t raining, rammer, 
projectile r ing , projectile hOist, and powder hois t 
starting circuits .) With the safety switch closed (as ­
suming all interlocks are correctly positioned), a 
mot or may be started by pushing the START -EMERG 
button. In all magnetic type across -the -line control­
lers , this action closes the line contactor magnetic 
circuit and connects the motor directly ac r oss the 
line . In the autotransformer type of controller, for 

house 

--

the training gear motor, momentary pressing of the 
ST ART -EMERG button energizes an auxiliary line 
contactor circuit which c loses to energize a "start" 
solenoid contacto r . The start contactor then closes 
and connects the moto r to the line through the reduc ­
ed voltage tap of the autotransformer. The s tart con­
tactor, upon clOSing, starts a mechanical mercury 
timer , adjus table f rom 2 to 15 seconds, which closes 
to energiz e a s econd auxiliary contactor. Upon clos­
ing , the s econd auxiliary contactor energizes the 
"run" contactor which then connects the motor direct-
1y ac ross the line . 
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Momentary pressing of the STOP button of a ll 
controllers opens the line contactor magnetic c ir cuit 
and immediately disconnects the motor fr om the line. 
The controllers of the elevating gear, t r a ining gear , 
parbuckling gear, projectile ring, and the powde r 
and projectile hoists are pr ovided also with emer­
gency STOP switch station which function to s top 
their respective drive systems from one or more 
r emote secondary control points. All pus h -button 
master control station START -EMERG buttons may 
als o be used for EMERGENCY RUN in the event of 
a sustained overload sufficient to trip the overload 
r elay mechanism. By holding closed t he START ­
E MERG button, the overload r elay s ystem is by­
passed and the motor will cont inue to run as long as 
the button is held closed. 

Controller design arra[lgements. The specific 
function, design features, and loc ation of the various 
cont rollers and their related push-button stations 
arid interlock arrangements a r e described and illus­
t r ated in the following paragraphs: 

E levati[lg gear motor controllers . The wir ing 
a rrangements of the elevating gear motor controller 
are shown in figure 15-8. Each is a conventional, 
magnetic, across-the-line type a rranged with a man­
ually operated disconnect switch and devices pro ­
tecting the controlled motor. Each controlle r con­
trols the starting and stopping of an elevating gear 
power motor. 

The controllers for the right and cente r gun ele­
vating gear motors are located in the mac hinery 
space of the upper shell handling flat, on the r ear 

TRANSFER SWITCH 
HANDLES COVER 

CABINET 

MECHANICAL 
INDICATOR 

Figure 15-6. Manual Bus Transfer P anel 

15-6 

s ector of the ci r cular bulkhead. The controller for 
the left gun elevating gear motor is located on the 
left r ear sector of the circular bulkhead, in the ma­
chinery s pace of the upper shell handling flat. 

A circuit-breaker with a non-adjustable t r ip 
point of 675 amperes provides short-circuit pr otec ­
tion. F or other pertinent data, refer to chapte r 5 
and to the cont r oller data table of this chapter. 

The master push-button switch for each elevating 
motor controller is located at the respective gun 
layer's station on the machinery deck. Each unit is 
a watertight assembly which includes the START ­
EMERG and STOP switch mechanism, a t r ansfo r mer, 
and a pilot lIght . The transformer primary is wound 
for a 440-volt input; the secondary delive r s a 6-volt 
supply to a type TS52, 1. 5-candlepower, 6 -volt la mp 
of the pilot light. 

An em er gency STOP switch is located at each 
gun captain' s s tation to provide a means of bringing 
the gun to a qui ck stop to prevent damage to equip­
ment or personnel. The switch is a single, normal ­
ly closed, push-button t ype. Two series - connected 
neut r al start interlock s witches, in the starting cir­
cuit of the elevating motor controller, function to 

ENCLOSURE 

I ~~ 
I ~ 
~ 

MECHANICAL 
INDICATOR 

MANUAL POWER CUT-OFF IN DICATOR LIGHT 

F igure 15-7 . Gun EqUipment Power P anel 
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prevent starting when either or both the tilting box 
and the control valve are off center. The tilting box 
neut ral interlock switch is located on top of the A­
end assembly immediately forward of the neutral 
return hand lever. The control valve neutral inter­
lock s witch likewise is located on top of the A-end 
assem bly, but farther forward. Both switches are 
wate rtight, commercial type units . 

A spring-loaded power failure solenoid, located 
on the forward face of the A-end assembly, acts 
when power fails to position a blocking valve in the 
hydraulic system to bring gun m ove ment to a sudden 
s top. The s olenoid is energized by 440 volts, single­
phase, tapped from two leads of the 3-phase supply 
to the power motor. 

Training_gear motor controller. The training 
gear motor controller is located in the machine ry 
compartment of the lower projectile handling flat, 
mounted on floor brackets rea rward of and facing 
the central column. Short-ci rcuit protection is not 
included in the controller but is provided by the ACB 
type training gear power panel which supplies it (s ee 
previous description). The wiring arrangement of 
the controller is shown in figure 15 - 9. For refer-

nce data, refer to the controller data table and to 
chapter 6. 

The autotransformer associated with the train­
ing gear controller is in a separate wate r tight en­
closure , mounted on the circular bulkhead, rear­
ward of the controller. 

The master push-button switch for the t r aining 
gear controller is located at the train operato r's 
s tation on the machinery deck. It is a watertight 
u nit, identical with the master switch assemblies of 
the elevating gear control system descr ibed above. 

Two series -connected neutral star t inter lock 
switches , in the starting circuit of the training gear 
motor controller, prevent starting when either or 
both of their respective A-end actuating m echanisms 
a re off neutral. These s witches are the tilting box 
neut r a l interlock switch, located on the left side of 
the A -end housing, and the servo pilot valve twin 
micro switch assembly, located on the rear face of 
the control valve block at the top of the A- end assem ­
bly. The tilting box switch is a commercial unit. 
T he se rvo control valve switch assembly comprises 
a pair of micro switches designed and a r r anged so 
that both ar e closed only during an ext remely limited 
portion of the servo control valve movement at the 
center of its stroke. 

A s pring-loaded power-off solenOid, upon power 
cut-off, functions through a hydraulic valve to set 
spring-actuated brakes on the t r aining pinions . The 
solenoid is normally energized from the single -phase 
contro circuit supply of the controller. It is located 
in the ce nter gun pocket on the transverse bulkhead, 
immediately forward of the center oscillating bear ­
ing. 

Rammer motor controllers. The rammer m otor 
controllers ar e magnetic across -the - line type start­
ers' with a short-circuit trip set at 67 5 ampe res. 
The wi ring arrangement is shown in figure 15-10. 
F or further details, refer to chapter 10 and to the 
controller data table of this chapter . 
15 -8 

The rammer motor controllers for the right and 
center rammel'S are mounted in the machinery space 
of the lower projectile handling flat, on the rear s ec­
tor of the circular bulkhead. The controller for t he 
left ramme r is installed on the center powder ho ist 
t r unk in the lower shell handling flat. 

The mas ter push-button switch for each rammer 
controller is located at the respective l'amme r op­
er ator's s tation at the rear of each gun chamber . 
Each is a watertight, two-button type (START-EMERG 
and STOP) switch. 

A neutra l start interlock switch in each rammer 
controlle r s tarting circuit functions through a cam 
a rrangement in the power drive A-end to prevent 
starting when the tilting box is off neutral. The 
switch is located on the left side of the A-assembly 
the right rammer and on the respective right side 
of the center and left rammer (see fig. 10-6). E ach 
switch is housed in a watertight case. 

Projectile ring motor controllers. The two pro­
jectile r ing motor controllers, figure 15 - 11, are 
magnetic across-the-line type starters, with short­
Cir cuit protection provided by 400 -ampere fuses. 
The wiring arr angements are illustrated in figure 
15- 12. Othe r data is given in the controller data 
table of this chapter and in chapter 7. 

. Th.e ~ontroller for the lower prOjectile ring 
drIve IS Installed on the center powcfer hoist trunk . 
The controller for the upper prOjectile ring dr ive 
i s mounted on the right rear sector of the circular 
bulkhead enclOSing the machinery space in the up ­
pe r projectile handling flat. 

The master pUSh-button switch for each pro jec­
tile ring controller is of the conventional two-button 
water tight design and in each case is located on the 
cente r projectile hoist at the respective upper and 
lower prOjectile handling flats. Two eme rgency 
STOP switches are provided for each controller. 
They are located one on each side of the prOjectile 
handling platforms of both the upper and lower pro­
jectile handling flats. The switches are single -but­
ton, normally closed type. 

Parbuckling_gear motor controllers. The two 
parbuckl ing gear motor controllers, figure 15 - 13, 
are magnetic across -the-line type starters with 
short-circuit protection provided by 8G-ampere 
fuses . F igure 15 -14 illustrates the wiring arrange­
ment. Specification data are included in chapte r 8 
and in the controller data table of this chapter . 

T he lowe r parbuckling gear motor controlle r is 
located on t he right powder hoist trunk, in the lowe r 
prOjectile handling flat, the upper parbuckling gear 
motor controller on the right powder hois t trunk, in 
the upper prOjectile handling flat. 

The master push-button switch for each control­
ler is a conventional two-button type. It is located 
on the center projectile hoist assembly at its r espec­
tive prOjectile handling flat. Three emergency STOP 
singie push-button switches are included in the con­
t r ol circuits of each parbuckling gear motor control­
leI' . Thes e a re located on their respective lower 
and upper prOjectile handling flats at the following 
points : one on the left and one on the right projec­
tile hoist assemblies, and one adjacent to the par ­
buckling gear motor controller in the machine ry 
compartment. 
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Projectile hoist motor controllers The three 
projectile hoist motor controllers se r ve to control 
starting and stopping of their respective pr oject ile 
hoist motors. They are mounted on the forward c 
ci r cular bulkhead in the machinery space of the low­
er projectile handling flat. Short-ci r cuit protection 
is provided by a circuit breaker with trip set for 
i nstant r elease at 1350 amperes. Further data is 
inc luded in chapter 9 and in the controlle r data 
table of this chapter. 

The master push-button switch for each control­
le r is installed at the rear of each respective gun 
chamber. These switches are of the watertight, 
leve r -operated type. Two emergency s t op switches 
are provided for each hoist assembly. T hey a re of 
the normally closed, lever-operated type. T hey 

are located one at each of the lower and upper load­
ing stations of their related hoist assemblies. P r o­
jectile hoist interlock circuit QE is described later 
in this chapte r. Its wiring arr angements are shown 
in figure 15-1 5. 

P owder hoist motor controllers. The three 
powder hoist motor controllers, figure 15-16, are 
similar to the projectile hoist controllers. Each 
serves to control starting and stopping for its re­
spective powder hoist motor. The three controllers 
are mounted for ward on the circular bulkhead in the 
machine r y compartment of the upper projectile hand­
ling flat. The wiring arrangements are shown in 
figu re 15-17. Fu-rther information is included in 
chapte r 11 and the controller data table of this chapter. 

MASTER PUSHBunON STATION EMERGENCY STOP SWITCH MOTOR CONTROLLER EMERGENCY STOP SWITCH 

~~ 1~ 

'\ 

I -- . 
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, I 

I 

I~ 
~ 
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--
EME RGENCY ST OP SWITCH A-END 

MAS TER PUSHBUTTON STATION ELECTRIC MOTOR EMERGENCY STOP SWITCH 

Figure 15-11. 16-inch Projectile Ring Mk 2 Mod 0 Electrical Installation 
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The master push-button switches are the lever­
operated type. Each is located at the hoist ope ra ­
tor' s st ation, powder trunk upper end. A STOP 
switch, normally closed, is located at each hoist 
trunk lower end, at the door operator' s s tation. The 
i nterlock a r r angements of the powder hoist system 
are des c ribed on page 15 -35. 

P ower motors. The power sys t em of each tur ­
ret includes 20 motors of Bureau of Ordnance cog ­
nizance and nine motors of Bureau of Ships cogni ­
zance . Motors of Bureau of Ordna nce cognizance 
consist of three elevating gear motor s , three ele­
vating sc r ew lubricating motor s, one t r aining gear 
m otor, three r ammer motors, two projectile r ing 
motors , two parbuckling gear motors, three pro­
jectile hoist motor s , and three powde r hoist motors. 

EMERGEN Y 
STMION 

MASTER PUSHBUTTON 
STATION 

CEN TER PROJECTILE HulST 

LOWER 
PROJECTILE 

FLA T 

I::LECTR IC MOTOR 

Motors of Bureau of Ships cognizance consist of 
eight ventilating fan motors and the t r aining gear 
lubrication motor. 

All motors of the power systems are of the 440-
volt, 3-phase, 60-cyc le , squirrel - cage induction 
type. They are of normal torque with low starting 
cur rent characteris tics. The ambient temperature 
rating of each is 40 degrees centigrade. Each motor 
is provided with a waterproof enclosure and is de ­
s igned to withstand shocks of high impact. Coaling is 
provided eith er by an integral fan or by natural draft. 

Elevatipg_gea r motors. These motors are hor i ­
zontally mounted and logitudinally aligned on the 
machiner y floo r. The left gun motor is near the left 
Side , the center gun m ot or in the rear sector, and 
t he right gun motor near the right side. 

ill---::-L~ _ _ ELECTRIC CONTROLLER 

RIGHT POWDER 
HOIST TRUNK 

~. E.ME.RGEN CY STOP SI ATION 

Figure 15 - 13. Parbuckling Gear Electric Inst allations, General Arrangement 
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Training_gear motor_ The training gear motor 
is horizontally mounted and longitudinally aligned 
near the rear center of the machinery floor . 

Rammer motors. Each of the ramme r motors 
is horizontally mounted and longitudinally a ligned 
immediately adjacent to its respective rammer chain 
housing under the turret officer's compartment in 
the overhang. 

Projectile ring motors. The projectile r ing mo ­
tors are located in their respective machine ry c om ­
partments of the lower and upper projectile handling 
flat machinery compartment. In both cases they a re 
ho r izontally mounted adjacent to the left side of the 
right powder hoist trunk. 

P arbuckling gear moto r s . The par buckling gear 
motors are located in their respective machinery 

CONTA~T()R--------
.,\, . 

T URRE T E LEC TRICAL INSTALLATIONS 

compartments of the lower and upper projectile hand ­
ling fl ats. I n each case they are vertically positioned 
and fl ange m ounted at floor level near the left rear 
end of the right powder hoist trunk. 

Projectile hoist motors. The projectile hois t 
moto r s are horizontally mounted on the machinery 
floor level. The left hoist motor is longitudinally 
aligned near the left side, the center hOist motor di­
agonally a ligned in the left rear sector, and the right 
hois t motor longitudinally aligned near the right side . 

P owder hoist motors. The powder hois t motors 
are vertically positioned and flange -mounted in the 
s paces formed by the upper extensions of the gun 
girder box weldment and are immediately forward of 
the upper ends of their respective powder hoist trunks. 

BREAKER 
LEVER 

F igure 15-16. Powde r Hoist Motor Controller. Ge neral Arrangement 
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F ire control system 

The fire control system in each turret com­
prises electrical arrangements through which gun 
orders are received and transmitted and by means 
of which guns are positioned and fired, together with 
relat ed protective interlock circuits. 

Circuits. Fire control circuits, figure 15-1 8, 
and their designating symbols are listed below and 
are described in subsequent paragraphs and in chap­
ter 12. 

Symbol 

GE 
GE P 
1PA 

1R 
lVB 

lU 
CS 
CP 
RP 
QE 
Q 
QB 
QC 

Fire Control Circuits 

Circuit Name 

Gun control system 
Gun remote control system 
Gun firing system 
Ready light 
Salvo signal 
Cease firing signal 
Sight setter's clutch indicator 
Sight pointer's clutch indicator 
Projectile ring ready light 
Projectile hoist interlock 
Projectile hoist control interlocl< 
Shell latch indicator 
Powder hoist inter lock 
Rangefinder stabilizer 

Power supply. Four sources of power are avail­
able for operation of the firing circuit in the turr et. 
Two are 120-volt, 50-cycle sources, one from the 
forward and one from the after main battery contr ol 
switchboard. The third is an emergency supply from 
a 24 - volt, 100-ampere hour batteries in series source, 
located in the turret. The fourth source of power is 
for the operation of the cradle control and powder 
hoist door solenOids, and is a 117-volt, Single-phase, 
alternating current, from a 1 KV A trans for mer and 
does not go through the turret officer's control panel. 

The first and second (forward and after) power 
supplies are duplicate systems, each in turn com­
priSing two divisions with a common return; one, a 
nor mally energized supply for local (turret) firing, 
and the other, a normally open circuit which is ener­
gized only upon momentary clOSing of "director fiTe" 
contact makers. Selection of these supplies through 
the fo rwar d or after switchboards is made by a switch 
on the turret transfer switchboard. To utiliz,e either 

TU RRET III 

T URRET E LECTRI CAL INSTALLATIONS 

division of the main 120-volt supply, the turret trans­
fer s witch must be positioned to AFT or FWD and the 
tur r et officer's selective switch lever turned to A. C. 
SUPPLY. Choice of DIRECTOR or LOCAL fir:: is 
effected by the tur r et officer's selective switch knob 
with pOinter. Thus, by means of these swi tches, the 
g'uns may be fired by director fire through either the 
forward or after main battery control SWitchboards, 
or they may be fired locally by the normally ener­
gized supply from either of these fore or aft sources . 

The third supply of the firing circuit, for emer ­
gency use only, is from the 24-volt storage battery 
located in the turret officer's booth. Selection of 
this s upply is made by turning the turret officer's 
selec tive switch to BATTERY. On battery supply, 
gun firing can be effected only from the firing keys 
i n the turret. 

The fourth power supply, for the operation of 
the c r adle control and powder hoist door solenOids, 
is from a 1 KVA 440 / 117-volt, single-phase trans­
former on the intercommunication panel, located on 
the upper projectile flat. 

Components of fire control circuits. 

Multiple turret train indicator (2GE). The tur­
ret officer's instrument for advising as to the posi­
tion of own turret and other turrets is a standard 
type of multiple turret train indicator. The instru­
ment not only shows modified turret train response 
(turr et train r es ponse from which the connection for 
horizontal parallax has been removed), but also 
shows whether the turrets are following gun train 
orders . In turrets I and II, the indicators show the 
train angle of both turrets so that the turret officer 
can control train and elevation to present interfer­
ence between the guns of the two turrets. 

These ins truments are electrical receivers with 
one-speed and 35-speed synchros. Each operates a 
calibraled dial; one to show modified turret train re­
sponse and the other, a zero reader, to show the dif­
ference between the train order and modified turret 
train response. Signals received originate in own tur­
ret gun train indicator, other turret gun train indica­
tors, and gun train order transmitters in the range­
keeper or computer of the contrOlling plotting room. 

One -speed train signals are routed locally to 
provide the tu r ret position indication in all methods 
of control. But the signals used to drive the zero 

TURRET II TURRET I 

CIRCUITS 2GE, 3GE. 1VB, lR, lU, 
iPA, 51GE, 2GEP, AND 3GEP 

CIRCUITS 2GE, 3GE, IVB, lR, 
lU, IPA, 51GE, 2GEP, AND 3GEP 

CIRCUITS 2GE, 2GEP, 
1 VB, 3GE, AND 3GEP 

Figure 15-18. Fire Control Circuits. Plotting Room - Turret Connections 
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reader dials are routed to the turret fro m the con­
trolling plotting room. The latter signals are sepa­
rate signals, separately received from the tur r et 
offi cer's transfer switchboard and "mixed" in the 
36-speed differential synchro receivers. 

These instruments function in t he same way in 
all methods of turret control, provided communica­
tions are available. 

Tu r ret transfer signal indicator (5iGE ), Circuit 
51G E provides visual signals for positioning t he 
t ransfe r switches which select control circuits from 
the forward or after plotting r ooms . These visual 
s ignals comprise two 2-dial indicators, as shown in 
figur e 15-1 9, located in the tu r ret office r's compart­
m ent. They are mounted on the transverse bulkhead 
to the r ight of the right powder hoist station door. 
Supply for the system derives from the 120- volt, 
60- cyc le current at the fo rward or after IC switch ­
b oard and is controlled fr om either the forward or 
aft e r main battery control transfer signal switch 
panel in the respective main battery plotting r oom. 

Auxiliary computer (GE). Auxiliary Computer 
Mk 3 Mod 2 Is a computing and indicating mechan­
ism used by the computer operator and his talker 
to solve fi re control problems. It generates indi­
cated values of sight angle and sight deflection, bas­
ed upon three electrical inputs and 13 manual inputs. 

Inputs of own ship speed, own ship course, and 
turret train are received electrically in the instru ­
m ent. These inputs are routed to the computer 
thr ough the turret officer's transfer switchboard . 
Inputs of own ship course and own ship speed are 
der ived through controlling plot from the master 
gyro compasses and the unde rwater log transmitter, 
res pectively. The turret train input is received 
f r om the gun train indicator. 

Figure 15-19. Fire Control Transfer Signal Indicator 

15-18 

Thirteen inputs to the computer may be intro­
duced manually by the thirteen control knobs located 
on the instrument. Three of the manual inputs du­
p licate corresponding electrical inputs to provide an 
eme rgency source for these input components. These 
a re true bearing (in lieu of own ship course), own 
Ship speed, and turret train. Other inputs are: 
time, target ang le, initial velocity, wind speed, tar­
get speed, range correction, projectile, present 
range, deflection correction, and wind angle. 

Outputs of the computer are sight angle and 
sight deflection . These values are indicated on 
counters of th instrument dial face and are trans­
mitted by telephone from the computer talker to the 
sight setter . 

Gun elevation order transmitter (3GE). Gun ele­
vation signals may originate at a director or at the 
sight painter's stations in own turret or in othe r 
turrets. The gun elevation order transmitters (page 
13 - 9) transmit the signals originated in turret 
thr ought the turret transfer switchboard to gun e le­
vation indicators located at the left, center, and 
right gun layer'S stations. 

Gun elevation indicators (3GE). Gun elevation 
indicators, located at each gun layer'S station, 
receive gun elevation orders from the controlling 
director or from one of the sight pointer's gun ele­
vation order transmitters. 

Turret train indicator and transmitter (2GE ). 
The turret train indicator and transmitter, located 
at the train operator's station in each turret, re ­
ceives t r ain order signals from either the fo rward 
or after plotting rooms or from other turrets . It 
transmits parallax range and modified turret train 
response signals to the train receiver-regulator . 

Turret officer's indicator panel (1P AL(1Rt 
The turr et officer's indicator panel, figure 15-21, 
is located in the turret officer' s compartment in a 
recess of the transverse bulkhead opposite the tur­
ret office r 'S station. The panel has 15 indicator 
lights (ci rcuit 1R) and five control switches (circuit 
1PA). 

Turret officer's selective switch (IPAt(IR t, 
The turret officer's selective switch , figure 15 -20, 
compr ises two rotary switch assemblies . T he up­
per switch as sembly, controlled by a handle with a 
pOinter, is labeled DIRECTOR-OFF-LOCAL. The 
lower s witch assembly, controlled by a handle with 
a pointer, is labeled A. C. SUPPLY -OFF -BATTERY. 
By rotating these switches to their res pective posi­
tions , the turret officer may select either director 
or local fire and the source of power for energiz ing 
the gun firing circuit. 

Turret captain's indicator panel (lPALCUD ... 
An indicator panel, connected in parallel with the 
turret offic er's indicator panel, is provided at the 
turret captain's station. It has no switches but other­
wise is identical to the turret officer's indicator pan­
el' figu re 15-21. 
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Gun captain's ready switch (1PA) (lR). Located 
at each gun captain's station is a gun captain's ready 

POI 
HANDLE 

BOX 

STOP 

.,.-- ----- COVER 

Fig-ure 15-20. Turret Officer's Selective Switct. 

Figure 15-21. Turret Officer's Indicator Panel 

TURRET ELECTRICAL INSTALLATIONS 

switch (fig. 15 - 22). This switch is a two-position, 
spring return lever-operated, rotary-type unit housed. 
in a watertight case. It has an integral unlocking 
solenoid (wired into circuit 1R) which prevents the 
lever from being shifted to the opposite position un­
til this solenoid is energized, and this can only occur: 
when the gun is in battery and the breech is closed. 
One position of the lever is SAFE (meaning "safe to 
load"), and the other position is READY (meaning 
"ready to fire"). This lever is spring-returned to 
the SAFE position wile n the unlocking solenoid is 
energized. A manual PULL TO RELEASE button, 
located on the 'switch, can be pulled out to release 
the lever if the unlocking solenoid should fail to 
function. The gun captain's ready switch is arranged 
in circuit 1PA with the firing key circuit and with the 
control circuit. In' circuit 1R the switch is arranged 
with the gun elevation ready, gun ready and load in­
dicator lights, the turret officer's indicator panel, 
and the turret captain's indicator panel. The switch 
also causes the gun to return tq loading position when 
it is turned to SAFE . 

Gun elevation ready, gun captain ready, and load 
indicators (1PA) (1R). A three-dial indicator light is 
located at each gun captain's station and each g-un 
layer's station. These indicate, from top to bottom, 
respectively, gun captain ready, gun elevation ready, 
and load. The indicators are watertight enclosures 
with three glass window discs, behind each of which 
are pairs of illuminating lamps. The indicator for 
the left gun layer's or left gun captain's station is 
s hown in figure 15 -·23. The top, center, and lower 
dials for indicators at the center gun layer's and g-un 
captain's stations are marked C, C, and LOAD, re­
specti vely. Similarly, for indicators at the right 
gun layer's and gun captain's stations they are marked 
R, R, and LOAD. From top to bottom, the dials of 
the gun captain's indicators a re colored as follow s : 

Left gun captain's 
indicator - Red, blue, clear 

Center gun captain's 
indicator - Red, blue, clear 

Right gun captain's 
indicator - Red, blue, clear 

The dials of the gun layer's indicator s are color­
ed as follows: 

Left gun layer' s indicator - Blue , red, clear 
Center gun layer's indica-

tor - Blue, white, clear 
Right gun layer's indicator - Blue, green, clear 
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HA OLE RETURN SPRI G 

STOP ARM 

POSITION ING HANDLE 

I __ ----SOLENOIO 

RELE ASE KN B 

Figure 15-22. Gun Captain's Ready Switch 
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Figure 15-23. Gun Elevation Ready and 
Gun Ready Indicator 

Breech closed, recoil, and bore clear indicators 
(1 R). A second three-dial indicator light is located 
at each gun captain's station. These dials are illumi­
nated when the actions they identify occur during the 

FIRI NG 
CABLE 

GRIP 

Figure 15-24. Firing Key Mk 16 Mod 8 

TURRET ELECTRICAL INSTALLATIONS 

loading and firing cycle. A three-dial l'", coil indicator 
is also located in the turret officer's booth to indicate 
when each gun is in recoil. The dials of these indica­
i' 0 1\~ :lr' .... (' "i nr 8ci a,s follo~Ns : 

At each gun captain's station: 

Breech closed 
Recoil 
Bore clear 

At the turret officer's booth: 

Rec oil, left gun 
Recoil, center gun 
Recoil, right gun 

- White 
- Amber 
- Green 

- Amber 
- Amber 
- Amber 

Gun elevation and train ready indicators (lR). 
Gun e leva tion and train ready indicators are four­
clial light indicators located at the left sight pointer' s , 
right sight pointer's, and train operator's stations. 
Each i s a watertight enclosur e with dial lights ar ­
ranged and marked as ShOWIl in figure 15-25 . 

Firing key (lPA). A Firing Key Mk 16 Mod 8 
(fig. 15- 24) is located at each sight pointer's, at 
each gun layer's, and at the tr ain operator's station. 
The key serves as a means of closing the firing cir­
cuit to fire the guns when control is given to a par­
ticular station . The keys are designed in pistol-grip 
form with a spring-loaded, trigger-type contact 
maker . Ea ch key is waterproof with the path of 
trigger m ovement protected by a flexible leather 
diaphr agm . A latch i s provided to hold the t r igger 
clos ed for director -controlled fire. 

Sight s ette r's indicator. A sight setter's indica­
tor i s located at each sight station in each turret. 
Each indicator functions to receive sight angle, 
s ight deflection, and battle orders electrically 
through circuit GE. It transmits sight angle and 

Figur e 1 J - 25. Gun Elevation and 
Train Ready Indicator 

-
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s ight deflection mechd.l1lcally to the sight iJ oirrll:l" s 
s tation, sight trainer's station, and gun elevation 
indicators. 

Train ready indicator. A train ready indicator, 
figure 15-26, is located at each right and left sight 
trainer's station. The indicators are illuminated by 
the foot-operated ready switches of the sight trainers 
and the train operator. 

Bore clear switch (lR). The bore clear switch 
(fig. 15-25A) is a momentary contact unit, with a 
spring-loaded pushbutton, located within reach of 
each gun captain. The main body of the switch is 
mounted on the opposite side of the bulkhead, and 
only the mushroom head of the button extends through 
to the gun captain' E Etation. The bore clear switch 
is arranged in the 1R circuit to manually, initially 
energize the bore clear relay, and to light the gun 
captain's bore clear light; but it can close this relay 
circuit only after the gun captain has positioned Ilis 
ready switch to SAFE. After thiE condition has been 
met, then, when the gun captain haE verified the 
bore clear condition of the gun barrel, the bore clear 
Ewitch is depressed momentarily to energi.ce the 
bere clear relay, thereby releaEing the cradle for 
lc weriw;. 

Foot-oPen teG t eddy switch (IR) . Figure 15-2,'1 
illustrateE a foot-operated switch, six of which are 

IS-·20B 

arranged in circuit 1R at the following stations: 

Left gun layer 
Center gun layer 
Right gun layer 
Left sight trainer 
Right sight trainer 
Train operator 

TERMINAL 
BLOCK 

111'1 

..,..-,.,./----I.- ------A"Jl1".' 

\,-:1 SWITCH ACTUATOR 

Figure 15-25A. Bore Clear Switch. Cutaway View. 
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These switches illuminate GUN ELEVATION READY 
and TRAIN READY indicators, respectively, at vari­
ous stations. 

Salvo signal control (1 VB). Salvo s igna l control, 
cir cuit 1 VB , consists of buzzer -type horns and con­
tact makers. It provides a warning to turret pe rson­
nel when the guns are to be fir ed. 

Turret officer's transfer switch (1 VB). The tur­
ret officer's transfer switch, figur e 15 -28, i s a sin­
gle pole, double throw, snap switch. It i s mounted 
in the turret officer's compartment over the door to 
the center gem chamber. The switch has two posi­
tions, LOCAL and DIRECTOR, providing selection 
of salvo signal source. 

Cease £iring contact maker (IU) . The cease fir­
ing s ignal circuit can only be closed from a director 
station outside the turret. The five contact makers 
used in the circuit are located in the forward and 
a ft e r plotting rooms, the forward and after main 
battery director s, and in the fir e control s ta tion. 

Figure 15-26. Train Ready Indicator 

Figure 15-27. Ready Sw!tch, Foot-Operated 

TURRET ELECTRICAL INSTALLATIONS 

NAMEPLATE SHAFT 

Figure 15 -28. Tur ret Officer's Transfer Switch 

Figure 15 -29. Sight Setter's Clutch Warning Indicator 
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THIS ILLUSTRATION WILL BE SUPPLIED AT A LATER DATE. 

Figure 15 -30. T urret Fire Control Ci rcuit GE. Isomat r lc Diagram 
15 - 22 
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Da!}ger sector indicator (Q§). A danger sector 
indicator, circuit DS , is located at each gun captain' s 
station and in the turret Officer's compartment . 
These indicators are illuminat ed whenever a gun's 
line of fi re closely approaches own s hip 's st ructure. 

Sight sette r' s clutch indicator (CS) . The sight 
seUer 's clutch indicator , figur e 15 -29 , is a two - dial 
indicator with red and green glass dials. The indi­
cators , mounted at each s ight s etter 's s ta tton, show 
the r elative positions of both sight s etter's c lutches . 

P Ointer's clutch indicator (CP ). The pOinter's 
clutch indicator is a single -dial indicator with red 

SYNCHRO POWER 
INDICATO R 
(CE NT ER GUN CAPTAIN) 

TURRET 
TRANSFER 
SW ITCH 
PANEL 

SYNCHRO POWER 
INDICATOR 
(RIG HT GU N CAPTAIN ) 

LEGEND 

CONNECTION BOX 
(20-WIRE) 

RECEI VER-REGU LATOR 

SELECTOR AN D SYNCHRO 
FAI LU RE VALVE 

(GEP]1I INDI CATOR 

TO 
CIRCU IT 

1 R 
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glass dial, marked CLUTCH WARNING LIGHT. It 
provides a warning to the operat or when t he opposite 
sight pOinter's clutch is engaged. 

Emergency alarm contact maker . Eme r gency 
alarm contact makers a re located throughout the 
turret. They function to operate sirens which warn 
turret personne l of danger or serious damage in 
the turre t. 

Circuit GE . Ci r cuit GE is the turret indicating 
control circuit that functions t o t ransmit elect r ic 
signals that indicate gun orders . Its extent within 
each turret is s hown by the diagra m of figure 15 - 30. 

SYNCHRO POW ER INDI CATOR 
(LEFT GUN CAPTAIN) 

SHELF LEVEL 

TO CIRCUIT lR 

ELEVATIOI 
RECEIVER -R EGULATOR 

) (LEFT GUN I 

El.ECTR IC DECK 

TRAIN 
REC EIVER-R EGU LATOR 

ELEVATI ON 
RECEIVER -R EGU LATOR 

(RIGHT GUN) 

j lClj~UIT 
TO FORWARD TO AFT ELEVATION 

RECEIVER-REGU LATOR 
(CENTER GUN) 

MAIN BATTERY MAIN BM TE RY 
SWITC HBOARD SWITCHBOAR D 

F igure 15 - 31. Turret F ire Control Circuit GEP. Is omet r ic Diagram 
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This circuit connects the electrical elements of 
the following fire control instruments. 

Auxiliary computer 
Multiple turret train indicator 
Gun elevation order transmitter 
Si ght setter's indicator 
Gun elevation indicator 
Turret train indicator and transmitter 
Rangefinder range transmitter 

esc and ass signals. Own ship's course and 
own ship's speed signals energize indicating syn­
chr os in the auxiliary computer in the turret offi­
cer 's compartment. Rotary transfer switch 14B on 
the turret transfer panel provides selection of sig­
nal source from the forward or after plotting room. 

Ra!}ge signals. Range signals a r e fed to the par­
a llax range receiver-indicator synchro in the t r a in 
i ndicator and transmitter through turret transfer 
switch 14A. Circuits for the range mark contact 
m aker, the observed rnage synchro, and the range 
plotted signal (turret rangefinder) are routed through 
switch 13A in the turret transfer panel. 

Elevation (indicati!}gt§ignals. Gun elevation or­
der signals are fed through turret transfer switches 
to the indicating synchros of the gun elevation indi­
cators located at the left, center, and right gun 
layer's stations, and from the local sight elevation 
synchros of the gun elevation transmitt e r s at the 
left and right sight stations. The signals to the gun 
elevation indicators have their energizing supply 
f r om t he forward or after main battery switchboards 
or from either of the other turrets. Selection is 
controlled by transfer switch 7A. Energizing sUPllly 
for the transmitted signals from the synchros of 
both sight pOinter's gun elevation transmitters are 
s e lected by switch 12 for operation via either or both 
of t he other turrets. 

Gun train order signals. Train order signal 
switching is more complex than required for pre­
viously described circuits since provision is made 
to connect the output signal of the tur r et train trans­
mitter to either the forward or afte r plotting room , 
to either or both of the other turrets in combination 
with own turret auxiliary computer, or to own tur­
ret auxiliary computer alone. Selection is made 
thr ough switch 3 on the turret transfer switchboard . 
The energizing signals for the indicating synchros 
of the turret train indicator can be selected from 
any of four sources, forward or after main battery 
s witchboards or either of the other turrets, selec­
tion being made by turret transfer switch 1. The 
train r eceiver synchro signals of the auxiliary com­
puter can be selected from any turret by switch 5 on 
the turret transfer switchboard. 

..§ght angle and deflection signals. Sight angle 
and deflection signals are transmitted t o indicating 
synchros in both the right and left sight setter's 
s tations from either the forward or after plotting 
r oom through switches 13 and 15 on the tu r r et trans­
fe r switchboard. Additional switching facilities pr o­
Vide for paralleling the similar synchros of both 
sight setter's indicators. 

15 -24 
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Multiple turret train indicator signals. Multiple 
turret train indicator signals are routed through tur­
ret transfer switches 2 and 6 in turrets I and II; 
they are selected by switch 4 in turret m. 

Control transfer signals. Control transfer sig­
nals are given by the turret transfer signal indica ­
tor. The indicating lights show which plotting room 
is in control. The circuits are controlled in the 
plotting rooms. 

Circuit GEP. C ircuit GEP is the ship's main 
battery automatic control circuit. Its extent within 
the turret is shown in figure 15-31. The Circuit 
comprises the branch circuits and the selective 
switching arrangements through which the synchro 
motors of the receiver-regulators are energized. 
All turret wires and terminal connections are iden­
tified in figure 15-32. 

Gun elevation order signals. Gun elevation order 
signals are fed through a turret transfer switch 5B 
from the forward or after plotting rooms , from 
either of the other turrets or from own turret gun 
elevation transmitte r. 

Train order signals . Train order signal switch­
ing arrangements prOvide for energizing the supply 
to the turret train receiver-regulator synchro from 
the fo rward or after plotting room, or from either 
of the other turrets. 

Firing circuit (I P A). Circuit 1PA is the electric 
gun fi r ing system. It is an extensive system consist­
ing of Bureau of Ships and Bureau of Ordnance instal­
lations or components. It extends from the plotting 
rooms and directors to the turrets as indicated in 
figure 15-33. 

Circuit description. Circuit IPA provides a 
means for firing the guns electrically, either indi­
vidually or in salvo, and either from one of the direc­
tors or locally from one of the stations within the 
turret. It is a series type, ground return system 
with firing keys, a delay coil, switches, firing trans­
forme r, storage battery, sub -caliber relays, and 
appropr iate wiring. The circuit components are 
elements of several of the switches and panels de­
scribed in preceding text together with other Bureau 
of ShipS equipment and subassemblies of Firing Cir­
cuit Mk 3 Mod 0, all as listed below. 

Turret officer's selective switch 
Turret officer's indicator panel 
F iring transformer 
Storage battery 
Firing keys 
Firing delay coil 
Danger sector switches 
Sub-caliber relays 
Gun captain's ready switch 

Turret officer's selective switch. The upper 
switch assembly of the turret officer's selective 
switch (page 15 -18) provides a choice of either 
DIRECTOR or LOCAL fire control. The lower 
switch assembly permits the selection of A. C. SUP ­
PLY or BATTERY to energize the g-un firing ci rcuit . 
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THIS ILLUSTRATION WILL BE SUPP LIE D AT A LATER DATE. 

F igure 15-32 . T urr et Fire Contro l Circuit GEP . Elementary Wiring Diagram 
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Figure 15 -33. 16-Inch F iring Circuit Mk 3 and Associated Equipment. Elementary Wiring Diagram 
15-23 

www.tinyurl.com/slover


        

--- ----- - ------ -
TURRET CAPTAIN 'S MULTI PLE 

DIAL INDICATOR 
TURRET OFFICERS MULTIPLE 

DIAL INDICA TOR 
-

TURRET READY 

cp ~ELLO~ 
~R~7R-=-EAC=D'c-y $-3----, 
, YELLryDW~=====t==~~~i=~~==~==~~~~ 

GUN CAPTAIN READY I GUN CAPTAIN READY 

L (c) r*J 
I RED CLEAR[ GREE¥ RE~ CLE~ GREEW 

;-

I 
GUN r--, 

ELEVA nON I , I 

~5~D~E~~~~ 
INDICATOR I ~ I 

I~ 

LEFT GUN CAPTAIN 'S STATION 

IRR lI 02 LEFT GUN COMPARTMENT 

JiR1105l---- UPPER POWDER 
~ OOOR CONTROL 3 DIAL i~O') ' ::::. GUN READY RAMMER 

_ 'F;;,C,-A-_T.!L-"O+iR ___ -++ __ ~ READY SAFE D' ~ SWITCH SWITCH r 1 
,-~ I ~ -~ ~ - pt CIR~OUIT ~ _ ~ ~~ t BORE r 1-~ ~ r T 11 IRll08t---i---t:-<>--+.£ I 

VALVE 

IRl102 ~S ~ I I -- SWITCH I rl- ~I ~ hi ' 

~ 
GUN 40.t ELEVATION 

READY L 

A~~Ag~N i-0+ 
IN'OTC"ATOR L 

LEFT GUN : RED I 

STATION 

TURRET ELECTRICAL INSTALLATIONS 

- _c-- ____ 

r:::-~ 

t©t 
TRANSFER G-~-' 

VALVE 
GUN ~~~ GUN SWITCH ,-, 

ELEVATION ELEVATION (ELEVATION) 
READY TRAIN READY AND TRAIN 
SWITCH INDICATOR t:t READY 

~ ,--, ,--, INDICATOR 
' ...J.... , ' ~~ r , 

_C.......J '-'-- i .- ~ READY SWITCH LEFT SIGHT 
POINTER"S s'mcrOii ANOsYNCHRO 

LEFT GUN LEFT SIGHT .~ STATION FAILURE DEVICE 
LAYER'S ~ t?i L_ R LAYER'S STATION TRAINER'S 

STATION LEFT GUN LAYER'S STATION 

M 
TRANSFER G '~-, 

~GUN lw GUN VALVE 

~--, 

GUN LAYER READY 

~' WHITE' r - ~ I rvvv- h, h, ~D+ IPA ::::: - ~J DRILL ~ CLEARI l"'k ~! 'it"J~'1,----~,+---1j---h 

~AMBER I ~O:Rr l '-+- - - ~ ~ RECo'fL SWITCH '-____ -+4+" I - ~OiLI-=-t:::;I-'-, - ~MER J 
",~ IRlI03 CLEAR IRRIIOI CRADLVEALCVOENTROL '-_____ J 

~~ )W ~ sCi~2H ~fi@J SW:~r~9 11' (-~:::::=======+======t+_~~~-++++-===-+---~~~~~~~~~~~ L eR r ~ , IRlOO SLIDE CONTACTS IRII06 BREEC~'!YI~HI, , 
YELLOW r-o ;<>-'-,+-f--------t---j~ r -: -, ~ L _ I J I I 

~::~~~=i~~~=i==~~~~~~=i=±=tEf~~l~t~t1~~1r§~~~~~~~~~~L~-~~~~~~~~~~~~~~'R~RI~I~OO~~~~~~IR~1l~4~~~~~~~~~L~-~~~~~~~~~~~~~~~~~~~~L-~~~~i=~~~===r 

~ 
I G;LrA'lLl 

,--, ELEVATION SWITCH --' 
ELEVATION , ='=- , ~-':-#- AND TRAIN (ELEVATION) 

READY C 

A~~Ag~N '~ GUN"' m READY 

~. READY SWITCH INDICATOR 
INDICATOR , C ELEVATI0N 

"""'"'~ 
READY I .- ' SWITCH "~.---~ LAYER'S L~ 

TRAIN SELECTOR AND SYNCHRO 
STATION CENTER GUN TRAIN 

L~J FAILURE DEVICE LAYER'S OPERATOR'S OPERATOR'S 
STATION STATION STATION CENTER GUN LAYER'S STATION 

~ 
TRANSFER G''--' 

GUN VALVE 

GUN lr0t ~-' I-I SWITCH ,--, 
ELEVATION ,~, ~'~ ELEVATION (ELEVATION) 

READY R 
GUN=-.J 

AND TRAIN 
~AD-AUTOI AND GUN I BLUE I READY READY SWITCH INDICATOR ELEVATION r:-:I r+"'~T READY 

SWITCH 

Yo 'RGf 1 ' CLEAR·- --
I I 

GUN FIRING CUTOUT I 

LEFT GUN CENTER RIGHT GUN 
LAYER GUN LAYER LAYER 

I I 

AUTO ELEVATION I CENTER GUN_~NT 

rtJ tcJ r*J l ~ ~f--+--JJj-lI,I<>--t-n ' 
I +~f f I ~~~~~~;~~:~H~====~~~'~R~RI~2~0~2~~~~~~===~~~~~=~~~~~IR~1~12~~~~~t~~E~ l~ ~ l ~~~~=~~@~i§~~g~~~~~~E$$~~~~~--lhlGUN ELEVATIONI r ~ l ~,tg:~~TOR RjEADY SA-1~h~~!'- 'Pt'RI32 SWI~ ~ -_- 0, m"!~ ~ ~ UPPER POWDER I r I ~5~D~E~~~ ~, RCED I ,- --:.sJ.:! ~ ~ ~ TO - r-: - r- r.

1 
-I--;, -!~~ ~- OOOR CONTROL 

INDICATOR ;,mc ~HITEI r-::-, HI: ~ ~ ~ CIRCUIT . 1 _ ...L _~ I VALVE 

! BE, ,G; EN IRl202 Jrt;;;r I U~ I~ ~ IPA I • DRILL~~ C~~~; ~ i ~h i ~ I 

I \ / I . ~:: . ./ i IRl203 J 1~~-r GUN READY - r- - - -<>.:: '++-____ -+4-..Jj - r-RtcOl~ p-' 8dMER 

~--------' W~1lJ ~f_!~ AMJllliI SWIT:CHj1~SW~I~TC~H~h:hhtt=====~W:ij:W~~R~EC~O~IL~SW~'~TC~H~EiE====~3E~'~R~R~12~0~1~=~_is:REiECHiSvvm;H) CRADLE CONTROL I __ ~_ I TIVALV,E 
-+-<r I R 1200 SlIDE ~N_TA1CTS '-t=+:t:==~fRI2O;il=+=~~r.;;,R~I~206~=+=:::::::'..JBREECHrSWITlCH 1 , . , , IRRI200 ~ I .. oLR12QZ., J I, ~ IN~ftfrYOR I~ 

iGREEN I Y9i-" RIGHT SIGHT L=-_---~ 
RIGHTGUQ RIGHT TRAIN READY I -= I POINTER'S SELECTOR AND SYNCHRO 

LAYER'S GUN LAYER'S INDICATOR 

L~ 
STATION FAILURE DEVICE 

STATION STATION 
RIGHT SIGHT RIGHT GUN LAYER'S STATION 

TRAINER'S 
STATION 

0 0 0 
TRAIN 

ffi'O'" I OPERATOR 

0 , 

L _ ~ L_~ L_-.J 

crNrrR~N~~~N~~~OO~~~~;t~~~~~~~IR~I~I~5~~~~'~!!~!!!!!~!!!!!!~~!~~~~~~~j~~~~~~~!!~~~~~~~!~~~~~~~~~~ IRI31 

~-" ~ f~ ~ ~ ~l~~~ ~l'I_= ~l@-~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ $----_ ...... ----
L...---+-+l ,~ l L l L l L 

TYPE .or ROTARY 
SWITCH ON TURRET 
TRANSFER 
SWITCHBOARD 

AC 10= ~TO 
SUPPLY! ~o-- ~O CIRCUIT 

=v OFF IlJ[}: 1JDJ: r IPA I 
BATTERYG_~ 

TURRET OFFICER'S 
SELECTIVE SWITCH 

-- -------- - -----~ 

J J J J TO FORWARD MAIN BATTERY SWITCHBOARD 

TO AFT MAIN BATTERY SWITCHBOARD 

TURRET OfFICER'S BOOTH 

IRili'i 
IRI307 

RIGHT GUN ~PTAIN'S STATION 
IRRI204 

IRI20 
IR1l9 

IRllB 

1120 VOLT SUPPLY I 
I == I I = Itc AND FC I I PANEL 

IRl24 

120 V 

CRADLE CONTROL 

~E 

!- ~ ~ 
BREECH SWITCH] r-, 

L_-' 
IRRI 

RRll 
-

I 

r-----~~IRI24f_--f_--------~ 

I ~ TRANSFER VALVE 
I If I SWITCH (TRAIN) 

Lr~ 

Figure 15-34. Ready Light Circuit ,1R. 
Elementary Wiring Diagram 
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Turret offi cer 's indicator panel. The five con­
trol swit ches on the turret officer 's indicator panel 
provide the turret offi cer with individual firing key 
"cut out " or "cut in" switching fac ilities . By means 
of t hese switches , he may by-pass all turret firing 
k eys for di r ector fi r ing or any individual k ey or com­
b ination of keys in the event of damage to firing key 
c ircuits. 

F iri~ t r ansformer. The fi r ing transformer is 
located in the tu r r et officer's compartment just above 
floor level in a r ecess of t he t ransve r s e bulkhead. It 
is a 200-volt - ampere watertight encased unit with a 
120-volt primary and 20-volt s econdary. 

Stor!!ge batter y . Four 6 -volt, 100-ampere -hour 
stor age batteries ar e used. All are located in the 
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turret officer's compartment on a platfor m trans ­
verse ly aligned nea r t he right end of the r ea r armor 
plate. These b atte ries ar e connected in s eries to 
provide a 24-volt s upply for gun firing in an emer­
gency. 

F ir i[lg keY§.., The fi r ing keys (page 15-20) serve 
as a means of closing the firing circuit when control 
is given to a particular station. 

F iring delay coil. A fi r ing delay coil is used to 
Tetard the fir ing time of the center gun, thus pre ­
venting ''kiss ing '' of the pr ojectiles in flight. The 
coil is hous ed in a wat ertight case . It contains a 
non-inductive r esist ance of 17. 10 ohms which r e tar ds 
t he fi r ing time of the cente r gun approximately 1/17 
s econd behind the outboard guns . 
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F igure 15- 35. Salvo Signal Ci rcuit 1VB. Elementary Wiring Diagram 
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