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Zeroing the parallax computer (figs. 6-10 and 6-13) 

When the parallax compute r is assembled, its 
limit stops must be assembled in the proper relation­
ship t o the length of the c rank arm to crank pin M 
(fig. 6-27) . 

T o make this adjustment proceed as follows: 

1. Ve rify that the detent clutch 1 is engaged. 

2. Disengage the mesh of t he 66-tooth gear on 
the end of s haft number 2. 

3. Rotate shaft number 2 until crank pin M l ines 
up with c ross wires, as seen through the window in 
the compute r yoke. This action places pin M in line 
with the cente r line of shaft number 2. Regardles s of 
the rotation of block K, no motion should be produced 
on the computer yoke. This input corresponds to in ­
finit e range, and no correction is produced regardless 
of train angle . For a fine adjustment of the zero mo­
tion, rotate the tur r et r esponse input shaft, hereby 
rotating block K, and adjust shaft number 2 until no 
motion is pr oduced on the computer yoke . 

4. Rotate the inve rse r ange input shaft counter­
clockwise (as indicated by the arrow on shaft 12, fig. 
6-27) until the stops are reached with the 66 -tooth 
gears remaining disengaged. Rotate shaft 12 O. 5-to 
O. 7-turn back fro m the stop, and engage the 66-tooth 
gears. If t he gear teeth do not line up within the 
fractional a llowance, it will be nec essary to run the 
30-tooth gear, on shaft 2, off the track (which carries 
c rank pin M) and re -engage the gear one tooth re­
moved from its previous position. This can be done 
without disassembling the compute r yoke if block K 
is rotated to a horizontal pos ition. Exercise great 
care because the yoke carrier bearings may bind in 
the carrier rails as the yoke moves beyond its normal 
operating range. 

5. Rotate the inver se range shaft clockwise to its 
stop afte r the 66 -tooth gears have been meshed and 
s ecured. Rotate block K at least one complete turn 
(by rotating the r es ponse shaft) and check for inter­
ference. The computer yoke should travel through 
its entire r ange as block K is rotated. 

6. Rotate block K, by turning the r esponse shaft 
until the parallax arrow pOints upward. In this posi­
tion, the adjus table hub s hould have the adjusting 
screws on top. With the hub in this pOSition, adjust 
it until r otation of the inverse range input produces 
no motion on the computer yoke . This indicates zero 
(or 180 degree) train angle for block K. No parallax 
correction is needed at this angle of train regardless 
of the range. Crank pin M mere ly sUdes up and down 
in the yoke s lot. A sUght change of adjustment may 
be necessary after the synchros are zeroed. 

Setting the checking dials 

Set the checking dials at zero for turrets I and 
n, and 180 degrees for turret ill with the hub 
and block K (as in step 6 of the previous s et of 
directions) . 

To set the checking dials, position the dials on 
their respective mountings. 

The dials should be accurately reset afte r the 
synchros have been zeroed. 

TRAINING GEAR 

Setting the synchr os 

Setting the s ynchros to the transmitted gun t rain 
signal must be done after ass embling the gear tra in 
to the receiver - r egulator cas e . The synchr os are 
set by positioning the synchro c ranks prope rly on 
their r otor shafts. 

To set t he synchros: 

1. Set the r eceiver- r egulator at zero degrees 
train for turrets I and n (180 degrees for tur ret m), 
using the checking dials as a r eference. 

2. Refer to adjustment of synchr o electrical zero 
on page 6-30. P erform step 6. 

3. Assemble t he coarse synchro crank, as in 
step 7. The c rank, wben assembled to its nea rest 
pOSition below the r otor shaft by the flexible dr ive, 
may be slightly off center . Set accur ately by r otating 
the tur ret response shaft. 

4. Assemble the fine synchro c rank, as in st ep 8. 
Set the crank accurately, as above. 

5. Check the checking dials for zero (or 180 de ­
grees) after the synchros are s et. 

6. Check the parallax computer for ze ro. Rotate 
block K by turning the response shaft until the parallax 
arrow points upward. In this position, the adjus table 
hub s hould .have the adjusting screws on top. With the 
hub in this pos ition, adjust it until rotation of the in ­
verse range input produces no motion on the compute r 
yoke. 

7. Check the settings, as in operation ll,page 
6-30. 

Zeroing the valve block 

When the valves are in neutral (fig . 6-9), t he 
amplifier linkage L1 and the stabilizing linkage L2 
should be vertical and para lle l to the valve block . 

To adjust these components: 

1. Start the power drive. 

2. P osition the control selector leve r at HAND, 
and position the turret at zer o degrees t rain (180 de­
grees train for turret m ); admit hydraulic flu id to the 
receiver-regulator. 

3. Have a gun t rain signal of zero (180 degrees 
for the after turret ) t ransmitted to the turret. The 
fine synchro E crank should be up, and the coar se 
synchro D crank should be down, and both cranks on 
the vertical centerlines of their respective synchros. 

4. Stop the power drive. 

5. Move amplifie r piston P3 .to its center pOSition 
by first moving it to its limit on each s ide and then tak­
ing the average center poSition. Measurements taken 
with a steel s cale are suffic iently accurate . 

6. Connect the fine synchro E crank arm and ad­
just the connecting rod so that the amplifie r linkage L1 
is parallel to the valve block. 

7. Connect the coarse synchr o D crank arm and 
adjust the connecting r od so that the synchronizing 
valve linkage L3 is parallel to the valve block , and the 
synchronizing valve V3A is center ed in the valve block. 
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8. P ress the START-EMERG button with the con­
t r ol s elector lever at HAND. The turret may t rain 
s Ughtly when the electric motor is started. Verify 
the zero (o r 180 degree) angle of t rain. T his is the 
reference point. 

9. Res tor e the s ynchronizing valve V3A to its 
center pos ition. To do this, adjust the synchronizing 
p ilot valve V15 until the s ync hronizing linkage L3 is 
again parallel to the valve block. These compon nts 
must be carefully aligned. 

10. Adjust the fine synchro valve V3 so that the 
amplifier piston P3 is cente red onc e again. The am­
plifier linkage Ll should be parallel to the valve block. 

11. Adjust the stabilizing valve VI so that the s t a ­
bilizing linkage L2 is parallel with the V2 valve block . 

CAUTION: While adjusting the stabilizing valve 
V I, do not get finge r s caught between stabilizing 
valve VI adjusting screw and the block of t he automat­
ic stroking valve V2 . 

The adjustments made up to this point may not be 
exactly correct, be'cause so far the automatic strok­
ing valve V2 has not been centered. In the next s t ep, 
t he autom atic s troking valve V2 is adjusted. Slight 
readjustment of the stabi lizing valve VI may be nec­
essa r y. 

12. Position the control selector leve r at AUTO. 
The turret will probably train a few degrees and thus 
distur b the parallel condition of the linkages. The 
turret will come to rest with the automatic stroking 
valve V2 centered. 

13 . Adjust the stabilizing valve VI so that the link­
ages are parallel with the valve block. The turret 
s hould t hen be back at zero degrees (or 180 degrees ). 
If the turret is not at zero (180 degr ees) , it may be 
necessary to readjust the turret response input at 
coupling A, and reset the checking dials. Only slight 
readjustment s hould be necessary. 

Replacement installation of rece iver-regulato r, 
m lbaI s ettIngs and adjustments 

T he procedure for synchronizing and aligning the 
elements of the receiver-regulato r a r e des cribed in 
following paragraphs. In the fo llowing description it 
is assumed that the receiver - regulator is mounted in 
pOSition on the sump tank, and that the personnel do­
ing the work are fami liar with the design of the instru­
ment. Refer to drawings 319805 and 319766. 

Response drive setting and coupling. 

To connect the response input shaft: 

1. Start the power drive . 

2. P asition the tur ret at ze ro degrees train (or 
180 degr ees for turret III ). If the train indicator has 
been accurately set, it may be used for the t rain an­
gle reading. Otherwise the turret must be t rammed. 

3. Set the inverse range input on zero t o insure 
proper setting of the response shaft . This is done 
by r otating the inverse range input shaft until t he 
marker on the end of the parallax compute r lines 
up with the cross hairs of the par a llax compute r yoke. 
In this position, the cr ank arm is in line with center­
line numbe r 2, and r egardless of the t rain angle (as 
r epresented by the position of b lock K), no motion Is 
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produced on the computer yoke . Check that no move­
ment of the computer yoke results by rotating block 
K through rotation of the turret response shaft . 

4 . Mter the inverse range shaft has been s et, 
inspect detent clutch J and mak e sure that it is proper ­
ly engaged. Set the turret indicator for INFINITE 
RANGE , and connect t he inver s e range shaft . Final 
adjus tment may be made at adjustable coupling C. 
Check by setting the tur r et indicator to 3400 yards and 
inspect detent clutch J onc e again. Set the turret in­
dicator to its stop (2800 yards) and inspect detent 
c lutch 1. The clutch should not disengage . If it does, 
the s tops in the indicator may be impr operly set, the 
inverse range shaft may have been imprope rly coupl1ed, 
or the receiver-regulator inverse range limit stops 
may be improperly ass embled. Reset the indicator 
to INFINITE RANGE and recheck for zero movement 
of rack C as the turret r esponse shaft r otates. The 
indicator should remain set a t INFINITE RANGE while 
the turret respons e shaft is being connected. 

5. Rotate the turret res ponse shaft until t he check­
ing dials indicate the known angle of turret train. 

6. Connect the turret r esponse shaft and make 
final adjustment at coupling A. 

7. Set the checking dials as directed on page 
6-31 of this chapter. 

Set the automatic limit s tops before the turret 
t rain is tested in AUTO. This is extremely important, 
because s e rious damage will occur if, while in AUTO, 
the speed gear s hould over- run the HAND limit stop. 

Automatic limit stop operating range adjus t ment. 
The ope rating range I S deternuned by the number of 
acti e discs in the assembly together with the spacing 
of the adjustable pins 1 and 2 in the first disc . Each 
active disc r epresents 20 degrees of train angle, and 
the spac ing of pins 1 and 2 r epresents 16. 4 minutes 
of t rain angle per t ooth in the mesh of the gears M 
and N, s hown in figure 6-29. The number of active 
discs may be varied by locking any desired number 
of discs to their adjacent lugs. 

T o adjust the operating range: 

1. Remove the side and rear covers from the 
receiver-regulator gear compartment. 

2. Remove the knurled adjusting knob, the 80 -
tooth dr ive gea r N, and the bearing retaine r . 

3. Force the disc s apart so that about 1/8 -inch 
c learance is obtained between any disc and its adja­
cent lug. 

4. Lock the discs by placing the ends of the pins 
into holes of the lugs . 

5. Lock the desired number of lugs together. 

6. Reassemble gear N and the bearing retainer. 

7 . Make the fine adjustment by disengaging the 
knurled adjus ting knob and reengaging it in a differ­
ent pos ition (fig. 6- 29). 

The 88-tooth gear set M and N acts as a many 
toot h spline, connecting pins 1 and 2 to each othe r 
80 that they function as a single unit. The distance 
between the pins determines the amount of t rain angle 
represented by the fir s t disc. 
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Limit st op position adjustme nt . The adjustment 
des cribed previously dealS only With the train oper at­
ing angle. It Is necess ary to place this angle between 
the limits of t ravel for the turret. 

T o adjust the limit stop position: 

1. Start the powe r drive . 

2. Oper at e the handwheels s lowly unt il the limit 
of tra in is r eached in one direction, t hen reverse the 
handwheels 1/ 2 turn. 

3. Uncouple the stroke re sponse s haft . 

4. Rotate the stroke r esponse input t o set the 
stop at the position of maximum t ravel. Make final 
adjustment at coupling B. 

5. Tr ain t he turret to the oppos ite stop in order 
to check the ope rating range. 

Adjust ment of limit stop valve V 34. The limit 
stop valve V34 is spnng cente red , movable only by 
t he limit stop dr ive shaft . V3 4 should be ca r efully 
cente r ed by the adjusting nuts at the springs while 
the dr ive linkage is disconnected. The adjusting screw 
on t he cr ankarm of the limit va lve drive s haft should 
be set s o that no force is exerted by the cam follower 
on the detent of the cam. 

T o adjust the limit stop valve: 

1. Disconnect the stroke response shaft . 

2. Dete rmine the approximate operating range 
a nd lock the required number of discs and lugs (as 
descr ibed on page 6- 32 of this chapter ), then re ­
e ngage gears M and N. 

CAUTION: Read step 9 below befor e training. 
While t r aining, rotate the stroke r esponse input shaft 
by hand so that the cam followe r r emains in the cam 
det ent. 

3. Train t he tur r et slowly in HAND t owar d one 
of the train limit pos itions. This pos ition (usually 
when t raining towar d the port s ide ) s hould be the stop 
on the s ide at which the fixed pin (the long adjustable 
pin of set 1 and 2) becom es active . This leaves the 
movable pin available for adjustment at the opposite 
stop. 

4. Rotate t he stroke response input shaft so that 
t he lim it s top valve V3 4 moves about 3/ 16 inch in the 
direction necessary for s topping t he turret at the end 
of the travel p reviously set. If the tur r et is t r aining 
to the right into the stops (inc r eas ing t rain angle ), 
the va lve V3 4 should move towar d t he c rank linkage. 
If t r a ining to the left , the valve V34 should be pushed 
into the valve block, away f rom the crank linkage. 

5. Connect the stroke response s haft. 

6 . Train away from the stop about 15 degrees. 
M:at ch pa inte r s and s witch to AUTO. T r ain s lowly 
i n AUTO toward the stop and adjus t coupling B until 
the automatic stop brings the tur r et to a halt at t he 
desi r ed position. 

7 . T r ain in AUTO to the opposite limit s top 
position. That pOSition may be set by adjusting the 
f ine r ange adjustment on the knurled adjusting hub 
(as desc r ibed on page 6-32). 

TRAINING GEAR 

8. With the tur r et control in AUTO, t rain slowly 
into each stop and check the stop position. If neces ­
sary, adjust the s top position at stroke response shaft 
coupling B. 

9. The automatic limit stops should function 
s lightly ahead of the hand limit stops - never between 
the hand limit s tops and the positive stopPUfiers. If 
the automatic limit s tops a re set to function aft e r the 
hand limit s tops , ther e is danger of damagingffie 
speed gear controls and hand limit stops. 

P os ition of synchr o c r anks. The synchro gene r a­
tor-receiver s ystem m ust be energized to check and 
adjust the pos ition of the synchro cranks. 

Position the synchro cranks as follows: 

1. P lace the gun train orde r in correspondence 
with the turret pOSition. The coarse synchr o D c r ank 
should extend downwar d and the fine synchro E c r ank 
should extend upward. 

2. Have the gun t r ain order increased for right 
t rain. The coarse s ynchro D crank should rotate 
c lockwis e and the fine synchro E crank should rotate 
counterclockwise. 

Change gear s for the par allax computer . The 
change gea r s deter mIne the amount of correction for 
a given condition of inverse range and t rain angle . 
They must be the cor r ect gears for the turret in ques­
tion. 

Change gears for the Iowa class turrets are: 

Mod. Turret Drawing 298318 
number numbe r Bas e feet Gear F Gear G 

5 I 119 piece 3 piece 4 
6 II 47 piece 11 piece 12 
7 ill 299 piece 13 piece 14 

Hydraulic vibrator. The hydraulic vibrator acts 
to vIbrate the amphfle r piston P3 through a ve ry 
small amplitude and t hereby eliminate static friction 
in the control linkages and valves . There are two 
adjust ments on the hydraulic Vibr ator, one fo r fr e -
quency of vibr ation and the other for a mplitude of 
vibration. To adjust the hydraulic vibrator: 

1. Adjust the frequency through the throttle de­
vice in the servo pres sure supply line for the vibra ­
to r. The factory thr ottle adjustment , made with a 
stroboscope , is for a crank shaft rotation of 1600 
revolutions per minute. If the throttle reqUires r ead­
justment aboar d ship, and a stroboscope is not avail­
able, t he s haft rotation speed is difficult to determine. 
The vibrator frequency s hould be fast enough so tha t 
hunting of the tu r ret is at an absolute minimum. If 
the fr equency of vibration is too rapid (about 1800 
revolutions per minute), matching error increases. 
The frequency s hould be set suffic iently fast for mini ­
mum hunting, and at the same tim e, not so fast that 
matching error is objectionable . 

Adjust the displacement of the vibrator by varying 
the length of the crank arm. 

2. Remove the oil deflecting cover from the 
e nd of the vibrator in order to make this adjust­
ment. 
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3. Replace the two cover screws before running 
the power drive. The cover screws function as plugs 
for oil passages in t he vibrator block . 

4 . Measure the total t ravel of the pistons with a 
steel ruler. This data furnishes a base dimension 
from which to start the adjustment. This data is best 
obtained with the power off and by rotating the crank 
by hand. 

5. Loosen the crank adjustment clamp screws 
just enough to permit t apping the crank along its slot 
by means of a light blow. Measure the travel and 
adjust for the desired amount. 

6. Tighten the clamp. 

The deflecting cove r need not be replaced for 
trial training runs. 

The adjustment should be set for minimum error. 
If error recording equipment is not aVailable, the 
crank should be set for the maximum travel that will 
not cause the turret to hum with the vibration fr e­
quency. Several trials may be necessary before the 
proper combination of frequency and amplitude is 
obtained. 

DISASSEMBLY AND ASSEMBLY 

General 

Disassembly and assembly of the training gear 
equipment should be performed by persOJUle l who are 
familiar with the equipment and procedure, and who 
are equ ipped with the standard and special tools r e ­
quired for the job . All inst ructions applying t o major 
component s pres ume r emoval from installed position 
to a convenient location for disassembly. Instructions 
for r emoval fr om installed positions are given in the 
refe r ence of the next par agraph. All instructions 
applying to hydraulic mechanisms presume draining 
of the system and removal of external pipe lines. As ­
sembly procedures a r e omitted in instances of exact 
reversal of the disassembly ope rations. The equip­
ment, drawings , and illustrations should be studied 
carefully before starting disassembly. The follOwi ng 
general inst ructions s hould be carefully followed to 
prevent unnecessary damage to the eqUipment: 

1. All work should be done in a clean area, and 
special precautions should be taken to prevent con­
t amination of parts during handling. 

2. If par ts are to be left disassembled for any 
length of time, t hey should be washed with an approv­
ed s olvent and coated with s ome adequate rust pre­
ventative. 

3. For handling the large r units, adequate hoist ­
ing facilities are required. 

4. Garlock and rotary oil seals m ust be handled 
carefully when be ing r emoved, in orde r to prevent 
damaging them on s haft splines. A small scratch or 
tear in the seal is enough to cause a leak. 

5. Shafts which contact oil seals are made 
with carefully polished s urface s. It is advisable 
to prot ect s uch surfaces immedIate ly after dis­
assembly by wrapping with gummed paper or s ome 
other protective cover ing to prevent scratching or 
nicking. 
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6. Except as particularly noted in the following 
text, gear meshes are not indexed or referenced in 
any particular manner. In disassembling gearing, 
it is important to keep gasket, shims, and spacers 
in tbeir original sets, so as not to upset the gear 
meshes. 

7. It is advisable to keep a ll associated parts in 
sets when disassembling, and t o use labels or tags 
to identify similar parts. 

8. Do not permit t he parts to contact each otber 
and become damaged. 

Disassembl~ of the auxiliary pump c luster. Study 
draWlJigs 36318 and 363191. 

1. Remove the pump mounting screws and lock 
washers. 

2. Remove the pump from the cluster. 

3. Slide the pump shaft out of the cluster. The 
shaft may be removed with bearing and packing gland 
in order to replace the packing. 

4. Remove the pump head screws, the pump 
head, the head end bushing, the r otor with vanes, 
pump ring with pin, and the bushing. The pump is 
now completely disas se mbled. 

5. Wash all parts carefully in a non-acid clean­
ing fluid to ensure c leanlines s and freedom from 
foreign matter. 

The pump assembly procedur e is a reversal of 
the disassembly operations . Special care must be 
taken to: 

1. Check the pump r otation. Rotation is indicat­
ed by the arrow stamped on t he pump body. There 
are arrows on both bushings and t he r otor; all arrows 
must point in the direction of desired rotation. 

2. Assemble the vanes wit h the chamfer on the 
trailing edge . 

3. Tighten the pump head sc rews that are diame­
trically opposite . It is a good practice to turn the 
pump shaft while the screws are being tightened to 
ensure that the rotor is not binding; 

4. Assemble the packing gland with its large 
diamete r against the oute r r ace of the shaft bearing. 

Disassembly of the reduction gear pump c luster 
mounting. Study drawings 363188 and 363191. 

1. Remove the eight pump c luster mounting 
screws. 

2. Remove the pump assemblies . 

3. Remove the four housing s crews that are 
accessible after the pump assemblies are removed. 

4. Remove the hOUSing adapte r. 

5. Remove the bearings, gears, and pinion from 
the hOUSing. 

6. Remove the oil retainer with oil s eal. 

Further disassembly is evident by reference 
to the drawings . 
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Check r otation of t he reassembled unit by remov­
ing the plug in the cover. Direction of rotation of the 
pinion thus exposed is as indicated by the arrow on 
the cover. 

Disassembly of the hand gear pump. Study drawing 
363193. 

1. Remove the securing s crews; remove the 
pump unit from its bracket. 

2. Remove the two dowel pins and 12 screws that 
secur e the head to the pump body. 

3. Remove the pump shaft, bearing, spacer, oil 
seal, and packing. 

Further disassembly is eVident from the drawings. 

Care must be taken, when reassembling the pump, 
to assemble the spacer with the raised portion toward 
the bearing. Do not damage the oil seal. 

Disassembly of the A-end unit. Study drawings 
268157 , 268158, and 268159. 

To disassemble: 

1. Remove the control case assembly. The A­
end and control case are dowelled together; do not 
cant the cont rol case when lifting. 

2. Remove the main shaft end cap 290237 - 2. 

3. Remove the r otary oil seal 268203-28. Do 
not damage the seal when passing it over the shaft 
splines . 

4. Remove the stroking cylinder end cap. 

5, Remove the main cas e bolts 268203 -3 from 
the A-e nd assembly, us ing adjustable wrench 8-Z -936; 
leave the auxiliary bolts in place . 

6. Turn the A-end over so that the drive shaft is 
down and the valve plate is up. Block up the lower 
end of the servo piston so that the tilting box is approx­
imately at neutral. 

7. Remove the auxiliary case bolts 268202-22 
and lift off the valve plate . Extreme care must be 
taken not t o mar the pressure surface of the valve 
plate . 

8. Remove the rotating group by means of an 
eye bolt threaded into the end of the main shaft. 

9. Remove the side inspection cover. Loosen 
and remove the tilting box stud pin, and tap out the 
s~u, tapping from inside the ti lting box. 

10. Remove the stroking piston. 

11 . Remove the tilt ing box. To do this, support 
the weight either by a hois t (using lifting rings thread­
ed into the tapped holes provided) or by blockIng up 
the ti lting box from underneath to take the weight off 
the trunnions . 

12. Remove the trunnions and lift the tilting box 
from the A-end case . 

TRAINING GEAR 

To disassemble the rotating group: 

1. Place the rotating group with the cylinder 
barrel face down on two supports that are s o arranged 
that they straddle the proj ecting shaft end and leave it 
readily accessible . 

2. Compress t he heavy barre l sp r ing 290268-3, 
by means of a jacking bolt inse rted in the threaded 
hole in the shaft end~ use spanner wrench 8-2-958 to 
remove lock nut 268:.!03 -19. 

3. Remove the jacking equipment . Re move all 
ring socket cap nuts and r ing socket caps . Keep all 
parts in numbered s ets corresponding to the sockets 
from which they we re removed. 

4. Remove the main shaft and socket r ing from 
the cylinder barrel by means of a lift ing r ing thread­
ed into the splined end of the main shaft. Leave the 
piston and rod groups behind. 

5. Remove each pis ton group separate ly and 
disassemble. Keep in sets with the r ods and the 
ring socket caps and nuts. 

6. Remove the screws t hat hold the trunnion 
bearing blocks and remove the shaft from the socket 
ring. 

7. Disas semble the univers al joint by first r e ­
moving the bearing ret ainer s and s lipping off the 
trunnion bearing blocks and bearings. 

8. Remove the snap rings ; knock out the tapered 
main shaft pin and its bearings. Knock the pin out 
by tapping on the small end which is indicated with a 
file mark. 

9. .Disassemble the universal joint bea r ings and 
remove the snap rings of t he inner race and remove 
the inner race. 

10. Slip a round plug, of the same diameter as the 
inner race, into the void in order to prevent the r oll­
ers from falling from the oute r race. Further dis ­
assembly is evident from the drawings. 

Disassemb~ of the B-end units. Study drawings 
369676 and 369 77. 

To disassemble: 

With the two exceptions indicated below, the pro­
cedure for disassembly of the B-ends is an exact step­
by-step parallel of A-end dis assembly. 

1 . Remove the response housing cap, oil seal , and 
entire gear housing and gears before the valve plate 
and rotating group of the right B -end are removed. 

2. Remove the bearing retainer and with it the 
outer race and roll group of the bearing . This per­
mits the main shaft some lateral movement. Remove 
the rotating group. 

This procedure is necessary because the socket 
ring can not be put in a neutral stroke position. It 
is at an angle of 20 degrees to the B-end main shaft. 
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Disassembly of the control gearing assembly . 
Study drawing 36715. 

To disassemble: 

L Remove the complete valve block assembly. 

2. Remove the top cover and all the cover plates 
w ith the exception of the end cove r. 

3. Remove the stud and the fl oating linle 

4. Remove the tilt box ar m from its shaft . 

5. Take off the bearing r etainer and draw the 
tilting box shaft down, out of the hous ing. 

6. Remove the end cover. 

7 . Re move the bearing cap and locknut , and draw 
out the response shaft, leaving the gear, spac er, and 
ball bearing in the housing. 

8 . Re move the locknut and pinion, and take off 
the idler shaft from the housing, r emoving all gears, 
b earings , and spacers as the s haft passes through 
the opening. 

9 . Remove the bearing c ap from the signal shaft 
and the locknut from the inner end of the shaft . Re ­
move t he shaft, slipping off the gear and its bearings, 
and also the clutch and its spring. 

10. T ake off the bearing cap and tu rn the control 
scre w until it projects as far as possible from the 
control nut. Remove the control screw response 
gear until its oute r bearing can be taken off. Disen­
gage the control screw from the sliding spline (quill 
driv ) of the control sc rew. Remove the control 
screw thr ough the side or top of t he control hous ing. 

11. Re move the screws from the bearing retainer 
and slide out the entire control scr ew and nut ass em­
b ly, c omplete with control screw s ignal gear and al l 
bea rings. 

12. Remove the limit stop end cove rs and locknut. 
Turn the limit stop nut to the r ight as far as pOSSible , 
a nd slide the entir e assembly to the left unt il a ll gears 
and spacers c an be r eleased fro m the right end of the 
shaft a nd taken out. Remove t he left bearing, limit 
s top, and clamp, and slide the shaft back to the right 
as far as poss ible. Turn the limit stop nut to the left 
until It can be removed from the screw, and then be 
removed from the machined slip-ways . The shaft 
may now be withdrawn to the left from the hous ing. 

Replacement of synchros 

The fine and coarse synchr os are so mounted as 
t o facilitate r emoval without disassembling the mech­
a nis m in the gear compartment . Adapter rings carry 
t he synchro stator bearings so t hat each synchro can 
be remove d through the front of the gear box. A 
s tudy of the assembly and general arrangement draw­
ings should precede the operations outlined be low. 
Re move the covers of the va lve and the gear compart ­
ments and proceed as follows : 

1. Disconnect the synchro crank fro m the linkage 
in the valve compartment. 

2. Remove the synchro c rank as sembly, the 
crank plate, and the gasket. 
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3. Remove the gear mounting screws from the 
synchro (in the valve compartment). 

4. Unclamp the synchro retainer, in the gear 
compartment , and remove the synchro by tapping it 
lightly from the valve compartment side. If the 
coar se synchro D is being r emoved, it is necessary 
to disassemble the parallax rail and yoke units before 
remOVing the synchr o retainer. 

5. Remove the synchro brush plate. 

6. Remove the synchro from the gear compart­
ment. 

Removal of s ynchro cranks 

T o remove the synchro crank for either synchro, 
remove the valve link connecting rod and the s c rews 
that hold the assembly to the receiver-regulator case 
partition. 

Disasse mbly of the receiver - regulator main block 
assembly. 

For disass embly of the main block assembly, 
study drawing 298301. 

The main va lve block assembly, including t he 
synchronizing valve block and the hydraulic Vibrator, 
may be removed as follows: 

1. Disconnect the synchro cranks and the limit 
stop drive cr ank . 

2. Remove the pipe from the automatic stroking 
valve V2 block. 

3. Remove the pressure reducer valve V42 by 
removing t he four mounting screws in its flange and 
r emoving it f r om the valve block. 

4 . Disconnect the link connecting the automatic 
stroking valve V2 to the stabilizing linkage L2. 

5. Remove the four Allen-head screws which 
ho ld the valve block to the case partition. 

6. RemOve the valve block assembly. It is not 
necessary to dr ain oil from the system because che ck 
valves in the supply lines prevent the flow of oil t o the 
receiver-regulator case. 

Receiver-regulator gear train 

The gear t r ain ass embly drawing 319571 may be 
removed from the r eceiver-regulator case as describ­
ed below: 

1. Re move the response shafting. 

2. Remove the three respons e shaft gear cases 
containing adjustable couplings A, B, and C . 

3. Disconnect the wiring from the synchro te rmi­
nal bases . 

4. Remove the synchro cranks and limit stop 
drive c rank from the valve compartment side of the 
partition. 

5. Remove the fou r large mounting bolts on the 
gear t rain frame. The gear t r ain assembly can then 
be lift ed from the case. In some installations, it may 
be necessary to loosen the case from the pump tank 
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befor e the gear train assembly can clear the A -end. 
To do t his, remove the four manifold mounting screws 
which a r e in the top of t he block of the aut omatic 
stroking valve V2. Disconnect t he leads of the sump 
pump float sw 'tch f rom the junction block in the valve 
compartment , Remove the row of bolts from the case 
mounting flange, and raise the receive r-regulator 
case , Be careful not to damage the check valve V41, 
which is secured in the bottom of the re ceiver-regula­
tor case, 

Receiver-regulator press ure reduc er 

T he pressure reducer valve V42 may be removed 
from t he valve block as a unit, T his is done by 

TRAINING GEAR 

removing the mounting screws in its flange and s lid ­
ing the complete unit out of the block, 

Recei e r- regu lator valves 

All valves are matched with their res pective 
sleeves; therefor e, whenever a r eplacem ent is neces­
sary, both the valve and the sleeve must be replac ed. 
Valves and s leeves are marked with ser ial numbers. 
The valve must be assembled s o that its number is on 
the same end of the assembly as the sleeve number, 
The number s must match as to location and nume rical 
order, When the new s leeve and valve as semb ly is 
placed in the va lve block, the serial numbe rs must be 
towar d the linkage to which the valve stem 1s attached, 
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Chapter 7 

PROJECTILE RlNGS 

16 -inch Projectile Ring Mark 2 

GENERAL DESCRIPTION 

Turret stowage 

Projectile stowage in each turret is located in the 
upper and lower projectile flats. In addition to the 
two projectile flats, turret n is provided with a third 
projectile stowage level. The stowage arrangements 
of the projectile flats, illustrated in figure 7 -1 (the 
third level of turret n is not shown), are described 
in the following paragraphs of this chapter. 

Compartments. The compartment subdivisions of 
the upper and lower prOjectile flats, and their space 
arrangements for stOwing and handling projectiles, 
are identical. Each projectile flat is separated into 
two compartments, inner and outer, by a Circular 
bulkhead. The inner compartment is the machinery 
space. Within this enc losed space are the projectile 
ring power drive machinery, and the, electric motor 
controllers. The floor of the outer compartment 

RING CONTROL LEVER RESPONSE COUPLI NG GEAR REDUCER 

OUTER FIXED 
STOWAGE RING 

CENTER 
HANDLING RING 

INNER ROTATING 
RING 

FORWARD 

~ 

Figure 7 -1. 16 -inch Projectile Ring Mk 2 Mod 0, General Arrangement 
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is subdivided into three concent ric, ring-shaped plat­
forms. The outer r ing, a nonrotating platform, is 
attached to the cylindrical tur ret foundation and pro­
vide s an a r ea for the fixed stowage of projectiles. 
The inner r ing, a rotating platform, Is mounted on 
rollers that are s upported by the rotating structure 
of the turret. T he inner r ing provides a projectile 
s towage area that is powe r -driven either to the left 
o r to the r ight, with r espect to the cente r r ing . The 
center r ing , a part of the rotating structure of the 
turret , is the project ile handling platfor m. Located 
in the rear part of the center r ing are the t hree pro­
jectile hoist tubes . This part of the handling platform 
is an area for per s onnel operating when parbuckling 
prOjectiles fr om the stowage platforms to the projec­
tile hois t loading apertures. The arr angements of 
the projectile flats and parbuck ling gear also provide 
for parbuckling projectiles fr om the fixed s towage 
platform to the r otating stowage area. The projectile 
hois t tubes are arranged with loading apertures at 
each pr ojec tile flat. The three pr Ojectile hoist tubes 
ca n be se rved simultaneously from one prO jectile flat. 

Stowage compartments . The inne r stowage rings 
of each flat , Idenb caI weldments, are rolle r-mounted 
carriages . Each carr iage is compos ed of a low cyl ­
indrica l coaming mounted ar ound the inner edge of a 
platform plate . T he platform plate provides sufficient 
space for stowing two concentric rows of projectiles, 
with each project ile standing on its base and lashed 
to a coaming flange and s ecur ing plates. The carriage 
roller as sembly is located be low the platform plates 
of the flat. T he t op of the inne r ring platform plate 
is flus h with the platform plates of the center and 
oute r rings. 

The stowage ar rangement of the oute r r ings pro ­
vides s uffic ient spac e fo r st owing two concentric rows 
of projectiles (one row in tur ret IT, upper projectile 
flat only) . The projectiles , s towed s t anding on base 
e nd, ar e lashed to a coaming flange and securing 
plates which a re attached to the tu rret foundation en­
Circling the oute r edge of the s towage r ing. 

Turret IT is provided with a t hird level of fixed 
projectile stowage. This prOject ile platform is locat­
ed in the powde r handling room, immediately below 
the oute r ring of the lowe r prOject ile flat. The stow­
age arrangement provides sufficient s pace for stow­
ing two concentric r ows of projectiles with eac h pro­
jectile s tanding on its bas e a nd all prOjectiles lashed 
in the same manner as those on the oute r rings of 
b oth flats. 

The inner ring of each flat is equipped with an 
independent power dr ive assembly. Each drive as ­
s embly is arranged with manual cont rol s election 
and s ta rting cont r ol fo r c lockwis e or counterc lock­
wise drive of the inner ring, and its load of projec­
tiles. When sta rted, the drive assemb ly moves the 
ring through an a rc of 30 degrees , and then s tops 
automatically. This action moves an unloaded sec ­
tion of the inner ring out of the way and places a 
s upply of prOjectiles whe r e they may be parbuckled 
into the aperture of the hoist tubes . 

PrOjectile par buckling mechanisms are described 
in chapter 8. The gyps y heads of the parbuckling 
gear are mounted in the prOjectile handling space of 
the center ring. T ransfe r of prOject iles is always 
performed by us e of the parbuckling gea r. 

StOWing pro jectiles 

Two s eparate r outes and cer tain special equip­
ment are ut ilized for moving projectiles from the 
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main deck outside the turret t o the stowed positions 
on the prOjectile flats. A separate stowage r oute is 
located on each Side of the turret . The r outes (or 
ammunition loading t runks ) a re formed by hatch open­
ings in each deck, ach opening being located directly 
be low the main deck hatch. The access ory equipme nt 
in tallations and the spec ial pr ovisions for stowage 
handling are similar for both r outes and are des cribed 
below. The equipment inc ludes s hip' s s tructural ar­
rangements and equipm ent , and Ordnance acces s ories. 

Stowage handling 

Ship and turret arrangements fo r project ile stow­
age handling are s imila r for both routes (port and 
starboard) . Each r oute comprises an ammunition 
t runk outside of the turret, extending from the main 
deck to the magazine level. At the bottom of each 
t r unk are ov rhead t r olley conveyor arrangements 
that lead t o, a nd travel ar ound, the annular handling 
space between the powder handling r oom and the pow ­
der magaz ines. There a r e hatches inside the turret, 
leading upward from the annular handling spac e to 
the projectile flats. 

The ammunition loading trunks are acceSSible 
only after the turrets have been trained to pr edeter­
mined angles. The angle of t rain fo r turret I is 266 
degrees, for turret IT the angle of t r ain is 230 degrees, 
and for turret ill the angle of train is 193 degrees. 
After the turrets are trained to thes e positions, port­
able beams are bolted to the tops of the gun house 
s t ructures. The portable beams each suspend a 
sheave and hoisti ng hook directly over a t runk. 

St ructural arrangements fo r the s towage handling 
r outes a r e the t r unks, the annular handling space, 
and hatch arrangements within t he turret . The ar­
rangements within the turret cons ist of two r ound 
hatches in each prOjectile flat . Each hatch is fitted 
with a hinged cover that fits flus h with the floo r plates 
when closed. These hatches are located at the r ear 
of each outer r ing. The hatches are arranged in pairs, 
with a hatch in the upper flat a ligned directly above a 
hatch in the lower flat. Bot h hatches in a pair are 
a ligned directly above the annular handling space of 
the magazine level. Projectiles may be s towed on 
the no rmally closed hatch cove rs. 

HOis ts. Equipment a rrangements for the stowage 
haniIIIiiifl'outes a re two sets of hoists and t he over­
head t rolley conveyor a t the magazine-level. The 
main deck hoists are 1 1/ 2-ton elect ric -mot or -driven 
with remote start -stop controls. The hoist motors 
each rotate a drum and are mounted on a foundation 
weldment that is secured to the underside of the main 
deck , A wire rope with swiveling hook is led upward 
from the hoist drum through a sheave that is mounted 
on the outer end of the portab le beam. The control 
for lowering and hoisting projectiles is a pushbutton 
station located at the main deck hatch. 

The hOists, for lifting prOjectiles from the annular 
handling spac e to the prOject ile flats, a re electrlc ­
motor -driven chain hoists of 1 1/2 tons capacity, with 
remote start-stop controls and an automatic stop. The 
hoists are pe rmanently mounted on 'he overhead of 
each projectile flat, adjacent t o and above the r ound 
hatch opening in the floor below the hoist. The hoist ­
ing chain is led downward from the hoist thr ough a 
sheave that is secured to t he floor alongside of the 
round opening. From the s heave in the f loor , the 
hoisting chain is led upward to a s econd sheave that 
is secured to the overhead directly over the center 
of the round hatch opening in t he floor of the ring. 
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The control for lowering and hoisting projectiles is a 
push -button station located on the turret foundation 
bulkhead adjacent to the hatch. 

C onveyor. The trolley equ ipment for moving pro­
jectiles from the bottom of the main- deck st rikedown 
hatches (a mmunition trunks) through the annular han ­
dling space, is an overhead monorail trolley with a 
manually operated traveling 1 1/ 2-tOll c hain hoist. 
At t he end of the monorail, the proJectiles are t r ans­
ferred fro m the trolley to the hook of the electric­
motor-driven chain hoist described in the preceding 
par agraph. 

Projectile carrier. Accessor y Or dnance equip­
ment, provided for handling projectile s by the pre­
viously described routes, consists of an adequate 
allowance of 16-.inch P r ojectile Carrier Mk 3 Mod 1. 
The carrier is a pro jectile holding yoke and base 
stirr up with a wire rope Sling and becket . The ar­
rangement and use of the ca rrier are shown in fi gure 
7 -2. T he carrie r is a two-position carrying des ign. 
It is used to car ry pro jectiles in the horizontal posi­
tion as well as ve rt ical. 

The ca r rier is r emoved from each projectile after 
t he prOjectile is de livered in a vertical position to the 
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Figure 7 - 2. 16-inch Projectile Carrie r Mk 3 Mod 1 
Handling Ammunition 

PROJECTILE RINGS 

magazine level at the bottom of the trunk. A similar 
carrier 1s then fitted into position on the projectile, 
and the first carrie r is hoisted empty to the main 
deck . The pr Ojectiles are transported in a horizontal 
position through the annular handling space, by mea ns 
of the second carrier and the overhead trolley - convey­
or, to a position beneath the turret strike-down hatches. 
The project iles are then hoisted in a vertica l position 
through the hatches to the projectile flats . Stowing of 
prOjectiles on the inne r and outer rings is pe rformed 
by parbuckling. 

Projectiles, when positioned on the stowage r ings, 
are secured as illustrate d in figure 7 - 3. 

Serving the r ings and securing prOjectiles 

The stowage of the prOjectiles on the inner and 
outer s towage rings is accomplished by the following 
procedur e : 

After the pr ojectile has been hoisted to either pro­
jectile flat , it must be secured in position on either 
the fixed oute r r ing or the rotating inner ring . T o do 
thiS, the p rojectile must be removed from the pe rson­
ne l working a r ea in the vicinity of the turret st rike ­
dowIl hatches. This is done by parbuckling the pro­
jectile ont o the inne r ring and then rotating the ring 
s o that the projectile is delive r ed to the des ired part 
of the projectile f lat. The handling personnel may 
either r emove the projectile to the outer ring by par ­
buckling or secure it to the inner ring. 
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Figure 7 - 3. Method of Lashing P ro jectiles 
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The stowing procedure described requires rota­
tion of the inner projectile rings in order to load their 
empty stowage spaces. Ring rotation is through the 
projectile r ing power drive , The action is manually 
initiated by moving a hand lever control device. Ro­
tation of the ring can be stopped with the hand lever 
as each empty stowage space comes close to the per­
sonnel working area adjacent to the chain hoists. AB 
an alternative to manual start-stop operation of pro­
Jectile ring rotation, the ring drive may be permitted 
to continue its operation to an automatic stop. This 
semiautomatic operation moves the inner ring 
through a 30 degree arc. 

Secur~ project iles. When projectiles have been 
served to e stowage ring, they are positioned as 
shown in figure 7 -3, and are secured by special chain 
lashings. The outer row of projectiles of the outer 
ring fit into notches in a flange, and are chained to 
the flange. The inner row of projectiles are secured 
by chains that are connected by toggles to the flange 
chains. The method of securing projectiles to the 
rotating inner ring is identical to that of the oute r 
ring. All securing chains are equipped with pelican­
type fasteners , which. permit rapid and separate un ­
lashing of the projectiles. 

Projectile stowage quantities 

The storage arrangements and capacities of the 
turrets diffe r . The stowage allocations for the inner 
and outer rings and the total stowage of each turret 
are tabulated below: 

AUXILIARY 
PUMP 

A·END CASE 
AND SUPPLY TANK 

CONDUIT 
BOX 

A·END DRIVE 
COUPLING 

NEUTRAL INTERLOCK 
SWITCH 

B·END 
ASSEMB LY 

PR01ECTILE STOWAGE DATA 

Service projectiles: Number 

Turret I 

Upper projectile flat, outer ring . 
Lower project ile flat, outer ring . 
Each inner ring 
Total stowage . • • • • • . . . 

Turret II 

Upper projectile flat, outer r ing . 
Lower prOjectile flat , outer ring. 
Each inner ring . • • . . 
Fixed stowage, third level 
Total stowage • • . • . . 

Turret ill 

Upper projectile flat, outer ring . 
Lower prOjectile flat, outer ring . 
Each inner ring 
Total stowage • . • • . . • • • 

Power drive 

120 
126 

72 
• 390 

70 
125 

72 
121 
460 

• 100 
• '126 
• 72 
· 370 

The electric-hydraulic power drive assemblies 
that rotate the inner rings of each turret are sepa­
rate Ordnance installations that are designated 16-
inch Projectile Ring Mk 2 Mod O. Both the upper 
and lower assemblies of this design are identical 
installations of the components identified in the next 
paragraph. Installed positions of the inner ring 
drives of both flats and their control ar rangements 
are shown in figures 7 -1 and 7 -4. 

HAND CONTROL 
SHAn 

MANUAL BRAKE 
RELEASE LEVER 

B·END SHAFT 
COUPLING 

PIN ION 

WORMWHEEL 

GEAR 
REDUCER 
HOUSING 

/ 

Figure 7 -4. 16-inch Projectile Ring Drive Mk 2 Mod 0, General Arrangement 
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Components. Each of the two projectile ring 
drives is compos ed of the following principal units: 

Electric motor 
Electric motor controller 
Motor to auxiliary pump coupling 
Auxiliary pump 
Motor to A-end coupling 
A-end ass embly 
B- end assembly 
Hydraulic pipe installation 

Component locations and arrangements. In each 
projectile flat the electric motors, A-end assemblies, 
and B -end assemblies of the inner ring drives are 
similarly mounted on the floor of the inner compart ­
ment. Each electric motor is arranged with rotor 
shaft coupling prOVisions for the auxiliary pump and 
A-end. Flange-mounted on the motor case, the mo­
tor case , the auxiliary pump is coupled dIrectly to 
the rotor shaft. The A-end is coupled to the motor 
through a self-aligning flexible coupling, Mounted 
on a foundation weldment adjacent to the A-end, the 
B-end has its output shalt coupled to a wormshaft of 
a pinion drive mechanism. Hydraulic pipes connect 
the valve plate ports of the B-end motor with the A­
end pump. 

PROJECTILE RINGS 

The electriC motor controller for the upper pro­
jectile flat is mounted on the circular subdivision 
bulkhead, within the machinery space, immediately 
forward of the power drive assembly. The controller 
for the lower prOjectile flat is mounted on the center 
powder hoist trunk, within the machinery space. Each 
controller includes master and emergency stop push­
button switches, which are located and ar ranged as 
indicated in the detail description of the controllers, 
and as shown in figure 7-6. 

The response gear, worm-driven by the B-end 
drive shaft, is coupled t o an input s haft of the A-end 
by means of a flexible coupling. 

The levers of the manual control mechanism, simi­
larly located for both the upper and lower prOjectile 
flats, are adjacent to the projectile handling area of 
each flat and are suspended from the overhead by a 
bracket. 

Data. Gener al data conc erning the power drive 
speeag;-movements, operating pressures , and loads 
ar e as follows: 

Ring speed, maximum r evolution per minute 
Ring movement , arc per cycle , deg . • • . 30 
Hyaraulic operating pressure 

Main drive, r elief s etting, psi 
Auxiliary pump system, ps1 . 

2200 
100 

PR OJECTILE RING WOR MWHEEL CONTROL VALVE 
WORM CO NTROL MECHAN ISM 

PR OJECTILE RING 
CONTROL LEVER 

di~~ 
~.-I~lk.. 

PINI ON- - - _ _ ___ ___ ~ 

HAND CO NTROL SHAFT - - - - ____ .....::...::. __ -' 

DAS H POT PI STON ----------+----=:::~WU 

CO NTROL LINK 
CENTERING SPRING 
ASSEM BLY----

AUXI 

ELECTRI C MOTOR 

OIL FILTER 
A·END CASE 

AND SUPPLY TANK 

A·END PUMP 

YOKE LINK 

BEND 
OUTPUT SHAFT 

UPPER CAM ROLLER 

NEU TRAL INTERLOCK 
SWITCH 

TIMING CAM 

B·EN D 
MOTOR 

TIMI NG CAM 
SHAFT 

TI MIN G CAM 
LINK 

SWIT CH 
OP ERATING LI NK 

LOWER CAM ROLLER 
ADJ USTIN G LIN K 

TIMIN G CAM ROLLER 
LINK ASS EMBLY 

LOWER CA M ROLLER 

CO NT RO L SHAFT 

Figure 7 -5. Projectile Ring Drive Components, Schematic Arrangement 
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DETAIL DESC RIPTION 

P ower drive 

Design and functional details of t he electric 
motor , controller, A-end and B -end assemblies, 
and their control and connecting ar rangements , 
are shown in figu res 7 -4 and 7 - 6, and are described 
in the following paragraphs . These det ails a re 
c haracteristic of all power dr ive installations ex­
cept as noted. 

MASTER PUSHBUTTON STAT ION EMERGENCY STOP SWITCH 

MASTER PUSHBUTTON STATION 

Components . The pr ojectile ring-power drive 
is composed of the following: 

Electric motor 
Electric motor contr oller 
Motor t o auxiliar y pump coupling 
Auxiliary pump 
Motor to A-end coupling 
A-end assembly 
B - end as s embly 
Hydraulic pipe installation 

MOTOR CONTROLLER EMERGENCY STOP SWITCH 

ELECTRIC MOTOR EMERGENCY STO P SWITCH 

Figur e 7 -6. I6-inch Projectile Ring Mk 2 Mod 0, Elect r ica l Installation 
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Electr ic motor, The electric motor 1B a 40-horse­
power, squirrel cage, induction type , of commercial 
des ign and manufacture , The motor is mounted hori­
zontally at the right side of the machinery space, ad­
jacent to the A-end it drives , 

Motor data 

Type, , , 
Design features 

Squirrel cage, induction 
waterproof, fan cooling, 

di rect coupling drive, 
ho rizontally mounted 

Horsepower, , , . , , . , .. 40 
Revolutions per minute , synchronous • 1200 
Revolutions pe r minute , full load , . . 1160 
Rotation (at drive end) • . . counterclockwise 
Speed class . . . . . • . , constant 
Voltage , . . . . . . • . 440 
Ampe res , normal full load 48 
Amperes, locked rotor . . 400 
Phases ... . . , • 3 
Cycles . . • ... , .• , 60 
Ambient temperatur e, deg C . . . .. 40 
Torque c lass . • normal torque, low 

Weight, pounds . . • 
Manufacturer , , , . . 
Manufactur er 's designation. 
Drawing •... • •... 

starting current 
. , . • . 1200 
LOUis Allis Co. 
Type RX -445-S 

. . . . 231543 

C ontroller . The controllers are assemblies of 
commerclal design and manufactur e. They provide 
cont r ol and protection for the electric motors pre ­
viously described. Each cont r olle r is an enclos­
ed cabinet, across-the-line , magnetic starte r ar ­
ranged with remote push-button cont rol switches. 
The c ircuit a r r angements of the remote control 
switches include a master push-button s witch and 
two eme rgency stop push -button switches for each 
controller. The power supply is a rranged with a 
manual disconnect switch, externally accessible and 
interlocked with the cabinet cover. The starting cir­
cuit inc ludes a neutral interlock swit ch, mounted on 
the A-end ass embly. Contro lle r data (firs t design) 
applies to the IOWA and the NEW JERSEY. Control­
ler data (second design) applies to the MISSOURI and 
the W1SCONS1N. 

Cont roller data (fi rst design). 

Type . • . . . . . . semiautomatic, across­
the - line magnetic start­
e r , contr olled by r emote 
push button 

Ampe re rating, full load ... .., 48 
Protection: 

Overload . . . . • . .. thermal type, 

Adjustable range, amperes. 
Normal setting, amperes . 

Short c ircuit, ampere fuses . 
Undervoltage 

Dr op-out voltage 
Sealing voltage 

Shock rating . 
Weight, pounds 
Manufacturer 

DrawIng . •• 

automatic reset 
59.1 to 71. 0 

60.0 
400 

110 
374 

50 
. . •. 130 
Ward Leonard 

E lectric Co. 
231756 

PROJECTILE RINGS 

Controller data (second design) , 

Type semiautomatic , acros s ­
the-line magnetic start ­
er, contr olled by remote 
push button 

Ampere rating, 
Protection: 

full load . . ...,. 48 

Overload , •. , • • • • . thermal type, 
automatic reset 

Adjus table range, amperes. 
Normal setting, amperes . 

Short circuit, ampere fuses . 
Undervoltage 

Drop -out voltage • 
Sealing voltage 

Shock rating . . 
Weight, pounds 
Manufacturer 

Drawing. , .. 

47.5 t o 58.1 
52.8 

250 

110 
. . . 374 
high impact 

• 150 
War d Leonard 

E lect ric Co. 
•.• 293881 

Moto r to auxiliary pump coupling. The electric 
motor to auxiliary pump coupling is shown in figu re 
7 -7. The coupling serves as a direct dr ive connec ­
tion between these two units. It is enclosed within 
the end housing of the electric motor. The coupling 
consist s of two identical steel hubs, a specially heat­
t reated and tempered s teel allow grid-spring, and 
two identical steel Shells, which for m the cover. The 
coup ling des ign pr ovides direct -dri.ve connection 
through the grid spring, engaged in grooves milled 
in the oute r flanges of the hubs. The hubs and grid 
spaces are packed with lubricant confined within the 
stee l shells by gr eas e seals. 

COUPLING COVER GASKET HUB 

GR EASE SEAL RING 

F igure 7 -7. P rojectile Ring Drive, 
Motor to Auxiliary Pump Coupling , 

Cutaway View 

7-7 

www.tinyurl.com/slover


OP 769 16 INCH THREE GUN T URRETS 

Auxiliary pump. The auxiliary pump (fig. 7- 8) 
is a constant -displacement balanced-vane type. It 
is flange -mounted on t he electric motor and is driven 
directly f r om the rotor shaft (and opposite the A- end 
coupl ing) at a speed that is approximate ly constant. 
Principal component s of the pump are a rotor, 12 
vanes, a pump r ing, and two bronze bushings mounted 
inside a housing that consists of a body, pump head, 
and mounting flange . The rotor is supported by ball­
bearings in the head and mounting flange . The vanes 
are free to s lide in the r otor s lots as they are rotated 
within the elliptical pump ring. Semiannular ports in 
the head and in the bushings are aligned radially with 
suction and pressure ports between the rotor and 
pump ring. Two grooves cut in each bushing between 
the pressure ports , and a circular groove aligned 
radially wi.th the base of the vanes, forc e the vanes 
into constant engagement with the pump ring. As the 
r otor is r otated, the vanes form pocket s with the 
pump ring. Thes e alte rnately increase in size across 
one pair of opposite ports , causing s uction. The pock­
ets decrease across t he other pair of ports , creating 
pressure and pumping action. The pump operates at 
a constant pressure limited by t he auxiliary relief 
valve which is s et to r e lieve at a pressure of approxi­
mately 100 pounds per square inch. The pump sup­
plies fluid for operating the control circuit and for 
replenishing the main s ys t em. 

7 -8 

BODY 

PRESSURE LIN E 5A TO 
A·END FILTERING UN IT 

MOUNTING 
FLANGE 

OI L 

Figure 7-8. Auxiliary Pump Assembly. 
Cutaway View 

GREASE SEAL RI NG 
LU BRICAT ING 

FI TTING SLEEVE 

GRID SPRING 

LU BRI CATING 
FI TT ING 

Figure 7 -9. ProJectile Ring Dr ive Motor 
to A-end Coupling, Cutaway View 

Auxiliary pump dat a. 

Speed, revolutions per minute 1200 
Delivery, gallons pe r minute . 510 
Pressure, pounds per square inch . . 100 
Rotation . . . . . . . . . counterclockwis e 
Weight, pounds . . . . . . . . . . . 36 

Motor to A- end coupling. The elect r ic motor to 
A- end coupling is s hown m figu r e 7 -9. The coupling 
serves as a self-aligning , di r ect -drive connection 
fr om the e lectric motor r oto r shaft t o the A- end 
drive shaft. The coupling is a larger unit of the qame 
design as the auXiliary pump coupling desc ribed in a 
previous paragraph. 

A-end assembly . The A-end ass embly consists 
of tile components listed below. The type, arrange­
ment, and functiona l purpose of these components 
are described in the following paragraphs. 

Hydraulic pump 
Safety relief valves 
Case 
Pump yoke 
T iming and control mecl:!anism 
Manual control mecha nism 

Control shaft coupling 
Control valve block 
Oil filte rs 
Oil filter re lief valves 
Neutral inter lock switches 

Hydraulic pump. The A-end hydraulic pump is a 
multi-piston, reCIpr ocating, variable -s t roke , r otat­
ing type. It is m ounted hor izontally at the end of the 
case adjacent to t he elect r ic motor, which drives it 
continuously at appr oximate ly constant speed. The 
pump drive shaft and the r otor of the elect r ic motor 
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are directly connected by the coupling described in a 
previous paragraph and shown in figure 7 -9. Mounted 
in a housing and yoke, the pump is provided with a 
special r elief valve block. The r otating group is com­
posed of a cylinder block, nine pistons and cOlUlecting 
rods, a universal link and pin ass embly, and a drive 
shaft. The non-rotating assembly is a yoke, valve 
block with two relief valves, and a valve plate. The 
drive shaft has ball-bearing mountings in the pump 
housing. The cylinder block and piston assembly is 
ball-bearing-mounted and spring-held against the 
valve plate. The link and pin assembly is a ball-joint, 
mounted inside the cylinder block and drive shaft. 
This arrangement provides a flexible drive connec ­
tion between the drive shaft and the cylinder block. 

The pump r egulates hydraulic motor speed as it 
is tilted or offset from neutral by its yoke. Pintle­
mounted from the housing, the yoke is connected to 
the control devices and the manual control mechanism. 
The special relief valve block, mounted at the outer 
end of the yoke, encloses two valves which are arrang­
ed in the main pump ports , as described in the next 
paragraph. Piston cylinder ports in the cylinder block 
are aligned radially with semiannular ports in the 
valve plate and valve block. These are connected to 
the B-end through the valve block and yoke coring, 
pintles, and hydraulic pipe connections, by a closed 
hydraulic circuit. Fluid flows in a continuous cycle 
between the A-end and B-end. The only external con­
nections a r e through replenishing check valves to 
compensate for no rmal internal leakage. Through 
the cont rol mechanism, the cylinder has offset move ­
ment with r elation to t he axis of the main shaft. Ro ­
tation of the main shaft, together with offset of the 
cylinder block, causes reciprocation of the pistons 
and consequent pumping action through the valve 
plate ports. Zero reciprocation (neutral stroke) ex­
Ists when the axes of the cylinder block and main 
shaft are in line. Maximum stroke occurs when the 
axis of the cylinder block is offset apprOximately 20 
degrees in eithe r direction. 

Safety relief valves. The two safety relief valves 
are arranged in an opposed position in the valve block 
at the end of the pump yoke. A valve functions, to 
relieve the hydraulic t ransmission system, in each 
direction of prOjectile ring drive . Each valve is con­
nected to e ither the intake or the pressure side of the 
transmission system, depending on the direction of 
yoke offset. The valves prevent excessive pressure 
rise in the transmission system which may be caused 
by a binding condition in the drive gear assembly or 
by the pump yoke being shifted too rapidly. The valves 
by-pass fluid from the pressure to the intake Side of 
the pump, and are set to relieve at 2200 pounds per 
square inch pressure. 

Case . The A-end case serves two purposes. The 
case provides support and housing for the A-end units, 
and it serves as a reservoir tank for hydraulic fluid 
for all circuits. The A-end units are mounted on cover 
plates bolted to the case to form its sides and top. The 
design of the case assembly aids in A-end disassembly, 
and provides a means of quick access for maintenance 
and adjustment of the timing and control mechanism 
and other components . A fill cap, draiR plug, and 
two trycocks provide means for replenishing and main­
taining a proper level of hydraulic fluid. Proper fluid 
level exiSts when fluid flows from the lower trycock. 
The capaCity of the projectile r ing hydraulic system 
at this level is apprOximately 25 gallons. 

Pump yoke. The pump yoke is the component of 
the non rotating A-end assembly through which pump 
reCiprocation is varied from neutral stroke to full 

PROIECTlLE RINGS 

stroke. When the yoke is at neutral stroke pos ition, 
the cylinder block is also at neutral stroke , and the 
pump is not disp lacing hydraulic fluid. Movement of 
the yoke from neutral stroke causes displacement of 
hydraulic fluid to the B-end, and thereby causes pro­
jectile ring rotation. Movement of the yoke to the 
opposite Side of neutral stroke reverses the flow of 
the hydraulic fluid, and also reverses the direction 
of prOjectile ring rotation. 

Timing and control mechanism. The timing and 
control mecfiariism& are semiautomatic, prOjectile 
ring cycle-control devices . The mechanisms control 
prOjectile ring starting speed and operate automati­
cally to stop ring rotation at the end of a cycle . The 
components of th timing and control mechanism are 
desc r ibed in the following order. 

Hand control shaft and holding brake 
Control dashpot 
Control link centering spring 
Control shaft 
Yoke link 
Timing cam roller link 
Timing cam shaft 

Hand control shaft and holding brake. The hand 
control shatt and holding brake assembly (fig. 7-10) 
is a shaft, pinion, and cam arrangement . The assem­
bly transmits control action initiated by the projectile 
ring operator, through the manual control mechanism 
to the starting control valve and to the other t iming 
and control devices. The holding brake assembly is 

HAND ONTROl SHAFT 

OI L 
SEAL 

BRAKE LINE SA FROM 
I,;ONTROL VALVE BLOCK 

--=-==~ 

INNER BRAKE PLATE 

HAND CONTROL BRAKE 
SHAFT SPACER 

HAND CONTROL SHAFT 
PISTON 

HAND CONTROL CAM 

Figure 7 -10. Hand Control Shaft Assembly, 
Sectional View 
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a hydraulically operated a rrangem ent of brake discs. 
It acts to overcome the fo rc e of the control link center­
ing spring to keep the hand contr ol s haft in its initially 
offset position until the end of an operat ing cycle is 
r eached. The holding brake is set when control pres ­
s ure , ported from the control valve block, is app lied 
to the underSide of the brake piston at the beginning 
of the operating cycle. The cont rol press ure is vented 
to the res e rvoir , the b r ake is releas ed, and the hand­
leve r is automatically returned to neutral position 
when either the start ing va lve or cont r ol valve is in 
t he stop position. The frictiona l fo rce of the holding 
brake does not prevent manual ope ration of the hand­
leve r at any time. 

Control dashpot . The control dashpot assembly 
(fig. 7 -5) IS compos ed of a p is ton, piston housing , 
and two ball check valves . T he assembly prevents 
ove r load of the electric moto r by limiting the speed 
with which the control handlever can offset the A-end 
pump yoke. The piston and the handleve r connect ed 
to it can move only as fast as fluid can flow through 
a r es t r iction in the das hpot piston. F luid in the dash ­
pot is continuously r eplenis hed by pr essure from the 
auxilia ry pump. The ball check valves pe r mit flui d 
t o be pumped to the suction side of the piston chamber. 

Control link centering s~ring . The cont rol link. 
cent e r mg sprIng assembly ( Ig. 7 -5) is a s pring-type 
linkage which has two functions . The assembly per­
mits full movement of the m anual control handlever 
while the A-end pump is in neutra l position. In addi ­
tion, the control link centering spring assembly ex­
e rts a force which causes the timing cam link roller 
to follow the contour of its timing cam throughout the 
r ing operating cycle, thus controlling the off set of t he 
pump yoke and keeping the speed of the B -end under 
complete control. 

Cont r ol shaft, The control s haft ass embly (fig. 
7 - 5) is compos ed of a s haft and lever arrange ment 
which correlates the actions of the other timing and 
cont r ol devices. Mounted on the contro l shaft assem ­
bly is a neutral interlock switch link and cam which 
opens the interlock switch when the A-end pump yoke 
is offset from neutral. 

Yoke link, The yoke link ass embly (fig . 7 - 5) is 
compos ed of an adjustable tur nbuckle and clevis ar ­
range m ent which connects the contr ol shaft to the A­
end pump yoke, This assembly is adjusted to posi ­
tion the A-end pump yoke at neut r al stroke when the 
control and timing mechanism is in t he stop or be­
tween -c yc le position. 

T iming cam roller link . T wo timing cam r oller 
link assemblies, upper and lower , are mounted above 
and below the inner and outer timing cams respective ­
ly. Each assembly functions for only one direction 
of projectile ring rotation . The assemblies trans mit 
cam action to the control s haft and thus permit t he 
cams to control the offset movement of the A- end 
pump yoke . The timi.ng cam roller link assemblies 
a r e attached t o each other and to the contr ol shaft by 
an adjustable turn-buck le and clevis a rrangement . 
This permits a necess ary c lear ance t o be obtained 
between the cam link r oller and its r es pective timing 
cam when the A-end pump yoke is in a neut r al pOSi­
tion. The clearance is eqUivalent to the starting off­
set m ovement of the pump, 

T iming cam shaft . The timing cam s haft assem­
bly I S a cam and shatt arrangement with three cams 
whic h c ont r ol the offset of t he A-end pump yoke and 
ret ur n it to neutral st roke. Rotation of the cam shaft 

7 - 10 

is controlled f rom the B-end through the response 
mechanism. The cams include a control cam and 
two timing cams which are keyed to the cam s haft 
and turn one revolution for each cycle of r ing r ota­
tion. Positioned to engage the cam link rollers , t he 
timing cams cont rol movement of the mechanical 
timing and control mechanism. The control cam is 
positioned to engage a control valve and through that· 
valve to regu late operation of the hydr aulic system . 
Contact between the control valve and cont r ol cam 
is made with a lever which engages a latch in the cam, 
thus ens ur ing positive engagement at the stop position. 

Manual control mechanism. Manual cont r ol mech­
anism (fig. 7 - 5) of the upper and lower projectile ring 
drives is an a rrangement of s hafts, gea rs , and a hand 
cont rol lever fo r manually actuating projectile ring 
control movement. Mechanis m extends fro m the A­
end assembly to the out er s ide of the pr Ojectile flat 
circ ular subdiviSion bulkhead. It is an assembly of 
shafts, bevel gear s , universal jOints, and couplings 
suspended from the pr Ojectile flat overhead by ,1-
shaped bracket s at each end, and two T -shaped brack ­
ets at the middle part of the assembly. Inner end of 
the shaft asse mbly is attached to the hand control 
shaft of t he A-end assembly . A J -bracket mount ed 
hand lever, whic h can be r otat ed 170 degrees in 
e ither direction to actuate projectile ring r otation, 
comprises the oute r end of the s haft assembly . Di­
rection of hand leve r movement , limited by pos itive 
s tops, is the s ame as r ing rotation. Each outer J­
bracket is pr ovided with a spring-loaded locking 
plunger which engages a recess in the hand leve r at 
neutra l str oke to prevent the ha ndleve r from be ing 
aCCidentally m oved . 

Cont rol shaft coupling. Shaft-to-shaft connec­
tions m the manual control assembly ar e made with 
s elf-oiling universal joints. These units permit the 
s hafts t o r ot ate at angles up to 22 degrees from align ­
ment' and t o fac ilitate ins tallation and disassembly. 
Shaft connect ion arrangem ents of oppos ite ends of 
each unive rsal joint are t he s ame. The joint ends 
are splined to the s hafts and pinned in position. 

Cont rol valve block. The control valve block is 
mounted at the upper left s ide of the A-end cas e , 
when Viewed from t he shaft end . It is a machined 
block which conta ins the valves and hydraulic pass­
ages that are necessary fo r circuit control. The 
auxiliary pump delivers fluid under circuit cont rol 
pressure to t he valve block. The following valves 
are contained in the control valve block. 

VALVE NAME 

Starting valve 
Interlock valve 
Control valve 
Auxiliary pump r elief valve 
Hydraulic motor by-pass valve 

VALVE SYMBOL 

VI 
V2 
VS 
V4 
V5 

Main system replenishing check valve V6 and V7 

These valves are arranged as shown in figure 
7-11. T he valves open or close the hydraulic pass ­
ages in the valve block to pr ovide dr ive cont r ol , s ys ­
em r eplenishment , Circulat ion, and pressur e r elief. 

Thei r pur pos es and s yste m a rrangements are desc rib­
ed in the following pa r agraphs. 

Starting valve VI. The starting valve Vl is a 
spr mg -and-cam -actuated valve that operates , when 
ring rotation is begun, to port control pressur e t o the 
control s haft holding brake and the B-end s haft b rake . 

www.tinyurl.com/slover


MOUNTING PLATE 

" 

DRAIN NOZZLE 

STARTING VALVE VI 

INTERLOCK VALVE V2 

REPLENISHING CHECK 
VAl VES V6 AND V7 

LI NE 58 FROM FIL.TEI~--~~i!~~~;--'" 

• , 

F igure 7 -11. A-end Control Valve Block, Cutaway View 
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Vi aLso ports control pressure around the interlock 
valve V2 to the end chamber of the control valve V3. 
These actions of Vi are initiated by manual control 
mechanism movement of the starting cam C 5~ At the 
end of the drive cycle the valve spring returns Vi to 
a position to cut off its venting and pressure porting 
action. 

Control valve V3. The control valve V3 is hydrau­
lically operated from its stop to its starting position 
and Is then cam-actuated to its running and stop po­
sitions. Hydraulic pressure from Vi moves V3 to 
its starting position by acting on the starting valve 
pIston. V3 cuts off the port connections that vent 
the auxiliary pump pressure when the valve is in its 
stop position. In addition, V3 ports auxiliary pump 
pressure to shift the hydraulic motor by-pass valve 
V5 to its operating position. The control valve cam 
C3 and spring move V3 to its running position, where 
it remains for the rest of the cycle. In this pOSition, 
V3 ports control pr essure to return the interlock 
valve V2 to its starting position. va is moved to its 
stop or cutoff position by spring action. In this posi­
tion, the pressure line to the by -pass valve V5 is 
vented, and V5 is permitted to move to the stop pos i ­
tion. 

Interlock valve V2. The interlock valve V2 is a 
pressure-operated valve, which is moved to its r un ­
ning position by hydrauUc pressure from V3, as de­
scribed in the previous paragraph. V2 is moved to 
its stop position by hydraulic pressure from va, when 
va is in its running position. In both postions, V2 
is held by a spring detent plunger. In its r un position, 
V2 vents the piston end of V3; in its stop pOSition V2 
resets the port connections to the control valve pis ­
ton for the next starting action. 

H draulic motor by-pass valve V5 . The hydraulic 
motor y-pass va ve s a spr -and-hydraulic-
pressure-operated valve . It has two positions: op ­
e rating and by-paSSing. V5 is pressure-actuated 
from V3 to move it to its operating position, as de­
scribed in a preceding paragraph. In its operating 
pOSition, V5 releases the B -end brake. When control 
pressure is vented at the end of the operating cycle, 
the valve spring shifts V5 to its by-pass position. In 
this position V5 cross -connects lines from the B-end 
valve plate to the two r eplenishing check valves V6 
and V7 (described in the next paragraph). This by­
pass pOSition of V5 enables the high-pressure pipe 
of the main t r ansmission lines to relieve and equalize 
to the lower pressure of the othe r main t ransmission 
line . The by-pass position the reby causes B-end 
rotation to stop by venting the brake piston and allows 
the spring to engage the B-end brake discs. During 
the interval that the B-end is at rest, the by-pass 
position enables the auxiliary pump supply to be deliv­
ered to both main t ransmiSSion lines in order to re ­
plenish. 

Replenishing check valves V6 and V7. The two 
main system replenishing valves V 6 and V'1 are spring 
check valves. V6 and V7 are arranged in opposed 
positions with s eparate oil passages and pipe connee ­
tions that extend to the main t ransmission pipe ports 
of the B -end valve plate. Both valves are supplied 
with flu id from the auxiliary pump through an inter­
connecting pas sage . 

Auxiliary pump relief valve V4. The auxiliary 
pump relief valve r elieves aUXiliary pump pressure 
to the fluid reservoir when the setting of the V4 spring 
is exceeded. 
7 -12 

Starting cam C5. The starting cam C5 is keyed 
to the hand control shafting. When the hand control 
operllcting lever is offset from neutral stroke in 
either direction, the lever acts through shafting and 
gears to rotate C5. As C5 rotates, it forces the 
r oller on the end of the starting valve Vi out of the 
startIng cam recess. This action positions the start­
ing valve Vi , against spring pressure, in its startlng­
position. 

Control valve cam C3. The control valve cam 
C 3 is keyed to the B -end response input shaft to the 
control mechanism. When the B-end is in operation, 
B-end response acts through the input shaft to rotate 
the control valve cam ca. As C3 rotates, it forces 
the lever latch out of the control valve cam recess. 
This action pOSitions the control valve va, against 
spring pressure, in its starting position. 

Oil filters. Two pressure -type screen filters in 
the aUXlhary pump hydraulic circuit remove foreign 
mater ial from the hydraulic fluid before it enters 
the control and operating circuits. The filters are 
located on the side of the A-end case. Design details 
and the duplex filter chamber arrangements are 
shown in figure 7-12. For normal operation both 
filters should be used simultaneously. However, a 
control valve is provided in the filter design to per -
mit the individual use of either filter. This feature 
makes it possible to clean a fouled filter element 
without stopping the power drive. There L3 a relief 
valve in the discharge line of each filter. 

Oil filter relief valves. The r eUef valves are in 
the discharge lines and function as safety devices to 
by-pass oil around the filters in case both filter ele ­
ments become fouled. The valves are set to relieve 
at a higher pressure s etting, apprOximately 120 
pounds per square inch, than the auxiliary pump re ­
lief valves. This is to prevent the oil filter relief 
valves from opening during normal operation. 

Neutral interlock switch. The neutral interlock 
switch (fig. 7 -13) is an electric switch that is used 
in the electric motor starting circuit. Located on 
the top of the A-end case, the Switch opens the 
starting circuit whenever the pump yoke is offset 
from neutral stroke. This prevents starting overload 
on the electriC motor when the power drive is at a 
mid-cycle position with the pump yoke offset from 
neutral stroke. Design features include a plunger ­
operated, two -pole normally closed switch, with a 
watertight seat at the plunger stuffing box. The stuff­
ing box gland houses a spring which, through a pack­
ing washer, maintains constant pressure against 
packing around the plunger. The packing does not 
bind the plunger, but permits free movement with­
out leakage either by pumping action or capillary 
action. When lifted against the pressure of a plunger 
spring, the plunger moves an inner plunger assembly, 
The inner plunger assembly includes a shoulder which 
lifts a movable contact away from two stationary con­
tacts that are mounted in a terminal board. The mov­
able contact is normally held down in a closed position 
by a contact spring. 

B -end assembly. The B-end assembly is mounted 
in the machmery space of the projectile flat, as shown 
in figure 7 -1. The B-end is coupled dir ectly, through 
its output shaft, to the prOjectile ring drive worm. 
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The B-end assembly is composed of the following: 

Hydraulic motor 
Brake 
Brake release lever 
Response mechanism 
B -end response coupling 
B -end drive co pling 

Hydraulic motor. B -end hydraulic motor is a 
multi-piston, flXed-stroke type, similar to the A-end 
pump except that its cylinder and valve plate have 
fixed offset position. Its driven main shaft is coupled 
directly to the worm of the gear reducer. Motor con­
sists of a valve block, valve plate, a motor hoUSing , 
and a rotating assembly of cylinder, pistons, piston 
rods, and a shaft connecting rod. Its housing is bolted 
to the B-end shaft housing. Rotating assembly is driv­
en through a clos ed hydraulic circuit from the A-end 
pump, connected to the B -end valve block. Hydraulic 
motor speed and direction of r otation are determined 
by the direction and degree of the A-end yoke offset . 

Brake. The B-end brake (fig. 7- 15) is a friction 
disc-type, mechanical assembly which is spring ap­
plied and hydraulic pressure released. The brake is 
composed of multiple discs alte r nately attached to t he 
B -end output shaft and to the brake disc retainer. The 
discs and the retainer are concentric with the B-end 
output shaft and are enclosed within the B -end shaft 
housing. A piston enclosed spring exerts sufficient 
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Figure 7 -12. Filter Assembly, Cutaway View 
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pressure on the discs to cause thei r engagement and 
thus prevent the shaft from turning when the projec ­
tile ring drive is not operating. The brake is held 
in its applied poSition by this brake spring except 
when the ring is rotating, or when it is released by 
the manual brake release lever. During operation, 
control pressure from the auxiliary pump i s ported 
through the control valve block to a brake release 
cylinder. This compresses the brake spring and dis­
engages the brake discs to permit the output shaft to 
rotate. The brake holds the prOjectile ring in a fixed 
pOSition in the intervals between cycling actions. 

Brake release lever. The brake release lever 
operates a manual brake r elease assembly that dis­
engages the brake when the projectile ring is to be 
turned by means other than by power. The assembly 
is a cam-operated release plate, engaged to the brake 
piston. The device is operated through a shaft arrange­
ment by the manual brake r elease lever,. 

Response mechanism. The B-end response me­
chanIsm (fig. 7-14) is a worm, wormwheel, and re ­
sponse shaft. This mechanism is coupled to the A­
end timing cam shaft as indicated on page 7 -10. The 
worm of the mechanism is keyed to and r otates with 
the B -end output shaft and has a fixed value of 60 
revolutions for each cycle of projectile ring rotation. 
The worm and wormwheel are lubricated by hydraulic 
flUid in the B -end housing. 
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Figure 7 -13. Neutral Interlock Swttch, Cutaway View 
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B - end response coupling. T he B-end r esponse 
coupling (hg. 7-6) connects the res ponse shaft to the 
contral cam shaft. A floating center member , mount­
ed between jaw flanges, is constrained to slide across 
the face of one flange on a line passing through the 
center, and across the face of the second flange in a 
direction at right angles to the fi r st. The floating 
cente r member has special removabl e graphite -im­
pregnated bearing strips, m ounted between the c ente r 
m ember and the flanges, together with a grease reser­
voir for lubrication. 

B-end drive coupling. The B-end drive shaft 
couplmg (fIg. '/ 1'1) IS a direct-drive, self-aligning 
cOImection between the B -end output s haft and the 
gear reducer worm shaft . Compos ed of two identical 
hubs, m ale s leeve, female sleeve, s leeve gasket , and 
two oil sea ls , the coupling p rovides a flexible connec ­
tion through meshing of the int e rnal gears of hubs a nd 
sleeves. Openings for adding lubricant, which is r e­
tained by the oil seals and gaskets, a re normally 
c losed by oil plugs. 

Hydraulic pipe installation. Details of the hy ­
draulIc pipe installations for the upper and lower 
projectile ring drives, connect ing the previously 
described A-end pump, B-end motor , and valve 
b lock components, are identical. The hydraulic 
pipe installation for one pro jectile ring drive is 
s hown in figure 7-25. 
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Components. Each upper and lower inner pro ­
jectlle r mg IS composed of the following major units 
and subassemblies : 

Car:iage ring assembly 

Carriage r ing weldments 
Rack 
Carriage securing devices 
Stowage fittings 

Rolle r cage installations 

Roller cage 
Double r plates 

P inion dr ive mechanis m 

Gear reduc er 
Drive coupling 

Carriage ring assembly. The carriage ring as ­
sembly, arranged as s hown in figure 7-18, rests on 
roller s of the r oller cage installations (desc ribed on 
page 7 -16) . Secur ed against lifting by holding down 
flanges that are mounted on the circular bulkhead 
enclosing the machinery space, the car riage r ing 
assembly is rotated on the rollers by pinion drive 
of the rack. 

BRAKE ASSEMBLY 

I \ VALVE PLATE MOTOR HOUSING 

, CYLINDER BEARING PIN BEND RESPONSE WORM 

B END MOTOR VALVE BLOCK 

LINE 1 CONNECTION TO kENO PUMP 

F igure 7-14. B - end Assembly, Sectional View 
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Carriage ring weldments. The projectile stowage 
rings (rotah ng) of both projectile flats are identical , 
with a platform diameter of 23 feet each . The plat ­
forms, each 36 inches wide, a r e welded assemblies 
of circula r platform segments, two r ings (des ignated 
r ack retainer and outer t r ack s upport) , two other 
rings (designated inne r and oute r tracks ), and a cyl­
indrical coaming with a coaming flange. 

Rack . Racks , large annular spur gear s egments, 
a r e OoIted on and keyed to the rack retainer to form 
a complete circular gear with internal teeth. F our 
s imilar 65 -tooth segments give a total of 26 0 teeth 
in the whole r ack. P itch diameter of the rack is 208 
inches . Identical drive pinions for both the uppe r 
and lowe r r acks have 21 teeth with a pitch diameter 
of 16. 8 inches. 

Car r iage securing devices. In addition to the 
holding -down flanges, each n ng is equipped with 
devices to prevent accidental r otation of the r ing 
when it is not in use. Two centering pins in each 

PROJECTILE RINGS 

ring carriage (fig . 7 - 18) stow the rotating r in g and 
r elieve the r ack , pinion, and pinion drive from stress, 
when the rings are not in use . The centering pins are 
located 180 degrees apart at 15 degrees and 195 de­
gr ees from the tur ret longitudinal centerline. Mating 
sockets for the pins are bolted in pos ition in t he as ­
sembly of fixed r oller cages . Each pin is a s crew 
type which is retracted by a special wrench. The 
wrenches are stowed close to each socket. 

Stowage fittings. The projectile stowage details 
of the rotatmg and fixed stowage r ings of both pro ­
ject ile flats a r e s imilar. Each rotating r ing is pr ovid­
ed with a coaming flange which is equipped with uni­
formly space d pr Ojectile lashings. The f ixed stowage 
spaces a r e equipped with similar las hings which are 
s ecured to unifor mly spaced securing plates. These 
plates a r e welded to the cylindrical foundation bulkhead. 
The lashings consist of roller chain devices that a r e 
s imila r ly t oggle -connected to the coaming flange and 
the s ecuring plates, as s hown in figure 7 -18. All lash­
ing chains are equippe d with pelican type fastene rs. 
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Figure 7 -16. B-end Response Coupling, 
Cutaway View 
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F gure 7 -17. B -end Drive Coupling, 
Cutaway View 

Roller cage installations. The inner projectile 
stowage rmgs rotate on fiXed roller cage installa­
tions. The cages are bolted in the projectile flat 
recesses and do not r otate with the carriage. Each 
carriage ring rotates on an inner and an outer roller 
cage assembly which supports inner and outer tracks 
of the carriage ring weldments. In addition to rollers 
for the tracks, the inner roller cage assemblies have 
equally spaced radial-thrust rollers. The inner and 
outer roller cage installations are each made up of 
16 equal segments which are fitted together, end to 
end, to form two complete, concentric circles. 

Roller cage. Each roller cage segment is a cast 
steel frame.~he segments for the outer roller cage 
assembly are provided with pin bearings for four 
carriage suppor ting rollers. Each segment for the 
inner r oller cage assembly is provided with pin bear ­
ings for four radial -thrust rollers in addition to the 
four carriage supporting r ollers. The radial-thrust 
rollers confine the thrus t movement of the rotating 
ring and accurately maintain uniform engagement be­
tween the pinion and rack. Each radial-thrust roller 
is mounted on an eccentric bolt so that all radial­
thrust rollers of the inner r oller cage assembly can 
be adjusted to center the carriage ring. In addition, 
this feature ensures the desired pitch-line contact 
between the pinion and rack. 

Doubler plates. The doubler plates are flat inner 
and outer rmgs that are secur ed in the recesses be­
neath the roller cage assemblies. The doubler plates 
provide true planes for supporting and aligning the 
circles of r oller cage segments. Each outer roller 
cage segment bears at five pOints on the doubler plates, 
while each inne r roller cage segment bears at nine 
pOints. 

Pinion drive mechanism. The pinion (fig. 7-4) 
is mounted on the output shaft of a housed mechanism 
called the gear reduce r . This unit is mounted within 
the machinery space of the projectile flat and is posi­
tioned for correct engagement of the pinion with the 
rack. The unit is coupled to the drive shaft of the B­
end assembly. Both the upper and lower pinion drive 
units of the turret are alike. 

Gear reducer. Each gear r educer (fig. 7-4) is a 
heavy-duty worm, wormwheel, and pinion shaft drive 
assembly, It is arranged with the pinion at the bottom, 
below an oil reservOir housing that encloses the worm 
and driven wheel. The worm and wormwheel are a 
lap-fitted set , match-marked for cor rect mesh. These 
two components are not inte rchangeable with like parts 
of other ring drive gear reducer s. The gear reducer 
design is a non-overhauling, double -thread, Hindley­
type worm. The wormwheel is made with 72 teeth 
and has a pitch diamete r of 31. 5 i nches . The worm 
has a pitch diameter of 5. 0 inches . Both shafts are 
mounted in thrust - radial r oller bearing groups that 
are non- adjustably fitted for cor rect a lignment at 
initial assembly. The wormwheel is keyed onto and 
drives a shaft together with a spur gear that is also 
keyed onto the same shaft . This spur gear is made 
with 13 teeth and has a pitch diameter of 10.4 inches . 
It driv s the pinion gear which meshes with the rack. 

The housing includes special details for filling, 
draining, venting, and gaging lubricant level. A 
filling plug Is located at the top of the housing, adja­
cent to an open elbow pipe fitting that provides venti -
1ation for the house mechanism and lubricant. Two 
trycocks in the s ide of the housing provide mini­
mum and maximum 0 '1 level inspection pOints . 
Twelve gallons of a special high pressur e lubricant 
deSignated Navy Symbol 5190, are r equired to fill to 
the upper t rycock . 
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Drive coupling, The worm shaft of the gear re ­
ducer is coupled to the B -end shaft of the hydraulic 
power drive by a self- aligning flexible coupling of 
commercial design. This coupling is one of four 
special coupling devices included in the power drive. 
The coupling is shown in figure 7 -17, and is desc rib ­
ed on page 7 - 14 of this chapter. 

Projectile ring controls and interlocks 

The projectile ring operating controls and inter ­
locks include starting and stopping controls, a cen­
tral inter lock switch, manual control mechanism, 
timing and control mechanism, a manual brake re ­
lease lever, and a projectile ring ready indicator. 
These control devices and their functions are desc r ib­
ed in following paragraphs . 

Start-stop control. The master s tart-stop switch 
for the projectile r irig controller of each of the upper 
and lower projectile flats is a conventional pushbutton 
type. The switch is of enclosed, wate rtight design 
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ROTATING RING 
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PROJECTILE RINGS 

with two buttons that are designated START-EMERG 
and STOP , The switch is Similarly located on the 
center projectile hoist tube of each prOjectile flat. 
Each switch is normally open and is c losed by press­
ing the START-EMERG button. The switch is opened 
by pressing the STOP button. The master start-stop 
switches described above are arranged in the control ­
ler starting circuit with another switch contact that 
must be closed to complete the circuit when the START­
EMERG button is pressed. This switch contact is the 
neutral inte rlock switch which is closed when the A-
end is at neutral stroke. 

Pressing the START-EMERG button closes a 
normally open three - pole switch and energizes the 
coil of t he main contactor. By the action just de ­
scribed, the three -phase power is connected to 
the main elect ric motor. Holding contacts on the 
relays maintain the power circuit connections when 
the START-EMERa button is r eleased, and until the 
STOP button is pressed. 
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Figure 7 - 18. Projectile Stowage Ring, Sectional View 
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Stop pushbutton switches . Two emergency stop 
switches are provIded for each projectile ring con­
t r olle r . T hese switches are of enclos ed, wate rtight 
design with one pushbutton. The switches are s imi ­
larly located on each project ile flat, one switch on 
e ach s ide of the proJectile handUng platforms, two 
switches on each proj'ectile flat . The switches a r e 
the normally closed type and ar e opened by pressing 
the button designated STOP . 

Neutral interlock switch. The neutral int erlock 
switch I S an electnc sWItch that is used in the motor 
sta rting circuit. It functions to prevent starting over­
load on the electric motor when the drive is at mid­
cycle position, with the pump yoke offs et from neutral. 

Manual control mechanism. The manual control 
m ec hanism of the projectile nng drives of the upper 
and lower prOjectile flats is an arrangement of shafts , 
miter gears, and a hand control lever. The hand con­
t r ol lever is for manually actuating projectile ring 
c ont rol movement. The manua l cont r ol mechanis m 
extends from the A-end assembly in the inner com­
partmBnt to the outside of the prOjectile flat circular 
subdivis ion bulkhead. The mechanis m is described 
on page 7 - 10 of this chapter, and is shown in figure 
7 -19 . 

T iming and control mechanism. The timing and 
control mechanisms are semi-automatic prOjectile 
ring cycle control devices. The mechanisms con­
t r ol starting speed and operate to stop ring r otation 
at the end of a cycle. The mechanism is desc ribed 
on page 7-9 of this chapter. 
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Figure 7 - 19. Projectile Ring Manual 
Control Mechanism 

Brake release lever . The B-end mechanical 
brake is a fnchon disc type that is spr ing-applied 
and is normally released by hydraulic pressur e . A 
pis ton-enclos ed spr ing exerts sufficient pressure on 
the discs to engage them, and thus prevent the B - end 
output shaft from turning when the projectile ring 
drive is not operating. T he brake is held in its ap ­
plied position by the brake spring except when the 
ring is r otating, or when it is released by the man­
ual brake r elease lever. The manual brake release 
lever is located on the Side of the B-end, fo rward of 
the adjacent A-end assembly. The brake release 
lever is rotated through an arc of 36 degrees from 
an applied to a r elease pOSition. 

Projectile ring r eady indicator. The upper and 
lower proj echle handling fIats are each equipped 
with an independent ready light c ircuit. The r eady 
light circuit functions to noti.fy the projectile ring op ­
erator as to when the rotating ring may be moved. 
Each ready light circuit is composed of three con ­
tact make rs (one is located at each projectile hoist 
operator's station) and a three-dial indicato r light 
(located at the p rOjectile ring operato r' s station) . 
The dial designations of the indicator light at L, C, 
a nd R, for the left, center , and right projectile 
hOists, respectively. Each c ir cuit contact maker 
clos es only the circuit to its respective dial on the 
indicator. 

OPERATION 

General 

With both centering pins in a raised pOSition, the 
prOjectile ring is free to be rotated in either direc­
tion. The contr ol of starting, stopping, speed and 
d irection of rotation is determined by the direction 
a nd degr ee of handlever movement, exc ept when a 
r ing s tation i s reached, at which time the prOjectile 
ring stops automatically. The position of the control 
and timing m echanisms, resulting from initial offset 
of the handlever , is shown in figu r es 7 - 20 to 7 -24, 
inclus ive . Thes e schematic diagrams illustrat e in 
s equence the phases of ci rcuit flow conditions and 
resultant movement of components during a com ­
plete operating cyc le as described in the following 
paragraphs. 

Starting 

Perform the following operations when sta r ting 
the prOjectile ring electric motor: 

1. P lace the controller circuit-breaker lever 
at ON. 

2. Place the hand control lever at the neutral 
stroke position. 

3. Press the START -EMERG button. 

Stopping 

When stopping the projectile ring drive , perform 
the following operations . 

1. Rotate the prOject ile ring to the desired posi­
tion of rest, s o that the centering pins may be run in. 

2. P lace the hand control lever at the neutral 
stroke position. 

3. Press the STOP button. 
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F igure 7-20. Projectile Ring Circuit Diagram, Neutral Position 
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RELE AS E LE VER Ll CO NTROL GEAR L6 A END YOK E LINK 

Q B·END RE SPONSE 
IN PUT SHAFT 

VI 

V2 

CONTRO L 
DASH POT 

V 

MAIN DRIVE PRESS URE -=- MAIN DRI VE RETURN 

CO NTROL PRESSU RE 

c====J TANK PRESSU RE 

13& DRAIN 

1/6 RE PLENI SHING CHECK VAL VE 
V7 REPLENISHING CH ECK VAL VE 
V8 SAFETY RELIEF VAL VE 
1/9 SAFETY RELIEF VALVE 

CHAMB ERS 

L7 TIM ING CAM LI NK 

L8 TIMING CAM ROLLER LIN K 

L9 TIMING CAM ROLLER LIN K 

RIO CAM ROLL tR 
R 11 CAM ROLLER 

Figure 7 -21. Projectile Ring Circuit Diagram, Starting P osition 
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V4 

01 CO NTR OL VALVE PISTON 
Sl CO NT ROL VALVE SPR ING 
S2 BYPASS VA LVE SPRI NG 
S3 STAR TIN G VA LVE SPRING 
S4 AU XILIAR Y PUM P RELIEF 

VALVE SPRIN G 

L INTERLOCK VALVE 
DETENT PLU NGER 

0 B· END DRIVE SHAF T 
P MANUAL BRAKE 

REL EASE LE VER 
Q BEND RE SPONSE 

INPU T SHAFT 

V5 

K 

S2 V7 

NEUTRAL 
INTERI_OCK SWITCH 

" CA M C4 
L7 " 

28 SI V3 19 

VALVE AND HYDRAULIC SYMBOLS 

VI START ING VALVE 
V2 INTERLOCK VALVE 
V 3 CO NTROL VALV E 
V4 AUXI LI ARY PUMP R LIEF VALVE 
V5 HYDRAULI C MOTOR BYPASS VA LVE 

S3 

1. 2 , 3, 4, 5A , 5B , etc. HYDRAULIC LIN ES , PASSAGES, AND 

MECHANI CAL SYMBOLS 

U B END BRAKE DISCS L2 GEAR SEGMEN T 

W BRAKE SPRING L3 CON TR OL LINK 

Z HOLDING BRA KE L4 YOKE LINK LEVER 

02 LE VER LATCH L5 YOK E LI NK LEVER 

Ll CO NTR OL GEAR L6 AEN D YOK E. L INK 

PROJECTILE RINGS 

6 

5B-

V2 

_ MAIN DRI VE PRESSURE 

MAl N DRIVE RETU RN 

_ CO NTROL PRESSURE 

c:=:::J TANK PRESSURE 

DRAIN 

V6 RE PLEN ISHI NG CHECK VALVE 
7 REPLENISH IN G CH ECK VA LVE 

V8 SAFET Y RELIEF VALV E 
V9 SAFE TY REL IEF VALVE 

CHAMB ER S 

L7 TIMI NG CAM LINK 
L8 TIMING CAM ROLLER LINK 
L9 TI MING CAM ROLLER LINK 
RlO CAM ROLLER 
Rll CAM ROLLER 

Figure 7 - 22. Projectile Ring Circuit Diagram, Running Position 
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o 

01 CONTROL VALVE PISTON 
SI CONTROL VALVE SPRING 
S2 BYPASS VA LVE SPRING 
S3 STARTING VA LVE SPRING 
S4 AUXILIAR Y PUMP RELIEF 

VALVE SPRING 

L INTER LOCK VA LVE 
DETENT PLUNGER 

0 B-END DR IVE SHAFT 
P MANUAL BRAKE 

RELE AS E LEVER 

Q B-E D RESP ONSE 
INPU T SHAFT 

16 INCH THREE GU N TURRETS 

1. 2 

U 
W 
Z 
D2 
Ll 

NEUTRAL 

I NT ER LOCK SWITC H '''::====~~~.[ii~tE:===:::]d~~ CAM C4 ---(/ ..::--, '-

VALVE AND HYDRAULIC SYM BOLS 

VI STAR TI NG VALVE 
V2 IN TERLOCK VALVE 
V3 CON TRO L VA LV E 
V4 AUXILIAR Y PUMP RELIEF VALVE 
V5 HY DRAULI C MOTOR BY PASS VA LVE 

MAIN DRI VE PRESSURE -=- MAI N DR IVE RETURN 

_ CONTROL PR ESSUR E 

C=::J TANK PR ESSURE 
_ DRAIN 

V6 REPLENISHI NG CHECK VAL VE 
V7 RE PLENI SH ING CH ECK VALVE 
V8 SAFET Y RELIEF VALVE 
V9 SAFETY RELI EF VALVE 

3,4, 5 A, 5B, et c, HYDRAULIC LINES , PA SSA GES , AND CHA MBERS 

ME CHANICAL SYMBOLS 

B-END BRAKE DISCS L2 GEAR SEGM EN T L7 TIM ING CAM LINK 

BRAKE SPR ING L3 CO NTR OL LINK L8 TIM ING CAM ROLLER LINK 

HOLDING BR AKE 4 YOK E LI NK LEVER L9 TI MING CAM RO LLER LINK 

LEVER LATCH L5 YO KE LINK LEVER RI O CAM RO LLER 

CONTROL GEAR L6 A-END YOK E LI NK R II CAM ROL LER 

Figure 7 -23. ProjectUe Ring Circuit Diagram, Approaching Automatic Stop 
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2 

K 

L7 

o====t[Jo 

8B 

V5 S2 V7 28 SI 

VALVE AND HY DRAULI C SYMBOLS 

01 CONTROL VA LVE PISTON VI STARTING VALVE 
SI CONTROL VALVE SPRING V2 INTERLOCK VALVE 
S2 BYPASS VA LV E SPRING V3 CONTROL VALVE 
S3 STARTI NG VALVE SPRING V4 AUXILIARY PUMP RELIEF VALVE 
S4 AUXILIARY PUMP RELIEF V5 HYDRAULIC MOTOR BYPASS VALVE 

VALVE SPR ING 
1,2 , 3,4 , SA , 5B, etc . HYDRAULIC LINES, PA SSAGES, AND 

MECHANICAL SY MBOLS 

L INTERLOCK VA LVE U B-END BRAKE DISCS L2 GEAR SEGMENT 

DETENT PLU NGER W BRAKE SPRING L3 CONTR OL LINK 

0 B-END DRIVE SHAFT Z HOLDIN G BRAKE L4 YOKE LINK LEVER 

P MANUAL BR AKE 02 LE VER LATCH L5 YOK E L IN K LEV ER 
RELEASE LEVER Ll CONTROL GEAR L6 A-END YOKE LINK 

Q B-END RE SPON SE 
INPUT SHAFT 

PROJECTILE RDNGS 

V2 

CONTROL PRESSURE 

c::=J TANK PRESSURE 

DRAIN 

V6 REP LENISHING CHECK VALVE 
V7 REP LENISHING CHECK VALVE 
V8 SAFETY RELIEF VALVE 
V9 SAFET Y RELIEF VALVE 

CHAMBER S 

L7 TIMING CAM LINK 
L8 TIMING CAM ROL LER LINK 
L9 TIMIN G CAM ROLLER LINK 

RI O CA M ROLLER 
Rll CAM ROLLER 

Figure 7 - 24. Projectile Ring Circuit Diagram, Stopped Between Stations by Operator 
C HANGE 1 7-23 
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Circuit operations 

Stop position (fig. 7 -20). With the projectile ring 
stopped at one of the ring stations, and the control 
hand lever at neutral s troke position, the following 
conditions exist: 

Startin~ valve V1. The starting valve roller 1s 
restiJig in e recess of the s tarting cam. C5. In this 
pOSition, the starting valve: 

1. Ports control pressure from the auxiliary 
pump through line 22 to hold the interlock valve V2 
in the reset position. 

2. Vents tank pressur e from chamber 15 of the 
control valve piston Dl through line 14, the interlock 
valve V2, and lines 13 , 30, 25 and 26 to the tank. 

3. Vents chamber 31 of t he holding brake Z to 
the t ank th rough lines 8A, 30, 25, and 26. It also 
vents chamber 32 of the B - end brake through lines 
8B, 30, 25, and 26. (The brake chamber is also 
vent ed through lines 8B, 24, and 26. ) 

Interlock valve V2. The interlock valve is held 
in reset posfhon and vents chamber 15 of the control 
valve piston Dl as described above . 

Control valve V3. The control valve is spring 
actuated to hold the lever latch D2 in the recess of 
the control cam C3. In this pOSition, the control 
valve: 

1. Vents chamber 17 of the bypass valve V5 to 
the tank through lines 16 and 26. 

2. Vents the interlock valve V2 to the tank through 
lines 21 and 26. 

B~ass valve V5. The bypass valve is positioned 
by sprng 8-2 to its bypass position when chamber 17 
is vented to the tank, as previous ly described. In 
this pOSition, the bypass valve: 

1. Bypasses the pump-to-motor power trans­
mission lines 1 and 2 so that the hydraulic motor 
will not rotate even if the pump yoke (H) is slightly 
offset from neutral stroke. 

2. Vents chamber 32 of the B-end brake through 
lines 8B, 24, and 26. 

3. Vents chamber 31 of the holding brake through 
lines 8A, 19, 8B , 24, and 26. 

Relief valve V4. Control pressure from the aux­
iliary pump flows through lines 5B, 29, 20, and 27 
to chamber 28 of the relief valve . When pressure 
in the control circuit and in chamber 28 exceeds 
the setting of the relief valve s pring S4, the valve 
moves up against the spring and connects lines 20 
and 26, which vents the circuit to tank. 

Replenishing check valves V6 and ~. The re­
plenishing check valves may be closed or slightly 
opened, depending on the extent of leakage in the 
pump -to -motor transmission lines 1 and 2 and lines 
3 and 4. In their open position, the replenishing 
check valves port control pressure to the drive cir­
cuit through lines 3 and ~ , and the bypass valve 
V5. 

7-24 

Timi~ cams Cl and C2. With the pump yoke in 
neutral sroke pos ition, ther e is a slight clearance 
(0. 060-inch) between the timing cams and thei r link 
rollers RIO and RH, 

Interlock switch N. The r oller of the neutral 
interlock SWItch is In its recess in cam C4. In this 
position the power starting circuit through the switch 
to the electriC motor is closed. The electric motor 
can be started when the control mechanism is in neu­
tral position only, 

Start Nosition (fig. 7-21), When the hand lever 
K is oUse through any part of its 1700 are, in either 
direction, it acts through the s hafts and miter gears 
of the hand control mechanism to rotate the s tarting 
cam C5, gear L1, and gear segment L2. The speed 
of movement of the gear segment is restricted by the 
control dashpot V, which thus limits the speed of 
movement of the hand lever K. The rotation of the 
gear segment L2 caus es movement of links LA, L5, 
L7, LS, and L9 to take up the clearance between the 
timing cam C2 and the link r oller R1l. Also, rota­
tion of the gear segment L2 causes movement of link 
L6 to offset the A-end pump yoke H. Movement of 
link 1A is limited, so the balance of the hand lever 
full movement is taken up by compr ession of the con­
trol link pump YOke, and linkage in the positions de­
scr ibed above, valves and associated components 
function as described in the following paragraphs: 

Starting valve VI. When the starting cam C5 
r otates, it forces the st arting valve roller out of the 
cam recess and positions the starting valve VI in its 
start position, In this position, the starting valve: 

1. Vents the top of the interlock valve V2 to the 
tank through lines 22, 23 , 30, 25, and 26 . V2, held 
by a detent, does not move from the r eset position. 

2. Closes the vent lines of chamber 31 of the 
holding brake and chambe r 32 of the B-end brake by 
disconnecting line 8A from line 30. 

3. Ports control pressure from line 5B, through 
lines 13 and 14, to chamber 15 of the control valve 
V3 piston. 

Control valve V3. As control pressure is ported 
through the starting valve VI and enters chamber 15 
of the control valve piston, it moves the contr ol valve 
piston which forces V3 to its start position. A shoul­
der on the valve block limits movement of the piston. 
Mter the .control valve is pos itioned at its start pos i ­
tion, control pressure is ported from line 29 through 
line 16 to chamber 17 of the bypass valVe V5. V5 is 
forced down against spring S2 into its ''bypass blocked" 
position. 

BlIlaBS valve V5. In its ''bypass blocked" posi ­
tion, e by-pass valve: 

1. Closes vents of chamber 31 of the holding 
brake and chamber 32 of the B-end brake by discon­
necting line 8B from line 24. 

2. Ports control pressure to chamber 32 of the 
B-end brake from line 5B through lines 29, 20, 18, 
and 8B. V5 also ports cont r ol pressure to chamber 
31 of the holding brake from line BE through lines 
19 and 8. 
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3. DiscOIUlects line 3 from line 4. This permits 
main drive pressure t o build up in transmiss ion line 
1 or 2 (depending on direction of pump yoke offset) as 
the pump yoke is offset from neutral str oke and the 
A-end pump begins delivery. 

Holding brake Z. Wnen control pressure is ported 
to chamber 31 , the holding brake Z engages the shaft 
of the hand control mechanism and holds it in position 
until chamber 31 is vented. Chamber 31 of the hold­
ing brake is not normally vented until a cycle Is com­
pleted, unless the hand lever is manua lly returned to 
a stop position before completion of a cycle. 

B-end brake. When cont r ol pressure is ported 
to chamber 32 of the B-end brake, the brake spring 
W is compressed. This removes pressure from the 
brake discs U and permits the B -end drive shaft 0 
t o turn. The offset of the pump yoke pe rmitted by 
the clearance between timing cam C2 and roller Rll 
Is enough to start B -end rotation. 

Response mechanism. As the B -end rotates, the 
r esponse worm gear r otates the B - end r esponse in­
put shaft Q, timing cams C1 and C2, and cont rol cam 
C3. As timing cam C2 r otates, the link roller Rll 
follows the ca m contour and causes linkage movement 
to increase the pump yoke H offs et . This action acc el­
erates the projectile ring to full s peed. As the con­
trol cam C3 t urns, lever latch D2 is moved out of its 
cam recess and thereby positions the control valve to 
its full "running position" (fig. 7 - 22). 

Running position (fig. 7-22). The running posi­
tion aillers from the start lng pos ition only in that 
the degree of pump yoke H offs et is greater, and that 
the control valve V3 and interlock valve V2 are posi­
tioned as desc r ibed be low: 

Control valve V3. When the control valve V3 is 
moved to Its runnfug pOSition, by the control cam C3, 
it ports control pressur e fro m line 20 to line 21. 
This action pOSitions the inter lock valve V2 in its 
running pOSition, where it is held by the detent. 

Interlock valve V2. When the interlock valve is 
positioned In Its runrung pOSition, it vents chamber 
15 of the control valve piston Dl to the tank through 
lines 14, 25, and 26 . The control valve V3 through 
lever latch D2 is now forc ed to fo llow the contour of 
the control cam C3 by the pressure of the control 
valve spring SI, until D2 engages the cam r ecess at 
the end of the angle. 

ApproaChing automatic stop position (fig. 7-23). 
As the cycle nears completion, the rotating speed 
of r ing and hydraulic drive units is being decel­
erated by the movement of the pump yoke H toward 
neutral. This movement , caused by the contact of 
the timing cam C2 with the r oller Rll , is taken up 
by the s pring in the control link as the holding brake 
Z maintains the original position of the control shaft. 
As the end of the cycle is reached, the valves and 
related components function as described in the follow­
ing paragraphs: 

Control valve V3. When D2 engages the recess 
in C3, va is r etur ned to its s top position, and: 

1. Vents the lower chamber of the interlock valve 
V2 to the tank, through lines 21 and 26. 

2. Vents chamber 17 of the bypass valve V5 to 
the tank through lines 16 and 26 . 

PROJECTILE RINGS 

Bypass valve V5. After chamber 17 is vented, 
the bypass valve s pring S2 pOSitions the valve to its 
bypass pOSition, wher e it : 

1. Connects lines 3 and 4, and bypasses the 
transmis sion lines 1 and 2. 

2. Vents chamber 32 of the B-end brake to the 
tank through lines BB, 24, and 26. This action per­
mit the brake spring W to apply pressur e to the 
brake discs and thereby stop rotation of the B - end 
drive shaft O. 

3. Vents chamber 31 of the ho lding brake to the 
tank through lines SA, 19, 24, and 26 . This action 
releases t he holding brake Z. 

Starting valve V1. When the holding brake Z is 
released, the contr ol link spring L3 returns the hand­
lever K to neutral pos ition at a speed regulated by the 
dashpot V. When the hand leve r is at neutral , the 
recess of the starting cam C5 is aligned with the r oll­
er of VI. The starting valve spring S3 moves the 
roller into the recess and thus positions V1 in its 
stop position. In this pos ition, VI ports control p r es­
sure to t he upper end chamber of V2 thr ough lines 5B 
and 22. 

Interlock valve V2. As the lower end chambe r of 
V2 is vented by the repositioning of V3, and cont r ol 
pressure is ported t o the upper end chamber of V2 
by movement of VI t o its starti ng position, V2 shifts 
to its reset position . The control system has now 
resumed the neut ral pOSition shown in figur e 7 -20. 

Between stations"fi s top pOSition (fig . 7-24). The 
projechle ring may e s topped by the nng operator 
between cycles by returning the hand lever to neutral 
s t roke . If s uch action is perfo r med, the following 
conditions exist. 

Starting valve VI. When the manual control hand 
lever K is r eturned to neutral, against t he braking 
friction of the holding brake Z, the starting valve 
spring S3 forces the starting valve up and engages the 
roller in the detent of the starting cam C. VI then: 

1. P orts control pressur e to the chamber at the 
upper end of V2 through lines 5B and 22. 

2. Ports control pressure to chamber 17 of V5 
through lines 5B, 29, and 16. 

3. Vents line BA to the holding brake, and lines 
BB and 19 to the B-end brake through lines 30, 25, 
and 26. 

Interlock valve V2. Control pres sure is ported 
to the uppe r enaortliIs valve, as des c r ibed above, 
but V2 r emains in its running position because it has 
equal pressure at the lower end, which Is ported 
through lines 5B, 29, 20, and 21. 

Bypass valve V5. When ring r otation is s topped 
between cycles, V5 oscillates between a partial and 
a full ''bypass blocked" pOSition, This condit ion is 
ported to chamber 17 of VB through the repositioning 
of V1, as described above , which positions V5 in its 
''bypass blocked" position. In this pOSition, chamber 
17 is vented t o the tank through lines 16, 20, 18, 
19, 30, and 26. Howeve r, when the pressure in 
chamber 17 is vented, the bypass valve spr ing 
82 t ends to return the- valve to bypass pos ition. 
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This would close off the venting action of line 18 
(and of chamber 17) so that control pressur e ported 
to chamber 17 again retu r ns the bypass valve V5 to 
its ' 'bypass blocked" position. While the bypass 
valve is oscillating , a connection is m aintained b e­
tween lines 3 and 4, which bypasses the main drive 
pressure in lines 1 and 2. The holding brake Z has 
been r eleased and the B-end brake has been applied, 
as described above under the starting valve V1. Due 
to these conditions , the projectile r ing r otation is 
s topped, and rotation cannot r esume until the hand 
lever K is moved fr om neutral position. When the 
hand lever is moved, V1 is moved to its running po -
siUon and all mechanisms resume normal running 
operation, as shown in figure 7-22. 

INSTRUCTIONS 

General instructions 

The projectile r ing assemblies are to be oper­
ated and maintained (including periodic exerCise , 
adjustment and lubrication) in accordance with the 
regulations of the Bureau of Ordnance Manual , the 
instructions below, and the hydrauliC sys tem main­
tenance instructions in chapter 17. 

LI NE 10 LIN E 9 

General servicing inst r uctions 

Hydraulic oil. The fluid to be us ed in the hydrau­
lic system is ffiat deSignated by the Bur eau of Ordnance 
as 51F21 (Ord). The fluid must be poured into the 
system through a fi ne mesh wire strainer of at least 
200 wires to the inch. Do not use cheesecloth or rags. 
Mter 15 hours of operat ion (or less), new assemblies 
should be drained, thor oughly flushed with clean 51F21 
(Ord), and r efilled with new hydr aulic fluid. P erfor m 
the test inspection and analys is of oil samples from 
each system monthly. If there is evidence of exces­
sive sludge, wate ,;:, or ac idity, drain, flush, and re ­
fi ll with fresh oil. The amount of fluid r equired to 
fill each prOjectile ring drive unit is approximately 
25 gallons. P r oper procedur e for filling an empty 
system is as follows : 

1. Remove the fi ller cap from the A-end case 
and fill the case to the level of the upper t rycock. 

2. Start the elect ric motor and allow it to run 
fo r seve ral minutes in order to fill all spaces in the 
control and operating circuits. 

3. Remove the fil ler cap and add sufficient fluid 
to fill to the uppe r t rycock. 

CONTROL VALVE BLOCK 
TO DASH POT CYLINDER 

LIN E 8A 
CONTROL VALVE BLOCK 

TO CONTROL SHAFT 
HOLDING BRAKE 

CONT RO L VALVE BLOCK 
TO B-END RESPO NSE CAS E 

LI N E SA 
PUMP TO 

FILTER LINE 

LI NE 6 
INTAKE LINE 
FROM A-END TANK 

AEND CASE 
AND SUPPLY TANK 

LINE 4 MAIN SYSTEM 
REPLENISHING AND BYPASS 

A-END DRAIN PLUG 
UNE 1 

DRAIN PLUG 
LINE 2 

MAIN DRIVE PIPE 

LINE 8B 
CONTROL VALVE 

BLOCK TO 
B-END BRAKE 

B-END DRAIN PLUG 

B-END ASSEMBLY 
INNER 

PROJECTILE 
RING 

CO AM ING 
FLANGE 

COAMING 

CENT ER 
PROJECTI LE 

HANDLING RIN G 

LINE 3 MAIN SYSTEM REPLENISHING AND BYPASS 

LINE 7 DRAIN FROM A-END RESPONSE CASE TO A-END TANK 

F igure 7-25. P r ojectile Ring Drive Arr angement 
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Lubrication. All hydrau lic power units are s elf­
lubrlcahng. other elements of the pr ojectile r ing 
as sembly, such as the electric motor, response gear , 
couplings, and hand control mechanis ms, are t o be 
lubricated in accordance with instructions on the lu­
brication charts. 

Operating precautions 

The following precautions must be observed befo re 
rotating the pr ojectile ring or operating th e power 
drive unit. 

Electric motor, direction of rotation. If the power 
d rive unit is new or reassembled, or if the power 
leads to the motor or controller have been disc onnect ­
ed and s ubsequently reconnected, the di r ection of elec­
t ric motor rotation must be verified. T o verify the 
direction of motor rotation, run the moto r for just a 
few seconds and check direction of r otation with di­
rectional arrow on housing. Running the electric 
m otor in the wrong direction will damage the auxil­
iary pump. 

B r ake lever position. The B-end manual b r ake 
lever must be In Its ''Power on" position at all tim es. 

Adjustm ents 

General instructions. All elements of the projec­
tile r ing drive units have fixed installations, exc ept 
the following : the control link assembly, the cam 
timing and cam roller link assemblies, the cont r ol 
shaft yoke link assembly, the interlock switch linkage 
as sembly, and the safety relief valve . Instructions 
fo r adjusting these elements and di r ections fo r cor ­
r ectly synchr onizing the B -end output shaft with the 
t iming mechanism, and the neutral pos ition of the 
handlever with the control mechanism (the A-end 
pumps included), are given in the follOwing paragraph. 
If the equipment has been disassembled, all compo­
nents except the control link assembly may be assem ­
bled and installed before making adjustments. The 
A-end side cover (with filters attached) and the top 
cover s hould be left off to provide acc es s for adjust­
m ents . Adjustm ents may be reduced to a minimum, 
a t reass em bly, if all mating parts are marked before 
disassembling . 

Control link adjustment (fig. 7 -26) . The control 
link centering spring must be adjusted before it is in­
s ta lled in the A-end case. The pur pose of the ad just ­
ment is to eliminate lost motion betwe en the long and 
s hort retainers. 

To adjust control link: 

1. Screw in the short retainer until all lost mo­
tion between it and the long retainer is t aken up. 

2. Tighten the locknut to lock the short retainer 
in position. 

Cam timing link adjustment (fig. 7 - 27). Befo r e 
the cam hmlng lInk can be adJusted, t he control link 
assembly must be properly installed, and the timing 
ca ms m ust be in a latched position. 

To adjust cam timing link: 

1. Loosen the right-hand thread lock nut and the 
left-hand thread lock nut of the cam timing link only. 

2. Rotate the turnbuckle until the specified c lear­
ance of O. 060-inch is obtained between the tim ing cam 
and the cam upper roller. 

LOCK NUT SHORT 
RETAINER 

PROJECTILE RINGS 

LONG 
RETAINER 

CONTROL 
ROD 

LOOSEN LOCKNUT, TURN SHORT RETAINER TO 
REMOVE ALL CLEARANCE BETWEEN IT AND 
LONG RETAINER, THEN TIGHTEN LOCKNUT 

Figure 7 - 26. P ro jectile Ring Control 
Link Adjustment 

l.OCKNUTS UPPER CAM ROLLER 
(l eft hand thr ead) 

LOCKNUTS 
(right hand thread) ROLLER ADJUSTING LINK 

F igure 7- 27. Cam T iming Link and Cam Roller 
Link Adjustment 

3. Tighten both lock nuts to secure the adjustment. 

1. Loosen the r ight-hand thread lock nut and the 
left -hand thread lock nut of the lower cam roller link 
only. 

2. Rot ate the turnbuckle until the specified clear­
ance of O. OaO-inch is obtained between the lower cam 
roller and the timing cam. 

3. Tighten both lock nuts to secure the adjust­
m ent. 

Yoke link adjustm ent (fig. 7-28). Before the yoke 
link adjustment can be made, the control link center­
ing spring, the cam timing link, and the cam roller 
links must all be pr operly adjusted. 
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To adjust t he yoke link: COV ER 

1. Place the hand control shaft at neutral position. 

2. Loosen the two lock nuts. 

3. Rotate the turnbuckle until the pump yoke is 
at its exact center (neutral position). 

4. Tighten both lock nuts to secure the adjust­
ment. Note: It may be necessary to readjust the 
yoke link in order to put the pump yoke at neutral 
position after starting to operate the equipment. 

LOCKNUT 
(r ight hand thread) 

TURNBU CKLE LOCKNUT 
(left hand thread) 

Figure 7 -28. Projectile Ring Yoke Link Adjustment 

NEUTRAL 
IN TERLOCK SWITCH 

LO CK NUT 

Figure 7 -29. P r ojectile Ring Neutral Interlock 
Switch Link Adjustment 
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RELI EF VALVE 
SPRING 

ADJUSTING 
WASHERS 

AUXILIARY 
RELIEF VALVE 

Figure 7 -30. Projectile Ring Auxiliary 
Relief Valve Adjustment 

ADJUSTING NUT 

ADJUSTING 
NUT 

RELIEF VALVE SPRING 

A-END 
PUMP YOKE 

Figure 7-31. ProJectile Ring Safety Relief Valve 
Adjustment 
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Interlock switch adjustment (fi~. 7 - 29). The start­
ing cir cUit neutriil fut erloCk sWitc Itrikage must be 
adjusted as follows: 

1. Verify that the pump yoke and the hand control 
shaft are at neutral position. 

2. Loosen the locknut. 

3. Turn the adjusting nut until the specified clear­
ance (0.016 inch) is obtained between the adjusting 
nut and the switch phmger. 

4. Tighten the lock nut to secure the adjustment. 

Awdliary r elief valve (fig. 7 -30). The auxiliary 
relief valve is correctly adjuSted at the factory to 
vent the auxiliary pump circuit (control pressure) to 
the tank when the circuit pressure exceeds 100 pounds 
per square inch. Initial adjustment is made by plac­
ing washers behind the valve spring. If the original 
washers are kept behind the spring, no further adjust­
ment should be necessary. The auxiliary relief valve 
is adjusted as follows: 

1. Remove the cover from the control valve block. 

2. Remove the relief va lve and change the number 
or thickness of the adjusting washers, as necessary. 

3. Replace the valve and cover. 

4. Place a pressure gage in line 5A, at the aux ­
iliary pump flange, shown in figure 7 - 25. 

5. Repeat the above procedure, if necessary, 
until a pressure setting of apprOximately 100 pounds 
per square inch is obtained. 

DASH POT PIPE HAND CONTROL NEUTRAL 
FLANGE CONNECTION SHAFT INTERLOCK SWITCH 

TOP 
COVER 

FILLER 
CAP 

Figure 7 -32. Access to Cam T iming Roller Link and 
Control Shaft Yoke Adjustments 

PR01ECTlLE RINGS 

The valves are adjusted as follows: 

1. Remove the side cover of the A-end 'case 
(complete with oil filters). This provides access to 
the valve on the end of the pump yoke. 

2. Change the pressure relief setting. Tighten 
the adjusting unit to increase the pressure or loosen 
the nut to lower it. 

To adjust for proper synchronization, proceed as 
follows: 

1. Operate the eqUipment as necessary to place 
the control valve in latched pOSition. 

2. Disconnect the B-end output shaft coupling 
from the gear reducer worm shaft. 

3. Place the B -end brake hand lever in "oW' 
position, and manually rotate the projectile r ing to 
place It at a ring station. 

4. Connect the B-end output shaft coupling. 

Access for adjustment (fig. 7-32). To adjust the 
timing cam link and the yoke link without dismantillng 
the A-end unit, proceed as fo llows: 

1. Disconnect the dashpot pipe connection from 
the top cover . 

2. Remove the neutral interlock switch. 

The necessary adjustments can be made through 
the opening provided by the removal of the interlock 
switch. 

CAUTION: Do not start the electric motor while 
the A-end pump yoke and handwheel are off center 
with the interlock switch removed. 

Operating trouble diagnosis 

General1nstructions. The following paragraphs 
describe the varIOUS operating troubles which may 
occur in the prOjectile ring drive with their causes. 
A paragraph heading indicates each symptom of im­
proper function, and beneath the heading are listed 
the possible causes. The symptoms are arranged in 
such order as to isolate troubles by a process of elim­
ination and thereby avoid excessive disassembly until 
the more simple causes have been eliminated. When­
ever troubles occur immediately after installation or 
after maintenance operations are performed, t he cause 
may be rags, waste , or plugs which have gotten into 
the hydrauliC circuit. It is advisable to see that all 
lines are free from such obstructions before looking 
for other causes if malfunction occur s . 
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WARNING 

Make sure that the electric supply 
c ir cuit is open at the controller 
panel before working on equipment. 

No electric power. The lack of current , for any 
of the following reasons, m1y cause elect r ic· motor 
failure: 

1. Circuit breaker cut out. 

2. Main line fuses blown. 

3. Neutral interlock s witch linkage improperly 
adjusted or stuck open. 

Ci rcuit breaker cuts out when starting. Tendency 
of the circUlt breaker to cut out as the electriC motor 
is started may be due to one of the following causes : 

1. Overload r elay dashpots in the controller box 
are set t oo low. Check inst ruction sheet inside con­
troller cover for proper setting . 

2. Insufficient or improper oil in the overload 
relay dashpots . Check oil in the dashpots monthly 
t o prevent depletion due to leakage or evaporation 
from heating. 

3. Obs truction in the line between the A-end 
pump a nd the B-end motor, (lines 1 and 2) or be­
tween t he auxiliary pump and the valve block (lines 
5A a nd 5B). Check lines for obs tructions. 

4. Damaged A-end pump or auxiliary pump. 
Check pumps for damage. If the auxiliary pump is 
damaged it was possibly caus ed by operating the 
electric motor in the wrong direction. 

5. Excessive fr iction or locked r otor in auxiliary 
pump. Indications of this condition are poor delivery, 
high pitched squeal, and overheating of the pump. This 
condition of excessive fric tion or locked rotor may 
be due to foreign matter in the s ystem or improper 
adjustment of the head shims . If a binding condition 
is found t o exist in the auxiliary pump, the loosening 
of the head screws must not be considered as a cor­
rection. Remove the pump head and inspect for pos­
sible damage to the pump. T he r otor vanes s hould 
be examined to see that no s heared particles of brass 
have become lodged in the grooves. Replace daJllaged 
parts, r eassemble the pump, and adjust the head by 
adding shims as necessar y to prevent binding of the 
rotor when the head is insta lled. 

1. E lectr ic motor running in the wrong direc ­
tion. Check rotation with directional arrow on the 
m otor housing. 

2. Insufficient hydrauliC oil in system. Check 
011 level at the upper trycock in the A-end case. 

3. Obstruction in the auxiliary pump intake line. 
Remove the intake line and inspect for obst ructions. 
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4. A-end control and timing linkage improperly 
adjusted. Set the pump yoke at neutr al position and 
check for tightness and proper adjustment. 

5. Safety relief valve improperly adjusted . Check 
s afety relief valve adjustment, page 7 -29 of this chap­
ter. 

6. Auxiliary r elief va lve, by-pass valve, check 
valves stuck open. Inspect valves and perform any 
nec essary maintenance. 

7. Interlock valve does not shift. Inspect valve 
and detent for binding or obstruction. Perform any 
necessary maintenance. 

8. Loose or broken line in the control circuit. 
Inspect lines for leakage. Tighten connections or 
replace lines as necessary. 

9. Scored valve plate in main pump or hydraulic 
motor . Inspect valve plates for s coring. If found, 
examine hydraulic oil for foreign matter and r eplace 
the valve plates. 

10. B r oken or distorted auxiliary pump shaft. 
Remove s haft and inspect. Replace as necess ary. 

11. Excessive internal leakage in auxiliary pump. 
Pump head and shims improperly adjusted. Internal 
parts scored by foreign matter in hydraulic oil. Check 
all parts and the oil and perform necessary main­
tenance. 

1. Insuffic ient clearance between deceleration 
cams and link ro ilers . Check linkage for proper 
adjustment (fig. 7 - 27). 

2. Excessive internal leakage in A-end pump or 
B-end motor. Turn ring manually to mid-cycle posi­
tion. Start elect r ic motor and place the A-end yoke 
in extreme offset position. If operation is pOSSible, 
remove A- end and B -end and examine for scoring. 

3. Binding condition of B -end output shaft or gear 
reducer. Disconnect the B-end output shaft coupling 
and remove the speed reducer pinion. Manually r o­
tate the A-end and the speed reducer to locate and iso ­
late the bindi ng spot. If a binding condition is located, 
inspect par ts for presence of foreign matter, scoring, 
or othe r defect.s. Disassemble, and recondition or 
replace damaged parts. 

Projectile ring acceleration or deceleration im ­
prope r. When the projechle nng operating speed 
lacks proper acceleration or deceleration, the causes 
of poo r performance, described in the previous para­
graph, may be responsible. An additional cause may 
be a r eplenishing check valve stuck in partly open 
position. 

Projectile ring rotation incomplete. An incomplete 
r otation cycle may be caused by the reasons cited for 
an inope r ative projectile ring, or by out-of-phas e 
coupling and timing (page 7 -29) of this chapter. 

F ailure of prOjectile ring to stop at station. If the 
prOjectile r ing stops when the hand lever is returned 
to neut ral but will not stop automatically when a ring 

www.tinyurl.com/slover


station is reached, the control valve or the bypass 
va lve may be stuck in depressed position or the inter­
lock valve may be stuck in reset pos ition. Any two 
or all thr ee of these conditions may exist . Inspect 
the valves and perform necessar y maint enance. 

Projectile ring drive units overheat. The maxi­
mum permIssIble temperature rIse for hydraulic oil 
is 70 degrees Fahrenheit above ambient t emperature 
(not to exceed an equipment temper atur e of 180 de­
grees Fahr enheit). Whenever oil temperatures rise 
rapidly, or approach the maximum, one of the fo llow­
ing conditions is indicated: 

1. Insufficient oil in the hydraulic system. Check 
the oil level at the upper trycock of the A-end case. 
Replenish as necessary. 

2. Binding condition in the B - end gear reduce • 
Disconnect units to isolate t r ouble and inspect parts 
for dirt, scoring, or other defects. 

3. Auxilia ry relief valve stuck in closed position. 
Check pressu r e in auxiliary pump circuit. Inspect 
valve and clean. 

4. Exc essive friction in auxiliary pump. Examine 
pump for dirt , free turning of rotor, and for proper 
adjustm ent of the pump head. 

Excess ive oil pressure in B-end case. External 
leakage and pOSSIble structur al damage may result 
from extx'emely high oil pressure in the B - nd case. 
Wheneve r this condition exists, one of the following 
conditions is indicated: 

1. Obstruction in the B-end drain line (line 7). 

2. Excessive internal leakage . 

3. Too much oil in the A-end case. 

Unusual oper ating noises . Wheneve r unusual op­
e r atIng nOIses eXist, their causes should be diagnosed 
and cor rected without delay. Refer to the installation 
and maintenance instr uctions in chapter 17. Such 
noises and their source are: 

1. P opping and sputtering a re caused by air enter­
ing the auxilia ry pump through the intake line. This 
may be caused by inadequate size, by an obst ruction, 
or by ai r leak in the pump suction line (line 6), a low 
oil level in the A-end case, thickened oil caused by 
low temperature, use of an impr oper grade of hydrau­
lic oil. 

2. Gr inding noises may be caused by dry bearings 
or gears , foreign matter in the lubricant, or by im­
proper meshing of gears due to faulty installation or 
ass embly. 

3. Hydraulic chatter or hammer may be caused 
by vibration of spring actuated valves , vibration of 
long pipe sections improperly secured, a ir in the hy­
draulic system, or a binding condition in the mechani­
cal system. 

4. Squeals or hydraulic hum may result from the 
auxiliary pump head being c lamped too tightly against 
the pump rotor, or by a high frequency vibr ation of 
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the auxiliary relief va lve or the A-end pump s afety 
r e lief valves . Relief valve noises of this nature do 
not indicate defects, and for all practical purpos es 
may be ignored. 

Oil leakage . Oil leakage, either internal or ex­
ternal, may r esult fro m the following conditions : 

1. Missing, torn, or improperly fitted gaskets . 

2. Scor ed or improperly assembled oil seals. 
A single surface cut or scratch may caus e a slow, 
steady leak. 

3. Worn or scor ed valves. 

4. Worn or scor ed valve plates or pistons in the 
A-end pump or t he B-end motor. 

5. Scored bushings in the auxiliary pump. 

DISASSEMBLY AND ASSEMBLY 

General instructions 

The following paragraphs contain inst ructions for 
disassembling prOjectile ring power drive units . In 
some cases a considerable part of the disassembly 
procedu re wi ll be apparent from r eference illustra­
tions and by studying the general a r r angement draw­
ings; therefore , only those instructions which a r e 
pertinent to the order of disassembly, and to the more 
comple disassembly operations are given. In general, 
assembly will be the r everse of disassembly. To help 
in the reassembly of the unit, it is desirable to mark 
all mating parts such as cams, gears , and adjustable 
linkages s o that t hese parts will be r eassembled i n 
the same relative pOSitions. Adoption of this prac ­
tice virtually eliminates the necess ity of fi tting parts 
and will aid r eadjustment, When piping is removed, 
avoid the practice of plugging disconnected pipe open­
ings with rags, or waste material. Always close the 
openings accor ding to the instructions and with the 
materials specified in chapter 17. Special tools and 
accessories used in disassembly of the equipment are 
indicated in the instructions. 

WARNING 

Make sur e that the electrical supply 
circuit is completely disconnected at 
the controller panel before beginning 
maintenance operations. 

A-end disassembly 

Disassembling the A-end unit consists of removing 
all assemblies and attached parts mounted on the A­
end case. Proceed as follows: 

Complete dis assembly: 

1. Drain the A-end case. Remove the drain plug 
from the bottom of the case. 

2. Remove all external piping. Detach the flanged 
connections at the ends of the pipes. 

3. Remove the A-end to a clear working area and 
disassemble in t he following orde r: 
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Side cove r unit (with oil filt ers attached) 
Top cover (with interlock switch, filler cap, 

and control lever dashpot) 
Control link and centering spring 
Hand control housing with attached parts 
Cam housing unit 
Variable delivery pump unit 
Bell crank unit 

Side cover unit (with oil filters attached). To dis­
assemble the side cover group: 

1. Disconnect the piping from the filter. 

2. Detach the side cover from the A-end case 
with the oil filters attached. 

To perform periodic maintenance operations on 
the filter assembly, such as cleaning the elements 
or cleaning a fouled fUter, it is not necessary to 
drain the A-end case or t o remove any piping. Pro­
ceed as follows: 

1. Unscrew the indicator lever screw and remove 
the indicator lever. 

2. Remove the cover from the filter body and 
remove the two oil seals. 

3. Remove the contr ol valve (spool) from the 
filter body. 

4. Remove the four housing screws from each 
element housing and detach the housings. 

5. Unscrew each element to remove , and remove 
the element seal, 

6. Unscrew each bypass valve plug, and remove 
the valve spring, and valve. 

The filter body may be detached from the side 
cover without r emoving the side cover from the A­
end case. Proceed as follows: 

1. Drain oil from the A-end case until the oil 
level is below the bottom edge of the side cover, 

2. Disconnect the piping from the filter. 

3. Remove the filter body from the side cover. 

Top cover with interlock switch, filler cap, and 
control lever dashpot. To disassemble the top cover 
group, perform the following operations: 

1. Detach the side cover from the A-end case 
with the oil filters attached, as described in the pre­
vious paragraph. 

2. Detach the counterbalance spring from the 
control shaft. 

3, Detach the c levis from the hand control 
attaching link. 

4. Detach the electrical connections and the 
terminal tube from neutral interlock switch, 

5. Disconnect the piping from the top cover, 

6. Remove the top cover from the A-end case 
with the interlock switch, filler cap, and cont rol 
leve r dashpot attached. 
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The neutral interlock switch may be removed 
from the top cover and then dis assemble as follows: 

1. Unscrew the cover, 

2. Remove the large mounting screws and lift 
the switch mechanism from the case, This will per­
mit removal of the plunger, plunger spring, and the 
insulator sleeves. 

3. Remove the remaining screws and detach the 
terminal board, movable and stationary contacts , 
and contact spring. 

4. Unscrew the stuffing box gland and remove 
the gland washers, packing spring, and packing, 

The control lever dashpot may be removed from 
the top cover and then disassembled as follows: 

1. Remove the front cover from the dashpot bpdy 
(the cover at the cleViS link end). 

2. Remove the dashpot piston and piston bushings. 

3. Remove the back cover from the dashpot body. 

4. Remove the two check valve assemblies, com ­
posed of check valve springs , balls, and seats. 

Control link and centering spring. To remove the 
control lirik and centering Spring: 

1. Detach the side cover from the A-end case 
with the oil filters attached, as describe d in a pre­
vious paragraph. 

2. Remove the cotter pin and nut fr om the ball 
join at each end of the contr ol link assembly. 

3. Unscrew the ball joints from the levers and 
remove the centering spring assembly. 

The control link and cente r ing spring may be com­
pletely disassembled as follows: 

1. Remove the cotte r pin and nut , and then re­
move the ball joint from the socket retaine r at each 
end of the assembly. 

2. Unscrew the r etainer nut from the retaine r , 
and unscrew the retainer from the tube. 

S. Clamp the control rod securely in a vise and 
compres s the spring by forcing the tube and spring 
r etainer toward the socket r etainer on the cont r ol 
rod lower end, and remove the nut from the control 
box. Gradually release the tube and remove the spring, 
the two spring retainers, and the tube from the control 
rod. 

1. Detach the side cover fro m the A-end case 
with oil filters attached, as desc ribed in a previous 
paragraph. 

2. Unscrew the ball joint that connects the con­
trollink center ing spring and dashpot piston to the 
hand control assembly. 

3. Remove all pip ing from the housing. 
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4. Disconnect the coupling which connects the 
shaft of the control housing to the manual control 
shaft. 

5. Detach the control housing and r emove it 
from the A- end case. 

The hand control housing may be completely dis­
assembled, as follows: 

1. Remove the cover from the control housing. 

2. Detach the locknut and lock washer and re­
move the auxiliary s haft. Remove the gear segment 
and leve r f r om the shaft, and the two bearings and 
the spacer from the housing. 

3. Remove the nut and washer from the hand con­
trol shaft. The cam and pinion can now be removed. 
Remove the bearing from the housing. 

4. Remove the hand control shaft from the hous­
ing. Remove the seal, piston, discs, spacer, plate 
bearing, oil seal, and bushing from the housing. 

Cam housing unit. T o remove the cam housing 
unit, proceed as follows: 

1. Drain the A-end case , remove all external 
piping, and remove the A-end assembly t o a clear 
working area, as desc ribed on page 7 -31, 

2. Remove the side cover (with oil filters 
attached). 

3. Remove the top cover (with control lever 
dashpot and neutral interlock switch). 

4. Disconnect the turnbuckle from the cam roller 
adjusting link. 

5. Remove the screws and lock washers from the 
cove r. The cam housing unit may now be removed. 

The cam housing unit may be completely disassem­
bled as follows: 

1. Remove the screws and lock washers, and 
take off the cam housing covers with oil seal. 

2. Remove the cam shaft locknut . The ball bear ­
ings, r etainer, cams, and camshaft may now be r e ­
moved. 

Valve block unit. To r emove the valve block unit: 

1. Drain the A-end case until the oil level is be ­
low the valve block unit. Remove the piping attached 
to the valve block, side cove r , and t op cover. 

2. Remove the side cover (with oil filters attached). 

3. Remove the top cove r (with control lever dash­
pot and neutral interlock switch). 

4. Detach the timing cam roller link assembly 
from the valve block mounting plate. 

5. Detach the mounting plate from the A-end 
case and r emove the valve block unit. 

The valve block unit may be completely disassem­
bled as follows: 

1. Remove the drain nozzle from the valve block. 
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2. Detach the cotter pin, nut, and bolt from the 
plunge r guide and remove the st arting valve plunger. 
Remove the roller pin and r oller. Remove the plung­
er guide from the mounting plate . 

3. Clamp the mounting plate t o the valve block 
and remove the attaching screws. Loosen the clamps 
to permit a gradual separation between the mounting 
plate and the valve block until the tension of the valve 
springs is r elieved. Remove the mounting plate and 
the five control valves Vl, V2, V3 , V4, and V5 and 
their springs. Remove the control valve piston and 
bushing from the mounting plate. 

4. Remove the cover from the valve block. 

5. Unscrew t he two valve plugs. Remove the 
valve springs, replenishing valves , and valve seats. 

6. Unscrew the interlock valve detent plug and 
remove the detent spring and detent. 

Variable delivery pumnll unit. To remove the 
variable delivery pump u t, proceed as follows: 

1. Drain t he oil from the A-end cas e. Remove 
the all lines from the auxiliary pump. 

2. Remove the electric motor from the A- end. 

3. Remove the side cover with oil filte r attached. 

4. Detach the piping connections from the top and 
bottom of the pump housing , and from the outs ide and 
inside of the end cover. 

5. Unscrew the ball joint from the top of the A­
end pump yoke . 

6. Detach the cover from the A-end case and re­
move the pump and cover as a unit. 

The A-end variable delivery pump unit may be 
completely disassembled as follows: 

IMPORT ANT: Handle parts with highly polished 
surfaces such as the valve plate , valve block, cylin ­
der block, pintles , and pistons with special care. 
Any nicks or scratches on their contact surfaces will 
impair pump operation. 

1. Remove the pump from the case and cover. 

2. Remove the pump cover, gasket, and oil s eal. 

3. Remove the cylinder pin screw, lock washer, 
and plain was her from the cylinder bearing pin. 

4. Place the pump on a hollow center stand so 
that its shaft end is pOinted down. 

5. Remove the valve block. screws and lock wash­
ers; lift the valve block straight up f rom the dowel 
pin. 

6. Lift the valve plate s traight up fr om the dowel 
pin. 

7. Remove the pintles . This is done by inserting 
a long screw in the tapped hole in the bottom of the 
pintle and then pulling. 

8. Remove the yoke and unsc rew the two stop 
pins and washers from the housing. 

7 -33 

www.tinyurl.com/slover


OP 76 9 16 INCH THREE GUN TURRETS 

9. Remove the rotating assemblage from the 
housing. This is done by tapping on the splined end 
of the drive shaft. 

10. Tilt the cylinder block slightly a nd carefully 
remove it from the pistons. As each piston is de­
tached protect it with a cloth or paper wrapping. 

11. Remove the universal link and pin assembly, 
detach the parts, and wrap each carefully. 

12. Remove the flexible bearing retainer from the 
drive shaft by inserting a jacking screw in the tapped 
hole at the bottom of the retainer. 

13. P ull the outer ball bearings from the drive 
shaft , then remove the snap r ing t o pull t he inner 
ball bearing fr om the shaft . 

14. Remove the yoke bear ings and yoke seals 
from the yoke . 

15. Remove the relief valve screw. Remove t he 
relief valve spring ball, retainer, and seat. 

16. Remove the fixed bea r ing r etaine r from the 
c ylinde r block as follows: P lace t he cylinder block 
on a ho llow center stand with the cylinder bearing 
p in down. With long nosed plie r s inserted in the r e ­
taine r slot, grasp the snap ring. Wilile compressing 
the r ing into its groove, tap the cylinder bear ing pin 
lightly on a wooden surface until the r etaine r is fr ee . 

17. Re move the cylinder bear ing pin from the cyl­
inder block. Remove the washer , spring, and ret ain­
e r from the pin. Remove the cylinder bear ing from 
the cylinder block. 

Bell crank unit. To remove the bell crank unit: 

1. Drain the A-end case until the oil level is be ­
low the lower edge of the side cover with oil filte r. 
Remove all piping that is attached to the side cover 
a nd t op cover. 

2. Remove the side cover with oil filter attached. 

3. Remove the top cove r with control lever dash­
pot and neutral interlock switch. 

4. Unhook each end of the counterbalance spring; 
remove the spring. 

5. Re move the ball joint from the centering 
spring lever. 

6. R emove the ball joint from the yoke link lever. 

7. Det ach the timing cam roller link clevis from 
t he timing cam lever. 

8. Remove the side cover on the oppos ite side 
f rom the filter, complete with attached bell crank unit . 

T he bell crank unit may be completely disassem­
bled as follows : 

1. Remove the interlock switch adjusting nut and 
guide bracket. 

2. Remove the timing cam lever and centerlng 
spring lever, and keys from the ends of the shaft. 

3. Loosen the securing screws of the interlock 
switch cam and yoke link lever and s hift the control 
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s haft as nec essary to r emove these parts. Re move 
the cam and lever keys fro m the shaft. Re move the 
ball bearings from the contr ol shaft b r acket. 

4. Remove the control shaft bracket fro m the 
side cover. 

A-end assembly 

The A- end should be assembled in reverse orde r 
from that desc ribed previously for disassembly. All 
gaskets mus t be repraced in good condition, all lock ­
ing devices mus t be secure, and all nuts and sc r ews 
should be tight . Care must be taken not to injure 
oil s eals . All pa rts must be clean and free from any 
foreign matte r. Bear ings, piston bores, and valve 
plate fac es should be coated with an oil film immedi­
ately before as s embly. 

B -end disassembly 

Disassembling the B-end unit consists of remov ­
ing all ass emblies and attached parts which are mount­
ed in the B - end housing. Proceed as follows: 

Complete dis as sembly. 

1. Drain the B-end housing. Remove the drain 
plug in the bottom of the center housing segment (on 
the same s ide as the manual brake release lever). 
In addit ion, drain the A-end case. 

2. Detach piping . All piping that is connected 
to the B - end is detached by disconnecting the pipe 
fla nges. 

3. Disconnect the response wormwheel and t he 
output shafts. Remove the connecting couplings of 
these s hafts after the coupling mounting bolts are 
r emoved. 

4 . Remove the B-end mounting bolts and move 
the B -end unit to a suitable working area. 

5. Remove the B -end subassemblies . To com­
pletely disass emble , remove the subasse mblies in 
the fo llowing order: 

Response wormwheel shaft assembly 
B rake spring housing assembly 
B-end brake as s embly 
Output shaft assembly 

Detailed instructions for removing these sub­
assemblies are given in the follOwing text. 

Thes e instructions are based on the assumption 
that the B -end unit is to be completely disassembled 
and that all subassemblies are to be removed. There­
for e, t he removal p rocedures are in a sequence to 
avoid repetition of instructions. 

To remove the response wormwheel shaft ass embly: 

1. Drain t he B -end housing, detach all piping 
fro m the B -end , disconnect the shaft couplings a nd 
move the B - end unit to a suitabre working area, as 
described in a previous paragraph. 

2. Remove the inspection cover from the side 
of the B-end housing oppos ite to the wormwheel as­
sembly. 

3. Remove the wormwheel assembly. 

www.tinyurl.com/slover


T o remove the brake spring hous ing assembly, 
proceed as follows: 

1. Remove the clamp screw and slide the collar 
from the output shaft. 

2. Remove the bearing retainer from the flange, 
rem ove the oil seal from the retainer. 

3. Remove the locknut and lock washer from the 
B -end drive shaft. 

WARNING 

Exerc ise extrem e care to avoid injury 
or damage fr om the compr essed spring. 
B efore beginning disass e mbly of the 
b rake spr ing housing ass embly, it is 
necessary to obtain spec ial tools consist­
ing of four assembly screws , washe rs , 
and nuts . P roceed as follows : 

4. Remove four of the twelve screws and install 
the assembly screws. Tighten the nuts to hold the 
washers against the retainer. 

5, Remove the eight screws that r emain. The 
s pring retaine r will now be held by the four assembly 
s crews. 

6. Loosen the nuts of the assembly s crews grad­
ually, until the brake spring is no longer c ompressed. 

7. Unbolt the flange and r emove the brake spring 
housing assembly and B-end dr! ive shaft bearing. 

8. Remove the s pring retainer and 11ft the piston, 
s pring, and spacer f r om the flange. Remove the 
space r from inside of the spring. 

To remove the B-end brake assembly, p r oceed 
as follows: 

1 . Unbolt the hand brake shaft bearing from the 
hous ing and remove the bearing, bus hings, shaft, oil 
seal, and hand lever as a unit. 

2. U11bolt and remove the b rake shaft pivot bear­
ing from the housing. Remove the plug from the bear­
ing and detach the spring and plunger. Pull the shaft 
out and r e move the keyo 

3. Re move the brake disc retaine r s pacer, the 
yoke, brake pressu r e plate spac er, brake pressure 
plate , and the brake dis cs. 

4. Re move the brake disc retainer. 

5. Slide the brake thrust plate from the drive 
shaft . T he worm which drives the wor mwheel shaft 
ass embly may now be removed from the drive shaft. 

T o remove the B-end motor assembly, proceed 
a s follows: 

1. Remove the plug and oil s ea l from the outer 
end of the valve block. Remove the screw and wash ­
ers from the plug opening. 

CAUTION : Handle parts with highly polished sur­
faces, such as the valve block, cylinder block , valve 
p late, pistons, and universal link, with special care. 
T hese parts must be protected from scratches and 
nicks with cloth or paper wrappings. 

PROJECTILE RINGS 

2. Unbolt and remove the valve block from the 
housing. Remove the valve plate. 

3, Unbolt and remove the motor housing. 

4. Remove the rotating assemblage from the 
housing, 

5. Disassemble the r otating gr oup by following a 
routine Similar t o the disassembly of the r otating 
group of the A-end. Refer to instructions on page 
7-33 of this chapte r, beginning with operation numbe r 
10. 

6. Re move the output shaft ball b earing (m otor 
end of shaft) by pressing it off the shaft. 

B -end assembly 

Ass emble the B-end in r everse order f r om that 
described in the previous paragr aphs fo r disassembly. 
All gaskets must be replaced in good condition, all 
nuts and screws should be tight, and.all locking deVices 
must be s ecure . Ca re must be taken not to injure oil 
seals. All parts must be clean and free fr om any for ­
eign matter. Bear ings , pIston bor es, a nd va lve plate 
faces s hould be coated with an oil film immediately 
before ass embly. 

Auxiliary pum p disassembly 

Disassembling the auxilia ry pump consists of first 
removing the pump from the electr iC motor, To r e­
move the pump, dis connect the piping connections 
from the pump body and then detach the pump from 
the electric motor end cover. 

To disassemble the auxiliary pump: 

1. Detach the head from the pump body . Remove 
the head, shi ms, and oil s eal. 

2. Remove the cartridge assembly from the pump 
shaft . This assembly consists of two bushings , r otor 
with twe lve vanes, pump ring, and locating pin. 

3. Unbolt and remove the mounting flange from 
the pump body, Remove the oil seal from the mount­
ing flange . 

4. Re move the pump shaft fr om the body and 
s lide the bearing, packing gland, and packing from 
the shaft. 

Auxiliary pump assembly 

Assemble the auxiliary pump in reverse or der 
from that des c r ibed in the previous paragraph for 
disass embly, Ca r e must be taken to assemble the 
correct thickness of shim between the pump body 
and the head. This is done by assembling the head 
without shims and tightening the screws so that the 
r otor will turn without binding. Measure the clear ­
ance between the pULnp body and the head and as ­
semble a shim of p r oper thickness from the 0 ,003 -, 
0. 005 - , and O. Ol O-inch shim pieces. Mount the 
s him as s embly and r eassemble the head on the pump 
body. The pump shaft should be turned while tight ­
ening the screws to ensure that the rotor does not 
bind. Make sure that the vanes are inserted with the 
chamber on the trailing edges. All gaskets must be 
replaced in good condition, and an nuts and screws 
should be tight. All pa rts must be clean and free 
fr om any foreign matter. 
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Chapter 8 

PARBUCKLING GEAR 

IS-inch Parbuckling Gear Mark I Mod 0 

GENERAL DESCRIPTION 

The upper and lower projecttle flats, described 
in chapter 7, are equipped with t«tentical parbuckling 
gear installatioJlB. The arrangement of the parbuck­
ling gear installations, shown in figure 8-1, is the 
same in all turrets of the IOWA class battleship. All 
parbuckling gear installations are designated IS-inch 
Parbuckling Gear Mk 1 Mod O. 

Purpose 

The parbuckling equipment fulf1lls two purpose.s: 
to transfer prOjectiles from the outer ring to the in­
ner ring and then to the three projectile hoists during 
gun operation; and to t ransfer projectiles from the 
projectile flat strike-down hatches to the stowage 
rings when the projectile supply is replenished. 

~ 
The parbuckling gear is a constant-speed, elec­

tric motor-driven, multiple capstan mechanism. 

SELF·ALlGNING 
PILLOW BLOCK 

DOUBLE SHAFT 
GYPSY HEAD 
GEAR BRACKETS 

MITER GEAR 
HOUSING --

SELf-ALIGNING 
FLOATING SHAFT 
COUPLING 

SINGLE SHAFT 
GYPSY HEAD 
GEAR BRACKETS 

SLEEVE COUPLING 

OUTER FIXED PROJECTILE 
STOWAGE RING 

It is a mechanical assembly that provides positive­
type drive of six capstans from a single electric 
motor. The'" capstans , desIgnated gypsy heads, 
are arranged with manual snubb1ng ropes, rope 
hooks, and snatch blocks. The snubbing r opes 
are used to parbuckle prOjectiles with the aid of the 
rope hooks and snatch blocks. 

Components 

Each parbuckling gear assembly comprises the 
following components: 

Electric motor 
Electric controller 
Controller start-stop circuit 
Mechanical assembly 
Gypsy heads (six) 

INNER ROTATING 
PROJECTILE RI NG 

ELECTRIC MOTOR 

--.....:...,~~~~:!---GYPSY HEAD 

MOTOR BASE 
BEARING BRACKET 

~:ii~~~~~~~-CONNECTI NG 
SHAFTS 

SNU BBING ROPES 

SNATCH BLOCK ROPE HOOKS 

Figure 8-1. IS-inch Parbuckling Gear Mk I Mod O. Upper and Lower Projectile Flats, General Arrangement 
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Locations 

Component locations are the s ame for both pro­
jectile flats. The electric motor (fig. 8- 1) is mount­
ed on the floor of the machinery space of each projec ­
tHe flat, adjac ent to the right powder hoist trunk. 
The elect ric controlle r is mounted on the right powder 
hoist trunk above the motor. A master push-button 
s tation (start -stop control) i s located at the center 
projectile hoist operator's station on each projectile 
flat . The mechanical assembly. consisting of hous­
ing-enclosed miter and bevel gears and connecting 
shafting, is attached to the underSide of the prOjectile 
flat floor. The six gypsy heads ar e flange-mounted 
in the cent er r ing of the projectile flat. On each flat, 
an emergency stop switch is 10cated at the left and 
right projectile hoist operator's stations ; a third 
emergency stop switch is located in the machinery 
space adjacent to the electric controller. 

Mounting arrangements 

The mounting arrangements of the parbuckling 
gear ass emblies shown in figu re 8-2 are the same 
for each prOjectile flat. The electric motor and the 
gypsy heads are mounted at floor leve l with their 
axes vertical . The mechanical as sembly is bolted 
to the underside of the floo r of the machinery space 

and center ring. Shafts connecting the units of the 
mechanical assembly are attached with floating, self­
aligning couplings. 

Design features 

The important design features of the parbuckling 
gear, described in following par agraphs , are: 

The multiple gypsy head arrangement which is 
driven by a single electr iC motor at a constant speed. 

The positive -type driVe of the gypsy heads through 
gear boxes and connecting drive shafts. 

The adjustable slip clutch in each gypsy head. 

Arrangement of drive s haft system 

The drive shaft system (fig. 8-2) extends right 
and left from the motor base bearing bracket of the 
drive motor. Two gypsy heads are driven by the 
right-hand drive shaft through double shaft and single 
shaft gypsy head gear brackets. The left-hand drive 
shaft drives four gypsy heads through a miter gear 
unit provided with two output shafts. One shaft drives 
a single shaft gypsy head gear bracket, the other shaft 
drives two double shaft and a single shaft gypsy head 
gear bracket. Access to the system fo r maintenance 
is from the deck level immediately below the system. 

SELF·AlIGNING 
COUPLIN GS 

CONNECTING SHAFT SLEEVE COUPLIN G SELF·ALlGNING 
PILLOW BLOCK 

GY PSY HEAD 

CENTER PROJECTILE 
HOIST 

MITER GEAR HOUSIN G 
MOTOR BASE 

BEARIN G BRACKET RIGHT PROJECTILE HOIST 

SINGLE SHAFT 
GY PSY HEAD 

GEAR BRACKET 

DOUBLE SHAFT 
GYPSY HEAD GEAR BRACKET 

F igure 8-2. 16-inch Parbuckling Gear Mk 1 Mod 0, SchematiC Arrangement 
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Number of gypsy heads 

A gypsy head is adjacent to each proJectile hoist 
loading aperture. This arrangement permits simul­
taneous transfer of projectiles from the inner ring to 
the three hoists. The remaining t hree gypsy heads 
a re located at the forward part of the projectile flat 
and they provide parbuckling facilities for the trans­
fer of projectiles from the outer, fixed stowage spaces 
to the inne r ring. Any of the gypsy heads may be uti­
lized to replenish the inner r ing from the fixed stow­
age space. 

Slip clutch 

Each gypsy head assembly (fig. 8-8) is provided 
with an adjustable slip clutch, which permits the 
drive shaft to rotate independently of the gypsy head 
when an overload occurs. The s lip clutch limits r ope 
snubbing t o the force permitted by the adjustment of 
the c lutch. 

/ 

EMERGENCY STOP 
STATION 

GYPSY HEAD 

MASTER PUSHBUnON 
STATION 

Cl TER PROJECTILE HOIST 

LOWER 
PROJECTILE 

FLAT 

ELECTR IC MOTOR 

PARBUCKLING GEAR 

Data 

All gypsy heads rotate in a clockwise direction 
(looking down) at a speed of apprOximately 90 revo­
lutions per minute . Each gypsy head clutch is adjust­
ed for parbuckling an armor pier cing projectile (2700 
pounds) against 15 degrees roll of the ship. 

DET AlL DESCRIPTION 

Power drive 

Electric motor. The electric motor used in 
the power drlve 1s an induction type of commer­
cial manufacture and is identical for each assem­
bly. Each motor is ve·rtically flange -mounted on 
a motor base bearing br acket in the machinery 
space of the projectile flats, as shown in figure 8-3. 

EMERGENCY STOP 
STATION 

irll--:;;-l~--ElECTRIC CONTROLLER 

~----- - RIGHT POWDER 
HOIST TRUNK 

EM ERGENCY STOP STATI ON 

Figure 8-3. Parbuckllng Gear Electric Installations , General Arrangement 
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The motor base bearing bracket (fig. 8-4) includes a 
circular cover plate beneath the motor which protects 
the motor from the splash of gear lubricant in the 
bracket housing. Other design features and specifi­
cation data are listed below. 

Motor data 

Type ... 
Design features 

Horsepower, . 
Continuous . 
Intermittent . . . . 

squirrel cage, induction 
vertical mount, water­

proof, fan cooling 
7. 
7.5 

Revolutions per minute 
Synchr onous. • . . . 

Revolutions pe r minute, 
Fuli load . . ..• 

Rotation (viewed from 
above) .. 

Speed class . . . . . 
Voltage .•. . . . . 
Amperes , full load . . 
Ampe res, locked rotor. 
Phases ... . .. . 
Cycles ...... . 
Ambient temperature, 

Deg C 

15 

1200 

1155 

· counterc lockwise 
. constant 

440 
19.9 

120.0 
3 

60 

40 
normal 

· . . . .• 650 
Torque class . . .• 
Weight , pounds . .. 
Manufacturer . . . . · Electro-Dynamic 

Works 
Manufacturer's designation . • AV -365-KNX 
Drawing . . . . . . . . . . • • • 231767 

Electric controller, The electric controller (fig. 
8-3) in each assembly 1s identical. It is of commer­
cial manufacture , des igned to control and protect 
the electric motor. Each controller has special 
starting-stopping switch controls , described in fol­
lowing paragraphs. Design and specification data 
are tabulated below. 

Controller data 

Type . .. semiautomatic, magnetic across­
the- line starter controlled by r e­
mote push button 

Ampere rating, fu ll load. . . 
Protection: 

Overload thermal type: 
Adjustable range , amperes . 
Normal setting, amperes 

Short circuit fuses, amperes 
Undervoltage: 

Drop-out voltage . 
Sealing voltage. 

19.9 

23.6 to 28.3 
25 . 0 
80.0 

110 
374 
150 

. • .. 110 
Shock rating . 
Weight, pounds 
Manufacturer 

Drawing •.• 

. Ward Leonard 
Electric Company 

• . . . • 231774 

Controller start-stop circuit. The start-stop 
circUIt Is arranged With a master start-stop push­
button Switch and three stop push-button switches. 
The start-stop cirCuit is fully described on page 8"-6, 

Mechanical assembly. The arrangement of the 
parbUCknng gear mecharucal assembly is shown in 
figures 8-1 and 8-2. The mechanical assembly is 

8-4 

compos ed of the following components: a motor base 
bearing bracket; a miter gear housing; single and 

double shaft gypsy head gear brackets; and connect­
ing shafts and shaft couplings. The design features 
and arrangements of the mechanical assembly are 
indicated in the following paragraphs. 

Arrangements . The components of the mechan­
ical assembly (fig. 8-2) are mounted on the underside 
of the prOjectile flat floor beneath the machinery 
space and center ring. The motor base bearing brack­
et , mounted directly beneath the electric motor , has 
two output shafts. One output shaft is connected to a 
double shaft gypsy head gear bracket , the output shaft 
of which is connected to a single shaft gypsy head 
gear bracket. The other output shaft is connected to 
the miter gear housing, which has two output shafts. 
One output shaft of the miter gear housing is connect­
ed to a single shaft gypsy head gear bracket. The 
second output shaft is connected to a double shaft gyp­
sy head gear bracket, t he output shaft of which is 
connected to a s econd double shaft gypsy head gear 
bracket. The output shaft of the s econd double shaft 
gypsy head gear bracket is connected to a single shaft 
gypsy head gear bracket. The housing-enclosed miter 
and bevel gear units are connected by self-aligning, 
flexible couplings . 

Motor base bearing bracket. The motor base 
bearing braCket (fig. 8-4) is a housing-enclosed ar­
rangement of oil-bath-Iubricated bevel gears. Mount­
ed on the underS ide of the machinery space floor , 
this unit provides a mounting base and power trans ­
mission for the electric motor (fig. 8-1). The gear­
ing consists of a bevel spur gear that is spline- fitted 
on a ball-bearing-supported stub shaft. This output 
shaft is splined at each end. The bevel spur gear is 

TOP COVER PLATE 

MOUNTiNG BASE 
AND f LANGE 

BALL BEARING 

SPACER LOCKNU T 

DRIVE SHAFT FROM 
ELECTRIC MOTOR 

/ 
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GEAR 

/

PINION 
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\ 

SPUR 
GEAR 

DRAIN PLUG OUTPUT SHAFI 

Figure 8-4. Motor Base Bearing Bracket, 
Sectional View 
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driven by a bevel pinion gear which is spline-fitted 
on the rotor shaft of the e lectric motor. Both gears 
are held in position on the shafts by locknuts. Oil 
seals, seated in r etainers on each end of the output 
shaft, seal the lubricant within the housing. A cover­
plate at the top of the bearing bracket protects the 
electric motor from oil splash. A plug at the bottom 
of the housing provides for oil drain. Fill plugs are 
located at the proper immersion level for the gearing. 

Miter gear hOUSing. The mite r gear housing (fig. 
8-5) is a housing-enclosed arrangement of oU-bath­
lubricated mite r gears. The housing is mounted on 
the underside of the machinery space floor adjacent 
to the center powder hoist trunk. The unit transmits 
power from the electric motor, through two output 
shafts, to four gypsy heads as shown in figure 8-2. 
The two output stub shafts and thE!" input stub shaft 
are each ball-bearing-supported and are spline-fitted 
with identical miter gears, held in position on the 
shafts by locknuts. Oil seals, seated iii. retainers 
on each shaft, seal the lubricant within the housing. 
A cover plate at the bottom of the housing and the oil 
seal retainer s provide access for maintenance. The 
immersion level of the gearing is limited by an 011 
plug hole in the housing which also provides a means 
for replenishing oil. 

Single shaft gypsy head gear bracket. The single 
shaft gypsy head gear bracket (fig. 8-8) Is a housing­
enclosed arrangement of oil-bath-Iubricated bevel 
gears. The three assemblies of this type are mount­
ed on the underside of the center ring directly below 
their gypsy head as shown in figure 8-2. Power from 
the e lectric motor is transmitted to the gypsy heads 
through the s ingle shaft gypsy head gear brackets. 
The input s tub shafts and the drive shafts are each 
ball-bearing-suppor ted and are spline-fitted with 
bevel gears, held in position on the shafts by lock­
nuts. Oil seals, seated in retainers on the stub shafts 
s eal the lubricant within the housing . A cover plate 
at the bottom of the housIng together with the oU s eal 
retainers provides access for maintenance. A normal­
ly plugged hole (not shown in figure 8-8) limits the 
immersion level of the gearing and provides a means 
for replenishing and draining oil. 

MITER GEAR HOUSING OUTPUT MITER GEAR 

OI L SEAL ~ 
l~;;1- ~"_"""I'" 

INPUT 
DRIVE 
SHAFT 

RETAINER OIL LEV EL PLUG LOCKNU TS 

PARBUCKLING GEAR 

Double shaft gypsy head gear bracket . The dou-
ble shaft gypsy heap gear bracket (fig. 8-6) is a hous­
ing-enclosed arrangement of oil-bath lubricated bevel 
gears. The three assemblies of this type are mounted 
on the underside of the cente r ring directly be low their 
gypsy heads as shown in figure 8-2. Power from the 
electric motor is transmitted through the double shaft 
gypsy head gear brackets to the gypsy heads mounted 
above them and to other gypsy head gear brackets 
through output stub shafts. The gypsy head gear brack­
ets at the first two locations have output stub shafts 
that are offset apprOximately 85 degrees from the in­
put shafts. At the third location the gypsy head gear 
bracket has an output shaft that is offset apprOximately 
49 degrees from the input shaft. Details of the gear 
housing are Similar to those of the single shaft gypsy 
head gear bracket hOUSing except for the additional 
output stub shaft in each assembly. 

Connect~ shafts. The stub shafts of the motor 
base hearIng raCket, miter, and gypsy bead gear 
bracket assemblies are connected by seven splined 
shafts (fig. 8-2) which are joined to the stub shafts by 
self-aligning, spline-fitted, flexible couplings. The 
shaft-and-coupling assemblies are identical except 
for length. The shafts , made of 1. 5-inch solid-bar 
steel are splined at each end and cut in two at a point 
approximately midway between the ends. The shaft 
ends are reunited at this point through a Sleeve-type 
coupling, which facilitate assembly and disassembly 
of the shafts in the limited space between the gear 
boxes. Three of the shaft assemblies are s upported 
at each end by a Fast-type, floating, self-aligning 
pillow block. The shaft assemblies, with the couplings 
described below, provide full connections. 

Shaft couplings 

Sleeve type. Sleeve type couplings (fig. 8-2) lo­
cated 1D the middle of each shaft assembly, join the 
ends of the cut shafts. F itted over the shaft ends, 
the sleeves are keyed to both ends to ensur e positive 
rotation of the shaft assembly. The sleeves are held 
in their assembled positions by taper pins which pass 
through the shaft and the ends of the sleeve. There 
are seven couplings of this type . 

BALL BEARINGS OUTP DRIVE SHAFT 

COVER PLATE SPACER 

Figure 8-5. Miter Gear HOUSing, Sectional View 
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Self-aligning t~j' The fourteen couplings that 
connect tile s tub s~s of the gear box assemblies 
are floating , self-aligning, extended, fast-type cou­
pUngs (fig. 8-7). Each coupling consists of a rigid 
half hub which connects to a flexible half sleeve. A 
flexible half hub has external teeth at the shaft end 
which mesh with the internal teeth of the flexible 
half sleeve . Both half hubs are spline fitted to their 
respective shafts. A s light clearance between the 
meshing teeth of s leeve and hub permits drive with 
small misalignment between the two shafts. 

G~ry heads. The design a r rangement and mount ­
ing of he gypsy heads are shown in figure 8-8. Each 
gypsy head, a clutch-driven steel capstan drum, is 
apprOximately 11.0 inches in diamete r at its widest 
part and 9.0 inches high. It is mounted on a bronze 
deck flange base and engaged to the gear bracket 
drive through a multiple- disc friction clutch. The 
drum is mounted on the gypsy head drive shaft upper 
ball bearing. An arrangement of a lte rnate ly spaced 
steel and brass fr iction diSCS , keyed to the drive 
shaft and drUm r espective ly, compr ise the clutch 
enclos ed within the gypsy head. Disc to disc pres­
sure is maintained by a spring, adjusting nut, and 
a locknut mounted at the top of the gypsy head drive 
shaft. Adjustment settings are described on page 
8-8 of this chapter. The c lutch protects the power 
unit against overload and limits rope snubbing to the 
force pe rmitted by the setting of t he s lip clutch. 

Controls 

start-stop control. Each parbuckllng gear elec­
tric motor Is s tarted and etoPlled through its e lectric 
controller (described on page 8-4). The controller 
is r emotely oper ated from four push button stations, 
as desc ribed below. 

Master control push-button station. The master 
cont r ol push-buffon station is located at the cente r 
projectile hoist (fig . 8-3). It comprises a two-butto.n 
switch with START-EMERa and STOP pushbuttons . 
Pressing the START -EMERG button closes a normal­
ly-open, three-pole switch and energizes the coil of 
the main contactor to connect power to the electric 
motor. Holding contacts on the r elays keep the pow­
er circuit c losed when START -EMERa button is re­
leased. In the event of a power failure , the main 

GYPSY HEAD DRroiE SHAFT BALL BEARINGS 

COVER PLATE HOUSING BEVEL GEARS 

Figure 8-6, Double Shaft Gypsy Head Gear Br acket, 
Sectional View 
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contactor opens and remains open until the START­
EMERG button is again pr ess ed. An overload relay 
opens the ci rcuit when cur rent demand 1s too great. 
The electric motor is s topped by pr essing the master 
STOP button or a STOP button at one of the s tations 
described below. 

Stop push-button stations. Thr ee stop push-button 
stations a r e located at the left and r ight projectile 
hOists and in the pro jectile flat machinery space ad­
jacent to the controlle r cabinet (fig. 8-3 ). Each sta­
tion has a single button switch labeled STOP. Press­
i ng the button opens a three-pole switch and de-ener­
gizes the coil of the main contactor to stop the electric 
motor. The electr ic motor can be started again only 
by pressing t he START-EMERG button at the master 
control push-button station. 

OPERATION 

General 

Parbuckling is the operation of transferring pro­
jectiles when the project ile r ings a re being loaded or 
unloaded or when the guns are being served. For 
ring loading, transfer is made from the proJectile 
flat strike -down hatches to the stowage rings . For 
gun serving, transfe r is made from r ings to hOists. 
Before parbuckling, t he electric power drive is start­
ed by pressing the START-EMERG push button. 

Parbuckling 

Transfer of projectiles is performed by looping 
one end of the fixed snubbing rope around a projectile 
be low its rotat L"'lg band and by snubbing the other end 
around a gypsy head. Two snubbing loops and hand 

FLE.XIBLE HALF HUB RIGID HALF HUB 

FLEXIB LE HALF SLEEVE 

Figure 8-7. Drive Shaft Coupling, Cutaway View 
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pull on the free rope end provide s ufficient snubbing 
action to slide the projectile int o or out of the hoist. 
The operating technique for transfer of projectiles 
' rom fixed stowage to the rotating ring is similar. 
Hand guidance of the projectile is r equired. 

Projectile r ing movement 

As the supply of projectiles on the rotat ing ring 
adjacent t o the hoists is depleted, rotation of the pro­
ject ile ring is required. Description of this opera­
tion is given in chapter 7. 

INSTRUCTIONS 

General instructions 

Each par buckling gea r assembly is to be oper ated 
and ma intained in accordance with the regulations of 
t he Bur eau of Ordnance Manual and the specific 
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directions of the following pa ragr aphs. Maintenance 
includes adjustment , lubrication, service check, and 
pe riodic operation necessa ry to keep equipment in 
good condition. 

Operating precautions 

Observe the follOWing precautions when preparing 
for parbuckling and when operating the equipment to 
s erve the prOject ile hOists or to stow projectiles: 

1. Transfer projectiles from the rotating ring 
to the hoist when loading the hoists, and f rom the 
hoist to the r otating r ing when unloading. Projec­
tiles are never to be parbuckled directly fro m the 
outer ring to the hOis t except in an emergency, such 
as failure of the projectile ring dr ive. 

2. Turn the s nubbing rope twice a round the gyp­
sy head for normal parbuckling. Never use more 
than three turns . 

GYPSY HEAD 

~ __ ----- UPPER BJILL BEAR ING 

~ ______ ----------BASE 
X 

LOWER BALL BEARING 

BEVEL GEARS 

BALL BEARING 

RETAINER 

LOCKNUT 

Figure 8-8 . Gypsy Head Arrangement With Single Shaft Gypsy Head Gear Bracket, Cutaway View 
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3. Tighten the snubbing rope slowly on the gypsy 
head to "ease" the prOjectile into motion. Never 
start the snubbing action with a Jerky, sudden move­
ment. 

4. Replenish the rotating ring as it is depleted 
by parbuckling from fixed stowage to the ring. Pro­
jectiles must be secured when in position. 

5. Loop the snubbing rope under the copper ro­
tating band, never above it. 

6. Load the proJectile hoists from the upper flat 
first. This is not compulsory, but is preferable. 

7. Before parbuckling, make sure that the pro­
jectile hoist shutters swing freely. 

8. Make certain that the loading door in the hoist 
is lowered before parbuckling on the upper flat. 
Before parbuckling on the lower flat, make certain 
that the hoist loading door on the upper flat Is raised 
and secured. 

9. Latch the proJectile hoist shutters open be­
fore unloading a hoist. Never hold the shutters by 
hand when parbuckling out of the hoist. 

10. Before parbuckling, make sure that each 
hoist operator is alert and ready to stop the hoist 
in an emergency by pressing the STOP push button. 

11. Never use the parbuckling gear to snub aux­
iliary whip hOists ; the assembly is designed for par­
buckling only. 

All parbuckling gear components are to be lubri­
cated at the time intervals and with the lubricants 
specified on the lubr ication chart. 

Gear box units . Frequent check of gear boxes is 
necessary because of the possibility of lubricant loss. 
However, the actual need for replenishment should be 
infrequent. When frequent replenishment is required, 
a worn or faulty shaft oil seal is indicated. Replace 
such oil seals; do not attempt to correct the defect by 
shimming. 

Electric motor. The electric motor bearings 
shoUld be lubricated sparingly. Open the bearing 
drain tubes and the cage drain before filling the 
grease cups. Use bearing grease 081350. 

G~SY heads. Gypsy head upper shaft bearings 
shouIbe repacked bi-monthly. Access to the bear­
ings requires removal of the gypsy head cover, the 
spring locknuts, and the gypsy head. Use bearing 
grease 081350. The gypsy head slip clutch must be 
adjusted after this operation. 

Adjustments 

With the exception of the gypsy head clutch adJust­
ment described in the next paragraph, all assemblies 
of the parbuckling gear have- fixed arrangements and 
do not require refitting or adjustment. 

GtPiSY head clutch adjustment. The gypsy head 
clute must be adjusted (fig. 8-9) for proper tension 
after lubrication. 

To adjust the gypsy head clutch: 

1. Reset and clean all friction discs at each lu­
brication. Dry discs thoroughly before reassembling. 
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2. Place the spring in position over the top disc 
and turn down the adjusting nut until the spring makes 
contact with the top disc. 

3. Turn the adjusting nut an additional three­
f ourths turn for final adjustment with a new spring. 
Re -use of the old spring may require additional com 
pression. 

DISASSEMBLY AND ASSEMBLY 

General 

Instructions for disassembly of components of the 
parbuckling gear are contained in the following para­
graphs. Assembly is the reverse of disassembly. 
When disassembling the gear box units, mark spacer 
sleeves, shafts, bearings, and pinions for reassem­
bly in their respective housings. Oil seals are prop­
erly reassembled with the taper inward. 

Disassembly of gear box units 

1. Disconnect the flexible couplings of the drive 
shafts at the sides of the gear box. 

2. Remove the gear box from the prOjectile flat. 

3. Remove the drain plug from side of housing 
and drain the lubricating oil. 

4. Remove the cover and gaSKet from the bottom 
of the housing. 

5. Remove the locknut from the inner end of the 
input shaft. 

6. Remove the retainer from the housing at the 
outer end of the input shaft. Remove the oil seal 
from the retainer. 

1 TI GHTEN TH IS NUT 3/4 
OF A TU RN AFT ER 
INITIAL CONTACT WITH 
THE BELLEVIl_LE SPRING 

2. SET AND SECURE 
THE LOCKNUT 

BELLEVILLE 
SPRING 

Figure 8-9. Gypsy. Head Clutch Adjustment 
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7. Remove the locknut from the outer end of the 
input shaft. 

8. Remove the input shaft from the housing and 
lift out the bevel (or mite r) gear as the shaft is re­
moved. 

9. Slide the outer bearing from the input shaft. 

10. Remove the output shaft by disassembling as 
described in operations 5, 6, 7, 8, and 9. 

11. Remove bearings from the housing. 

PARBUCKLING GEAR 

Disassembly of connecting shafts 

1. Knock the taper pins out of the sleeve c upling. 

2. Slide the sleeve coupling along the shaft until 
the shaft end is clear. 

3. Remove the key from its dowe led position in 
the shaft keyway. 

4. Remove the shaft from the flexible coupling 
connection. 

5. Open and separate the flexible coupling, if the 
shaft splines are seized, before attempting to force 
the shaft out of the coupling, 

8-9 
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Chapter 9 

PROJEC TILE HOIST 

l 6-inch P rojectile Hoist Mark 8 Mods 0, 1, and 2 

GENERAL DESCRIPTION 

The projectile hoist installation in each tu rret 
comprises an independent hoist assembly to se rve 
each gun . The assemblies are virtually identical 
r ight, center, and left designs that a r e designated 
16- inch P rojectile Hoist Mk 8 Mods 0, 1, and 2, 
r espectively. A right hoist arrangem ent is shown 
in figure 9-1. 

Typ~ 

Hoists a re hydraulic r am type assemblies. Each 
hoist assembly is a reverSible , hydraulic power­
driven, r ack and pawl tubular lift, equipped with an 
independently controlled power-dr iven cradle assem ­
bly. 

The hoists supply projectiles to the cradle assem ­
blies which deliver pr ojectiles to the guns . When 
lowered (spanned), the cradle ass e mblies extend the 
r ammer track to the gun b r eech as s hown in figure 
10-1. 

Components 

Each projectile hoist consists of t he following 
princ ipal units: 

Powe r drive 
Hoist components 
Cradle assembly components 
Hoist reversal system 
C ontrols and interlocks 

Component locations 

The components listed above have similar posi ­
tions in the turret with respect to t he" guns they 
s e rve. The thre e hOists, located in the re ar of the 
tur r et rotating structure, a re shown in figu re 1-6. 
Identically arranged, the left and right hois t courses 
rise ve r tically from the lowe r pr ojectile flat to a 
point above the electric deck (fig . 9- 1). The cours es 
curve toward the rear and upward to the prOjectile 
cradles. Straight all the way, the center hoist course 
r is es ve rtic ally from the lower prOjectile flat to the 
prOjectile c radle. 

The electric motor , r eduction gear, so lenoid 
brake, and hydraulic pumps a r e locat ed on the e lec­
t ric deck (fig. 9-2). These power drive units j or the 
left and r ight hoists a r e locat ed to the rear of the 
elevating gear units fo r the left a nd right guns. 
T he same units for the center hOist are located t o the 
rear of the training gea r units and the left and center 
powder hoist trunl<s. 

The rack oper ating cylinde r is v ertically mount­
ed between the lower and upper project ile flats (fig . 
9-2) . 

The hydraulic (auxiliary) pump for the dual hoist 
r ever sal and cr adle system is mounted on the elec ­
tric motor housing (fig. 9-2). 

The components of the cradle assembly, togethe r 
with the cradle operating cylinder, are aligned be­
tween the r am mer and gun in the gun room compa rt­
ment (fig. 9-6). 

The hoist control devices are arranged in dupli ­
cate. There is a manual control operating lever with 
indicators and interlock devices on each prOjectile 
flat adjacent to the hoist 'loading aperture . 

Controls for the hoist reversal mechanism and 
for operating the cradle are located in the gun room 
compartments at the cradle operator's station. 

Functional arrangement 

In nor m al op eration the assembled arrangement 
of the hOist, power drive , and cradle assembly deliv­
ers pr ojectiles. to the gun. Hydraulic pressur e is 
delivered by the motor dr iven pumps to the rack and 
cradle ope r ati ng cylinders. Projectiles are hois ted 
Jr lower ed in equal stages through the rec iprocating 
m ovement of the piston of the rack operating cylinde r. 
The total projectile lift of five stages from the lower 
flat (four from the upper flat) is the same in all hoists. 
F inal movem ent of hoist str oke delivers a projectile 
into the cradle above the cr adle projectile latch. 

After de livery of a projectile to the cradle assem ­
bly, the c radle is lower ed by the cradle operating cyl­
inder to permit ramming the projectile into the gun. 
Mte r the gun 1s loaded, the cradle is r aised and hoist ­
ing may be resumed. 

The hoist cont r ol mechanisms pe rmit normal hoist 
operations to be stopped at any time with the c radle 
filled or empty. 

The hoist r eversal system, actuated through a 
function control valve, permits lowering prOjectiles. 

Des ign differences 

Hoists ar e of the s ame design, but diffe r in their 
course a rrangements as described previously. 

The arrangement of the electriC motor , reduction 
gea r, s olenoid brake , and hydraulic pump (fig. 9 -2) 
is identical for the left and right hOis ts. The same 
units for the center hoist are arranged in the oppo­
site way. Shaft rotation of electric motor s is clock ­
wise for the center and left hoist power drive assem­
blies and counterclockwise for the right hoist assem ­
bly. 
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EXPANSION TANK 

CRADLE ---~-+H----!J:1J 

SHElf 
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OPERATING 
CYLINDER 

PRfMERMAN'S 
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PAN FLOO,-'CR'--------,==.--,II 

FORWARD ~ 

LOADER'S PLATFORM BRACKET 

~=r~-------------_TUBE PAWL OPERATING CYLINDER 

SUPPLY TANK 

~==~;;::~:-:----------- EXPANSION TAN K 

SPEED REDUCER ----------7"4:-W-~:;;~ AUXILIARY PUMP 

ELECTRIC DEO< 
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OPERATING CYLlN"""_-c 

LOWER 
PROJECTILE flAT 

ELEC RIC MOTOR 

PROJECTILES 

-1_----------- HOIST CONTROL HANDLE 

NOTE: 
HOIST CONTROLS AND 
POWER UNIT REVOLVED 
FROM TRUE POSITION 

Figure 9-1. l6-Inch Projectile Hoist Mk 8 Mod 0 - General Arrangement, Sectional View 
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Design data 

All hOists have the same projectile capacities, 
rate of delivery, and vertical lift of rack. 

Hoist capacity 
Tube , HC or AP projectiles. 
Cradle, HC or AP projectiles 

Rack loads, pounds 
Full load, AP prOjectiles 
Full load, HC prOjectiles 

Vertical lift, feet 
Upper prOjectile flat to 

the cradle opening • 
Lower projectile flat to 

the cradle opening . ... 
Spacing between rack pawls , 

inches . . .. . ..• .. 
Stroke movement, inches . . 

DETAIL DESCRIPTION 

P owe r drive 

5 
1 

13,500 
9,500 

27.03 

34.78 

76.0 
97.5 

The bors t and cradle power drive is an electric ­
hydraulic installation consisting of two motor driven 
pumps, two hydraulic operating mechanisms, and 
auxi liary elements for transmitting, interlocking, and 
controlling hOist action and for holding the rack against 
ove rhauling movement. Tbe principal units and ar­
range ment of a typical power drive are shown in fig­
ures 9-1 and 9-2. 

Components. The power drive consists of the 
following: 

Electric motor 
Electric controlle r 
Solenoid brake 
Speed reducer 
F lexible couplings 
Rack operating hydraulic mechanism 
Cradle operating hydraulic mechanism 

Electric motor. The electric motor (fig . 9-1) is 
mounted on a structural foundation (fIg. 9-2) that 
raises it slightly above the electric deck. The motor 
is pOSitioned horizontan y and is coupled to the sole­
noid brake and reduction gear units through self-align­
ing flexible couplings. 

Motor data. 

Type . •. 
Design features 

squirrel cage , induction 
waterproof, fan cooling, 

horizontally mounted, 
r eduction gear drive 

Horsepower ... . . . . . 75 
Synchronous speed, rpm . . . 1800 
Full load speed, rpm . . . . 1750 
Rotation (center and left hoist) clockwise 
Rotation (r ight hoist) . counter-

clockwise 
Speed class. . . . . . constant 
Voltage . . . . . . . 440 
Ampe res, full load . . 95 
Amperes, locked r otor. 700 
Phases . . . . . . . 3 
Cycles . . . . . . . • . . 60 
Ambient temperature , deg C 40 
Torque class . . . . normal 
Weight , pounds . . . . . . . • 1900 
Manufacture r . . . . Westinghouse Electric 

& Manufacturing Company 
Manufactur er 's designation . . CS-FR-W-505 
Drawing . • . . . . . , . . . . . 268577 

PROJECTILE HOIST 

Electric controller . Each electric motor is pow­
ered and controlled through a cabinet enclos ed, across­
the - line magnetic -type controller. Each controller 
contains a main contactor, overload r elays, reset r e­
lays, and a hand operated circuit breaker. The con­
troller is remotely controlled from a master push­
button station mounted adjacent to the cradle opera­
tor's station in the gun room compartment. This 
switch, normally open, is clos~d by pr~ssing the 
START-EMERG button. The switch is opened by 
pressing the STOP button at the master push-button 
station. In addition, the electric motor may be s topped 
from either of two stop push-button stations located at 
the hoist control stations. 

Controller data. 

Type, ...• 

Ampere rating, 
Protection: -

waterproof , semiautomatic , 
across -the-line magnetic 

s tarter, controlled by 
remote push buttons 

full load . . . . . . . . 95 

Overload: - Dashpot, magnetic 
relay, s emiauto reset 
Adjustable range , amper es . 
Normal setting, amper es .. . 

Short circuit, c ircuit breaker 
Undervoltage: -

99.5 to 134,5 
. 113.5 

AQB 

Drop-out voltage 
Sealing voltage 
Shock rating, 

Weight, pounds 
Manufacturer 

Drawing . .. 

50 
370 
150 

. . .. . . 235 
. . Westinghouse Electric 
& Manufacturing Company 

. . . . .. . . . 268589 

Solenoid brake. The solenoid brake consists of an 
actuating solenOid, brake drum, and brake band link ­
age. Assembled on a separate mounting base, the 
brake is mounted between the electric motor and re­
duction gear (fig. 9-2). The drum of the brake assem­
bly is spline fitted to a shaft coupled to the motor out­
put shaft through the input coupling desc ribed on page 
9-5 . Set mechanically, the brake prevents overhaul 
of the hoist in the event of mid- stroke power failure. 
When the supply circuit t o the electric mot or is closed, 
the brake is released through solenoid plunger stroke 
and the brake band linkage . The actuating solenOid is 
a 440-volt, 60-cycle, single -phase , continuous duty 
type. The brake develops torque of 125 pound-feet on 
an eight-inch brake drum. 

.§peed reducer, The speed reducer (fig. 9-2) is a 
case-enclosed unit mounted on a structural foundation 
of the electric deck. It is driven by the electric mo­
tor and is coupled to the main shaft of the hydraulic 
pump through the output coupling described on page 
9- 5. 

Reduction gear data. 

Type . . . . enclosed worm and wormwheel 
Output shaft (ratio 4.28 to 1. 0) , 

rpm. . . . . . . . . . 400 
Rotation (output end) center 

and left .• . .. . clockwise 
Rotation (output end) 

right . , .. 
Lubrication . 
Manufacturer 
Drawing · , . 

.counte rclockwise 
. . . . . . oil bath 
, Michigan Tool Co. 
. . . . . . 275600 

9-3 

www.tinyurl.com/slover


OP 769 

LINE PXl TO DUAL SYSTEM 

MAI N HYDRA ULlC ____ 
PUMP . 

/ 
/ 

/ 

'~,.'~ 
LI NE T2 TO RA CK 
OPE RATING 
CY LI NDER 

R'C K CROSSH~ < 

/-l 
/ r- -~-j 

LI NE T1 .TO RACK ! 
OPERATIN G 
CYLIN DER 

PISTON ROD 

16 INCH THREE GUN TURRETS 

EXPANSION TANK 

~:l--. -

\ 

LOWER PR OJECTILE FLAT PLATFORM RA CK OPERATING CYLINDER 

OUTPUT COUPLING DUPLEX FILTERS 

SOLENOID BRA KE 

LINE FR OM 
SUPPLY TAN K 

ELECTRIC MOTOR 

INPUT CO UPLING 

SPEED REDUCER 

UPPER PROJECTILE FLAT PLATFORM 

PARBUCKLING ROLLER 

Figure 9-2. Projectile Hoist P ower Drive Assembly - General Arrangement 
9-4 

www.tinyurl.com/slover


Flexible coupUvgli, 

~peed reducer input. The coupling between the 
electric motor and the speed reducer input (brake 
drum shaft) is of commercial design and manufacture. 
A di rect -drive, s elf-aligning connection, it is iden­
tical to t he coupling in figure 7 - 17. The coupling 
consists of two identical hubs, male sleeve, fe male 
sleeve, sleeve gasket, and two seals and provides a 
flexible connection through meshing of t he inte rnal 
gears of hubs and sleeves . Gear lubricant is added 
through plugs in the outer male sleeve, and is r etain­
ed by oil seals and gaskets. 

.§peed reducer outp.ll.. The coupling between t he 
speed reducer and the hydraulic pump is the same as 
the c oupling between the electric m otor and the speed 
reducer input, except that it is slightly larger. 

RELIEF VALVE CAP 

LINE T2 TO 
RACK OPE RATIN G 
CY LINDER 

CYLINDER 
BARR EL 
KEY 

VALVE 
PLATE 
ASS EMBLY 

BAR REL SPRING 

CO NNECTIN G ROD 

RADIAL 
RO LLER BEARING 

PR01ECTILE HOIST 

Rack operating]}ydraulic mechanism. The r ack 
operatI ng hydraUlic mechanism comprises the fo llow­
ing: 

Hydraulic pump 
Rack oper ating cylinde r 

.Hydraulic pu~p . . The hydraulic pump (fig. 9-3) 
is a cas e-eric1osed m ulti-cylinder unit. It is dr iven 
by the electric moto r through the reduction gear t o 
which it is connected by the output coupling described 
above . It is a type K variable displacement pump of 
modified commercial design. 

Mounted on foundation weldments of the elec ­
t r ic deck, the main pumps are arranged with main 
shaft centerlines at right angles to the electric 
motor shaft center lines. 

TILTING BOX 

CASE 

TRUNNI ON CAP 

TRUN N ION BEARI NG 

MAIN SHAFT PIN 

TRUNNI ON 
BLOCK 

MAIN SHAFT 

STROK ING 
SHAFT 

CASE HEAD 

SLIDE BEAR ING 

CONTROL SCR EW 

CYLINDER BA RR EL 
CO NT RO L INPUT SHAFT 
(from hOist control ha ndle) CO NTROL SCREW NUT 

Figure 9-3. Projectile Hoist Main Hydraulic Pump - Sectional View 
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Case. A square , oiltight case encloses the hy­
draulic pump assembly. The case includes a valve 
plate , case head, case mounted tilting box control 
mechanism, t runnion cap, trunnion bearing assem­
bly, and retaine r. It forms a storage tank for hydrau­
lic fluid in which the active parts rotate. The gene ral 
arrangement of parts within the cas e is shown in fig ­
ure 9-3. Mounting feet of the case are bolted to the 
pump foundation weldments . 

Main shaft. The pump main shaft s upports the 
rotating parts. At a point near the cente r of the 
pump case , the main shaft is made in the form of a 
closed yoke to s upport the universal-joint trunnion 
a nd pin. Ahead of the clos ed yoke , two keys are fitted 
in a section of the m3.in shaft which supports the cyl ­
inder barrel. The main shaft forward end is support ­
ed by a ball bearing in the valve plate . The main shaft 
splined end is Similarly supported by a ball bearing 
in the case head. 

.Qr,linder barrel. The open cente r of the cylinde r 
barrel has fWOkeyways 180 degrees apart that run 
throughout Its length and mate with the cylinde r bar­
r e l keys fitted in the main s haft. The barrel is r e ­
tained on the main s haft by a nut a nd is held against 
the valve plate by a barre l spring which backs up 
against a spring ring and a flange on t he main shaft . 
The bar r el contains nine cylinde r bor es which are of 
the same diameter throughout the length of t he piston 
travel. They taper sharply at the end to a small c yl­
inder port outlet. 

Pistons . Each cylinde r bore is fitted with a pis ­
ton ground and lapped to a smooth working fit. When 
the pump is deliver ing hydraulic fluid , the fluid being 
disc harged by the pistons press es against the ends of 
the cylinde r bores and forces the barrel agains t the 
valve plate to reduce inte r nal leakage between barre l 
and valve plate . This sealing effect increas es as 
hydraulic pressure in the s ystem increases . A drilled 
hole in the cente r of the front face of each piston ad­
mits hydraulic fluid to lub r icate the ends of the con­
necting rods . 

Connect ing rods. Nine connecting rods connect 
the pistons with the s ocket r ing . Each c onnecting 
rod has two ball- shaped ends. One end seats in a 
socke t in t he piston and is held in place by a split 
cap, cap nut, and nut lock. Shims are placed be­
tween t he cap and pis ton surface to obtain proper 
clearance for the ball end . Each connecting rod Is 
dri lled thr oughout its enti r e length to pro~de for 
lubrication of the ball and s ocket. 

Socket ring. The s ocket ring, a circular piece, 
contains s oCkets fo r the ot her ends of the connecting 
rods . Each r od is r etained in its socket cap, socket 
cap nut, and s ocket cap nut lock. The s ocket cap is 
split t o facilitate installation and removal. The back 
of the s ocket r ing has a r oller track with two fac es , 
which bear against the bearings in the tilt ing box. 
Two slots , located about the center of the s ocket 
ring and 180 degr ees apart , carry the main shaft 
trunnion bearing blocks of the universal joint. 

Unive r s al joint. Rotation of the main shaft is 
transmitfed to the socket r ing by a universal jOint 
formed by a t runnion in the shaft yoke. The attached 
socket r ing is free to rotate about the axis of the 
trunnion, giving a controlled variation in the length 
of piston s troke. 

9-6 

, Tilt!Pg ~ox. The t ilting box, a trunnion-mounted 
casting inst ethe pump case, varies the angle of the 
socket r ing with r elation to the main s haft , changing 
the length of piston stroke from zero to maximum. 
It contains two gr oups of r oller bearings which take 
the radial and axial thrusts of the socket ring. Con­
nected to the tilting box, a s troking shaft connects 
wUh the control s crew of the control mechanism. 

Valve plate. The valve plate and the case -head 
form the s tationary ends of the pump case . The in­
ne r , or rear, surface of the plate is a finished sur­
fac e against which the cylinder barrel r otates . This 
s urface has two s emiannulax grooves , called valve ­
plate ports , through whi.ch hydrau lic fluid flows whe n 
power is being transmitted. These ports connect 
with the powe r t rans miss ion pipes between the pump 
and the rack operat ing cylinder . 

Between the valve plate ports are flat surfaces 
called lands. As the cylinder barre l r otates, the 
cylinde r bores pass in succession over the lands . 
The lands are pos itioned s o that they coincide with 
the end-of-stroke of each of the r eciprocating pis ­
tons . There is no pumping action when the cylinder 
bores pass over the lands . The ball bea rings fo r the 
main shaft are in the cente r of the valve plate. 

Valves . The m ain relief, auxiliary r elief, and 
replenishing valves , des c r ibed in the following para­
grll-phs , are hous ed within the hydr aulic pump valve 
plate. The ir arrangem ent is s hown schematically 
in figur e 9-5 . 

Main r elief valve. The main relief vaive, locat ed 
in the upper part of the valve plate, is a s pring -loaded 
plunger-type valve, oper ated by a s imila r type pilot 
valve. The valve is adjust ed to r elieve main pump 
high pres sure in excess of 100 pounds per square 
inch during the hois t strokes. 

Aux1l1ary relief valve . The auxiliary relief valve , 
located in the upper part of the valve plate is adja­
cent to the main r elief valve and is identi cal to it . 
The valve is adjusted to limit main pump pressure 
at 100 pounds pe r square inch during the lowering 
stroke. 

~lenishing valve . There are two replenishing 
valves located in the lowe r par t of the valve plate. 
They are identica l spr ing- loaded plunger-type valves 
that r eplenish the hois t s ystem hydraulic fluid through 
the transmission lines. 

EItPansion tank. The cylindrical 7 . O-gallon hoist 
powe r drive expansion tank is 14. 0 inches high and 
12.5 inches in diameter . Mounted on top of the hy­
draulic pump case, it is a v ent ed type with gravity 
feed connection to t he r eplenis hing valves of the hy­
draulic pump valve plate. Retu r n lines lead t o the 
tank from the main relief valve. The tank is equipped 
with a filler cap at its top a nd an inSide strainer. 
F illed to the level indicated by the tank gages, it con­
tains 5. 0 gallons of hydraulic fluid. 

.Rydr aulic pump data. 

Driven speed, revolutions 
per minute . • .... 

Oil temperatures 
400 

Normal operating r ange, 
deg C .. . . .. ... 67-97(100- 150F) 

Maximum permttted, deg C ... 10S(180F) 
Displacement capacity 

Delivery, ga llons per minute . . . 
Pres s ure , pounds pe r s quar e inch 

200 
1000 
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Rack operating.J;.ylinder . The rack operating cyl­
inde r (ffg.Y-4) is a hydraulic ram of 97. 5 inches . 
s troke. It comprises a c ylinde r , a piston assembly, 
and two cylinder heads . A seamless steel tube that 
weighs approximate ly 160 pounds, the cylinder has 
an ins ide diameter of 5. 875 inches and a length of 
101. 425 inches . At a point 5. 75 inches fro m the low­
er end, the cylinder is threade d and machined to at­
tach a cast steel fl ange . The upper end is also threa d­
ed and machined to attach an identical flange 21. 125 
inches from the t op. Each cylinder flange weighs 
22.5 pounds and has eight equa lly spaced holes for 
attachIng the cylinder head. 

P iston assembly. The piston assembly (fig . 9- 5) 
hous ed within the rack operating cylinde r, comprises 
a piston r od, piston, leather piston cup, and a pis­
ton follower. A round solid steel bar which passes 
through the uppe r cylinder head, the piston rod is 
2.48 inches in diameter and 116.93 inches long. The 
upper end of the rod is rectangular in shape and is 
attached to the rack cros shead by a pin. A bronze 
casting 5.873 inches in diameter, the piston is thread­
ed on the lower end of the rod. An integr al grooved 
cylinder of smalle r diameter at the top of the piston 
buffs the piston at the top of its stroke. The piston 
fo llower, shaped to prevent collapse of the leather 
pis ton cup, r etains the cup and is bolted to the piston. 
Provided with a ball check valve and throttling groove 
the lower end of t he follower functions with an integrai 
dashpot of the lOWer cylinde r head to buff the piston 
on the downstroke. 

PISTON ROD 

SEALING 
RING 

TO LIN E T1 
AND MAIN 
HYDRAULIC 

LOW ER CYLINDER HEAD PLUG 

RAC K OPERATING 
CY LI NDER 

PI STON 

LEATHER CUP 
PISTON 

PiSTON FOLLOWER 

BALL RETAINER 

F igure 9-5. Rack Operating Piston and Cylinder. 
Sectional View 
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Figure 9-6. Projecti le Hoist Upper End - Gene r a l Ar r angement. 
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Qy:linder heads . Made of cast br onze , the cylin­
de r heads are attached to the cylinde r ends through 
integral head flanges , The upper cylinder head weighs 
236,0 pounds , The lower head, which weighs 103.0 
pounds, provides a dashpot for pis t on lowering move­
m ent. Both heads seat copper gaskets ass embled be­
tween the cylinder and head. The piston rod passes 
through a garlock type packing reta ined in the top of 
the upper head by a gland nut. Both heads have pres­
sure ports and integral mounting flanges to which the 
power t r ansmission lines from the hydr aulic pump 
are attached. There is a O. 188- inch vent hole in th e 
upper head that is closed thr ough a capped air valve , 
A Similar hole in the lower head is c losed with a 
threaded br ass plug . 

Cradle operatlngl!ydraulic m echanis m. The cra­
dle ope rating hydraulic mechanism comprises the 
following: 

Hydraulic pump 
C r adle oper ating cylinder 

Hy:draulic pump. The hydraulic (auxiliary) pump 
is directly dr iven by t he prOject ile hoist electric mo­
tor. The r otary-gear constant displacement pump 
de live r s hydraulic fluid at the rate of 30 gallons per 
m inut e (at varying pressures ) to a dual' hydraulic sys­
t em des cribed later on this page . The pump is mount ­
e d on an integral flange at the back end of the electr ic 
moto r hous ing. 

Valves . The main re lief, auxiliary r elief, and 
bypass valves , described in the following paragraphs , 
a r e arranged in the dual system as shown in figure 
9-5. 

Main r elief valve. The main r elief valve, ARV 1, 
located in the-gun room compartment (fig. 9-6), is a 
s pring-loaded plunger-type valve. It is adjusted to 
r e lieve auxilia ry pump pr essure in exces s of 800 
pounds per squa r e inch dur ing c r adle lowering. 

AUXilia ry re lief valv . 'The auxiliary relief valve, 
ARV 2, located in the gun room compartment (fig, 
9-6), is a spring- loaded plunge r-type valve . It is 
adjusted t o r elieve auxiliary pump pressure in excess 
of 400 pounds per square inch during cradle r aising. 

nypass valve. The bypass valve , located in the 
duplex filte r unit, is a spring-loaded plunger-type 
valve , It r elieves auxilia ry pump pres-sure in the 
event the filte r elements become clogged. 

Duplex oil filter . A pressure-type duplex oil 
filter, of c ommerCial des ign and manufacture , is 
us ed to filte r the hydraulic fluid delivered by the 
auxiliary pump to the dual hydraulic system, Locat­
ed on the electric deck adjacent to the power drive 
assembly, the unit consists of two fine wire s c reen 
elements each in a filter s ump attached to the unit 
b ody. For normal operation both filters should b e 
used Simultaneously. However, a control valve pro­
vided in the filte r design permits the individual use 
of either filter. This feature makes it poss ible to 
clean a fouled filter element without s topping the 
power dr ive . 

EItPansion tank. The 7. O-gallon expansion tank 
(5. 0 gallons capacity w en filled to the upper t rycock) 
for each cradle ope rating hydraulic mechanism is a 
ve nted type with a gravity feed connection to t he sup­
ply t ank. The tank, located in the gun room compart­
ment, is at the highest point of the hydraulic system. 

PROJECTILE HOIST 

The steel tank body is box s haped, 14. 0 inches high, 
14,0 inches wide, and 9. 0 inches deep. It is equipped 
with a cover, bigh- and low-level trycocks, fi lle r 
cap, and an oU s trainer ins ide the tank. 

SuPpJ y tank. The 22-0-gallon supply tank for 
each c radle operating hydraulic mechanism is a non­
vent d type . It has a feed connection from the expan­
sion tank and is inte rposed in the r eturn line from the 
cradle operating and pawl control mechanism to the 
auxiliary pump. The r eturn line , which passes through 
the tank, has two open T fittings as sembled in it at 
4.0 and 18; 0 inches from the tank bottom_ The tank 
is located between the pa n floor and electric deck, t o 
the rear of the powe r drive components. T he s teel 
tank body is box shaped 15. 0 inches squa r e and 24. 5 
inches high, It is equipped with pipe flange connec ­
tions for the r eturn and feed lines , a dr ain plug , and 
a s ide cover plat e. 

Dual system. The hydraulic (auxiliary) pump 
supplies hydraulic pressure for operating a dual sys­
t em. This s ys tem inc ludes the hoist r eversal system 
(described on page 9- 12) and the cradle operating 
hydraulic mechanis m. 

Cradle ope r at ing ~y'linde r. The c radle operating 
cylinder (fig. 9=7fis a hydraulic ram , It is mounted 
in the r ear part of the gun room compartment (fig, 
9- 6) with its piston connected t o the c r adle through a 
crank pin connector and c rank pin. T he cylinder as ­
sembly consists of a cylinder fulcrum, a cylinder, 
and a pis ton. 

..Qylinder fulcrum. The cast bronze cylinde r ful ­
crum is mounted on the shelf plate to the rear of t he 
cradle fulcrums (fig , 9-6) . It provides a mounting 
for the lower end of the cradle ope rating cylinder 
which is connect ed t o the hydraulic swivel joints 
mounted 1n the fulcrum. 

Qylinder. The cast bronze cradle operating cyl­
inder (fig. 9-6) provides a 13 . 785 -inch stroke ram, 
of 4.0 inches bor e , and is 31. 5 inches long ove r a ll. 
It is connected to the cylinder fulc r um through the 
cylinder head at its lower end, The cylinder head, 
t ogether with the piston and cylinde r valve port r e ­
strictions, buffs the folding action of the cradle . In 
the upper end of the cylinder , the piston r od passes 
through a chevr on type packing assembly retained by 
a gland. 

Piston. The nickel steel piston is lap fitted to the 
cylinde r bore, It is 30.567 inches long including the 
dashpot plunger at its lower end, The upper end of 
the piston passes through the cylinder packing and 
gland and is attached to the cradle through a c rank 
pin and crank pin connector . 

Hoist components 

The hoist components comprise the following: 

Rack 
Tube 
Projectile flat platfor ms 
Door and shutter brackets 
Rack pawl 
Tube pawl 
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Arra~ement. The various hois t components 
listed above are shown in figure 9-1 and are similar­
ly arranged for all projectile hois t installations. The 
hoist tubes form the courses through which projec ­
t iles are conveyed to (or lowered from) the cradle 
assemblies by reciprocating movement of the rack 
and rack pawls. Projectiles are s upported at t he end 
of a stroke by the tube pawls. The door and s hutter 
brackets form the loading apertures for the hoist 
tubes. They are similarly arranged on both projec­
tile flats with the project ile flat platforms fo r ming 
the aperture bases. 

Rack. The rack is an assembly of steel connect ­
ing bars, linkS, and pawls carrie rs joined end to end 
and . connect ed to the c r osshead. The assemblies for 
the left and right hois ts are identical and differ s light­
ly from the center hoist rack assembly. With curved 
rack casing tracks for their courses, the outboard 
hoist racks are 325. 0 inches long. They are made 
up of 14 connecting bars, links, and pawl carriers 
with the cross head arranged above the second pawl 
carrier. The center hois t r ack, with a s t raight rack 
casing track for its entir e cour se, is 31 8. 0 inches 
long. It is an assembly of 9 connecting bars , links, 
and pawl carriers with the crosshead arranged above 
a connecting bar and the second pawl carrier. The 
c rossheads , bronze castings , connect the rack to the 
rack operat ing cylinder (fig. 9-4) described on page 
9-7. A connecting bar, located near the top of each 

rack, is arranged with a cam surface which actuates 
the tube pawl control valve cam mechanism describ­
ed on page 9-13 . 

Tube . The hOist tubes (fig. 9-1) are flange bolted 
assemblies. The left and right hoist tube assemblies 
are similar but are opposite ly arranged fo r left and 
right ins tallations. The center hoist tube assembly 
diffe rs from the left and r ight in that it is s lightly 
s horter due t o its s traight course . All hoist tube 
cour ,es are formed by cast steel sections . These 
have integral t racks in which the racks operate, and 
integra l flanges thr ough which the sections are bolted 
togethe r. The assembled tube s t ructur e is supported 
from the lower and upper prOjectile platforms. It is 
b raced, by bolted and flanged attachment, at the she lf 
plate, pan floor, and electric deck through cast steel 
brackets. These, like the tube sections, have inte­
gral tracks for the racks . The cradle unit (fig. 9-1), 
aligned with the tube , is mounted on the shelf plate. 

Projectile flat platfor ms. The prOjectile flat plat­
fo rms , shown in figur e 9 - 1, a r e the foundation com ­
ponents for the hois t tube assemblies , the door assem­
blies, and the rack ope rating cylinder s. Machined 
steel castings , t he platforms are a rranged in. the hand­
ling spaces of both pr Ojectile decks. Their tops are 
flush with the s urfaces of the r otating rings and s t ow­
age areas. Left and r ight hoist platfor ms are simi­
lar but are arranged for left and right installations. 
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GUI BUSHING 

CY LI NDER HEAD 
BU SH ING 

CYLINDER HEAD 

FUL CR UM PI 

CY LINDER FULCRUM 
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Center hoist platforms differ slightly from the left 
and right. The upper flat platforms have integral 
provisions for the hoist tubes, the rack t racks , and 
the rack operating cylinde r . The lower flat platforms 
differ in that they provide only for the r ack track and 
the rack operating cylinder. All platforms are keyed 
to locate and secur e the door and shutter brackets , 
hoist tube sections, and the rack ope r ating cylinder . 

Door and shutler brackets . The door and shutler 
brackets (fig. 9-8) help ~!J support the hois t with its 
load of projectiles . Cast steel columns, the brackets 
are made with integral flanges through which they are 
secured in pos ition to the projectile flat platforms 
and the electric deck bracket. The b rackets are ar ­
ranged ver t ically in the handling spaces with ve rtical 
full opening of the hoist apertures. All hoist ape r ­
tures are fitted with spring- loaded doors and shutters 
t hat are hinged on the brackets (fig. 9-27). 

PROJECTILE HOIST 

Rack p'awl. The rack pawls (fig. 9-4) are spring ­
loaded and pin pivoted and are s eated in the pawl car­
riers of the rack assembly. Movement of the rack 
conveys projectiles , which rest on the pawls, through 
the hoist tube (fig . 9-26) . The rack has five pawl 
carriers. These are the upper pawl car r ier, upper 
intermediate pawl carrier, intermediate pawl carrie r, 
lower intermediate pawl carrie r , and lower pawl 
carr ier. The pawls are spring -loaded to move into 
position for hoisting. When the r ack descends afte r a 
hois ting stroke, each rack pawl is dep ressed by the pro­
jectile resting on the tube pawl at the next lower level. 

Tube pawl. The tube pawls (fjg. 9-1), spring­
loaded and pin pivoted, are housed in hoist tube sec­
tions. Projectiles when lifted by the rack are sup ­
ported at the end of each of the first four lifting strokes 
by the four tube pawls. Thes e pawls are spring- loaded 
to move beneath the base of the projectile as it is hoist­
ed on the rack pawls. 

PAWL CARRII:R PAW L EMERGENCY ALAR M 
CONTACT MAKER 

HO IST CONTROL 
INDICATOR 

SHUDER BRACKET SHUDERS 

LOADING APERTURE 

CONTRO L HANDLE 
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UTTER SPRING 

SHunER 
INGE PIN 

CONTROL HANDLE 
STOP PIN KNOB 

SOLENO ID A 

CONTROL SHAFT 
TO MAIN P 

SOLENOID ::' SOLEN OID 1. 

CONTROL STATION 

Figur e 9-8. Projectile Hoist Upper Loading Aperture and Control Station - General Arrangement 
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Cradle assembly components 

The cradle assembly comprises: 

Cradle and spanning t ray 
Buffers 

Cradle opening 
Cradle folding 
Spanning tray 

Cradle control valve 
Cradle solenoid val ve 
Cr adle latch 
Projectile indicator 

Lever 
Latch 
Switch 
Retainer 

Arrangement. The cradle assembly (fig. 9-6) is 
m ounted on the shelf plate above the hoist tube in the 
gun room compartment (fig. 9-1). Operated by the 
operating hydraulic mechanis m, describe d on page 
9 - 9, the cradle transfer a projectile from it s ver­
tical hoisting position to a hor izontal position for 
r a m ming. 

Cradle and spanning tray, The cradle and span­
ning t ray (fig. 9 -6), hinged together, are pivoted on 
integral trunnions of the cradle in the cradle fulcrums, 
A cast bronze trough 58.6 inches long with a tubular 
portion of 17.0 inches diameter bore, the cradle i s 
25. 37 inches wide across its trunnions. Pivote d at 
the cradle bottom, the cast bronze projectile latch 
is spring-loaded to move beneath the base of a pro­
jectile that has been hoisted into the cradle. The 
spanning tray, a cast aluminum trough identical in 
cross section to the trough of the cradle, i s connect­
ed to the cradle through the integral hinge s of both 
castings. A control link, which connect s the integral 
contr ol lever of the spanning tray to the cradle ful­
crum, unfolds the spanning tray when the cr adle is 
lowered. The end of the tray oppos ite the hinge i s 
tapered to enter the gun breech and extend across 
the screw box to the powder chamber , Machined 
grooves in the bottoms of the cradle and spanning 
t r ays provide a track for the rammer chain. Connect­
ed to the cradle operating cylinder through the crank 
connector and crank pin (fig. 9 -7), the cradle and 
s panning tray assembly provide for delivery of pro­
jectiles to the gun by the rammer. 

Buffers. 

Cradle opening buffer . The cradle opening buffer 
is Similarly mounted on the front of'the cradle fulcrum 
in each assembly. It is a hydraulic buffer which 
throttles flow of the cylinder liquid past the plunger 
of the buffer piston, through grooves of variable 
depth in the buffer housing. Rapid l' eturn of the buffer 
piston to its extended operating position is ensured 
through a spring-loaded ball-check valve in the plung­
er. This valve permits the flow of liquid from the 
reservoir to the chamber beneath the plunger. r,:'he 
pis ton, which makes a 2. 75-inch s troke with the gun 
at 5.0 degrees loading angle, contacts a phenol-fabric 
pad in the bottom of the cradle. 
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Cradle folding buffer. The folding action of the 
cradle is buffe d by the cradle operating cylinder, 
desc r ibed on page 9-9. 

Spanning tray buffer . The spanning tray buffe r 
i s a rubbe r pad ceme nted in a recess in the botlom 
of the cradle. This pad buffs the contact betwee n the 
spanning tray and cradle when the cradle assembly 
is fol ded. 

Cradle contr ol valve. The cradle control valve 
is fla nge mounted on the transverse bulkhead in the 
gun r oom compartment (fig. 9-6). It is a valve block 
a r rangement of a spool-type, direction control valve 
and a valve operating lever (deSignated cradle control 
valve handle). Manually positioned, the valve dire cts 
auxiliary pump pressure to the chambers of the cradle 
opera ting cylinder. The valve is spring-loaded to 
re turn to neutral when released by the operator . The 
cradle control valve cannot lower the cradle to the 
loading pos ition until the cradle solenoid valve (be low) 
is operated by action of its solenoid to close a by -pass 
and open the hydraulic cir cuit to the cradle cylinde r. 

Cr a dle solenoid valve. The cradle solenoid 
valve is mounted as shown un fig-ure 9-6. This valve 
is controlled by an internally mounted solenoid which 
is operated by the inte rlock portion of Ready Light 
Circuit lR (ch. 15). The cradle solenoid valve is in 
the cradle operating hydraulic circuit between the 
cradle control valve and the cradle operating cylinder 
and prevents operating the cradle by by-passing 
pressure to the tank until the gun is. in battery and the 
bree ch is open and the gun bore is clear. 

Cr adle latch. The cradle latch assembly (fig. 
9-13) consists of a guide plate, latCh, latch connec­
tion piece, connecting rod, coil spring, and yoke . 
Free to move up or down in a vertical slot in the 
cradle fulcrum, the latch is retained in the slot by 
the guide plate. Screwed to the latch connecting od, 
the latch extends through the slot to the inside of the 
cradle fulcrum and is positioned to contact an int e ­
gral cam lug of the cradle. The connecting rod is 
attached to the foot pedal assembly (described on 
page 9- 17)through the yoke. Moved upward by the 
coil spr ing, the latch secures the cradle in the raised 
or lowered position until forced down and releas ed 
the foot pedal. 

Projectile indicator . The projectile indicator 
a s sembly i s pi vot ed in a bracket that is mounted on 
the shelf plate. Actuated by movement of a projec­
tile into the cr adl and by cradle movement, the as ­
se mbly illuminates a danger signal at each projectile 
handling l evel. It also prevents hoi st action when 
there i s a projectile in the cradle or when the tr ay 
is spanned. It consists of a lever, a latch, a switch, 
and a r etainer. 

Lever. The projectile indicator leve r , bracket 
mounted in front of the cradle assembly, is spline 
fitted to the connecting shaft. A hook shaped cam, 
the lever (fig. 9 -13), proj ects through a hole in the 
cradle when the cradle is folded. Displaced by the 
proj ectile as it is hoisted into the cradle, the lever 
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actua tes the indicator latch through the connec ting 
shaft and actuating lever . 

Latch. The projectile indicator latch (fig . 9 - 13), 
moved by the actuating lever and connec ting rod, 
closes the projec til e indicator switch. The la tch is 
held in position by a re tainer to keep the switch 
closed throughout the movement of the unfolding cra­
dle by an arc -shaped integral cam of the cradle. 

Switch . The projectile indicator switch is 
mounted on the side of the cradle fulc r um. The 
switch, when closed by the indicator latch, illumi­
nates a dange r signal at each projectile handling 

PROJ EC TILE HOIST 

level and inte r loc ks the hoist control handle against 
moveme nt toward HOIST . 

Retainer. T he r e tain er is mounted on the side 
of the cradle fulc rum and is moved up when a projec­
tile ente rs the cradle. This action per mits the inte­
gral r eta iner ca m of th e c r adle to move under the 
r e ta iner lug while the cradle is being spanned. 

Hois t reversa l syste m 

Gener al. The r ack pawls and tube pawls (described 
on page 9-11) a re components of the hoist revel'sal 
system. They ar e a r r anged with operating mechanisms 
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which r etract the pawls alternatively for lowering 
pr ojectiles. This system, a part of the dual system 
desc r ibed on page 9-9, controls the r eversing action 
of the rack and tube pawls. The hoist r eversal sys ­
te m, a s emiautomatic control, operates independently 
of the cradle operating hydraulic m echanism. 

Components. The hoist reversal s ystem consists 
of the following: 

Rack pawl operating cylinder 
Rack pawl tripping cam mechanis m 
Tube pawl operating cylinder 
Tube pawl control mechanism 
F unction control and shut-off valve 
T ube pawl control valve 
Tube pawl control valve cam m echanism 

Rack pawl operating~y1inder. The rack pawl 
operating cylinder is flange mounted on the hoist tube 
b etween the shelf plate and pan floor. Housed in a 
b r onze casting, the cylinder assembly is a 1. 25 inch 
st r oke ram of 1. 65 inch piston bore . It has hydraulic 
pres sure c onnections with the function cont r ol and 
shut -off valve. The piston is threaded t o the piston 
r od whic h passes through a chevr on type packing 
r eta ined by a gland in the bottom of the cylinder. 
Movement of the piston actuates the piston rod which 
is attached to the control rod linkage of the rack pawl 
tripping cam mechanis m. 

Rack pawl trippLng cam mechanism. An assembly, 
the rack pawl tripping ca m mechanism consists of a 
cont rol r od linkage, t r ipping cams , t ripping cam 
cranks, bearing brackets, sliding collars , and springs . 
The control rod linkage is mounted on the outside of 
the rack caSing by the bea ring brackets. Arranged in 
s ets of one of each, the t r ipp ing cams and cam cranks 
are spline fitted on shafts mounted and pivoted hori­
zontally in the rack casing. The cams located inside 
the r ack casing retract the rack pawls at the bottom 
of the r ack stroke when the hoist system is reversed 
to lower p r ojectiles. The cam cranks located outside 
the rack casing are attached to and actuated by the 
control rod linkage . The cams are a ligned with the 
four uppe r rack pawls when the rack is at the bottom 
of its stroke; they are simultaneously actuated through 
m ovement of the control rod linkage. When projec­
t iles are lowered, the tripping cam action is such 
that the rack pawls are r etained in r etracted positions 
until each rack pawl (with the r ack ascending) passes 
the base of the projectile at the next higher level. 

Tube pawl operating~ylinder. The tube pawl op ­
erating cylinder (fig. 9-14) is flange mounted on the 
hoist tube. section between the shelf plate and pan 
floor. Housed in a bronze casting, the cylinder as­
sembly is a 1. 375·inch stroke ram of 1. 75~inch piston 
bor e . It has hydraulic pressure connections with the 
tube pawl control valve. The piston is attached to the 
piston rod which passes th r ough a chevron type pack­
ing r eta ined by a gland in 'the bottom of the cylinder. 
T he piston rod, actuated by movement of the piston, 
is attached to the control rod linkage of the tube pawl 
control mechanism. 

Tube pawl control mechanism. An assembly, the 
tube pawl control m~chanism (fig. 9- 14), consists of 
a control rod linkage, c ranks, bearing brackets, slid­
ing collars, and springs. The contr ol r od linkage is 
mounted on the outside of the rack casing by the 
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bearing brackets. Arranged in sets of one of each, 
the tube pawls and c ranks are spline fitted on shafts 
mounted and pivoted horizontally in the hois t tube . 
The cranks are located outside of the hoist tube and 
are attached to and actuated by the control r od link ­
age . The tube pawls are simultaneously actuated by 
the cranks through movement of the contro l r od link ­
age. When projectiles are lowered, the tube pawls 
are retained in retracted positions while the rack is 
near the top of stroke (either ascending or descend ­
ing). As the rack descends, the tube pawls move 
back into the hoistway, beneath the bases of projec­
tiles lowered from the next higher level.-

F unction control and shut-off valve. The function 
control and s hut -off valve assembly mg. 9- 9} is flange 
mounted, as shown in figure 9- 6, on the transverse 
bulkhead. It is a valve block a rrangement of a two­
posit ion spool-type di r ection control valve a nd a 
separate valve oper ating leve r (des ignated function 
control and shut-off valve handle). Manually position­
ed, the valve directs auxiliary pump press ure to the 
rack pawl operating cylinder and the tube pawl control 
valve. 

Tube pawl contr ol valve. The tube pawl control 
valve assembly is flange mounted on the rack casing 
adjacent to the rack pawl operating cylinde r. It is a 
valve block arrangement of a two-pos ition spool-type 
valve . The valve passes through a packing in the 
lower end of the valve block and is connect ed to and 
positioned by the tube pawl contr ol valve cam 
mechanism. When the function cont r ol and shut- off 
valve is positioned at LOWER PROJECTILES, the 
following action occurs: 

CAM 

SOLENOID PLUNGER 

INTERLOCK SOLENOID 

LINE L2 TO RACK PAWL 
OPERATING CY LINDER 

LINE L3 TO TUBE 
PAWL CO NTROL VALVE 

Figure 9- 9. F unction Control Mechanism -
General Arrangement 
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Positioned and held up by auxiliary pump pressure, 
the tube pawl control valve directs auxiliary pump 
pres sure to the top of the rack pawl operating cylinder 
to move the r ack pawl t r ipping cams clear of the rack 
pawls. 

Tube pawl cont r ol valve cam mechanism. This 
assembly consist s of a cam lever, a cam lever bear­
ing bracket , a control rod, and a collar. It is bracket 
mounted below the tube pawl control valve. Pivoted 
on a shaft mounted horizontally in the bearing bracket, 
the cam lever extends through a slotted hole in the 
rack casing in the way of the rack connecting bar cam. 
It is actuated by the rack connecting bar cam and is 
connected to and actuates the tube pawl cont r ol valve 
through the control rod. 

Controls and interlocks 

The projectile hoist control and inter lock 
ar rangements for each hoist consist of: 

Start-stop control 
Rack operating controls 
HOist contr ol indicator 
Hoist controls 
Limit switches 
Solenoid operated inter lock 
Cradle operating controls 
Neutral start interlock 
Door and shutter inter lock (parbuckling opera­

tion) 

Start-stop control. Each prOjectile hoist power 
drive is started and stopped through its electric­
powe r motor controller (desc ribed on page 9-3). The 
controller is remotely operated from three push-but­
ton s tations, as desc ribed below. 

Master control push-button statton. The master 
c ontrol pUSh-button s tation is adjacent t o the cradle 
operator's st ation in the gun room compartment. It 
is a two push-button switch; one push-button is labeled 
START-EMERG and the other STOP. PreSSing the 
START-EMERG button clos es a normally open three ­
pole switch and energizes the coil of the main contac­
tor to connect power to the elect ric motor. Holding 
contacts on the relays keep the powe r circuit closed 
when the START -EMERG button is released until the 
STOP button Is pressed at this station or at either of 
the two stop push -button is pressed. An overload 
relay opens the circuit when current demand is too 
great. 

Stop push button stations . A stop push-button sta­
Honls located at each of the upper and lower projec­
tile flat hoist operating stattons. Each station com ­
prises a s ingle button switch labeled STOP. Pressing 
the STOP button at either station opens a three -pole 
switch and de -energizes the coil of the main contactor 
to disconnect power from the electric motor . 

Rack operating controls. The rack operating con ­
trols compr ise the hoist control handle and the func ­
Hon cont r ol lever interlock. The arr angements de'­
scribed below are similar for each hoist ins tallation. 

Holst cont rol handle. The prOjectile hoist is pro­
Vided with a hoist control handle (ftg. 9-8) adjacent 
to the hoist tube loading apertures on each prOjectile 
flat. Each contr ol handle is an assembly that includes 
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a clutch subassembly (fig . 9-1 0) mounted in the cast 
bronze body of the control handle . Both control han­
dles are mounted on a common vertical cont r ol shaft. 
The control s haft is connect ed to the control handles 
through the clutch subassemblies and is coupled to 
the t ilting box stroking contr ol s c rew. 

Function. Depending on the dir ection in which it 
is moved, the hoist control hanclle offsets the main 
pump tilting box from neutral s troke (through the con­
trol s haft and str oking control s crew des cribed above) 
to initiate a hoisting or lowering movement of the rack. 

CON TR OL SHAFT 
BRACKET 

CONTROL SHAFT 
TO MAIN PU MP 

UPPER SU PPORT BRACK ET 

GONG RELAY 

CONTROL 
HANDLE 

BRACKET 

SOLENOID A 

SOLENOID 2 

SOLENOID 1 

CO NTROL SHAFT TO LOWER CONTROL STATION 

F igure 9-10. Upper Hoist Control and Inte rlocks 
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Either control handle may operate the hoist since 
each is independently engaged or disengaged through 
m:mually operated clutch levers (fig. 9- 11). 

Arrangement. The hoist control handle bracket 
at each hoist operating station is similarly equipped 
and inc ludes an ar rangement of four s ole noid inter ­
locks and an interlock switch. Stops in the bracket 
limit maxim um movement of the control handle each 
side of neut ral stroke. One of the solenOid plungers 
automatically permits restricted movement of the 
control handle (indicated in the tabie below) to lower 
projectiles. The other two s olenoids lock the control 
handle at neutral stroke when a projectile is being 
parbuckled into or out of the holst , and block the con­
trol handle against hoisting (but permit lowering) 
when a projectile is in the cradle or the cradle is 
open. Except when the control handle is at neutral, 

CLUTCH SPRING 

SOLENOID 4 

SO LEN OID CO IL 

SPRING RETAIN ER 

CLU TCH ADJUSTING COL LA R 

SO LEN OID 
SPRING 

CLU TCH LEVER SHAFT 

CLU TCH LEVER 

PLU GER 
RODS 

SO LENOID B 

GUIDE SHAFT BRACK ET 

Figur e 9- 11. Lower Hoist C ontrol Inte rlocks -
Sectional View 

PROJECTILE HOIST 

movement of the function control and shut -off valve 
to reverse the pawl mechanisms is blocked by an 
interlock solenoid through the interlock switch which 
is actuated by the control handle. The switches at 
both hoist operating statiOns , arranged in series , 
must be closed (by positioning the control handle at 
neutral stroke ) in order t o shift the function control 
and shut-off valve. 

Movement limits. The arcs of movement of the 
hoist control handles are identical. These movements 
from neutral stroke, and the equivalent tilt of the main 
pump tilting box, for each hoist control action are in­
dicated below. 

Hoist control handle limits 

Control operation Handle movement Main pump tilt 

Hoisting 
Rack up 
Rack down 

Lowering 
Rack up 
Rack down 

620 

1160 
100 42' 

200 

100 42' 
40 29' 

Function control lever interlock. The function 
control and shut-off valve (described on page 9-13 
is positioned through a separate operating lever (fig. 
9- 9) which is pivoted in an integral mounting flange 
of the valve. PrOVided with a spring-loaded locking 
pin, the valve operating lever is interlocked with the 
holst control handles through an interlock solenoid. 

The interlock arrangement is such that when the 
solenoid is de-energized, the valve operating lever 
is locked in its HOIST or LOWER position by the 
solenoid plunger. To release the valve operating 
lever, the s olenOid is energized t o retract the plunger 
by placing both hoist control handles at neutral s troke 
thereby clos1ng the interlock switches. 

Hoist control indicator. The hoist control indica­
tor provides the projectile hoist operator with visual 
and audible signals which indicate safe or dangerous 
holst cond1tions. 

Visual. There a r e six lights in the hoist control 
indicator (fig 9-8) which when lighted illuminate the 
following legends: 

HOIST. A green Ught. It indicates that the 
function control and shut-off valve handle is positioned 
at HOlsT PROJECTILES, and that the cradle is emp­
ty and aligned with the hoist tube. 

DANGER. A red light. It indicates that a 
projectile is in the cradle or that the cradle assem­
bly is lowered. 

LOWER. A green Ught. It indicates that the 
function control and shut -off valve handle 1s pos ition ­
ed at LOWER PROJECTILES. 

TOP OF STROKE . A clear light. It indicates 
that the hoisting pis ton and rack crosshead have com­
pleted an upward stroke . 

9-15 

www.tinyurl.com/slover


OF 769 - 16 INCH THR EE GU N TURRETS 

OTT OM OF STROKE . A clear light. It indi­
cates that the hOisting pis ton and rack cros shead 
ha ve completed the downward str oke. 

LATCH CLEAR. A clear light. It indicates 
that the function control and shut-off valve handle is 
positioned at LOWER PROJ ECTILES, and that the 
c radle proj ectile latch has bee n moved a s ide to re­
lease a proj ectile in the cradle. 

Audible. The audible hoi s t contr ol indica tor is 
a s ingle- stroke hoi st-ready gong which is mounted 
a t each hoist operating station . It sounds the instant 
HOIST i s indicated on the visua l indicator. 

Hois t contr ol clutches. Mounted with free bear ing 
on a common ver tical control s haft, the hOi s t control 
handle s are engaged with the shaft through separate 
clutche s . The clutch, a sp r ing- loaded detent type 
a s s e mbly , consists of a clutch collar , an adjusting 
clutch collar , a spring, a spring r tainer , and a 
clut ch lever. Mounted on the hoi s t control shaft (fig . 
9-H), the clutch is manua lly operate d through the 
clutch lever which is held by a lock ing pin to lock 
the clut ch in the engaged or di s engaged position. 
E ither control handle may be e ngaged with the control 
shaft a nd the other disengaged from the shaft to be 

locked at neutral stroke through the control ha ndle 
locking pin . 

Limit Switches . Four limit s witches a r e in­
s talled in the proj ectile latch indica tor syste m QB, 
for ach hOist. Two of these four switches a re in­
stalled on each hoist tube at the pan floor level. 
These switches are a ctuated by the cros shead when 
the hoist ha s completed its rai s ing cycle . One 
s witch operates the interlock solenoid on the control 
mechani s m at the lower pr ojectile handling level a nd 
one ope r ate s the top of stroke indicator lights . The 
othe r two limit switches a r e installed on the bottom 
of the lower proj ectile hanclling platform casting. 
These two switches a r e actuated by the rack ba r when 
the hoist has completed its lowe r ing cycle . One 
s witch operates the interlock solenoid on the contr ol 
mechanism a t the lower proj ectile handling le vel and 
one operate s th bottom of stroke indicator light s. 

Solenoid Operated Inter locks. Each hoist is 
equipped with a solenoid operated interlock insta lled 
on the control mechanism at the lower projectile 
handling level. The s olenoid ope r ated interlo ck is 
op r a ted by the top of stroke li mit switch and the 
b ottom of stroke limit s witch upon completion of 
each cycle. This solenoid ope rated interlock lock s 

BAR 

TOP OF ST ROKE 
' ... 1L;L:=:::~!-------.:==:::::::::;::::::=~ LIMIT SWITCH ES 

\~ FOR CIR CUIT as 

BRAe PLUNGER SPRING 

LOCK PLATE 
STRIKER SUPPORT 

SWITCH PLUNGER 

CO VE R PLATE 

RACK CROSSHEAD PORTABLE CASING 

Figure 9-1 2. Proj e ct ile Hois Top of Stroke L imit Switch - Se ctional Vie w 
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the control levers at Haist or Lo we r , until the com­
p letion of the hOisting or lowering cycle . The hoi st 
control levers cannot be moved from HOIST to 
L OINER, or from LOWER to HOIST, until tl1 e 
hoisting or lowering cycle is completed. The pre­
vents inadvertent re versal of the proj ec tile hoist 
which would cause the seating of proje ctiles on the 
nose of lower projectile. 

Cr a dle operating contr ols . The cradle operating 
controls, s imilar for each hoist installation are : 

Cradle control valve handle 
Cr a dle latch 

Foot pedal 
Interlock (cradle alignment) 

Cradle and spanning t ray interlock l imit s witch 

PROJ ECTIL E HOIST 

P r oject ile indicator lever 
Inter lock (proje ctile in cradle) 

CracUe control valve handle . The cradle control 
valve handle , a bronze casting, is vertically p i voted 
in the cradle control valve mounting flange and is 
conne cte d t o the valve . Actua ted when the valve 
handle i. s positioned toward RAISE CRADLE or 
LOWER CRADLE , the cradle control valve [unctions 
as des cr ibed on page 9-12 . 

Cradle latch. The cradle latch assembly (fig. 
9-13) is de s cr ibed on page 9-12. Located on the 
ins ide of the cradle fu l crum, it latches the cradle 
in a raise d position through its contact with an in­
tegral cradle cam lug. 
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F oot pedal. The cradle latch assembly 1s actu­
ated to r elease (unlatc h) the c radle through a foot 
p edal. Located near the cradle ope ratorts station, 
the foot pedal is connected t o the latch through shaft­
ing and the latch yoke. When depr essed, the foot 
pedal moves the latch down agains t spri ng pressure 
to r e move the latch from contact with the cradle cam 
lug and permit the cradle to be rais ed or lowe red. 

Inte rlock (cradle alignment ). The cradle latch 
interlock unit is mounted in the gun room compart­
ment forwar d and below the c r adle fulcrum. Connect­
ed by linkage t o the foot pedal , the unit is arranged 
to inter lock foot pedal ope ration of the c radle latch 
with the loading pos ition of the gun. Locked at all 
othe r t imes ,. the foot pedal is r elease d t o unlatch the 
c r adle when a bumper mounted on the loade rts plat ­
form contacts (at five degre es elevation) a trigger 
pivoted in the interlock unit mounting bracket. 

PROJECTI LE HOIST 

Cr adle and spanning t r ay inter lock limit s witch. 
The cradle and s panning tray inte r lock limit switc;:h 
is mounted on a bracket at tached to the cradle ful ­
crum. The switch actuat es an inte r lock s olenoid in 
the elevating gear elect ric motor cont rolle r. A full 
description of the inte rlock limit s witch and s olenoid 
assembly 1s given on page 5-14 (chapter 5) . 

Project ile indicator lever. A hook shaped cam, 
the indicator lever, is dis placed by a pr ojectile as 
it ent ers the cradle . This actuates the indicator 
latch t o clos e the projectile indicator Switch. 

Interlock (prok ctile in cr adle) . When c losed 
by the indicator litch, the pr ojectile indicator 
switch int erlocks the hoist cont r ol handle against 
movement toward HOIST. 

CRADLE CAM LUG CONTROL LI NK PR OJECTILE INDICATO R RETAIN ER CAM 

PROJECTILE IN DICATOR 

LATCH GU IDE PLATE 

CRADLE LATCH 

FOOT PEDA L 

CRADLE FULCR UM 

CO NN ECTING ROD 

LATCH CONNECTING 
RO D AND COIL SPRING 

YOK E 

YOKE ROD 

ACTUATING LEVER 

CRAD LE LATCH INTERLOCK UNIT TR IGGER BUMPER 

PROJECTILE IND ICATOR LEVER 

CRAD LE 

SPAN NING TRAY 
CONTROL LEVER 

MOUNTING BRAC KET 

LOADERS PLA TFORM 

Figure 9-13. PrOjectile Hoist Cradle and Cradle Control Devices 
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INTERLOCK SOLENOID 

LINE PX l FROM 
AUXILIARY PUMP 

PAWL CONTROL VALVE 

VALVE PLUN GER 

PISTON 

PISTON ROD 

CONTR OL ROD 

TR IPPING CAM CRANK, 
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NOTE : HOIST REVERSAL SYSTEM SHOWN WITH 
FUNCTION CONTROL AND SHUTOFF 
VALVE AT "LOWER PROJECTILES" TRIPPING CAM 

FUNCTION CONTROL AND SHUTOFF VALVE 

PROJECTILE LAT CH 

LINE PXl FROM AUXILIARY PUMP 

RACK PAW L 

PAWL CARRIER 

CAM LEVER 

RACK CAM 

CONNECTING BAR 

TU SE PAWL 

TUB E PAWL 
OPERATING CYLINDER 

PISTON ROD 

CONTROL ROD 

BEARING BRACKET 

RACK PAWL 

PAWL CARRIER 

F igure 9-14. Tube Paw! and Rack Pawl Reversing Cont r ol Arrangement - Sectional View 
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Neutral start interlock. A neutral start inter­
lock switch (fig. 9-19) is located on the underside of 
each hoist control handle bracket. It is plunger 
operated by a cam on the underside of the hoist con­
trol handle. The switches are connected in series 
in the controller starting circuit so that the proper 
drive motor cannot be started unless the switches 
are closed (by the control handles at neutral ). In 
addition the switches are series connected with the 
function control and shut-off valve solenoid. 

Function control and shut-off valve handle. The 
function control and shut-off valve handle is inter ­
locked with the hoist control handles through a sole ­
noid (fig. 9-19). The circuit arrangements prevent 
movement of the valve handle unless the hoist control 
handles are at neutral position. Wben the hoist con­
trol handles are at neutral, the neutral interlock 
switches are closed to energize and retract the sole­
noid to permit valve handle movement. 

Door and shutter interlock (parbuckling opera­
tion). The projectile hoist uses eight door a nd 
shutter interlock switches, four at each loading 
level. Series connected, the switches open to de­
energize solenoids A and B and prevent movement of 
the hoist control handle (fig. 9-19) when the shutters 
are opened and a projectile is parbuckled into the 
hoist. When the shutters close behind the projectile 
the switches close, the solenoids are energized, and 
the hoist control handle may be moved. 

Operating handle. Located near the outer end 
on the underside of each operating handle (hoist con­
trol handle) bracket are the operating handle sole­
noids A and B (fig. 9-19). Connected in parallel, the 
solenoids are series-connected with the door and 
shutter interlock switches. When de-energized, the 
solenoid plWlgers extend upward through the handle 
bracket into a recess in the underside of the hoist 
control handle to lock it. 

A solenoid operated interlock is installed on 
the control mechanism at the lower projectile handl­
ing level of each hoist which prevents the hoist con­
trol operating handle from being moved from HOIST 
to LOWER, or LOWER to HOIST, until the ho isting 
or lowering cycle is completed. This prevents in­
advertent reversal of the projectile hoist which 
would cause the sealing of proj ectile on the nose of 
lower projectiles. In the event of power failu re, 
the manual retracting mechanism can be used to 
retract the solenoid plunger and the control operat­
ing handle may be operated. 

OPERATION 

General 

The hoisting (or lowering) of projectiles a nd the 
raising or lowering of the cradle assembly are man­
ually controlled, hydraulic power-driven operations. 
There are no proviSions for manual operation of the 
hoist Or cradle. 

With the power on, operations of the hOist 
assembly are as follows: 

PROJECTI LE HOIST 

Reciprocating action of rack. The rack, con­
ne cted to the piston rod of the rack operating cyl­
inder assembly, has a similar reciprocating action 
while either hoisting or lowering projectiles. As a 
hOisting (or lowering) cycle is begun, the rack is 
raised by p iston action until a full stroke (as indi­
cated by TOP OF STROKE illuminated in the hoist 
control indica tor) is completed. The rack is then 
lowered by pis ton action until a full stroke (as indi­
cated by BOTTOM OF STROKE illuminated in the 
hoist control indicator) is completed. The next 
hOisting (or lowering) cycle may now be begun. The 
alternating up and down (reciprocating ) action of the 
piston and rack to raise (or lower) projectiles to 
the next level is repeated until a projectile is in the 
cradle (or until the hoist is emptied if lowering pro­
jectiles). 

Cradle lowering and raising. After a prOjectile 
has been lifted into the cradle in the final hoist cycle 
(as indicated by DANGER illuminated in the hoist 
control indicator ) the rack is lowered through a full 
stroke. The cradle lowering operation, actuated by 
the cradle operating cylinder when permitted by the 
cradle solenoid valve, is now begun with the gWl 
elevated to its loading position, the breech opened, 
and the gWl bore cleared. The cradle operator de­
presses the foot pedal (to Wllatch the cradle) and 
p os itions the cradle control valve handle at LOWER 
CRADLE. The cradle operating cylinder then ro­
tates the cradle and enters the spanning tray into the 
open gun breech. After the projectile and powder 
bags have been served to the gun by the rammer 
assembly (as described in chapter 10) the cradle 
operator positions the cradle control valve handle at 
RAISE CRADLE. The cradle operating cylinder then 
retracts the spanning tray from the gun breech and 
raises the cradle and spanning tray to a folded posi­
tion. 

Hoisting and lowering of prOjectiles. Projectiles 
are hoisted to the cradle or lowered from it by ma­
nipulation of the interrelated hoist controls. To 
hoist prOjectiles, the hoist control handle is posi­
tioned at STOP and the fWlction control and shut-off 
valve handle at HOIST PROJECTILES. After a pro­
jectile has been parbuckled into the hOist, the hoist 
control handle is moved from STOP to HOIST. This 
inititates the hoist cycle and the rack is raised 
through a full stroke to lift the projectile to the next 
higher level. The hoist control handle is now moved 
from the HOIST to LOWER. This initiates the second 
half of the hoist cycle and lowers the rack so that the 
next hoist cycle may begin. 

To lower prOjectiles, the hoist control handle is 
positioned at STOP and the function control and shut­
off va lve handle at LOWER PROJECTILES. This 
action ports auxiliary pump pressure to the hoist 
reversal system to cause pawl operation for lower­
ing prOjectiles. The hOist control handle is then 
moved from STOP to HOIST; the rack moves up its 
full stroke to raise the projectile in the cradle just 
clear of the prOjectile latch. The projectile latch 
is then retracted manually to permit downward 
passage of the proj ectile. After the latch is fully 
retracted, the hoist control handle is moved from 
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Figur e 9-15. Projectile Hoist Schematic Diagram - Rack Beginrung to Ascend; Dual System Idling. 
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HOIST to LOWER. This initia tes the second half of 
the lowering cycle and lowers the projectile through 
a full stroke until it resets on a tube pawl. The 
next lowering cycle is initiated by moving the hoist 
control handle to HOIST to lift the projectile above 
the tube pawl on which it is resting. Both halves of 
the lowering cycle are continued W1til the projectile 
is at the desired projectile flat level and may be 
parbuckled from the hoist. 

Starting 

The hoist power drive is started as follows: 

1. Place the hoist control handle at STOP. 

PROJECTILE HOIST 

2. Make sure that the cradle valve handle is 
at neutral position. 

3. Place the fWlction control and shut-off valve 
handle at HOIST PROJECTILES. This is not essen­
tial to starting the power drive but is a normal pro­
cedure in antic ipation of following operations. 

4. Press the START pushbutton. 

Stopping 

The hoist power drive is stopped as follows: 

1. Plac e the hoist control handle at STOP. 

9-20A/B 

www.tinyurl.com/slover


2. Make sur e that the cradle control valve 
handle is at neutral position. 

3. Press the STOP push button. 

NOTE: In an emergency, the power drive can be 
stopped immediately, regar dle ss of hOist or cradle 
position, by pushing anyone of the three STOP push 
buttons. 

Serving projectiles 

At both the upper and lower proj ec tile flats, 
projectiles are loaded from the inne r projectile 
r ings into the hOists. Projectiles are moved from 
the projectile rings (chapter 7) into the hoist by par­
buckling (chapter 8). The spr ing-loaded shutte rs at 
each loading level retain the projectiles in the hoist 
after they are placed within it. P r ojec tiles a re 
hois ted to the next level as each p roject ile is par­
buckled into the loading level, provided the control 
interlocks are clear . The contr ols per mit loading 
and hOisting at either proj ectile flat. 

F illing hoist 

The hoist is filled as follows : After a proj ectile 
is parbuckled into the hoist, the hois t control handle 
is positioned at HOIST and the projectile is automat­
ically lifted to the next higher level. The next pro­
jectile can be parbuckled into the hoist as soon as 
the loading level is clear. The rack is then lowered 
again by positioning the hoist cont rol handle at LOW­
ER. As successive prOjectiles are parbuckled into 
the hOis t, the manipulation of the hoist control handle 
is repeated as above until a pr ojectile is lifted into 
(and latched in) the cradle. Inter locks then prevent 
the hoist from operating until the cradle is emptied 
and r eturned to its folded position. This pr ocedure 
is r epeated until the demand for projectiles is ended. 

Hydraulic action 

HOist hydraulic arrangements are described in 
following paragraphs and are shown schematically 
in figure 9-15 to 9-18 inclusive. 

HOisting prOjectiles. The hoist may be filled and 
operated to hoist proj ectiles from eithe r the upper or 
lower projectile flat loading level. With the hoist 
power d r ive in operation, the cross head and rack in 
the bottom of stroke position (BOTTOM OF STROKE 
d ial illuminated), position the funct ion control and 
shut- off valve at HOIST P ROJECTILES. This causes 
HOIST to be continuously illuminated in the hoist con­
t rol indicators until a prOjectile is delivered into the 
cradle . As SOon as the crosshead rack starts up, the 
BOTTOM OF STROKE dial goe s out. With the control 
ha ndle at the hoist control station to be used at STOP, 
engage the handle clutch. The hoist control handle is 
inter locked at STOP while the hoist shutters are held 
open by the projec ti le being loaded into the hOist; th~ 
handle is released when the shutters close. When the 
hoist control handle is ope r ated to hoist projectiles 
and fill the hoist (described p r evious ly ), TOP OF 
STROKE will be illuminated in the hoist control indi­
cator at the comp letion of each hoist s troke. 

PROlECTILE HOIST 

Mter a prOjectile has been delivered into the cradle, 
HOIST will no longer show and DANGER will be illu­
minated in the hoist control indicators. Also, the 
hoist control handle will be blocked from movement 
toward HOIST (by one of the interlock solenoids) but 
can be moved toward LOWER. The DANGER signal 
will be continuously illuminated until the cradle has 
been lowered and then raised empty to hoist position. 
This condition is indicated to the hoist control opera­
tor by the DANGER light going out, the gong sound­
ing, and the HOIST light going on. 

Rack ascendipg (Ug....J!.::.JJj). With the hoist con­
trol handle (tilting box) offset to HOIST, the follow­
ing conditions exist: 

1. Main pump pressure at approximate ly 1000 
pounds per square inch (controlled by relief valve 
RV1) is ported to the bottom of the rack operating 
cylinder through line Tl, and the piston and rack 
ascent. The system is replenished through replenish­
ing valve Rl and lines T4 and T2. 

2. Auxiliary pump pressure at approximately 25 
pounds per square inch (controlled by r e lief valve 
ARV3) is ported to the dual system through the duplex 
filter and lines, PXl PX2, and PX3. This pres­
sure (circulating flow~ is blocked from the cradle op­
erating cylinder and is ported to the function c ontrol 
and shut-off valve FCV through line 1 by the cradle 
control valve CCV (positioned at neutral). POSitioned 
at HOIST PR01ECTILES, FCV directs pressure from 
Une PX2 through line L2 to the top of the rack pawl 
operating cylinder C2 (holding the piston down and 
extending the rack pawls) and through lines L2 and 
1.4 to the tube pawl control valve PCV. PCV directs 
the pressure through line 15 to the top of the tube 
pawl operating cylinder Cl (holding the piston down 
and extending the tube pawls ). 

Rack descend~ (fig. 9-16). With the hoist con­
trol handle (tUting boi) offset to LOWER, the follow ­
ing conditions exist: 

1. Main pump pressure at apprOximately 100 
pounds per square inch (controlled by relief valve 
RV2) is ported to the top of the rack operating cylin­
der through line T2, and the piston and rack descent. 
Relief valve RV2 by-passes rack operating cylinder 
differential displacement to the expansion tank . The 
replenishing valves Rl and R2 both remain seated. 

2. AUxiliary pump pressure at approximately 
800 pounds per square inch (controlled by r e lief valve 
ARV1) is ported to the dual system through the duplex 
filter and lines PX1, PX2, and PX3. This pressure 
is directed by the cradle control valve CCV (pOSition­
ed at LOWER CRADLE) through line HP1 to the cra­
dle operating cylinder. In addition CCV blocks the 
pressure from line Ll (blocking out relief valves 
ARV2 and ARV3) permitting pressure build-up in the 
entire dual system to 800 pounds per square inch. 
The function control and shut-off valve FCV, posi­
tioned at HOIST PROlECTILES, dIrects pressure 
to the tube pawl operating cylinde r Cl and the rack 
pawl operating cylinder C2 to hold the piston down the 
same as when the hoist control was offset to HOIST. 

3. Auxiliary pump pressure directed to the cra­
dle operating cylinder by CCV through line HPl holds 
check valve R seated. The pressure is ported through 
check valve S and restriction 0 to the bottom of the 
cradle operating cylinder. The uppe r end of the 
cradle operating cylinder is vented to the supply 
tank through restriction P, check valve T, and line 
HP2. 
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Figure 9-16 . Projectile Hoist Schematic Diagram - Rack Descending After Delivering Projectile to Cradle; 
Cradle Beginning to Lower. 
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Lowerim; prpjectiles . T he hoist may be operated 
to lowe r prOjectiles fro m either the upper or lower 
c ont rol s tation. With the hOis t power drive in opera­
tion, the p rOjectile to be lowered res ting in the cra­
dle, and the rack lowe red thr ough a full str oke, posi ­
tion the function control and s hut-off valve handle at 
LOWER PROJECTILES. Clutch-e ngage the control 
handle at the hoist control station t o be used. 

These settings cause LOWER t o be illuminated 
in the hoist control indicator s . They also energize 
a solenoid t o r et r act the int e r lock which blocks rais­
ing the rack, and set the interlock which limits con­
trol handle movement for lowering . When the hOist 
control handle is operated to HOIST to raise the rack, 
TOP OF STROKE is illuminated in the hoist control 
indicat or at the completion of ea ch hoist stroke. The 
c radle operat or moves aside the pr Oje ctile latch to 
clos e a switch a nd cause LATCH CLEAR to be illu­
minated in the hoist control indicators . These opera­
tions prepare for lowering the p r Ojectile from the 
c radle and the hoist cont r ol ope r a tor cam move the 
control handle (m ovement limited by interlock) to 
LOWER. As the pr ojectile is lowered c lea r of the 
c radle both the LATCH CLEAR and TOP OF STROKE 
lights are cut out. 

Rack ascendipg (fig . 9-1 7). With the hoist con­
trol handle (tilting box) offset to HOIST , the follow­
ing conditions exist : 

1. Main pump pressure at app r oximately 1000 
pounds per square inch (controlled by relief valve 
RVO is ported t o the bottom of the rack operating 
cylinder through Tl, and the piston a nd rack asc end. 
The system is replenished through replenishing valve 
Rl and lines T4 and T2. 

2. Auxilia ry pump pressure at approximately 400 
pounds per square inch (controlled by r e lief valve 
ARV2) is ported to the dual system through the duplex 
filter and lines PX1, PX2 , and P X3. This pressure 
is block ed from t he cradle oper ating cylinde r and is 
ported to the function control and shut - off valve FCV 
thr ough line Ll by the cradle control valve CCV (posi­
tioned at neutral). P ositioned at LOWER PROJEC­
TILES, FCV directs pres sure from line PX2 t hrough 
line 1,3 to the bottom of the rack pawl operating cyl­
inder C2 (holding the piston up and r etracting the 
rack pawls ). In addition FCV directs pres s ure through 
lines L3 and LS to the top of the tube pawl cont rol 
valve PCV, and through lines L3 and L6 to the uppe r 
groove of PCV. 

3. He Id down by auxilia ry pump pressure in line 
LS , PCV directs auxiliary pump press u r e from line 
L6 through line L5 to the top of the tube pawl operat ­
ing c ylinde r C 1 (holding the piston down and keeping 
the tube pawls extended into the hoislway). When the 
ascending r ack cam contacts and forces the valve 
cam- lever up, PCV di r ects auxiliary pump pressure 
from line L6 through line L7 to the bottom of C I (hold­
ing the piston up and retracting the tube pawls). 

Rack descendi[lg (f ig. 9-1S). With the hoist con­
trol handle (tilting box) offs et to LOWER, the follow­
ing conditions exist: 

1. Main pump pressure at approxlmat ly 100 
pounds per squar e inch (control ed by r elief valve 
RV2 ) is ported to the top of the ack operating 

PROJECTILE HOIST 

cylinder through line T2, and the piston and rack 
descend. Relief valve RV2 bypasses rack operating 
cylinder diffe r ential displacement to t he expansion 
tank. The reple,lishing valves Rl and R2 both r emain 
seated. 

2. Auxiliary pump pr essure at approximately 
400 pounds pe r square inch (controlled by relief valve 
ARV2) is ported to the dual system thr ough the duplex 
filte r and lines PX1 , PX2, and PX3 . This pressure 
is blocked from the cradle operating cylinder and is 
ported to the function contr ol and shut-off valve FCV 
through line Ll by the cradle control valve CCV (pos i­
tioned at neutral) . P os itioned at LOWER PROJEC­
TILES, FCV directs pres sure from line PX2 through 
line 1,3 to the bottom of the rack pawl operating cyl­
inder C2 (holding the piston up and r etracting the rack 
pawls). In addition FC V directs pressur e through 
lines L3 and LS to the top of the tube pawl control 
valve PCV, and through L3 and L6 to the lowe r groove 
of PCV. 

3. Held up by contact of the rack cam with the 
v a lve cam-leve r, PCV directs pressur e from line 
L6, through line L7 to the bottom of C 1 (holding the 
piston up and r etract ing t he tube pawls) . As t he pis­
ton and rack descend, the rack cam disengages from 
the valve cam-leve r and PCV is moved down by pres ­
sur e in lines L3 and LS. PCV then directs pressure 
fr om line L6 through its upper gr oove and line L5 to 
the top of the tube pawl operating cylinder Cl (hold­
ing the piston down and extending the tube pawls). 

Hoist action 

General hois t action and operation are described 
in the following paragraphs. 

Hoisti~ prOjectiles (Dg. 9- 19). The c yc le of 
hoist actions occurring during a p r ojectile hoisting 
cyc le , is as follows: 

1. With the hoist full (except the cradle and 
bottom tage ), the function control and shut- off 
valve handle at HOIST PROJECTILES, the r ack 
lowered, and the hoist control handle in neutral, the 
BOTTOM OF STROKE indicator dial and the HOrsT 
indicator light are illuminated. As a projectile is 
parbuckled into the hoist the movement of the shutter, 
opening to admit the prOjectile , opens interlock 
switche s which de - energize solenoid B at the lower 
hoist control station. The solenoid p lunger locks 
the hois t control handle in neutral unt il the shutters 
are closed again. 

2. Movement of the hoist control handle to HOIST 
opens the function control interlock switch de-ener­
giz ing the solenoid in the gun compartment and block­
ing movement of the function control and shut-off valve 
handle. As the rack moves upward 

The BOTTOM OF STROKE indicator dial goes out. 

The rack pawls engage prOjectiles at each tube 
pawl in succession from the bottom. 

The ascending projectiles push the tube pawls 
into their respect ive hOUS ings. 

The tube pawls move back into the hoistway as the 
prOjectile bases c lear them. 
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At the top of the stroke, the crosshea d indicator 
switch Is closed (fig. 9-20), illuminat ing the TOP 
OF STROKE indicator at the hoist stations. 

3. As the projectile enters the cradle (fig. 9-20), 
it actuates the projectile indicato r lever to: 

Clos e the projectile lever indicator switch to 
illuminate the DANGER indicator . 

Open the projectile lever indicator switch to turn 
out the HOIST indicator light. 

Release the indicator retainer to unlock the cradle. 

Open the hoist control interlock switch (de -ener­
gizing solenOid 4) to prevent raising the rack again 
after it has been lowered. 

T he projectile latch, which is pushe d back as the 
project ile enters the c radle, returns to its normal 
position as the projectile base c lears it, and thus re­
tains the projectile in the cradle. 

4. When the hoist operator sees the TOP OF 
STROKE indicator illuminated, he moves the hoist 
cont rol handle to neutral and then to LOWER. Move­
ment of the function control handle is blocked by the 
solenoid plunger as when hOisting. As the racle de­
scends: 

The crosshead indicator switch opens to turn out 
the TOP OF STROKE indicator light. 

The projectiles come to rest on the tube pawls 
and projectile latch. 

The racle pawls are forced back against their 
springs as they pass the projectiles in the hOist, 
returning to their normal positions as they clear 
the projectile bases. 

The rack completes downward stroke. BOTTOM 
OF STROKE indicator dial illumina ted. 

5. The rack having desc ended and the gun being 
at loading position (elevated 50) with the breech open, 
the cradle operator depresses the foot pedal to r e­
lease the cradle latch. The operator then moves the 
c radle control valve handle to LOWER CRADLE 
thereby unfolding the cradle and entering the spanning 
tray into the gun breech. During this ope ration the 
DANGER indicato r remains illuminated and the hoist 
control handle is blocked against hoisting by the hoist 
control handle solenOid interlock . Thes e conditions 
continue thr oughout the operations of projectile r am­
ming, powder t ransfer from car to t ray, powder 
r amming, and r eturn of the cradle to its folded posi ­
tion. Dur ing loading operations of the gun, the hois t 
loading operation is being repeated at the projectile 
handling platform. When the gun loading is complet­
ed, the c radle operator moves the cradle control 
valve handle to RAISE CRADLE . As the unit swings 
int o the hoist position, the cradle lat ch and indicator 
r etaine r move into pOSition to lock the cradle, and 
interlock switches a re actuated. The hoist control 
handle inte r lock is withdrawn, the DANGER light is 
cut out, the HOIST indicator is illuminated, and the 
gong is s ounded. 

Loweripg projectiles {fig . 9-20. The cycle of 
hoist actions occuring during a pr oJectile lowering 
cycle , is as follows: 

PROJEC TILE HOIST 

1. With the cradle open to receive a projectile 
(which is backed out of the gun), the hoist control 
handles are in neutral and interlocked against hoist­
ing, and the indicator danger dial is illuminated. The 
cradle operator moves the cradle control valve han­
dle t o RAISE CRADLE and, as the c radle latches in 
folded pOSition , shifts the function control and shut­
off valve handle to LOWE R PROJECTILES . This 
action : 

Cuts out the DANGE R indicator 
illuminates the LOWER indicator 
Energizes the solenoid to retract the interlock 

which prevents rais ing the rack. 
Positions the interlock plunger which limits 

hoist control handle movement. 

2. When the LOWER indicator is illuminat ed, 
the hOist control ope rator moves the control handle 
to raise the rack until TOP OF STROKE is illumi­
nated. The rack pawls are retracted as the pawl 
trigge r s c ontact the tripping cams , to clear projec­
tiles in the hoist . As the rack r eaches the top of its 
str oke, the t op rack pawl lifts the projectile in the 
cradle c lear of the projectile latch, a s other projec ­
t iles are lifted clear of the tube pawls . The cradle 
operator t hen moves the projectile latc h clear of the 
projectile, illuminating the LATCH C LEAR indica­
t or at hOist control stations. 

3. The hoist control handle is then moved to 
LOWER. As the rack descends, the TOP OF STROKE 
and LATCH CLEAR indicator lights are cut out , and 
the tube pawls are ret r acted long enough to clear the 
bases of the projectiles . When near the bottom of the 
stroke , each projectile comes to r est on the tube pawl 
of the stage below that from which it started. The 
rack completes downward stroke and BOTTOM OF 
STROKE ind icator dial is illuminated. 

INSTR UCTIONS 

General maintena nce 

The pr Ojectile hoist assemblies are to be operated 
and maintained, including periodic exercise, adjust­
ment, and lubrication, in accor dance with the regula ­
tions of the Bureau of Ordnance Manual, the instruc­
tions be low, and the directions contained in chapter 17. 

Inspection. At installation, the projectile hoists 
are adj ust ed and checked fo r proper operation. They 
should give little trouble if properly maintained. Pe­
r iodic inspection of the equipment will help prolong 
its life and effectiveness . In many instances a visual 
inspection will suffice. It is not recommended that 
any part of the eqUipment be disassembled for inspec­
tion only. The visual inspection shou ld cover the 
following items: 

1. Alignment of shafting 

2. E lectric and hydraulic connections 

3. Fluid leve I gages 

4 . Lubrication 

The hoist equipment should be exercised daily to 
assure good performance. Er ratic operation should 
be investigated to make sure it is not the beginning 
of s erious trouble . 
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Exe rcis e operation. Operate the hOist equipment, 
in hoisting and lowering, and the c radle in rais ing 
and lowe ring, at the time of each periodic inspection. 
This must not be less frequent than once a week with 
da ily exercise preferred. Exercise is essential t o 
aid in detection of any maliunction. Frequent exe r ­
c ise operation also prevents the pitting and corroding 
that r esult from exposure, and keeps working pa rts 
fr om be coming sluggish or inoperative becaus e of 
gummed lubricant, sludge , accumulation of dirt , or 
seizing of parts. 

Lubr ication. The hyd raulic eqUipment is lar gely 
s e li - Iubricated by the hydr aulic fl id . Lub rication 
of the r eduction gear, rack and pawls , tube pawls, 
c radle, shutte r s, and othe r vit a l pa rts is pr escribed 
at definite periods, as indicated in the lubrication 
charts appended to chapter 18. Refe r to the text of 
chapter 18 for information c once r ning alternative 
lub ricants, substitution, and gene r a l information 
regarding lubrication. 

Pres ervation. The exte r ior, non- rubbing sur ­
faces of the hoist and a ll hydraulic units should be 
kept painted. Electrical components should be kept 
dry and c lean and protected from the dripping hydrau­
lic fluid and lubricants. P e rform per iodic exerc ise 
operation to keep moving parts and interior surfaces 
free of reSidue and to prevent galvanic action. 

Insta llation instructions 

When making initial or replacement installations 
of any pa rts of the hydraulic s ystem, observe t he in­
stalla tion ins t ructions of chapter 17 with particular 
r egar d to the following: 

1. Handle units with care . 

2. Make preciSion line -up of pipe coupling, 
shafts, and connecting links of valves and cyUnde rs. 

3. Do not remove shipping adapters from any 
unit unt il r eady to connect piping. 

4. Unit assemblies having the same serial num­
bers m ust be used in the s ame hoist installation. 
The units comprising a drive are adj usted and tested 
as sets at manufacture. For maximum performance 
they must be installed in s ets. 

Qperatigg pr ecautions 

The following operating precautions must be 
observed when preparing the hoist for operation and 
when operat ing. If new or overhauled hydraulic units 
are to be operated fo r the fi r st time, make certain 
that all critical adjustments of linkage and mechanical 
parts have been made. 

Refer to the adjustment paragraphs, beginning on 
page 9-32, for dimenSions and clearanc es. 

Before starting the e ~ectric m otor. 

1. Check the hydraulic fluid leve l in the expan­
sion tanks. Replenish if neces sary . 

2 . Lubricate the as sembly as prescribed on the 
lubrication chart. 

9-3 0 

3. Check the fluid level in the cradle buffe r. 
Replenis h if necessary. 

4. If the power unit is new or has been ove r ­
hauled, or if any lead to the motor or controlle r has 
been dIsconnected, ve r ify the direction of motor r ota ­
tion. 

Afte r s t ar ting the motor and before operating to 
hoist or lowe r projectiles. 

1. Run the motor until main and auxiliary sys­
tem oil temperatures are normal for operation. 

2. Make sure all air has been vented from the 
system. Refer to filling and venting procedure on 
page 9-31. 

3. Move the hoist control handle to raise the 
empty r ack at low speed. Lower the rack and stop 
the m otor. 

4 . Afte r an interval of five minutes, open the 
needle valve vent in the uppe r head of the rack oper­
ating cylinder. Close the vent and start the motor. 

5. Operate the empty hOist, the cradle, the 
fu nction control and shut -off valve, and the shutte r s , 
to ve r ify nor m al operation of all indicator and inte r­
lock actions. 

When operating lhe hoist. 

To hOist projectiles: 

1. Always hold t he hoist con trol handle to HOIST 
position until the TOP OF STROKE indicator is 
illuminated. 

2. While the first four projectiles are be ing load­
ed into a hOist , check the brake action. Verify th e 
solenOid brake r elease movement and that the brake 
drum is clean and oil- free . 

3. When operating the first c r ad le lowering move ­
ment with projectile, check the cradle buffer [or 
normal action. 

To lowe r project iles: 

1. The cradle op erator must verify that the func ­
tion control and shut-off valve is operating properly. 

2. The c r adle operatol' must not move back the 
cradle projectile latch until the rack is at the top of 
stroke . 

3. When operating the first lowering cycle with 
prOjectile, check the rack pawl operating cylinder , 
the tube pawl operating cylinder, and the tube pawl 
control valve for norma l, fu ll movement. 

4. Che ck the operating pressures in the paw l 
op erating hydraulic c ircuits periodically . 

5. Always hold the hoist control handle in 
LOWER position until the BOTTOM OF STROKE 
indicator is illumina ted. 

Hydraulic equipment se rvicing 

Cradle buffer fluid . The fluid to be used in the 
cradle buffer is de Signa ted recoil cy linder liquid 
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MIL -G-18694. Cradle buffers should be checked for 
reple nishme nt once a month, at which time they 
should be inspected a s follows : 

1. Check for full norma l spring return of the 
buffer plungers. 

2. Check the condition of the plunger packings . 

3 . Verify the tightness of the buffer housing 
secur ing bolts. 

4 . Verify the alignment of the plunge rs and stops . 

.tlydraulic oil. The power transmission fluid to 
be used in the hydraulic system is that designated as 
51F 23(Ord). Use new fluid from a factory - s ea led 
bar r el only. When transferring fluid, use c lean con­
tainers and funnels. When the hydraulic system 1s 
initially fi lled, and when replenishing, the fluid s hould 
be pour ed through a fine mesh wire s t rainer of at 
least 120 wires to the inch. Cheesec loth or r ags 
mus t not be used as a strainer. New hydraulic as­
semblies should be drained after 15 hours (or less) 
of operation. The hydraulic system should then be 
thoroughly flushed with new 51F 23(Ord) and r efilled 
with fresh fluid. A test inspection and analysis of 
an oil sample from each system should be per formed 
monthly. If there is any evidence of s ludge, wat er , 
or a Cidity, the system must be dr ained, flushed wit h 
new 51F23(Ord), and refilled with fresh fluid. 

Capacity. The amounts of fluid required to fill 
the power transmission system3 are as follows: 

The cradle operating and hoist r eversa l system 
requires 35 ga llons of hydraulic fluid 51F23(Ord) 
to fi ll to the pr oper operating level. 

The rack operating (main hoist) system requires 
25 gallons of hydraulic fluid 51F23(Ord) to fill to the 
pr oper operating level. 

Draini!)g the system. The hydraulic sys tem, 
including the supply and expansion tanks, is drained 
by removing the drain plugs according to the instruc­
tions of chapter 17. While draining the system , it 
is necessary to start-stop the moto r at intervals to 
completely drain. 

P roceed as follows: 

1. Dr ain the power drive expansion tank thr ough 
the one -inch pipe extending over the edge of the main 
pump case at the base of the expansion tank. 

2. Drain the main pump case through the one­
inch socket type pipe plug located on the same s ide 
of the pump as the tank drain pipe. 

F illi!}g and venti!}g. The hydraulic system , .in ­
eluding the tanks, is filled according to the instruc­
tions of chapter 17. Proceed as follows : 

1. Fill the system at its r espective supply tank. 

2. Immediately after filling operate the sys tem 
at slow speed. 

3. Vent the system. 

4. Check and fill the system to the proper level 
as indicated by the fluid level gage (or t ryc ock). 

P ROJECTILE HOIST 

The c radle operating and hoist r eversal systems 
are self venting. 

The rack operating (main hoist) system is vented 
through a needle valve in the upper cylinder head. 

Cleani[lg dual oil filters. The oil filter is equipp ed 
with a di r ectional valve sleeve to control the flow of 
fluid through either one, or both, filter elements . An 
ins truct ion plate, m ounted on top of the filte r b ody, 
indica tes the direction of fluid flow through the unit. 
By directing the flow through one filter element, the 
inoperative e lement can be removed and cleaned while 
the hydrau lic equipment is being oper ated . 

To clean, proceed as follows: 

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

2. Unscrew and remove the filter cap from the 
othe r element. 

3. Lift out the filter spring and filter element . 

4. Clean the filter element with dry cleaning 
s olvent , Navy Spec ification P -S-661, and compressed 
air. 

5. Remove socket type pipe plug from bottom of 
filter container to drain sludge and sediment. 

6. F lush out filte r container and replace s ocket 
type pipe plug. Reass emble filter element, spring, 
and cap. 

7. Tur n directional valve sleeve t owar d cleaned 
filte r element and r epeat cleaning operations on the 
other element. 

8. Turn valve sleeve to center pOSition so that 
both elements a r e being used. 

Replaci!.)g gaskets and shims. Whenever gasket s 
or shims a r e defective and must be replaced, be sur e 
to check the thicknes s of the original part. Install 
a new gasket or shim of the same thickness as the 
or iginal . Close tolerances in the design of this equip­
ment prevent indiscr iminate use of gaskets and s hims . 

Qperatims trouble di~nosis 

The causes of various troubles which may occur 
in the prOjectile hoist assemblies are given in the 
paragraphs below. The t r ouble analys is is in a se­
quence that avoids extensive disas s embly until the 
more common causes have been eliminated as the 
s ource of t r ouble . 

Mot or does not start. If the electric motor fails 
to start when the START -EMERG button is pressed, 
check the following possibilities: 

1. Check the position of the hois t control handle . 
If the contr ol handle is in a s troke pos ition, the han ­
dle interlock switch will be open. The starting cir­
cuit cannot be closed until the control handle is place d 
at neutral. 

2. Check the controller, circuit breaker, and 
fus es . If the c ir cuit b r eake r is t r ipped, remember 
that the circuit breake r is provided as a protection 
for the eqUipment. Inves tigate all possibilities of 
s hort c i r cuit or over load. 
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3. Check the 10-amper e fuse in the projectile 
hoist control1nte r lock (circuit Q). Check for shorts 
if fuses are b lown. Install new fuses . 

Drive inoperative due to s~tem pressure fai lure. 
If there is no pressure in the hydraulic sys tem, the 
hydraulic equipm ent will be inoperative. Check the 
following possibilities: 

1. Wrong rotation of the electric m oto r shaft. 
Check s haft rotation. Arrow on motor housing indi ­
cates c or rect r otation. Switch the lead wires to cor ­
rect shaft r otation. 

2. Insufficient hydrau lic fluid in the system. 
Check the fluid level gages. Replenish if necessary. 

3. Excessive leakage due to loosely connected 
or damaged pipes or oil seals. Check a ll lines and 
flanges in the hydraulic system. T ighten loos e lines 
and flanges. Replace defective lines and oil s eals. 

4. A failure of auxiliary pump pressure may be 
caus ed by a damaged auxiliary pump, a s heared pump 
shaft, or a broken or leaking line. Loos en the flange 
fitt ing on the pump discharge line and operate the mo­
tor for a c ouple of seconds. If the pump and shaft 
are undamaged, the r e s hould be fluid discharge . Check 
the pipe lines and connections fo r indications of leak­
age . 

Adjustments 

General. Mos t elements of the projectile hoist 
are installed with fixed s ettings, determined when 
factory -s upervis ed functional tests were complet ed. 
Resetting of a djustable parts is des cribed in the 
follOwing paragraphs. The positiOns and movements 
describe d must be periodically verified by ope rating 
tests, measur ements, and gage readings. Ce rtain 
adjustable and nonadjus table parts are adequately 
lubricated. Clean and lubricate a ll parts thoroughly 
before attempting adjustment. 

Brake a djust ment. The s olenoid brake assembly 
is adjustable for brake action, brake release , and 
band position. Refer to drawing 231727. 

Brake action. Brake torque is adjusted through the 
main sp r ing pressure adjusting sc rew. 

To adjust the brake action: 

1. Loosen the locknut 231727-54. 

2. Turn the adjusting screw 231727-55 in t o 
increase the brake action. T urn t he adjusting screw 
out to decrease the brake action . 

3. Tighten locknut 231727 - 54 (after adjustment 
is complet ed) against the s p ring yoke 231727 - 53. 

NOTE: This brake is intended only to hold the 
A - end and reduction gear worm against ove r haul 
in case of power failure with the full hoist load. It 
is not a moto r b rake. 

Brake r elease. The brake release is adjusted 
t o permit the band to ride c lear of the dI'\lIIl (afte r 
the band position is adjusted as described in the next 
paragraph). 

T o adjust the brake r e lease (power on): 

1. Loosen the two hex nuts 231727 - 3 5. 
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2. Position the eyebolt 231727 -34 in the adjus ting 
yoke 231727-36 so that the ba nd 231727 -30 rides clear 
of the drum 231727 -62. 

3. Tighten the two hex nuts 231727 - 35. 

NOTE: The brake release movement must per­
mit the s olenoid plunger to "bottom. " A s uspended 
plunger will caus e the solenoid c oil to burn out. 

Band p OSition. The band is centered and adjusted 
to ride clear of the drum by postioning the band sup­
port yoke with the brake released. 

To adjust the band position: 

1. Turn the hex head adjusting cap screw 231727-
48 in or out to cente r the band support yoke 231727 - 27, 
Properly adjusted, the band should have the s ame 
cle aranc e all a round the outer drum surface. 

T ube pawl operating mechanism adjustment. The 
tube pawl ope r ating mechanism is adjusted to ret ract 
the tube pawls du r ing the firs t part of the r ack lower­
ing stroke when the hoist is operating to lower pro­
jectiles and t o prevent the tube pawls from "sticking" 
in the r etracted position. Adjus tments a r e made at 
the upper and upper intermediate pawls , the inte r­
mediate pawl, and the lower inte r mediate and lower 
pawls. Before attempting to make the adjustment: 

1. Check the length of all operating r ods , fr om 
clevis pin t o c levis pin, for c onformity with dimen ­
sions on the detail drawings. 

2. Prope r operation of the tube pawl operating 
mechanism r equi r es the s t r oke of the tube pawl op­
erating cylinder piston to be 1. 375 inches. Ve r ify 
the stroke by starting the moto r and placing the 
function contr ol and shut-off valve handle at LOWER 
PROJECTILES. This will cause the operating cyl­
inder pIston to ''bottom '' in the cylinder. Hoist the 
empty rack to top of s troke to bring the pist on to its 
uppermost position. The rack may be kept in this 
pos ition until the measurement is obtained. 

3. Check the chordal position of each tube pawl 
actuating crank cente r with the dimensions on the 
detail drawings. Take the measurements with the 
tube pawl operat ing cylinder piston "bottomed " and 
the pawls fully extended into the hoist tube, (c rank 
cente r O. 6875 - inch below centerline of tube pawl 
shaft for the upper, and upper inte rmediate pawls 
and 1.49 inches above the tube pawl shaft for the 
lower inte r m ediate and lower tube pawls). 

All tube pawl adjustments a r e made with the tube 
pawl operating cylinde r pi ston ''bottomed '' in the cyl ­
inder . The tube pawls must be fully extended into 
the hoist tube . There must be operating pressure 
in the tube pawl operating system. T he function con­
trol and shut -off valve handle must be positioned a t 
HOIST PROJ'ECTILES. Under these conditions , 
there is a s light pressur e on the top of the ope rat ing 
cylinde r piston to ho ld it at ''bottom. " 

To adjust t he uppe r a nd upper intermediate pawls 
(Ug. 9- 221, Refer t o drawings 236561 and 236562. 

Uppe r pawl adjustment, proceed as follows: 

1. Loosen hex nut 12-Z - 9-9 on piston rod 
231121-3. 
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2. Position adjusting nut 231118-2 on piston rod 
231121-3 until there is a gap of 0.125 inch between 
the sliding collar 231118-1 and the adjusting nut. 

3. Tighten hex nut 12-Z-9-9. 

Upper inte rmediate pawl adjustment, proceed as 
follows: 

4. Loosen hex nut 12-Z -9-9 on control rod 
233130-3. 

5. Position adjusting nut 231118-2 on control rod 
233130-3 until there is a gap of 0.125 between the 
s liding collar 23 118-1 and the adjusting nut. 

6. Tighten hex nut 12-Z-9-9, 

To adjust the lower intermediate and lower pawls 
(gg, 9-23) . Refer to drawing 236564 , 

1. Back-off the left -hand thread hex nut 23117-6 
from the c levis 231066 -4 at the upper end of the low­
er control rod 233128-4. 

2. TUrn the lower contr ol rod 233128-4 in a 
direction to make a gap of 0. 125 inch between the 
upper end of the elongated s lot in the clevis 231066-2 
and the c levis pin 231068-5. 

3, Tighten hex nut 231117 - 6 against the clevis 
231066-4. 

0.125 
INCH GAP 

ADJUSTIN G NUT 
231118-2 

PAWL AT FULL 
MOVEMENT INTO 

HOI ST TUBE 

PISTON ROD 
231121-3 

SLIDING 
COLLAR 

23 1118-1 

Figure 9-22. Projectile Hoist Tube Pawl Mechanism­
Adjustment at Upper and Upper Intermediate Pawls 

BRACKET 

TUBE PAWL 

PROJECTILE HOIST 

CLEVIS 
(left hand thread) 

231066-4 

CLEVI S 
231'066-2 

0.125 INCH 
GAP 

Figure 9-23. ProJectile Hoist Tube Pawl Mechanism­
Adjustment at Lower Intermediate and Lower Pawls 

Place the function control and shut -off valve 
handle at LOWER PROJECTILES and operate the 
empty rack to Verify the operation of the tube pawls, 
If the operation is satisfactory, s ecure all nuts and 
clevises with cotter pins as shown on the drawings , 

T r ipp,Lng cam mechanism adjustment. The tripping 
cam mechanism is adjusted s o that the t ripping cams 
r etract the rack pawls during the fi rst part of the hoist­
ing stroke when lower ing projectiles. Pawl retr action 
must be rapid and positive s o that each r ack pawl 
clears the base of the projectile immediately above 
it as the rack is raised. Adjustments are made at 
the upper and upper intermediate tripping cams and 
at the lower inte rmediated and lower t ripping cams. 

To adjust the upper and upper intermediate trippi~ 
cams {tig. 9-24}. Refer to drawing 236555. 

1. Position the function control and shut -off valve 
handle at LOWER PROJECTILES. Start the motor, 

This action caus es the piston 231123-5 to move 
up through its full stroke of 1. 25 inches and seat 
against the cylinder head 231123-1. 

2, Loosen hex nut 12-Z -9-8 on the lower end of 
control rod 233126-2. 
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3. Back off adjusting nut 231062 -1 until there is 
a s light gap between the sliding collar 231062 - 2 a nd 
the adjusting nut . This adjustm ent is made after the 
t ripping cam is brought to its limit stop by spring 
231063 -4. 

4. Tighten hex nut 12 -Z-9-8 to lock adjus t ing 
nut 231 062-1. 

To adjust the lower intermediate a nd lower t r ip­
ping cams Wg. 9-25). Refer to drawing 236559. 

1. P osition the function control and shut-off 
valve handle at LOWER PROJECTILES. Start the 
m otor. 

2. Loosen hex nut 12-Z -9-8 on the lower end of 
cont r ol rod 2331 22 -5. 

3. Back off adjusting nut 233122 - 2 until there is 
a s light gap between the collar 233122-6 and t he ad­
justing nut. 

CYLINDER HEAD 231123-1 

STROKE 
1.25 IN CH 

LOCKNU TS 
12·Z9-8 

CONTROL ROD 
233 126-2 

ADJ USTIN G NUT 
23 1062- 1 

o 

Figure 9-24. P rojectile Hoist Upper 
Tripping Cam Adjustment 
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LOCK ING 
BRACKET 
231052-1 

NUT 
1?I98 

SPRING 
231063-4 

This adjustment is made after the t ripping cam 
is brought to its limit stop by spring 233122-4. 

4. Tighten hex nut 12-Z-9-8 to lock adjusting 
nut 233122 - 2. 

To check the adjustments: 

1. P OSition the function control and shut -off 
valve handle at LOWER PROJECTILES and then at 
HOIST PROJECTILES. Measure the stroke of the 
oper ating cylinder piston r od. Proper operation of 
the t r ipping cam mechanism r equires a str oke of 
1. 25 inches. 

2. Secure nuts 12- Z-9-8 on piston rod 233126-2 
so that ther e will be c learance between the nuts and 
the lugs on control rod locking bracket 231 052 -1 (fig. 
9-24) when the piston r od is stroked downward. 

3. Position the function control and shut-off 
valve at LOWER PROJECTILES and bring the ad­
justing nut 231062-1 in contact with sliding collar 
231062 - 2 (f ig. 9-24). Bring nut 12-Z-9-8 in contact 
with sliding collar 233 122 -6. The tripping cams 
s hould be against their stops. 

Cradle operatingsylinder piston adjustment. 
The cradle operating cylinder piston must be so 
coupled to the cradle that the piston will not ''bottom '' 
or cove r the starting port. . 

CONTROL 
ROD 
2331221 

ADJUSTING 
NUTS 
12-Z-9-7 

NUT 
12-Z-97 

NUT 
12-Z-9-8 

LOCKN UT 
12-Z-9-8 

COLLAR 
2331226 

SPR ING 
233122-4 

Figure 9-25. P rojectile Hoist Lower 
Tripping Cam Adjustment 
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To adjust the cradle operating cylinder piston 
(fig. 9-7 ), (refer to drawing 236586): 

1. Loosen stroke adjustme nt lock nut 232469 -6 
on the upper end of piston rod 232469-2. 

2. Slip open-end wrench (part number 12-Z-707 -
10) over the parallel flat surfaces of the upper end 
of the piston rod. 

3. Tur n the piston rod in or out of the c rank con­
nector 232469-3 until the measurement of dimension 
X (fig. 9-7) at the piston rod upper end is a s follows : 

Outboard hoist assemblies, 
inches ...... . 

Center hoist assembly, 
inches ....... . . 

. 1. 5 

2.135 

4 . T ighten lock nut 232469-6 against the c rank 
connector to secure the adj ustment. 

P rojectile latch switch adjustment. The projec ­
tile latch switch is adjusted to close (and indicate 
LATCH C LEAR on the hois t control indicators ) 
when the projectile latch is moved to its maximum 
pOSition to clear a projectile. 

• 
'ifj 

PAWL CARR IER RACK PAWL 

F igure 9-26. Rack P awl Raising P rojectile in Hoist 

PROJECTILE HOIST 

BRACK T 

Figure 9-27. P r ojectile in Hoist, Upper P rojectile 
Handling F lat 

To adjust the projectile latch switch (refer to 
drawing 34401) : 

1. Turn adjusting screw 344338-2 in or out of 
the s witch plunge r leve r 344338-1 so that maximum 
movement of the p ro jectile latch will depres s t he 
switch plunger 344338 -6 0. 15 inch to close the s witch. 

2. Drill hole through switch p lunger lever and 
adjusting screw. 

3. Inse rt pin 12-Z -49-9 to lock adjusting screw 
in pos ition. 

Indicator retainer adjustment . The indicator r e­
taine r is adjus ted so that a projectile entering the 
cradle will dis place the indicator actuating cam, and 
the retainer will be moved upward enough to pe rmit 
the cradle retainer cam to move under the lug on the 
retainer. 

T o adjus t the indicato r r e tainer (refer to dr aw­
ing 232311 ): 

1. Loosen the hex nut on the upper end of the 
connecting r od. 

2. Turn the connecting rod in or out of the yoke 
rod until the indicator retainer is prope r ly pos itioned. 

3. Tighten the hex nut on the connecting rod. 
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Adjustment of main s~tem 011 pressure. Main 
system oil pressur e is controlled by the ad1usted 
spring loads of the identical high pressure (hoisting) 
and low pressure (lowering) relief valves. 

Set the hoisting relief valve to by-pass main sys ­
tem high pressure at 1000 pounds per square inch. 

Set the lowering r elief valve to by-pass main 
system low pressure at 100 pounds per square inch. 

Do not increase these pressure settings. 

To adjust the re lief valve (refer to drawing 
297129): 

1. Remove valve cap 297162- 2. 

2. Remove lock pin 297161 -8. 

3. Turn adjusting coupling 297161-2 clockwise 
to increase s etting, counterc lockwise to decrease 
s etting. 

This adjustment may be made while the pump 
is operating. 

Adjustment of pawl control s~tem relief valves. 
The dual system pressur es are cont r olled by two 
pressure r elief valves. The adjustments of these 
valves are apparent. Refer to drawing 297139. 

1 . The relief valve fo r cradle operations (also 
pawl control system operations ) is set to r elieve at 
a pressu r e of 800 pounds per square inch. 

2. When the cradle control valve is at neutral, 
t he pawl control system operates at a pressure of 
400 pounds pe r squar e inch, contr olled by the second 
re lief va lve . 

DISASSEMBLY AND ASSEMBLY 

General instr uctions 

Disass embly and assembly of the projectile hoist 
e lectric -hydraulic equipment must only be performed 
by personnel familiar with the procedure and equipped 
with the standard and special tools necessary for the 
job. 

Disassembly and assembly of most holst compo­
nents is r eadily apparent after examination of the 
general arrangement and detail drawings. In general, 
asse mbly will be the reverse of disassembly. To help 
in the r eassembly of the unit, it ls desirable to mark 
all mating pa rts such as cams, gears, and adjustable 
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linkages so that these parts will be reassembled in 
the same relative pOSitions . The following paragraphs 
contain references and instructions for disassembly 
of the main pump and the hoist hydraulic cylinder. 
These operations are not readily apparent after exam­
ination of the eqUipment and pertinent general arrange­
ment and detail drawings. 

Main pump 

The main pump ls disass embled according to the 
disassembly instructions for the s imilar elevating 
gear A-end unit , desc ribed in chapter 5. 

Removal and disassembly of hydraulic cylinder 

The instructions in this paragraph give the 
sequenc e of operations for removal and disassembly 
of the hydraulic cylinder . Because of its sizel. posi ­
tion, and arrangement, r emoval is difficult. \,;ylin­
der removal, however, is poss ible without disturbing 
any of the hoist castings. Study drawings 232309, 
232310, and 216379 carefully. 

Proceed as follows: 

1. Dis connect pIpe flange 216383-2 from the 
upper cylinder head 216381- 1 of the center and left 
hoIsts , 216381-2 of the r ight hoist. 

2. Disconnect pipe flange 216383-2 from the 
lower cylinder head 216382- 1. 

3. Remove set screw 12-Z-24-150 from upper 
end of piston r od 2163 80-2. 

4. Knock out plston pin 216384-2 from the cross­
head 230700-1 of the center hOist, 230701-1 of the 
right and left hoists . 

5. Remove the lour bolts and secur e the upper 
cylinder head (216381-1 of the center and left hoists, 
216381 - 2 of t he right hoist) to the intermediate 
rack casings (230711-1 and 230719-1 of the center 
hOist, 217294-1 or -2 and 216295-1 or -2 of the 
right and left hoists). 

6. Remove the two keys 216384-4 from the 
upper head. 

7. Lower the hydraulic cylinder apprOximately 
30.0 inches s o that the upper cylinder head will clear 
the upper projectile handling platfo rm 230702- 1 of 
the center holst, 230723 - 1 or -2 of the r ight and left 
hoists. 

8. Tilt the hydraulic cylinder to the Side for the 
center hOist, to the rear for the right and left hoists . 

9. Remove the upper cylinder head. 
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Chapter 10 

RAMMER 

16-inch Rammer Mark 5 Mods 0, 1, and 2 

GENERAL DESCRIP TION 

The ramming gear, shown in figure 10- 1, is used 
in tur rets of the IOWA class battleships. The r am­
mer assembly for the right gun is deSignated 16-
inch Rammer Mk 5 Mod 0, for the center 16-inch 
Rammer Mk 5 Mod 1, and for the left 16-inch 
Rammer Mk 5 Mod 2. All three assemblies are 
identically powered and controlled, differing only in 
the position and arrangement of some components, 
to seat projectiles in and to serve powder bags to 
the guns. 

16-inch Rammer lVIk 5 is an electric-hydraulic 
mechanism that drives a folding chain through r am­
ming and withdrawing movements. The mechan ism 
is manually controlled from the rammer ope r ator ' 
station. 

Design features 

The three rammer assemblies of the turret are 
independently controlled by the rammer operators 
and have no interconnection. The assemblies have 
the same strokes, speeds, and degree of selective 
cGntrol. 

The controls include automatic stops at the limits 
of chain movement which are adjusted to func tion 
ahead of positive limit stops. Ramming and with­
drawing movements are manually controlled between 
the limit stops. 

The A-end tilting box, manually offset to begin a 
ram or withdraw stroke, is automatical~y restored to 
netitral at the end of a withdraw stroke and at the end 
of a ram stroke when no projectile or powder is being 
served to the gun. 

Components 

The components of each rammer as sembly are: 
Power drive 

Electric motor 
Controller 

Speed reducer 
Coupling 
A-end (hydraulic pump) 
Coupling 
Auxiliary pump 
~t!'oking control mechanism 
B-end (hydraulic motor) 
Limit stop mechanism 
Supply tank and filter assembly 

Rammer 

Casing 
Sprocket 
Sprocket bearings 
Sleeve coupling 
Chain buffer 
Chain 
Head link buffer 
Rammer switch 

Controls 

start-stop control 
Hand control gear 
Stroking control 
Neutral interlock switch 

Component locations 

The components have similar locations in the 
installed arrangements of the three rammer 
assemblies. The assemblies (fig. 10-1) are lo­
cated to the rear of the transverse bulkhead of the 
turret officer's compartment. They are mounted 
on foundation weldments attached to the shelf plate 
over-hang, together with the casings of the folding 
rammer chains which are aligned with their re­
spective guns. The operating hand lever (rammer 
operator 's station) is just forward of the transverse 
bulkhead in the gun room compartment. The motor 
controllers are located in the machinery space of the 
lower proj ectile flat, with the master pushbutton switch 
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located in the gun compartment at the rammer oper a ­
tor's station. 

Functional arrangements 

The power drive is an e lectrically driven hydrau­
lic transmiss ion. It drives the folding chain through 
a sprocket to ram projectiles to s eated positions in 
the band s lope and gun bore . The installed arrange ­
m ent of the power drive is s hown in figure 10-1. 

The transmission is operated to ram or withdraw 
through the manually operated control linkage (f~. 
10-10) which actuates the stroking control unit (fig . 
10-5). The s troking control is a dual-purpose unit 
that provides for manually positioning the tilt ing box 
(fig . 10- 2) and for automatically re storing the tilting 
box to neutral at the end of a ram or withdraw stroke. 

DeSign differences 

The left and center gun rammer assemblies are 
identical, except for the arrangement of some hy ­
draulic pipes and the pos itions of components of the 
hand control gear. In the center gun installation, the 
linkage of the hand control gear is arranged to con­
form to the left side ram operator 's position. For 
the left gun installation, the linkage is arranged for 
direct connection to the stroking control unit from 
the right side r am operator's position. 

The right gun r ammer assembly differs fr om the 
left and center installations as follows: the electric 
motor and A-end and the B-end are mounted in the 
')ppostte way from like units of the left and center 
installations , and the hydr aulic pipes are r earranged 
to conform to this mounting. The linkage of the hand 
control gear is ar ranged for di rect connection to the 
s troking control unit from the left Side r am opera­
tor's pos ition. 

P e rformance data 

The data are the same for all ramme r 
installations. 

Travel measurements: 

P rojectile travel, in. . . . . . 
Chain-to-projectile travel , in. 
Chain-to-breech travel, in. . . 

We ight of projectile: 

AP P rojectile Mk 8, lb 

Rammer chain speed: 

226.43 
7. 925 

108. 025 

2700 

Acceleration, full power , ft/sec/ sec. 22.2 
-- Maximum velOC ity, fps . 13.9 

Time of ram stroke , sec . . . . . . 1. 7 
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DETAIL DESCRIPTION 

Power drive 

Components. The components of each r ammer 
assembly are: 

Electr ic motor 
Controlle r 
Speed r educer 
Coupl ing 
A-end (hydraulic pump) 
Coupl ing 
Auxiliary pump 
Stroking control me chanism 
B":end assembly 
B-end (hydraulic motor) 
Limit s top mechanis m 
Supply tank and filter assembly 

Electr ic motor. The electric motor is a squirrel­
cage induction type . It is mounted on a structural 
foundation (fig. 10-1) that r a ises it slightly above the 
shelf plate. The motor is horizontally aligned with 
its integrally housed, flange - mounted speed reduce r 
directly coupled to the A-end. 

Motor data: 

Type ... 
Design fe atures 

. squirrel cage, induction 

. waterpr oof, fan cool ­
ing, horizontally moun-
ed, r eduction gear drive 

Horsepower . . . . . . . . . . . . . . 60 
Revolutions per minute, synchronous . . . 1800 
Revolutions per minute , full load . . . . . 1750 
Revolutions per minute , reduction output, full 
load .... .. . . . . . , ... . . . . . 501 
Rotation (reduction output) . .counterclockwise 
Speed class constant 
Voltage .. ' . . . . . . . . 440 
Amperes, full load . . . 83 .5 
Amper es , locked rotor 560.0 
Phases . . . . . . . . . . 3 
Cycles . . . . . . . . . . 60 
Ambient temperature deg C . 40 
Torque class . . . normal, low s tarting curr ent 
Weight (including reduction gear), lb .. . 1750 
Manufacturer. Reliance Electr ic Engineering Co. 
Manufactur er 's designation . . Type AA 
Drawing .. . .............. 231523 

Contactor. Each electric motor is powered and 
controlled through an acros s-the-line, magnetic -type 
controlle r. Each controller conta ins a main con­
tactor, over load relays, reset r elays, and a hand­
operated c ircuit breaker. The controller is 
operated fr om a master push button at the 
r ammer oper ator's station. Thts switch is nor­
mally open and is closed by pressing the START­
EMERG push button. The switch is opened by 
press ing the STOP push button. 
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RAMMER CHAIN 

SUPPLY T RAMMER HEAD LINK 

CONNECTING FOLDING BUFFER 

Figure 10-1. 16-inch Rammer Mk 5 Mods 0, 1, 2 - General Arrangement 
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Controller data. 

Type ... .. waterproof, semiautomatic 
across - the - line starter, 
controlled by r emote push 

button 
Ampere rating, full load . 
Protection 

. . . . . . . . . 83.5 

Overload, thermal type 
Adjus table range, amp . . . . . .. 78 to 9a 
Normal setting, amp . . . . . . . . . . 92 

Shor t circuit, circuit breake r AQB, amp . 675 
Undervoltage 

Drop-out voltage 
Seal ing voltage 

Shock r ating . 
Weight, lb .. 
Manufacturer 
Drawing 

. 44 
352 

50 
165 

Cutler-Hammer 
273545 

Speed r educer. The speed reducer is directly 
driven by the electric motor and is bolted to the mo­
to r case through an integral flange of the speed r educ­
e r housing . The housing encloses a spur gear train 
which i s immersed in an oil bath fo r lubrication. 
The unit r equires 1. 5 gallons of mineral oil, Navy 
Symbol 22 50, for proper lubrication. The s peed 
r educer output s haft is connected through a flexlble 
coupling to the A-end 

CYLINDER BARREL MAIN PISTON SOCKET 

CYLI N DER BARREL PORT 

LINES TO RAMMER CO NTROL 

LINE TO DRAIN 

LINE TO B-END 

RAMMER 

Coupling. The s peed reducer-to-A-end coupling, 
deSignated Falk size 12F AS, serves 'as a flexible 
direct drive connection between the s hafts of these 
two units . Similar to the coupling shown in figure 
7 -9, it consists of two identical steel hubs , a: special­
ly heat - treated and tempered steel alloy grid spring, 
and two identical steel shells which form the cover. 
The design gives drive connection through the grid 
spring) which is engaged in grooves milled in the 
outer llanges of the two hubs spUned to the shafts . 
The hubs and grid spaces are packed with lubricant 
confined within the two shells by grease seals. 

A-end assembly . 

Components. The A-end (hydraulic pump), 
shown in figure 10- 2, consists of the following: 

Case 
Main shaft 
Cylinder barrel 
Pistons 
COIU1ect ing rods 
Socket r ing 
Universal Joint 
Tilting box 
Valve plate 
Main valves 

The A-end is a case -enClosed, multicylinder, 
type K, variable -displacement hydraulic pump of 
modified commercial. des ign. It is connected to 
and is driven by the speed reducer through the 

PISTON CAP NUT CON NECTING ROD SOC KET RING 

SOCKET CAP 

FRONT COV ER 

RING SOCKET 

DRIVE SHAFT 

PACKING GLAND 

TRUNNI ON BLOCK 

VALVE PLATE ASSEMBLY CYLI NDER BARREL KEY SPRING RING RADIAL ROLLER BEARING THRUST ROLLER BEARING 

Figure 10-2 . Rammer A-end, Sectional View 
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flexible coupling described in a previous para-
graph. . 

Mounting. The A-end (fig. 10-1) mounted on a 
foundation weldment of the shelf plate overhang, 18 
directly forward of its electric · motor .. These units 
are located on the r ight side of the rammer chain 
casings for the left and center gun installations, and 
on the left Side of the casing for the right gun in­
stallation. The A-ends and electric motors are 
aligned with their common centerl ines parallel to and 
18.625 inches from the centerlines of the casings. 

Pressure and tank connectings. In addition to the 
pipe connections of the main system, the A-end has a 
tank pressure connection with the B- end case. This 
connection functions for the circulation and drain of 
hydraulic fluid from the A-end to the B-end. There 
is also a connection from the tank to the supercharge 
pump which discharges through duplex filters to the 
A-end valve plate . 

Case . A square oiltight case comprising a Valve 

plate, case head, stroking control mechanism, trur. ­
nion cap , trunnion bear ing assembly, and retainer 
encloses the A-end assembly. Forming a storage 
tank for hydraulic flu id in which the active parts ro­
tate , the case has attached mounting fee t that are 
bolted to the A-end foundation weldments . The gene­
ral arrangement of parts within the case is the same 
as the training gear A-end shown in figure 6-5. 

Main shaft. The main shaft of the A- end supports 
the rotating parts of the pump. At a point near the 
center of the A-end case, the main shaft is made in 
the form of a closed yoke to support the universal ­
joint trunnion and pin. Ahead of the closed yoke , two 
keys are secured in a section of the shaft which sup­
ports the cylinder barrel. The forward end of the 
main shaft is suppor ted by a ball bearing tit the valve 
plate. The splined end of the main shaft is Similarly 
supported by a ball bearing in the case head. 

Cylinder barrel. The open center of the cylinder 
barrel has two keyways 180 degrees apart that run 
throughout its length to mate with the cylinder bar­
rel keys secured to the main shaft. The barrel, re ­
tained on the main shaft by a nut, 18 held against the 
valve plate by a barrel spring Which backs up against 
a flange and spring ring on the main shaft. The cyl­
inder barrel contains eleven cylinder bores, which 
are of the same diameter throughout the length of the 
piston travel. They taper sharply at the end to a 
small cylinder port outlet . 

P istons. Each cylinder bore is fitted with a pis­
ton, ground and lapped to a smooth- working fit. When 
the A-end is transmitting hydraulic power , the fluid 
be ing discharged by the pistons presses against the 
ends of the cylinder bores and forces the barrel 
against the valve plate to reduce internal leakage be­
tween barrel and valve plate . This sealing effect in­
creases as hydraulic pressure in the system in­
creases. A drilled hole in the center of the front 
face of each piston admits hydraulic fluid to lubri­
cate the ends of the connecting rods. 
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Connecting rods. Eleven connecting rods con­
nect the pistons with the socket ring. Each connect­
ing rod has two ball - shaped ends . One end seats in 
a socket in the pIston and is held in place by a split 
cap, cap nut, and nut lock, Shims are placed between 
the cap and piston surface to obtain proper clearance 
for the ball end. Each connecting rod is drilled 
throughout its entire length to provide for lubri­
cation of the ball and sockets. 

Socket ring. The socket ring is a circular piece 
that contains the sockets for the other ends of the 
eleven connecting rods. Each rod is retained in its 
socket by a socket cap, socket cap nut, and !;!ocket 
cap nut lock. The socket cap is split to facilitate in­
stallation and r emoval. The back of the socket ring 
has a roller track with two faces which bear against 
the bearings in the tilting box. Two s lots, located 
about the center of the socket ring and 180 degrees 
apart, carry the main shaft trunnion bearing blocks 
of the univer sal jOint. 

Universal joint. Main shaft rotation is trans ­
mitted to the socket ring by a universal joint formed 
by a trunnion in the shaft yoke. The attached socket 
ring is free to rotate about the axis of the trunnion, 
giving a controlled variation in the length of the 
piston stroke. 

Tilting box. The t ilting box, a trunnion-mounted 
casting inside the A-end case, varies the angle of the 
socket ring with relation to the main shaft, changing 
the length of piston stroke from zero to maximum. 
It contains two groups of roller bearings which take 
the radial and axial thrusts of the socket ring. A 
Shaft from the tuting box extends through a hole of 
the A-end case and is spline fitted to the control arm 
of the stroking control mechanism. 

Valve plate. The valve plate, together with the 
casehead, form the stationary ends of the A-end case. 
The inner, or rear , surface of the pl ate is a finished 
surface agains t which the cylinder barrel rotates. 
This surface has two semtannular grooves , called 
valve-plate ports, through which hydraulic fluid 
flows when power is being transmitted. These ports 
connect with the power transmission pipes between 
the A- and B-ends. 

Between the valve plate ports are flat surfaces 
called lands. As the cylinder barrel rotates, the 
cylinder bores pass in success ion over the lands. 
The lands are pos itioned so that they coincide with 
the end-of-stroke of each of the reciprocating piS­
tons. There is no pumping action when the cylinder 
bores pass over the lands. The ball bearings for the 
main shaft are in the center of the valve plate. Two 
replenishing valves and a two-way relief valve are 
housed by the valve plate. 

Main valves. 

Replenishing valves. Each of two replenishing 
valves, a spring-loaded plunger type , is connected 
with a semtannular port of the valve plate . The 
valves operate under supercharge pressure to 
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separately supply each port of the closed system 
(whichever is the suction port) with fluid to replace 
that lost by seepage. 

Two-way relief valve . The main system twoway 
r elief valve (fig. 10-3) is located in the top of the 
A-end valve plate. A spr ing-loaded plunger type 
v alve, it is operated by a spring-loaded plunger type 
pilot valve within the ma in plunger . The main valve, 
unseated when main system high pressure exceeds 
the pilot valve adjustment, bypasses the high pres­
sure transmission line to the low pressure trans­
mission line. 

Coupling. The super charge pump (fig. 10 -4) is 
directly coupled to the end of the A-end main shaft 
through a flexible c.oupl ing. This unit, housed within 
the A-end valve plate, consists of two jaw flanges, a 
cente r member, and f.our bearing strips. The float­
ing center-member, mounted be tween the jaw flanges, 
is constrained t.o slide across the face of one flange 
on a l ine passing through the center, and across the 
fac e of the second flange in a direc tion at right angles 
to the firs t. The c.oupl ing has removable graphite 
impregnated bearing strips m.ounted between the cen­
ter member and the flanges, together with a grease 
reservoir in the center member, to provide lubri­
cation. The coupl ing is s imilar t.o the one shown in 
figure 7-16. 

VALVE CAP 

C E C 

6 D 6 

5 5 

8 8 

3 3 

A A 

Ll3 Ll3 

B Ll4 B 

A B 

RAMMER 

Auxlliary pump (supercharge pump). 

Purpose. The auxUtary pump (supercharge pump), 
in additi.on to replenishing hydraulic fluid in the A­
and B-end cases, prOvides forced circulation .of fluid 
through the supply tank. This ~issipates heat and 
keeps the temperature of the fluid nearly C.onstant. 
The supercharge pump (fig. 10-4) is a constant~is­
placement, gear-type pump which discharges through 
a duplex filte r to the supercharge r elief and super­
charge valves. 

Mounting. The supercharge pump is flange ­
m.ounted to the A-end valve plate as shown in figure 
10-2. 

Relief valve _ The supercharge pump r elief valve 
Is a spring-loaded, pressure-operated safety relief 
valve. It is interposed between the duplex fil teys and 
the supercharge valves to maintain a supercharge 
pressure of 50 pounds per square inch. 

Stroking control mechanism. The rammer strok­
ing control mechanism (fig. 10-5) , a hOUSing-enclosed 
unit, is mounted on the Side of the A-end case as 
sh.own in figure 10- 1. It is a dual-purpose unit 
through which the tilting box is positioned at stroke 
and which also acts to restor e the tUting box auto­
matically to neutral at the end of a ram or withdraw 

ADJUSTING SCR EW 

E C ~ E 

D 6 D 

5 Vl3 

4 8 4 

2 3 2 

7 

A 

12 V12 

L14 B Ll4 

C 

Figure 10 -3. Two-way Main System Relief Valve, Secti.onal View 
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stroke. The s troking control mechanism is de ­
scribed in full detail on page 10-14, this chapter. 

B- end (hydrauliC motor). 

Components. The B-end (hydraulic motor) con­
s ists of the following: 

Case 
Main shaft 
Rotat ing group 
Angle box 
Valve plate 

The B-end (fig. 10-6) is a case -enclosed, mult i­
cyl inde r, type K, fixed-displacement hydraulic motor 
of modif ied commercial des ign. It connects to, and 
drives, the rammer chain thr ough the sprocket wheel 
des cribed on page 10-1 0. 

Mounting. The B-end, mounted on a foundation 
weldm ent of the shelf plate overhang (f ig. 10- 1) , is 
forward of its electric motor and A-end. It is lo­
cated on the left side of the ramm er chain casings 
for the left and center gun ins tallations, and on the 
right side of the casing for the right gun installations. 
Aligned parallel to and 29.0 inches from the trans­
verse bulkhead of the tur ret officer's booth, the 
B-end centerlines are at right angles to the center­
lines of the chain casings . 

Pressure and tank connections. In addition to the 
pipe connections of the main s ystem, the B-end has 
tank pr essure connections with the A- end case and 
the supply tank. 

Case. The valve plate and angle box of the B-end 
(fig . 10-6) are enclosed within a square case. Case, 
valve plate , and angle box are bolted together to form 
an oUtight ass embly in which the tor que -producing 
m embers r otate. The Gase has attached mounting 
feet that are bolted to the B- end foundation. 

Main shaft. The B-end main shaft differs from 
the A-end shaft only in dime nSions. An inter shaft 
disc is located in the main shaft bearing recess 
formed in the valve plate. This disc compensates 
for any end play that r esults from allowable tole­
rances in the manufacture of other patts. 

Rotating group. The rotating group of the B-end 
is basically the s ame as the rotating group of the 
A-end. It consis ts of the main s haft and univer sal 
joint, the cylinder barrel with its thirteen pistons 
and connecting rods, and the socket r ing. 

Angle box. The angle box in wh ich the socket 
ring r otates for ms an end plate of the B-end and is 
permanently tilted at an angle of 20 degrees. It 
forms an end plate of the B-end. The pistons and 
connect ing r ods therefore r eCiprocate through one 
ful l str oke each time the main shaft makes one full 
r evolution. The socket r ing r otates in a radial and 
thrust ro ller bearing assembly. The angle box holds 
t he roller bear ing assembly in which one end of the 
main s haft r otates. 
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Valve plate. The valve plate fo r ms the other end 
plate for the B-end. It contains semiannular valve 
plate ports (s imilar to those of the A-end) which con­
nect with the two power t ransmiss ion pipes from the 
A-end, and it holds the ro iler bearing assem bly in 
which the other end of the main shaft rotates. The 
cyl inder barrel is l1eld aga inst the valve plate by a 
spring which backs up against a flange and sp ring 
r ing on the main shaft. Hydraulic fluid is admitted 
into or is discharged fr om each cylinder thr ough the 
two semiannular valve plate ports. In addition, the 
B-end valve plate contains the l imit stop mechanism. 

L im it stop mechanism. The rammer limit stop 
me chanism is shown in figure 10-7. It is built into 
the lowe r part of the B-end valve plate and is driven 
by the B-end drive shaft . The limit stop mechanism 
Is a gear-driven, valve porting device that stops the 
ramm~r just ahead of its mechanical limit stops at 
the end of the ram stroke and at the end of the with­
draw stroke. 

Components . The limit s top mechanism consists 
of the following: 

Driven gear 
Driving gear 
Rocker arm 
Str ike r pin 
Striker block 

Decelerate valves 
(two) 

Reverse check valves 
(two) 

Flow cutoff valve 
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Driven gear. T he driven gear of the limit stop 
mechanism is an assembly that compr ise s a gear hub, 
a ring-gear with external teeth, a flat retaine r plate, 
and six spring-loaded plungers. These components 
(fig. 10-7) a r e mounted in the gear hub which is 
keyed to a ball-bearing-mounted driven stub shaft. 
The s pring- loaded plungers, equally spaced and ar ­
ranged r adially in the gear hub, fit into six detents in 
the inte rnal su rface of the ring-gear . The exte r nal 
surface of the rmg-gear has 81 equally sp aced tee th 
which are mes hed with the driving gear of the B-end 
dr ive shaft. The ring-gear and plungers are retained 
in pos ition on the gear hub by a flat , circular retainer 
pla te which fits into a r ecess of the gear hub and is 
bolted to it. The assembled arrangement desc ribed 
above ac ts as a safety over load device to permit the 
ring-gear to be rotated by the B-end drive s haft 
while the gear hub is held stationary by the rocker 
arm and s triker pin. 

Driving gear. B-end rotation is tra nsmitted to 
the driven gear through the drive gear to actuate the 
limit stop mechanism. The dr iving gear (fig . 10- 7) 
of the limit stop mechanism is an integral section of 
the B-end drive shaft. This shaft section has 14 teeth, 
equally spaced around its Circumference, which meah 
with the teeth of the driven gear. 

Rocker arm. The r ocker arm, a steel casting 
pivoted in a bronze bushing, has a pivot point that is 
in vertical alignment with and at a point midway be­
tween the dr iving gear and the driven gear stub shaft. 
At each end of the r ocke r arm and fastened to it is a 
strike r block (fig. 10-7) which contacts either the 
ram or withdraw decelerate valve, depending on the 
direction of stroke. Movement of the rocker arm to 
contact a decele rate valve is actuated by rotation of 
the driven gear. 

Striker pin. The striker pin (fig. 10-7) is mounted 
in the gear hub of the driven gear assembly. The pin, 
moved through an a r c of 360 degrees by B-end rota­
tion of the driven gear, makes contact with the striker 
block of the rocker arm. The rocker arm, depressed 
by the striker pin, actuates a decelerate valve de­
pending on the ram or withdraw direction of stroke to 
initiate the limit stop action. 

Str iker block. The strike r block, a hardened steel 
contact plate mounted on the rocker arm, is directly 
in the path of the arc of the striker pin. 

Ther e are two other striker blockS (fig. 10 - 7) 
which ar e mounted in the toes at each end of the 
rocker arm. The blocks provide a hardened steel 
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Figure 10-6. Rammer B-end, Sectional View 

contact surface between the rocker arm and the 
decelerate valves. 

Decelerate valves. There are two decelerate 
valves, one valve to control the deceleration of each 
of the ram and withdr aw s t rokes. The valves are 
identical spool-type units . The lower wide land of 
each valve has a 0.828- inch taper per foot at the upper 
part. Th is taper provides the desired gradual de ­
celeration toward the end of a stroke. The valves, 
spring loaded, are vert ically positioned (ftg. 10-7) 
with the lower end of each in the path of a striker 
block in the end of the rocker arm. The timing of the 
limit stop action is adjustable through a valve core 
which is threaded into the deceler ate valve body. The 
decelerate valve assembly, held down in an open 
pOSition by a spring, is closed by contact of the rocker 
arm to throttle the B-end discharge . 

Reverse check valves (two). Each of the two main 
t ransmission lines 1s pr ovided with a r everse check 
valve (ftg . 10- 7) which is a spring-loaded ball. The 
check valves permit hydraulic fluid to pass in order 
that the B-end may rotate at the start of a ram or 
withdraw s troke when the respective decelerate valve 
is closed. 

Flow cutoff valve. The spring -loaded flow cutoff 
valve is mounted in the top part of the B-end valve 
plate adjacent to the decelerate valve . It 1s held 
down in operating position by a valve cap (fig. 10-19). 
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With the valve cap removed, the valve prevents loss 
of hydraulic flu id from the B-end case when a de ­
celerate valve cap is removed to adjust the decele­
rate valve core . 

Functional arrangements. The assembled ar­
r angements of the components of the limit s top 
mechanism function together to decelerate and stop 
the movement of the rammer chain at its limits of 
ram and withdraw movement. The B-end rotates the 
driving gear which is meshed with the dr iven gear. 
The driven gear, with its attached striker pin, is 
turned by B-end rotation thr ough 360 degrees for each 
full ram or withdraw stroke. Actuated by the dr iven 
gear , the striker pin contacts the striker block of the 
rocke r arm, which in turn is actuated to contact a 
decelerate valve . The deceler ate valve is closed 
against tension of its spring to cut off B- end discharge . 
Because of the tapered s ection of the valve, B- end ro­
tation is brought to a gradual, decelerated stop. 

Movement data. 

Rammer chain movement 
To forward limit stop, full movement, 
inches . . . . . . . . . . . . . . . . . 238.9 

B-end shaft rotation 
Full rammer chatn movement, number 
of turns . . . . . . . . . . . . . . . . 5.97 

Decelerate valve, start start of valve movement 
Ram . . . in final 90 degrees 
Withdraw . .. . . . in final 90 degrees 
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Figure 10-7. Rammer Limit stop, Sectional View 

Supply tank and filter assembly. The supply tank, 
a square-shaped container with a rounded dome-like 
top; is mounted on top of the rammer chain casing- a.s 
shown in figure 10-1. The tank body, 10. 5 inches high 
and 12.375 inches wide and deep, is mounted on a 
pedestal that is 7.0 inches high. The tank is drained 
through a plug at the bottom and filled through a 
vented filler cap on top. Full tank capacity is 7. 0 
gaUons and tank capacity to the proper level as indi­
cated on the tank gage is 5.0 gallons. Hydraulic fluid 
is supplied to the main transmission and supercharge 
circuits by the tank. 

The duplex filters, a separate assembly, are 
mounted on the rammer chain casing a.djacent to the 

supply tank. The filters are connected in the hy­
draulic line between the supercharge pump and the 
supercharge pump relief valve. The assembly re­
moves foreign matter from the hydraulic fluid as it 
is recirculate d to repleni sh the power drive from 
the supply tank. 

Rammer 

The rammer is the folding chain and chain hous­
ing assembly that is driven by the power dri ve unit. 
It consists of the following: 

Casing 
Sprocket 
Sprocket bearings 
Sleeve coupling 

Chain buffer 
Chain 
Head link buffer 
Rammer switch 

10-9 
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Casing. The casing is a cast steel housing formed 
by five pairs of flange-bolted sections. It provides an 
enc losed U-course roller track for the chain link 
r o llers. The casing, mounted on the shelf plate as 
shown in figure 10-1, is looped around structural 
ele ments of the range finder stand foundation. The 
forward sections of the casings enclose a bronze 
chain link guide, the sprocket and sprocket bearings, 
a nd the chain buffer. Circular covers, bolted to the 
ca s ing over openings in the side, carry and cover the 
sprocket bearings, provide an opening for the drive 
shaft of the B-end, and receive any thrust from the 
dr ive shafL 

Sprocket. The chain is driven by a double-wheel 
sprocket which straddles the chain and m eshes with 
the chain rollers, as shown in figure 10-9. It is an 
integral forged steel sproc ket wheel a nd hub made 
'with eight teeth with a chord of 4.87 inches on a pitch 
d i.a meter of 12.73 inches. The hub is mounted in 
r oller bearings enclosed within the s procket bearing 
covers bolted to the casing. The drive coupling ar ­
r a ngement is a clos e-coupled, semi-floating qui ll 
type, driven through a splined sleeve coupling fit t ed 
into female splines of the hollow hub. This design, in 
addition to providing close coupling and s elf-adjust ­
m ent for any slight-misalignment, also facilitat e s 
co upling adjustment of chain position with r espect to 
dri ve limit stops. The sprocket weighs 87 pounds 
and i s 10. 625 inches wide at the hub. 

Sprocket bearings. The sprocket bearings are 
asse mblies composed of thr ee- piece cast bronze 
cages with s pecially hardened steel rollers. The 
outer di a meter of the cage a ssembly is 8.85 inches, 
and it contains 30 equa lly spaced rollers. Two roller 
bea r ing assemblies (fig. 10-9) for each s procket are 
arranged with an assembly seated in each sprocket. 
bearing cover. The bearings are accessible by re ­
moving the portable sections of floor plate on either 
s ide of the casing and immediately to the r ear of the 
transve r se bulkhead. It is not necessary to remove 
the portable sections to lubricate the bearings . A 
greas e manifold block, to gether with copper tubing 
leading to the sprocket bearing covers, has been pro­
vided for this purpose. The block mounted on the 
c ha in ca s ing a bove the floor plates , has a grease fit­
ting for each bearing. 

Sleeve coupling. The s procket is driven thro ugh 
a c hrom e-vanadium steel alloy sleeve coupling, a s 
shown in figure 10-9. The sleeve is provided at one 
e nd with 10 male splines that fit into matching fel1l a le 
s plines of the sprocket hub. At its opposite nd, the 
s leeve is provided with 10 fe male splines that fit onto 
the B-end drive shaft. The sleeve is 10.625 inches 
long and weighs 26.5 pounds. 

Chain buffer. The chain withdraw buffer (a hy ­
dr a ulic type) , mounted in the casing in front of the 
s procket and above the chain link guide, is aligned 
wit h its plunger in the way of a lug on the chain head 
Link (fig . 10-10). The buffer func tions in the final 
thr ee inches of chain withdrawing movement. Three 
throttling grooves of varying depths provide for 
gr aded fluid displacement from the r e ar to the front 
of the plunger piston. The plunger is restored to nor ­
mal pOSition by a coil spring within the buffer housing. 
T here are two rawhide positive stops in the front face 
of the housing which prevent metal-to - metal contac t . 
When the power drive assembly is properly adjusted, 
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the withdraw limit stop device should stop the chain 
0.75 inch from the rawhide stops. The plunge r pack­
ing consists of three rows of graphite packing beneath 
a threaded gland, and is accessible a t the front of the 
buffer . The filling hole (fitted with a plug) is placed at 
the top front of the buffer to pf'rmit serv icing through 
the chain port. 

Chain. The rammer chain, shown in figures 
10-9 and 10 - 10, is a hinged-link, roller-type chain 
which extends from the driving sprocket as a rig id 
column. T he cha in, an assembly 297. 25 inches long, 
is composed of a r a mmer head, head link, 26 male 
links, 25 female links, ;53 link coupling pins, 108 r oll­
er s, washers , and a tail link . The head link, a 
leather-fac ed head, spring and hydraulic buffer as ­
s e mbly, has a buffe r stroke of 2. 5 inches. The tail 
link, a positive stop link, is designed to jam at the 
sproc ket in the event of limit stop failure. When this 
occurs, the fa ce of the head link extends 13.89 inche s 
beyond the position of the ba se of a seated projectile. 
The cha in rollers are arranged in pa irs, one on each 
outer end of the link coupling pin. The rollers have 
free rotation on the pin, roll in engage ment \vith the 
sprocket, and each r oller is r e tained on its pin by a 
washer which is secured by peening over the pin r ivet 
(except for the tail link pin). The male and fe ma le 
links are each 5.0 inches from pin center to pin c en­
ter, 2.nd weigh approximately six pounds each. 

Chain removal and replacement is provided by 
arrange ments that give ac cess to the tail link and 
ta il link pin . A caSing end cover plate, accessible in 
the gun compartment, and two small covers acces­
sible in the turret officer's compartment provide ac­
cess to these parts . 

Head link buffer. The head link buffer assem" ly 
(fig. 10-10) is a fixed piston type that buffs the ram­
mer cha in as a projectile is sea ting. Thc !:lead liniz, 
made of cast bronze, is 33.56 inches from the end of 
t he buffer LJody to th e pin center. The assembly acts 
to buff through compress ion of a coil spr ing and the 
throttled flow of fluid through three grooves of va ry ­
ing depth in the head. The plunger packing consis ts 
of thr ee rows of graphite packing beneath a thr eaded 
gland. Buffer fluid is replenished through a normally 
plugged hole located at. the top of the rammer head. 

Rammer switch . Limit Switch Mk 6 Mod 1 with 
actuator and mounting bracket are bolted to the tur ret 
offic er's bulkh ead a s s hown in figur e 10-8. This mi­
('· 'os \vitch has one pair of normally open and one pair 
o[ norma lly dosed conlacts. The switch is positioned 
to be actua ted when the rammer head link moves to 
wilhin four inches of its fully retracted position. When 
the ::;witch is actuated during the ramming stroke it en ­
er gizes the coil of a MJ, 5 Mod 1 relay. When the switch 
is actua ted during the r eturn stroke it close s its por ­
t ion of Ready Light Circuit 1R(ch. 15) through the r e­
lay contacts to ener gize the powder door valve sole ­
noid (ch . 11) and permit opening the powder unloading door . 
Controls 

The independen t r ammer control arrange me nts 
for all thre e installations of a turret consist of: 

Star t-stop contr ol 
Ha nd control gear 
St r oking control 

Start - s top control. Each rammer power drive is 
started and s topped through its electric-power motor 
controller (pages 10-2 and 10-3). The controller 
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Figure 10-8. Ram mer Switc h and Actuator 
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Figure 10-9. Rammer Sprocket Coupling, Sectional View 
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Figure 10-10. Rammer Chain, Head Link, and Withdraw Buffer, Sectional View 

is remotely operated by two push buttons adjacent to 
the rammer operator's station. One push button is 
l abeled START -EMERG and the other STOP. 

Pressing the START - E MERG button closes a 
normally open, three-pole switch and ene r gizes the 
coil of the main contactor to connect power to the 
electric motor. Holding contacts on the relays keep 
the power circuit closed when the START-EMERG 
button is released. In the event of power failure , the 
main contactor opens and remains open until the 
ST ART -EMERG button is depressed. An overload 
r e lay opens the circuit when current demand is too 
great. The main contactor may be kept closed to 
keep the electric motor running in an emergency by 
holding the ST ART -EMERG button closed. The electric 
m otor is stopped by pres s ing the STOP button. 

Hand contr ol gear . The installed arrangement 
of the hand control gear is shown in figure 10-10. 
Its components are: 

10-12 

Hand lever 
Lever pivot 
Lever guide quadrant 
Brackets 
Shock absorber cylinder 
Shaft linkage 
Coupling 

Hand leve r . The hand leve r; a flat steel bar ap­
proximately 33 inches long and O. 50-inch thick, is 
s haped and drUled for attaching a handle at its upper 
end and a lever pivot at its lower end. Mounted in the 
gun room compartment (fig. 10-1)' the hand lever is 
the device wh ich actuates the stroking control to in­
itiate a ram or withdraw strokeo A spring detent, 
mounted on the upper end of the hand lever just be­
low the handle, locates and retains the lever at neu­
tral. It is an assembly conSisting of adetent guide, a 
spring -loaded detent. and a roller mounted in the de­
tent, wh ich contacts the lever guide quadrant. 
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Figure 10 - 11. Hand Control Gear, Center Rammer, P lan View 

Leve r pivot. There are two lever pivots used for 
the tur r e t rammer assemblies. The lever pivot for 
the outboard rammer assemblies, attached to the 
lower end of the hand lever, is a steel casting 10.875 
inches long. At its lower end it is connected to the 
hand control linkage and is pivoted at a point 5.0 in­
ches above this connection. The lever pivot fo r the 
center rammer assembly, attached to the lower end 
of the hand lever, is a steel casting 5.875 inches long. 
It is pivoted at its lower end and is connected to the 
hand control linkage at a point 5.0 inches above this 
connection. Through both arrangements, movement 
of the hand lever to RAM or WITHDRAW actuates the 
linkage to offset the tilting box. 

Lever guide quadrant. The lever guide quadrant, 
attached to the gun room compartment bulkhead at the 
rammer operator's station, is a bronze casting ap ­
proximately 23.3 inches long. It provides the arc on 
which the spring detent rides and a groove into which 
the detent roller drops to position the hand lever a t 
neutral. There are adjustable stop bolts at each of 
the quadrants through which the limits of leve r move­
ment are adjusted. The lever movement, 17 degree s 
33 minutes for outboard rammers and 17 degrees 26 
minutes for the center rammer, is equivalent to 1.5 
inches displacement of the linkage coupling or full 
tilt of the tilting box. RAM and WITHDRAW, together 
with arrows, are clearly inscribed on the quadrant to 
indicate lever movement for these actions. 

Brackets . The hand control shaft linkage is sup­
ported and secured in proper alignment by brackets 
which are bolted to the turret structure. The brack­
ets, all castings, are made of a copper s ilicon alloy. 
A spec ial bracket, used only in ins tallations for the 
center gun, encloses a sleeve-type shaft coupling 
(fig. 10- 11) which is lubricated by a gr ease fitting in 
the bracket. 

In each installation, where the linkage passes 
through the transve rse bulkhead, a linkage housing 
seal pr ovides flameproof protection for the turre t 
officer' s compartment. 

Shock absorber cylinder. The shock absorbe r 
cyl inde r (fig. 10-11), a double -acting spring device, 
forms the conne cting link between the control shaft 
and the coupling of the hand control gear. It acts to 
absorb the kick of the hand lever when the A-end 
stroking control positions the tilting box at neutral. 
The device consists of a tube with an end piece 
thre aded on each end of the tube. Within the tube, a 
spring compressed between two retainers fits over a 
contr ol rod which passes through one end piece and 
threads onto the control shaft. The device is ap­
proxtnlately 18 inches long at rest. 

Shaft linkage . The operating components of the 
hand control gear ar e connected to the stroking con­
trol through an assembly of shaft linkage. The link­
age differs for the outboard and center gun r ammer 
installations. F or the Similar outboard gun instal­
lations , there is a direct linkage connection fr om the 
stroking control unit to the hand lever. An adjustable 
connecting shaft secured with a cleviS pin at each end 
connects the lever pivot with a bracket-mounted bell ­
crank. The bellc r ank is connected by a clevis pin to 
the control shaft which is threaded onto the control 
rod of the s hock abs or ber cylinder. The center gun 
ins tallation (fig. 10- 11) differs in that the hand lever 
is on the opposite side of the chain casing from the 
stroking control unit, and the linkage must therefo re 
pr ov ide for this offset arrangement. The lever pivot 
Is spl ine fitted to a br acket mounted t r ansverse con­
nect ing shaft. This shaft, joined near its center 
through a s leeve -type coupling is connected to the 
adjustable connec ting shaft by a cleviS pin. The re ­
mainder of the center gun linkage assembly is the 
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same as the outboard assemblies with the exception 
of the bellcrank. 

Coupling. The shock absorber cylinder is con­
nected to the stroking control unit through a threaded 
sleeve coupl ing (fig . 10 - 11) and an eyebolt. The 
coupling, a steel casting split a t one end, is threaded 
onto the control shaft of the stroking control unit and 
is locked in position through a bolt which passes 
through the split end. The eyebolt, threaded into the 
coupling, is locked in pOSition through a locknut. The 
eyebolt is secured to the s hock absorber cylinder 
head through a connecting pin. 

Stroking control. The ramme r stroking control 
(ftg. 10-5) is a hOUSing-enclosed me chanism mounted 
on the side of the A-end (fig. 10-1). It is coupled to 
the tUting box described on page 10-4 and to the 
hand control gear as described in the previous para­
graph. The stroking control m echanism is a dual­
purPolle unit through which the tilting box is po­
sitioned at s troke, and which also r estores the tilting 
box to neutral at the end of a ram or withdraw stroke. 

Components. The stroking control unit comprises 
the following: 

Housing 
Cylinder 
Control arm 
Control shaft 
Trunnion block 
Neutral lock r oller 
Adjustment eccentric 

Housing. An oll-t ight housing encloses the 
stroking control mechanism. The housing, a steel 
casting, consists of a cover and integral flanges for 
mounting the stroking control mechanism to the pump 
case and for mounting the control cyl inders (fig. 10-5) . 
The housing and cover each contain integral shoul­
ders which seat ball bearings for the tUting box shaft. 
Within the housing are a control arm, piston, control 
shaft, and a spring plunger with neutral lock roller. 

Cylinder. There is a cylinder flange mounted on 
each end of the housing. These cylinders , designated 
large and small control cylinders , provide a hydraulic 
discharge port and chamber, and a dashpot at each 
end of the hOUSing. The inner arrangement of the 
hOUSing, cylinder, and piston assembly provides a 
double-acting hydraulic piston combined with dash­
pot areas. The dashpots balance movement toward 
neutral and cente r the tllUng box when it 1s hy­
draulically r estored to neutral at the end of a ram 
or withdraw stroke. 

Control arm. The control arm, spline fitted on 
the tllting bOx shaft , is located within the stroking 
control housing. The arm, a steel forging, is the 
connection between the stroking piston and the tuting 
box. The lower end of the arm is conne cted to the 
piston (ftg. 10- 5), and the upper end of the arm pro­
vides a cam detent for the tllt ing box follower to drop 
into. 
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Control s haft . The control shafts, integral parts 
of the stroking piston, extend into the oute r chambers 
of both control cylinders . One control s haft passes 
through a packing and packing r etaine r (fig. 10-5) at 
the end of the large contr ol cyl inder. The end of this 
shaft is threaded for attaching the coupling of the 
hand control ge!Lr described previously . The con­
trol shafts and the outer chambers of both control 
cylinders form dashpots which balance the stroking 
piston movement and center the tilting box at the end 
of ram or withdraw strokes. 

The by-pass holes (fig. 10-5), drtlled in the ends 
of the cont rol shafts , are located in such positions 
that they will by-pass hydraulic fluid fr om one end 
chamber to the other of the control cylinders. The 
holes by-pass fluid if the tilting box is s lightly off 
neutral when the control lever is in its neutral 
pOSition. The fluid flows from one end chamber to 
the other by way of either hole and a supercharge 
valve , depending upon the position of the tUting box. 
This action makes precise neutral location of the 
t ilting box unnecessary to prevent creep of the 
ramme r chain. 

Trunnion block. The trunnion block (fig. 10-5) 
forms the connecting l ink between the str oking piS­
ton and the control arm. T he block fits into a recess 
at the c enter of the piston and is r estrained against 
horizontal movement. The block, attached to and 
moved by the control arm, is fr ee to move 
ve rtically. 

Neutral lock rolle r . The neutral lock rolle r 
(fig. 10-5) is a component of the neut ral lock device 
of the stroking cont rol unit. The othe r components 
of the device are a spring plunger which is attached 
to a roller yoke. The yoke pr ovides a ball-bearing 
mounting for the neutral lock roller. These com­
ponents, through an adjus tment eccentric, are lo­
cated vertically above the cam detent of the control 
arm and below the interlock switch plunger. The 
neutr al lock dev ice is mounted on the top of the 
stroking control hous ing. 

Adjustment eccentric . The neutral lock deVice, 
described above , is mounted within the adjustment 
eccentric . The eccentric is a r otatable eccentric 
sleeve with a locknut. It provides for centering the 
neutral lock roller in the cam detent at neutral 
pOSitions of the tilting box. 

Neutral interlock switch. The neutral interlock 
switch is an enclosed plunger-type electr ic switch 
that is used in the electric motor s tart ing c ircuit. 
The SWitch, bracket- mounted from the A-end case, 
locates the switch plunger vertically above the in­
ter lock plunger. The switc h opens the start ing cir­
cuit during the first 1/4 - inch offset movement of the 
plungers when the t ilting box moves either side of 
neutral. The purpose of the switch is to prevent 
starting overload on the electric motor when the 
power drive is at a m idcycle position with the tilting 
box offs et from neutral stroke. 
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OPERATION 

Gene ral 

The starting, stopping, speed, and ram or with­
draw action is controlled by the direction and degree 
of hand lever movement. The position of the control 
and limit stop mechanism is shown in figure 10-11. 
The schematic diagrams illustrate in sequence the 
phases of circuit flow conditions and resultant 
movement of components during a complete operat­
ing cycle as described in the following paragraphs. 

Starting 

P erform the following operations when starting 
the rammer electric motor: 

1. Place the controller circuit breaker lever at 
ON. 

2. Place the hand lever at neutral stroke position. 

3. Press the START-EMERG button. 

VALVE AND PISTON SYMBOLS 

RAMMER 

Stopping 

When stopping the ramm er power dr!ve, perform 
the following operations: 

1. Move the hand lever to WITHDRAW and fully 
retract the rammer. 

2. Place the hand lever at neutral strokepositton. 

3. Press the STOP button. 

Circuit operations 

Controls neutral (ftg. 10-12). With the rammer 
stopped at the end of a withdraw stroke and the hand 
lever at neutral, the following condition exisb 

1. The A-end tilting box is at neutral (zero tilt) . 
No hydrauliC fluid is being pumped, and there is no 
pressure in the main hydrauliC lines between the A­
and B-ends. 

2. The withdraw deceleration valve A is held 
closed by the rocker arm actuated by pin B. 

MECH ANI CAL SY MBOLS 

A WITHDRAW DECEL ER ATE VALVE M STR OK IN G CONTROL PISTON B DECELERA TE VA LVE ACTUATI NG PIN 
B1. B2 BALL CHECK VALVES 
F RE LI EF VA LVE (SUPERCHAR GE) 
FV FIL TER BYPASS RELIEF VALVE 
G, H SUPERCH ARGE VALVE S 
K RELIEF VALV E (MAIN SYSTEM) 

, .. ....., ........ 5 

A-END 

12 14 16 

6 

QQ RAM DE CELERATE VAL VE 
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S, T. W X PORTS 
EE , FF, GG, JJ CHAMBERS 
1 THROUGH 16 HYDRAULIC LI NES 

A END 
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C GEAR WHEEL (DRI VEN) 
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F igur e 10-12. Rammer Hydraulic Schematic - Controls Neutral, End of Withdraw Stroke 
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F igure 10 -13. Rammer Hydraulic Schematic - Starting to Ram 

3. Hydraulic flu id is delive red by the supe r­
charge pump (at s uperchar ge pressure ) through the 
duplex fUters to s upercharge relief valve F to the 
tops of supercharge valves G and H , and to the strok­
ing valves SS and ZZ. F rom SS and ZZ , s upe rcharge 
pressure is delive r ed through line 12 to chamber EE 
and through l ine 10 to chamber FF of the str oking 
control piston M. 

4. The ram deceleration valve QQ is open. 

5. T he tilt ing box is held in neutral pos ition by 
the tilting box follower I , which rests in the detent of 
stroking arm J. 

Starting to r am (fig . 10-1 3) . Whe n the hand lever 
is move d to RAM: 

1. Hand lever motion, transmitted thr ough the 
hand cont r ol gear linkage (fig . 10- 13), moves the 
tilting box to str oke. As the ti lting box moves to 
s troke , strok ing ar m J fo r ces tilting box follower I 
out of the arm J detent. To pe rm it f ree move me nt 
of p istOIl M, chamber GG is open to the B-end dis­
charge line 9 and cha mber F F is open to the control 
pressure por tion of the syste m (to whic h chamber 
EE is also open) through valve ZZ . 

2_ Main syste m high pres sure is delivered fr om 
the A- e nd thr ough port T to the B- nd through line s 
I, 2, and 2, through ball check valve B l , and around 
valve A to port W of the B-end to start r otat ion of the 
r <immer sp r ocket. High pres s ure is also ported to 
cham ber JJ to ass is t in moving the A-end to full 
10-1 6 

stroke. The B-end discharge is ported back to the 
A-end through lines 9, 6, 4, a nd 5. Movement of 
withdraw s troking valve SS by system high pressure 
has no effe ct on the sys tem during the ram stroke . 

3. Aft r a few degrees r otation of the B-end, pin 
B is disengaged from the ro cke r arm. Withdraw de ­
celeration valve A is then opened by its spring to 
permit fr ee fl ow of hydraul ic fluid at main system 
high pres ure to the B- end. 

4 . Nor mal leakage in the ma in system is r e ­
plenished thr ough line 7 and r eplenishing valve G 
into m ain s ystem r e tur n line 5. 

Ramme r s t al led, p roj ectile s eating (fig. 10- 14). 
With the hand lever r e ma ining at RAM and the pr o­
jectile s eated, the rammer stalls a nd the B-end can­
not r ota te . Main s ystem high pressure builds up 
above the s etting of r elief valve K, unseats the valve 
and bypass es to part A of the A-end through lines 6, 
4, and 5. 

Main s ystem r elief valve. The main syste m r e ­
lief valve is s hown in figu r e 10 - 3A as it would ap­
pear when ope r a ting conditions are normal. If pres­
sure in por t L13 r is es above 800 pounds per squar e 
inch, check va lve A in t he plunger V12 is unseated 
(fig. 10-3 B). F lu id unde r excessive high pressure 
fl ows thr ough passages 1, 2, 3, 4 , 5, and 6 into 
chambe r C at the top. This excessive high pres sure 
a t the top f the valve together with spring D keeps 
the plunge r V12 s eated aga inst the force of fluid under 
h igh pre ssur beneath V12. Simultaneous ly, fluid 
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Figur e 10 -14. Ramme r Hydraulic Schematic - Rammer Stalled, Projectile Seated 

under high pressure flo ws through passage 7 and 
fo r ces the pUot plunger V13 up against spring E 
until the upper shoulder of V13 opens the pressure 
port to passage 8 (f ig. 10-3 C). This r e leases the 
pres sure in chamber C. Excessive high pressure on 
the lower end of V 12 unseats V12 and pe rmits flow of 
exces s ive high pressure fr om port L13 to port L14. 
Uns eated momentarily only, V1 2 seats as soon as 
main system pressure drops below 800 pounds per 
s quare inch. The effective areas of V12 in ports L 13 
and L14 are equal; the refore the valve has identical 
operation for high pres sure relief in both drive pipes. 

Limit s top control during ramming (fig. 10-15). 
With the ramm er stopped at the end of a ramming 
s troke by the limit stop mechanism, the following 
conditions exist: 

1. Rammer sprocket rotation, whi.ch drives gear 
C thr ough r otation of gear D, causes p in B to depress 
the rocker arm thereby clos ing valve QQ and gradual­
ly cutting off ma in system discharge through QQ into 
line 9. The closing of valve QQ decelerates sprocket 
r otation. Main system r etur n pressure buUd-up in 
line 15 opens stroking valve ZZ before QQ is fully 
c losed. 

2. When opened, valve ZZ directs system pres­
sure to chamber FF of piston M to move the tilting 
box back to neutral . As the tilting box approaches 
neutral, the pressure in chamber F F drops and the 
rate of tilting box movement toward neutral lessens 
However, a retu rn of the t ilting box to stroke position 
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is impossible becaus e of the reduced main system 
pressure in chamber FF. 

3. Hydraulic fluid, displaced by piston M from 
chamber EE, is delive r ed to port S of the A- end 
(through line 12, valve SS, and l ines 4 and 5) to re ­
place main system fluid which entered chamber FF. 

Manual s top control (fig. 10-16). WhUe a ram 
stroke is being performed, chamber GG is open to the 
B-end discharge l ine 9 and chamber FF is open to the 
control pressure portion of the system (to which 
chamber EE is also open) through valve ZZ. The 
rammer is stopped manually, before the end of a ram 
stroke, by moving the :hand lever toward neutral. The 
following conditions exist: 

1. When the hand lever is moved toward neutral 
(in the direction indicated by the arrow) , fluid in 
chamber EE is ported to the A-end through line 12, 
valve SS, and l ines 4 and 5. 

2. Fluid in chamber JJ is forced back into the 
high pres s ur e side of the main system through line 
11. Main sys tem r eturn fluid is ported to chamber 
GG from the B-end through valve QQ and line 13. 
Hand lever movement toward RETRACT is possible 
after a ram stroke has been initiated. 

Starting to r etr act (f ig. 10 -17). When the hand 
leve r is moved to WITHDRAW: 
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Figure 10- 15. Rammer Hydraulic Schematic - Limit Stop Control During Ramming 
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Figure 10 -16. Rammer Hydraullc Schematic - Manual Stop Control 
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Figure 10-17 . Rammer Hydr aulic Schematic - Starting to Withdraw 

1. Hand lever moUon, transmitted through the 
hand contr ol gear l inkage, m oves the t ilting box to 
stroke. AB the tilting box moves to stroke, stroking 
arm J forces fo llower l out of the arm J detent. To 
permit free movement of piston M, chamber JJ is 
open to the B-end discha.rge through line 11 and cham­
ber EE is open to the control pressure portion of the 
system (to which chamber FF is also open) through 
valve SS. 

2. Main system high pressure is delivered from 
the A- end through port S to the B-end through lines 
5, 4, 6, and 9, through ball check valve B2 and around 
'valve QQ to port X of the B- end to start rammer 
sprocket r otation. High pressure is also ported to 
chamber GG to ass ist in moving the A-end to full 
stroke. T he B-end discharge is ported back to the 
A-end thr ough lines 16, 2, and 1. Movement of valve 
ZZ by system high pressure has no effect on the 
system during the ram stroke. 

3. After a few degr ees rotation of the B- end, pin 
B is disengaged from the rocker arm. Valve QQ is 
then opened by its spring to permit f r ee flow of 
hydraulic fluid at main system high pressure to the 
B-end. 

4. Normal leakage in the main system r eturn line 
1 is r eplenished through line 7 and r eplenishing valve 
H. 

Rammer withdraw stroke relief (fig. 1O- 18). 
With &e hand leve r r emaining at WITHDRAW and the 
limit stop mechanism out of adjustment, the withdraw 
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stroke is completed, the rammer stalls, and the B­
end connot rotate. Main system high pressure builds 
up above the setting of r elief valve K, unseats the 
valve and bypasses to port T of the A-end through 
lines 5, 4, 6, 3, 2, and 1. 

INSTRUCTIONS 

General maintenance 

The rammer assemblies are to be operated and 
maintained (including periodic exercise , adjustment, 
and lubrication) in accordance with the regulations of 
the Bureau of Ordnance Manual, the instructions be­
low, and the hydraulic system maintenance instruc­
tions in chapter 17. 

Exercise operation. The equipment should be 
exercised daily to assure good performance. Er ­
ratic operation should be investigated to make sure 
that it is not the beginning of serious trouble. 

Except for the controller overload safety device, 
check all elements of the rammer power and control 
assembly for normal operation by operating through 
ram and withdraw strokes and by obtaining gage 
readings of supercharge pressure . Make these test 
at frequent intervals , and always pr lor to firing. 
Make the tests with hydraul1c fluid at normal operat­
ing temperature and after observing the operating 
precautions on page 10-20. To make supercharge 
pressure tests, connect pressure gage 265851-7 at 
either of the main transmission Hne air vent holes. 
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Figure 10-18. Rammer Hydraulic Schematic - Withdraw Stroke Relief Action 

With the power drive operating, move the hand lever 
slightly from neutral and check the lowest pressure 
reading. The reading should be between 35 and 100 
pounds per square inch. If the pressure is less than 
35 pounds per square inch, plunger 265809-20 (shown 
on drawing 265781) should be r emoved and cleaned. 
U the pressure 1s over 100 pounds per square inch, 
the ftiter is clogged and must be clear ed. 

Lubrication. All hydraulic power units are self­
lubricating. Other elements of the ram m er assem­
blies, such as the electric motor, hand control link ­
age, and couplings, are to be lubr ica ted in ac cordance 
with the instructions on the lubrication charts. 

Operating precautions 

The following precautions must be observed be­
fore operating the rammer as semblie s: 

1. Check the fluid level at the supply tank to make 
sure that there is sufficient hydraulic flu id in the 
system. Check the fluid level immed iately afte r 
starting the electric motor and at inte rvals there­
after. Replenish if necessary. 

2. Lubricate the assembly using the lubricants 
spe cified on the lubricating chart. Check the chain 
r olle r pin, for sufficient lubricant. 

3. Inspec t the withdraw and the rammer head 
buUers. Check the liqUid level. Replenish if neces­
sary as described on page 10-21 . 
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4. Check the electric motor and A- end for cor ­
rect dir ection of rotation. 

5. Check the neutral interlock switch adjustment. 
Move the tilting box off neutral and verify that the 
start ing circuit opens. Return the tilting box to neu­
tral. 

6. Check and clear the hydraulic system filter 
cartridge as described on page 10-21. 

7. Start the power drive and gun until the system 
temper ature is about 75 degrees F. With the gun, 
pr ojectile hoist cradle , and spanning tray at loading 
posit ion, move hand lever for a slow ram stroke to 
the limit stop. Check the shock absorber cylinder 
and leve r actions for normal operation, as described 
on page 10-19. 

8. Check the system temperature frequently when 
us ed f requently. The power drive should not be oper­
ated when fluid temperatures exceed 170 degrees F. 

9. The hand lever must be fully returned to its 
neutral detent pos ition when it is returned from a 
ram s tr oke. If not, the B-end may continue to rotate 
until the decelerate valve is jammed shut and the de­
tent plungers jump out of the driven gear of the limit 
s top mechan ism. This action will throw the system 
out of timing and perm it the decelerate valve to open 
and jam the tail l ink before the limit stop acts . When 
this occurs, a full withdraw stroke must be made to 
allow the plungers to reseat in the detents. The 
chain should not overrun sufficiently to allow the 
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plungers to drop in the next detents; if t his should 
happen, adjust as described on page 10-22 . 

Hydraulic equipment servicing 

Buffer fluid. The flutd to be used in the withdraw 
and rammer head buffers is recoil cyl inder liqu id, 
NAVORD OS 1914. The buffers Should be checked for 
r ep le nis hment once a month, at which time they 
should be inspected as follows: 

1. Check for full, normal sp r ing return of the 
buffe r plungers. 

2. Check the 'condition of the plunger packings. 

Observe the following instructions on the caution 
plate: 

CAUTION 

BUF FERS TO BE FILLED IN 5° OPER­
ATING POSITION ONLY. WITH P LUNGER 
EXTENDED REMOVE FILLING HOLE 
PLUG. F ILL TO OVERF LOWING WITH 
RECOIL CYLINDER LIQUID, THEN RE ­
P LAC E FILLING HOLE PLUG. 

Hydraulic oil. Power tr ans m.ission fluid 51F23 
(Ord) is to be used in the hydr aulic sys tem . When 
the hydraulic system is initially filled, and whe n re ­
plenishing, the fluid should be poured through a fine 
mesh wire strainer of at least 120 wir es to the inch. 
Cheesecloth or rags must not be used as a strainer. 
New hydraulic assemblies should be drained afte r 15 
hours (or less) of operation. The hydraulic s ys tem 
should then be thor oughly flushed with new 51 F 23(Ord) 
and r efilled with f r esh flu id. A test inspection and 
analysis of a fluid sample from each system should 
be performed monthly. If there is any evidence of 
sludge, water, or a cidity, the system must be drained, 
flu shed with ne w 51F23(Ord), and refilled with fresh 
flu id. The total amount of fluid required to fill each 
system, when completely vented, is approximately 25 
gallons for a center ramm er and 26 gallons for an 
outboard r ammer. 

Dra ining the system. When the s ys tem is to be 
drained, r emove the plugs fr om the bottoms of the 
A-end and B-end cases and from the B-end valve plate 
cover. To completely dr a in the B-end valve pla te, 
refer to dr awing 297388 and r emove, in order, the 
valve screw 26583 2- 67, the decelerate valve cap 
265832-9, the decelerate valve spr ing 265831-4, the 
dec elerate valve assembly 265831 -38, and valve 
265832-65. T o completely drain the A- end valv e 
plate, r efer to drawing 297360 and rem ove the two 
s tr oking valves 265810 - 32. The stroking valves have 
threaded holes for the inse rtion of 1/ 4-20NC thread 
pull ing screws. 

Filling and venting. When fill ing or replenishing 
the sys tem, pour the hydraulic flu id into the supply 
tank through a funnel with a strainer as described 
above. This procedure is import ant because the 
tank strainer is only adequa te to prevent entrance 
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of coarse fore ign matter. Proper procedure for 
filling is as follows: 

1. Remove the filler cap from the supply tank and 
fill to proper level as indicated on the gage. 

2. Start the electric motor and allow it to run for 
seve r al minutes. 

3. Stop the electric motor and replenish the sup­
ply tank if necessary . 

4. Open all a i r vents in the hydraulic pipes and 
start the electric m otor. 

5. Run the motor until fluid that is f r ee of air 
flows from the vents. Stop the motor. 

6. Turn the filt er handle two complete tur ns' and 
replenish the fluid in the supply tank to the proper 
level. 

Oil filt er maintenance. Clean the filter cart ridge 
by rotating the handle one complete turn. Clean the 
filte rs periodically, depending upon the frequency and 
extent of operation, to prevent cartridge clogging. If 
the handle is diff icult to turn, work it back and forth 
until the cleaners free themselves. A wrench or other 
tool must not be used to turn a plugged filter. If the 
handle cannot be wo rked freely, remove the cartridge, 
wash in s olvent, and air dry. 

Oper a ting tr ouble diagnosis . 

The following paragraphs describe operating 
trouble s that m ay occur in the rammer power dr ive 
and their causes. The power drive is designed s o 
that more than adequate forces are available to move 
all valves . Any trouble that may develop will be due 
to dirt o r other for eign matter in the system. Pos­
sible s ources of .such trouble and their remedies are 
indicated in the following paragr aphs. 

B-end fails to deliver full torque. Failure of the 
B-end t o delive r full to rque when the A-end is stroked 
indic ates that the main system relief valve is stick­
ing open. Correct this condition as follows: 

Remove and clean the two-way relief valve as­
s embly and its pilot valve assembly. 

Limit stop not fu nctioning pr operly. Failure of 
the rammer to deliver a full r am or withdraw stroke 
(or if it tends to overtr avel) is pr obably due to a 
sticking deceler ate valve. Correct this condition as 
follows: 

1. Remove the valve cap and spring. 

2. Tap on the end of the valve with a soft hammer 
to loosen. 

3. Work the valve up a.nd down until it slides freely. 

4. Do not lift the upper land of the valve above 
the valve plate for large fluid loss will result. 

5. Reassemble before operation. 
10-21 
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Adjustments 

Rammer chain-limit stop adjustment. These in­
structions provide fo r the maximum ram stroke cut­
off position which provides for chain travel to com ­
pensate for gun erosion. 

The parts of the rammer assembly that are ad­
justable fo r obtaining correct lim it stop positions or 
for varying the length of chain s troke are: 

1. Chain 

2. Sprocket and coupling 

3. Withdraw stroke decelerate valve 

At installation, these components are pos itioned in 
the process of adjusting the limit s top positions. 
Subsequent adjustment to vary or increase the chain 
stroke only requir es r eadjus tment of the ram stroke 
decelerate valve. 

The adjusted positions of the chain, sprocket and 
coupling, and withdr aw decelerate valve at initial as ­
s embly for a new gun are described in following 
paragraphs. 

Chain. Clamp the chain at the withdraw limit 
stop position. This pos ition locates the rammer 
head at D.75 inch from full withdraw position (with 
the r ammer head buffe r plunger lug 0.75 inch from 
the rawhide s tops). 

Sprocke t and coupling. P osition the chain as de­
scribed above, and position the B-end shaft as de­
scribed in the next paragraph. The assembly will be 
prope r ly adjusted if the splines of the coupling and 
shaft are aligned to engage . If the spl ines to not 
engage, r eposition the sprocket or the B-end shaft, 
o r both, to correct for the m isalignment. Sprocket 
rotation of 4. 5 d~grees is equal to D. 5-inch dis ­
placement of the chain. Proceed as follows: 

If the misalignment is 4.5 degrees or less: 

1. Unc lamp the chain from the pOSition describ­
ed above . 

2. Move the chain in or out, as necessary, to 
engage the splines. 

If the mtsalignment is m ore than 4.5 degrees: 

1. Unc lamp the chain from the position describ­
ed on page 10-

2. Disengage the chain from the sprocket. 

3. Rotate the spr ocket one or more teeth and 
again engage with the chain and clamp in position . 

This shift of spr ocket engagement is based on 
the values of coupling misalignment as given in the 
tabulation on page 10-23 . 
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Figur e 10-19 . Withdraw Decelerate Valve, 
Limit Stop Adjustment 

Withdraw stroke decelerate valve. Befor e en­
gaging t he coupling desc ribed in the previous para­
graph, position the B- end at withdraw limit s top po­
sition. In thiS position the withdraw decelerate valve 
and the rocker arm are adjusted as follows: 

1. Remove the flow cutoff valve cap. 

2. Remove the de celerate valve cap and spring. 

3. Turn the valve core counterclockwise for its 
full movement and back off 3/4 turn. 

4. Rotate the B- end shaft in withdraw direction 
unt il the rocker arm lifts the top land of the valve one 
inch below the top surface of the B-end (fig . 10-19) . 

5. Replace the spr ing and valve caps. 

This pOSition of the B-end shaft and decelerate 
valve is the desi r ed B-end position for coupling when 
the chain is positioned as described previously. If, 
due to spline misalignment, the chain has been moved 
from this pos itioll- by 4. 5 degrees or less to couple, 
the decelerate valve core must be r eadjusted an equi­
valent amount. The relationship of the valve adjust­
ment is: 3/4 turn is equal to O. 5-inch chain displace­
ment. 

With the withdraw s t r oke limit stop adjusted as 
above and the B-end coupled to the sprocket, the ram 
stroke limit s t op pOSition is obtain~ by operating the 
rammer at slow speed until the face of the rammer 
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head is 249.11 inches from the rawhide stops. Ad­
just the ram stroke decelerate valve as follows: 

1. Remove the flow cutoff valve cap. 

2. Remove the decelerate valve cap and spring. 

3. Turn the valve core down until the top land 
of the valve is one inch below the top surface of the 
B-end. 

4. Replace the spring and valve caps. The for­
ward limit stop position may be advanced to com­
pensate for gun erosion as follows: 

Adjust the ram decelerate valve to delay cut-off 
movement; the additional chain travel (maximum) is 
equal to 4 inches. 

Tabulation 

Coupling Misalignments and Equivalent Adjus t ments 
Valve 

Coupling misalignment = Tooth change + adj us tment 
(degrees) (degr ee) 

18 2 0 
17 2 1 
16 2 2 
15 2 3 
14 2 4 
13 1 4 
12 1 3 
11 1 2 
10 1 1 

9 1 0 
8 1 1 
712 
6 1 3 
5 1 4 
4 4 
3 3 
2 2 
1 1 

Control lever adjustment. When the tilting box 
and the control shaft are in neutral positions, the 
hand lever must lock in its detent. This posit ion, 
adjusted at the clamp coupling between the stroking 
control shaft and the shock absorber cylinder (fig . 
10-11), is adjusted as follows: 

1. Start the electric motor. 

2. Run the chain part of the way out. Slowly 
bring the lever back toward neutral until the chain 
is motionless. 

3. Adjust the coupling until the detent locks. 

At the completion of this adjustmenL the ram mer 
must not creep when the hand lever is locked at 
neutral. 

Tilting box control movement. The hand lever 
and linkage give the desired maximum B-end speed 
when the hand lever arcs of movement are adjusted 
as tabulated below. Stop bolts on the lever guide 
quadrant must prevent lever movements from ex­
ceeding these arcs. 

RAMMER 

Rammer Control movement from neutral 

Right 
Center 
Left 

170 33' 
17 0 26' 
170 33' 

Two-way relief valve adjustment. The main 
sys te m relief valve is adjusted to relieve high pres­
sur e in either main transmission pipe as follows: 

1. With the electric motor stopped, remove 
the valve cap. 

2. Turn the adjusting screw in to raise the 
pressure relief setting; turn out to lower the setting. 

3. Replace th e valve cap after making sure 
that the valve screw (fig. 10-19) is in place. 

Rammer switch adjustment. The rammer switch 
is adjusted as shown on figure 10- 20. The switch 
actua ting' lever is positioned to close the normally 
open switch when the rammer head link is four inches 
from the fully retracted pOSition. A switch over­
travel of 1/ 16 inch is provided. 

DISASSEMBLY AND ASSEMBLY 

General instructions 

The following paragraphs contain instructions 
for di sassembling units of the rammer power dr ive. 
In so me cases a considerable part of the disassembly 
procedure will be apparent from reference illustra­
tions and by s tudying the general arrangement draw­
ings. Therefor e, only those instructions which are 
pertinent to the order of disassembly and to the more 
co mplex disassembly operations are given. In gen-

r a l , asse mbly will be the reverse of disassembly. 
To help in the reassembly of a unit, mark all mating 
parts such as ca ms, gears, and linkages so that 
these pa rts will be reassembled in the same relative 
pOSitions If this is done, individual parts will not 
need to be fitted to each other and readjustment will 
be easier. When piping is removed, do not plug dis­
connected pipe openings with rags or waste material. 
The openings must be closed according to the instr uc ­
tions and with the materials specified in chapter 17. 
Spec ia l tools and accessories used in disassembly of 
th e equipment are indicated in the instructions. 

Rammer chain removal 

To r emove the r ammer chain, study drawings 
2331 50 and 216401. Two methods of chain removal 
are described. Perform the following operations: 

1. Remove the portable floor plate sections in 
the turr et officer' s compartment adjacent to the 
rammer cha in to be removed. 

2. Re move the two covers from the chain cas­
ing, acceSSible in the turret officer's compartment, 
that read "remove cover to extract tail link pin. " 

3. Drive out the tail link pin and remove the 
two r ollers. 

4. Re move the sprocket bearing covers. 
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Figure 10-20. Rammer Switch and Adjustment. 

5. Remove the sprocket coupling sleeve. This 
frees the sprocket from the B-end shaft. 

6. Remove the chain by manually drawing it 
out until it is free. 

Operations 1 through 6 above are convenient for 
outboard rammer installation. For the center ram­
mer installation the alternative method of limit stop 
control overtravel is used. Proceed as follows: 

1. Perform operations 2 and 3 of the instruc­
tions above. 

2. Open the vents in the main transmission 
lines . 

3. Remove the chain by manually drawing it 
out until it is free. 

This action causes the driven gear to rotate be­
yond its limit stop control position - the six spring ­
loaded plungers and the gear hub being held by the 
rocket arm and striker pin - with the plungers slip­
ping from their detents in the ring-gear. When the 
chain is reassembled, the driven gear must be 
similarly displaced at the other extreme of chain 
movement and the stop controls readjusted. 
Disasse mbly of the A- end 

To disassemble the A-end, refer to drawing 
297359 and perform the following operations: 

1. Remove the screws and washers which 
secure the packing gland (265802 -57) to the front 
end of the A- end case. 

2. Remove the packing gland, gasket and 
rotary oil seal. 

3. Remove the stud nuts (265794-52) that se­
cure the case head to the case. 

4. Remove the long case bolts (265794-46). 
5. Place the A-end assembly, with its valve 

plate up, on a hollow center stand with the main shaft 
down in a vertical position. 

6. Remove the valve plate assembly. 
7. Place the tilting box at neutral. 
8 . Screw eyebolt into top end of main shaft. 
9. Remove the rotating group fro m the case 

with suital)le hoist. 
10. Remove the cylinder barrel (265801- 43) 

and cy linder barrel keys (265800-39). 
11. Remove the barrel spring (265800 -38) and 

the spring ring (265800 -37) . 
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12. Remove the socket cap nut locks(265793-12) . 
13. Remove the socket cap nuts ',!.lith socket 

cap nut wrench (265851-1). 
14. Remove the connecting rod sockets 

(265793-4) and the connecting rods. 
To disasse mble the universal joint, refer to 

section Z Z of 297359, and proceed as follows: 
15. Remove the taper pins (12-Z-49-104) by 

dr iving out wi th a punch. 
16. Rotate the bearing block 90 deg-rees, and 

remove the universal joint with the bearing block 
from the soc ket ring. 

17. Remove retaining pin (265794-19) fro m 
the trunnion block. 

18. Remove the trurmion pin. 
To disasse mble the stroking control unit, refer 

to drawing 265782, and proceed as follows: 
19. Remove the control cylinders (265814-8 

and 265814-12). 
20. Remove the cover from the housing. 
21. Remove the locknut (265813-43) and the 

eccentric sleeve wi th its associated parts. 
22. Remove the locknut from the tilting box 

shaft and the end ball bearing. 
23. Remove the stroking arm, USing jack­

scr ews in the threaded holes. 
24 . Remove the unit housing. 
25. Remove nut (265843 -7) and pin (265851-5) 

and remove blocks (265812-3). Mark the blocks to 
aid in reassembly. 

26. Refer to drawing 297359 and remove the 
trunnion cap (265802-72). 

27. Remove the tilting box. 
28. Remove the nut s that secure the super­

charge pump to the valve plate. 
29 . Remove the supercharge pump and mark 

the gaskets so that they will be reassembled in the 
same posit ion as removal. 

30. Disassemble the valve plate, drawing 
297360. 

31. Re move valve plungers by ins erting a 
long screw in the valve end. 
Ass e mbly of the A-end 

Assembly the A-end in reverse order of the 
di s assembly procedure above. 
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Replace all gaskets in good condition. 

Tighten all nuts aJtCi screws, and make sure that 
all locking devices are locked. 

Keep the components free at all times of foreign 
matter. 

Cover all bearings, piston bores, valve plate , 
cylinder barrel and valves with a film of oil im­
mediately before assembly to provide lubrica tion the 
instant the unit is started. 

Adjust the stroking control unit afte r r eassembly 
and after it is vented and filled with fluid. Proceed 
as follows: 

1. Loosen locknut (2658 13-43). 

2. Rotate the eccentric sleeve so that the tilt­
ing box is on neutral. 

3. Tighten the locknut. 

4. Adjust screw (265853-101) so that there is 
from 0.002- to 0.010-inch clearance below the inter­
lock switch plunger when the tilting box is on neut ral. 

Disassembly of the B-end 

To disassemble the B-end, refer to dl dwing 
265785, and perform the following operations: 

1. Remove the B-end fr om the rammer chain 
casing. 

2. Remove the screws and washers which 
secure the packing gland to the front end of the B-end 
case. 

3. Remove the packing gland and oil seal. 

4. Remove the mounting flange and roller 
bearing assembly. 

5. Remove the stud nuts that secure the case 
head to the case. 

6. Remove the long case bolts. 

7. Remove the valve plate. 

8. P lace the B-end with its valve plate end 
down. 

9. Remove the angle box. 

10. Screw eyebolt into end of main shaft. 

11. Remove the rotating group. 

12. Remove the cylinder barrel and cylinder 
barrel keys. 

13. Remove the barrel spring and the spring 
ring. 

14. Remove the socket cap nut locks. 

RAMMER 

15 . Remove the socket cap nuts with socket cap 
nut wrench (2658 51- 1). 

16. Remove the connecting rod sockets and the 
connecting rods. 

To disassemble the universal joint, proceed as 
follows : 

17. Remove the taper pins by driving out with 
a punch. 

18. Rotate the bearing block 90 degrees, and 
r emove the universal joint with the bearing block 
from the socket ring. 

19. Remove the retaining pin from the trunnion 
block. 

20. Remove the trunnion pin. 

21. Disassemble the valve plate (drawing 
297388). Remove the "over plate. 

22. Remove the retainer plate (265836-15) 
from the driven gear assembly. 

23 . Wrap a strong cloth around the assembly 
befor e removing the ring-gear (265836-41) in order 
to catch the spring-loaded safety plungers (265836-32). 
These will be thrown out of their holes by the springs 
when the r ing - gear is removed from the gear hub 
(297 387 -4) . The safety plunger s and springs are 
interchangeable. 

24. Remove the driven gear hub and its shaft. 

25. Remove the rocker arm (297392-4). 

Assembly of the B-end 

Assemble the B-end in reverse order of the dis­
assembly procedure above. 

Replace all gaskets in good condition. 

T ighten all nuts and screws, and make sure that 
all locking devices are locked. 

Keep the components free at all times of foreign 
matter. 

Cover all bearings, piston bores, valve plate, 
cylinder barrel, and valves with a film of oil im­
mediately before assembly to provide lubrication the 
instant the unit is started. 

To assemble the safety plungers and springs in 
the driven gear assembly, proceed as follows: 

1. Insert 3/ 16-inch-diameter steel pins into the 
the drilled holes of the gear hub and on top of the 
safety plunger springs (265841-33). 

2. Remove these steel pins after the ring-gear 
(265836-41) is in place. 
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Chapter 11 

POWDER HOIST 

16 -Inch P owder Hoist Mark 9 and 

Mark 9 Mods 1 t o 8, Inclusive 

GENERAL DESCRIPTION 

The turret powder hoist installation for each gun 
is s imilar to the arrangement s hown in figu r e 11-l. 
T he right, center, and left installations , deSignated 
16 - inch P owder Hoist l.V1k 9 Mod 0 and Mk 9 Mods 1 
t o 8 inclusive, are ins talled in turrets of t he IOWA 
c lass battleships as tabulated below. 

The 16 -inch Powder Hoist Mk 9 is a car type ver­
tical lift, e lectric-hydraulically driven, arranged 
for s elective se r vo or manual control. All hois ts 
a r e of the same general design and have identical 
power drives and controls. 

Each powder hoist is a functionally independent 
assembly. It delivers a full se rvice powder charge 
of s ix powder bags to a gun dur ing each hOisting cycle . 

Turret installation 

P owder hoist installations, accor ding to s hip, 
turret, and position of each assembly are tabulated 
below. 

E mplacement P Owder Hoist 

Ship Turret Gun Mark Mod 

Iowa, I Right 9 0 
1 Center 9 1 

New Jersey, I Left 9 2 
II Right 9 3 

Mi ssouri, II Center 9 4 
II Left 9 5 

and m Right 9 6 
ill Center 9 7 

Wisconsin m Left 9 8 

Components 

E ach powder hoist as s embly consis t s of the fol­
lowing components which are desc ribed in the follow­
ing paragr aphs: 

P ower drive 
P owder hoist trunk 
T r unk lower doo r assembly 
T runk upper door assembly 
P owder car 
Controls and interlocks 

Component locations 

Component locations, shown in figure 11 -1, are 
simila r fo r the three turret assemblie s . P ower drive 

units are located forward of the hoist trunks, above 
and within the gun girder box spaces, except for cer­
tain cont r ols. The electric controllers are located 
in the machinery space of the upper projectile flat. 

The powder hoist trunks extend from the powder 
handling room to the gun house roof. Left and center 
t r unks ar enclos ed within the left gun girder bOX, 
the r ight trunk is Similarly enclosed within the right 
gun gi rder box. 

P owder hoist t r unks are equipped with door assem­
blies arranged at the lower and upper ends. The 
lower door opens into the powder handling room and 
the uppe r door opens into the respective gun room 
compartment. 

The powder ca r, mounted on rails, moves verti­
cally within the hois t trunk between the lower and 
upper door assemblies . 

P owder car and door actions a re coordinated by 
a s ys tem of control and interlock devices located in 
the hoist trunk , on the powder car, and at the power 
drive units. The ON -OFF master pushbutton control 
is at the hoist operator's station. 

F unctiona l ar rangements 

Each powder ho ist assembly is operated and con­
trolled independently of the other powder hoists within 
the tu r ret . Its power drive, an electrically driven 
hydraulic trans mission, raises or lowers a powder 
car whic h is confined within the spaces of a trunk. 
The ca r is loaded through the trunk lower doors and is 
unloaded through the trunk upper door. The powe r 
dr ive controls automatically stop the ear at the load­
ing and unloading stations. 

The t r unk lower door arrangements provide for 
loading both powder car trays simultaneously from 
the powder handling room. The trunk upper door 
arrangeme nts provide for unloading each car tray 
s ingly at two unloading stations. The upper door is 
hydr aulica lly operated by pressure from an auxiliary 
pump mounted on the electric motor. 

The ar r ange ment of power drive operating con­
trols is se lective a nd provides for both servo and 
manual control of the hoist. P ressure for ser vo 
operation is derived fr om a control and supercharge 
pump mounted on the A -end assembly. 

Des ign features 

The tu r ret powder hoist assemblies, independently 
cont r olled by s eparate hoist operators, have no inter­
connection. The assemblies have the same speeds 
and degrees of selective control. 
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Figure 11 -1. 16-Inch P owder Hoist :Mk 9 Mod 0 - General Arrangem ent within Turret 
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The powder car, trunk lower and upper door 
asse mblies, and the starting lever are interlocked. 
This arrangem,mt prevents simultaneous opening of 
b oth doors, locks the starting lever at neut r al (ex ­
cept when both doors are closed or when unloading 
the car at the upper station), and blocks opening of 
either door until the car arrives at that station. 

Selective hoist controls provide for either se rvo 
or manua l operation of the hoist. 

T he trunk upper door is operated by the rammer 
operator in the gun room. 

Design differences 

Turret powder hoist asse mblies are of vi r ­
tually identical design. The hoist vertical lift, 
tabulated below, varies according to its location. 
Power dr ive assemblies for right and center hOists 
a re identical. They differ from the left hoist power 
drive assembly in that the B -end rotation is oppos ite 
due to its left hand installation. P owder cars for 
right and center installations are loaded and unloaded 
from the right side. The powder car for the left in ­
stalla tions are loaded and unloaded from the r ight 
s ide . The powder car for the left ins ta llation is 
loaded a nd unloaded from the left s ide. Lower and 
upper door assemblies and loading trays are mounted 
on t he trunk to align with respective powde r cars . 

Data 

All hOists have the same capacities and rates of 
delivery. The vertical lift va r ies for outboard a nd 
center gun turret installations and for the diffe rent 
turrets. These and other data are: 

Hoist capacity 
P owder car (powder bags) . . • . . . 6 

Vertical lift, feet 
Powder hoist designation 

Mk 9 Mod 0 
Mk 9 Mod 1 
Mk 9 Mod 2 
Mk 9 Mod 3 
Mk 9 Mod 4 
Mk 9 Mod 5 
Mk 9 Mod 6 
Mk 9 Mod 7 
Mk 9 Mod 8 •.•.... 

Adjustable limits, feet . . . . 
Hoist speed (longest vertical lift) 

Cycle time, seconds maximum 
Servo electrical . • . . . . 
Manual mechanical (hoisting) . 
Manual mechanical (lowering) 

Weights (pounds) 
Electric motor . . 
Electric controller 
A-end assembly . 
B-end assembly . 
Powder car (empty) 

DETAIL DESCRIPTION 

Powe r drive 

45.48 
45 . 64 
45. 48 
54. 08 
54.14 
54. 08 
43. 08 
43.14 

. . . 43 . 08 

. 35 to 57.50 

12.50 
15. 00 
12. 00 

2550 
235 

1679 
2642 
2050 

The powder hoists are driven by ide ntic al ele c -
t ric -hydr aulic power drive assemblies that consist of: 

Ele ctric motor 
E le ctric controller 
Motor to A-end couplings (two) 

A-end assembly 
B-end assembly 
Auxilia ry pump 
Latch and vent valve 

POWDER HOIST 

Safety car stop operating device 
Safety car stop release valve 
Cont r ol linkage 
Dashpot 

Component locations and arrangements. Located 
forwar d of t he hoist trunks, the power drive units 
(fig . 11 -1 ) are mounted above and within spaces form­
ed by the gun girder box weldments. Left and center 
hoist units are mounted within the left box weldment, 
and the r ight hoist units are mounted within the right 
box weldment. At the top of the box weldments, gird­
e r cap plates subdivide the spaces and provide floor­
ing and foundations for the electric motor and B -end 
assemblies. The A-end assembly, located below the 
cap plate and beneath the electric motor, is connected 
to the B -e nd by the main system hydraulic trans­
miss ion pipes. The auxiliary pump is mounted on 
the electriC motor upper end. Power drive control 
li nkage extends rearward from the A-end assembly 
through the hoist trunk to the operator's control sta­
tion. 

Electric motor. A squirrel-cage induction type, 
the electric motor is flange-mounted on the top of 
the gun girder cap plate. Vertically arranged, the 
motor has its output shaft at the lowe r end and is 
coupled to the A-end main shaft through two flexible 
couplings a nd a connecting shaft. 

Moto r data. 

Type .. 
Design features 

squirre 1 cage, induction 
waterproof, fan cooling, 

vertically mounted, 
direct drive 

Hors epower ...... • .. 100 
Revolutions per minute, 

synchr onous . . . . . . . • . . . . 1800 
Revolutions per minute, full load .. . 1770 
Rotation (looking down) . . counterclockwise 
Speed class . . . . . . constant 
Voltage ....... 440 
Amperes , full load 90 
Amperes, locked rotor. 950 
P hases . . . . . . . 3 
Cycles . . . . . . . . 60 
Ambient te mperature, C 40 
Torque class . . . normal 
Weight , lb . . . . . . . . . . . . . 25 50 
Manufacturer . . • Westinghouse Electric & 

Manufacturing C o. 
Manufacturer's designation. . . .. CS-753 
Drawing . . . . . . . . . . . . . 274358 

Electric contro ller, Each electric motor is 
po ered and controlled thr ough an across-the-line 
magnetic -type cont r oller . Each controller contains 
a ma in contactor, overload re lays, reset relays, 
and a hand-operated circuit b reaker. Mounted 
in the machinery space of the upper prOjectile 
flat , the controller is controlled from a master 
pushbutton switch at the hoist ope rator's station. 
Normally open, the switch is closed to start the 
electriC moto r by p r ess ing the START-EMERG 
button . The motor is stopped by pressing the mas­
ter STOP button or an emergency stop pushbutton 
at the lower door operator's station. 
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C ontrolle r data. 

Type . .. wate rproof, s e miautomatic , 
acros s -the -line starter, 

automatic ci rcuit b reaker, 
controlled by r emote pus hbutton 

Amper e rating, full load. • . •• . 126 
Protection 

Ove r load, thermal t ype 
Adjustable ra nge, amp. 
Nor mal s etting, amp • 

Short circuit, automatic 
ci r cuit br eake r , amp 

U nde r voltage 
Drop -out voltage 
Sealing voltage 

.125 .8 to 170.2 
128.5 

1800 

50 
370 
150 Shock rating . 

Weight , lb . 
Manufacturer 

. . . . • • •. 235 

Dr awing 

Westinghouse Electric 
& Manufacrurtng Co. 

. • . . • . . 274360 

Motor to A-end coupling~(twot The electric 
m ot or s haft i s coupled to t he A-end s haft thr ough a 
connecting s haft and two identical flexible couplings. 
SpUned at each end, the connecting shafts fo r right 
a nd center power dr ive a s semblies a r e 11. 16 inches 
long, the connecting shait fo r the left assembly 1s 
HI.75 inches long. The couplings, s plin e f itted at 
each end of a connecting shaft , a r e floating , self ­
a ligning , extended, commercial unit s wit h des ign 
details as shown in figure B- 7 of chapter B. E ach 
coup ling comprises a rigid hub which connects to a 
flexible s leeve and flexib le hub . The flexible hub 
has external teeth at t he shaft end which mesh with 
the lnte r na l teeth of the flexible sleeve . A s light 
clearanc e between t he meshing t eeth permtts drive 
with small misalignment between the motor and A­
e nd s haft . Each coupling is provided with a gr ease 
fitting fo r lubrication. 

A -end assembly. The A-end as s embly (fig. 11-2) 
consists of the components listed below. Type, ar ­
rangement, and functional purpose of the components 
are desc ribed in following pa r agraphs : 

Hydraulic pump 
Gea r t r ain 
Control and supercharge pump 
Cont r ol cas e 
on filte r 
Oil supply tank 

!,!ydraulic pump-, Consisting of rotating and non­
r otating groups, the pump is mounted in a housing 
and yoke . The rotating gr oup comprises a cylinder 
block, seven pistons and connecting r ods , a univer ­
sal link and pin assembly, a nd the drive shaft . A 
yoke , valve plate, a nd valve b lock compr is e t he non ­
r ota ting gr oup. The cylinder block a nd pist on assem ­
bly are ba ll-bearing-mounted and are s pring-held 
against the valve plate . The dr ive shaft , a ls o ball­
bearing-mounted, provides s ockets for the connecting 
r ods which attach to pistons within the cylinde r 
block. Mounted within the c ylinde r b lock and main 
shaft, the universal link and pin assembly provides 
flexib le drive between the two components . The 
valve pla t e and valve b lock are m ounted in the yoke 
which is pintle-mounted on the pump housing. This 
a rrangement proVides a flexible drive connection 
b etween the drive shait and cylinder block. The 
pump regulates hydraulic motor speed and direction 
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of rotation as it is t ilted or offset fro m neutral by 
its yoke , which is connected to t he servo and manual 
control devices. 

The A-end hydraulic pump is a hOUS ing-enc losed 
multi-pist on unit. It is a type K, ric ipr ocat ing, vari ­
able-stroke , r otating pump of modified commercial 
des ign. 

The hydraulic pump unit , mounted ve rtically 
within the pump housing, is attached to the hous ing 
upper end with the splined drive shait extending up ­
ward . Connected to the electric motor by the cou -
p ling a r rangement described previously, the 
pump is continuous ly dr iven at approximately con­
stant speed. 

The r e are two cent er ing spring as s emblies , one 
for hOisting a nd one for lowe ring, which exe rt p r es ­
sure on the pump yoke through spring - loaded plung­
e r s . Mounted ve rtically within the pump housing, 
the ass emblies are s o a rranged that the plungers 
bear on arm mounted rollers of the pump yoke . The 
plungers a r e r etracted by main system high pressure . 
M te r completion of a hoisting or lowering stroke , 
the as s emblies retu rn the pump yoke t o a neutral 
position slightly offset towa rd hoisting. 

The limit switch, used in the electric motor 
s tarting circuit , is mounted on top of the pump 
hous ing between the cente r ing s pring assemblies. 
It opens the starting circuit wheneve r the pump yoke 
is offset from a near-neutral pos ition. This pre­
vents a starting overload on the electric motor. It 
is a plunger- operated, two-pole nor mally c losed 
switch. The switch plunger is operated by a limit 
switch cam mounted on the pump yoke midway be­
tween the arm -m ounted r ollers described above. 

Gear train. A case -enclosed gear train asse m ­
bly, compris ing input, idler, and drive s pur gears, 
is mourlted on top of the A-end case . Driven a t con­
s tant speed by electric motor input t o the A-end 
pump, the ass embly reduces electr ic mot or s peed to 
drive the control and supercharge pump at 1200 
revolutions per minute. 

Control and supe rcharg~pump'. The control and 
supercharge (s e rvo) pump is a multiple vane , con­
stant displacem ent , radial t ype . It Is mounted on top 
of the gear train case by a flange attached to the pump 
housing. The pump is dr iven by a shait spline fitted 
to the gear train drive gear. With its intake line 
connected to the A-end pump reservoir, the pump 
discharges through a duplex filter and cont r ol (servo) 
pump bypas s valve int o the A -end contr ol ca se . The 
pump has a rated capacity of 11. 0 ga llons per mtnut e 
at a pressur e of 160 pounds per squa r e inch, regu ­
lated by the ci r cuit re lief valve . 

Contro l case. The control case, mounted on the 
side of the pump hOUSing, is a valve block asse mbly 
with control levers. The valve block compr is es a 
se rvo stroking piston, contr ol pump r elief valve, 
powe r failure valve, venting valve , control pump by ­
pass valve, check valve, and servo valve. The c on ­
t r ol leve r s connect valve block components to the 
selector control lever and the cont r ol lever , in addi ­
tion to operating the control pump bypass valve . 

A-end mount1!1g and access arr angements . The 
A- end pump housing is mounted on top of a zinc coated, 
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welded steel supply tank. Access to the tank Is 
through inspection openings, normally closed by 
removable covers which are mounted on the tank ends. 

Oil filter. A screen-type filte r in the c ontrol 
pump circuit removes for eign material from the hy­
draulic fluid before it enters the control case. The 
filter assembly, mounted on the side of the supply 
tank, comprises two e lements which are used simul­
taneously in normal operation. However, a control 
valve permtts individual use of either filter element, 
making it possible to clean a fouled e lement without 
stopping the power drive. 

Oil supply. tank. Providing a mounting base for 
the A-end pump housing, the supply tank is secured 
to its gun girder foundation by bolts and integral tank 
mounting feet . The tank and A-end assembly may be 
drained through a normally closed plug in the tank end. 

LINE T2 

POWDER HOIST 

Filled through a r emovable cap in the side of the 
pump hOUSing, the tank fluid level is ve rified by 
high and low level t rycocks in the s ide of the tank. 

B-end assembly. The B -end assembly (fig. 11-3) 
consists of the components listed below: 

Hydraulic motor 
Hoisting drum 
Brake drum assembly 
Foot valve 
Acc eleration and decele ration cams 

Rydraul1c motor. The hydrau lic motor, consist­
ing of rotating and non -rotating gr oups , is Similar 
to the A-end hydraulic pump except that its cylinder 
block and valve plate have fixed offset position. A 
cylinder block, nine piston and piston rods, a drive 
shaft, and a universal link and pin assembly comprise 

NG 
VALVE LEVER 

LATCH AND 
VENT VALVE 

LINKAGE 

LI MIT 

Figure 11-2. Powder Hoist A-end Assembly - General Arrangement 
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the r otating group . The non-rotating group comprises 
the motor hous ing , valve block, and valve plate . The 
r otating assembly is driven through a closed hydrau­
lic circuit from the A-end pump which is connected 
to the B -end valve block by hydraulic t ransmission 
lines. Motor rotation is t ransmitted through the 
drive shalt, which is spline -fitted to the hoist drum. 
Hydraulic motor speed and direction of rotation are 
dete rmined by the direction and degree of pump yoke 
offset . 

The B -end hydrauliC motor, a multi -piston unit , 
is a type K, reciprocating fixed st roke, r otating 
pump of modified commercial des ign. The hydraulic 
m otor unit is horizontally mounted on a we lded stee l 
base plate which forms the foundation for the com ­
plete B -end assembly. 

Components . The hydraulic motor consists of 
t he following components: 

Motor housing 
Valve block 
Valve plate 
C ylinder block 
P istons and piston rods 
Drive shalt 
Universal link and pin as sembly 
Re lief valves 
Check valve 

ACCELERAT ION AND 
DECELERATION CAM 
HOUSING 

HOISTING 
DRUM 

COVER TO 
ACCELERATION 
AND 
DECELERATION 
CAMS 

BRAK E LIN Tl 
BAN D FROM 

A END 

LINE L22 
TO SUPPLY 

TANK 

Figure 11-3. P owder Hoist B-end Assembly -
General Arrangement 
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Relief valves. The hydr aulic motor relief 
valves (two) are located in the B -end va lve block. 
Identical valve assemblies, they are spr ing -loaded, 
plunger -type valves arranged in opposed positions, 
with separate oil pass ages . These extend to the 
main transmission pipe ports of the B -end valve 
plate . The valves are adjusted to relieve main sys ­
tem high pressure in excess of 21 00 pounds per 
square inch, 

Check valve , The check valve is located in the 
B-end valve block. It is a s pring-loaded plunger­
type va lve that prevents excessive high pressure 
build-up at the start of a lowering cyc le . 

Hoist drum . The hoisting drum (fig, 11-3), a 
machined cylindrical s t eel weldment, is spline fitted 
ort the hydraulic motor drive shaft. Thread -grooved 
to insure even winding of the powder car hoist rope, 
the drum has flanges at its outer ends to retain the 
r ope on the drum, 

Brake drum assembly...!- The brake drum assembly 
comprises the brake drum, brake band, br ake oper ­
ating mechanism, and a brake ratchet ass embly. 
The brake drum , a machined cylindrical steel weld­
ment, is fitted with free bearing on the hydraulic 
motor drive shaft. It is connected to and driven by 
the hoisting drum through the brake ratchet assem­
bly. The brake band- is a steel band with attached 
brake lining mater ial. Slightly narrower than the 
brake drum a r ound which it is mounted, the band 
has riveted -on end pieces for attachment and adjust ­
ment. The brake operating mechanism is connected 
by a short link to the end of a brake operating lever 
which is attached t o both ends of the brake band. 

Brake operating mechanism.. Secured to the 
welded steel base plate, the brake operating mech­
anism comprises a pressure-operated cylinder, links, 
and levers which operate to release or apply the 
brake. Press ure-operated to release, the br ake is 
applied by venting the brake cylinder; this allows the 
spring in the cylinder to move the piston and linkage 
to contract the brake band . When the brake is re­
leased by main system high pr essure , the band is 
fo rced out to rest against five adjustable stops, which 
hold the band away from the brake drum. 

F oot valve . Mounted on the bottom of the B-end 
valve plate, the foot valve assembly is controlled by 
linkage mounted on the motor unit base plate . The 
foot valve prevents the powde r car fr om lowering at 
the start of a cycle, while the brake is re leased and 
the main circuit press ure is building up to support 
the load. When s topping, after the main circuit is 
vented, the foot valve holds the load until the brake 
has had time to apply. The foot valve functions only 
at the beginning and end of a cycle because its con ­
trol linkage is mechanically conner.tp.d to the operat ­
ing control linkage. As the A-end pump is offset 
from center, the foot valve linkage opens a valve 
which bypasses the foot valve. During a hois ting 
cycle , the foot valve is bypassed through a check 
valve in addition to the bypass valve. 
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Acceleration and decele r ation cams. F our cams 
control t he hoisting and lowering acceleration and 
deceleration rates. The cams a re adjustable for 
{)ositioning the flight and a lso for controlling its length. 

Cam housi!)g. Located on the end of the B - end 
output shaft, the steel cam housing provides a mount ­
ing fo r the outboard bearing of the drive shaft. The 
housing includes a reduction gear which drives a cam 
support assembly. Geared to the output shaft, the 
cam s upport turns less than one revolution for a 
hoist flight of 53 feet. The accele ration and decel­
eration cams are secured to the cam s upport. 

Cam c ontrolled link~~ A r ocke r arm and shaft 
assembly, located at the lower end of the cam hous­
ing, trans mits motion controlled by t he cams to the 
A -end cont r ol rod. This motion is transmitted to 
the A-end through the control linkage and limits the 
degr ee the A-end pump may be offs et . This dete r­
m ines the maximum speed of the hoist at each posi­
tion of the powder car. 

Differences between the B-end ass emblies. B­
end ass emblies consist of exactly the same compo­
nents fo r right and left installations, but the compo­
nents are assembled differently. The method of 
changing power equipment fr om right-hand to left­
hand is described on page 11 -48. 

!!ydraulic sy'stem data. 

Type . . . variable displacement speed gear 
Driven speed of pump, rpm . . . . . . 1800 
Speed of hoisting drum 

HOisting, rpm . . . 
Lowering, rpm 

Torque load 
Normal, rated, ft - lb . 
Maximum, rated, ft- Ib 

Oil temperatures 
Normal operating range , F 
Maximum permitted, F. . 

Displacements 

168 
178 

• 2400 
3750 

.120 to 175 
185 

P ump, cubic inches per rev . 11.84 
Motor, cubic inches per r ev ...• 158.62 

Manufac turer . • . . Vickers, Incorporated 
Manufacturer's designation. . . . . N-323 
Dr awings. . . . . . . . . 325000, 325001 

AuxiliaIT...pumQ.. The auxiliary pump is a multi­
pIe vane, consta nt dIsplacement , radial type. It is 
m ounted on the upper end of the hoist elect r ic motor 
by an integral flange of the pump housing . Connected 
t o the rotor shaft, the pump is directly driven at 
1800 revolutions pe r minute by the electric motor. 
With its intake line connected to the s upply tank, the 
pump discharges through a duplex filte r i nto the 
hoist uppe r door hydraulic s ystem , described on 
page 11 -9. The pump has a rated capacity of 30.0 
gallons per minute at a pr ess ure of apprOximately 
75 pouncis per square inch, which is regulated by 
the system relief valve. 

Lat ch and vent valve . The latch a nd vent valve, 
flange mounted on the fo rward end of the A-end case, 
is a two-pOSition, spool-type valve. Connected t o 
the control selector linkage, it acts dur ing a mechan­
ically controlled cycle to vent main system pressure 
and a lso to apply the hoist drum brake . The valve 
latch is mechanically held out of the hoist control 
linkage cam notch when the control selector lever 
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is at SERVO ELECTRICAL. The valve, pressur e ­
operated to withdraw the latch, is spring- and pres­
sure -operated to retur n the latch to the cam notc h. 
In mechanical control, the latch prevents movement 
of the hoist operator's control lever until the safety 
car stop release valve is moved to its start position. 
ThIs prevents inadver tent lowering of the powder ca r 
on to the s afety car stop device. 

Safety car -stoP--.9perating device. The s afety 
car-stop ope r ating device (fig. 11 -12) is a flange 
mounted on the forward Side of the mounting plate 
that supports the s afety car-stop r elease valve. 
Hydraulically connected to the valve, the device 
cons ists of a housing enclosed plunger which is at ­
tached to a lever mounted on the safety latch ope rat ­
ing shaft. The device operates a pai r of safety latches 
(described on page 11-12). These are withdrawn hy ­
draulically fro m the path of the powde r car when the 
starting lever is positioned at START . M ter a few 
inches car movement, the starting lever is released 
and the lat ches a re spring -operated to return into 
the path of the car. 

Safety: car -stop re lease valve. The s afety car­
stop releas e valve, flange mounted at the hoist ope-ra­
tor's station (fig. 11 -4), is a two pOSition, spool­
type valve . It opens or blocks ma in system pr essure 
flow to the s afety car-stop operating device . C onnect ­
ed by linkage to the starting lever , the 'talve is man ­
ually operated. In the start pOSition, it functions to 
start a cycle and to withdraw the safety latches from 
the path of the powder car . Spring-loaded, the valve 
returns t o the stop position when the starting lever 
is r eleased. 

Control link~~. Control linkage elements (fig. 
11-2) are located forward of the hoist trunk and inter ­
connect the A-end cont r ol case and the control lever. 
The linkage consists of a steel bracket and shaft , to 
which are secured levers and adjustable control rods . 
Needle bearings a r e us ed to eliminate friction . The 
linkage connects the cam rocke r arms in the B -end 
t o the cont r ol pump ope rating lever at the A-e nd. 
The motion of the B -end cams is transmitted by the 
control linkage to the A-end pump yoke to limit hoist 
acceleration and deceleration rates. 

Dashp.Q1, The dashpot (fig. 11 -2), flange 
mounted on the gun girder adjacent to the A-end, is 
a valve block arrangement of a dashpot piston, two 
ball check valves , and two plunger-type feed control 
valves. The piston is attached by a clevis and lever 
t o the hoist control s haft . During mid -cycle (that 
is, when the rocke r arms ar e clea r of the accelera­
tion and dece ler ation cams ), the assembly prevents 
rapid shifting of the control lever. The assembly is 
adjus table by r estrictions placed in passages to the 
feed contr ol valves to slow down movement of the 
control leve r. This sets the hoist acceleration and 
deceleration rates t o not greate r than 16 feet per 
second, nor less than the rates which are determtned 
by the cams in the B -end. 

Powder hoist t runk 

The powder hoist trunks comprise the powde r 
car hOistways and accessory components within them. 
The three powde r hois t trunks are similar enclosed 
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vertical hoistways (fig. 11 -1) of rectangular plan 
s ection. They extend from the powder handling room 
and curve upward and rearward to the gun house roof. 
Left and center trunks rise within the left gun girder 
b ox weldment; the right trunk is similarly located 
within the rignt gun girder box weldment. 

Components . The powder hoist trunk consists 
of the components listed be low: 

Car rails 
Loading trays 
Car buffer , lower 
Car buffer, upper 
Hoisting sheave 
Car movement controls and interlocks 

HOIST INDICATOR 
SWITCH ASSEMB LY 

TRUNK 
DOOR 

Figure 11 -4. P owder Hoist Lowe r Door 
Operat or 's Station - General Arrangement 
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Car rails. The car rails provide curving double 
tracks for the powder car and are in vertical planes 
parallel to each other and to vertical planes of their 
respective gun axes. Each rail is made in five cast 
bronze segments. These are riveted to the side of 
the hoist trunk opposite the lower and upper door 
apertures with a width of 64.03 inches between rails . 
The lower segment of the forward rail is portable for 
powder car installation or removal. 

Loading tray.§., The loading aperture at the lower 
end of the hoist t runk is provided with a loading tray 
assembly. This assembly comprises two fixed trough­
like brass trays which are hOrizontally spaced 22.5 
inches apart. The lower tray Is 25.2 inches above 
the powder handling room platform. The trays tilt 
down at the forward end to a lign with the powder car 
trays when the car is at the loading station. 

Lower car buffer. The lowe r car buffer assem ­
bly compris es two identical spring and hydraulic 
buffer units and an expansion tank . All are mounted 
at the bottom of the hoist t runk with the buffer units 
aligned to contact the forward and rear ends of the 
powder car. The buffer cylinder has throttling 
grooves of variable depth in its wall. A coil spring 
on the buffer piston rod beneath the piston rod head 
augments the buffing action and r eturns the piston to 
full stroke after it has been compr ess ed. Located 
midway between the buffe r units, the expansion tank 
provides a common buffer fluid r eservoir for both 
hydraulic cylinders and is connected to them by cop­
per piping. The buffer assembly is placed so that 
the powder car is O. 5-1nch above the buffers when 
at the loading station. The maximum buffing stroke 
is 5.75 inches. 

ypper car buffer. The upper car buffer com­
prises four rubber buffer pads. These are located 
immediately below the hoisting sheave and are attach­
ed to the s ame side of the hoist trunk as the car rails. 
Clearance between the pads and the powder car stop 
is 1. 25 inches, when the car is at the upper unload­
ing station. 

HOisting sheave. The hois ting s heave, mounted 
on brackets bolted to the sides of the hoist trunk, is 
slAspended beneath the gun house roof. A 16-inch 
diameter single-grooved wheel, the sheave guides 
the car hoist rope and has free rotation on its mount ­
ing pin. 

Car movement controls and interlocks. Car 
movement, car stopping at loading and unloading 'sta­
tions, and trunk door opening and closing are coor­
dinated by controls and interlocks described on page 
11-13. 

Trunk lower door assembly 

The loading aperture for each powder hoist trunk 
is fitted with a vertically s liding , manually operated, 
two section door . The upper section r ises and the 
lower section drops when the door is opened. Both 
sections come together, when closed, at the level of 
the upper loading t ray ~as desc ribed above) . The 
lower door is arranged with lat ches to prevent door 
opening movement exc ept when the powder car is at 
the bottom of the hoist trunk. 
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DOOR 
LOCKING 

DOG 

SWITCH RESET LEVER 

Figure 11- 5. Powder Hoist Lower Door Latch -
Cutaway View 

Components. The trunk lower door assembly 
consists or:--

Door 
Door stops 
Door latch 
Foot-operated latch 

Door. Made in sections, the lower door com­
prlses two similar light weight, fabricated steel 
panels with stiffeners of the same material. Weigh­
ing apprOximately 57 pounds the door panels are 
identically rhomboid shaped. Arranged to slide in 
vertical channels of the supporting frame, the two 
panels are connected by a wire rope that passes 
around grooved sheaves. In this arrangement, each 
door section acts as a counterweight for the other in 
door opening or c los ing movements. 

Door stop.§,. Wedge-shaped door stops are mount­
ed on the upper and lower edges, respectively, of 
the upper and lower door sections. These stops con­
tact bracket mounted rubber bumpers which are ar­
ranged on the inner sides of the trunk both above and 
below the door aperture to limit door opening move­
ment. 

Door latch. A mechanical latch located on the 
inside of the door the door locking dog (fig. 11-5) 
is spring actuat;! to latch when the door is closed 
and the powder car begins to ascend. The dog is 
arranged with a car actuated unlatching lever, locat 
ed inside the hoist trunk, which projects into the 
path of a latch operating cam mounted on the car 
(page 11 - 12). Cam and lever function to unlatch the 
door during the final 2,75 inches of car descent. 

POWDER HOIST 

Foot-operated latch, Operated by a foot pedal at 
the lower door operator's station, the foot-operated 
latch is a spring actuated device . It latches the door 
sections together until released by the operator when 
the car is at the loading station. The latch operates 
in conjunction with the lower door interlock switch 
and the starting lever solenoid switch s o that the 
hoist cannot be operated when the lower door is open. 

Trunk upper door assembly 

The unloading aperature for each powder hoist 
trunk, located in the r espective gun room, 1s fitted 
with a door hinged at the lower door s ill, The door 
opens downward into the gun room to form a transfer 
tray between the powder car and the open projectile 
hoist cradle. The door is shown in its closed position 
in figure 11-6. 

ComP.Qnents. The trunk upper door assembly 
consists of: 

Door 
Door locking dog mechanism 
Dog locking latch 
Door operating mechanism 

SUPPLY 
TANK 

DOOR· 
OPERATING 
PISTON 
ROD 

G . 0 

o 

o 

o 

QUICK· 
OPt:NING 

VALVE 

Figure 11-6, Powder Hoist Upper Door Control 
Station - General Arrangement 
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Door. The door is a rectangular aluminum alloy 
ca s t ing with integral hinge lugs on its lower edge. 
The inner edge of the door is fitted with a rubber­
c or ed asbe stos-metal-cloth ga s ket which i s secured 
by an a luminum retaining strip. The outer face , 
fitted with seven bronze dog wedges, has two integr al 
lugs for m ounting the door operating piston rod bear­
ings. A cast bronze door frame, riveted in the 
trunk door aperture provide s integr al mating hinge 
lug s and a contact flange for the door hinge lugs and 
gasket respectively. 

Door locking dog mechanism. The door locking 
dog mechanism comprises seven door locking dogs 
which are simultaneously operated by a linkage sys ­
te m to lock or to unlock. This system is actuated 
by a toggle and yoke linkage which is normally op­
erated hydraulically, but which may also be operated 
by an e mergency hand crank mechanism (fig . 11-7). 
Each dog locking operating mechanism is attachable 
to the toggle linkage by a removable coupling pin. 
Ea ch is secured in a stowed position when it is un­
c oupled from the linkage. 

Dog locking latch. The main toggle link of the 
locking dog linkage has a latch lug which engages 
a spring-loaded hook of an interlock hook and ar m 
l ever (when the dogs are in a closed position). The 
a r m of the lever projects into the path of the powde r 
car and is pushed back by the car to release the hook 
(and the toggle linkage) when the ascending car i s 
2. 5 inches from its upper unloading position. When 

moving to unlatch the dog linkage , the interlock hook 
and arm lever operates a normally closed interlock 
switch. 

Door operating mechanism. A hydraulic assem­
bly , the upper door operating mechanism consists of 
a door operating cylinder, a locking dog operating 
cylinder, an auxiliary pump, a control valve, and a 
powder door solenoid valve. These units ar e shown 
schematically in figures 11 - 8, 11-9, and 11 - 10. 

The door opening Circuit is a low pr essure hy­
draulic system independent of the car hOisting hydrau­
lic syst em. The door operating piston is spring 
counterbalanced. Operating pressure is derived 
from the auxiliary pump described on page 11- 7. 
The door control station is in the respective gun room. 

The powder door solenoid valve, added by Or dalt, 
is an interl ock that prevents door opening upon opera­
tion of the control valve until the gun is in batte r y , 
the breech is open, the bore clear condition has be en 
ve r ified, and the bore clear switch has been depressed, 
and the rammer has returned to the fully retracted 
position after ramming a projectile. After the above 
c onditions are satisfied, the solenoid valve permits 
door opening, as shown in figures 11-8, 11-9, and 
11 -10, until the gun captain's ready switch is posi­
tioned to R EADY after loading. The powder door 
valve solenoid is controlled by the interlock porti on 
of the lR c ircuit as explained in chapter 15. 

LOCKING DOG LINKAGE TOGGLE AND YOKE LI N KAGE 
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CAR ACTUATED DOG 
LOCKING RELEASE LEVER 

INTERLOCK HOOK 
AND ARM LEVER 
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Figure 11-7. Upper Door Dog Operating Mechanism (Hand) 
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With the oper ating control at NEUTRA L (fig. 
11-8), aUXlhary pump pressure is ve nted to the 
supply tank through the relief val ve . When the oper­
ating control is at OPEN (fig. 11-9), pressure i s 
ported to the locking dog operating cylinder. This 
continues until final movement of the cylinder pis ton 
uncover s a port which ports the pressure to the top 
of the door operating piston. When the operating 
control i s at CLOSED (fig. 11-10), pressure i s port­
ed to the locking dog operating cylinder autom atically 
as the door closes by tripping of a quick-ope ning 
valve by the final closing movement of the door. 

POWDER HOIST 

Powder car 

The powder car (fig. 11-11) is arranged with 
guide whee ls which bear on the car rails described 
on page 11-8. It is equipped with dumping trays and 
has attached con tro l and operating cams and devices. 
The car conveys a full se rvice powder load to the gun 
in each hoi st cycle. Connected to the car hoist rope, 
the cal' has vertical movement through the hoist trunk 
(fig. 11 - 1) . 
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