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TRAINING GEAR

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

When the parallax computer is assembled, its
limit stops must be assembled in the proper relation-
?hip to ;l'}g length of the crank arm to crank pin M

fig. 6-27).

To make this adjustment proceed as follows:
1. Verify that the detent clutch J is engaged.

2, Disengage the mesh of the 66-tooth gear on
the end of shaft number 2,

3. Rotate shaft number 2 until crank pin M lines
up with crosswires, as seen through the window in
the computer yoke, This action places pin M in line
with the centerline of shaft number 2, Regardless of
the rotation of block K, no motion should be produced
on the computer yoke, This input corresponds to in-
finite range, and no correction is produced regardless
of train angle, For a fine adjustment of the zero mo-
tion, rotate the turret response input shaft, thereby
rotating block K, and adjust shaft number 2 until no
motion is produced on the computer yoke,

4. Rotate the inverse range input shaft counter-
clockwise (as indicated by the arrow on shaft 12, fig.
6-27) until the stops are reached with the 66-tooth

ears remaining disengaged, Rotate shaft 12 0,5-to

. T-turn back from the stop, and engage the 66-tooth
gears, If the gear teeth do not line up within the
fractional allowance, it will be necessary to run the
30-tooth gear, on shaft 2, off the track (which carries
crank pin M) and re-engage the gear one tooth re-
moved from its previous position. This can be done
without disassembling the computer yoke if block K
is rotated to a horizontal position, KExercise 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 inverse range shaft clockwise to its
stop after the 66-tooth gears have been meshed and
secured. Rotate block K at least one complete turn
(by rotating the response shaft) and check for inter-
ference, The computer yoke should travel through
its entire range as block K is rotated.

6. Rotate block K, by turning the response shaft
until the parallax arrow points upward. In this posi-
tion, the adjustable hub should have the adjusting
screws on top., With the hub in this position, adjust
it until rotation 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 merely slides up and down
in the yoke slot, A slight 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
II, and 180 degrees for turret IIl with the hub
and block K (as in step 6 of the previous set of
directions).

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

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

Setting the synchros

Setting the synchros to the transmitted gun train
signal must be done after assembling the gear train
to the receiver-regulator case, The synchros are
set by positioning the synchro cranks properly on
their rotor shafts,

To set the synchros:

1. Bet the receiver-regulator at zero degrees
train for turrets I and II (180 degrees for turret ITI),
using the checking dials as a reference,

2. Refer to adjustment of synchro electrical zero
on page 6-30, Perform step 8.

3. Assemble the coarse synchro crank, as in
step 7. The crank, when assembled to its nearest
position below the rotor shaft by the flexible drive,
may be slightly off center, Set accurately by rotating
the turret response shaft,

4, Assemble the fine synchro crank, as in step 8.
Set the crank accurately, as above,

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

6. Check the parallax computer for zero, Rotate
block K by turning the response shaft until the parallax
arrow points upward, In this position, the adjustable
hub should have the adjusting screws on top, With the
hub in this position, adjust it until rotation of the in-
velr(*se range input produces no motion on the computer
yoke.

7. Check the settings, as in operation 11,page
6-30.

Zeroing the valve block

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

To adjust these components:
1. Start the power drive,

2, Position the control selector lever at HAND,
and position the turret at zero degrees train (180 de-
grees train for turret II); admit hydraulic fluid to the
receiver-regulator,

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

4, Stop the power drive,

5. Move amplifier piston P3 to its center position
by first moving it to its limit on each side and then tak-
ing the average center position, Measurements taken
with a steel scale are sufficiently accurate.

6. Connect the fine synchro E crank arm and ad-
{uut the connecting rod so that the amplifier linkage L1
s parallel to the valve block,

7. Connect the coarse synchro D crank arm and
adjust the connecting rod so that the synchronizing
valve linkage L3 is parallel to the valve block, and the
synchronizing valve V3A is centered in the valve block,
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8, Press the START-EMERG button with the con-
trol selector lever at HAND, The turret may train
slightly when the electric motor is started, Verify
the zero (or 180 degree) angle of train, This iz the
reference point,

9. Restore the synchronizing valve V3A to its
center position. To do this, adjust the synchronizing
pilot valye V15 until the synchronizing linkage L3 is
again parallel to the valve block, These components
must be carefully aligned,

10. Adjust the fine synchro valve V3 so that the
amplifier piston P3 is centered once again, The am-

plifier linkage L1 should be parallel to the valve block,

11. Adjust the stabilizing valve V1 so that the sta-
bilizing linkage L2 is parallel with the V2 valve block.

CAUTION: While adjusting the stabilizing valve
V1, do not get fingers caught between stabilizing
valve V1 adjusting screw and the block of the automat-
ic stroking valve V2,

The adjustments made up to this point may not be
exactly correct, because so far the automatic strok-
ing valve V2 has not been centered. In the next step,
the automatic stroking valve V2 is adjusted, Slight
readjustment of the stabilizing valve V1 may be nec-
essary,

12, Position the control selector lever at AUTO,
The turret will probably train a few degrees and thus
disturb the parallel condition of the linkages, The
turret will come to rest with the automatic stroking
valve V2 centered,

13. Adjust the stabilizing valve V1 so that the link-
ages are parallel with the valve block. The turret
should then be back at zero degrees (or 180 degrees),
If the turret is not at zero (180 degrees), it may be
necessary to readjust the turret response input at
coupling A, and reset the checking dials. Only slight
readjustment should be necessary,

Replacement installation of receiver-regulator,
initial settings and adjustments

The procedure for synchronizing and aligning the
elements of the receiver-regulator are described in
following paragraphs, In the following 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 familiar 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. Paosition the turret at zero degrees train (or
180 degrees for turret III), If the train indicator has
been accurately set, it may be used for the train an-
gle reading, herwise the turret must be trammed.

3. Set the inverse range input on zero to insure
proper setting of the response shaft, This is done
by rotating the inverse range Input shaft until the
marker on the end of the parallax computer lines
up with the cross hairs of the parallax computer yoke,
In this position, the crank arm is in line with center-
line number 2, and regardless of the train angle (as
represented by the position of block 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, After the inverse range shaft has been set,
inspect detent clutch J and make sure that it is proper-
ly engaged. Set the turret indicator for INFINITE
RANGE, and connect the inverse range shaft, Final
adjustment may be made at adjustable coupling C.
Checlk by setting the turret indicator to 3400 yards and
inspect detent clutch J once again, Set the turret in-
dicator to its stop (2800 yards) and inspect detent
clutch J, The clutch should not disengage, If it does,
the stops in the indicator may be improperly set, the
inverse range shaft may have been improperly coupled,
or the receiver-regulator inverse range it stops
may be improperly assembled, Reset the indicator
to INFINITE RANGE and recheck for zero movement
of rack C as the turret response shaft rotates, The
indicator should remain set at INFINITE RANGE while
the turret response shaft is being connected.

5. Rotate the turret response shaft until the check-
ing dials indicate the known angle of turret train,

6. Comnnect the turret response shaft and make
final adjustment at coupling A,

7. Set the checking dials as directed on page
68-31 of thig chapter,

et the automatic limit stops before the turret
train is tested in AUTO, This ig extremely important,
because serious damage will occur if, while in AUTO,
the speed gear should over-run the HAND limit stop.

Automatic limit stop operating range adjustment,
The operating range is defermined by the number of
active discs in the assembly together with the spacing
of the adjustable pins 1 and 2 in the first dise. Each
active disc represents 20 degrees of train angle, and
the spacing of pins 1 and 2 represents 16, 4 minutes
of train angle per tooth in the mesh of the gears M
and N, shown in figure 6-29, The number of active
discs may be varied by locking any desired number
of discs to their adjacent lugs,

To 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 drive gear N, and the bearing retainer,

3. Force the discs apart so that about 1/8-inch
clearance 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.

6. Lock the desired number of lugs together.
6. Reassemble gear N and the bearing retainer,

7. Make the fine adjustment by disengaging the
knurled adjusting knob and reengaging it in a differ-
ent position (fig. 6-29),

The B8-tooth gear set M and N acts as a many
tooth spline, connecting pins 1 and 2 to each other
so that they function as a single unit. The distance
between the pins determines the amount of train angle
represented by the first disc,
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Limit stop position adjustment, The adjustment
described previously deals only with the train operat-
ing angle, It is necessary to place this angle between
the limits of travel for the turret,

To adjust the limit stop position:
1, Start the power drive,

2, Operate the handwheels slowly until the limit
of train is reached in one direction, then reverse the
handwheels 1/2 turn,

3. Uncouple the stroke response shaft,

4, Rotate the stroke response input to set the
stop at the position of maximum travel, Make final
adjustment at coupling B,

5, Train the turret to the opposite stop in order
to check the operating range,

Adjustment of limit stop valve V34. The limit
gtop valve V34 Is spring centered, movable only by
the limit stop drive shaft, V34 should be carefully
centered by the adjusting nuts at the springs while
the drive linkage is disconnected, The adjusting screw
on the crankarm of the limit valve drive shaft should
be set so that no force is exerted by the cam follower
on the detent of the cam,

To adjust the limit stop valve:
1. Disconnect the stroke response shaft,

2. Determine the approximate operating range
and lock the required number of discs and lugs (as
described on page 6-32 of this chapter), then re-
engage gears M and N,

CAUTION: Read step 9 below before training,
While training, rotate the stroke response input shaft
by hand so that the cam follower remains in the cam
detent,

3. Train the turret slowly in HAND toward one
of the train limit positions. This position (usually
when training toward the port side? should be the stop
on the side at which the fixed pin (the long adjustable
pin of set 1 and 2) becomes active., This leaves the
movable pin available for adjustment at the opposite
stop.

4, Rotate the stroke response input shaft so that
the limit stop valve V34 moves about 3/16 inch in the
direction necessary for stopping the turret at the end
of the travel previously set, If the turret is training
to the right into the stops (increasing train angle),
the valve V34 should move toward the crank linkage,
If training to the left, the valve V34 should be pushed
into the valve block, away from the crank linkage,

5. Connect the stroke response shaft,

6. Train away from the stop about 15 degrees,
satch pointers and switch to AUTO, Train slowly
in AUTO toward the stop and adjust coupling B until
the automatic stop brings the turret to a halt at the
desired position,

7. Train in AUTO to the opposite limit stop
position, That position may be set by adjusting the
fine range adjustment on the knurled adjusting hub
(as described on page 6-32).

8. With the turret control in AUTO, train slowly
into each stop and check the stop position, If neces-
sary, adjust the stop position at stroke response shaft
coupling B.

9. The automatic limit stops should function
slightly ahead of the hand limit stops - never between
the hand limit stops and the positive stdp bulfers. If
the automatic limit stops are set to function after the
hand limit stops, there is danger of damaging the
speed gear controls and hand limit stops.

Position of synchro eranks, The synchro genera-
tor-receiver system must be energized to check and
adjust the position of the synchro cranks,

Position the synchro cranks as follows:

1, Place the gun train order in correspondence
with the turret position, The coarse synchro D crank
should extend downward and the fine synchro E crank
should extend upward.

2. Have the gun train order increased for right
train, The coarse synchro D crank should rotate
clockwise and the fine synchro E crank should rotate
counterclockwise,

Change gears for the parallax computer, The
change gears determine the amount of correction for
a given condition of inverse range and train angle,
They must be the correct gears for the turret in ques-
tion,

Change gears for the lowa class turrets are;

Mod. Turret Drawing 298318
number number Base feet Gear F ear G
5 I 119 piece 3 piece 4
6 I 47 piece 11 piece 12
7 I 299 piece 13 piece 14

Hydraulic vibrator, The hydraulic vibrator acts
to vibrate the amplifier piston P3 through a very
small amplitude and thereby eliminate static friction
in the control linkages and valves, There are two
adjustments on the hydraulic vibrator, one for fre-
quency of vibration and the other for amplitude of
vibration, To adjust the hydraulic vibrator:

1. Adjust the frequency through the throttle de-
vice in the servo pressure supply line for the vibra-
tor. The factory throttle adjustment, made with a
stroboscope, is for a crank shaft rotation of 1600
revolutions per minute, If the throttle requires read-
justment aboard ship, and a stroboscope is not avail-
able, the shaft rotation speed is difficult to determine,
The vibrator frequency should be fast enough so that
hunting of the turret is at an absolute minimum. If
the frequency of vibration is too rapid (about 1800
revolutions per minute), matching error increases,
The frequency should be set sufficiently fast for mini-
mum hunting, and at the same time, not so fast that
matching error is objectionable.

Adjust the displacement of the vibrator by varying
the length of the erank arm,

2., Remove the oil deflecting cover from the
end 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 the vibrator block.

4, Measure the total travel of the pistons with a
steel ruler, This data furnishes a base dimension
from which to start the adjustment, This data is best
gbtﬁin%d with the power off and by rotating the crank

v hand,

5. Loosen the crank adjustment clamp screws
ust enough to permit tapping the crank along its slot
means of a light blow. Measure the travel and

adjust for the desired amount,

6. Tighten the clamp.

The deflecting cover 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 fre-
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 personnel who are
familiar with the e‘i‘ulpment and procedure, and who
are eaulpped with the standard and special tools re-
quired for the job. All instructions applying to major
components presume removal from installed position
to a convenient location for disassembly, Instructions
for removal from installed positions are given in the
reference of the next paragraph, All instructions
applying to hydraulic mechanisms presume draining
of the system and removal of external pipe lines, As-
sembly procedures are omitted in instances of exact
reversal of the disassembly operations, The equip-
ment, drawings, and illustrations should be studied
carefully before starting disassembly. The following
general instructions should 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-
tamination of parts during handling.

2. If parts are to be left disassembled for any
length of time, they should be washed with an approv-
ed solvent and coated with some adequate rust pre-
ventative.

3. For handling the larger units, adequate hoist-
ing facilities are required,

4, Garlock and rotary oil seals must be handled
carefully when being removed, in order to prevent
damagit:g them on shaft splines. A small scratch or
tear in the seal is enough to cause a leak,

5. BShafts which contact oil seals are made
with carefully polished surfaces, It is advisable
to protect such surfaces immediately after dis-
assembly by wrapping with gammed paper or some
other protective covering 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 their original sets, 8o as not to upset the gear
meshes,

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

8. Do not permit the parts to contact each other
and become damaged,

Disassembly of the auxiliary pump cluster, Study
drawings 363 IBE and 363197,

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 rotor with vanes,
pump ring with pin, and the bushing. The pump is
now completely disassembled,

6. Wash all parts carefully in a non-acid clean-
ing fluid to ensure cleanliness and freedom from
foreign matter,

The pump assembly procedure is a reversal of
the disassembly operations, Special care must be
taken to:

1. Check the pump rotation, Rotation is indicat-
ed by the arrow stamped on the pump body. There
are arrows on both bushings and the rotor; all arrows
must point in the direction of desired rotation,

2. Assemble the vanes with the chamfer on the
trailing edge.

3. Tighten the pump head screws 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
diameter against the outer race of the shaft bearing,

D sembl the reduction gear pump cluster
mounting. Study drawings 363188 and 363191,

1. Remove the eight pump cluster mounting
screws,

2. Remove the pump assemblies,

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

4, Remove the housing adapter,

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

6. Remove the oil retainer with oil seal,

Further disassembly is evident by reference
to the drawings.
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Check rotation of the reassembled unit by remov-
ing the t’Elvug in the cover, Direction of rotation of the
{)&nion us exposed is as indicated by the arrow on

e cover,

Disassembly of the hand gear pump, Study drawing
363199,

1. Remove the securing screws; remove the
pump unit from its bracket,

2, Remove the two dowel pins and 12 screws that
secure 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 geal,

Disassembly of the A-end unit, Study drawings
268157, , an =

To disassemble:

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

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

3. Remove the rotary 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 case bolts 268203-3 from
the A-end assembly, using 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 to 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
stud, tapping from inside the tilting box.

10, Remove the stroking piston,

11, Remove the tilting box. To do this, support
the weight either bia hoist (using lifting rings thread-
ed into the tapped holes provided) or by blocking up
the tilting box from underneath to take the weight off
the trunnions,

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

To disassemble the rotating group:

1, Place the rotating group with the cylinder
barrel face down on two supports that are so arranged
that they straddle the projecting shaft end and leave it
readily accessible,

2. Compress the heavy barrel spring 290268-3,
by means of a jacking bolt inserted in the threaded
hole in the shaft end; use spanner wrench 8-2-958 to
remove lock nut 268203-19,

3. Remove the jacking equipment. Remove all
ring socket cap nuts and ring socket caps, Keep all
parts in numbered sets corresponding to the sockets
from which they were removed,

4, Remove the main shaft and socket ring from
the cylinder barrel by means of a lifting ring thread-
ed into the splined end of the main shaft. Leave the
piston and rod groups behind,

5. Remove each piston group separately and
disassemble, Keep in sets with the rods and the
ring socket caps and nuts.

6. Remove the screws that hold the trunnion
bearing blocks and remove the shaft from the socket

ring.

7. Disassemble the universal joint by first re-
moving the bearing retainers and slipping 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,

0, Disassemble the universal joint bearings and
remove the snap rings of the 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 roll-
ers from falling from the outer race. Further dis-
assembly is evident from the drawings.

Disassembly of the B-end units,
369 an .,

To disassemble;

Study drawings

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 disassembly,

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 38710,

To disassemble:
1. Remove the complete valve block assembly,

2, Remove the top cover and all the cover plates
with the exception of the end cover.

3. Remove the stud and the floating link.
4, Remove the tilt box arm from its shaft,

5. Take off the bearing retainer and draw the
tilting box shaft down, out of the housing.

6, Remove the end cover,

7. Remove the bearing cap and locknut, and draw
out the response shaft, leaving the gear, spacer, and
ball bearing in the housing,

8. Remove the locknut and pinion, and take off
the idler shaft from the housing, removing all gears,
bearings, and spacers as the shaft passes through
the opening.

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

10, Take off the bearing cap and turn the control
serew until it projects as far as possible from the
control nut, Remove the control screw response
gear until its outer bearing can be taken off, Disen-
gage the control screw from the sliding spline (quill
drive)of the control screw. Remove the control
screw through the side or top of the control housing.

11, Remove the screws from the bearing retainer
and slide out the entire control screw and nut assem-
bly, complete with control screw signal gear and all
bearings,

12. Remove the limit stop end covers and locknut,
Turn the limit stop nut to the right as far as possible,
and slide the entire assembly to the left until all gears
and spacers can be released from the right end of the
shaft and taken out, Remove the left bearing, limit
stop, and clamp, and slide the shaft back to the right
as far as possible, 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 housing,

Replacement of synchros

The fine and coarse synchros are so mounted as
to facilitate removal without disassembling the mech-
anism in the gear compartment. Adapter rings carry
the synchro stator bearings so that each synchro can
be removed through the front of the gear box, A
study of the assembly and general arrangement draw-
ings should precede the operations outlined below,
Remove the covers of the valve and the gear compart-
ments and proceed as follows:

1. Disconnect the synchro crank from the linkage
in the valve compartment,

2. Remove the synchro crank assembly, 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
coarse synchro D is being removed, it is necessary
to disassemble the parallax rail and yoke units before
removing the synchro retainer.

5. Remove the synchro brush plate,

6. Remove the synchro from the gear compart-
ment.

Removal of synchro cranks

To remove the synchro crank for either synchro,
remove the valve link connecting rod and the screws
that hold the assembly to the receiver-regulator case
partition.

Disassembly of the receiver-regulator main block

assembly,

For disassembly of the main block assembly,
study drawing 298301,

The main valve block assembly, including the
synchronizing valve block and the hydraulic vibrator,
may be removed as follows:

1. Disconnect the synchro cranks and the limit
stop drive crank.

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

3. Remove the pressure reducer valve V42 by
removing the four mounting screws in its flange and
removing it from the valve block,

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

5. HRemove the four Allen-head screws which
hold the valve block to the case partition,

6. Remove the valve block assembly, It is not
necessary to drain oil from the system gecause check
valves in the supply lines prevent the flow of oil to the
receiver-regulator case,

Receiver-regulator gear train

The gear train assembly drawing 319571 may be
removed from the receiver-regulator case as describ-
ed below:

1. Remove the response shafting.

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

3. Disconnect the wiring from the synchro termi-
nal bases,

4, Remove the synchro cranks and limit stop
drive erank from the valve compartment side of the
partition,

5. Remove the four large mounting bolts on the
gear train frame, The gear train assembly can then
be lifted from the case, In some installations, it may
be necessary to loosen the case from the pump tank
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before the gear train assembly can clear the A-end,
To do this, remove the four manifold mounting screws
which are in the top of the block of the automatic
stroking valve V2, Disconnect the leads of the sump
pump float switch from the junction block in the valve
compartment, Remove the row of bolts from the case
mounting flange, and raise the receiver-regulator
case, Be careful not to damage the check valve V41,
which is secured in the bottom of the receiver-regula-
tor case.

Receiver-regulator pressure reducer

The pressure reducer valve V42 may be removed
from the valve block as a unit, This is done by

removing the mounting screws in its flange and slid-
ing the complete unit out of the block,

Receiver-regulator valves

All valves are matched with their respective
sleeves; therefore, whenever a replacement is neces-
gsary, both the valve and the sleeve must be replaced.
Valves and sleeves are marked with serial numbers,
The valve must be assembled so that its number is on
the same end of the assemblr as the sleeve number,
The numbers must match as to location and numerical
order, When the new sleeve and valve assembly is
placed in the valve block, the serial numbers must be
toward the linkage to which the valve stem is attached.
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Chapter 7
PROJECTILE RINGS

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 II is provided with a third
projectile stowage ievel. The stowage arrangements
of the prolectile flats, illustrated in figure 7-1 (the
third level of turret II is not shown), are described
in the following paragraphs of this chapter,

RING CONTROL LEVER

RESPONSE COUPLING

Compartments, The compartment subdivisions of
the upper er 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 enclosed space are the projectile
ring power drive machinery, and the electric motor
controllers, The floor of the outer compartment

GEAR REDUCER

FORWARD

N
. f
y 3}
i i
)
t
o
\
I H
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a = \ E E
% - . / [ 4
QUTER FIXED CENTER INNER R04NG MACHINERY SPACE ELECTRIC MOTOR A-END B-END
STOWAGE RING HANDLING RING RING

Figure T-1, 16-inch Projectile Ring Mk 2 Mod 0, General Arrangement
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is subdivided into three concentric, ring-shaped plat-
forms, The outer ring, a nonrotating platform, is
attached to the cylindrical turret foundation and pro-
vides an area for the fixed stowage of projectiles,
The inner ring, a rotating glatform, is mounted on
rollers that are supported by the rotating structure
of the turret, The inner ring provides a projectile
stowage area that is power-driven either to the left
or to the right, with respect to the center ring, The
center ring, a part of the rotating structure of the
turret, is the projectile handling platform, Located
in the rear part of the center ring are the three pro-
jectile hoist tubes, This part of the handling platform
is an area for personnel operating when parbuckling
projectiles from the stowage platforms to the projec-
tile hoist loading apertures, The arrangements of
the projectile flats and parbuckling gear also provide
for parbuckling projectiles from the fixed stowage
platform to the rotating stowage area, The projectile
hoist tubes are arranged with loading apertures at
each projectile flat, The three projectile hoist tubes
can be served simultaneously from one projectile flat.

Stowage compartments. The inner stowage rings
of each flat, identical weldments, are roller-mounted
carriages, Each carriage is composed of a low cyl-
indrical coaming mounted around the inner edge of a
platform plate, ‘The platform plate provides sufficient
space for stowing two concentric rows of projectiles,
with each projectile standing on its base and lashed
to a coaming flange and securing plates, The carriage
roller assembly is located below the platform plates
of the flat, The top of the inner ring platform plate
is flush with the platform plates of the center and
outer rings.

The stowage arrangement of the outer rings pro-
vides sufficient space for stowing two concentric rows
of projectiles (one row in turret II, upper projectile
flat only). The projectiles, stowed standing on base
end, are lashed to a coaming flange and securing
plates which are attached to the turret foundation en-
circling the outer edge of the stowage ring.

Turret II is provided with a third level of fixed
projectile stowage., This projectile platform is locat-
ed in the powder handling room, immediately below
the cuter ring of the lower projectile flat, The stow-
age arrangement provides sufficient space for stow-
ing two concentric rows of projectiles with each pro-
jectile standing on its base and all projectiles lashed
in the same manner as those on the outer rings of
both flats,

The inner ring of each flat is equipped with an
independent power drive assembly. Each drive as-
sembly is arranged with manual control selection
and starting control for clockwise or counterclock-
wise drive of the inner ring, and its load of projec-
tiles, When started, the drive assembly moves the
ring through an arc of 30 degrees, and then stops
automatically. This action moves an unloaded sec-
tion of the inner ring out of the way and places a
supply of projectiles where they may be parbuckled
into the aperture of the hoist tubes,

Projectile parbuckling mechanisms are described
in chapter 8, The gypsy heads of the parbuckling
gear are mounted in the projectile handling space of
the center ring. Transfer of projectiles is always
performed by use of the parbuckling gear.

Stowing projectiles

Two separate routes and certain special equip-
ment are utilized for moving projectiles from the

7-2

main deck outside the turret to the stowed positions

on the projectile flats, A separate stowage route is
located on each side of the turret, The routes (or
ammunition loading trunks) are formed by hatch open-
ings in each deck, each opening being located directly
below the main deck hatch, The accessory equipment
installations and the special provisions for stowage
handling are similar for both routes and are described
below, The equipment includes ship's structural ar-
rangements and equipment, and Ordnance accessories.

Stowage handling

Ship and turret arrangements for prozgctile stow-
age handling are similar for both routes (port and
starboard). Each route comprises an ammunition
trunk outside of the turret, extending from the main
deck to the magazine level. At the bottom of each
trunk are overhead trolley conveyor arrangements
that lead to, and travel around, the annular handling
space between the powder handling room and the pow-
der magazines. There are hatches inside the turret,
leading upward from the annular handling space to
the projectile flats,

The ammunition loading trunks are accessible
only after the turrets have been trained to predeter-
mined angles. The angle of train for turret I is 266
degrees, for turret II the angle of train is 230 degrees,
and for turret III the angle of train is 193 degrees.
After the turrets are trained to these positions, port-
able beams are bolted to the tops of the gun house
structures, The portable beams each suspend a
sheave and hoisting hook directly over a trunk,

Structural arrangements for the stowage handling
routes are the trunks, the annular handling space,
and hatch arrangements within the turret, The ar-
rangements within the turret consist of two round
hatches in each projectile flat. Each hatch is fitted
with a hinged cover that fits flush with the floor plates
when closed, These hatches are located at the rear
of each outer ring. The hatches are arranged in pairs,
with a hatch in the upper flat aligned directly above a
hatch in the lower flat. Both hatches in a pair are
aligned directly above the annular handling space of
the magazine level. Projectiles may be stowed on
the normally closed hatch covers.

Hoists, Equipment arrangements for the stowage
handIing routes are two sets of hoists and the over-
head trolley conveyor at the magazine-level, The
main deck hoists are 1 1/2-ton electric-motor-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 s mounted
on the outer end of the portable 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 space to the projectile flats, are electric-
motor-driven chain hoists of 1 1/2 tons capacity, with
remote start-stop controls and an automatic stop, The
hoists are permanently mounted on the overhead of
each projectile flat, adjacent to and above the round
hatch opening in the floor below the hoist, The hoist-
ing chain is led downward from the hoist through a
sheave that is secured to the floor alongside of the
round opening, From the sheave in the floor, the
hoisting chain is led upward to a second sheave that
is secured to the overhead directly over the center
of the round hatch opening in the 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,

Conveyor. The trolley equipment for moving pro-
jectiles Trom the bottom of the main-deck strikedown
hatches (ammunition trunks) through the annular han-
dling space, is an overhead monorail trolley with a
manually operated traveling 1 1/2-ton chain hoist,

At the end of the monorail, the projectiles are trans-
ferred from the trolley to the hook cf the electric-
motor-driven chain hoist described in the preceding

paragraph,

Projectile carrier, Accessory Ordnance equip-
ment, provided for handling projectiles by the pre-
viously described routes, consists of an adequate
allowance of 16-inch Projectile Carrier Mk 3 Mod 1.
The carrier is a projectile holding yoke and base
stirrup with a wire rope sling and becket, The ar-
rangement and use of the carrier are shown in figure
7-2, The carrier is a two-position carrying design,
It is used to carry prolectiles in the horizontal posi-
tion as well as vertical,

The carrier is removed from each projectile after
the projectile is delivered in a vertical position to the

HOIST HOOK HANDLING HANDLING
TONG TONG
g LATCH KNOB EYE
4
BECKET (_’
ISy
g
SLING
HANDLING TONGS FOR
16-INCH PROJECTILES
WITH MK 3 MOD 1 CARRIER
CABLE _: IN PASSAGEWAYS
CONNECTING
LINK i
(& NOSE GROMMET
45
HATCH PROJECTILE
COVER
HORIZONTAL
LIFTING EYE

YOKE-LOCKING
KEY

STIRRUP

Figure T-2, 16-inch Projectile Carrier Mk 3 Mod 1
Handling Ammunition

magazine level at the bottom of the trunk, A similar
carrier Is then fitted into position on the projectile,
and the {first carrier is hoisted empty to the main
deck, The projectiles are transported in 2 horizontal
position through the annular handling space, by means
of the second carrier and the overhead trolley-convey-
or, to a position beneath the turret strike-down hatches,
The projectiles are then hoisted in a vertical position
through the hatches to the projectile flats. Stowing of
projectiles on the inner and outer rings is performed
by parbuckling,

Projectiles, when positioned on the stowage rings,
are secured as illustrated in figure 7-3.

Serving the rings and securing projectiles

The stowage of the projectiles on the inner and
outer stowage rings is accomplished by the following
procedure:

After the projectile has been hoisted to either pro-
jectile flat, it must be secured in position on either
the fixed outer ring or the rotating inner ring. To do
this, the projectile must be removed from the person-
nel working area in the vicinity of the turret strike-
down hatches, This is done by parbuckling the pro-
jectile onto the inner ring and then rotating the ring
so that the projectile is delivered to the desired part
of the projectile flat, The handling personnel may
either remove the projectile to the outer ring by par-
buckling or secure it to the inner ring,

SECURING PROJECTILE

\ PLATE RING

\

| TURRET PROJECTILE
COAMING STRUCTURAL LASHING
FLANGE FOUNDATION CHAIN

Figure 7-3. Method of Lashing Projectiles
in Stowed Position
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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 ring 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, As
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.

Becurgﬁ %ro]ectﬂas. When projectiles have been
served to the 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 outer
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 differ, The stowage allocations for the inner
and outer rings and the total stowage of each turret
are tabulated below:

AUXILIARY CONDUIT
PUMP BOX

A-END DRIVE
COUPLING

AlR
FILTER

ELECTRIC
MOTOR

NEUTRAL INTERLOCK B-END
SWITCH

A-END CASE
AND SUPPLY TANK

ASSEMBLY

PROJECTILE STOWAGE DATA
Service projectiles: Number
Turret I

Upper projectile flat, outer ring . . 120
Lower projectile flat, outer ring. . 126
Eachimmerring « « + « + + « « « T2
Total stowage « « « « « + « . . . 300

Turret II

Upper projectile flat, outer ring . . 70
Lower projectile flat, outer ring. . 125
Eachinnerring . « . + « « +« « « T2
Fixed stowage, third level o o« 121
Total stowage . « « « . + +« « « « 460

Turret IT

Upper projectile flat, outer ring . . 100
Lower projectile flat, outer ring. , 126
Eachimmerring . ... ... .. T2
Total stowage . . . . . . . . . . 370

Power drive

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 0, 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 arrangements
are shown in figures 7-1 and T7-4,

HAND CONTROL B-END SHAFT WORMWHEEL
SHAFT COUPLING

GEAR

/ B-END REDUCER

RESPONSE WORM HOUSING

MANUAL BRAKE PINION IDLER
RELEASE LEVER GEAR

Figure T-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 composed of the following principal units:

Electric motor
Electric motor controller
Motor to auxiliary pump coupling
Auxiliary pump
Motor to A-end coupling
A-end assembly
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
slmila.rg 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 shaft 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 RING

WORM CONTROL MECHANISM

PROJECTILE RING
CONTROL LEVER

4

PINION

—_—

HAND CONTROL SHAFT

DASHPOT PISTON

CONTROL LINK
CENTERING SPRING
ASSEMBLY

AUXILIARY PUMP

ELECTRIC MOTOR e
A-END CASE ’

OIL FILTER AND SUPPLY TANK

WORMWHEEL

11l

@@(((((((@ :...t;.';..._.

YOKE LINK

The electric motor controller for the upper pro-

ectile flat is mounted on the circular subdivision

Ikhead, 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 arranged 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 to an input shaft 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 pmjec’tiie
flats, are adjacent to the projectile handling area of
gachkﬁ?t and are suspended from the overhead by a

racket,

Data, General data concerning the power drive
speéds, movements, operating pressures, and loads
are as follows:

Ring speed, maximum revolution per minute
Ring movement, arc per cycle, deg . . . .
Hydraulic operating pressure
Main drive, relief setting, psi . . . 2200
Auxiliary pump system, psi . . . . 100

CONTROL VALVE

IDLER GEAR LEVER LATCH

B-END
OUTPUT SHAFT

UPPER CAM ROLLER

o 1, o

iy
NEUTRAL INTERLOCK
SWITCH

TIMING CAM

ronw““‘? B-END
RESPONSE
SHAFT

B-END
MOTOR

TIMING CAM
SHAFT
TIMING CAM
LINK

SWITCH
OPERATING LINK

LOWER CAM ROLLER
ADJUSTING LINK

TIMING CAM ROLLER
LINK ASSEMBLY

CONTROL CAM LOWER CAM ROLLER

CONTROL SHAFT

Figure T7-5, Projectile Ring Drive Components, Schematic Arrangement
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DETAIL DESCRIPTION Components, The projectile ring-power drive
is composed of the following:
Power drive
Electric motor

Design and functional details of the electric Electric motor controller
motor, controller, A-end and B-end assemblies, Motor to auxiliary pump coupling
and their control and connecting arrangements, Auxiliary pump
are shown in figures 7-4 and 7-6, and are described Motor to A-end coupling
in the following paragraphs. These details are A-end assembly
characteristic of all power drive installations ex- B-end assembly
cept as noted. Hydraulic pipe installation

MASTER PUSHBUTTON STATION EMERGENCY STOP SWITCH MOTOR CONTROLLER EMERGENCY STOP SWITCH

| LOWER PROJECTILE ~ .

FLAY ¢ GEAR REDUCER

B-END

EMERGENCY STOP SWITCH AEND

MASTER PUSHBUTTON STATION ELECTRIC MOTOR EMERGENCY STOP SWITCH

Figure 7-6, 16-inch Projectile Ring Mk 2 Mod 0, Electrical Installation
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Electric motor, The electric motor is a 40-horse-
power, squirrel cage, induction type, of commercial
design 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
Y00 o 5w @ 10 Squirrel cage, induction
Design features . ., waterproof, fan cooling,
direct coupling drive,
horizontally mounted
Horsepower., . . . . . . o % g 40
Revolutions per minute, synchronous , 1200
Revolutions per minute, full load ., . . 1160
Rotation (at drive end) , . . counterclockwise
Speedclass , . . . . . + + « + + «constant
OIAPR . ¢ 20« 5 0wl TRE LY.
Amperes, normal full load , , . . . . 48
Amperes, locked rotor, . . . . . . . 400
PRABEH .. o v ciwow v w224 0 e 3
Cyeles ., . o o s v » 60
Ambient temperature, deg C ., ., . . . 40
Torque class , , . ., . . normal torque, low
starting current
Weight, pounds , . . . . . .. .. . 1200
Manufacturer , . . . . . . Louis Allis Co.
Manufacturer's designation, Type RX-445-8
Drawing . . . «. s w » oo b ok 231543

Controller, The controllers are assemblies of
commercial design and manufacture, They provide
control and protection for the electric motors pre-

viously described. Each controller is an enclos-
ed cabinet, across-the-line, magnetic starter ar-
ranged with remote push-button control switches.
The circuit arrangements of the remote control
switches include a master push-button switch and
two emergency stop push-button switches for each
controller, The power supply is arranged with a
manual disconnect switch, externally accessible and

interlocked with the cabinet cover. The starting cir-

cuit includes a neutral interlock switch, mounted on
the A-end assembly, Controller data (first design)

applies to the IOWA and the NEW JERSEY. Control-
ler data (second design) applies to the MISSOURI and

the WISCONSIN,

Controller data (first design),

Type « o o« o v « o & semijautomatic, across-
the-line magnetic start-
er, controlled by remote
push button

Ampere rating, full load . 48
Protection:
Overload + ¢« o« v o 4 ¢ & thermal type,

automatic reset
Adjustable range, amperes. . 59,1to 71,0
Normal setting, amperes . . . . . 60,0

Short circuit, ampere £ « w s o« o« 400
Undervolta.ge’ " AR
Dr;)ﬁ-out voltage . . . « « . +» . . 110
Sealingvoltage . . . . . . . .. . 374
Bhock fating o v s 6 % & 5o 5 e 5 & o 50
Weilght, pounds . . . . . . . s wowe 380
Manufacturer . . . . . . . « Ward Leonard
Electric Co.
Drawing . i o @ i o @ i s e o o 291108

Controller data (second design).

TYpe =+ o 5 o & semiautomatic, across-

the-line magnetic start-
er, controlled by remote

push button
Ampere rating, fullload, ., . . ... . . 48
Protection:
Overload . . . . .. . . + thermal type,

automatic reset
Adjustable range, amperes, , 47.5 to 58,1
Normal setting, amperes . ., . . . 52.8

Short circuit, ampere fuses . . . . . 250
Undervoltage

Drop-out voltage . . . . . . . .+ 110
Sealing voltage ., ., . ., .., ... . 2374
Shock rating . . . . . . . . . highimpact
Weight, pounds . . . . ... .. . 150

Manufacturer ., . . . . . . Ward Leonard
Electric Co,
Drawig. « oo 0 oo 6o i ww v 0203883

Motor to auxiliary pump coupling. The electric
motor to auxiliary pump coupling is shown in figure
T7-7. The coupling serves as a direct drive connec-
tion between these two units, It is enclosed within
the end housing of the electric motor. The coupling
consists of two identical steel hubs, a specially heat-
treated and tempered steel allow grid-spring, and
two identical steel shells, which form the cover, The
coupling design provides direct-drive connection
through the grid spring, engaged in grooves milled
in the outer flanges of the hubs. The hubs and grid
spaces are packed with lubricant confined within the
steel shells by grease seals,

COUPLING COVER GASKET COUPLING HUB

GRID SPRING

A 4
W
e
(( ’*\“ >
\\%‘.’
O”‘

."\\
.‘
N >

LUBRICATING LUBRICATING
GREASE SEAL RING FITTING SLEEVE FITTING

Figure 7-7, Projectile Ring Drive,
Motor to Auxiliary Pump Coupling,
Cutaway View
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Auxiliary pump, The auxiliary pump (fig, 7-8)
is a constan%-ﬂisp?acement balanced-vane type, It
is flange-mounted on the electric motor and is driven
directly from the rotor shaft (and opposite the A-end
coupling) at a speed that is approximately constant,
Principal components of the pump are a rotor, 12
vanes, a pump ring, 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 slide in the rotor slots 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 with the base of the vanes, force the vanes
into constant engagement with the pump ring. As the
rotor is rotated, the vanes form pockets with the
pump ring. These alternately increase in size across
one pair of opposite ports, causing suction. The pock-
ets decrease across the other pair of ports, creating
pressure and pumping action. The pump operates at
a constant pressure limited by the auxiliary relief
valve which is set to relieve at a pressure of approxi-
mate.'l? 100 pounds per square inch. The pump sup-
plies fluid for operating the control circuit and for
replenishing the main system.

PRESSURE LINE 5A TO
A-END FILTERING UNIT

PUMP RING

MOUNTING

PUMP HEAD °
FLANGE

OlL
SEAL

ROTOR

PUMP HEAD
BUSHING

ROTOR VANE

SUCTION LINE 6 FROM

BODY A-END SUPPLY TANK

Figure 7-8, Auxiliary Pump Assembly,
Cutaway View
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COUPLING COVER

GASKET COUPLING HUB

GRID SPRING

LUBRICATING
FITTING

LUBRICATING

GREASE SEAL RING FITTING SLEEVE

Figure 7-9, Projectile Ring Drive Motor
to A-end Coupling, Cutaway View

Auxiliary pump data.

Speed, revolutions per minute . . 1200
Delivery, gallons per minute, . . . . 510
Pressure, pounds per square inch . . 100
Rotation . . . . . . . . counterclockwise
Weight, pounds , ., . . . . . . . .. 36

Motor to A-end coupling. The electric motor to
A-end coupling s shown In figure 7-9, The coupling
serves as a self-aligning, direct-drive connection
from the electric motor rotor shaft to the A-end
drive shaft, The coupling is a larger unit of the same
design as the auxiliary pump coupling described in a
p revious paragraph,

A-end assembly. The A-end assembly consists
of the components [isted below. The type, arrange-
ment, and functional purpose of these components
are described in the following paragraphs,

Hydraulic pump

Safety relief valves

Case

Pump yoke

Timing and control mechanism

Manual control mechanism
Control shaft coupling

Control valve block

Oil filters

Oil filter relief valves

Neutral interlock switches

Hydraulic pump. The A-end hydraulic pump is a
mulfi-piston, reciprocating, variable-stroke, rotat-
ing type. It is mounted horizontally at the end of the
case adjacent to the electric motor, which drives it

continuously at approximately constant speed. The
pump drive shaft and the rotor of the electric motor
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are directly connected by the coupling described in 2
previous paragraph and shown in figure 7-9, Mounted
in a housing and yoke, the pump is provided with a
special relief valve block, The rotating group is com-
posed of a cylinder block, nine pistons and connecting
rods, a universal link and pin assembly, 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 regulates 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 eylinder block
are aligned radially with semiannular ports in the
valve plate and valve block, These are connected to
the B-end through thée valve block and yoke coring,

intles, and hydraulic pipe connections, by a closed

ydrauitc circuit, Fluid flows in a continuous cycle
between the A-end and B-end, The only external con-
nections are through replenishing check valves to
compensate for normal internal leakage, Through
the control mechanism, the cylinder has offset move-
ment with relation to the 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 either 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 transmission system, in each
direction of ﬁrojectile ring drive, Each valve is con-
nected to either 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, drain 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 ring tﬁrdraulic system
at this level is approximately 25 gallons,

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

stroke, When the yoke is at neutral stroke position,
the cylinder block is also at neutral stroke, and the
pump is not displacing 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 hydraulie fluid, and also reverses the direction
of projectile ring rotation,

Timing and control mechanism, The timing and
confrol mechanisms are semiaufomatic, 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 the timing and control mechanism are
described 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 shait 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 timing
and control devices, The holding brake assembly is

HAND CONTROL SHAFT BRAKE LINE S8A FROM

CONTROL VALVE BLOCK

BRAKE
ASSEMBLY

INNER BRAKE PLATE
QUTER BRAKE PLATE

HAND CONTROL BRAKE
SHAFT SPACER

HAND CONTROL SHAFT
PISTON

L BRAKE PRESSURE CHAMBER
NUT

HAND CONTROL

SHAFT PINION HAND CONTROL CAM

Figure 7-10, Hand Control Shaft Assembly,
Sectional View
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a hydraulically operated arrangement of brake discs.
It acts to overcome the force of the control link center-
ing spring to keep the hand control shaft in its initially
offset position until the end of an operating cycle is
reached, The holding brake is set when control pres-
sure, ported from the control valve block, is applied
to the underside of the brake piston at the beginning

of the operating cycle. The control pressure is vented
to the reservoir, the brake is released, and the hand-
lever is automatically returned to neutral position
when either the starting valve or control valve is in
the stop position, The frictional force of the holding
brake does not prevent manual operation of the hand-
lever at any time,

Control dashpot, The control dashpot assembly
(fig. 7-5) is composed of a piston, piston housing,
and two ball check valves. The assembly prevents
overload of the electric motor by limiting the speed
with which the control handlever can offset the A-end
pump yoke, The piston and the handlever connected
to it can move only as fast as fluid can flow through
a restriction in the dashpot piston. Fluid in the dash-
pot is continuousl% replenished by pressure from the
auxiliary pump. The ball check valves permit fluid
to be pumped to the suction side of the piston chamber,

Control link centering spring. The control link
cenfering spring assemb%y i%Ig. ;7~5} is a spring-type
linkage which has two functions, The assembly per-
mits full movement of the manual control handlever
while the A-end pump is in neutral position, In addi-
tion, the control link centering spring assembly ex-
erts a force which causes the timing cam link roller
to follow the contour of its timing cam throughout the
ring operating cycle, thus controlling the offset of the
pump yoke and keeping the speed of the B-end under
complete control,

Control shaft, The control shaft assembly (fig,
T-5)1s composed of a shaft and lever arrangement
which correlates the actions of the other timing and
control devices, Mounted on the control 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 assembly (fig. '7-5) is
composed of an adjustable turnbuckle and clevis ar-
rangement which connects the control shaft to the A-
end pump yoke, This assembly is adjusted to posi-
tion the A-end pump yoke at neutral stroke when the
control and timing mechanism is in the stop or be-
tween-cycle position,

Timing cam roller link, Two timing cam roller
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 transmit
cam action to the control shaft and thus permit the
cams to control the offset movement of the A-end
pump yoke, The timing cam roller link assemblies
are attached to each other and to the control shaft by
an adjustable turn-buckle and clevis arrangement,
This permits a necessary clearance to be obtained
between the cam link roller and its respective timing
cam when the A-end pump yoke is in a neutral posi-
tion, The clearance is equivalent to the starting off-
set movement of the pump.

Timing cam shaft, The timing cam shaft assem-
biy is a cam and shaft arrangement with three cams
which control the offset of the A-end pump yoke and
return it to neutral stroke, Rotation of the cam shaft

is controlled from the B-end through the response
mechanism, The cams include a control cam and

two timing cams which are keyed to the cam shaft

and turn one revolution for each cycle of ring rota-
tion, Positioned to engage the cam link rollers, the
timing cams control movement of the mechanical
timing and control mechanism. The control cam is
positioned to engage a control valve and through that-
valve to regulate operation of the hydraulic system,
Contact between the control valve and control cam

is made with a lever which engages a latch in the cam,
thus ensuring positive engagement at the stop position,

Manual control mechanism., Manual control mech-
anism (Iig, T-5) of the upper and lower projectile ring
drives is an arrangement of shafts, gears, and a hand
control lever for manually actuating projectile ring
control movement, Mechanism extends from the A-
end assembly to the outer side of the projectile flat
circular subdivision bulkhead, It is an assembly of
shafts, bevel gears, universal 1oints, and couplings
suspended from the projectile flat overhead by J-
shaped brackets at each end, and two T-shaped brack-
ets at the middle part of the assembly, Inner end of
the shaft assembly is attached to the hand control
shaft of the A-end assembly, A J-bracket mounted
hand lever, which can be rotated 170 degrees in
either direction to actuate projectile ring rotation,
comprises the outer end of the shaft assembly. Di-
rection of hand lever movement, limited by positive
stops, is the same as ring rotation. Each outer J-
bracket is provided with a spring-loaded locking
plunger which engages a recess in the hand lever at
neutral stroke to prevent the handlever from being
accidentally moved.

Control shaft coupling. Shaft-to-shaft connec-
tions In the manual control assembly are made with
self-oiling universal joints, These units permit the
shafts to rotate at angles up to 22 degrees from align-
ment, and to facilitate installation and disassembly,
Shaft connection arrangements of opposite ends of
each universal joint are the same. The joint ends
are splined to the shafts and pinned in position,

Control valve block. The control valve block is
mounted at the upper left side of the A-end case,
when viewed from the shaft end, It is a machined
block which contains the valves and hydraulic pass-
ages that are necessary for circuit control. The
auxiliary pump delivers fluid under circuit control
pressure to the valve block, The following valves
are contained in the control valve block.

VALVE NAME VALVE SYMBOL
Starting valve Vi
Interlock valve V2
Control valve V3
Auxiliary pump relief valve V4
Hydraulic motor by-pass valve V5

Main system replenishing check valve V6 and V7

These valves are arranged as shown in figure
7-11, The valves open or close the hydraulic pass-
ages in the valve block to provide drive control, sys-
tem replenishment, circulation, and pressure relief,
Their purposes and system arrangements are describ-
ed in the following paragraphs.

Starting valve V1, The starting valve V1 is a
spring-and-cam-actuated valve that operates, when
ring rotation is begun, to port control pressure to the
control shaft holding brake and the B-end shaft brake,
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V1 also ports control pressure around the interlock
valve V2 to the end chamber of the control valve V3,
These actions of V1 are initiated by manual control
mechanism movement of the starting cam C5. At the
end of the drive cycle the valve spring returns V1 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 i{s then cam-actuated to its running and sto -
sitions, Hydraulic pressure from V1 moves to
its starting position by acting on the starting valve
piston, 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 pressure to return the interlock
valve V2 to its starting position. V3 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 posi-
tion,

Interlock valve V2, The interlock valve V2 is a
pressure-operated valve, which is moved to its run-
ning position by hydraulic pressure from V3, as de-
scribed in the previous paragraph. V2 is moved to
its stop position by hydraulic pressure from V3, when
V3 is in its running position. In both postions, V2
is held by a spring detent plunger, In its run 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,

Hydraulic motor by-pass valve V6, The hydraulic
motor by-pass valve Vb Is a spring-and-hydraulic-
pressure-operated valve, It has two positions: op-
erating and by-passing. V5 is pressure-actuated
from V3 to move it to its operating position, as de-
scribed in a preceding garagraph. In its wogerating
position, V5 releases the B-end brake, en control
pressure is vented at the end of the operating cycle,
the valve spring shifts V5 to its by-pass position. In
this position Vb cross-connects lines from the B-end
valve plate to the two replenishing check valves V6
and V7 (described in the next paragraph), This by-
pass position of V5 enables the high-pressure pipe
of the main transmission lines to relieve and equalize
to the lower pressure of the other main transmission
line. The by-pass position thereby 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-
efed i;g both main transmission lines in order to re-
plenish,

Replenishing check valves V6 and V7, The two
main system replenishing valves VB and V7 are spring
check valves. V6 and V7 are arranged in opposed
positions with separate oil passages and pipe connec-
tions that extend to the main transmission pipe ports
of the B-end valve plate, Both valves are supplied
with fluid from the auxiliary pump through an inter-
connecting passage,

Auxiliary pump relief valve V4, The auxiliary
pump reﬁe; valve relieves auxiliary pump pressure

to the fluid reservoir when the setting of the V4 spring
is exceeded.

T-12

Starting cam C5. The starting cam C5 is keyed

to the hand control shafting, When the hand control
operating lever is offset from neutral stroke in
either direction, the lever acts through shafting and
gears to rotate C5. As Cb rotates, it forces the
roller on the end of the starting valve V1 out of the
starting cam recess. This action positions the start-
ing valve V1, against spring pressure, in its starting’
position,

Control valve cam C3, The control valve cam
C3 is keyed to the B-énd 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 C3, As C3 rotates, it forces
the lever latch out of the control valve cam recess,
This action positions the control valve V3, against
spring pressure, in its starting position,

Oil filters. Two pressure-type screen filters in
the auxiliary pump hydraulic circuit remove foreign
material 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 i3 a relief
valve in the discharge line of each filter,

Oil filter relief valves., The relief valves are in
the discharge lines and function as safety devices to
b y-pass oil around the filters in case both filter ele-
ments become fouled. The valves are set to relieve
at a higher pressure setting, approximately 120
pounds per sgruare 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
gacking around the plunger, The packing does not

ind 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 machinery space of the projectile flat, as shown
in figure T-1, The B-end is coupled directly, 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 coupling

Hydraulic motor, B-end hydraulic motor is a
mulfi-piston, fixed-stroke type, similar to the A-end
pump except that its eylinder and valve plate have
fixed offset position. Its driven main shaft is coupled
directly to the worm of the gear reducer, Motor con-
gists 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 closed hydraulic circuit from the A-end
pump, connected to the B-end valve block. Hydraulic
motor speed and direction of rotation 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 alternately attached to the
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

pressure on the discs to cause their engagement and
thus prevent the shaft from tur 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 is 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 release assembly that dis-
engages the brake when the projectile ring is to be
turned by means other than by power, The assembl
is a cam-operated release plate, engaged to the brake
piston, The device is operated through a shaft arrange-
ment by the manual brake release lever,

Response mechanism, The B-end response me-
chanism (fig, 7-14) i 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 rotates with
the B-end output shaft and has a fixed value of 80
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 Switch, Cutaway View
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B-end response coupling, The B-end response
coupling (fig. 7-6) connecf]a the response 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 first, The floating
center member has special removable graphite-im-
pregnated bearing strips, mounted between the center
member and the flanges, together with a grease reser-
volr for lubrication,

B-end drive coupling, The B-end drive shaft
n::ou]i!'ﬁﬁ_(ﬁ:t;._'ITI'{’J'%laE direct-drive, self-aligning
connection between the B-end output shaft and the
gear reducer worm shaft, Composed of two identical
hubs, male sleeve, female sleeve, sleeve gasket, and
two oil seals, the coupling provides a flexible connec-
tion through meshing of the internal gears of hubs and
sleeves, Openings for adding lubricant, which is re-
tained by the oil seals and gaskets, are normally
closed by oil plugs,

Hi[draullc Esi:Ee installation, Details of the hy-
draulic pipe Installations Tor the upper and lower
projectile ring drives, connecting the previously
described A-end pump, B-end motor, and valve
block components, are identical, The hydraulic
pipe installation for one projectile ring drive is
shown in figure 7-25,

Projectile rings

Com?onents, Each upper and lower inner pro-
jectile ring is composed of the following major units

and subassemblies:
Carriage ring assembly

Carriage ring weldments
Rack

Carriage securing devices
Stowage fittings

Roller cage installations

Roller cage
Doubler plates

Pinion drive mechanism

Gear reducer
Drive coupling

Carriage ring assembly, The carriage ring as-
sembly, arranged as shown in figure 7-18, rests on
rollers of the roller cage installations (described on
page T7-16), Secured against lifting by holding down
{langes that are mounted on the circular bulkhea