Chapler §

TRAINING GEAR

16-inch Training Gear Mark 2-Mod 0

16-inch Train Receiver-Regulator Mark 18 Mod §

GENERAL DESCRIPTION

The turret training gear, shown in figure 6-1, is

the same in all turrets of the IOWA class battleshipa,
It iz designated 16-inch Training Gear Mk 2 Mod 0,

The equipment drives and controls the movements
of turret train, It rotates the turret within an arc of
00 degrees, limited by positive stops 150 degrees
left and right of the turret centerline position,

The 16-inch Training Gear Mk 2 Mod 0 1= a sta-
tionary gear rack type with pinion gears driven by an
eleciric -hydraulic power drive, through worms and
wormwheels, The equipment is controlled by an ar-
rangement of hand and automatic servo-type controls,

The turret training eguipment includes the follow-
ing design features:

Eeual drive torgque at each of the two worm and
wormwheel assemhblies drives the two training pinion
gears, Twin hydraulic motors (B -ends) drive the
two worms; both B-ends are powered by a single
pump [A-end).

A control selector permits control selection of
turret train either avtomatically from a remote ship's
station or by hand {rom a local trainer's station.

The method of control is selected by the train oper-
ator, These control methods are designated AUTO
and HANT,

Components, The 16-inch Training Gear Mk 2
Mod U conzisis of the following major units and sub-
assemblies;

Power drive assembly
Elactric motor
Controller
Reduction gear
Auxiliary pumps
A-end assembly (hydraulic pump)
B-end assemblies (hydraulic motors)
Training worm, wormwheel, and pinion
assemblies
Worm and wormwheel
Pinion
Training rack
Training gear controls
gtart-stop control
Control selector
Servo stroking system
Transmission control case
Receliver-regulator
Firing stop mechanism

Component locations

The power drive electric motor, reduction gear,
A-end, auxiliary pumps and receiver-regulator are

all mounted on the electric deck, in the space between
the pan {loor and the electric deck directly below the
center gun, The train operator's control station is
algo in the electrie deck space, forward of the A-end
and the train indicator, as shown in figure B-1.

The B-end assemblies are localed above the pan
floor at the forward part of the turret, in the spaces
between the paraliel divisional bulkheads formed by
the gun girder boxes, with a B-end mounted either
side of the center gun girder box, The training worm,
wormwheel, and pinion assemblies are located for-
ward of their respective B-ends, Relative positions,
worm couplings, and A-end manifold pipe connections
are shown in flgure 6-2 together with the annular
training raclk.

The electric power supply controller is located
in the lower projectile handling deck machinery
zpace, The remote ON-0OFF push-button control is
at the train operator's station,

There are two stations for the local sight trainer's
gear controls, A station is located at each side of
the turret officer's booth, These stations are isolated
from the pun compartments by turret subdivision
bulkheads, A system of shafts and gear boxes
connects the hand training control gear with the

other control elements assembled in the control box
on top of the A -end.

Funetional arrangements

The arrangements of the training gear for the
various methods of power drive control are described
below:

The method of power drive control 18 selected by

the train operator, by positioning the control selec-
tor at AUTO or HAND,

In AUTO contral, the receiver-regulator receives
gun train order electrically from a remote contral
station, Actual train angle of the turret is auto-
matically transmitted to the receiver-regulator
through a mechanical response gear. A difference
between train order and actual train angle results
in offset movement of the A-end tilting box (fig. £-2)
through a hydraulic control valve and the servo
piston. The amount the tilting box is offset from
neutral, determined by the turret position "error, "
regulates the speed of the B-ends as they drive
the worm and pinion assemhblies, '"Follow up'
control 12 provided by shafting and gearing that
feeds B-end response back to the receiver-repgulator,
and to the A-end tilting box to return it to neuatral,
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13, THAINING RACK

1. HYDRAULIC PIPE MANIFOLD 12, RIGHT TRAINING PINION

2. LEFT B:iND ASSEMBLY 13, LEFT TRAINING PINION

3. RIGHT BEND ASSFMBLY 14. HEUTRAL RETURMN HAND PUMP
4. LEFT BRAKE ASSEMBLY 15. TRAIN OPERATOR'S HANDWHEELS
5. LEFT TRAINING WOHM AND WORMWHEFL ASSEMBLY 16, TRAIN OPERATOR'S SEAT

G, RIGHT ERAKE ASSEMBLY 17, AEND ASSEMBLY

7. RIGHT TRAINING WIFEM  AND WEJIEEMWHEEL ASGEMALY 18, TRAIN RECEIVER-REGULATGR

B. SIGHT HOOD 19. AUXILIARY PUMP CLUSTER

9. SIGHT TRAINER'S HAMDWHEELS 20. REDUCTION GEAR

F. SIGHT TRAINER'S GEAT 21. ELECTRIC MOTOR

Figure 8-1. lG-inch Training Gear Mk 2 Mod (1, General Arrangement
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Figure 6-2, 16-inch Training Gear MK 2 Mod 0, Schematic Arrangement
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TRAINING GEAR

In HAND control, the train operator's or either
of the sight trainer's handwheels are mechanically
ponnected (through shafts and gears, and the trans-
mission control case mechanism) to a hydraulic valve
block assembly which ports servo pressure to the
servo piston, Offset lrom neutral stroke by hand-
wheel movement, the A-end tilting box is controlled
through the servo pilot valve of the control case valve
block assembly, The amount and direction of tilting
box offzet regulates the speed and direction of rota-
tion of the B-gnds as they drive the worm and pinion
assemblies to train the turret, B-end (turrel) re-
sponse is transmitted to the control case through
shafts and gears {rom a take-off of the right B-end
drive shaft, Handwheel inpul combined with B-end
response in a differential screw and nut device re-
sults in follow-up control of turret train, Follow-up
control automatically returns the tilting box to neutral
stroke when handwheel input is stopped,

Design data

Turret train limits, speeds, and other data are
as follows:

Arcs of train, all turrets, deg . . . . . 300
Train limits, clockwise from above
(bow Zero)
TurretI, deg . . . . . . . 210 to 150
TurretIl, deg . . . + + . 210 to 150
Turret OI, deg . . . . .+ . a0 to 330
Train limits, dial indications
Right train, turrets I, 1I, deg. . . . . 160
Left train, turrets I, I, deg . . . . . 210
Right train, turret T, deg , . . . . . 330
Left train, turretIIL, deg . . . . . . 30

Turret train speed (maximum), deg per sec, 4

DETAIL DESCRIPTION
Power glqr_'l'i_'l.iq

The hydraulic power drive of the training gear

assembly is composed of a variable-displacement

ump (the A-end) and two fixed-displacement motors
the B-ends), Each B-end is mechanically independ-
ent of the other, and both are Independent of the A-end.
The A-end is connected to both B-ends by the large
hydraulic pipe manifolds shown in flgure 6-2, The
A-end, the B-ends, and the plpe manifold connections
are the basic units that transmit hydraulic power for
training the turret. They function to convert input
shaft rotation of constant speed and direction to re-
versible, variable-speed rotation of the B-end drive
shafts,

Components,
el T'e s

The components of the power drive

Electric mofor

Controller

Reduction gear

Auxtliary pumps

Ehaft couplings

Hydraulic pump {4-end)
Hydraulic motors (B-ends)

Arrangement, The arrangement of the power
drive components is shown in figure 8-2, The elee-
trie motor drives the A-end pump at constant speed

through the reduction gear, Two large pipe manifolds
connect the valve plate ports of the A-end with the
valve plate ports of the two B-ends. The B-end shafls

are each coupled to separate training worm, worm-

wheel, and pinion assemblies, A gear take-off drive
at the right B-end shaft is connected {0 response in-
puts of the A-end and the receiver-regulator follow.

up control,

Electric motor., The 300-horsepower electric
motor is mounted toward the rear of the center gun
pocket on a structural foundation that raises it slightly
above the electric deck, The motor shaft is connected
to the driving pinion of the reduction gear through a
self-aligning coupling, as shown in figure 6-3.

Motor data.

Type. « « « « .« . . squirrel cage, Induction
Design features . . horizontal, internal and
external fan cooled, watertight

BOTHEPOWET: i widi Wi W A BT 300
Revolutions per minute, synchronous,.. 1800
Revolutions per minute, full load . . . 1755
Rotation (output shaft} . . . counterclockwise
Speedclass . . . . . « & + « . . COnstant
VOLERP R o aiig e e oe AV 8 GEE 440
Amperes;, fullload . . . « « « « « & 355
Amperes, locked rotor i 2200
PRASEE 50 0 L e e HoaE R 3
CFUL‘E‘E T TS T S SO S S SR S - EI:I'
Ambient temperature, C . . . . . . a0
Torgue class . .normal torque, low starting
current
Weight, pounds . . . . 4500

Mapnufacturor. . . . B h‘-;t_".t.r'r; ]"J:,mamic Works
Manufacturer's designation. Frame 304-BH/M

typa KNX
DIPEINE oo gevw w g Mumw Eih . 231775

Controller, The elactric motor 12 powered and

controlled through an antotransformer magnetic start-
cr-controller, The controller case and separate aulo-
transformer case are mounted adjacent to each other
at the rear center of the machinery space of the lower
projectile handling deck, The contactors, overload
relays, and control relays of the controller are housed
in o conventional metal cabinet that includes power
supply connections.

The circuits that control starting and stopping
of the controller include a remote master switch,
located at the train operator's station, a neutral
interlock switeh, located on the left side of the
A-end case, and the serve interlock switch assem-
bly, located on the rear face of the comtrol valve
block at the top of the A-end assembly. The neu-
iral interlock and the servo interlock switches,
commectad in series, prevent the electric motor
{rom being started when either switch is open due
to the A-end mechanism being off neutral,

When the electric power is removed, & Spring-
loaded power-off solenoid functions (through a hy-
draulic valve} to set spring-actuated brakes on the
training pinions. The solenoid is normally energized
from the single-phase control circuit supply of the
controller, The solencid is located in the center gun
pocket on the transverse bullkhead, immediately for-
ward of the ngeillating bearing for the center gun ele-
vating gear,

Controller data, Motor controller data are listed
on the following page,
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OF 764 16 INCH THREE GUN TURRETS

Type + +» + « « .« . auvtotransformer starter,
watertight, controlled by

Reduction gear data. Reduction gear data are

listéd Below:
remote pushbutton

Ampere rating, full load . . . . . ., , 355
Protection
U".rerluad{ inverse time thermal

Revolutions per minute
ﬂu'rp“-t = L] A‘End . [ [} [} B P i " w 35[’
Auxiliary shaft to pump drive ., . . . 1200

relay; automatic reset Rotation (both shafts) . , . . ., . .clockwise
Adjustable range, amperes... . 360 to 440 Lubrication ;
Normal setting, amperes - 400 Tyde s .+ « .« . Ol bath

short circuit

Mainmotor ., .. ... ... . . NONB
Dropoutat, volts ., . . . . . . . 220
Sealing voltage . ., . . . ., ., . . . 372
Shock rating . . . . ., . . . high impact
Weight, pounds

Autotransformer . . . ., . . . . . 50D
starter-controller . . . . ., . . . 1300
Manufacturer, ., Ward- Leonard Electric Co,
Drawing. . . . . . . . . .« « . . 318740

Caparity, gal]‘.l:.ms.. S R R b
Weight, pounds , . , .. ... .., 3100
Draw-j.nﬁ 5 [ ® n " S a [} a F 4 & .ETEEIE

Auxiliary pumps. The auwdliary pumps are bolted
on the pump drive assembly of the reduction gear
through integral flanges of the pump housings, Mount-
ed one above the other, each pump is independently
driven, at 1200 revolutions per minute, through a
s haft of the pump drive assembly, Of identical vane-
type design, the pumps have different rated capacities,
The replenishing pump, with greater eapacity than the
control (servo} pump, supplies the main system with
hydraulic fluid, The control pump delivers pressure
to the servo stroking cvlinder,

Heduction gear. The reduction gear, shown in
figure §-4, 1s a speed reducer for driving the A-end
with a separate drive on the high speed input shait
for the auxiliary pumps. The unit consists of a spur
gear and pinion enclosed within & vented case arrang-
ed for oil-bath lubrication, The case includes a depth-
rod gage for checking the oil level, The reduction
gear is mounted and coupled between the electric mo-
tor and the A-end, as shown in figure -2,

Heplenishing pump, With its intake line connected
to the main system supply tank, the replenishing
pump discharges through a duplex filter into the
replenishing valves of the A-end wvalve plate,

HIGHE POWDER RIGHT BEMD RERPOMSE LEFT BRAKE LEET TRAIMING WORN
gl HEND SHAFT ASSEMBLY AND WORMWHEEL
CEMTER b CEMTER \ LEFT \ RIGH1 EXPANSION || RIGHT TRAINING
PROJECTILE W EUN POCKET B-ERND 'u,l SRAKE TaANE WORM ann
HOIST \ A ABSEMBLY WORMWHEEL

{E

é!i?f_"rmc' -.- oo i

; TRAINING RACK
DECK  EP=E
= e

h = i o 1 B o W | RIGHT

) = TRAIMING PINION

TRAINING ELECTRIC .~ CONTROL SUMP AR HYDRALILIG I"n. \ MELITRAL RETLRN

RACH MOTOR oy PLHMP TANK ASSEMALY FIFE HAND FLIME
= MANIFOLD ~'.~ \

RECLICTION REPLENISHING FTR&IN RECEIVER: THRAIN
GEAR PLMF HEGLUILATOR INDECATOR

TRAIN OPERATOR'S
HAKDWHEELS

Figure §-3. 1€-inch Training Gear Mk 2 Mod 0 Power Drive, General Arrangement



TRAINING GEAR

“he pump, with a rated capacity of 36,5 gallons per
ninute at a presaure of approximately 40 pounds per
sgquare ingh, weighs T4 pounds,

Control pump, With its istake line also gonnected
to the main svatem aupply tank, the control pump dis-
charges through a duplex [ilter into the control selec-
tor and servo stroking systems, The pump, with a
rated capacity of 28,8 gallons per minute at a pres-
sure of approximately 400 pounds per sguare inch,
weight 'i‘fpmmds.

Shaft couplings, Flexible couplings are used o
interconnact the power unitz of the training pear

azzsembly. The couplings are all of commereial de-
sign and manufacture,

The electric motor-to-reduction gear eoupling,
iz a direct drive connection between thess two units,
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PUMP DRIVE COVER .\
HOUSING %

CONTROL PUMP

DRIVE GEAR

VANE < H\M B

ROTOR «1\ \
LS

s
LUBRICATING
GIL DAMS

HiGH SPEED
INPUT SHAFT
F RCIM
ELECTRIC
MOTOR

TUBEL
SPACER

DIL

LINE T2 INTAKE i
FROM EXPANSION- -
[ANK

ANTLCHURN "\ Q :

0OiL PAN T

BEARING
OIL DAN -

ALUXILIARY FUMEP-
CRIVE GEAR

CLEAN QUT COVER
REPLENISHING PUMP DRIVE GEAR

LIME T3 INTAKE FROM EXARPANSION THNH/

AR WVENT CAPF
AME FILLER

FREPLENISHING PUNP VAME

The coupling consists of two identical steel hubs, a
specially heat-ireated and tempered steel alloy grid
spring, and two identical steel shells which form the
cover, The coupling design provides drive connection
through the grid spring which is engaged in grooves
aecurately milled in the outer flanges of each hub, The

hubs and grid spaces are packed with lubricant that is
refained within the steel shells by two grease seals,

‘The reduction Eear—tﬁ—ﬂ.—end coupling is a semi-
floating unit, Each coupling is an assembly of splined
hubs which seat on respective shaft ends, The hubs
mounted on each end of the connecting drive shaft are
rigidly secured in position, The hubs mounted on the
shafls of the reduction gear and A-end provide the
floating compensation for slight misalignment of the
connected units and have gear teeth on the outer sur-
face, The flanged sleeves which enclose the hubs have
meshing teeth that mate with the geared hubs, When
installed, each coupling ig partially filled with oil to
provide lubrication for the gearing,
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~ PLUG

CONTROL FUMF HEAD
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Figure G-4, Training Gear Reduction Gear and Heplenishing Pump Assembly, Cutaway View
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Hydraulic pump (A-end). The {A-end) hydraulic
pump {figs, -2 and B-5) 18 a type K, size 150, vari-
able-stroke, multi-cylinder, positive displacement
pump, The agssembly includes an attached stroking
piston cylinder and a transmission control mechan-
ism. The pump is a nine-piston rotating group of the

?aj?'%?&mc degign ag the A-end of the elevating gear
q-.' ] L

Mounting, The A-end pump 18 mounted on a foun- .

dation weldment of the electric deck, with its Input
shaft aligned with the output shaft of the reduction
gear, Proper shaft alignment 1= provided by the
special gear-type couplings deseribed on page 6-5
of this chapter,

Pressure and tank connections, In addition to the
main sysiem plpe manifolds, the A-end assembly has
drain, circalating, control and replenishing connee-
tionz, The drain connections direet hydraulic fluid
from the stroking piston assembly and control case
mechaniam back to the supply tank, The control
pump delivers control pressure to the stroking piston
agzembly and the control case mechanism, The re-
plenishing pump delivers replenighing fluid to the A-
end valve ;ﬂatc—. The A-end and B-end units, and the
A-end and expansion tank are interconnected by pip-
ing and flanged fittings, for fluid eirculation, which
aids In cooling the mechanizm,

RADIAL ROLLER BEARING RESFONSE
\ COUPLING
\ |'

Sl i |'
FHRLST ROLLER
BEARING % COLPL NG I|I

1‘"‘& COMMECTION
., \ '

SHAF]
TR

BELOCK ——

RAKN SHAFT PiN
RETAIMER

MAIN SHAFT FIN

Associated egquipment (receiver-regulator; servo

stroled linder; transmission control case mech-
:misﬁi. The receiver-regulator, servo stroking
evlinder, and transmission control case mechanism
are each connected to the A-end either mechanically

or hydraulically, These units operate the A-end tilt-
ing box to control the speed and direction of rotation
of the two B-ends, The receiver-regulator provides
automatic control of turret train movement from a
remote ghip's statlon. The transmission control

case mechanism provides control of turret train move-
ment from a loeal trainer's station,

Design differences (from elevat car A-end),
'The A-end design 18 Similar to the smaller A-end of
the elevating gear assembly (chapter 5) with the fol-
Iowing exceptions,

A-end valve plate. The A-end valve plate (fig,
6-5)15 2 stationary part of the A-end assembly and
forms one end of the A-end cagse, The A-end valve
plate main ports are provided with spring check
replenishing valves, These valves supply the
regpective low-pressure sides of the main system
with TEilEMEhlﬂg fluid at 40 pounds per sguare
inch, shuttle valve between the two ports di-
rects high pressure to the constant horsepower
valve of the A-end control case,
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a e
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. TRANSFER
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i e PLATE

SHAFT DISC

STROKING PISTON

\\\ PISTON

M CYLINDER BARREL KEY

A-ERD HOUSIMG

LINE HF1Z 70 CONTROL TRANSFER VALVE

Figure 6-5, Training Gear A-end Assembly, Cutaway View
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Keyway for tilting box shaft and arm. The side
of the A-end control case, to which the servo strok-
ing cylinder assembly is attached (flg. 6-5), is cut
out to form a Keyway that permits movement of the
tilting box shaft and connecting arm linkage between
the stroking piston and the tilting box,

A-end data,
Driven speed, revalutions per minute , , 350
Temperalureg
Mormal, operating range, F. . . 120 to 195
Maximum permitted, F, . , . . . . . 185
Displacement, cubic inches. . . . . . . 682
Manufacturer . . . . . Waterbury Tool Co,
Manufacturer's designation ., . . . . size 150
DERWING: @ e vk hww wew w DELRT

Follow-up contrel. The follow-up control con-
sists ol response shaiting from the right B-end drive
shaft to the train indicator, the receiver-regulator,
and the A-end control case mechanism, The follow-
up mechanizm within the control case consists of a
follow-up response gear, a control serew, and a con-
frol nut, Thizs mechanizm uses B-end response fo
return the A-end tilting box to its neutral stroke

STROKING PISTON
.

TILTING BOx 5TUD

SEATRING PISTON BUSHING

PISTON GAP
.h"\-
x

LINE HP12 TO-GUNTREDL
I RANSFER VALVE

LINE Hitla TR GOMTROL TRAMSTER "-'-"'.L"-"E__"‘H——_.__l_’_

.20 STROKING PISTON BUSHING | i ol

return the A-end tilting box to its neutral stroke posi-
tion, A complete description of this mechanism will
be found on page 6-11 of this chapter,

Serva stroking cylinder, The atroking piston eyl-
inder assembly (fig. 6-8) i8 a high-pressure, double-
acting plston and cylinder assembly mounted on the
aide of the A-end case, Thiz assembly changes the
position of the A-end tilting box to vary the volume
delivered by the A-end to the B-end units, The strok-

ing piaston cylinder assembly is deacribed in detail on
page B-9 of this chapter,

Hydraulic motors (B-ends).

Type, The two hydraulic motors (B-end assem-
hliﬂﬂyarﬂ type K, size 150, fixed-displacement units
of modified commercial design. Both are casze-
enclosed units with rotating groups similar to the A-
end pump, but arranged with socket-ring bearings
fixed at an angle of 20 degrees, The units differ in
that the drive shaft of the right B-end has response
take-off shafting (fig, 6-2).

CYLINDER CAP

A-END HOUSING

STROKING FISTON
GYLINDER

TILTING BOX STUD. BUSHIMG

TILTING BOX-5TUD FIN

AGCKET RING

Fl.g:u:e 8-8, Training Gear A-end Stroking Piston, Cutaway View
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Mounting, Both hydraulic motors are mounted on
foundafion weldments above the pan floor level at the
forward part of the turret. The units are located in
the spaces between the parallel divizional bulkheads
formed by the gun girder boxes, with 2 B-end mount -
ed on either side of the center gun girder box. Each
B-end is mounted with its drive shaft coupled to the
worm, wormwheel, and pinlon gear assembly.

_ Pressure and tank connections, In addition to the
pipeé manifolds of tHeé main svatem, the B-end assem-
blies are interconnected by flanged fittings for fluid
circulation, and have a common drain line to the sup-
ply tank. The circulation of hydraulic fluid aids in
cooling the mechanism,

Drive reduction. The total displacement of the
two B-ends 15 equal to twice the displacement of the
A-end to give a drive reduction of 2 to 1,

Design differences {(from elevating gear B-ond
and B-end valve plafes), The valve plates of the fwo
hydraullc moiors of the training gear are identical
to sach other, Each valve plate houses one relief
valve which relieves high pressure for one direction
of train, The relief valve in the left B-end valve
plate relieves for right train, the relief valve in the
right B-and valve plate relieves for left train, Both
valves, of adjustable-spring plunger design, hypass
high pressure to the main system return pipe at a
pregsure of 15235 pounds per square inch,

B-end data,
Speed (maximum) each B-end, rpm, . . .175
Torgue load {each shafl)
Mormal, rated, ft-1b , . . . ., « . 11,200
Maximum, rated, ft-Ib . v s 13,300
Oll temperatures
Normal operating range, F. . . 120 to 175
Maximum permitted, ¥ , . . . . . . 1BB
Displacement, each B-end, cuble
inchesperrev. . . . . . + -« « « . » 053

B-gnd-to-brake couplings, A brake assembly is
mounted on gdch of the worm gear drive shafts, Each
of these shafls is coupled to {ts B-and output shaft
through a flexible gear-type coupling similar to the
reduction gear-to-A-end coupling deseribed on page
B-5 of this chapter,

Brake assemblies, Each B-end brake is a spring-
actueated mechanical assembly with servo pressure
actuated release, The brakes hold the turret, at any
position of train when power is off, Each brake unit
is composed of a brake drum spline-mounted on the
worm gear drive shaft, two lined brake shoes, two
main springs, three hrake shoe levers, and a linkage
connection to the piston of a hydraulic cylinder, Each
unit 13 supported on a separate mr:runti&g base, The
units are right and left arrangements of identical
parts, and they simultaneously set or release the B-
end output shafts, The hydraulle circuit valve port-
ing arrangements automatically release the brakes
when power i3 on, A solenoid moves a power failure
valve against spring action to port servo pressure to
the two brake release eylinders,

Control and replenishing filters, The duplex fil-
ters uged in Boil the control and replenishing systems
are of modified commercial design. The control filter
and the replenishing filter are virtually identical, dou-
bie-cartridge filter assemblies., Each assembly has
a manually-operated selector lever that permits port-
il}%;i the hydraulie oil throogh either or both cart-
ridges,
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The filter unit for each syatem ia located in the
diacharge line of each pump. Each cartridge in the
[ilter unit conaists of an asgembly of discs and spac-
ard mounted on a movable gpindle stacked alongaide
cleaner blades mounted on a fixed rod. This arrang-
ment permils clearing the filter cartridge while the
nydraulle system g in operation, One complete rev-
olution of the eartridge handle passes the disecs through
hhe ﬁ}ﬂaner blades to remove foreign particles from

e ses,

The control filter has a flow capacity of 28 gallons
per minute with control pump preassure of 350 pounds
per sguare inch, The replenishing filter has a flow
capacity of 38 gallons per minute with replenishing
pump pressure of 40 pounds per square inch,

Control and replenishing rellef valves, The con-
trol and replenishing rellef valves, connected in the
discharge lines of the control and replenishing filters,
are mounted in a common valve block near the A-end,
They are spring-operated plunger-type safety relief
valves, The valves open and bypase excess pressure
flow to the expansion tank when control and replenish-
ingr lines are overloaded,

Expansion tank, The expansion tank, located at
the high point for The training gear, is a vented type
with gravity feed comnections to the control and re-
plenishing pumps, Return oil lines lead to the tank
from both B-ends and the A-end, The tank body i=
box-ghaped, 19,5 inches high, 35.5 inches deep, and
50, 0-inches wide, The sheet-copper tank has a cover,
high-and low-level trycocks, a {iller cap, an oll
strainer inside the tank, apd four vertical baffle
plates., The tank serves to dissipate heat [rom the
oil returned by the recirculating system,

The expansion {supply) tank capacity is 150 gal-
long, When the oil level is at the upper trycock, there
arc gpproximately 120 gallons in the tank,

Tm'ainilr_LE worm, wormwheel, and pinion assembly,
The B-énd uniits turn urref by driving a worm,
wormwheel, and pinion assembly of Burean of Ships
design. Each assembly, enclosed within a separate
case, s a nonoverhauling Hindley-type worm and
wormwheel, Each is fitted and adjusted to a fixed
position to ensure correct mesh of the pinion with

the training rack. The assemblies are securel
seated in heavy structural blocks and plates at the
front of the turret rotating structure. The mounting
weldment allgns each worm, wormwheel, and pinion
with its B-end drive shaft, The case forms an oll-
tight, vented enclosure for the worm, the wormwheel,
and their bearings, which are immersed in a circu-
lating lubricant,

Worm and wormwhecl, The worm and wormwheel
assemblies are Iocafed within a common compartment
at the front of the turret rolating structure {fig. 4-1).
The wormwheel, with 28 teeth cut around its 8, B-foot
circumference, is spline-mounted on the upper end
of the pinion shaft, The driving unit of the worm-
wheel, a single-thread worm, is integral with its
shaft and thrust rings, The worm and wormwheel
agsemblies are accessible through the hatch in the
bulkhead at the forward end of the center gun pit,

Pinlons, The pinions are integral shaft and spur
tooth gears, Each pinion has 12 teeth of 20, 53-inch
pitch diameter, The faces of the pinion teeth are
20,0 inches in length,
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Training rack, The tralning rack, an internal
annular gear, IS made in six equal-sized segments,
The segments, butted end to end, are keved and bolt-
od to the structural foundation of the ship, The rack
has 210 teeth with a pitch dlameter of 3559, 28 inches,

Lubrication, The worm-gear lubricating unit is
of Burean of Ships design, The electric motor and
pump are mounted on a foundation weldment betweon
the worm and wormwheel case enclosures, The
pump is supplied with lubricating oil from two sump
tanks, mounted directly below the turret compariment
containing the worm and wormwheel assemblies,

Training gear controls

The training gear control arrangements consiat of:

Btart-sStop controls

Power drive transmission controls
Control selector

fervo stroking system

Control gear hand gear

Control gear response gear
Control ease mechanism
Hegeiver-regulator

Start-stop control, The training gear power drive
iz startéd and stopped from its controller, The con-
troller is remcrteﬁr operated by two push buttons adja-
cent to the train operator's station, One button is
designated START-EMERCG, the other STOP,

The START-EMERG button eloses a normally-
open, three-pole switch and energizes the coil of the
main contactor Lo connect three-phase power to the
electric motor. Holding contacts on the relays kKeep
the power cireuit closed when the STAHT -EMERG
button ig released until the STOP button is pressed.
The control selector lever may be moved from HAND
to AUTO or AUTO to HAND without interrupting the
supply of power to the electric motor. Inthe event
of a power failure, the main contactor opens and re-
mains open until closad by pressing the 8TART -
EMERG button, An overload relay opens the cireuit
when current demand is too great, The main contac-
tor may be kepl closed to keep the electric motor
running in an emergency by holding the START-
EMERG button closed, The electric motor is stopped
by pressing the 8TOP button,

Transmission controls, The transmission con-
trols are the A-end control mechanisms and hydraul-
ie system devices that position the A-end tilting box
and eontrol the main system hydraulic pressure,
They include hand control elements and automatic
control elements,

Hand control elements, The elements of the hand
confTol system are:

1. Control selector

2, Servo stroking system

4, Control gear hand gear

4, Conirol gear response gear

Control case mechanism

ch

The units function together so that, when the con-
trol selector iz at HAND, the turret iz trained by

manually turning the handwheels, The response gear

and the control case devices provide follow-up control
and limit-stop control,

Auvutomatic control elements, The elements of the
automatic control system are:

1. Control gselector

2. Bervo stroking system

3. Receiver-regulator

4, Control gear response gear
3. Control case mechanism

The units function together so that, when the con-
trol selector iz at AUTO, the turret is automaticaliy
troined in response to electrical signals from & re-
moete station, The eontrol gear response gear pro-
videg follow-up control and limit-stop control as in
hand control., The limit stop function ia supplemen-
tary to an automatic limit stop device of the receiver-
regulator,

Control selector. The control selector {flg. G-15)
iz a manually-pogitioned hydraalie valve mounted on
the bulkhead adjacent to the train operator's station,
The selector permits the train operator to select
HAMD or AUTO control. The selector valve block
includes a related h:;dr:mlic valve calied the synchro
failure valve which 15 normally open to allow servo
pressure flow to the control selector valve, The syn-
chro failure valve automatically moves to block servo
preszsure flow to the control selector valwe when the
synchro gun train order signal fails, The synchro
failure valve automatically shifts eontrol away from
the receiver-regulator to the train operator’s hand-
wheels,

The control selector includes a synchro power
indicator light (fig, 6-15) which is lit whenever the
pun train order signal {(synchro power) iz available,
Should the synchro power fail, the indicator light goes
ik,

Servo jtrulr.ljlg_iﬁﬁmm. The servo stroking sys-
tem is composed of:

1, The control pump (fig. 6-4}) mounted on and
driven by the reduction gear,

2. The duplex filters in the discharge line of the
servo control svstem.,

3. A gsorvo control aystem relief valve,

4, The stroking cylinder and piston, and the
connecting arm to the A-end tilting box,

3., Hydraulic control valves

The system responds to hand and electrical gun
train order signals by moving the A-end tilting box
awayv from neutral stroke position, System pressure
is supplied by the control pump. The pump is describ-
ed on page 6-~9 and the filters and relief valves are
described on page 6-8 of this chapter. Other ele-
ments of the system are described in the following
paragraphs,

Eerj;:;_sl_tl:giﬁi_gg_ E]ﬂil:.lﬁ[il:. The servo stroking cvl-
inder (fige, 6-2, 6-5, and 6-6) iz a high-pressure
double-acting piston and cylinder unit, which s mount-
ed on the side of the A-end, The stmi:ing piston changes

the position of the A-end tilting box in response to hand
or automatic turret train orders,

6-9
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The cylinder assembly consists of a eylinder
case, g piston, two piston bushings, a cylinder cap.
a piston cap, a tilt box stud, and tilt box bushings.
The arrangement of the components is shown in fig-
ure B-6, The piston Is a solid, eylindrical piece,
assembled with & piston bushing on each end, mounted
within the stroking eylinder case, The piston is free
to slide through these bushings., Servo system pres-
sure is ported to eifher end of the piston to move the
A-and tilting box from neutral stroke, Piston mowe -
ments are controlled by the receiver-regulator in
AUTO and by the servo control valve in HAND,

Hydraulic control valves. Movement of the strolk-
ing piston is automatically controlled within the power
drive hydraulic system by the following interrelated
valves,

Power failure valve PFV., The power [ailure
valve PFV, mounted on the forward bulkhead above
the pan floor in the cemter gun pocket, is a two-posi-
tion, spool-type valve that opens or blocks the brake
rolease system hydravlie lines between the control
pump and the two brake release cylinders, It is
spring-oparated to block the system hydraulic lines
when power fails or is shut off, With power on the
valve 18 solenold actuated to open and port servo
pressure to the two brake release cylinders,

Constant horsepower directional control pilot
valve VBA, The constant horsepower directional
control pllot valve VGA, located in the A-end trans-
miasion control case, 18 a spring-and-pressure-op-
erated plunger type valve, Acting as a pilot valve it
directs the flow of serve pressure to either the servo
pilot valve V23 and the constant horsepower valve V6
or to the left end of the atroking piston transfer valve
V31, Valve VOA Is positloned agalnst main syatem
pressure bﬁ a gpring. The spring, with its pressure
varied by the position of the constant horsepower cam
{actuated by tilting box movement) ia between valve
VEBA and a plunger actuated by the cam, When moved
toward the right by excesslvely high main system
pressure, vaive VOA directs the flow of servo pres-
gure to the left end chamber of stroking piston trans-
fer valve V31 to force valve V31 to the right, Whon
moved toward the left by spring pressure, valve VGA
directs the flow of servo pressure to the servo pilot
valve V23 and the constant horsepower valve VG,

Servo pilot valve V23, The servo pilot valve V23,
located in tThe A-end fransmission control case, is a
apring-and-linkage-operated plunger type valve, It
directs the flow of servo pressure through either of
the two chambers of the stroking piston transfer valve
Val, Pilot valve V23 is apring operated to block the
flow of servo pressure to the stroking piston trans-
fer valve V31 when the controls ave at neutral, Pilot
valve V23 is positioned by linkage which ig actuated
by movement of the handwheels., When servo pilot
valve V23 iz moved toward the right, it ports servo
pressure through the left chamber of the stroking
plston tranafer valve V3l to the right end of the ser-
o atroking cyvlinder, This results in right train of
the turret. Moved toward the left, control valve V23
ports servo pressure through the right chamber of
iransfer valve V31 to the left end of the servo strok-
ing evlinder, This results in left train of the turret,

Constant horsepower valve V6. The constant
horsepower valve V6, located In the A-end trans-
misgsion control case, is a linkage-oporated plunger
type valve, Positioned by linkage which ig actuated
by the handwhesls, constant horzepower valve V6
openg or blocks the flow of gervo preasure from the
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constant horsepower directional control pilot valve
VBA to the stroking piston transfer valve V31, Con-
atant horsepower valve VB blocks the [low of servo
pressure to the stroking piston transfer valve V31
whien the controls are at neutral, Constant horse-
power valve V@ is positioned by linkage to port servo
pressure to the stroking piston transfer valve V31,

Stroking piston transfer valyve V31, The stroking

e

piston transfer valve V31, located in the A-end trans-
misaion control case, is a spring-and pressure-oper-
ated spool type valve, Acting as a directional valve

it directs the flow of servo pressure from the servo
pilot valve V33 to either the right or left end of the
servo stroking cylinder, Transfer valve V31, spring
pogitioned toward the left, permits servo circuit
pressure and drain flow for either left or right train
as ported by the servo pilot valve V23, SBtroking pis-
ton transfer valve V31, when forced to the right by
servo pressure ported to Its left end by the constant
horgepower directional control pilet valve V6A, blocks
servo pilot valve V23 and reverses the servo circuit
pressure and drain flow for either right or left train,
Under these conditions the constant horsepower valve
Vi momeniarily acts as a directional valve and tends
to move the servo stroking piston toward neutral
strofke,

R L S E——— L L L L A T P A

Main system relief valves V28, The relief valves

VZB, one located in each B-end valve plate, are
spring-loaded, plunger-type valves, Each valve
sarves to relieve high pressure for one direction of
train, They operate to by-pass fluid directly to the
low presgure transmission pipe,

Replenishing valves V3d, The replenishing valves
V32, located in the A-end replenishing valve block
assembly, are spring-loaded plunger-type valves,
They replenish the main system through the low pres-
sure trangmission pipe depending on the direction of
train,

ghuttle valve V27, The shuttle valve V27, located
in the A-end replenishing valve block aﬁsemhli;, isa
directional-flow, spool-type valve that is an element
of the constant horsepower device, Shuttle valve VET
s free to move to either end of its sleave, ?-:-rti:ng
main system high pressure to the left end of the con-
stant horsepower directional eontrol pilot valve, The
action of VZ7 ia the same in either direction of train,

Control gear hand gear, The control gear hand
geat for the frain operator is a pedestal bracket
handwheel drive with bevel gear and shaft assembly
arranged for hand control of the training gear., Locat-
ed a8 shown in figure 6-1, the mechanism is arranged
with its output shaft coupled through a friction clutch
to a limit stop and geared to a differential follow-up
mechanigm. A mechanieal linkage from the differan-
tial screw converts handwheel motiom to valve move -
ment to preduce 2, 0 degrees of turret rotation for
one full turn of the handwheels,

Control gear response gear. The direction and
speed of B-end rotation is transmitted from the right
B-end response drive takeoff to the A-end control
case mochanism by a system of shafts and bevel
wears (fig, 6-2), The B-end response drive is cou-
pled to a response input shaft that drives the differen-
tial screw of the follow-up mechanism, In addition,
train B-end response 1= coupled to response input
ghafts of the train and elevation indicators and the
train receiver-regulator,
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Transmission control case mechanism, Servo
stroking control 15 actuated through a case-enclosed
transmission eontrol mechanism, mounted on top of
the A-end cage. The interior arrangement of imer-
connected and related components of the control case
iz shown schematically in fipures 6-22 through 6-236,
The components are the mechanieal, electrical, and
hydraulic units described in the following paragraphs,

Friction clutch, Assembled between the hand-
wheel Inpiat shaft and the nut of the differential follow-
up mechanizm 15 a clutch unit, A {friction-type cluich,
it is engaged by spring pressure and disengaged by
hydraulic pressure, The clutch is engaged when the
control selector lever is positioned at HAND, The
clutch i2 disengaged when the lever is pogitioned at
AUTO, and whenever the constant horsepower mech-
anism assumes control in HAND,

Automatic eutoff (limit stop), The automatic cut-
off (Iimift stop) device in the control eage mechaniam
limits the train movement of the turret, The device
conaista of a traveling nut on a serew which carries
an adjustable limit stop at either end, The limit stop
screw i3 geared to the handwheel input shaft, As the
handwheels are turned, the nonrotating nut travels
toward one or the other limit stop, When the nut con-
tacts the Himit stop, the turret is brought to a stop,

The limit stops are set to correspond to the limits of
turrat train,

Follow-up control mechaniam. The [ollow-up
device ig 3 differential serew and nut gear mechanlam
that operates the control valve units through a linkage
attached to a trunnlon at one end of the control screw.
Displacement of the screw and valve linkage iz a dif-
ferential movement, It is derived from handwheel
rotation of the differential nut and B-end responsa
rotation of the screw, which turns the serew in the
opposite direction, B-end response input positions
the differential screw through a quill drive, In opera-
tion, the follow-up control mechanism is an automatic
machanical devlee for returning the tilting box to neu-
tral through the valves and stroking conirol linkage of
the control ease, The return-to-neutral of the tilting
box varies with the speed and rotation of the B-end,
to produce a graded deceleration of the valve gear,
servo stroking control, and the turret train movement,

Control linkage, The differential serew is rotated
at one end by ITain response, At its opposite end, the
differential screw vertical displacemont actuates a
spring-loaded, pivoted lever which functions as a
differential screw follower., The follower ls attached
to a geared sector that actuates the control linkage
through a control cam, The control linkage positions
the servo pilot valve V23 and the constant horsepower
directional control pilot valve VBA of the servo sirok-
ing ayatem, Attached to the tilting box through the
tilting box shaft and arm assembly of the transmission
control case mechanism, the control linkage is actu-
ated by tilting box movement, The arrangements of
Lthe control linkage and associated parts of the valve
Emgc%k assembly are indicated in fipures 6-22 through

WValve block assembly, Tilting box stroking is
controlled by a Servo syvstem valve block composed of
two mechanically operated plunger-type valves and
two pregsure-and-spring-actuated valves., The plung-
er-type valves are those designated the servo pilot
valva V23 and the constant ]mr.gegmr valve Vi, The
automatie valves are deslgnated the constant horse-
power pilot valve VBA and the transfer valve V31,

The valve block HEE—EI'.['I]J].%’ g shown schematically in
figures G-22 through 6-26, inclusive,

Conatant horsepower device, The maximum horse-

......

power taken from the electric motor is limited by the
constant horsepower device, This mechanism 15 a
mechanical and hydraulic arrangement that acts auto-
matically under train overload conditions to return
the tilting box toward neutral, The mechanism is

actuated by a pilot valve VBA that is opened by main
system pressure acting against valve spring tension,
The compression of the spring is controlled by & cam
which moves with the tilting box to redece compres-
sion as the A-end moves away from neutral, The
constant horsepower mechanism momentarily takes
control if the combination of hydraulic pressure and
gtroke of the A-end causes an input horsepower {o

the A-end in excess of the desired Hmit, When this
oocurs, VOA takes control away from the servo pilot
valve V23 by shifting the transfer valve V31 to port
servo pressure to the opposite end of the servo strok-
ing eylinder, The A-end stroke is then reduced o a
point where the overload is relieved. The constant
horsepower directional control pilot valve VA is then
shifted by its spring, and control is restored to the
aervo pilot valve V23.

Neutral return device, The neutral return device

provides for manual return of the A-end tilting box
to neutral should the electric power fail (or be shut
off) while the tilting box is in a stroke position, A
hand operated hydraulic pump, the neutral return
device is located conveniently near the train opera-
tor's station, The pump, with intake connected to
the expansion tank, has discharge circuit connections
with the transmission control case mechanism valve
bleck, The eircuit connections (fig, 6-28) are such
that hand pump pressure is directed to the left end
of the stroking piston transfer valve V31 to force it
to the right, Simultaneously hand pump pressure,
directed by servo pilot valve V23, is ported through
either chamber of transfer valve V31 to the stroking
piston. The hand pump pressure and drain flow
which are in reverse of the servo circuit pressure
and drain flow at the time of power fallure, return
the stroking piston (and tilt box) to neutral,

Meutral starting device, The neutral starting
device 15 a starting-circuit switch, which interlocks
the position of the A-end tilting box with the electrie
motor starting circuit, The device is part of an as-
zembly mounted on the side of the A-end. The swilch
ia operated by a cam which is attached to and moves
with the tilting box., When the tilting box is at neutral
position, the switch and the motor starting circult are
¢closed, An additional interlock in the electric motor
gtarting eircuit is provided by a switch operated by
the servo pilot valve V23, The switch closes only
when train response and stroke input shafts are not
in mation.

Receiver-regulator

A 16-inch Receiver-Regulator Mk 18 Mod 0 is
the control instrument for automatic operation of the
turret training gear,

An electric-hydraulic instrument enclosed within
a case (figs, 6-8 and 6-9), it is located on the elec-
tric deck between the eleciric motor and the A-end

(fig. B=T), The case iz divided intc two compart-
ments, one of which contains the eleetric synchros
and related gear train, The other compartment con-

tains the valve block and related devices,
g-11
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The receiver-regulator functions when the con-
trol selector lever ig positioned at AUTO, In this
control selection, servo-system stroking pressure
is ported to the stroking eylinder in response to train
orders received electrically in the receiver-regula-
tor. In AUTO, the hand control servo stroking valve
gear is bypassed,

Components, Each receiver-regulator consists
of the Tollawing components, all of which are enclosed
within the instrument case:

Fine and coarse control synchros
Parallax computer

Turret response gear

Stroke response gear

Limit stop device

Limit stop valve V34

Stabilizing valve V1

Stabilizing linkage L2

Automatic stroking valve V2
Synchronizing valves V3A and V15
Synchronizing valve linkage L3
Fressure repulator valve V43
Stabilizing piston P1

Amplifier piston P3

Amplifier linkage L1

Hydraulic vibrator

The arrangement of the above electrical, hydrau-
g, and mechanical components of the receiver-reg-
ulator i3 shown schematically in figure 6-27,

Receiver- regulator instrument (figs. 6-5 and 6-9),

Fine and coarse control synchros, Gun train
orders to the Tecelver-regulalor are transmitted by
gynchro cireuits, The rotors of the generators and

ELECTRIC MOTOR

REDUCTION GEAR

THAIN RECEIVER-REGULATOR

receivers of both the fine (36-speed) and coarse (1-
speed] synchros are connected in parallel to operate
on a 115-volt, 60-cvele, single-phase, alternating-
current supply, Both synchros are bearing-mounted
80 that the stators of the synchros can be rotated by
parallax correction, turret response, and stroke
response. Rotation is accomplished by a aystem of
shafts, gears, and gear differentials, The two =yn-
chros and their gear train are located in the synchro
compariment (fig, 6-11),

The rotor of the coarse synchro positions the
gynchronizing pilot valve ¥15 and the synchronizing
valve ViA through the synchronizing linkage L3. The
rotor of the fine synehro positions the amplifier link-
age L1 and itg attached valves,

Parallax computer (fig. 6-10). The parallax
correciion 18 compufed for the horizontal distance
between the director and the turret, and is derived
from train angle and parallax range., The parallax
computer mechanism enters a mechanical correction
to the train order signal and the angle of turret train,
The parallax value is variable for each turret, depend-
ing upon three factora:

1, The base line distance from the director to
the turret,

2. The range of the target,

d. The angle of turret train,

For any angle of turret train, except dead ahead
or dead astern, the parallax corraction varies in-
vergely with the range, The maximum COrrec-
tion when the target is abeam at short range,
and the minimum correction when the target is
a few degrees on the bow or guarier at long range,

INVERSE RANGE INPUT SHAFT

AEND ASSEMBLY

Figure 8-7, 1l8-inch Receilver-Regulator Mk 18 Mod 5, General Arrangement

B-12
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The parallax computer solves each problem for each
turret and avtomatically adds the correction to the
train responsge.

The parallax computer receives a shaft input {des-
ignated as inverse range) from the fraln indleator,
The input has a limited movement of 18, 5 turns, which
is equivalent to ranges from infinity to the shortest
range of 3400 yards, The other shaft input to the
parallax computer [designated angle of turret train)
is recaived in the form of 1-speed input from the B-
end response gear, The two designated valves are
continuously converted to mechanical correction by
the motions of the block (K, fig. 6-28), the crank M
and the yoke rack which turns shaft 10B, The move-
ment of the shaft 10B drives the change gears and
ghaft 10 that add parallax correction to the response
input to the fine and coarse synchros, as shown in
figure 6-28.

Train response gear. The train (B-end} response
gear (figs, 6-11 and 6-12) drives one input gear of
the differential thal rotates the stators of the coarse
and fine synchros through a gear train assembly with-
in the receiver-regulator case, ¥From the right B-
end, train response is simultaneously transmitted to
the train and elevation indicators to the transmission
control case, and to the receiver-regulator, In the
recelver -regulator, the B-end response combines
with parallax correction to rotate the stators of the
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Figure -8, Train Recelver-Regulator Mk 18 Mod b,
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coargse and line synchros, B-end response and stroke
response are combined in a differential to position the
limit stop valve V34 through a connecting link from
the train limit stop,

Stroke response gear, The A-end stroke response
is a mechanical input derived from a gear box attached
above the A-end control case. The gear box receives
tilting box motion through the A-end control case and
ateps up the motion to & ratio of 15 to 1, This new
value is transmitted as stroke response (o the recelv-
ar-repulgtor by means of shafts connected to the ad-
justable coupling, designated B, In the receiver-
repulator, stroke response combines with B-end re -
sponse through differential gearing to position the
limit-stop valve V34 through the train limit stop,
Stroke response represents turret training speed; 't
is combined with B-end {turret position) response to
make the limit stop valve Vi4 operate sooner at high
speeds than 1t does at low speeds as the turret an-
proaches its limit.,

Limlt stop device. The aulomatic train limit stop
(figs, B-1% and 6-12) receives a combination of the
angle of turret train and the speed of turret train
through a mechanleal differential,

The device consists of series of discs and lugs
which are Iree to rotate on shaft 8B (fig, 6-27). Each
dize contains a pin which extends about 3/32 inch on
aither side of the disc and is pressed through the disc
about 9716 inch from its center. The discs are assem-
bled alternately on a2 common shaft with the luga, The
lugs engage the ping as the drive shaft fnput rotates,
As the disc at the input end of the assembly 1s rotated,
the pins on suceesslve discs engage succesgive lugs,
until after several revolutions of the first disc the
entire aggembly rotates as a unit, The last lug to be
engaged operates a cam which rotates the limil stop
drive ghaft, The shaft then moves the limit stop
valve E:i-& which is also the sleeve for the stabilizing
valve z

Limit stop valve (V34), The limit stop valve Vid4,
located In a valve block af the hottom of the receiver-
regulator, is positioned by the movement of a crank
which is actuated by the limit stop device, Vi34 is
normally centered in its position by a spring at either
end. When displaced {rom center by the limit stop
device, V34 shifts servo pressure flow to and drain
from the stroking piston P2 to decelerate and stop
the turret at ils preset limit,

Stabilizing valve V1. The stabilizing valve V1,
located within the Iimif stop valve V34 body, acts
with the stabilizing piston P1 to prevent overtravel
af the turret (B-ends) which would result in oscilla-
tion about the train order signal, Positioned by the
stabilizing linkage L2, the stabilizing valve V1 di-
rects repulator control pressure to one end or the
other of the stabilizing piston P1, Movement of pis-
ton P1 positions the amplifier piston P3 and amplifier
linkage L1 and also moves the stabilizing valve V1
hack to its original position,

Stabilizing linkage L2. The stabilizing linkage
L2, shown In flgure 6-9, is mounted in a vertical
position in the valve compartment of the receiver-
regulator, Al its upper end, the stabilizing link-
agpe L2 is connected to the amplifier piston P3,
The middle of L2 is connected to the stabilizing pis-
ton P1, At the lower end, L2 iz connected to both
the automatic stroking valve V2 and the stabilizing
valve V1,

G=13
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Automatic stroking valve V2, The auviomatic
stroking valve VZ 18 located in @ separate valve bioel,
shown in figure 6-9, at the lower left side of the re-
ceiver-regulator valve compartment, Positioned by
the stabilizing linkage L2, V2 ports servo pressure
flow to and drain (through control transfer valve V3B)
from the stroking piston P2,

Synchronizing valve V3A and synchronizing pilot
valve VIb, The synchronizing valve E’EE and synchro-
nizing pilot valve V15 are located in a valve block,
shown in figure 6-9, in the upper part of the receiver-
regulator valve compartment. Both valves are posi-
tionad by the synchronizing valve linkage L3, which
is actuated by rotation of the rotor of the coarse (1-
speed) synchre. The synchronizing pilot valve V18,
when centered, ports regulator control pressure to
the synchronizing valve V3A, which directs the repu-
lator control pressure to the fine synchro valve V3
as long as the turret position is within three degrees
of the gun train order. V3 then controls servo piston
movement through the amplifier piston P3, stabilizing
linkage L2, and the automatic stroking valve, V2,
When the turret position is more than three degrees

SYNCHRONIZING VALVE
LINKAGE 13«

ST A

SYMCHRONIZING
FILOT VALYE V15

away from gun train order, V3A cuts off regulator
control pressure to V3 and ports the pressure direct-
ly to P3 to drive the turret at full speed toward its
syiichronized position,

Synchronizing valve link L3, The synchroni-
zing valve Iinkage shown in figire §-9 is located in
the upper part of the recelver-regulator valves com-
partment, L3 is actuated by rotation of the rotor of
the coarse {1-speed) synehro to position V3A and V15.

Presgure regulator valve V42, The pressure
regﬂﬁtmﬁmmthe valve hlock in
the cenler portion of the receiver-regulator valve
compartment (fig. 6-9), Servo pressure, ported to
valve V43 at a pressure of approximately 350 pounds
per square inch, is reduced to a control pressure of
approximately 135 pounds per 5qtuare inch. Control
pressure is ported through the stabilizing valve V1
to the stabilizing piston P1. It is also poried to the
synchronizing pilot valve V15 and through it to the
synchronizing valve V3A. From V3A, control pres-
gure is ported through the fine synchro valve Vi to
the amplifier piston P3,

SYNCHRONIZING WALVE BLOCK

ok

1-SPEED SYMCHRO
(D) CRANK ~._

e

STRCHRONIZING
VALVE Vah

PRESSLIRE
REGULATOR VALVE Va2 -
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SUMP FLOAT
SWITCH LEADS ™=

CIRCUIT B& TO
MAIR AUXILIARY
TRANSFER SWITCH

CIRCULT B& TO
CONTROL SELECTOR

SUME PUMP

CIRCUIT B3 70 il
MOTOR CONTROLLER £k

HYDRALILIC VIBRATOR s 2

STABILIZING PISTON P1

AUTOMATIC STROKING = st
VALVE BLOCK -

ALITOMATIC STROKING
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STABILIZING
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| VIBRATOR
[ THRGTTLE
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o
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Figure-6-9, Train Receiver-Begulator Mk 18 Mod 5,Valve Compartment
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Stabilizing piston P1. The stabilizing piston P1
is located In the valve block in the eenter of the re-
ceiver-regulator valve compartment (fig, 6-9), Pis-
ton P1 acts to change the pivot point in the stabilizing
linkage L2, thereby affectlng the response of the am-
plifier piston P3 to the movement of the fine synchro
valve V3. The arranpement prevents overtravel and

LEPEED TRAIN RESPONSE 1-SPEED T6
COMPUTER DIFFERENTIAL
ot
T b BLOCK K
'l -\_'la'lh
o v a"  30TOOTH
: - '::rf PN \
i
= B~
-
2
L ‘k. : 3
v ;r% tﬁ .r.-' .i
[ =y,

L
II .-"'-'f-. w}"
' ,ﬂ/ ; PARALLAX

F'.[IJUSITAELE CRAMEPIN . INVERSE RAMNGE JERD
HLIE BEARING M YORE CRANK.  CROS5-HAIRS

Figure 6-10, Train Receiver-Regulator
Mk 18 Mod 5 Parallax Computer Drive

INVERSE RANGE INPUT «_ =
LCOUPLIMG ) gt

CHECEING DIALS ——0

FARBLLAX ZERD.
CROSS-HAIRS

S

TEST BYNCHRO-—"
GEAR COVER

CHEFERENTIAL ~——
CLAMP

GEARS M AND N 7

oscillation of the turret about the train order signal,
The stabilizing valve V1 regulates the parting of regu-
lator control pressure to the chambers of the stabiliz-
ing piston P1,

Amplifier piston P3, The amplifier piston P3
(fig. G-9) 18 [ocated 1 the valve bloek in the center
of the receiver-regulator, P3 is moved in fine syn-
chro control by regulator control pressure ported to
it by the fine synchro valve V3, Amplifying V3 move-
ment, P3 acts through the amplifier linkage L1 to re-
turn V3 to neutral. P3 acts through the stabilizing
linkage L2 to position the avtomatic stroking valve
V2. In coarse synchro control, regulator control
pressure is ported directly to 15'3 to drive the turret
at full speed toward its synchronized position,

Amplifier lUnkage L1, The amplifier linkage L1
{Iig., §-8) I="Tocaled in the upper right portion of the
receiver-regulator valve compartment. The upper
ehd of L1 s connected {o the rotor of the fine (38-
speed) synchro, and is positioned by rotation of the
rotor. The opposite end of Ll is connected to the
amplifier piston P3, Synchro rotor movement acts
through L1 to move the fine synchro valve V3, Am-
plifying movement of P3 acts back through L1 to move
V3 back to its original position,

Hydraulic vibrator., The hydraulic vibrator (fig,
6-8J, Tocated Inthe center of the receiver-regulator
valve compartment, runs on servo pressurc as a dou-
ble-acting, two-cylinder reciprocating engine, The
device oscillates the amplifier piston P3 through a
very amall amplitude at about 30 eyeles per second
to prevent static friction in the valves and linkages.

B e o

- STROKE RESPUONSE
—TINPUT {COUPLING B}

PARALLAKX
COMPUTER YOHE

— | -SPEED SYNCHRO (1)

FARALLAX
T GHANGE GEAR F

FARALLAK
CHANGE GEAR &

Flgure 8-11, Train Receiver-Regulator Bk 18 Mod 5 Front View - Cover Removed
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Control selector. The turret training control
seléclor (iig, B-10) is a manually operated hydraulic
valve that permits selection of AUTO or HAND con-
trol of the train power drive hydraulic transmission,

selector lever., The control selector unit is adja-
cent to the trafi dperator's station and is provided
with a selector lever, The lever is positioned by the
train operator to the desired method of control, indl-
cated on the lever position dial plate by the selector
lever. The control selector valve V4 i3 positioned
within the contrel selector valve biock by rotation of
the gelector lever,

Control selector valve V4, The control selector
valve V4 15 located in the control selector unit, as
shown in the schematle diagram of figure 6-28, Ser-
vo pressure, admitted to the control selector valve
block through port number 50, is ported by the syn-
chro failure valve V11 to the center section of ?Fand

| SPEED BETUOTH ENT CLUTE

SEEF_IHTQ} GEAR DE1EHTJILI.I.|1.|| I

SH J i IMVERSE CHECKING
/ RANGE INFUT A CHIN

I-'MIF-STUF‘

|
16-SPEED DRI TEST
SYNCHRD SYNCHRD
SHAET (E) LIMIT STOP DRIVE SHAFT GEAR

Fipure fi-12, Train Receiver-Regulator Mi 18 Mod §
Cear Box Assembly, Side View

6-16

to the chamber of the synchro failure latching valve
V45, When the selector lever is at AUTO, pressure
is ported from V4 to the transfer acceleration limit-
ing valve TALY, to the control transfer valve V3B,
and to the handwheel clutch,

DETENT e
CLUTCH J— w, s

44 TOOTH
GEAR ——

Figure 6-13, Traln Receiver-Regulator Mk 18 Mod 5
Parallax-Computer Range Limit Stop Device

LIMIL G TOP CAM CAM  LUG  TRAIN LIMIT STop
OHIVE SHAFT  FOLLOWER  « / ADULISTMENT FOR
/ / f DISTARCE BETWEEN

o f PINS 1 AND 2

I I?-:: %
CLHNTERIMNG Sl CADMISTABLE =
SPHING / PINS 1 AND 2 i—_
1

POSITIVE STOP ARIVE 182U
FOR CAM LOCKED . TOGETFHER GEAR M

Figure 6-14, Train Recelver-Regulator Mk 18 Mod 5

Limit S8top Drive Assembly
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Synchro failure valve V11, The synchro failure
valve VIT I8 [ocated within the control selector unit
{fig. 6-27) together with the synehro failure solenoid
83. The synchro failure valve V11 transfers control
automatically to the train operator’s handwheels in
the event of a failure of synchro power. Should syn-
chro power fail, the synchro failure solennid 33 is
de-energized and a spring forces valve ¥11 to the
right to cut off servoe preasure to the automatic con-
trol elements, If the synchro power is restored, the
control remains with the handwheels untii the selec-
tor lever is moved to HAND and then back to AUTO,

Eﬂ%hru failure latching valve V45, The synchro
failure latching valve iz located within the control

selector unit, adjacent to the control selector valve V4,

GIRCUNT GEP TO
QRECEIVER-REGULATOR

LIME 0 T
TRAIN RECEIVER-REGULATOR

SYNCHRD FAILURE
SOLENCID £53)

SYRCHRD POWER IMLDHCATOR LIGHT OREAIN

When V11 cuts off servo pressure and causes the ser-
vo pregsure behind the synchro fallure latching valve

V4b to fail, V45 will move to the left under spring
pressure.  As V45 moves to the left, it cuts off servo

pressure flow through port numaer 10, When synchro
E{uwnr I= restored, servo pressure cannot pass through
4 because V45 has remained all the way to the left,

Control transfer valve V3B, The control transfer
valve Vob ([Ig. 6-18], [ocated on the right side of the
A-end, transfers turret training control from the train
operator's handwheels to the receiver-regulator. When
servo pressure is ported lo V3B [rom the control se-
lector unlt, V3B Is moved to the right against spring
pressure, This connects the automatle stroking valve
V3 in the receiver-regulator to the stroking piston,
through ViB,

LIME 10 T
TRANZFER ACCELERATION

// LEMITING VALVE

LINE &0 TO DRAIN

SYMOHRD POWER INDICATGR LIGHT

SELECTOR LEVER (N HAMD)

Figure 6-15, ".T'I:'H!‘ﬂ Recetver-Regulator Mk 18 Mod 5 Selector and Synchra Failure Valve



OP T8y

16 IMCH THREE GUN TURRETS

Transfer aceeleration limiting valve TALV, The
transioT acceleration Mmiiing valve TALYV (g, G-17),
located near the A-end, prevenls excessive turret
train speed when shifting from AUTO to HAND, In
AUTO, servo pressure is ported to TALV from the
control selector to hold the valve open against Its
spring, Wien the selector lever iz moved from AUTO
to HANT, the unbalanced valve TALV, bound against
the side wall by servo preszure, closes partly and
restricts flow in the line to the left chamber of the
gtroking cylinder P2, As soon as the turret synchro-
nizes with the handwheels, the servo pilot valve V23
cuts off servo pressure to TALY which then is moved
by its spring to remove the restriction in the line to
the stroking cylinder P2.

S tank, The sump tank {fig. 6-18) forms the
bage on i:!'1|Tr|11'_'t'| the receiver-regulator is mounted, A

rectangular bhox-like weldment, the tank has internal
arrangements for two floats, a valve, A mercury
gwitch 34, a sump pump float switch 85, and two man-
ifold Llocks and pipes. Mounted on a foundation weld-
ment, the tank 18 raised slightly above the electric
deck between the A-end and electric motor., There
are two removable inspection covers on one side of
the tank and four flanged ports for hrdraulie pipes

on the opposite side of the tank, The tank, provided
with a normally plugged drain hole in the bottom, =
a receptacle for hydraulic fluid leakage and drainage
from the receiver-regulator valve block,

Sump pump, The sump pump (fig, 6-18) is a sep-
arafe maotor-pomp set, located on the electric deock
near the A-end, Hyd.l:aulic fiuid leakape and drainage
from the receivar-regulator valve block goes into A
sump tank from which the fluid is pumped back to the
expansion tank, Under normal conditions the sump

CIRCUIT 1R TO LINE 10 TO LINE 40 TO
TURRET OFFICER'S CONTROL STROEING
INDICATOR LIGHT SELECTOR

LIME &0 TO DREAMN

LINE 31. TO AEND

PISTON B N '“I_'.‘N['EJ' CASE

pump {a rotary gear pump driven by a one-harsepower
alternating current motor) runs whenever the clectrie
motor is running. The capacity of the pump is greater
than the normal drainage into the sump tank; therefore,
part of the oil is recirculated back to the sump tanic,
Whenever the oil level becomes too low, the float-
operated gump pamp valve V40 opens and pormits the
pump discharge to return to the sump tank to assure
adequate oll supply to the pump at all timez, I the
sump pump unit 18 not used for several days, oil may
gradually {11l the tank, Should the oil get abnormally
high, the float-operated mercury switch 54 actuates a
magnetic awiteh 85 in the sump pump control unit and
thereby starts the pump, The pump lowers the oil level
until the float switch cuts off the pump motor circuit,
In case of failure of the float switch, the pump may be
run by closing the sump pump emergency switch,

If the sump pump should fail, the sump tank will
fill completely, BSump tank check valve V41 will
cloze, sealing the synchro compartment, and pres-
sure will build up in the valve compartment, When
the pressure reaches eight pounds per aquare inch,
the discharge oll will be forced through the check
valve to the expansgion lank,

Sump pump controller. The sump pump coniroller
(flgs, 8-20and 6-217 12 mounted on the bulkhead at the
electric deck, near the training gear A-end. It con-
sists of & :ataurlard--t}'pe controller case, inside of
which are a shock-mounted switch panel, a line switch,
a control transformer, and necessary interlocks.
The controller contains four separate circuits which
gperate the sump pump motors of the elevating gears
for the right pun, the center gun, the left gun, and
the turret training gear. Each circuil is completo
in ilself,

i1 TO A-END
TRANSMISSION
CONTROL CASE

LINE 2 TO LiKE
RECEIVER-
FEGLILETON

TRANSMISSIGN

| [P

Figure 6-16. Train Receiver-Regulator Mk 18 Maod 5 Control Transfer Valve
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LINE 30 TO
TRANSFER
VALYVE

LIME 10 T HANDWHEEL
CLUTCH RELEASE PISTOM T

LENE 30T A-END
CONTROL BOX

e
:'I 1
.-# ﬁ
-y
L) l |

b $
! G . | L

' 5 ——
[ et = !L_' ’
LT anSTING SCREW

Figure 6-17. Train Receiver-Regulator Mi 18 Mod 5
Transfer Acceleration Limiting Valve
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Figure 6-18. Train Recelver-Regulator Mi 18 Mod 5
Sump Tank

- When the electric motor of the training gear power
drive is started, the corresponding magnetic switch
in the sump pump controller closes the circult to its
sump pump. Each magnetic switch has two solenoids
that are linked together mechanically and connected
to the contact mechanism. One solenoid is for 440
volts and the other is for 110 volts, Either sclenoid
can close the awitch, While the power drive is oper-
ating, the 44(-volt solenpid is energized from one
phase of the main controller; therefore, the sump
pump operates whenever its power drive Is operated,

Il the power drive i=s not operating and oll leakage
fills the sump tank, a float-operated mercury swite
closes a 110-volt circuit and thereby closes the mag-
netic awitch by energizing the 110-volt solenocid, The
110-volt power iz supplied by & transformer in the
controller case,

Firing stop mechanism

The firing stop mechanism aviomatically opens
the gun firing clreuits and closes the signal light cir-
cuits in zones of obstructed fire. The installation i=
the same in each turret and consists of three pairs of
cam-operated sawitches, cach composed of an elevating
movement switch and a train movement switch, The
gwitches are connecled in 2eries, and both switches
must be closed before the firing circuit for that gun
is complete, Of the same desgign, sll swltehes are
two-circuit plunger-type interlock switches with the
firing circuit normally closed and the signal circuit
normally open, Each elevating movement switch is
similariy located on the riﬁht deck lug of its gun, The
plunger roller of the switch is positioned to be contact-
ed by an adlustable actuating cam mounted on the lower
shield plate of the slide, The three cams have ldenti-
cal settings to actuate and hold the switch plunger for
the respective gun throughout that gun's arc of fire,
The three gun train movement switches (one for each
gun in a turret) are mounted on the turret holding-
down clip, Their actuating cams are attached to the
lower roller path, The cams actuate and hold the
switch plunger for the respective gun throughout the
arc of fire of the turret,

CIRGUT 814 1
SUMEP PUMP MOTOR
CONTROLLER:

SUMP PLIMP
MOTOR

DESCHARGE

LINE 62 TO
ERPANSION TANK
/

(1" il
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[ r HECEIVER

f REGULATOR

BARSE FLATE SHAFT COVER SLUMPE FLMP

Figure 6-18, Train Receiver-Regulator Mk 18 Mod &
Sump Tank
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The signal light circuit operates a multiple ar-
rangement of red slgnal lights, These include signal
lights at each gun laver's station and a three-dial
gignal light indicator at the pointer's and trainer's
stations, In addition, there are three-dial signal
light indicators at the train operator's statlon and at
the turret officer's station. The warning signal sys-
tem is provided with a separate switch that functions
simultaneously with, or slightly before, the firing
system switeh,

OPERATION

Training gear control methods are substantiaily
different in the two control selections. Hand gervo-
contrel operation of the power drive when the control
selector lever is positioned at HAND, is deseribed
on page f-21 of this chapier. The description of
HAND control is 11lustrated in fipures 6-22 to 6-26,
Automatic servo-control operation, when the control
selector lever 1= positioned at AUTO, is described
in other paragraphs of this chapter, The description
of AUTO control is illuatrated by figure 6-27,

Genaral hand and_a_.utnmattn control

~ Innormal HAND operation, the train order signal
iz recelved in the train indicator. The train operator

LINE SWITLH

Figure 6-20, Train Recelver-Regulator Mk 18 Mod 5
Sump Pump Control Unit

6-20

observes the gun train signal, as indleated by the
polnters in the train indicator, and compares that
signal with the pozition of the turret., If there is a
"matching error" in the pointers, the train operator
rotates the handwheels in a direction and at a speed
caleulated to "mateh pointers. "

In AUTO operatlon, the recelver-regulator re-
ceives the traln order Eiﬁml from a remote ship's
gtation. By comparing the train order signal with
a mechanical indication of turret train, the receiver-
regulator continually measures "matching error, "
The receiver-regulator measures the error by elec-
trical and mechanical devices and acts on the servo
stroking piston to reduce the error.

440y TIONDLT
IRANSFORMER |

'|l\ AA0VOLT COMS / LINE SWITCH
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INTERLDCK
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/ i r LEFT GUNM
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TINTACT ELEVOTIN
Sl CENTER GUN TRAIN

TELL

Figure 6-21, Train Receiver-Regulator Mk 18 Mod 5
Sump Pump Control Unit, Door Open
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MECHANICAL SYMBOL
Figure 8-22, Training Gear Hand Control System Diagram,
C2  CONSTANT HP CAM Transmission - Controls Neutral, Power On

CHANGE 1 6-20A/B
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Perform the following eperations when starting
the maln electric motor:

1. Place the controller cirevit-hreaker lever
at ON,

2, Place the train operator's control selector
lever at HAND.

3. Ascertiain that the gservo interlock and the neu-
tral interloek switches are elosed, Thia condition is
indicated by illumination of the neutral-start indicator
light,

4. Press the START-EMERG button,

Stopping

When stopping the training gear power drive, per-
form the following operations:

1. Place the train operator's control selector
lever at HAND,

2, Train the turret to the desired angle of train;
stop handwheel rotation,

&, Ascertain that the tilting box is at neutral posi-
tion. This is indicated by illumination of the neutral-
atart indicator light,

4. Pressg the STOP button,

Hand control, servo operation

For servo operation in hand control, the train
operator's selector lever is positioned at HAND,
With the electric motor in operation, and the power
drive correctly adjusted, the theory and performance
of the controls are:

Controls neutral. With the training handwheels
at rest, the lollowing conditions exist Ef-lg'. 6-22).

1. The A-end tilting box is at neutral stroke, no
hydraulic fluid is being pumped, and there is no pres-
gure in the main system Hnes between the A- and B -
ends,

2. Hwdraulic fluld is delivered by the servo pump
{at servo pressure) to the power failure valve PFV,
to the control selector valve, and to the control case
through the reliel bypass valve,

d. Opened by itz solenoid, PFV admits servo
preasure to the cylinders of the B -end brakes,

4. Servo pressure ported to the comtrol case is
blocked at the constant horsepower valve VB, at the
constant horsepower directional control pilot valve
VGA, and at the servo pilot valve V23,

f. Servo pressure is blocked in the control aelec-
tor by the synchro failure valve V11.

4. Heplenishing pressure is maintained to the re-
plenishing valves V32 in the A-end valve plate to keop
the main system filled with hydraulic fluid,

Mormal control tralning right, With the power
drive in operation (ontrals neufral, as shown in fig-
ure §-22), the turret is trained to the right by turning
the handwheels down and sway from the operator, The
following actions occur (fig, 6-23):

1. Handwheel motion is transmitted through the
¢lutch and differential to the {ree end of the control
linkagre, to move the linkage to the right,

3. Servo pllot valve V23 is displaced to the right
by its spring, admitting servo pressure flow through
the stroking piston transfer valve V31 to line HP13.

3. Bervo pressure {rom HP13 [s ported by the
control transfer valve V3B to the right chamber of
the stroking piston P2, to drive piston P2 to the left,
The left chamber of piston P2 drains through HP12
via VaB, TALV, V31, and V23 into the control case,

4, As the tilting box iz moved to stroke position
by B2, the pivet end of the control linkage moves to
center valve V23 when the degree of A-end tilt corre-
aponds to handwheel motion, As the A-end tilting box
iz di=placed to a stroke position, the B-end units are
hydraulically driven to rotate the turret,

9., When V23 iz centered, servo pressure through
HP13 i= cut off, At constant handwheel input speed,
B-end response combines with handwheel input to kKeep
Va3 ceptered. P2 and the A-end tilting box remain
displaced an amount equivalent to handwheel speed,

B. Increase in handwheel speed causes an increage
in A-end tilt through further movement of P2,

7. Decrease in handwheel speed combines with
B-end response to move the control serew in the op-
posite direction, This moves V23 to reverse the pres-
gure and drain connections to P2, and drive the tilting
box back toward neutral stroke,

G, If main system pressure rises too high, it dis-
charges directly inte the low side of the maln system
through the main syatem relief valves V28,

8, Hormal leakage will cause the main system
return pressure to drop below the getting of the re-
plenishing valve V32, When this occurs, the system
ia replenished by the replenighing pump through V32,

10, When the handwheels are stopped, B-end re-
Aponse rotates the differential screw to correct its
original displacement by handwheel input, Hesponse
rotation restores the control linkage to neutral and
the tilting hox to neutral stroke,

Constant horsepower control, If the combination
of A-end stroke and main system high pressure re-
uires the electric motor to deliver more than the
gsired horsepower, the constant horsepower device
takes control (fig, 6-24), When this occeurs:

1, Main system high pressure, from the A-end
valve through line HP-14 to the left end of the conatant
horsepower directional control pllot valve VA, forces
VBA to the right against ile spring, The spring setting
iz controlled by a cam-operated plunger that is posi-
tioned by A-end tilt,

2, With V6A to the right, servo pressure ia ported
to the left end of the stroking pieton transfer valve V31,
to force V31 to the right, From the left end of V31 sep-
vo pressure is ported to the right end of the control
transfer valve V3B (to move it to the left) and alse to
the spring end of TALY to hold it open,

3. In its new position V31 blocks normal flow of
servo pressure for right train by blocking servo pras-
gure from V23 to line HP13, Bervo pressure i ported

through the right end of the conatant horsepower valve
Vi to the left side of P2 through TALY and V3B to

fi-21
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drive the A-end tilting box back toward neutral. The
right end of P2 is opened to drain through V3B and
the center grooves of V31 and V6 to the control case,

4. Movement of the A-end tilting box toward
neutral increases the pressure exerted by the con-
stant horsepower cam on the plunger and spring to
shife VBA to the left agalnst main system pressure,
When thi= occurs, the related mechanisms return
to their normal position (fig. 6-23), and the servo
pilot valve V23 takes control from V8A and VB,

Limit stop control. I handwheel operation is
continded In one direction until the turret is approach-
ing its positive stop, the limit stop in the control case
mechanism stops the handwheels ?ﬂg, f-28)., When
this occurs:

1, DB-end response acts directly on the differen-
tial screw and control linkage to return them to neu-
Tral.

2. The servo pilot valve V23 shifts to the left to
port servo pressure through V31, TALV, and V3B
to the stroking piston to return the A-end to neutral,

Neutral return, When the training gear power
drive has been stopped while in motion, either by
power failure or by use of the STOP push button, the
power drive cannot be started again until the A-end
tilting box is manually returned to neutral (fig. 6-26),
To do this:

1. Operate the neutral return hand pump in a
clockwise direction,

4. This actlon builds up pressure(approximately
100 pounds per square 1:1:1]1? to move the stroking pis-
ton transfer valve V31 to the right, Hand pump pres-
sure irom V23 is blocked by V31 in this pogition, V8
is held to the right or left by the linkage from the A-

end tilting box.

3. The pozitionz of V31 and V8 port the hand
pump presaure through V3B or through TALV and
V3B to one end or the other of the stroking piston to
drive it back to neutral from its stroke position, Fig-
ure 8-26 shows hydraulic circult conditions when re-
turning the A-end tilting box to neutral from a left
train on-gstroke position.

4. When the tilting box 15 returned to neutral,
the pivot of the control linkage moves VB to its center
pasition, cutting off pressure flow to the stroking pia-
’{pu and increasing the resistance to hand pump opera-
1o,

5. Hand pump cperation is now stopped. This
permits V31 to return to its normal position., The
power drive 1s ready for normal operation,

Receiver-regulator contrel, servo operation

With the power drive in operation, the selector
lever at AUTO, and with the turret synchronized
with a stationary signal, hydraulic conditions of the
automatic control circult are as follows:

b, Servo pressure is delivered through the power
failure valve PFV to the B-end brake release cylin-
ders. Servo pressure to the control case valve block
is blocked by the center lands of V23 and V6.

2, Bervo pressure is also delivered directly
from the control pump to the control selector and
te the automatic stroking valve V2,

6-22

3. Bervo pressure from the control selector is
delivered through V11 and V4 to the clutch operating
plston P18 to disengage the handwheel to the transfer
accelerating limiting valve TALV to hold it down
against its spring, and to the control transfer valve
V3B to move V3B to the right against epring pressure,

4, Servo pressure from the automatie atroking
valve V2 is deilvered to the hydraulic vibrator for
ogeillation of the amplifier piaton P3, and to the pres-
sure regulator valve V42, where it is reduced to regu-
lator control pressure. This control pressure is port-
ed to the stabilizing valve V1 and to the synchronizing
pllot valve V15, the synchronizing valve V3A, and the
fine synchro valye V3.

Automatic control. When the turret is within
thres degrees of synchronization with turrel train
order, the fine (36-speed) synchro E (fig. 6-27) con-
trols astomatic operation of the receiver-regulator,
With pun train order for right train, the following
OCCUTR;

1, The fine synchro rotor turns an amount corre-
sponding to the "error" between turret position and
turret train order. Its motion is transmitted through
amplifier linkage LI to move the fine synchro valve
V3 to the left.

2. Regulator control pressure between the lands
of V3 is ported to the left end of amplifier piston P3,

4. Regulator control pressure moves P3 to the
right a distance corresponding to, but greater than,
the movement of V3, This movement iz transmitted
through L1 to return V3 to neutral, At the same time,
the motion of P3 is transmitted through the stabilizing
linkage L2 to the stabilizing valve V1 and the automat-
ic stroking valve V3,

4, The stabilizing valve V1 ports control pressure
from V42 to the stabilizing piston P1. This moves P1
to the right and changes the pivot of L2 to modify the
action of P3 on V3, Without this action, the system
would overtravel and oscillate about a stationary gun
Lrain signal, This action makes V2 move an amount
that will limit the delivery of servo pressure to P2,

&. V32 moves to the left and ports scrvo pressure
to the right side of P2 through the control transfer
valve V3B,

8, B-end response i combined with parallax
correction in a differential, which drives the stator
of the [ine synchro, Overtravel of the stroking piston
P2 would result in a reversal of the synchro rotor and
regulator valve actions; this is prevented by the sta-
bilizing action of V1 and P1, which operate in con-
Junction with B-end response to bring the gun smoothly
into synchronized position and to hold it there.

Coarge control, Because the fine (36-speed) syn-
chro E has idenfical signals 10 degrees of train apart,
turret position could agree with the synchro and atill
be 10 degrees away from the gun train order, The
coarse (1-speed) synchro Id prevents this, Its rotor
iz turned electrically an amount equal to the differ-
ence between actual turret position and gun train or-
der., When the difference is more than three degrees:

1. The rotor of the coarse synchro I has turned
far enough to move (through the synchronizing link-
age L3) the synchronizing pilot valve V15 to port
regulator control pressure to the end of the synchro-
nizing valve V3A,
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2, V3A acted upon by regulator control pressure
and L3, moves to cut off regulator control pressure
to the fine synchro valve V3, At the same time V34
ports regulator control pressure directly to P3.

3. Acted upon by regulator conirol pressure for
the full length of its travel, P3 operates the avtomatic
stroking valve V2 through stabilizing linkage L2,
Servo pressure is ported to the stroking piston P2 by
V2, to force the A-end tililng box to maximum dls-
placement,

4, The turret i= driven at full speed toward syn-
chronization. B-end response turns the stator of
coarse synchro I,

2., As soon as turret position is within three de-
grees of gun traln order, V15 and V3A move to re-
store control to the fine synchro E,

Limit stop operation, The limit stop device has
two elements of data in its input, which are turret
position and training speed, Turrot position is ob-
tained from B-end response input, but is not aufficient
for smocth, even stopping from all speeds to a definite
position of rest, Training speed iz oblained from
stroke response input, which is used as the speed in-
put to the limit stop device, The stroke response is
added to the turret response through a differential
gear within the receiver-regulator case. The cutput
of the differential turns the limit stop device, which
maoves the limit stop valve V34 to move V2 in such a
direction as to drive the stroking piston back to neu-
tral, Through the limit stop device, the limit stop
begins to function farther from the stop position if
the turret is moving fast than if the turret approaches
the stop slowly., The result i2 a nearly uniform de-
eeleration and a definite stop, regardless of the spead
of the turret,

Transfer acceleration limiting control, When
the control sefector is shiffed Trom AUTO to HAND
with the turret position not in correspondence with
the handwheel position:

1., Servo control valve V33 poris servo pressure
aither through V31 and V3B to the right end of P2
{right train) or through V31, TALV, and V3B to the
left end of P2 (left train),

2. Bervo pressure is removed from the top of
TALV. Acted on by its spring, TALV tends to shift
to open the line between V3B and P2. However, TALV
i= hydraulically unbalanced and 1= held against its
=2ide wall in a partially open position by pressure in
the line between V3B and P2,

4. Restriction in the V3BE-P2 line prevents {ull
flow of servo pressure to P2, or full return flow
from it. This slows the movement of P2,

4., When turret position corresponds to handwheel

position, V23 shuts off servo pressure and return flow,

TALV moves to full open position to permit P2 to fol-
low handwheel input without reatriction,

Synchro supply failure, If synchro power fails in
AUTO, the control selector unit transfers itaelf to
HAND control without movement of the control selec-
tor lever, When synchro power is restored, the con-
trol remains in HAND control until the selector lever
ig moved to HAND and then back to AUTO, This pra-
vents the turret from moving without warning when
synchro power is restored, If synchro power fails:

1. Solenoid 83 iz de-energized.

2. 8ynchro failure valve Vil iz moved to the
right by its spring, This cuts off servo pressure to
the selector valve V4 and the space behind synchro
failure latching valve V4b,

3. With no serve pressure from V4 to the hand-
wheel clutch operating piston P18, V3B, and TALV,
the svstem auvtomatically shifts itself to HAND conirel.

4, WVdb iz moved to the left by its spring. This
aligns the ports of V45 with the lands of V4 so that
servo pressure is blocked at V4 when synchro power
is restored, leaving turret control in HAND,

After synchro power is restored, movement of
the selector lever to HAND forces V45 to the right to
port servo pressure behind if to hold it in that posi-
tion, Shifting the selector lever to AUTO ports ser-
vo pressure through V4 to VB, TALV, and P18 to
restore turret control to AUTO,

INSTRUCTIONS

General instructions

The turret train power drive iz {0 be operated and
maintained, including periodic exercise, adjustment,
and lubrication, in accordance with the regulations
of the Bureau of Ordnance Manual, the inatructions
below, and the directions contained in chapter 17,

At installation, the training gear i= adjusted and
checked for proper operation, It should give little
trouble if properly maintained. Periodic inspection
of the eguipment will help prolong its life and effec-
tiveness. In many tances, a visual inspection will
suffice, It is not recommended that any part of the
equipment be disassembled for inspection only. The
vigual inspection should include:

1. Alignment of shafting
2, Electric and hydraullc connections
4. Fluid-level gages

4, Lubrication

The equipment should be exercised daily in all
types of control to assure proper performance, Er-
ratic operation should be investigated to make sure
it is not the beginning of serious trouble,

Operating precauntions

The following operating precautions must be
obeserved:

1. Before attempting to start the power drive
alaciric motor, make sure that the tilting box is at
neutral, the control selector lever is at HAND, and
operating personnel are in safe positions,

2, Before shifting to AUTO, make sure that
the synchro receivers are energized, and that
tarret position iz in approximate agreemeont with
turret train order,

34, The train operator must remain at his sta-
tlon whenever the power drive is in operation; he
must be prepared to stop the power drive if an
EMergency arises,
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4, The control selector lever must he shifted to
HANMI) before stopping the power drive,

b. Before operating the equipment, check the
fluid level at the expansion tank to make sure there
iz sufficient hydraulic fluid in the system. As a fur-
ther precaution, check the fluid level immediately
after the electric motor has been started and at inter-
vals thereafter, If there iz an appreciable drop of

glL]zliddLﬁle between checks, the supply must be replen-
ished.

fi. Make sure that the equipment is functioning
properly when shifting from one type of control to
anothar,

. Preparation for operation, To prepare the train-
ing gear [or operation:

1. Helease and withdraw the turret centering pin.
3. Perform the "Before operating® lubrication,

3. Check and replenish hydraulic fluid in the
expansion tank,

4, Check the lubricating oil in the reduction gear.
Fill with approved lubricant to the specified level,

&, Verify that the filters are clear.
6. Make sure that the tilting box is at neutral,
Thiz is indicated by an illuminated neutral stroke
indicator light in the START-EMERG S5TOP switch,

T. Make sure that all personnel are clear of the
turret power drive and training areas,

@, Poszition the control selector lever at HAND,

The electric motor may now be started by press-
ing the BTART-EMERG button,

Before operating under load.

1. ERunthe motor until the hydraulie Uguid is at
normal eperating temperature,

2, Werify that the power-oif solencid has been
energized and that the hrakes are released,

4, (Operate the handwheels slowly to verify nor-
mal HAND eantrol,

4, Verify that the trainlng pinion gear lubricating
system is pumping oil,

8. Operate to both limit stops. Verify normal
limit atop action,

Shifting to automatic control. To place the turret
in automatic control:

1. Start the electric motor (observing all normal
precautions) with the control selector lever at

2. Verliy that the receiver-regulator 1s recelv-
ing a signal, This is indicated by the synchro power
indicating lght in the control selector,

4. Match pointers,

4, Move the control selector lever to AUTO,
=24

General servicing instructions

When installing, overhaoling, or servicing the
power drive assembly and its connected units, the
following general instructions should be complied
with:

1. Couplings must not be driven or forced onto
main shafts of electric motors, reduction gears, or
hydraulle units, A heavy blow on the end of a shait
may damage the bearings or gears,

4, When units are being levelled or vertically
aligned, use flat shims (rather than wedges) to assure
full support of the unit,

3. Do not flush hydravlic pipes of hydraulic equip-
ment wilth kerosene, These components must be main-
tained in accordance with the regulations of the Bureau
of Ordnance Manual and the directions contained in
chapter 17 of this ordnance pamphlet,

4, Do nol start the electric motor until all eguip-
ment 18 proparly lubricated and the hydraulic system
ig verified to be {full,

5. When pipe flanges, fittings, or other units are
disconnecied and open, covers must be Installed to
prevent the entrance of foreign matter, These covers
should not e removed until reassembly is begun,

Hydraulic oil, The power transmission fluid to
be used In the hydraulic system is designated as
31F21 (Ord), When the hyvdraulic system is initially
filled, and when replenishing, the fluid should be
poured through a fine mesh strainer of at least 200
wires to the ingch, Cheesecloth or rags must not be
used as a strainer, New hvdraulle assemblies should
e drained after 15 hours (or less) of operation, The
hydravlic system should then be thoroughly flushed
with new 51F21 (Ord) and refilled with fresh 51F21
after the flughing i= completed, A test inspection
and analysia of an oil sample from each system ghould
e performed monthly, If there is any evidence of
sludpe, water, or acidity, the system must be drained,
flushed with new S1F21 l{%rd}l, and refllled with fresh
51721 after the flushing ia completed,

Filling, draining, and flushing transmission sys-
tem, When a new or empty hydrailic system 18 being
filled, it is preferable to run the fluid in with the
replenighing pump, as described in the following in-
gtructions:

1. Disconnect the coupling between the A-end
and the reduction gear, o that the reduction gear
{and replenishing pump) may be run without operating
the A-end, If it i= not expedient to uncouple the A-
end drive shaft, oil may be run into the system from
the expansion tank by gravity,

2., TFill the housings of the A-end and B-end units,
Eemove the filler cap of the expansion tank and con-
tinue pouring fluld into the tank until the oil level
remaing congtant at the high-level trycock, Loosen
the pipe plugs on the top face of the A-end valve
block for subsequent venting of the syatem, Start
the electric motor and allow it to mun for a few sec-
onds, stop the motor, and repeat the start-stop pro-
cedure geveral times, Check the fluid level contin-
uously at the low-level trycock of the expansion tank.
Fluid should be added to the expansion tank a3 needed
to maintain the level while fluid is being pumped nto
the main hvdraulic lines by the supercharge pump,
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Continue the pumping and the start-stop procedure
until the fiuid (free of air) flows out of the pipe plugs,
and the system is completely vented,

4. Heconnect the coupling between the A-end and
the reduction gear; the unit is now ready to operate,

The transmission system can be drained by open-
ing the drain-pipe plugs in the bottoms of both B-end
housings and the A-end housing, In additlon, open the
pipi:; plugs in the valve plates of both the A-end and B-
ancs,

. If the transmission system is to be flushed, follow
the procedures outlined on page 6-24 of this chapter,

To fill the auxillary pump unit on the reduction
gear, remove the filler plug at the top of the unit and
fill with 51F21 (Ord), A drain plug is provided at the
bottom of the auxiliary pump wnit,

Heduction E?'"r oil, filling, The reduction gear
housing should be Tilled to the proper level with 11, 25
gallons of heavy mineral oil, Navy Symbol 3065, The
proper oll leval, indicated by an oil level gage mark,
iz read with the unit at rest, Leakage and overheat-
ing may occur if excessive oil is put into the unit, If
overheating is indicated in the unit, check the oil lev-
el, If the reduction gear continues to overheat with a
proper oil level, check the unit and shafts for mis-
alignment. The reduction gear requires no special
maintenance care except as follows:

1. Remove the air vent and clean the sereen
semiannually,

2, Drain and replace the oil with fresh oil semi-
anmaally,

3. Remove the inspection cover frequently (o as-
certain that the oil i being circulated,

Inspect gearing lubrication. The input shail gear-
ing assembly and pedestal input gearing assembly
have oil sump reservoirs that are filled and replen-
ighed through oil cup fittings, Each unit requires two
guarts of light mineral ofl, Navy S8ymbol 2135,

1. Keep the units filled to oil cup level,

2, Check the oil level weekly,

4. Drain and replace with fresh oll semiannually,

4, Inaspect the units frequently to ascertaln that
*i]ﬂlzkc;i&.is being circulated and that the pump is not air-

8, Check the response input shaft bearing with
the upper side plate removed,

Transmission tests, inspections, and exercise,
The hydraullc systém 1s {0 be gerviced alter initial
ingtallation as follows:

1. Tighten all pipe and shaft connections and
bolts after the first week of operation,

2, Drain the system, flush with new oil, and
refill after the first month of service or 15 hours
of operation, This operation 1= essential to remove
any foreign matter resulting from initial ren-in of
the new equipment. v

3, Check and clean the il filters,

4, Drain and replace the oil in the reduction gear,
gear boxes, and the lubricating oll reservoirs,

Lubrication, All valve gear and the rotating
groups of the A-end and the B-ends are lubricated by
hydraulie fluid. This fluid includes a rust inhibitor
to preserve the encloged parts from corresion, It is
therefore important that the fluid be checked frequent-
ly to make certain it is clean and free of water, Other
parts of the training gear require application of lubri-
cants at the locations and at the perlods specified by
the lubrication charts, The charts do not include in-
structions for lubrication of certain parts under Bureau
of Ships cognizance, The efficiency of these parts af-
fects performance of the training gear drive, Dataas
to appropriate lubrication of these units are as follows:

Labrlcation of roller carriage, Extreme pressure
Inbricant TE-G-0 {Ord] 15 prescribed for lubrication
of the roller carriage, Fresh lubricant should be ap-
plied guarterly; the need for replenishment should he
::iheulced alter every four hours of turret train opera-

01t

Lubrication of holding-down clip. The contact
surfaceé of the Toweér roller track that is opposed to the
holding-down clips must be coated with grease 14-G-9
{Ord). The grease should be replenished after every
four hours of turret train operation.

Worm and wormwheel lubrication system, Worm
gear Jubricant NAVORD UF 1300 1S prescribed [or the
lubrication system of the worm and wormwheel hous-
ing. The system should be drained, flushed clean,
and filled with new oil annually,

Rack and pinion hibrication, The teeth of the train-
ing pinfon and rack must beé coated with extreme-pres-
sure lubricant 14-L-8 (Ord) every four hours of turret
irain operation, The lubricant should be remaoved with
solvent and fresh lubricant should be applied at least
once annually,

Control and replenishing pressures, The control
(2ervo] pressure should be befween 300 and 400 pounds
per square inch, and the replenishing (supercharge)
pressure shonld be approximately 40 pounds per sguave
inch, If the presaures are not within the desired ranges,
make adjustments at the control and replenishing relief
valves., HRemove the valve cap, loosen the locknut, and
screw in the adjusting screw to increase the pressure,
or screw out to decrease the pressure,

Maintenance eare - hydraulic system, When pipe
fittings, flanges, or other units of the hydraulic sys-
tem are disconnected and open, keep the openings
covered to prevent the entrance of foreign matter,

Do not remove such protection until reassembly, For
complete insiruetions for care and maintenance of the
hydraulic system, see chapter 17,

Reduction gear coupling, The coupling between
the main electric mofor and the reduction gear {type
14FAS) must be installed with drive clearance and
alignment as prescribed below.

The drive shaft should be lined up to the driven
shaft at initial assembly and at overhaul reassembly
as follows:

1. Place covers on the shafts before pressing or
shrinking the hubs on the shafts, Press or shrink the
hubs on thelir respective shafts; the unit coupling half
is to be tight against the spacer,
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2, Adjust the units for a normal play of 0. 25 inch,
Line up the shafts by using a spacer block and feeler
gage in the gap between the coupling faces; check at
points 90 degrees apart,

4. Flat surfaces are milled on the tops of the
teeth 90 degrees apart, Line up the shafts by using
a straight edge over these flats, Final check-up
should be made after the foundation bolts are fastened,

The coupling alignment should be maintained within
G, 003 inch.

4., Insert the gasket after the coupling is aligned,
permitting it to hang from the hub away from the teeth,
Care should be taken not to Infure the gasket,

5. Fill the spaces and the gap between the coupling
faces with as much grease as possible,

6, Assemble the grid apring in the grooves,

7. Pack the spaces between and around the grid
spring with as muech lubricant as pogsible, Fill the
coupling to its limit with proper lubricant for proper
functioning, Clean the inside of the cover pleces be-
fore assembling,

8. Draw the cover pieces together and bolt when
in position, Make sure that the neoprene seals are
seated on the hubs and are not pinched by the cover
pieces,

Operating trouble diagnosis

Loeating and correcting turret training gear trou-
ble re[?uires a thorough understanding of the equip-
ment deseribed in this chapter, There ghould be no
exception to the rule that:

CASUALTY CORRECTION IS NEVER
TO BE ATTEMPTED BY ANYONE
NOT COMPLETELY FAMILIAR WITH
THE EQUIPMENT,

The causes of varlous troubles which may occur in
the turret training gear are given in the paragraphs
below, The trouble diagnosis ia in a sequence that
avolds extensive disassembly until the more common
causes have been eliminated as the source of trouble,

Motor does not start, If the electric motor fails
to start when the START-EMERG button is pressed,
check the following possibilitiesa:

1. Check the position of the tilting box. If the A-
end tilting box is in & stroke position, the servo inter-
lock and the neutral interlock switches are open and
the neutral-start indicator lght will not be {Numinated,
The starting circuit cannot be closed untll the tilting
boex is on newatral stroke. The tilting box can be re-
turned to a neutral position by operating the hand
pump of the neutral return device,

2, Check the controller, circuit breaker, and
fuses, If the circult breaker is tripped, remember
that the circult breaker is provided as a protection
for the equipment. Investigate all possibilities of
short circuit or overload,

- Hand pump does not build up pressure, If opera-
tion of the neutral-vetuth hand-pump Lever falls to
build up preasure, check the following possibility:

1. Cheeck for air in the pipe line, A usual indica-
tion of air in the pipe line fs noisy and jerky operation
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of the hand pump lever, Loosen the flange fitting of
the dizscharge pipe and rotate the pump lever until
the pump 18 elear of air,

Hand pump does not move the tilting box, If oper-
ation of the neutral-return hand pump bullds up pres-
gure but fails to move the tilting box, check the fol -
lowing possibility:

1. Check the stroking piston transfer valve V31
for sticking, If Vi1 is sticking, it may block hand
pump pressure and prevent the pressure from reach-
ing the servo eylinder to poaition the tilting box at
neutral stroke, Free the valve so that it may operate,
Check the valve spring.

Nolsy operation of auxiliary pump, If the auxil-
iary pumpe are nolsy durlng normal operation of the
power drive, check the following posaibility:

1. Check for alr in the suction line, Air in the
hydraulic system is usually indicated by noisy opera-
tion. The system should be vented and the oil level
in the expansion tanz should be verifled, Replenish
tha ofl supply If necessary,

Moisy operation of hydraulic units, If the hydrau-
lic unifs are noley during novmal operation, check the
following possibilities:

1, Check for alr in the unit, Air in the hydraulic
system is usually indicated by nolsy operation, The
system should be vented, Heplenish the oil supply f
necessary,

2. Check the replenishing preassure, Vibration
and shock of gun fire may have caused the replenish-
ing valves to unseat or the seats to back out,

Wrong valve springs may have been installed and
may have jammed when the valves opened to replenish,
Inspect the valve springs for dead colls, Check the
valve geats for seoring at regular intervals,

Tilting box movement sluggish, If the tilting box
muvﬁ'iﬁﬁﬁ?ﬂg‘?ﬁﬁ during normal operation of the
power drive, check the following possaibilities:

1. Check the control pump pressure, In a mal-
function of this type, a clogged filter is often found
to be the source of trouble, Clean the duplex filter
when control pressure is below normal,

2. Adjust the control pump relief valve, A fail-
ure of control pressure may be caused by the control
relief valve being stuck open, Disassemble the valve
being stuck open. Disassemble the valve and inspect,
Remove the cause of sticking,

3. Check the pipe lines and connections for indi-
cations of leakaga, Make necessary repairs,

Constant horsepower device does not function. If
the constant horsepower device Tails 1o function during
normal operation of the power drive, check the follow-
ing posaible sources of trouble:

1. Check for a sticking valve, Disassemble the
valves in the control case mechaniam and inspect care-
fully for scoring and broken springs, Remove the
cause of sticking and reassemble, Clean the duplex
control system filter at regular periods,

2, Check the shuttle valve in the A-end valve plate,
Dizassemble the shuttle valve and inspect for sticking,
HRemowe the ¢cauge of sticking and reassembla,
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B - ends overshoot when stopping suddenly. If the
B-ends overshoot whehl making a sudden stop of the
train movement, check the following possibilities:

1. Check the control system pressure, Ina mal-
function of this nature of the power drive, a clogged
control system filter is often found to be the gource
of trouble. Check and clean the control filter at regu-
lar periods,

2, If the filter wes operating properly, increase
the pressure adjustment of the control pressure re-
Hef valve,

Operation irregular at slow speeds, If the power
drive operation at slow specds 15 irregular, check
the following possibility:

1, Cheek for air in the main system. The system
should be vented and the oil level In the expansion tank
should ba verified, Replenish the oil supply if neces-
BATY,

2, DB-ends "hunt" or oscillate slowly with hand-
wheel statlonary, IT the B-ends oscillaie with the
handwheels stationary, check the following possibili-
ties:

1, The temperature of the hydraulic oil may be
too low, When the oil is cold, its higher viscosity
will increase the effect of the servo pilot valve port
and permit slight hunting of the valve and tilting box,
Thizs eifeet should disappear as the oll warms up after
a short period of cperation,

2, Check the response shafting from the B-end,
Verify that the shafting is properly connected and
that there i= a minimum of lost motion in the gears
and shaft,

Power failure devices do not function, If there
is a malfunction on the part of The power failure de-
vices, check the following sources of trouble:

1. Che¢k the solencid-operated power failure
valve, Verily the free action of the valve and its
actuating solenvid crank, If necessary, disassemble
the valve and inspect, Hemove the cause of sticking.

2. Check the electrical connections at the sole-
noid, Make the necessary repairs.

3. Check the plpe lines and connections for indi-
cations of leakage, Make necessary repairs,

Turret oscillation, If the turret oscillates about
a stationary signil, check the following possible
sources of trouble:

1. Check the response shafting from the right B-
end., WVerify that the shafting is connected properly
and that there is a minimum of logt motion and back-
lagh in tha gears and shafts, Any loat motion or baek-
lash will seriously affect operation, Sluggishness in
response to the handwheels and failure of the B-ends
to remain stationary are symptoms of lost motion,
Check the handwheels and shafting connections to the
A-end input shaft for lost motion., Care must be taken
not to fit the parts too tightly when removing lost mo-
tion, Too tight a fit could cause a binding action that
iz as defrimental to proper function of the training
Fear ag lost motion,

2. Check for air in the stroking piston or main
system, Loosen the lowest vent plug in the system
and permit the air to escape; When a steady flow of

il appears at the vent, tighten the plug, Repeat this
process for succesaively higher vent plugs in the sys-
tem. Verify the oil level in the expansion ank and
replenish if necessary,

3. Check for lost motlon in the receiver-regula-
tor gpearing linkage, and connecting wire couplings,
If repairs are made, the parts must not be fitted too
tightly. Smooth operation without either binding or
lost motion is reguired.

4, Check the {ine synchro valve V3, the synchro-
nizing pilot valve V15, and the stabilizing valve V1
for sticky operation. Malfunction an the part of any
ong of these valves would be indicated in turret oscil-
lation while the signal is stationary.

5. Check the duplex filters of the control and re-
plenishing systems, Subnormal pressure in either of
thege systems could cause turret oscillation. The
ﬂi}tnrs should be cleaned and inspected at regular peri-
ods,

6. Check the h}.'draull:! vibrator for correet fre-
quency of crankshafi rotation, Proper operation of
the receiver-regulator requires about 3600 revolu-
tions per minute of the hydraulic vibrator crankshaft,

Turret _mniwa% in AUTO, If the turret runs away
when control i shilfed to AUTO, check the following
possible sources of trouble,

1. Check the synchros for torque. The synchro
torque will be very low if there i3 an apen stator lead.
When checked by hand, the synchro crank will seem
Meoft' instead J rigid in trying to maintain corre-
gpondence.

2. Check all electrical connections if a synchro
is not as strong as it should be, If all connections
are verified to be secure and the indications of syn-
chro trouble persist, check the flat springs on the
synchrocrank flexible drive assembly, Replace the
faulty part.

$, Check the valve linkage in the receiver-regu-
lator for loose pins and connecting wires.

4, Check the receiver-regulator valve block for
sticky valves,

ADJUSTMENTS

Genaral

oo —

The equipment is adjusted and checked for satis-
factory operation at the time of installation, Adjuat-
menta thereafter should be in accordance with the
following instructions.,

Main relief valve

— e

Main aystem high pressure relief is obtained
through adjustable spring plunger tyﬁc valves (fig,
6-28) which operate to by-pass to the low pres-
sure transmission pipe, The valve in the left B-
end valve plate is high pressure relief for right
train; the valve in the right B-end valve plate re-
lieves for left train,
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To adjust the main relief valve:

I, Remove the valve cap.

2, Insert shims {washers) in the valve cap, be-
hind the valve spring, as needed to increase pressure
setting, Hemove shims to lower pressure setting.

3. Replace the valve cap.

The B-end relief valves were adjusted at the fac-
tory to relieve at a pressure of 1525 pounds per gBquarea
inch,

Adjustment of control screw limit

The control screw is designed to travel slightly
beyond the positions of full tilting box stroke. If the
control serew reaches its stop position before the
tilting box reaches full-stroke position, then the tilt-
ing box will fail to reach full stroke when it {58 moved
to the other side,

To center the travel distance of the control screw,
adjust as follows:

1. Stop the power drive.
2, Drain the A-end until the ¢il in the control

case 1s at a level that exposes the control case link-
age and valves,

3, Remaove the top cover of the control case,

4. If the tilting box stroke was short of full stroke
on clockwise rotation of the stroke indicator, turn the
adjusting serew of the =ervo pilot valve into the valve
Stem,

3, If the tilting box stroke was short of full stroke
indicator, turn the adjusting serew of the servo pilot
valve out of the valve stom,

f. Heplace the top cover of the control case,

7. Start the power drive and check the adjustment,
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8. Hepeat the procedure until the control screw
travels heyond the full tilting box stroke in each di-
rection,

Adjustment of transmission limit stops

The limil stop device is an arrangement of &
serew with a traveling nut which contacts positive
stops for left and right train,

To adjust the transmission limit stops:

1. Drain the limit stop housing by removing the
side drain plug,

2. Remove the housing cover carefully, Do not
damage the gasket,

3. Start the power drive,

4. Operate the bandwheels slowly until the limit
of train is reached In one direction, then reverse
handwheel rotation 1/2 turn,

2. Btop the power drive,

6. Uncouple the B-end response shaft at the A-end.

7. Hotate the handwheels in the direction of limit
of train until the traveling nut reaches the stop,

TRAIM LIMIT STOP

ALJRE=TING KNOE GEAR N

Figure 6-29, Train Receiver-Regulator Mk 18 Mod 5
Adjustment of Fine Limit Stop Spacing
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8, Bet the stop at the position of maximum travel,

B, Connect the B-end response shaft coupling.

10, BStart the power drive and operate the hand-

wh?ie].& slowly., Check the limit stop adjustment just
made,

11, Operate the handwheels slowly until the limit
of train iz reached for the other direction, then re-
verse handwheel rotation 1/2 turn,

12, Stop the power drive,

i3,
A-end,

14, Rotate the handwheels in the direction of limit
of train until the traveling nut reaches the stop,

Uncouple the B-end response shaft at the

16, 8et the stop at the position of maximum travel,

16, Connect the B-end response shaflt coupling.

17, BStart the power drive and operate the hand-
wh!:iels slowly. Check the limit stop adjustment just
made.

18, Fill the limit stop howsing with oil and replace
the housing cover,
19, Btop the power drive,

Adjustment of constant horsepower device

The constant horsepower setiing, as made by the
manufacturer, i3 equivalent to electric motor input
of approximately 540 horsepower, The adjusting
device (fig. 6-30) is a pilot valve that is opened by
main system pressure acting against spring lension,
Thich varies with the position of the cam and tilting
A,

To adjust the constant horsepower device:

1. Drain the A-end until the oil in the control
cage 15 at a level that exposes the linkage and valves,

STOP FLATE

2. Remove the top cover of the contral case,

d. Remove the cotter pin from the adjusting screw.

4, Turn the screw in to increase horsepower, or
turn out to decrease the horsepower input of the elec-
trie motor.

3. Hefill the system,

The griginal adjustment should not be changed if
the unit is functioning normally. The adjustment may
be changed I the device is the cause of rough opera-
tion,

B-end synchronization

When the B-ends are coupled to the training worm
gears, the B-end drive shafts are both rotated to the

same position for synchronization before the couplings
are sooured,

To synchronize the B-ends:

I. Line up the shafts of the B-end and worm gear
te be coupled, so that the numeral 5" {(which indicates
the position of number five cylinder) stamped on tha
and of each shaft matches with the other shaft,

2, Connect the coupling.

&j‘_jyé:rﬁ ment of B-end brake

The brake shoes (fig. 6-31) should be adjusted to
ride free of the brake drum when the brake is off,

To adjust the brake shoes:
1. Start the power drive,

2, Loosen the locknut on the hrake shoe adjusting
screw, Turn the adjusting screw in to position the
brake shoe closer to the drum, to compensate for
brake shoe wear,

i

4, Turn the adjusting nut of the brake release
spring in for more pogitive brake release action,

Tighten the locknut.

COMSTANT HORSEPOWER PILOT WALVE
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Figure 6-30. Training Gear Constani Horsepower Adjustment
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Adjustment of aynchro electrical zero

The synchros are set to the input train order sig-
nal by setting the synchro cranks at the proper posi-
tion= on the rotor shaft,

To adjust for synchro electrical zero;

1. Disconnect the turret response shaflt coupling
at the receiver-regulator,

2. BStart the power drive,
3. Move the control selector lever to HAND,

4, Poasition the turret at sero train for turreta 1
and II or 180 degrees for turret III,

5. Btop the power drive,

i, Have z gun train signal of zero for turrets I
and IT or 180 degrees for turret OI tranamitted to the
receiver-regulator,

T. Assemble the coarse (1-speed) synchro crank
as nearly in its zero positlon as possible, Zero posi-
tion for the crank is that posgition at which the erank
pin is located BELOW the shaft of the synchro and on
the vertical centerline of the synchro when a signal
is tranamitted, as In step 6.

8, Asszemble the fine (36-zpeed) synchro erank
A8 nearly in its zero position as posgible, Zero posi-
tion for the crank is that pogition at which the crank
pin is located ABOVE the shaft of the synchro, on its
vertical centerline,

The eranks, when assembled to the nearest posi-
tlon by the flexible drive, may be slightly off center.
They must be accurately set by rotating the turret
regponse shaft, Set the coarse aynchro crank first,

5, Check the checking dials for zero (or 180
degrees) after the synchros are set,

10, Check the parallax computer for zero, Hotate
block K slightly through the adjustable hub until no
maotion of the yoke is produced by rotating the inverse
range input shaft,

11. Check the settinga:

(1) Check the synchro transmitted signal for
zero (or 180 degrees),

(2) Check the synchro cranks for proper posi-
tion (coarse synchro crank below the shaft and fine
crank above the shaft),

{,}33 Check the checking dials for zero (or 180
degrees},

(4] Rotate the Inverse range input shaft; note
zero movement of computer yoke,

NUT

gl

1=

BRAKE RELEASE
SPRING

LOCKMUT

QI BRAKE SHOE
ADJUSTIMG
SCREW

Figure 6-31. Training Gear Brake Adjusiment
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Zeroing the parallax computer (figs. 6-10 and §-13)

When the parallax computer is assembled, its
limit stops must be assembled in the proper relation-
ship to the length of the crank arm to crank pin M
(fig. B-27T).

To make this adjustment proceed as follows:
1. Verify that the detent cluteh T is engaged,

2, Disengage the mesh of the 66-tocth pear 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 voke, 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 =ero mo-
tion, rotate the turret response input shaft, therehy
rotating biock K, and adjust shaft number 2 until no
motion is produced on the computer yoke.

4, Rotate the inverse range input shaft counter-
clockwlse {as Indicated by the arrow on shaft 12, fig.
B-27) until the stops are reached with the 88-tooth
EEF-I.T-'E- remaining disengaged. Rotate shaft 12 0, 5-to

. T-turn back from the stop, and engage the 68-tooth
pears, 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
erank pin M) and re-engage the gear one tooth re-
moved from its previous position, Thi= can be done
without disassembling the computer yoke if block K
is rotated to a horizontal position, Exercise great
care because the yoke carrier bearings may bind in
the earrier rails as the yoke moves beyond its normal
operating range,

5. Rotate the inverse range shaft clockwise to its
atop after the 66-tooth gears have been meshed and
gecured, Hotale 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
gcrews on top, With the hub in this position, adjuat
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, Wo parallax
correction is needed at this angle of train regardleas
of the range, Crank pin M merely slides up and down
in the voke 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
I1, and 180 degrees for turret III with the hub
and block K (a8 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 reaset 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
get by positioning the synchro eranks properly on
their rotor shafts,

To set the aynchros:

1, Bet the receiver-regulator at zero degrees
train for turrets I and I {180 degrees for turret I00),
using the checking dials as a reference,

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

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

4, Assemble the fine synchro crank, as in step 8,
Jet the erank accurately, as above,

9. 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
bub in this position, adjust it until rotation of the in-
veisu range input produces no motlon on the computer
voke,

g. Check the settings, as in operation 11,page
6-310,

ancr_i;lg_we rvalve block

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

To adjuat these components;
1, Btart 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 1I1); admit hydraulic fluid to the
recelver-regulator,

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

4., Stop the power drive,

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

6. Connect the fine synehro E erank arm and ad-
just the connecting rod so that the ampllfier linkage L1
iz parallel to the valve block,

T. Connect the coarse synchro D crank arm and
adjust the connecting rod so that the synehronizing
valve linkage L3 is parallel to the valve block, and the
synchronizing valve V3A is centered In the valve block,
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¢, Presa the START-EMERG buttion with the con-
trol selector lever at HAND, The turrel may train
alightly when the electric motor is started, Verify
the zero (or 180 degree) angle of train, This i the
reference point.

4. Hestore the synchrontzing valve V3 A to its
center poaition, To do this, adjust the synchronizing
pilot valve V15 until the aynchronizing linkage L3 is
again parallel to the walve block, These components
must be carefully aligned,

10, Adjust the fine synchro valve V3 a0 that the
amplifier pigton P3 is centered once agaln, The am-

plifier linkage L1 should be parallel to the valve block,

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

CAUTION: While adjusting the stabllizing 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-
ESSATY.

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 coms to reat with the avtomatic 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
necesgary 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,
initfial setfings and adjusiments

The procedure for synchronizing and aligning the
elements of the receiver-regulator are described in
following paragraphs, In the following description it
iz aggumed that the receiver-regulator is mounted in
position on the sump tank, and that the peraonnel 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 comnect the response input shaft:
1. Btart the power drive.

2, Pogition the turret at zero degrees train {or
180 degrees for turret 1), If the train indicator has
been accurately set, it may be used for the train an-
gle reading, Ctherwise the turret must be trammed.

3. Betl the inverse range input on zero to insure
proper getting of the reaponse shaft, This iz done
by rotating the inverse range input shaft until the
marker on the end of the parallax computer lines
up with the ¢rogs hairs of the parallax computer voke,
In this position, the crank arm i3 in line with center-
line number 2, and regardless of the train anple (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 voke results by rotating block
K through rotation of the turret response shaft,

4, After the inverse range shaft has been set,
inapect detent cluteh J and make sure that it is proper-
E; engagod, Sot the turret indicator for INFINITE

ANGE, and connect the inverse range shaft, Final
adjustment may be made at adjustable caugling C.
Check by setting the turret indicator to 3400 yards and
ingpect detent clutch J once again, 3et the turret in-
dicator to its stop (2800 yards) and inspect detent
clutch J. The clutech 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 limit 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. Connect the turret response shaft and make
final adjustment at coupling A.

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

Het the automatie limit stops before the turret
train la tested in AUTO. This iz extremely important,
bapansae sarious damage will occur if, while in AUTO,
the specd gear should over-run the HAND limit stop.

Automatic limit stop operating range adjustment.
The operating range 18 determined by the number of
active disca in the assembly together with the spacing
of the adjustable ping 1 and 2 in the first disc, Each
active disc represents 20 degrees of train angle, and
the spacing of plns 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
disca may be varied by locking any degired number
of dises to their adjacent lugs.

To adjust the operating range:

1. Remove the gide and rear covers from the
recalver=-regulator gear compartment,

2. Hemove the knurled adjusting knob, the 80-
tooth drive gear N, and the bearing retainer.

5. 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,

b, 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 poaition (Flg, 6-28).

The BB-tooth gear set M and N acts as 2 many
tooth spline, connecting pins 1 and 2 to each other
a0 that they function as a single unit, The distance
between the ping determines the amount of train angle
represented the first disc,
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Limit stop position adjustment., The adjustment
described previously dedls only with the train operat-
ing angle, Tt 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,

4. Operate the handwheels slowly until the limit
of train iz 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,

8., Traln the turret to the opposite atop in order
to check the operating ranpe,

Adjustment of limit stop valve V34, The limit
stop valve V3% 5 spring centered, movable only by
the limit stop drive shaft, V34 gshould be carefully
centered by the adjusting nuts at the springs while
the drive linkage is disconnected. The adjusting serew
on the crankarm of the limit valve drive shalt should
be set so that no force i3 exerted by the cam follower
on the detent of the cam,

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

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

CAUTION: Read step 8 below before training,
While training, rotate the stroke responsge input shaft
1:;1_-; hn{nd a0 that the cam follower remains in the cam
detent.

4. Train the turret slowly in HAND toward one
of the train limit positions. This position (usually
when training toward the port ﬂiu:iefr 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 avallable for adjustment at the opposite

stop.

4, RHotate the stroke response input shait 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 previougly set. If the turret is training
to the right into the stops {increasing traln angle),
the valve Vi34 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 lnkage,

9. Connect the stroke response ghatt.

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

T. Train in AUTO to the opposite limit stop
ogition. That position may be set by adjusting the
iné range adjustmzant 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.

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

Pesition of aynchro cranks, The synchro genera-
tor-receiver system must be energized to check and
adjuat the position of the synchro eranks,

Position the synchro cranks as follows:

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

4. Have the gun train order increased for right
train. The coarse synchro D crank should rotate
clockwlge and the fine aynchro E crank shouwld rotate
counterclockwise,

Change gears for the Eara,llax computer, The
chanjge gears determine the amount of correction for
a piven condition of inverse range and traln angle,
They must be the correct gears for the turret in ques-
tlon,

Change gears for the Iowa class turrets are:
Mod,  Turret _Drawing 2083148
numhber number ‘Basze feet Gear F Gear G

P L el

5 I 119 plece 3 piece 4
8 Il 47 piece 11 piece 12
T I 298 piece 13 piece 14

—p—— L

Hydraulie vibrator., The hydraulic vibrator acts
to vibrate the amplifler piston P3 through a yery
amall 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 hydraulle vibrator;

1. Adjust the frequency through the throttle de-
vice in the servo pregsure supply line for the vibra-
tor. The iactory throttle adjustment, made with a
stroboscope, 18 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 mintmum, If
the freguency of vibration is too rapid {about 1800
revolutions per minute), matching error increases,
The frequency should be get gulficiently fast for mini-
mum hunting, and at the same time, not so fast that
matching arror is objectionabla,

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

2. Remove the oll deflecting cover from the
end of the vibrator in order to make this adjust-
ment,

B-33



OF TG4

16 INCH THREE GUN TURRETS

4. Replace the two cover screws before running
the power drive, The cover screws function az plugs
for oil passages in the vibrator block,

4, Measure the total travel of the pistons with a
gteel ruler, This data furnishes a base dimension
from which to start the ad}uatm&nt, This data is beat
obtained with the power off and by rotating the erank
by hand.

9. Loosen the crank adjustment clamp screws
‘1;55!.: enough to permit tapping the crank along its slot
v means of a light blow, Measure the travel and
adjust for the desired amount,

B, Tighten the clamp.

The deflecting cover need not be replaced for
trial training 1uns.

The adjustment should be =et for minimum error,
If error recording equipment is not available, the
erank 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 ASSEMELY

General
Bisaasemblir and assembly of the training gear
equipment should be performed by personnel who are

familiar with the equipment and procedure, and who
are equipped with the standard and special tools re-
quired for the job. All instructions applying to major
components presume removal from inatalled 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 mechanisma presume draining
of the syatem and removal of external plpe lines, As-
sembly procedures are omlitted 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 earefully 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 gome adequate rust pre-
ventative,

4, For handling the larger units, adequate holst-
ing facilities are reguired,

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

3. 3bafts which contact oil seals are made
with carefully polished surfaces, Tt iz advisable
to protect such surfaces Immediately after dia-
assembly by wrapping with gummed paper or some
other protective covering to prevemt 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, so as not (o upset the gear
meshes,

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

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

Disassembly of the auxiliary pump cluster, Study
drawings EEEIEE and JEITHT

1. Remove the pump mounting serews and lock
washers,

2. Remove the pump from the cluster,

4, Blide 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 serews, the pump
head, the head end bushing, the rotor with vanes,
pump ring with pin, and the bushing. The pump is
now completely disassembled,

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

Tho pump assembly procedure 12 a reversal of

the dizassembly operations, Special care must he
talten 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 edee,

4, Tighten the pump head screws that are diame-
trically cpposite. It is & good practice to turn the
pump shaft while the screws are belng tightened to
ensure that the rotor is not binding;

4, Assemble the packing gland with iis large
diameter against the outer race of the shaft bearing.

Digassemhbl t etion Fear pump clusteyr
mounting., Study drawings 363188 and 363191,

1. Remove the elght pump cluster mounting
HOTRWS,

2., Remove the pump assemblies,

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

4, Hemove the housing adapter,

%, Remove the bearings, gears, and pinion from
the housing,

6. Remove the oil retainer with oll seal.

Further disassembly is evident by refercnce
to the drawings.



THAINING GEAR

Check rotation of the 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,

Digazsembly of the hand gear pump, Study drawing
JB319T. i e

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

2, Remowve the two dowel pins and 12 screws that
gecure the head to the pump body.

4. Hemowve 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.

Disasgembly of the A-end upit, Study drawings
268 15T, ., Al !

To disassemble:

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

2. Hemove the main shaft end cap 200237 -2.

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

4, Remowe the atroking 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,

B8, Turnthe A-end over so that the drive shaift is
down and the valve plate {5 up, BElock up the lower

end of the servo piaton so that the tilting box is approx-

imately at neutral,

7. Remove the auxiliary case bolts 268202-23
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
eve bolt threaded into the end of the main shafi.

89, Remove the side inspection cover, Loosen
and remove the tilting box stud pin, and tap out the
stuid, tapping from inside the tilting box,

1U. Remove the stroking piston,

11. Remove the tilting box., To do this, support
the weight either by a holst {‘using) lifting rinﬁ 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 1ift the tilting box
from the A-end case.

To disassemble the rotatine group:

1. Place the rotating group with the cylinder
harrel face down on two supports that are =0 arranged
that ther straddle the projecting shaft end and leave it
readily accessible,

2. Compress the heavy barrel spring 200265-3,
by means of a jacking bolt inserted in the threaded
hole in the shaft end; use sparner wrench B-2-958 to
remove lock nut 268203-18,

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 lifti:{:% ring thread-
ad infﬂ 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. Hemove the screws that hold the trunnion
bearing blocks and remove the shaft from the socket
rine,

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 ghaft pin and its bearings, Knock the pin out
by tapping on the small end which ig indicated with a
file mark,

8. Disassemble the universal joint bearings and
remove the anap rings of the inner race and remove
the inner race,

10, Blip a round plug, of the same diameter as the
tnner race, into the void in order to prevent the roll-
erg from falling from the onter race. Further dis-
aggembly 18 evident from the drawings,

Disassembly of the B-end unita. Study drawings
369 an .

To disassemble:

With the two exceptions indicated below, the pro-
cedure for dizassembly of the B-ends is an exact step-
biy-step parallel of A-end disassembly,

1. Remove the response holising 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 maln shaft some lateral movement, Hemove
the rotating group.

This procedure is necessary hecause the socket
ring can not be put in & peutral 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 drawlng 36715,

To disazssemble:

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,

G, 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,

&, Remove the lockmut and pinion, and take off
the idler shaft from the housing, removing all gears,
hearings, 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 cluteh and its spring,

10, Take off the bearing cap and turn the control
acrew until it projects as far a= possible from the
conrtrol nut, Remove the control screw response
gear until its outer bearing can be taken off. Disen-
gage the control screw from the aliding spline {guiil
drivejof the control serew, Remove the control
serew through the side or top of the control houging.

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

12, Remove the limit stop end covers and lockmt,
Turn the limit stop nut to the right as far as pogsihle,
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 beating, Hmit
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 {rom the screw, and then be
removed from the machined slip-ways., The shaft
may now be withdrawn to the left from the housing,

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 iront of the gear hox, 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 erank from the linkage
in the valve compartment,

2. Remove the synchro crank assembly, the
crank plate, and the gasket,
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4. Remove the gear mounting screws from the
synchro (in the valve compartment).

4, Unclamp the synchro retainer, in the gear
compartment, and remove the aynchro by tapping it
lightly irom the valve compartment side, If the
coarse gynchro D is being removed, it is necessary
to disagsemble the parallax rail and yoke units hefore
removing the synchro retainer,

9. 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,

Dizassembly of the receiver-regulator main block

assembly,”

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

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

1. Disconnect the synchro cranks and the limit
Skop drive ¢rank,

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 Lo the stabilizing linkage L2,

9. Bemove the four Allen-head serews which
hold the valve block to the case partition,

6. Remove the valve block H.HSEml:]'EE. It i5 not
necessary to drain oll from the system because check
valves in the supply lines prevent the flow of oil to the
receiver-regulator case,

Receiver-regulator gear train

The pear train assembly drawing 319571 may be
removed (rom Lhe receiver-regulator case as describ-
ad below:

1, Remove the response shafting.

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

4. Disconnect the wiring from the synchro termi-
nal basea,

4, Remove the synchro cranks and limit stop
drive crank {rom the valve compartment side of the
partition,

9. 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 Lrain assembly can ¢lear the A-end,
To do thisg, remove the four manifold mounting acrews
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-tregulator
case, Be careful not to damage the check valve V41,
which is secured in the bottom of the receiver-repula-
TOT ¢age,

Receiver-regulator pressure reducer

The prassure reducer valve Va2 may be removed
from the valve block as a unit, This is done by

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

}_{EQE fver- rgi_;_ulatnr valves

All valves are matched with their respective
sleeves; therefore, whenever a replacement is neces-
aary, both the valve and the sleeve must be replaced,
Valves and sleeyes are marked with serial numbers,
The valve must be assembled so that its number is on
the same end of the assembly as the sleeve number,
The numbers must match as to location and numerical
order, Whon the new 3leeve and valve assembly s
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 Hing Mark 2

GENERAL DESCRIPTION

Turret stowage Compartments, The compartment subdivisions of
the upper and Iower projectile flats, and their space
Projectile stowage in each turret ia located in the arrangements for stowing and hmﬂﬁng projectiles,
upper and lower projectile flats, In addition to the are identical. Each projectile flat is separated into
two projectlle flats, turret IT {s provided with a third two compartments, inner and outer, by a circular
projectile stowage ievel, The stowage arrangements bulchead. The inner compartment is the machinery
of the prniectﬂe flats, illustrated in figure 7-1 (the gpace, Within this enclosed space are the projectile
third level of turret I iz not shown), are deacribed ring power drive machinery, and the electric motor
in the following paragraphs of this chapter, controllera, The floor of the outer compartment
RING CONTROL LEVER RESPOMSE COUPLING GEAR REDUCER
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Flg‘uf‘e T-1, 18-inch Projectile Ring Mic 2 Mod U, General Arrangement
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im gubdivided into three concentric, ring-shaped plat-
forms, The outer ring, a nonrotating platform, is
attached to the evlindrical turret foundation and pro-
vides an area for the fixed stowage of projectiles,
The inner ring, a rotating platform, ls 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, iz the projectile handling platform, Located
in the rear part of the center ring are the three pro-
jectlle hoist tubes, This part of the handling platform
iz 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 profectiles from the fixed stowage
platform to the rotating stowage area, The projectile
noist tubes are arranged with loading apertures at
each projectile flat, The three projectile hoist tubes
can be served simultanecusly from one projectile flat,

Etnwage compartments, The inner stowape rings
of each TIaT, 1denfical weldments, are roller-mounted

carriages, Bach carriage is composed of a low ovl-
indrical coaming mounted around the inner edge r;u%ra.
platform plate, The platform plate provides sufficient
space for stowing twoe concentric rows of projectiles,
with each projectile standing on its base and lashed

t0 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

im flush with the platform plates of the center and
outer rings.

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

Turret O iz provided with a third level of fixed
projectile stowsage. This projectile platform is locat-
od in the powder handling room, immediately below
the outer ring of the lower projectile flat, The stow-
age arrangement provides sufficient space for stow-
ing two concentrie rows of projectiles with each pro
jectile standing on its base and all projectiles laghed
in the same manner as those on the outer ringa of
both flats.

The inner ring of each flat is equipped with an
independent power drive assembly. Each drive as-
sembly 18 arranged with manual control selection
and starting control for clockwize or counlerelock -
wise drive of the inner ring, and its load of projec-
tileg, When started, the drive assembly moves the
ring through an arc of 30 degrees, and then stops
automatieally, Thig action moves an unloaded see-
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 mechaniams are described
in chapter & The gypsy heads of the parbuckling
gear are mounted in the projectile bandling space of
the center ring. Transfer of projectlles iz always
performed by use of the parbuckling gear,

Stowing projectiles

Two separate routes and certaln special equlp-
ment are utilized for moving projectiles from the

-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 Ioading trunks) are formed by hateh open-
Ing= in each declk, each opening being located directly
below the maln deck hatch, The accessory equipment
installations and the speclal provisions for stowage
handling are similar for both routes and are deseribed
below, The equipment includes ship's structural ar-
rangemants and aquipment, and Ordnance accessories,

Siowage handling

Ship and turret arrangements for pm{ecmﬁ stow -
age handling are similar for both routes {port and
starboard), Each route comprises an ammunition
trunk outzide of the turret, extending {rom 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
apace hetween the powder handling room and the pow-
der magazines, There are hatches inside the turret,
leading vpward from the annular handling apace 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 1 is 266
degrees, for turret I the angle of train 1s 230 degrees,
and for turret III the angle of train is 183 degrees.
After the turrets are trained to these positions, port
able beams are bolted to the taps of the gun house
gtructures, The portable beams each suspend a
sheave and hoisting hook directly over a truni,

Structural arrangements for the stowage handling
routes are the trunks, the anmular handling space,
and hateh arrangements within the turret, The ar-
rangements within the turret consist of two round
hatehes in each projectile flat, Each hatch is {itted
with a hinged cover that {its {lush with the floor plates
when cloged. 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
hateh in the lower flat. Both hatches in a pair are
alipned directly above the annular handling space of
the magazine level, Projecliles may be stowed on
the normally clozed hateh covers,

Hoists. Egquipment arrangements for the stowage
handling routes are {wo sots 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
cach rotate a drum and are mounted on a foundation
weldment that is secured to the underside of the mailn
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 portable heam, The control
for lowering and holsting projectiles is a pushbuiton
station iocated at the main deck hateh,

The hoists, for lifting projectiles from the annular
handling space to the projectile flats, are electric-
motor-driven chaln hotsts of 1 1/2 tons capacity, with
remote start-stop controls and an automatic stop. The
holsts are permanently mounted on the overhead of
pach projectile flat, adjacent to and above the round
hateh opening in the floor below the holst, The holst -
Ing chain Is led downward from the hoist through a
aheave that i gecured to the floor alongside of the
round opening, From the sheave in the floor, the
holsting chain i8 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
bulkkhead adjacent to the hatch,

Conveyor, The trolley equipment for moving pro-
jectiles Trom the bottom of the main-deck strikedown
hateches (ammunition trunks) through the anmalar han-
dling space, 1s 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 of the electric-
motor-driven chain hoist described in the preceding

paragraph.

Projectile carrier, Accessory QOrdnance equip-
ment, provided for handling projectiles by the pre-
viougsly dedcribed routes, consists of an adeguate
allowance of 16-inch Projectile Carrier Mk 3 Mod 1,
The carrier is a projectile holding yoke and baae
atirrup with a wire rope sling and becket, The ar-
rangement and uze of the carrier are shown in fipure
T-2, The carrier is a two-pogition carrying design,
It 18 wsed to carry projectiles in the horizontal posi-
tion as well as vertical,

The carrier is removed from each projectile after
the projectile is delivered in a veriical poaition to the
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|
[
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|I|.:
II|
1
YORE-LOCKING
KEY

YOKE STIRRUFP

Figure 7-2, l6-inch Projectile Carrier Mk 3 Mod 1
Handling Ammunition

magazine level at the bottom of the trunk, A similar
parrier is then fitted into position on the projectils,
and the {irst carrier is hoisted empty to the main
deck, The projectiles are transported in a horizontal
poaition 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 pogitionad on the stowage rings,
ara secured asg {llustrated in figure 7-3,

Berving the rings and securing pro ertiles

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

After the projectile has been hoisted to either pro-
fectile flat, it must be secured in position on either
the [ixed 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 dene by parbuckling the pro-
jectile onto the inner ring and then rotating the ring
g0 that the projectile is delivered to the desired part
af 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 \“11
| o \
I TURRET PROJECTILE
COAR NG STRUCTURAL LASHING
FLAMGE FOUMDATION CHAIN

Figure 7-3. Method of Lashing Projectiles
in 8towed Position

T-3
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The stowing procedure described requires rota-

tion of the inner projectile rings in order to load their

empty stowage apaces. Ring rotation is through the
projectile ring power drive, The action i3 mamually
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-
somnel 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 1ts operation to an automalic stop, This
semiautomatic operation moves the inner ring
through a 30 degree arc,

HenuriElE qmjeqtﬂl&s. When projectiles have been
served to the stowage ring, they are positioned as
shown In flgure 7-3, and are secured by special chain
lashings. The outer row of projectiles of the cuter
ring fit into notches inaf e, 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 cuter
ring, All securing chaing are equipped with pelican-

type fasteners, which permit rapid and separate un-
lashing of the projectiles.

Frojectile stowage quantitiea

The storage arrangements and capacities of the
turrets differ, The stowage allocations for the inner
and outer ringa and the total stowage of each turret
are tabulated below:

AR LIARY CONDLIT
MEM P BC¥X

A-END DREIVE

COUPLING
i

ELECTRIC
MO R

s
AEMD CASE
AMD SUBPLY TAMK

MEUTRAL INTERLOCHK
SWITCH

B-END
ASSEMBLY

PROJECTILE S3TOWAGE DATA
dervice projectiles: Number

Turret T

Upper projectile flat, outer ring . . 120
Lower projectile flat, outer ring. . 126

Each inner ring . - . D ST |
Total stowage « « + « +» « « « « » 390
Turret I1
Upper projectile flat, outer ring . . 70
Lower projectile flat, outer ring. - 125
Hachinnerring « « « ¢ ¢ + + + « T3
¥ixzed stowage, third level . . . . 121
Total stowage . + « + . . » o+ o+ o 480

Turret I11

Upper projectile flat, outer ring . . 100
Lower projectile flat, outer ring. , 126
Each inner ring . . . . . i s s
Totaletowage , . , . . . « « . . 370

P.E'F'E r drive

The electric-hydraulic power drive assemblies
that rotate the inner rings of each turret are sepa-
rate Ordnance ingtallations 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 nner ring
drives of both {lats and their control arrangements
are ghown in figures T-1 and 7-4.

HAND COMTROL B-END SHAFT WORMWHEEL
SHAFT COUPLING [
/ / I| GEAR
P B-END / REDUCER
/ RESPONSE

HOLISING

i:. -.-""'.
i g b
By

MANMLIAL BRAKE RIMICN \ IDLER

KELEASE LEVER GEAR

Figure T-4, -18-inch Prejectile Ring Drive Mk 2 Mod 0, Ceneral Arrangement
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Components.

Each of the two projectile ring
drives

composed of the following prineipal units:

Electric motor
Elaciric motor coniroller
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 sach
projectile flat the eleciric motors, A-end assemblies,
and B-end assemblies of the inner ring drives are
simﬂar‘lg mounted on the {loor 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 i3 coupled to the motor
thruurgh a gelf-aligning flexible coupling, Mounted
on & toundation weldment adjacent to the A-end, the
B-end has its output shaft coupled to 4 wormshaft of
a pinion drive mechanlam,. Hydraulic pipes connect
the valve plate ports of the B-end motor with the A-

end pump.

FPROJECTILE RINDG
CONTROL MECHANIZM

WORM
PROJECTILE RING |
CONTROL LEVER \

FINION—

HAND CONTROL SHAFT —

DASHPOT PISTON

CONTROL LINE
CENTERIMG SPRING
ASSEMBLY ———

vl
ALEILIARY FUMP

ELECTRIC MOTOR-"

AEND CASE

QlL FILTER AND SUPPLY TANK

WORMWHEEL

!
A-END PUME

The electric motor controller for the upper pro-

ectile flat 1= mounted on the elrcular subdivizsion
lkhead, within the machinery space, immediately

forward of the power drive agsembly. The controller
for the lower projectile flat 18 mounted on the center
powder hoist trunk, within the machinery space, Each
controller includes master and emergency stop push-
button awitches, which are located and arranged as
indicated in the detall description of the controllers.
and as shown In figure 7-6.

The response gear, worm-driven by the B-end
drive shaft, i= coupled to an input shaft of the A-end
try 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
Ea.u:h géilt and are suspended from the overhead by a

rac p

Data, General data concerning the power drive
apecds, movementz, operating pressures, and loada
are as follows:

Ring speed, maximum revolution per minute
Hing movement, are per cvele, deg . . . .
Hy%graulic oparating pressure
Main drive, relief setting, psi . . .
Auxiliary pump avatem, psi . . . .

2200
100

CONTROL VALVE
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‘ OUTPUT SHAFT
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: — MQTOR
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T TIMING CAM

£ ..'_d_,--'
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T~ SWITCH
OPERATING LINK

LOWER CAM ROLLER
ADJUSTING LIMNK

TIMING CAM ROLLER
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COMTROL CAM LOWER CAM ROLLER

\

TOKE LIME CONTROL SHAFT

Figure T-5, Projectile Ring Drive Components, Schematic Arrangement
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Power drive

DETAIL DESCRIPTION Components, The projectile ring-power drive

is composed of the following:

motor, controller, A-end and B-end assemblies,

Electric motor
Electric motor controller
Maotor to auxiliary pump coupling

Design and functional details of the electric

and their control and connecting arrangements Auxili urm
are shown in figures T-4 and 7-6, and are deucribml Mnmrg’i]?f-eng coupling
in the following paragraphs., These details are A-end assembly
characteristic of all power drive installations ex- B-end assembly
cept as noted, Hvdraulic pipe installation
MASTER PLUSHBEUTION STATICMN EMERGEMCY STOF SWITCH MOTOR CONTROLLER EMERGEMCY STOP SWITCH
P
o,

-8

UPPER PROJECTILE " _ b et L2 - = v
) FLAT i fh £ e A

I

il 1
LOWER PROUECTIE -~
\ FLAT S S

GEAR REDUCER

T
\\H-EHU

EMERGEMCY STOP SWITCH |'I A-EHD

MASTER PUSHBUTTON STATION ELECTRIC MOTOR EMERGEMCY STOF SWITCH

Figure T-6, 16-inch Projectile Ring Mk 2 Mod 0, Electrical Installation



PROJECTILE RINGS

Electric motor, The electric motor is a 40-horse-
oOwer, ulrrel cage, induction type, of commercial
agign and manufacture, The motor 1z mounted hori-

zontally at the right side of the machinery space, ad-
jacent to the A-end it drives.

Controller data (second design),

THRE v saix e semiautomatic, across-

the-lHne magnetic start-
er, controlled by remote

push button
Ampere rating, fullload. . . . . . . . . 48
Protection:
OFerload o s v E thermal type,

automatic reset
Adjustable range, amperes, . 47.5to 58,1
Normal setting, amperes , ., ., . . 52,8

Short cireuit, ampere fuses , . . . . 2560
Undervoltage
Drop-out voltage . . . . . . . . . 110
Sealing voltage . . . . . ... . . 374
Bhock rabiog -5 o ol o high impact
Welght; pounds & o v e i v 150
Manufacturer , ., . . . . . Ward Leonard
Electric Co.
Drawhng . . o 5h iy St s elaedubSl

otor to auxiliary pump muElPE‘ . The electric
motor to a Ary pump coup & shown in figure

T-7. The coupling serves a8 a direct drive connec-

Motor data
THPB v oih W +  Bguirrel cage, induction
Design features , . waterproof, fan cooling,
direct coupling drive,
horizontally mounted
HOSBEDOWET S v iiiia wosoa v e 4
Revolutions per minote, synchronous . 1200
Hewvolutions per minute, full load , , . 1180
Hotation (at drive end) . . ., counterclockwise
eedelnds . . .. iy wwis s o COBStANE
OREREa. i peon S Guigen ldpcy qe ubt)
Amperes, normal full load . . . . . . 48
Amperes, lockedrotor, . . . . . . . 400
PR i mo s i 2 s g § J
o - TR R R L 60
Amblent temperature, deg C ., . . . . 40
Torgue clazs . . . . . . normal torgue, low
atarting current
Welght, pounds , . . . . . v e g R
Manufacturer , , . . . . . Louls Allis Co,
Manufacturer's designation , Type RX-445-8
LIPRWETEE i d i B . o v« 281543

Controller, The controllers are gssemblies of

tion between these two unitz, Tt 1= 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

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
awitches include a master push-button switch and
two emergency stop push-button switches for each
controller, e power supply is arranged with a
manual disconnect switch, externally accessible and
interlocked with the ecabinet cover, The starting cir-
cuit includes a neutral interlock switch, mounted on
the A-end agsembly, Controller data {first design)
applies to the IOWA and the NEW JERSEY, Control-
ler data (second design) applieg to the MISSOURI and
the WISCONSIN,

Controller data (first design),

Type . . . . . . . .Semiautomatic, across-
the-line magnetic start-
er, controlled by remaote

push bution
Ampere rating, full load . . . . . . . . 48
Proteetion:
Overload . . . . « . .« . thermal type,

automatic reset
Adjustable range, amperes. . b8.1to 71.0
Normal setting, amperes . . . . . 80,0

Short clreuit, ampere fu SR |
T.TnvclEI’W;-HJIt;Lg;Er P ReR
Drop-out voltage . . . . . . . . . 110
Sealing voltage ., . . . + & ¢ + = 374
Sshock rating . . . « « + + & 0 & 4 . 50
Weight, poundas . . . . « « &« + = « & 130
Manufacturer . . . . . . . +« Ward Leonard
Electric Co,
Drawing . . . . . . Hlaiid o in | w1

gpaces are packed with lubricant confined within the
ateel shells by grease seals,

COUPLING COVER GASKET COUPLING HUE

GRID SPRING

LUBRICATING LUBRICATING

GREASE SEAL RING FITTING SLEEVE FITTIMG

Figure T-7. Projectile Ring Drive,
Motor to Auxiliary Pump Coupling,
Cutaway View
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Auxiliary pump, The auxiliary pump (fig, 7-8)
ig a constant-digplhcement balanced-vane type, It
ia flange-mounted on the electric motor and is driven
directly from the rotor shaft {and opposite the A-end
coupling) at 2 speed that is approximately constant,
Principal components of the pump are a rotor, 12
vanes, a pump ring, and two bronze bushings mounted
ingide a housing that consiata of a body, pump head,
and mounting flange, The rotor is supported by ball-
bearings in the head and mounting flange. The vanea
are free to slide in the rotor alols as they are rotated
within the elliptical pump ring. Semilannular ports in
the head and in the bushings are aligned radially with
suction and pressure ports between the rotor and
pump ring, Two grooves cui 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 aliernitely increase in Size ACross
one pair of opposite ports, causing suction, The pock-
etg decrease across the other pair of ports, crealing
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 approx!-
mately 100 pounds per square inch, The pump sup-
plles fluid for operating the control circult and for
replenishing the main system.

PRESSURE LINE 5A TO
A-END FILTERING LRI

PLIME RING

MOUNTING

FLUMP HEAD
FLAMGE

Qi
SEAL

ROTOR
SHAFT

ROTOR

FURF HEAD
BUSHING

ROTOR VANE

SUCTION LINE 6 FROM
AEMD SUPPLY TAMK

Booy

Flgure T7-8, ﬁuxi]iar? Pump Assembly,
Cutaway View

-8

COUPLING COVER

GASKET

COUPLING HUB

GRID SPHIMG

LUERICATING
FITTIMG

LUBRICATING
FITTIMNG SLEEVE

GREASE SEAL RIMG

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

Auxiliary pump data,

Speed, revolutions per mimate . 1200
Delivery, gallons per minute, . . . . 510
Pressure, pounds per square inch . , 100
RoOtation o v w.s % aon . counterclockwisge
Weight, pounds . . . . . . . + « + . 36

Mator to A-end coupling, The electric motor to
A-end éoupling Is shown In figure 75, The coupling
gerves 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 ina
previous paragraph,

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

Hydraulic pump

dafety relief valves

Caso

Pump voke

Timing and control mechanism

Manual control mechanism
Control shaft coupling

Control valve block

il filters

01l filter relief valves

Meutral interliock swiiches

Hydraulic pump., The A-end hydraulic pump is a
multi-piston, reciprocating, variable-stroke, rotat-
ing type. It is mounted horizentally 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 a
previous paragraph and shown in figure 7-9, Mounted
in a housing and yoke, the pump i8 provided with a
special relief valve block., The rotating group is com-
posed of a eylinder block, nine pistons and connecting
rods, a universal link and pin assembly, and a drive
shaft. The non-rotating assembly i3 a yoke, valve
block with two rellef valves, and a valve plate. The
drive shaft has ball-bearing mountinga in the pump
housing, The cylinder block and piston assembly i=
ball-bearing-mounted and spring -held against the
valve plate, The link and pin assembly 1s a ball-joint,
mounted inside the eylinder block and drive shafl,
This arrangement provides a flexible drive connec-
tion between the drive shaft and the eylinder block,

The pump regulates hydraulic motor speed as it
iz tilted or offset from neutral by its voke, Pintle-
mounted from the housing, the yoke 15 connected to
the control devices and the manual control mechanism,
The special relief valve block, mounted at the outer
end of the voke, encloses two valves which are arrang-
ed in the main pump ports, as described in the next
paragraph. Piston ¢ylinder 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 corlng,
pintles, and hydraulic pipe connections, by a cloged
fydraulic 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 eylinder 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 plstons
and consequent pumping action through the valve
plate ports, Zero reciprocation (neutral stroke) ex-
ists when the axes of the cylinder block and main
ghaft are in line, Maximum stroke occurs when the
axis of the ¢ylinder block is offset approximately 20
degrees in either direction,

Safety relief valves, The two safety relief valyves
arc arranged in an opposed position in the valve block
at the end of the pump yoke, A valve functions, to
relieve the hydraulic tranamission system, in each
direction of projectile ring drive, Each wvalve is con-
nected to elther the intake or the pressure side of the
transmigsion system, depending on the direction of
voke offset. The valves prevent excessive pressure
rise in the transmisslon 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
sguare inch pressure,

______ 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 eircuits, 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 gquick access for maintenance
and adjustment of the timing and control mechanism
and other components, A fill cap, drais plug, and
two trycocks provide means for replenishing and main-
taining a proper level of hydraulic fluid, Proper fluid
level exists when fluld flows {rom the lower trycock,
The capacity of the projectile ring hydraulic system
at this level is approximately 25 gpallons,

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

stroke, When the yoke is at neutral stroke position,
the cylinder block is also at neutral stroke, and the
pump i8 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 gide 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
confrol mechanisms arTeé 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 eyele, 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
confrol Sshall 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 aperator, 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 BA FROM

COMNTROL VALVE BLOCK

EiFRAKE
ASSTMELY

Pl L]
<4

INNER BIRAKE PLATE
QUTER BRAKE PLATE

HAND CONTROL BRAKE
SHAFT SPACER

HAND COMNTROL SHAFT
FIsTOM

'\H

u|“7r '. RAKE PRESSURE CHAMBER
jr MUT

AND CONTRDE

SHAFT PINION HAND CONTROL CAM

Figure T-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
uifset position until the end of an operating cyvele 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 cyele, The control pressure is vented
to the reservoir, the brake iz released, and the hand-
lever is automatically returned to neutral position
when either the starting valve or control valve is in
the atop position. The frietional force of the holding
brake does nol prevent manual operation of the hand-
lever at any time,

Control dashpot., The control dashpot assembly
{fig. T-5) 15 composed of a piston, piston housing,
and two ball check valves. The assembly prevents
overload of the electric motor by limiting the apeed
with which the control handlever can offset the A-end
pump yoke, The pisien and the handlever connected
to it can move only as fast as fluid can flow through
a restriction in the dashpot piston, Fluld in the dash-
pot isg EDn’.inut:-uEl; replenished by pressure from the
auxiliary pump. The ball check valves permit fluid
to be pumped to the suction side of the plston chamber.

Control link centering spring. The control link
centering Spring assembly (f1g. 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 centrol link centering spring assembly ex-
eriz a force which causes the timing cam link roller
to follow the contour of its timing cam throughout the
ring operating cyele, thus controlling the offset of the
pump voke and keeping the speed of the B-end under
complete control,

Control shaft, The control shaft assembly (fig,
T-5] 16 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 neuvtral interlock switeh link and eam which
opens the Interlock switch when the A-end pump voke
i=s offset from noutral,

Yoke link, The yoke link assembly (fig, 7-5) i5
composed of an adjustable turnbuckle and clevis ar-
rangement which connects the control shaft to the A-
end pump yoke, This assembly i8 adjusted to posi-
tion the A-end pump yoke at neutral stroke when the
confrol and timing machanism is in the stop or be-
tween-gyele position,

Timing cam roller link, Two timing cam Toller
link assemblies, upper and lower, are mounted above
and below the inner and outer timing cams respective-
ly. Each assembly functions for only one direetion
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 cther and to the control shaft by
an adjustable turn-buckle and clevis arrangement,
Thiz permits a necessary clearance to he 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 15 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

T-10

i1z 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 eyele of ring rota-
tlon. 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 svatem,
Contact between the control valve and control cam

i8 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 . =] of the upper and lower projectile ring
drives is an arrangement of shafts, gears, and a hand
control lever for manually actuating projectile rin
control movement, Mechanism extends from the A-
end assembly to the outer side of the projectile flat
circular subdivizion bulkhead, Tt is an assembly of
shaftg, bevel gears, universal ]lniznt:«:, and couplings
suapended from the projectile flat overhead by J-
shaped hrackets at each end, and two T -shaped brack-
ets at the middle part of the assembly, Inner end of
the shaft aasembly 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,
comprisea the ouler end of the shaft assembly, Di-
rection of hand lever movement, limited by positive
stopz, Is the game 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 manuval confrol assembly are made with
self-oiling universal joints, These units permit the
shalts to rotate at angles up to 22 degrees from align-
ment, and to facilitate installation and disassembly.
Zhaft 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 ig
mounted al The upper Teft side of the A-end case,
when viewed from the shaft end, Tt iz 2 machinad
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 va
Control valve Va
Auxiliary pump relief valve V4
II;I‘IYMHUME motor by-pass valve Va
ain system replenishing check valve V6 and V7

These valves are avranged as shown in fipure
7-11, The valves open or close the hydraulle pass-
ages in the valve block to provide drive control, svs-
lem 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 iz 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 interiock
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 lts starting position
and is then cam-actuated to its running and Et\?:? -
sitions, Hydraulic pressure from V1 moves to
Itz start%g position by acting on the starting valve
platon, cuts off the port connectiona that vent
the augiliary pump pressure when the valve is in its
stop position., In addition, V3 ports auxiliary pump
preseure to shift the hydraulic motor by-pasz 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 cyele. In this position,
V3 ports control pressure to return the interlock
valve V2 to its starting position. V3 is moved to its
atop or cutoff position by spring action, In this posi-
tion, the pressure line to the by -pass valve V5 is

f.em‘jd’ and V5 iz permlitted to move Lo the stop posi-
ity

Interlock valve V2, The interlock valve V3 isa
pregoure-operated valve, which I8 moved to its run-
ning position by hydraulic pressure from V3, as de-
geribed in the previous paragraph, V2 s 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 V32
resets the port connections to the control valve pia-
ton for the next starting action.

Hydraulic moter by-pass valve V5, The hydraulic
motor by-pass valve VB 18 2 spring-and-hydraulic-
pressure-operated vaive, It has two positions! op-
erating and by-passing. V5 is pressure-actuated
from V3 to move it to ils operating position, as de-
seribed in a preceding paragraph, In its operating
position, Vi releases the B-end brake, When contral
prassure is vented at the end of the operating cyele,
the valve apring shifts V5 to its by-pass position, In
this positlon V5 cross-connects lines from the B-end
valve plate to the two replenishing check valves V8
and V7 (described in the next paragraph). This by-
pass position of Vo enables the high-pressure pipe
of the main tranamission 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 guxiliary pump aupply to be deliv-
erad to both main transmlaston lUnes in order to re-
plenish,

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

Augiliary pump relief valve V4, The auxiliary
pump rellel valve relieves audiary pump pressure

to the fluid reservolr when the setting of the V4 spring
i excoeded, 3

1=132

Starting cam Ch., 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 C§ rotates, it forces the
roller on the end of the atarting valve V1 out of the
starting cam recesa, Thisg action pogitions the start-
ing valye V1, apgainst spring pregsure, in its starting
position,

Control valve cam C3, The control valve cam
C3 i3 keyed To the B-end response input shatt to the
control mechanism, When the B-end is in operation,
B-end response acts through the input shaft to rotata
the control valve cam C3, As C3 rotates, it forces
the lever lateh out of the eontrol valve cam recess,
This action positions the contrel valve V3, against
spring preasure, in its starting position,

0Oil filters. Two pressure-type screen filters in
the auxiliary pump hydraulic circuit remove foreign
material from the hydraulic fiuid before it enters
the conirol and operating circuits, The filters are
located on the side of the A-pnd case, Design details
and the duplex filter chamber arrangements are
ghown in figure 7-12, For normal operation both
filters should be used simultanecusly. However, a
control valve ia provided in the filter design to per -
mit the Individual use of either [ilter, This featura
makes it possible to elean a fouled filter element
without stopping the power drive, There iz a relief
valve in the discharge line of each filter,

0il filter relief valves, The relief valves are in
the discharge Iines and function as safety devices to
by-pass oil around the filters in case both filter ele-
menta become fouled., The valves are set to relieve
at a higher pressure getting, approximately 120
pounds per aguare inch, than the auxiliary pump re-
lef valves., This is to prevent the oil filter rellef
valves from opening during normal operation,

Meutral interlock switeh, The neutral interlock
awitch (Iig, 1-13) 1= an electric switch that is used
in the elegtric motor starting e¢ircuit, Locatad on
the top of the A-end case, the switch opens the
atarting circuit whenever the pump yoke 18 offset
from neutral stroke, This prevents starting overload
on the electric motor when the power drive = at a
mid-cycle position with the pump voke ofiset from
neutral stroke, Degign features include a plunger-
operated, two-pole normally closed switch, with a
watertight aeat 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
lind the plunger, but permits free movement with-
out leakage either by pumping action or capillary
action, When lifted againat 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 & terminal board. The mov-
able contact is normally held down in 2 closed position
by a contact spring,

b -end assembly, The B-end assembly is mounted
in the machinery space of the pr-:rljectﬂe fiat, 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 iz composed of the following:

Hwydraulic motor

Brake

EBrake release lever
Regponse mechanism

B -and regponse coupling
B-and drive coupling

Hydraulic motor., B-end hydraulic motor is a
mulii-piston, fixed-stroke type, similar to the A-end

pump except that its eylinder and valve plate have
fixed offset position, %ts driven main shaft iz coupled
directly to the worm of the gear reducer. Motor con-
zists of a valve block, walve plate, a motor housing,
and a rotating assembly of cylinder, pistona, piston
rods, and a shaft connecting rod. Its housing is bolted
to the B -end shaft housing. Rotating assembly i3 driv-
en through a cloged hydraulic circuit from the A-end
punep, connected to the B-end valve block, Hydrauolic
motor apesd and direction of rotation are determined
by the direction and degree of the A-end yoke offaat,

Brake, The B-end brake (fig, 7-18) iz a frictlon
disc-fype, mechanical assembly which ig spring ap-
plled and hydraulic pressure released, The brake s
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
cutput shaft and are enclosed within the B-end =shait
housing. A piston enclosed spring exerts sufficient
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Figure T-12, Filter Assembly, Cutaway View

pressure on the dises to cause their engagement and
thus prevent the shaft from turning when the projec-
tile ring drive is not uEerating. he brake iz held

in its applied position by this brake spring except
when the ring 1= rotating, or when it is released by
the manual brake release lever, During operation,
comtrol pressure from the anxiliary 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 cutput 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 & manual Brake release assembly that dis-
engages the brake when the E:Djmttle ring is to be
turnad 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 release lever,

Hesponse mechanism, The B-end response me-
chanism {{ig, 7-14] is 4 worm, wormwheel, and ra-
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 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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B -end response coupling, The B-end response
coupling {1ig. T-8] connects 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 {lange on a line passing through the
center, and across the face of the second flange in a
direction at right angles to the flrst. The floating
center member has specilal removable graphite-im-
pregnated bearing strips, mounted between the center
member and the flanges, together with a grease reser-
voir for lubrication,

B-end drive coupling, The B-end drive shaft
coupling (fig. "I"-“I'T‘.'Ii:s_na.gdirect-drive, self-aligning
connection between the B-end output ahaft and the
gear reducer worm shaft, Composed of two 1dentical
hubg, 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,

Hydraulic pipe installation, Details of the hy-
draulic pipe installafions for the upper and lower

projectile ring drives, connecting the previously
tescribed A-end pump, B-end motor, and valve

block components, are identical, The hydraulic
pipe installation for one projectile ring drive is

shown in fipure 7-25,
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Components, FEach upper and lower inner pro-
jectile Ting 13 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

Pinlon drive mechanizm

Gear reducer
Drive coupling

Carriage rigi assembly. The carriage ring as-
sambly, arranged as shown in figure 7-18, rests on
rollers of the roller cage installations {described on
page T-16). Secured against 1ifting by holding down
flanges that are mounted on the circular bulkhead
enclosing the machinery gpace, the carriage ring
assembly is rotated on the rollers by pinion drive
of the rack,
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Figure 7-14, B-end Assembly, Sectional View
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Carriage ring weldments, The projectile stowage
rings (rofafing) of both projectile {lats are identical,
with a platform diameter of 23 feet each. The plat-
forms, each 36 Inches wide, are welded assemblies
of circular platform segments, two rings (designated
rack retainer and culer track support), two other
rings (designated inner and cuter tr&cka'], and a eyl-
indrical coaming with a coaming flange.

Rack. Racks, large annular spur gear segments,
are bolted on and keyved to the rack retainer to form
a complete circular gear with internal teeth, Four
aimilar 65-tooth segments give a total of 260 tecth
in the whole rack, Pitch diameter of the rack is 208
inches. Identleal drive pinions for both the upper
and lower racks have 21 teeth with a pitch diameter
of 16,8 inches,

Carriage securing devices, In addition to the
holding -down [langes, each ring is equipped with
devices to prevent accidental rotation of the ring
whan it 18 not in use, Two centering pins in each

B-EMD HOUSING——__
FLANGE

BRAKE RELEASE YOKE

BRAKE DISC HRAKE RELEASE

RETAIMER SPACER PISTOMN - ‘E
BRAKE o

INNER DISC

BRAKE DISG
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BRAKE

FIXED

PLATE

BRAKE SPRING ’#,r"

MAMLAL BRAKE RELEASE LEVER SHAFT £

ring carriage (fig. 7-18) stow the rotating ring and
relieve the rack, pinion, and pinion drive from stress,
when the rings are not in uge, The centering pins are
located 180 degrees apart at 15 degrees and 195 de-
grees from the turret longitudinal centerline, Mating
sockets for the pins are bolted in position in the as-
sembly of fixed roller cages. Each pin is a screw
type which is retracted by a special wrench. The
wranches are stowed close to each socket,

St e fittings, The projectile stowage details
of the rotating and Tixed stowage rings of both pro-
jectile flats are similar. Each rotating ring is provid-
ad with a coaming flange which is equipped with uni-
formly spaced projectile laghings, The {ixed stowage
spaces are equipped with similar lashings which are
securcd to uniformly spaced securing plates. These
plates are welded to the evlindrical foundation bulkhead,
The lashings consiat of roller chain devices that are
aimilarly toggle-connected to the coaming flange and
the securing plates, as shown in figure 7-18, All lash-
ing chaing are equipped with pelican type fasteners,
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Roller cage installations, The inner projectile
stowage rings rotate on Ifzed roller cage installa-
: : tiens., The cages are bolted in the projectile flat
JAN FLANGE JOW FLANGE recesses and do not rotate with the carrlage, Each

BEARING
STRIP

™ LUBRICATING
WILE

CENTER MEMBER

Figure T-16. B-end Reaponse Coupling,
Cutaway View

SLEEVE MALE
GASKET SLEEVE

ail. PLUG

HUB CIL SEAL

Figure 7-17. B-end Drive Coupling,
Cutaway View

ecarriage 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
cqually spaced radial-thrust rollers. The inner and
outer roller cage installations are each made up of

18 equal segments which are fitted together, end to
end, to form two complete, concentric circles,

Holler cage, Each roller cage segment is 8 cast
steel Trame, The segments for the outer roller cage
agsembly are provided with pin hearings for four
carriage supporting rollers, Each segment for the
inner roller cage assembly is provided with pin bear-
inga for four radial-thrust rollers in addition to the
four carriage supporting rollers, The radial-thrust
rollers confine the thrust movement of the rofating
ring and gccurately maintain uniform engagement be-
tween the pinion and rack. Each radial-thrust roller
i mounted on an eccentric holt so that all radial-
thrust rollers of the inner roller cage assembly can
be adjuated 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 {lat inner
and oufer TIngs that are secured in the recesses be-
neath the roller cage assemblies, The doubler plates
provide true planes for supporting and aligning the
circled of roller cage segments. Each outer roller
cage segment bears at five points on the doubler plates,
whfltn each inner roller cage segment bears at nine
points,

Pinlon drive mechaniem, The pinion (fig, T-4)
ia mounted on the cufput shaft of a ﬁDLIHEd mechanism
called the gear reducer, This unit is mounted within
the machinery space of the projectile flat and is posi-
tioned for correct engacement of the pinion with the
rack, The unit is coupied to the drive shaft of the B-
end assembly. Both the upper and lower pinion drive
unpits of the turret are alike,

Gear reducer, Each gear reducer (fig. 7-4) 1z a
heavy-dufy worm, wormwheel, and pinion shaft drive
agaembly, It is arranged with the pindon at the boitom,
bpelow an oil reservoir housing that encloses the worm
and driven wheel, The worm and wormwheel are a
lap-fitted set, match-marked for correct mesh. These
two components are not interchangeable with like parts
of other ring drive gear reducers, The gear reducer
design is 4 non-overhauling, double-thread, Hindley-
type worm. The wormwheel is made with 72 teeth
and has a pitch diameter of 31, 5 inches, The worm
has a pitch diameter of 5,0 inchea, Both shafts are
mounted in thrust-radial roller bearing groups that
are non-adjustably fitted for correet alignment at
initial asgembly. The wormwheel ig 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 drives the pinion gear which meshes with the raclk,

The housing includes special details for filling,
draining, venling, and E-‘H-Eiﬂ&‘-' lubricant level, A
filling plug is located at the top of the housing, adja-
cent to an open elbow pipe fitting that provides venti-
lation for the house mechanism and lubricant, Two
trycocks in the side of the housing provide mini-
ram and maximum oil level inspection polnis.
Twelve gallons of a special high pressure lubricant

designated Navy S8vymbol 5190, are reguired to fill to
the upper trycoclk,
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Drive coupling. The worm shaft of the gear re-
ducer 18 coup o the B-end shaft of the hydraulic
power drive by a self-aligning flexible coupling of
commercial design. This coupling is one of four
apecial coupling devicea included In the power drive,

e coupling is shown in figure 7-17, and is describ-
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 interlock 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 describ-
ed in following paragraphs.

Start-stop control. The master start-stop switch
for the projeciile Ting controller of each of the upper
and lower pmiectﬂe flats is a conventional pushbutton
type. The awitch is of enclosed, watertight design

FROJECTILE LASHING
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PROJECTILE
STOWAGE RING

CENTER PROJECTILE=F B
HANDLING ®ING &7

INMER: PROJECTILE
ROTATING RIMG

CENTERING FiN FiN S0CEKET

OUTER THACHK
SUPPORT

DUTER THACK

with two buttons that are designated START-EMERG
and 8TOP, The switch 18 similarly located on the
canter projectile hoist tube of each projectile flat,
Each switch is normally open and 15 closed by press-
ing the START-EMERG button, The switch 13 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 interlock awitch which is closed when the A-
end is at neutral stroke,

Preoazsing the START-EMERG button closes a
normally open three-pole switch and energizes the
coil of the main contactor, By the action just de-
seribed, the three-phase power is connected to
the main electric motor. Holding contacts on the

relays meintain the power cireuit comnections when
the START-EMERG button is released, and until the
STOP hutton is pressed,

—— HOLENG DOWN
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COAMING
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FLATFORM ROLLERS
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. Figure T-18. Projectile Stowage Hing, Sectional View
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Stop pushbutton switches, Two emergency stop
swifches are provided [or each projectile ving con-
troller, These switches are of enclosed, watertight
design with one pushbutton, The awitches are simi-
larly located on each projectile flat, one switch on
each side of the projectile handling platforms, two
awitches on each projectile flat. The switches are
the normally cloged type and are opened by pressing
the button designated STOP,

Meutral interlock switch, The neutral interlock
switch 18 an electirle switeh that 13 nsed in the motor
starting cireuwit, It functions to prevent starting over-
load on the electric motor when the drive is at mid-

cycle position, with the pump yoke offset {rom neutral,

Manual control mechanism, The manual control
mechanizm of the projectile ring drivez of the upper
and lower projectile flats is an arrangement of shafts,
miter gears, and a hand control lever, The hand con-
trol lever ia for manually actuating projectile ring
control movement, The manual control mechanism
extends from the A-end assembly in the inher com-
partment to the outside of the projectile flat eircular
subdivision bulkhead, The mechanism is described
Enli?&age T-10 of this chapter, and is shown in figure
7-19,

Timing and control mechanism, The timing and
control mechanisms are semi-aufomatie projectile
ring cycle conirol devices, The mechaniams con-
trol starting speed and operate to stop ring rotation
at the end of a ¢ycle, The mechanism is described
on page T7-9 of this chapter,

PROJECTILE: RiNG PROIECTILE
READY IMDICATOR

1Ml
CONTROL LEVER

LOCKING PLUNGER
KNOB

MASTER PUSH BUTTON SWITCH

Figure 7-19. Projectile Ring Manual
Control Meéhaniam

T-18

Brake releaze lever, The B-end mechanical
hrake 15 a Triction digc type that is spring-applied
and is normally released by hydraulic pressure, A
Piatnn—enclﬂsed gpring exerts saufficient pressure on
he discs to engage them, and thus prevent the B-end
output shaft from turning when the projectile ring
drive iz not operati The brake is held in its ap-
plied position by the brake spring except when the
ring is rotating, or when it ia releazed by the man-
ual brake release lever, The manual brake release
lever i located on the side of the B-end, forward of
the adjacent A-end assembly, The brake release
lever is rotated through an arc of 36 degrees from
an applied to a release position.

Projectile ring ready indicator. The upper and
lower projectile handling flats are each equipped
with an independent ready light circuit, The ready
light cirenit functions to notify the projectile ring op-
erator as to when the rotating ring may be moved,
Each ready light eircuit is composed of three con-
tact makers {one is located at each projectile hoist
operator's station) and a three-dial indicator ligh
(located at the projectile ring operator's Btaticr:%.
The dial designations of the indicator light at L, C,
and R, for the left, center, and right projectile
hoists, respectively, Each circuit contact maker
closes only the circuit to its respective dial on the
indicator.

OPERATION

General

With both centering pine in a raized position, the

{lmjemle ring is free to be rotated In either direc-
lon, The control of starting, stopping, speed and

direction of rotation is determined by the direction
and degree of handlever movement, except when a
ring station is reached, at which time the projectile
ring stops automatically, The position of the control
and timing mechanisms, resulting from initial offset
of the handlever, is shown in figures 7-20 to 7-34,
inclugive, These schematic diagrams illustrate in
sequence the phases of circuit flow conditions and
resultant movement of components during a com-
plete operating cycle as described In the following
paragraphs,

Starting

Perform the following operations when starting
the projectile ring electric motor:

1. Place the controller circuit-breaker lever
at ON,

2. Place the hand control lever at the neutral
giroke position,

3. Prege the START-EMERG button,

Stoppling

When stopping the projectile ring drive, perform
the foliowing operations,

1, Rotate the projectile ring to the desired posi-
tion of rest, ao that the centering ping may be run in,

2. Plaee the hand control lever at the neutral
atroke position,

3, Press the 8TOP button.
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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 stroke position, the following
conditions extst:

Starting valve V1, The atarting valve roller is
resting iﬁ%le recess of the starting cam C5. In this
poaition, the starting valve:

1. Ports control pressure from the auxilla

pump through line 22 to hold the interlock valve V2
In the resat position.

2. Vents tank pressure from chamber 15 of the
control valve piston D1 th h line 14, the Interlock
valve V2, and lines 13, 30, 25 and 26 to the tank,

3. Vents chamber 31 of the holding brake Z to
the tank through lines 8A, 30, 26, and 26, It also
vents chamber 32 of the ﬁ-enﬂ brake through lines
BB, 30, 25, and 28, (The brake chamber is also
vented through lnes 8B, 24, and 26, )

Interlock valve V2, The interlock valve is held
in resel poeltion and vents chamber 15 of the control
valve pigton D1 as deacribed above.

Control valye V3. The control valve iz spring
actuated o hold the levar lateh D2 in the recess of
the control cam C3. In this position, the dontrol
valve:

1. Vents chamber 17 of the bypasa valve Y5 to
the tank through lines 16 and 28,

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

Bypass valyve VG, The bypass valve iz positioned
by gpring 5-2 to 1fs bypass position when chamber 17
iz vented to the tank, as previously described, In
this position, the bypass valve:

1, DBypasses the pump-to-motor power trans-
migsion lines 1 and 2 so that the hydraulic motor
will not rotate even if the pump voke (H) iz slightly
affset from neutral stroke,

2, Vents chamber 32 of the B-end brake through
lines 6B, 24, and 26,

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

Relief valve V4, Control presaure from the aux-
iliary pump fTowa through lines 5B, 29, 20, and 27
to chamber 28 of the rellef valve, When pressure
in the control circult and in chamber 2B exceeds
the setting of the relief valve spring 54, the valve
moves up against the spring and connects lines 20
and 26, which vents the circuit to tank,

Replenishing check valves V& and V1. The re-
plenishing check valves may be closed or slightly
opened, depending on the extent of leakage in the

ump=to-motor transmission linea 1 and 2 and lines

and 4, In their open position, the replenishing
check valves port control pressure to the drive eir-
Eruit through lines 3 and 4, and the bypass valve

*
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Timing cams C1 and C2, With the pump yoke in
neufral s;rnhe position, there is a alight clearance

(0. D60-Inch) between the timing cams and their Iink
rollers R10 and R11,

Interlock switch M. The roller of the neutral
inter switch I8 In its recess in cam C4. In this

position the power atarting circuit through the switch
to the electric motor 18 clogsed, The electric motor

can be started when the eontrol mechanism is in neu-
tral position only,

Start position (fig, 7-21). When the hand lever
K is Eﬂsn% ﬂirﬁungE!ﬁiﬁ"nf its 1709 are, in either
direction, It acts through the shafts and miter gears
of the hand control mechanism to rotate the starting
cam C§, 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 o
movement of the hand lever K. The rotation of the
gear segment L2 causes movement of linka L4, L5,
LT, L8, and LD to take up the clearance between the
timing cam C2 and the link roller R11, Also, rota-
tion of the gear segment L2 causes movement of link
LB to offset the A-end pump yoke H, Movement of
link I4 is llmited, so the balance of the hand lever
full movement is taken up by compression of the con-
trol link pump yoke, and linkage in the positions de-
scribed above, valves and associated components
function as described in the following paragraphs:

Btarting valve V1, When the starting cam C5
rotates, It forcea the starting valve roller out of the
cam recess and positions the starting valve V1in its
slart position, In this position, the starting valve:

1, Vents the top of the Interlock valve V3 to the
tank through lines 22, 23, 30, 25, and 26. V2, held
by a detent, does not move from the reset position.

2. Closes the vent lines of chamber 31 of the
holding brake and chamber 32 of the B-end brake by
disconnecting line BA from line 30,

3. Ports control presaure from line 5B, through
lines 13 and 14, to chamber 15 of the control valve
Y3 platon,

Control valve V3. As control preasure is ported
through the starting valve ¥1 and enters chamber 15
of the control valve piston, it moves the control valve
plston which forces V3 to its start position, A shoul-
der on the valve block limits movement of the piston.
After the control valve 1s positioned at its start posl-
tion, control presaure is ported from line 29 through
line 18 to chamber 17 of the bypass valve V5, Vi is
forced down against spring 52 into its "bypass blocked"
poaition,

Bypass valve VB, In its "bypass blocked" posi-
tion, Ee by-pasg 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 28, 20, 18,
and 8B. V90 also ports control pressure to chambar
%; of [1'{1135: holding brake from line 8B through lines

and 8,



3. Disconnects line 3 from line 4, This permits
main drive pressure to build up in transmission line
1 or 2 (depending on direction of pump yoke offset) as
the pump voke ig offset from neutral stroke and the
A-end pump begins delivery,

Holding brake 2. When control pressure ls ported
to chamber 91, the holding brake T 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 iz not normally vented until a eyele is com-
pleted, unless the hand lever is manally returned to
a stop position before completion of a eycle,

B-end brake. When control pressure is ported
to chambeT 498 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 O
to turn. The offset of the pump yolke permitted by
the clearance between timing cam C2 and roller R1l
is enough to start B-end rotation,

Reaponge machanism, As the B-end rotates, the
rezponse worm gear rotates the B-end response in-
put shaft Q, timing eams C1 and C2, and contral cam
C3. As timing cam C2 rotatea, the link roller R11
follows the cam comtour and causes linkage movement
to increase the pump yvoke H offset. This action accel-
erates the grnjentllﬁ ring to full speed. As the con-
trol cam C3 turns, lever latch D2 is moved out of its
cam recess and thereby positions the control valve to
fts full "running positlon® {fig, T-22).

Running position (fig, T-22})., The running posi-
tlon differs from the start position only in that
the degree of pump voke H offset is greater, and that

the control valve V3 and interlock valve V2 are posi-
ticned as described below:

Control valve V3., When the control valve V3 1s
moved to 1ts Tunning position, by the control cam C3,
it ports control pressure from line 20 to line 21,
This action positions the interloclk valve V2 in its
running position, where it is held by the detent.

Interlock valve V2. When the interlock valve is
positioned in if8 rwiming position, it vents chamber
15 of the control valve piston D1 to the tank through
lines 14, 29, and 26, The control valve V3 through
lever latch D2 iz now forced to [ollow the contour of
the control cam C3 by the pressure of the control

valve apring 51, until D2 engages the cam recess at
the end of the angle,

Approaching automatic stop position (fig. T-23).
Asg the cycle nears completion, the rotating speed
of ring 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 roller R11, {s taken up
by the spring in the control link as the holding brake
4 maintains the original position of the control shaft,
As the end of the cyele is reached, the valves and
related components function as described in the follow-
ing paragraphs:

Control valve V3. When D2 engages the recess
in 3, V4 is returned 19 its stop position, and:

1. Vents the lower chamber of the interlock valve
Va to the tank, through lines 21 and 2@,

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

PROJECTILE RINGS

Bypass valve Vi, After chamber 17 is vented,
the bypass valve apring 52 positions the valve to its
bypass position, where it:

1. Connects lines 3 and 4, and hypasses the
transmission lines 1 and 2,

2, Vents chamber 32 of the B-end brake to the
tank through lines 8B, 24, and 26, This action per-
mits the brake spring W to apply pressure to the
brake discs and thereby stop rotation of the B-end
drive shaft @,

d. Vents chamber 31 of the holding brake to the
tank through lines BA, 189, 24, and 26, This action
releases the holding brake Z,

Starting valve V1. When the holding brake 2 is
reledased, the control link spring L3 returns the hand-
leyer K to neutral position at a speed regulated by the
dashpot V. When the hand lever is at neutral, the
recess of the starting cam C§ is allgned with the roll-
er of ¥1, The starting valve spring 83 moves the
roller into the recesg and thus positions V1 in {t=
stop pogition, In this position, V1 porte control pres.-
sure to the upper end chamber of V2 through lines 5B
and 22.

Interlock valve V2, As the lower end chamber of
V2 {5 vented by the répositioning of V3, and control
pressure is ported to the upper end chamber of V2
by movement of V1 to its starting position, V2 shifts
to its reset position., The control syatem has now
regumed the neutral position shown in figure T-20,

Between stations, stop position (fig. T-24). The
projecillé ring may be stopped by the ring operator
between cycles by returning the hand lever to neutral
stroke, If such action is performed, the following
conditions exist.

gtarting vailve ¥1, When the manual control hand
lever K is returned to neutral, against the braking
friction of the holding brake &, the starting valve
spring 83 forces the starting valve up and engages the
roller in the detent of the starting cam C. V1 then:

1. Ports control pressure {o the chamber at the
upper end of V2 through lines 5B and 22,

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

3. Vents line BA to the holding brake, and lines
8B and 18 to the B-end brake through lines 30, 25,
and 26,

Interlock valve V2, Control pressure 1s poried
to the upper end ol this valve, as described above,
but V2 remains in its running posltion because i has
egual preasure at the lower end, which 13 ported
through lines 5B, 29, 20, and 21,

Bypass valve V3, When ring rotation 1s astopped
between cycles, V5 oscillates between a partial and

a full "bypass blocked" position. This condition is
ported to chamber 17 of Vi through the repositioning

of V1, as deacribed above, which pogitions V3 in its
"hypass blocked" position, In this position, chamber
17 is vented to the tank through lines 16, 20, 18,
19, 30, and 26, However, when the pressure in

chamber 17 is vented, the bypass valve spring
32 tends to return the-valve to bypass position.
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This would close off the venting action of line 18
(and of chamber 17) so that control pressure ported
to chamber 17 again returns the bypass valve V5 to
ita "bypasa blocked" position, While the bypass
valve 1s oscillating, a connection is maintained he-
tweoen lines 3 and 4, which bypasses the main drive
pressure in lnes I and 2, The holding brake % has
been released and the B-end brake has been appliad,
as described above under the starting valve V1. Due
to theae conditions, the projectile ring rotation is
=stopped, and rotation cannot resume until the hand
lever K is moved from neutral pozitlon., When the
hand laver is moved, V1 is moved to its running po-
gition and all mechanlama resume normal running
operation, as shown In figure 7-22,

INSTRUCTIONS

General instructions

The projectile ring assemhlies are to be oper-
ated and maintained (including periodic exercise,
adjustment and lubrication) in accordance with the
regulations of the Burean of Ordnance Manpual, the
inatructions below, and the hydraulic system main-
tenance instructlong in chapter 17.

Cieneral servicing instructions

Hydraulic oil, The fluid to be used in the hydrau-
lic sy=tem I= that designated by the Bureau of Ordnancea
as 51F21 (Ord), The fluid must be poured into the
svatem through a fine mash wire strainer of at least
200 wires to the inch. Do not use cheesecloth or rags.
After 15 hours of operation {or less), new assemhlies
should be drained, thoroughly flushed with clean 51F21
(Ord), and refilled with new hydraulic fluid. Perform
the test inspection and analysis of oil samples from
each syatem monthly, If there ig evidence of exces-
sive gludge, water, or acldity, drain, flush, and re-
fill with fresh oll, The amount of {luid required to
fill each projectile ring drive unit is approximately
26 gallona, Proper procedure for filling an empty
syatem is as follows:

1, Remowe the filler cap from the A-end case
and fiIl the case to the level of the upper trycock.

3. Start the electric motor and allow it to run
for several minutes in order to fill all spaces in the
control and operating circuita,

3. Remowe the filler cap and add sufficient fluid
to fill to the upper trycock,

LINE 10 LIME £4 LIME 4§ é
OMTROL VALVE BLOCK  CONTROL VALVE BLOCK COMTROL WALVE BLOCHK '
TO DASHFOT CYLINDER TO COMTROL SHAFT TO BEND RESPOMNSE CASE i

HOLDIMG BRAKE f i f

) | {

I"-. LINE 5B LINE 2B f f

\ FILTER TO COMTROL

LINE &AM VALVE BLOCK
PUMP TO X I\\. 1
FILTER LINE \ \ |I
/ \ \
- |
AURILIARY ELECTRIC \
FUMP \ FILTER |

4

{
3 4

INTAKE LINE
EROM A-END TANK

A-END CASE
AND SLIPPLY TANKS

LINE 4 MAIN SYSTEM
HEPLENISHING AND BYPASS

AR
ORIVE PIPE

LIMNE 1 LIME 2

A-END DRAIN PLUG DRAIN PLUG

CONTROL VALVE |

DRAIN PLUG

MaIN DRIVE PIPE

BLOCK T | |
BEND BRAKE |
/ ¥

COAMING

/' FLANGE

COAMING
L

BEND DRAIN PLUG ; L

INHER CEMTER
B-END ASSEMBLY  PROJECTILE PROJECTILE
RING HAMDLING RING

LIME 3 MAIN SYSTEM REFLENISHING AND BYPASS

LIWE 7 DRAIN TROM AEND RESPONSE CASE TO AEND TANK

Figure T7-25, Projectile Ring Drive Arrangement
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Lubrication, All hydraulic power units are self-
lubricating, Tther elements of the projectile ring
assembly, such as the electric motor, response gear,
couplings, and hand control mechanisms, are to he
lubricated in accordance with instructions on the lu-
brication charis,

Operating precautions

The following precautions muat be ohaerved before

rotating the projectile ring or operating the power
drive unit,

E‘._leutri-u motor, direction of rotation. If the power
drive unit i3 new or reassembled, or if the power
leads to the motor or controller have been disconnoct -

ed and subsequently reconnected, the directicn of elec-

tric motor rotation must be verified. To verify the
direction of motor rotation, run the motor for just a
few seconds and check direction of rotation with di-
rectional arrow on housing, Running the electriec
motor in the wrong direction will damage the auxil-
iary pump.

Brake lever position. The B-end manual brake
lever must be In 118 "power on" position at all times,

General instructions, All elements of the projec-
tile Ting drive unifs have fixed installations, except
the following: the control link assembly, the cam
timing and cam roller link assemblies, the control
shaft yoke link assembly, the interlock switch Hnkage
assembly, and the safety relief valve, Instructions
for adjusting these elements and directions for cor-
ractly synchronizing the B -end output shaft with the
timing mechanism, and the neutral position of the
handlever with the eontrol mechanism (the A-end
fumps included), are given in the fnlluwig paragraph,

f 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 aide cover {with filters attached) and the top
cover should be left off to provide accesa for adjust-
ments, Adjustments may be reduced to a minimum,
at reassembly, if all mating parts are marked before
disassembling.

Control link adjustment (fig. T-26), The contral
link centering spring must be adjusted hefore it is in-
gtalled in the A-end case, The purpose of the adjust-
ment i to eliminate lost motion between the long and
short retainers,

To adjust control Iink:

1. Screw in the short retainer until all lost mo-
tion between it and the long retainer is taken up,

2. Tighten the locknut to lock the short retainer
in pogition,

Cam timing link adjustment (fig. 7-27). Before
the cam tTiming 1inK can be a usfug, the control link
asdembly must be properly installed, and the timine
cams must 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 clear-
ance of 0, 060-inch is obtained between the timing cam
and the cam upper roller.

LOCHK MUT SHORT LONG

CONTRO
RETAINER o

RETAIMER ROD

¥l b
nnnﬁlnqnﬁ¥
ri

AR EERRRER B

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

Figure T-26. Projectile Ring Cantrol
Link Adjustment
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Figure T-27. Cam Timing Link and Cam Roller
Link Adjustment

3. Tighten both lock nuta to secure the adjustment,

Cam roller link adjustment {fig. 7-27). The cam
roller Tink adjustment must e made after the cam
timing link adjustment,

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

2, Rotate the turnbuckle until the specified clear-
ance of 0, 080-inch is obtained between the lower cam
roller and the timing cam,

3. Tighten both lock nuts to secure the adjust-
ment.

Yoke link adjustment (fig, 7-28)., Before the yoke
HUnk adfistment can be made, the control link center-

ing spring, the cam timing link, and the cam roller
links must all be properly adjusted.
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To adjust the yoke link:
1, Place the hand control shaft at neutral poaition,
2. Loosen the two lock nuis,

3. Rotate the turnbuckle until the pump voke is
at its exact center {neutral position).

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

LOCKNUT TURNEUCKLE LOCHKRUT
tright hand thread) tleft hand thready

J I_.' _"\-\,h
() N ()

Figure T-28. Projectile Hing Yoke Link Adjustment
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Figure 7-29. Projectile Ring Neutral Interlock
Switch Link Adjustment
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Interlock switch adjustment (fig, 7-20), The start-

ing circuif neutral Interlock swilch [nkage must he
sﬁustad as follows:

1. Veriiy that the pump yoke and the hand control
ghaflt are at neutral position.

2. Loosen the locknut,

3. Turn the adjusting nut until the apecified clear-
ance (0, 016 inch) is obtained between the adjusting
nut and the switch plunger,

4, Tighten the lock nut to secure the adjustment.

Auxiliary relief valve (fig, 7-30). The auxiliary
reliefl valve 15 correctly adjusted at the factory to
vent the anxiliary pump cireuit {control pressure) to
the tank when the circuit pressure exceeds 100 pounds
per square lnch, Initial adjustment is made by plac-
ing washers behind the valve spring, I the original
waghers are kept behind the spring, no further adjust-

ment should be necessary. The auxiliary relief valve
iz adjusted as follows:

1. Hemove the cover from the control valve block,

2. Hemove the relief valye and change the number
or thickness of the adjusting washers, as necessary.

d. Replace the valve and cover,

4, Place a preasure gage in line 54, at the aux-
iliary pump flange, shown in figure 7-25,

8. Repeat the above procedure, if neceasary,
until a pressure seiting of approximately 100 poonds
per square inch iz obtained,
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Figure T-32.

Access to Cam Timing Roller Link and
Control Shaft Yoke Adjustments

Safety relief valve adjustment (fig, 7-31), The
two S&r relief valvoes ' ures T-20
to T-24, inclusive) are properly adjusted at the factory

to relieve at approximately 2200 pounds per square
inch, No further adjustment should be necessary.

The valvesz are adjusted as follows:

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

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

Adjustment required when projectile ring stops
out of phase, Whenever the projectile rifg 18 not at
a ring station, with the control and timing mechanlsm
in stop position, the equipment has been connected up
out of phase and must be adjusted.

To adjust for proper synchronization, proceed as
follows:

1, Operate the equipment as necessary to place
the control valve in latched posgition.

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

4. Place the B-end brake hand lever in "off"

position, and manually rotate the projectile ring to
place it at a ring station,

&, Connect the B-end output shaft coupling,

Access for adjustment (fig., T-32). To adjust the
timing cam link and the yoke link without dismantiling
the A-end unit, proceed as follows:

1. Diaconnect 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 atart the electric motor while
the A-end pump voke and handwheel are off center
with the interlock switch removed,

Operating trouble diagnosis

General instructions. The following paragraphs
describe the various operating troubles which may
occur in the projectile ring drive with their causes,

A paragraph heading indlcates each symptom of im-
proper function, and beneath the heading are listed

the poasible causes, The symptoms are arranged in
guch order as to lsolate troubles by a process of elim-
ination and thereby avoid excessive disagsembly until
the more aimple causes have been eliminated. When-
ever troubles occur immediately after installation or
after maintenance operations are performed, the cause
may be rags, waste, or plugs which have gotten info
the hydraullc circuit, It is advisable to see that all
lines are free from such obstructions before looking
for other causes I malfunction cccurs,
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WARNING

Make sure that the electric supply
cireuit is open at the controller
panecl before working on equipment,

No electric power, The lack of current, for any
of the Tollowing reasons, may cause electric motor
failure:

1. Clreult breaker eut out,
2., Main line fuses blown,

3. Heutral interlock switch linkage improperly
adjuated or stuck open,

Circuit breaker cuts out when starting. Tendeney
of the circuil breaker o cut out as the electric motor
iz started may be due to one of the following causes:

1. Owerload relay dashpots in the controller box
are et too low, Check instruction sheet inside con-
troller cover for proper setting.

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

d. Obstruction in the lne between the A-end
pump and the B-end motor, (lines 1 and 2) or be-
tween the auxiliary pump and the valve bleck (lines
5A and 5B), Ehet:}?t lines for obstructions,

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

3, Excessive friction or locked rotor in auxdlary

Eump Indications of this condition are poor delivery,

igh pitched squeal, and overheating of the pump, This
condition of excessive [riction or locked rotor may
be due to foreign matter in the aystem or improper
adjustment of the head shims. If a binding condition
is found to 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 -
sible damage to the pump, The rotor vanes should
be examined fo see that no sheared particles of brass
have become lodged in the grooves, HReplace damaged
parts, reassemble the pump, and adjust the head by
adding shims as necessary to prevent binding of the
rotor when the head is installed.

Projectile ring inoperative due to pressure fail-
ure, I[noperative conditfion of the projeciile ring
power drive units due tuﬁresﬂure fallure may he
eaused by trouble in the A-end and B-end powar drive
tranamission cireuit or the auxillary pump control
clrcult, When diagnoging for a pressure failure cas-
ualty, pressure gages must be placed in both elrcuits,
Some of the probable causes are:

1. Electric motor running in the wrong direc-
tlon. Cheek rotation with directional arrow on the
motor housing,

2. Insufficient hydraulic oil in system, Check
oll level at the upper trycock in the X-end case,

3. Obstruction in the auxiliary pump intake line,
Remove the intake line and inapect for obstructions,
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4, A-end control and timing Unkage improperl
adjusted, Set the pump yoke at neutral position an
check for tightness and proper adjustment.

3, Safety relief valve improperly adjusted, Check
safety relief valve adjustment, page 7-28 of this chap-
ter,

6. Auxiliary relief valve, by-pass valve, check
valves stuck open, Inapect valves and perform any
necassary maintenance,

1. Interlock valve does not shift, Inspect valve
and detent for binding or obstruetion. Perform any
nacessary maintenance,

#. Loose or broken line in the control circult,
Ingpect lines for leakage. Tighten connections or
replace lines as necesgsary,

9, Scaored valve plate in main pump or hydraulie
motor, Inspect valve plates for scoring. If found,
examine hydrauvlic oil for foreign matter and replace
the valve plates,

10, Broken or distorted auxiliary pump shaft.
Remove shaft and inspect. Replace as necessary.

11, Execessive internal leakapge in auxiliary pump.
Pump head and shims impr{:perlg_r,r adjusted, Iﬂ;temal
parte scored by foreign matter in hydraulic oil, Check
all parts and the oll and perform necessary main-
tenance.

Projectile ring inoperative with necessary pres-
sure available.” When pressure 15 availablé in the
system buf the projectile ring will not rotate, it will
probably be due to one of the following causes:

1. Insufficlent clearance between deceleration
cams and link rollers, Check linkage for proper
adjustment (fig. 7-27).

2. Excessive internal leakage in A-end pump or
B-end motor, Tuorn ring manually to mid-cyele posi-
tion, Start eleetric 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,

4, Binding condition of B-end output shaft or gear
reducer. Disconnect the B-end output shaft coupling
and remove the speed reducer pinion, Manually ro-
tate the A-end and the speed reducer to locate and iso-
late the binding spot. If a binding condition is located,
inspect parts for presence of foreign matter, scoring,
or other defects. Disassemble, and recondition or
replace damaged parts,

FPreojectile ring acceleration or deceleration im-
pru?er. When the profectile Ting dperating speed
acks propor acceleralion or deceleration, the cauvses
of poor performance, described in the previous para-
graph, may be responsible, An additional cause may
be a replenishing check valve stuck in partly open
position,

P:;n.::le_:rt_ile ring rotation incomplete. An incomplete
rotation cycle may be caused by ﬂEE reasons cited for

an inoperative projectile ring, or by out-of-phase
coupling and timing (page 7-29) of this chapter.

Failure of projectile ring to stop at station, If the

projectile ring stops when the hand lever is returned
to neutral but will not stop automatically when a ring
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station is reached, the control valve or the b%'puss
valve may be stuck in depressed position ar the inter-
lock valve may be stuck In reset position. Any two

or all three of these conditions may exist. Inspect
the valves and perform necessary maintenance,

Pm;ectﬂe ring stops cut of phage. Whenever the
projectlle ring operates through a full cyele arce but

does not stop at a ring statlon, perform the adjustment
instructions on page T7-28, of this chapter,

Projectile ring drive units overheat, The maxi-
mum permissible temperature rise for hydraulic oil
is T0 degrees Fahrenheit above ambient temperature
(not to exceed an equipment temperature of 180 de-
grees Fahrenheit), Whenever oil temperatures rise
rapidly, or approach the maximum, one of the follow-
ing conditions iz indiecated:

1. Insufficient oil in the hydraulic system, Chock
the oil level at the upper trycock of the A-end case,
Heplenish a8 necessary.

2. Binding condition in the B-end gear reducer,
Disconnect units to isolate trouble and inspect parts
for dirt, scoring, or other defects,

3, Auxiliary relief valve stuck in closed position,
Check pressure in auxiliary pump circuit., Inspect
valve and clean,

4, BExcessive friction in auxiliary pump, Examine
pump for dirt, free turning of rotor, and for proper
adjustment of the pump head,

Exceasive oil pressure in B-end case. External
leakag'e and possible structural damage may result
from extremely high oil pressure in the B-end case,
Whenever this condltion exlsta, one of the following
conditions 1s indicated:

1. Obstruction in the B-end drain line (line 7).
2. Excesaive Internal leakage,
3. Too much oil in the A-end case,

Unusual operating noises, Whenever unusual op-
erzfing noises exist, thelr causes should be diagnosed
and corrected without delay. Refer to the installation
and maintenance instructions in chapter 17. Such
noiges and their source are;

1. Popping and aputtering are caused by air enter-

ing the auxiliary pump through the intake line, This
may be caused by inadequate size, by an obstruction,
or by alr leak in the pump suction line (line 8), a low
ol lével in the A-end case, thickened oil cauged by
%Emr tielmpﬂrature, use of an improper grade of hydrau-
12 0Lk,

2. Grinding nolses 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
asgembly,

3. Hydraulic chatter or hammer may be caused
by vibration of spring actuated valves, vibration of
long Eﬂpe gections improperly secured, air in the hy-
draullc system, or a binding condition in the mechani-
cal syatem,

4, Bgueals or hydraulie hum may reault from the
augiliary pump head being clamped too tightly agalnat
the pump rotor, or by a high {requency vlbratlon of

the auxiliary rellef valve or the A-end pump safel
relief valves, Helief valve noiges of this nature d‘{j
not indicate defects, and for all practical purposes
may ba ignored.

(il leakage. Oil leakage, either internal or ex-
ternal, may result {rom the following conditions;

1, Missing, torn, or improperly fitted gaskets,

2. Secored or improperly assembled oil seals,
A single surface cut or scratch may cause a slow,
steady lealk,

d. Worn or scored valves,

4, Worn or scored valve plates or pistons in the
A-end pump or the B-end motor,

9. Scored bushings in the auxiliary pump,

DISASSEMBLY AND ASSEMBLY

!_‘jene ral instructions

The following paragraphs contain instructions for
disassembling projectile ring power drive units, In
some cages a considerable part of the disassembly
procedure will be apparent {rom reference illustra-
tions and by studying the general arrangement draw-
ings; therefore, only those instructions which are
pertinent to the order of digassembly, and to the more
complex disassembly operations are given, In general,
agsembly will be the reverse of disassembly, To help
in the reassembly of the unit, it iz desirable to mark
all mating parts such as cams, gears, and adjustable
linkages =0 that these parts will be reassembled in
the aame relative positions, Adoption of this prac-
tice virtually eliminates the necessity of fitting parts
and will ald readjustment. When plping is removed,
avold the practice of plugging disconnected pipe open-
ings with rags, or waste material, Alwaya close the
openings according to the inatructions and with the
materials specified in chapter 17, Special tools and
agcesaories used in disassembly of the equipment are
indicated in the instructions,

WARNING

Make sure that the electrical supply
circuit is completely disconnected at
the controller panel before beginning
maintenance operations,

A-end disassembly

Disassombling the A-end unit eonsists of removing
all agsemblies and attached parts mounted on the A-
end cagse, Proceed as [ollowa:

Complete disassembly:

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

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

3. Hemove the A-end to a clear working area and
dizazsemble in the following order:
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Side cover unit (with oil filters attached)

Top cover ‘jwﬂh interlock awitech, filler cap,
and control lever dashpot)

Control link and centering apring

Hand control housing with attached parts

Cam housing unit

Vartable delivery pump unit

Bell crank unit

Side cover unit (with oll filters attached), To dis-
aggemblie the slde covar group: e

1. Disconnect the piping from the filter.

2. Detach the side cover from the A-end case
with the ofl fillers attached,

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

1. Ungerew the indicator lever acvew and remove
the indieator lever,

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

3. Remove the control valve (spool) from the
filter body.

4, Hemove the four houslng screws from sach
element housing and detach the housings.

6. Unserew each element to remove, and remove
the element seal,

B, Uneserew each bypass valve plug, and remowve
the valve spring, and walve,

The filter body may be detached from the side

cover without removing the side cover from the A-
end case, Proceed as follows:

1. Drain oil from the A-end case until the oil
level i5 below the bottom edge of the side cover,

2. Disconnect the piping from the filter,
3. HRemove the {ilter body from the side cover,
Top cover with interloek gwitch, filler cap, and

confrol Tever dashpot, To disassemnble (he top cover
group, perform the Tollowing operations:

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

vious paragraph,

4. Detach the counterbalance spring from the
control shaft,

3, Detach the cleyig from the hand control
attaching link.

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

9. Disconnect the piping from the top cover,

G, Remove the lop cover from the A-end case
with the interlock switch, filler eap, and comtrol
lever dashpot attached, 4
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The neutral interlock switch may be removed
from the top cover and then disassemble as {ollows:

1. Unscrew the cover,

2, Remove the large mounting screws and lift
the awitch mechanism from the case, This will per-
mit removal of the plunger, plunger spring, and the
Insulator sleeves,

3. Hemove 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 body
{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 Tink and cenfering spring:

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

2, Remove the cotter pin and nut from the ball
jolnt at each end of the contrel link assembly.

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

The control link and centering spring may be com-
pletely disassembled as follows:

1. Hemove the cotter pin and nut, and then re-
move the ball joint {rom the socket retainer at each
end of the assembly,

2, Unserew the retainer nut from the retainer,
and unscrow the retainer from the tube,

4. Clamp the control rod securely in a vise and
compress the spring by forcing the tubs and spring
retainer toward the socket retainer on the control
rod lower end, and remove the nut from the control
box, Gradually release the tube and remove the spring,
ﬂ'u.:1 two spring retainers, and the tube from the eontrol
rod.

Hand control housing with attached parts, To re-
move the hand control housing (with attached parts):

1. Detach the side cover from the A-end case
with oil filiers attached, as described in a previous
paragraph.

2, TUnscrew the ball jeint that connects the con-
trol link centering spring and dashpot piston to the
hand control assembly,

3. HRemowve all piping 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 remove it
from the A-end cage,

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

1. Remove the cover from the control housing,

4, Detach the locknut and lock washer and re-
move the auxiliary shaft, Remove the gear segment
and lever {rom the shaft, and the two bearings and
the apacer from the housing,

d. Remove the nut and washer from the hand con-
trol shaft, The cam and pinlon can now be removed,
Remove the bearing from the housing,

4, HRemove the hand control shaft from the hous-
ing, Hemove the seal, piston, disca, spacer, plate
bearing, oil seal, and bushing from the housing,

Cam lmuﬂigﬁ‘.};rn‘lt_. To remove the cam housing
unit, proceed as Tollows:

1. Drain the A-end case, remove all external
piping, and remove the A-end agsembly to a clear

working area, ag described 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 ¢am rolier
adjusting link,

5. Remove the screws and lock washers from the
cover, The cam housing unlt may now be removed,

The cam housing unit may be completely digassem-
bled as follows:

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

2. Hemove the cam shaft locknut, The ball bear-

ings, retainer, cams, and camshaft may now be re-
moved,

Valve block unit, To remove the valve block unit:

1, Drain the A-end case until the nil level is be -
low the valve block unit, HRemove the piping attached
to the valve hlock, =ide cover, and top cover,

2. HRemove the side cover [with oil filters attached),

3. Remove the top cover {with control lever dash-
pot and neutral interlock switch),

4, Detach the timing cam roller link assemhly
from the valve block mounting plate,

4. Detach the mounting plate from the A-end
casze and remove the valve hlock unit,

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

1. Bemove the drain nozzle {rom the valve bloclk,

2. Detach the cotter pin, nut, and bolt from the
plunger gulde and remove the starting valve plunger.
Hemove the roller pin and roller, Remove the plung-
er guide from the mounting plate,

3, I:-'IEIJII.];I the mounting plate to 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 relieved, Remove the mounting plate and
the five contrel valves V1, 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,

i, Unsecrew the two valve plugs, Remove the
valve springs, replenishing valves, and valve seals,

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

Variable delivery pump unit, To remove the
variable delivery pump umt, proceed as follows:

1. Drain the oll from the A-end case. Remove
the oil lines from the awdliary pump,

2. Remove the electric motor from the A-end,
4. BRemove the side cover with oil filter attached,

4, Detach the piping connections from the top and
bottom of the pump housing, and from the outside and
ingide 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-cnd case and re-
move the pump and cover as a unit,

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

IMPORTANT: Handle parts with highly polished
surfaces such as the valve plate, wvalve block, cylin-
der block, pintles, and pistons with special care,
Any nicks or scratehes on their contact surfaces will
impair pump operation,

1. Hemove the pump {rom the case and cover,
2. Remove the pump cover, gasket, and oil seal.

3. Remove the cylinder pin serew, lock washer,
and plain washer 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-
erg: lift the valve block straight up from the dowel
pin.

8. Lift the valve plate straight up from the dowel
pin.

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

8, Remove the yoke and ungerew the two stop
pins and washersg from the hou=sing,

T-33



16 INCH THREE GUN TURRETS

89, Remove the rotatlng assemblage from the
hougsing. This ia done by tapping on the splined end
of the drive shaft,

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

1L. Hemove the universal link and pin assembly,
detach the parts, and wrap each carefully,

13, Remowe the flexible bearing retainer from the
drive shaft by inserting a jacking screw in the tapped
hole at the bottom of the retainer.

13, Pull the cuter ball bearings from the drive
shafl, then remove the snap ring to pull the inner
ball bearing from the shaft,

14, Hemove the yoke bearings and yoke seals
from the yole,

15, Hemove the relief valve screw. Remove the
reliaf valve apring ball, retainer, and seat,

16. Hemove the fixed bearing retainer from the
cylinder block ag follows: Place the cylinder block
on a hollow center stand with the cylinder bearing
pin down, With long nosed pliers inzseried in the re-
tainer slot, grasp the snap ring. Waile compresaing
the ring into its groove, tap the cylinder bearing pin
lightly on a wooden surface until the retainer i3 fres,

17. Remove the cylinder bearing pin from the cyl-
inder block, Remove the washer, spring, and retain-
eér from the pin, Hemove the cylinder bearing from
the cvlinder block,

Bell crﬂk unit, To remove the bell erank unit:

1. Drain the A-end case until the oil level i8 be-
low the lower edge of the side cover with oil filter,
Remove all piping that ig attached to the side cover
and top cover,

£, HRemove the side cover with oil [ilter attached,

4. Remove the top cover with control lever dash-
pot and neutral interlock switch,

4. Unhook each end of the counterbalance spring:
remove the spring,

3. Hemove the ball joint from the centering
spring lever.

6. Hemove the ball joint from the yoke link lever.

. Detach the timine cam roller link clevia from
the timing cam lever,

8, Remove the side eover on the opposite side

from the filter, complete with attached bell crank unit,

The bell crank unit may he completely disassem-
bled as followa:

1. Remove the interlock switch adjusting nut and
gulde bracket,

2., Hemove the timing cam lever and centering
spring lever, and keys [rom the ends of the shaft,

3. Loosen the securing screws of the interlock
switch cam and yoke link lever and shift the control
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shaft as necesgary to remove these parts, Remove
the cam and lever kevs from the shaft, Remowve the
ball bearings from the control shaft bracket.

4, Remove the control shaft bracket from the
gide cover,

A-end assembly

The A-end should be assembled in reverse order
ifrom that described jprevicrusly for disassembly, All
gaskets must be replaced in good condition, all lock-
ing devices must be secure, and all nuts and screws
ghould be tight, Care must be taken not to injure
oil seals, All parts must be ¢lean and free from any
foreign matter, Bearings, piston boroes, and valve
plate faces should be coated with an oil film immedi-
ately before assembly.

B-ond digassembly

Disagsembling the B-end unit consists of remov-
ing all assemblies and attached paris which are mount -
ed in the B-end housing. Proceed as follows;

Complete disaszembly,

1. Drain the B-end housing., Remove the drain
plug in the bottom of the center housing segment {on
the same side as the manual brake release lever),
In addition, drain the A-end case,

4, Detach piping, All piping that is connected
to the B-end is detached by disconnecting the pipe
[langes.

d. Disconnect the reaponse wormwheel and the
output shafts, Remove the connecting couplings of
thege ghafts after the coupling mounting bolts are
removed,

4, Remove the B-end mounting bolis and move
the B-end unit to a suitable working area,

5, Hemove the B-end gsubagssemblies, To com-
pletely disassemble, remove the subassemblies in
the followinr order:

Response wormwheel shaft assembly
Brake spring housing assembly
B-end brake assembly

Output shaft assembly

Detailed instructions for removing these sub-
azzemblies are given in the following text,

Theze Instructions are based on the assumption
that tha B-end unit is to be completaly disassembled
and that all subassemblies are to be removed, There-
fore, the removal procedures are in a sequence to
avoid repetition of instructions,

To remove the response wormwheel shaft assembly:

1, Drain the B-end housing, detach all plping
from the B-end, disconnect the shaft couplings and
move the B-end unit to a sultable working area, as
describad in a previous paragraph,

2, HRemove the inspection cover from the side
of the B-end housing opposite to the wormwheel as-
aembly.

4. Hemove the wormwheel assembly,
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To remove the brake spring housing assembly,
proceed as follows:

1. Remove the clamp serew and alide the collar
from the output shaft,

2. Remove the bearing retainer from the flange,
remove the oll seal from the retainer.

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

WARNING

Exerclae extreme care to avold injury

or damage from the compressed spring.
Before beginning disassembly of the
brake spring housing asdembly, it is
necessary to obtain special tools conalist-
ing of four assembly screws, washers,
and nuts, Proceed as follows:

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

8. Hemove the eight screws that remain, The

spring retainer will now be held by the four assembly
SCIEWS,

6. Loogen the nuts of the assembly screws grad-
ually, until the brake spring i8 no lonfer compregged.

7. Unbolt the flange and remove the brake spring
housing assembly and B-end doive shaft hearing,

. Remove the spring retainer and lift the piston,
apring, and spacer from the {lange, Remove the
apacer {rom inside of the spring.

To remove the B-end brake assembly, proceed
as follows:

1. Unbolt the hand brake shaft bearing {rom the
housing and remove the bearing, bushings, shaft, oil
seal, and hand lever as a unit,

2. Unbolt and remove the brake shaft pivot bear-
ing from the housing, Hemowve the plug from the bear-

ing and detach the spring and plunger, Pull the shaft
out and remove the ey,

3. Hemove the brake disc retalner spacer, the

voke, brake preasure plate spacer, brake pressure
plate, and the brake diacs.

4. Hemove the brake disc retainer,

0. Blide the brake thrust plate from the drive
shaft. The worm which drives the wormwheel shaft
agzsembly may now be removed from the drive shaft,

To remove the B-end motor assembly, proceed
as follows:

1. HRemove the plug and oil seal 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
plate, pistons, and universal link, with apecial care,
‘Thege parts must be protected from seratehes and
nicks with cloth or paper wrappings,

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

4. Unbolt and remove the motor housing,

4, Remove the rotating assemblage from the
housing.

5. Disassemble the rotating group by following a
routineg similar to the disassembly of the rotating
group of the A-end. Refer to instructions on page

;_7-33 of this chapter, beginning with operation number
i,

6. Remove the output shaft ball bearing (motor
end of shaflt) by pressing It off the shaft.

B -end assembly

Assemble the B-end in reverse order from that
degeribed in the previous paragraphs for disassembly,
All gaslketas must be replaced in good condition, all
nuts and serews should be tight, and.all locking devices
must be secure, Care must be taken not to 1:11‘:)%:*& 0il
seals, All parts must be clean and free from any for-
eign matter., Bearings, piston bores, and valve plate
faces should be coated with an oil film immediately
hefore assembly,

Auxillary pump disassembly

Disasgembling the auxiliary pump consiats of first
romoving the pump [rom the electric motor, To re-
move the pump, disconnect the piping connections
from the pump body and then detach the pump from
the electrie motor end cover.

To disassemble the auxiliary pump:

1. Detach the head from the pump body. Remove
the head, shims, and oil =eal,

2. Hemove the cartridge assembly from the pump
ghaft, This assembly consists of two buahings, rotor
with twelve vanes, pump ring, and locating pin.

3, Unbolt and remove the mounting flange from
the pump hody, Remove the il seal from the mount-

ing flange,
4, Remove the pump shaft {rom the body and

alide the bearing, packing gland, and packing from
the shaft,

Auvxiliary pump assembly

Assemble the auxiliary pump in reverse order
from that described in the previous paragraph for
dizassembly. Care 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
rotor will turn without binding, Measure the clear-
ance hetween the pump body and the head and as-
semble 3 shim of proper thickness from the 0, 003 -,
0, 005-, and 0, 010-inch shim pieces. Mount the
shim assembly and reassemble 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 all nuts and screwsa
ghould be tight., All parts must be clean and (ree
from any foreign matter.
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Chapter 8
PARBUCELING GEAR

18-inch Parbuckling Gear Mark 1 Mod 0

GENERAL DESCRIPTION

The u;:-]gier and lower projectile flats, described
in chapter T, are equipped with id_ent:h:ai parbucklng
Eleu installations, The arrangement of the parbuck-

ng gear Installations, shown in figure 8-1, is the
same in all turrets of the IOWA clasa battleship. All
parbuckling gear installations are designated 16-inch
Parbuckling Gear Mk 1 Mod 0,

Purpoae

The parbuckling equipment fulfills two purposes:
to transfer projectiles from the outer ring to the in-
ner ring and then to the three projectile hoists during
gun operation; and to transfer projectiles from the
projectile flat strike-down hatches to the stowage
rings when the projectile supply Iz replenished,

Type
The parbuckling gear is a constant-apeed, elec-
tric motor-driven, multiple capstan mechanism,

SELF-ALIGNING
PILLOW BLOCK .

DOUBLE SHAFT
SYFSY HEAD

GEAR BRACKETS

WMITER GEAR
HEUSING —

SELEALIGNING =
FLOATING SHAFT
kA LI G

SINGLE SHAFT™

GYPEY HEAL

GEAR BRACKETS (38 ' e L L e R

e T

SLEEVE COUPLING S 88 275 R, FLAT

QUTER FIXED I:“I-i:"l.'-l'-l'.fli_T_"l

CENTER PROJECTILE
STOWAGE RING i

HANGLING RING

PROGECTILE

——— .

LOWER PROUECTIL

MOTOR BASE
BEARING BRACKET

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 snubbing ropes, rope
hoolks, and snatch blocks, The snubbing ropes
are used to parbuckle projectiles with the aid of the
rope hooks and snatch blocks,

Components

Each parbuckling gear assembly comprizes the
following components: 4 i

Eleetrie motor

Electric controller
Contreller start-stop cireuit
Mechanical assembly

Gypsy heads (six)

CINNER ROTATING
FPROJECTILE RING

o

LPBER —-in | —ELECTRIC MOTOR

EYPSY HEAD

R e e CONNECTING
e SHAFTS

SNUBEING ROPES

\ 8

B

DNATEH BLOCK b ROPE HOGKES

Figure 8-1, 16-inch Parbuckling Gear Mk 1 Mod 0, Upper and Lower Projectile Flats, General Arrangement
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Component locations are the same for both pro-
jectile flats, The electric motor (fig. 8-1) i3 mount-
ed on the floor of the machinery space of each projec-
tile flat, adjacent to the right powder holst truni,

The eleetric controller {8 mounted on the right powder
hoist trunk above the motor, A master push-button
station (start-stop control) s located at the center
projectile holst 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 slx gypasy heads are flange-mounted
in the center ring of the projectile flat, On each flat,
an emergency stop awitch is located at the left and
right projectile hoiat operator's stations; a third
emergency astop switch ia located in the machinery
space adjacent to the eleciric controller.

Mounting arrangements

The mounting arrangements of the parbuckling
gear assemblies shown in figure 8-2 are the same
for each projectile flat. The electric motor and the
gyvpsy heads are mounted at floor level with their
axes vertleal., The mechanical assembly is bolted
to the underaide of the floor of the machinery apace

SELF-ALIGMING

COUPLINGS \

COMMECTING SHAFT

SLEEVE COLIFLING

and center ring, Shafts connecting the units of the
mechanical assembly are attached with floating, sell-

allgning couplings,
Design features

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

The multiple gypsay head arrangement which is
driven by a aingle electric motor at a constant speed,

The positive-type arive of the gypsy heads through
gear boxes and connecting drive shafts,

The adjuatable allp clutch in each gypsy head,
Arrangement of drive shaft aystem

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 gingle
ghaft 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
4 single shaft gypsy head gear bracket, the other shaft
drives two double shaft and a =ingle shaft gypsy head
gear bracket, Access to the system for maintenance
s from the deck level immediately below the system.

SELF-ALIGNING

FILLOW BLOCK GYPSY HEAD

\
LEFT PROJECTILE
HOIST o

\

SINGLE SHAFT
GYP3Y HEAD

_—" GEAR BRACKET

ELECTRIC MOTOR

CENTER PROJECTILE
HOIST

MOTOR BASE

MITER GEAR HOUSING BEARING BRACKET

RIGHT FROJECTILE HODIET

COUBLE SHAFT
GYPSY HEAD GEAR BRACKET

Figure 8-2, 168-inch Parbuckling Gear Mk 1 Mod 0, Schematic Arrangement

8-2



PARBUCK LING GEAR

Number of gypsy heads

A gypsy head is adjacent to each projectile hoist
lpading aperture, This arrangement permits simul-
taneous transfer of projectiles from the Inner ring to
the three hoists. The remalning three gypsy heads
are 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 inner ring. Any of the gypay heads may be utl-
lized to replenish the inner ring from the fixed stow-
dgec space,

slip clutch

Each gypsy head asgembly (fig. 2-8) is provided
with an adjustable slip clutch, which permits the
drive ghaft to rotate independently of the gypsy head
when an overload cccurs, The slip cluich limits rope
gnubbing to the force permitted by the adjustment of
the clutch,

: A
S
1 T : LIPPER
st PR e PROJECTILE
Evni e b e : FLAT

| LOIWER
/ | PROJECTILE.
|:|I.I| '-C" Ry ‘:.lT]j:I T i
" -"--.-F ‘ - :
GYPSY HEAD /
MASTER PUSHBUTTON
STATION
CENTER PROGDECTILE HOIST ELECTHIC MOTOR

Data

All gypsy heads rotate in a clockwise direction
{looking down) at a speed of approximately 80 revo-
lations per minute, Each gypsy head elutch is ust-
ed for parbuckling an armor plercing projectile (2700
pounds) against 15 degrees roll of the ship,

DETAIL DESCRIPTION

Power drive

Electric motor. The electric motor used in
the power drive Is an induction type of commer-
cial manufacture and is identical for each assem-
bly. Each motor I8 wvertically flange-mounied on
a motoer base bearing bracket In the machinery
gpace of the projectile flats, as shown in figure 8-3,

R o] EMERGENCY STOP
e TR e BTATION

"\-I‘ I
_;"\L"——ELEETHEI: CONTROLLER

T RIGHT POWDER
: HOIST TRUNK

T~ EMERGENGY STOP STATION

Figure 8-3, Parbuckling 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 . . . . . . . s=quirrel cage, induction
Design features ., ., wertlcal mount, water-
proof, fan cocling
T B A R

Horgepower, . . . ;
COntROIE w6 5w, wow aie e B
IEAEmMEeId s S R e W 15
Revolutions per minuat
BYOCRTONOMA . . » & 5 & & o+ « & & 1200
Revolutions per minute,
BULETeRl ) o L P s e TR
Rotation (viewed from
sbove) ., . . counterclockwise
Speedclape ., . ., , ., ., . . . . . .Constant
T L e
Amperes, fullload . . .. ... . . 19.9
Amperes, locked rotor, , . . . . . . 120.0
Lk T T S e ot Sl gl 3
B - R e 60
Ambient temperature,
B g N e L R e 40
Torqueclame . ., , ., . . . . . « . Dormal
WEigh‘l, PDUH&H L | ¥ ® ] - ] ] [ " ] EED
Manufacturer |, . . Electro-Dynamic
Works
Manufacturer's designation ., . AV-385-KENX
Drawi“g " L] oW ] + i ¥ ¥ § W B § 23‘1'{5’:

Electric controller, The electric controller (fig.
B-3) in each assembly 18 ldentical, It iz of commer-
cial manufacture, designed to control and protect
the eleciric motor. Each controller has special
starting-stopping switch controls, deseribed in fol-
lowing paragrapha, Design and specification data
are tabulated below,

Controller data

Type .

. semiautomatic, magnetic acroas-
the-line starter controlled by re-
tnote push button

Ampere rating, fulllead , . . . . . . 19.9

Pruotection:

Overload thermal type:
Adjustable range, amperes, , 23,6 to 28,3

Normal setting, amperes ., . . . . 25.0
Short eireuit fuses, amperes . ., ., , . 80.0
Undervoltage: .

Drop-out voltage , . . . . ., . . . . 110
Bealing voltage. . . o o o v &+ . A4
e T = | T RN (R G | 1
WEiEht, P'DI.ITI.[EE R TR L LD S Tl SRR R 110
Manufacturer . . . . . . . . Ward Lecnard
Electric Compa
Drawing . . . . A e EEI’Tﬁ

Controller start-stop elrecuit, The start-stop
circult Ts arranged with a master start-stop push-
button switch and three stop push-hutton switches.
The start-stop circuit is fully described on page §-8,

Mechanical assembly. The arrangement of the
parbuckling gear mechanical assembly ls shown in
flpures 8-1 and 8-2, The mechanical assembly is

8-4

composed of the following components: a motor base
bearing bracket; a miter gear housing; single and
double shaft gypay head gear brackets; and connect-
ing shafts and shaft couplings, The deaign features
and arrangements of the mechanical assembly are
indicated in the following paragraphs.

hrrangements. The components of the mechan-
ical assembly (1ig. 8-2) are mounted on the underside
of the projectile flat floor heneath the machinery
space and center ring, The motor base bearing brack-
ot, mounted directly beneath the electric motor, has
two output shafts, Omne output ahaft iz connected to a
double shaft gypay head gear bracket, the output shaft
of which is connected to a single shaft gypsy head
gear bracket. The other output shaft i8 connected to
the miter gear housing, which has two output shafts.
Omne output shaft of the miter gear housing 1= connect-
ed to a single ahaft gypsy head gear bracket, The
gecond output shaft 18 connected to a double shaft gyp-
¥ head gear bracket, the output shaft of which is
connected to 4 Second double shaft gypsy head gear
bracket. The output shaft of the second double shaft
gypsy head gear bracket is connected to 2 single shaft
gypsy head gear bracket, The housing-enclosed miter
and hevel gear unita are connected by self-aligning,
flexible couplings,

Motor base hearing bracket, The motor base
bearing bracket {fig. 8-4) is a housing-enclosed ar-
rangement of oll-bath-lubricated bevel geara. Mount-
ed on the underside of the machinery space floor,
this unit provides 2 mounting base and power trans-
mission for the electric motor (fig. 8-1), The gear-
ing consists of a bevel spur gear that ia spline-fitted
on & ball-bearing-supported stub ghaft. This output
shaft is splined at each end., The bevel spur gear ig

TOF CUOVER PLATE DRIWE SHAFT FROM BEVEL
i ELECTRIE MUTUR A PINIDN

\ | ;’; /,f' GEAR

MOLNTING [:'..'x'a'i\\ / /

AMD FLANGE

>

- LOCHNLIT

T BEVEL
SELR
GEAR

HOUSING
CHL - SEAL

BALL BEARIN

SPACER *  LOCKMUT

BRAIN FLLG

DUTPUT SHAFT

Figure 8-4, Motor Base Bearing Bracket,
Sectional View
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driven by a bevel pinion gear which is gpline-fitted

on the rotor shaft of the electric motor, Both gears
are held in posgition on the shafts by locknuta. il
seals, seated in retainers on each end of the output
shaft, seal the lubricant within the housing. A cover-
plate at the top of the bearing hracket protects the
electric mofor 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 houaing, The miter gear housing (fig.
8-5) iz a housing-enclosed arrangement of oil-bath-
lubricated miter gears. The housing is mounted on
the undergide of the machinery space floor adjacent
to the center powder holst 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 apline-fitted
with identical miter gears, held in position on the
shafts by locknuts. Oil seals, aeated In retainers
on each shaft, seal the lubricant within the housing,
A cover plate at the bottom of the housing and the oil
seal retainers provide access for maintenance., The
immeraion level of the gearing is limited by an oil
plug hole in the housing which also provides a2 means
for replenishing oil,

Single shaft gypsy head gear bracket, The single
shatt gypsy head gear bracket (fig. B-8) ia a housing-
enclosed arrangement of oil-bath-lubricated bevel
gears. The three assemblies of this type are mount-
ed on the undereide of the center ring directly helow
their gypay head as shown in flgure 8-2, Power from
the electric motor is transmitted to the gypsy heads
through the single shalt gypsy head gear brackets,
The input stub shafts and the drive shafts are each
ball-bearing-supported and are apline-fitted with
bevel gears, held in position on the shafts by lock-
nutz. 0il seals, seated in retainers on the stub shafts
seal the lubrieant within the houaing. A cover plate
at the bottom of the housing together with the ol seal
retainers provides access for maintenance, A normal-
Iy plugged hole (not shown in figure B-8) limits the
fmmeraion level of the gearing and provides a means
for replenishing and draining oil.

MITER  GEAR HOUSING QUTRPUT MITER GEAR

o \
S

] | S

INPUT
LiRivE

Double shaft gypsy head gear bracket, The dou-
ble shaft gypsy heag gear bracket (fig, 8-8) is a hous-
ing-encloged arrangement of oll-bath lubricated bevel
gears, The three assemblies of this type are mounted
on the underaide of the center ring directly below their
gypey heads ag shown in figure 8-2, Power from the
electric motor is tranamitied through the double shaft
E¥ypey 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-
eta at the first two locations have output stub shafts
that are offset approximately B5 degrees from the in-
put shafts. At the third location the gypsy head gear
bracket has an output shaft that is offset approximately
48 degrees from the input shafi, Details ntP the gear
housing are similar to those of the aingle shaft gypay
head gear bracket housing except for the additional
output stub shaft in each assembly.

Connecting shafts, The stub shafts of the motor
bage bearing brackef, miter, and gypsy head gear
bracket azsemblies are connected by seven aplined
shafts (fig, 8-2) which are joined to'the astub shafts by
gelf-aligning, spline-fitted, flexible couplings. The
shaft-and-coupling assembliea 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 llmited space between the gear
boxes, Three of the shaft assemblies are supported
at each end by & Fast-type, floating, self-aligning
pillow biock, The shafl assemblies, with the couplings

describod below, provide full connections.

Shaft couplings

Sleeve type. Sleeve type couplings (fig. B8-2) lo-
cated in the middle of each shaft assembly, join the
ends of the cut shafts. Fitted over the shaft ends,
the sleeves are keyed to both ends to ensure positive
rotation of the shaft assembly, The sleeves are held
in their assembled positions by taper plns which pass
through the shaft and the ends of the sleeve, There
are geven couplings of this type,

Hall BEARIMNGS OUTPUT DRIVE SHAFT

SHAFT

OIL LEVEL PLUG

RETAIMER LOCKNITS

COVER: PLATE SPACER

Figure H-5, Miter Gear Houging, Sectional View
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3311#1% tEEe' The fourteen couplings that
connect the stub shafts of the gear box assemblies
are floating, self-aligning, extended, fast-type cou-
plinga (fig. 8-7). Each coupling consisats of a rigld
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
regpective ghafts, A slight clearance between the
meshing teeth of sleeve and hub permits drive with
gamall misalignment between the two shafts.

G%BE heads, The design arrangement and mount-
ing of the gypay heads are l.sghm i:?gﬂgure B-8, Each
gypay head, a clutch-driven steel capstan drum, is
approximately 11,0 inches in dlameter 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 multEIE*dlsc friction clutch, The
drum is mounted on the gypsy head drive shalt upper
ball bearing. An arrangement of alternately spaced
atecl and brass friction discs, keyed to the drive
shaft and drum respectively, comprise the clutch
enclosed within the gypay head, Dise to disc pres-
gure i 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 of this chapter, The clutch protects the power
unit against overload and limits rope snubbing (o the
force permitted by the setling of the slip clutch.

Controls

Start-atop conirol, Each parbuckling gear elec-
tric motor 15 started and utnp%ed through 1ts eleciric
controller (deacribed on page 8-4). The controller
is remotely operated from four push button atations,
as degeribed below,

Master control push-button atation, The master
control push-Buiton leaHﬁﬁ Is Iocated at the center
projectile hoist (fig, 8-3), It comprizes a two-button
gwitch with START-EMERG and 8TOP pushbuttons,
Pregsing the START-EMERG button clogses a normal-
ly~open, three-pole switch and energizes the coil of
the main contactor to connect power to the electrie
motor, Holding contacts on the relays keep the pow-
er ¢ircuit clozed when ETART-EMERG button is re-
leaged, In the event of a power failure, the main

GYFSY HEAD DRIVE SHAFT BALL BEARINGS
LOCKNUT -

L SEAL

BIRIVE
SHAFT

INPLET

COVER PLATE BEVEL GLEARS  SHAFT

HOLISING

Figure 8-8. Double SBhaft Gypay Head Gear Bracket,
Sectional View
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contactor opens and remains open until the START -
EMERG button is ﬂ-ﬁ‘:lin presged, An overload relay
opens the clreuwit when current demand is too great,
The electric motor is stopped by pressing the master
ETOP button or a 8TOP button at one of the stations
describad below,

Stop push-button stations, Three stop push-button
gtations are Iocated af the left and right projectile
hoiats and in the projectile flat mackinery apace ad-
jacent to the controller eabinet (fig. 8-3). Each sta-
tion has a single button awitch labeled 8TOP. Press-
ing the button opena a three-pole switch and de-ener-
girnes the coil of the main contactor to stop the electric
motor., The electric motor can be started again only
by pressing the START -EMERG button at the master
eontrol pugh-button station,

OPERATION
IGEHE rg._l

Parhucklin:ﬁ is the n?eratinn of transferring pro-
fectiles when the projectile rings are being loaded or
unioaded or when the guns are being served. For
ring loading, transfer is made from the projectile
flat strike-down hiatches to the stowage rings. For
gun 2erving, transfer 1s made {rom rings (o holsta,
Before parbuckling, the electric power drive is start-
ed by pressing the START-EMERG push button,

Parbuckling

Transfer of projectiles 18 performed by looping
one end of the fixed snubbing rope around a projectile
below its rotating band and by snubbing the other end
around a gvpsy head. Two snubbing loops and hand

FIFLIHILE HALF HLUB AIGID HALFE HUE

_\-\-\-"\-\.\_\_ ;

FLEXIBLE HALF SLELVE

Figure 8-T, Drive 8haft Coupling, Cutaway View
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pull on the free rope end provide sufficient snubbing
action to slide the projectile into or out of the holat,
The operating technigue for tranafer of projectiles
*rom fixed stowage to the rotating ring i3 similar,
Hand guidance of the projectile i= reguired,

Projectile ring movement

Asg the supply of projectiles on the rotating ring
adjacent to the holsts is depleted, rotation of the pro-

jectile ring is required. Description of this opera-
tion is given in chapter 7,
INSTRUCTIONS

General instructions

Each parbuckling gear assembly is to be operated
and maintained in accordance with the repulations of
the Bureau of Ordeance Manual and the speecific

CLUTCH FRICTION DISC-—

GYPSY HEAD DRIVE SHAFT ——

BUSHING —

PHROJECTILE SFLAT—""

GEAR HOUSIMG ——

COVER PLATE —— K

:
| ol e
v e e

directions of the following paragraphs, Maintenance
includes adjustment, lubrication, service check, and

periodic operation necessary to keep equipment in
good condition,

Operating precautions

Ohaerve the following precautions when preparing
for parbuckling and when cperating the equipment to
serve the projectile hoists or to stow projectiles:

1, Transfer projectiles from the rotating ring
to the hodst when loading the hoists, and from the
hoist to the rotating ring when unloading. Projec-
tiles are never to be parbuckled directly from the
outer ring to the holst except in an emergency, such
as failure of the projectile ring drive,

2, Turn the snubbing rope twice around the gyp-
sy head for normal parbuckling, Never use more
than three turns,

RO S 0T s0 T

———— ADJUSTING NUT
- BELLEVILLE SPRING

——  BYPSY. HEAD

- UPPER BALL BEARIMG

- LOWER BALL BEARING

— BEVEL GEARS

\

- BALL BEARING

e BETRINER

e LOCKENUT

Figure B-8, Gypsy Head Arrangement With Single Shaft Gypay Head Gear Bracket, Cutaway View
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3, Tighten the snubbing rope slowly on the gypsy
head to "eage" 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 fizxed stowage to the ring. Pro-
jectiles must be secured when in position,

5. Loop the spubbing rope under the copper ro-
tating band, never ghove it.

- B, Load the projectile holsts from the upper flat
firat, This is not compulsory, but is preferable,

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

B. Make certaln that the loading deor in the hoist
ig 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.

4, Latch the projectile hoist shutters open be-
fore unloading a holat, Mever 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 presaing the STOP push button,

11, NWever use the parbuckling gear to snub aux-
tHary whip hoists; the assembly is designed for par-
buckling only.

All parbuckling gear components are to be lubri-
cated at the time intervala and with the lubricants
Gpecifled on the lubrication chart,

Gear box units, Frequent check of pear boxes iz
necessary because of the possibility of lubricant loss,
However, the actual need for replenishment should be
infrequent, When (requent replenishment is reguired,
a worn or faully shaft oil seal 18 indicated, Replace
such oil seals; do not attempt to correct the defect by
shimming,

Eleetric motor, The electric motor bearings
should be Tubricated aparingly. Open the bearing
drain fubes and the cage drain before filling the
grease cups, Use bearing grease 051300,

Gypay heads, Gypsy head upper shaft bearings
Ehuulg IEﬂ 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 031350, The gypay head alip clutch must be

adjusted after this operation.

Adjustments

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

Gypsy head cluteh adjustment. The gypay head
clutch must be adfusted (I{g, ¥-9) for proper tenalon
after lubrication,

Tao adjust the gypsy head clutch:

1, Reset and clean all frictlon discs at each Iu-
bricatlon, Dry discs thoroughly before reassembling.

g-8

A. Place the spring in position over the top disc
and turn down the adjusting nut until the spring makes
contact with the top dise.

3. Turn the adjusting nut an additional three-
[ ourths turn for final adjustment with & new apring,
Re-use of the old spring may require additional com
Pression,

DISASSEMBLY AND ASSEMBLY

Gensral

Instructions for disassembly of components of the
parbuckling gear are contained in the following para-
graphs. Assembly is the reverse of disassembly,
When disasgembling the gear box units, mark spacer
sleeves, shafts, bearings, and pinions for reassem-
bly in their respective housinga, O1l seal=z are prop-
erly reassembled with the taper inward,

Disassembly of gear box units

1. Disconnect the flexible couplings of the drive
ghafts at the sides of the gear hox,

3. Remove the gear box from the projectile flat.

3. Remeove the drain plug Irom aide of housing
and draln the lubricating oil,

4, Remove the cover and gasket [rom the bottom
of the houslng,

. 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 oll seal
from the retainer,

. TIGHTEMN THIS MUT 3pd 2, SET AND SECURE

OF & TURN AFTER THE LOGKENUT
IMITIAL CONTAGT WITH o
THE BELLEVILLE SPRING -

Y

| BELLEVILLE

Figure B-89. Gypsy Head Clutch Adjustment
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7. Remove the locknut from the outer end of the
input shaft,

8, Hemove the input shaft from the housing and
Lift out the bevel (or miter) gear as the shaft is re-
moved,

B. Blide the outer bearing from the input shaft.

10. Remove the output shaft by disassembling as
described in cperations 5, B, 7, 8, and 5.

11, Femove bearings from the housing.

Disassembly of connecting shafts

1. Knock the taper pins out of the sleeve coupling,

2, Blide the sleeve coupling along the shaft until
the shaft end is clear.

4. Remove the key from its doweled position in
the shaft keyway.

4. Remove the shaft from the flexible coupling
connection,

2, Upen and separate the flexible coupling, if the
shaft splinea are seized, before attempting to force
the shaft out of the cuupiing.

g-9



Chapter B

PROJECTILE HOIST

16-inch Projectile Hoist Mark 8 Mods 0, 1, and 2

GENERAL DESCRIPTION

The projectile hoist installation in each turret
comprises an independent hoist assembly to serve
each gun, The assemblies are virtually identical
right, center, and left designs that are designated
16-inch Projectile Hoist Mk 8 Mods 0, 1, and 2,
respectively. A right holst arrangement is shown
in figure 9-1,

Type

Hoists are hydraulic ram type assemblies, Each
hoist assembly iz a reversible, hydraulic power-
driven, rack and pawl tubular 1ift, equipped with an
indapendently controlled power-driven cradle assem-
hly.

Purpose

The holsts supply projectiles to the eradle assem-
blies which deliver projectilas to the guns. When
lowered (spanned), the cradle assemblies extend the
rammer track to the gun breech aa shown in [igure
10-1,

C omponents
Each pm%er:tile hoist consists of the following
principal units:

Power drive

Hoist components

Cradle assembly compongnts
Hoist reversal system
Controls and interlocks

Component locations

The components listed above have similar posi-
tions in the turret with respect to the guns they
serve. The three hoists, located in the rear of the
turret rotating structure, are shown in figure 1-8,
Identically arranged, the left and right holst courses
rize vertically from the lower projectile flat to a
point above the electric deck (fip, 9-1). The courses
ecurve toward the rear and upward to the projectile
cradles. Straight all the way, the center hoist course
rises vertically from the lower projectile flat to the
projectile cradie,

The electrlec motor, reduction gear, solenoid
brake, and hydraullc pumps are located on the elec-
tric deck {fig, 9-2), These power drive units for the
laft and right hoists are located to the rear of the
elevating gear unita for the left and right puna,
The same unita for the center hoist are located Lo the
rear of the training gear vnits and the left and center
powder hoist trunks,

The rack operating eylinder is vertically mount-

Edz?etween the lower and upper projectile flats (fig.
g9-2).

The hydraulic (auxiliary) pump for the dual hoist
reversal and cradle system is mounted on the elec-
tric motor housing (fig. 9-2),

The components of the cradle assembly, together
with the cradie operating cylinder, are aligned be-
tween the rammer and gun in the gun room compart-
ment {fig. 0-6).

The hoist control devices are arranged in dupli-
cate, There is a manual control operating lever with
indicators and interlock devices on each projectile
[lat 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 normal operation the assembled arrangement
of the hoist, power drive, and cradle assembly deliv-
ars projectiles to the gun. Hydraulic pressure is
delivered by the motor driven pumps to the rack and
cradie operating cylinders, Projectlles are hoisted
or lowered in equal stages through the reciprocating
movement of the piston of the rack cperating cylinder.
The total projectile lift of five stages from the lower
flat {four from the upper flat) is the same in 211 hoists.
Final movement of hoist stroke delivers a projectile
into the cradle above the cradle projectile Iatch.

After delivery of a projectile to the cradle assem-
bly, the cradle iz lowered by the cradle operating cyl-
inder to permit ramming the projectile into the gun,
After the gun 18 loaded, the cradle is raiged and hoist-
Ing may be resumed,

The hoist control mechaniams permit normal hoist
operations to be stopped at any time with the cradle
filled or empty,

The hoist reversal system, actvated through a
function control valve, permits lowering projectiles,

-

Hoists are of the same design, but differ in their
pourse arrangements as desceribed previously.

The arrangement of the electric motor, reduction
gear, solenold brake, and hydraulie pump (fig, 2-2)
ia identical for the left and right holsts. The same
units for the center hoist are arranged in the oppo-
gite way. Shaft rotation of electric motors is clock-
wige [or the center and leflt hoist power drive assem-
blies and counterclockwige for the right hoist assem-
bly,

-1
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PROJECTILE HOIST

Deaign data

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

Hoist capacity
1Tube, HC or AP projectiles . ., . . . . B
Cradile, HC or AP projectiles . . . 1
Back loads, pounds

Full load, AP projectiles , . . . . 13,500
Full load, HC pr:deutﬂas ! - . 8,500
Vertical lift, feet

Upper projectile flat to

the cradle opent i AONESE G w 27.03
Lower projectile flat to

the cradle opening. . . . . . . . . 34,78
apacing between rack pawls,

b SR B S - 76.0
Stroke movement, inches . . . . . 7. b

DETAIL DESCRIPTION

Power drive

The hoist and cradle power drive is an electrie-
hydraulic installation consisting of two motor driven
pumps, two hydraulic operating mechanisms, and
auxiiiary elementsa for transmitting, interiocking, and
controlling holst action and for holding the rack againat
overhauling movement, The principal units and ar-

rangement of a typical power drive are shown in fig-
ures 2-1 and 9-2,

Components, The power drive consists of the
following:

Elzctric motor

Electric controller
Zolenoid hrake

Speed reducer

Flexible 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
ls positioned horizontally and is coupled to the sole-

noid brake and reduction gear units through self-alipn-
ing flexible couplings,

Motor data.

2 g in] - R
Design featurez |,

squirrel cage, induction
waterproof, fan cooling,
horizontally mounted,
reduction gear drive

LOVHEPCORRY . oo cioiaiw v % mow v s oI
Synchronous speed, rpm . , . . . . . 1800
Full: load speed, rp " . . . . . + & . 1760
Rotation {center and left hoist) . clockwige
Rotation {right hoist). . counter-
clockwiae

apeed class . | . & e ow @ COREtant
L e i S S e oo LA T ! i
Ampores, fulllead . . . . . . . . . . 05
Amperes, locked rotor. . . . . . . . . 700
ABRE e e e s e v ol
EREINE o 5 S0 e aig o ah st G B0
Ambient temperature, degC . . . . . . 40
Torque clasg .« « o + 4 normial
Weight, pounds . T R WLy R e 1]
Manufaeturer . . Westinghouse Electric

E.: Manufacturing Company
Manufacturer's designation . . C8-FR-W-505
Drawing . i T o e e e 2o« AB8S5YT

Electric controller, Each electric motor is pow-
ered and controlled through a cabinet enclosed, across-
the-line magnetic-type controller., Eneh controller
contains 4 main contactor, overload relays, reset re-
lays, and a hand operated circuit breaker. The con-
troller is remotely controlled from a master push-
button station mounted adjacent to the cradie opera-
tor's statlon in the gun room eompartment, This
switch, normally open, is closed by pressing the
START-EMERG bution, The awitcg is opened by
pressing the STOP button at the master push-button
station. In addition, the electric motor may be stopped
from either of two stop push-button statione located at
the hoist control stations,

Controller data,

THEE 4 . . a waterproof, semiautomatie,

across-the-line magnetic

starter, controlled by

remote push buttons

Ampere rating, fullload . . . ., , . . . 95
Protection: -

Overload: - Dashpot, magnetic
relay, semiauto reset

Adjustable range, amperes . 99.5 to 134, 5
Wormal setting, amperes, ., . , . .113.5
Short circuit, circuit breaker . AQB
Undervoltage: -
Drop-out voltage . . ., . . , . . . 50
defling yoltage "o . av o9 oW 390
Ehl:hﬂk rﬂiingf " L] . L] L] L] L] L] L] L] L] lﬁﬂ
Welght, pounde . 5 e s oa e e
Manufacturer , . . . Westinghouse Electric
& Manufacturing Compan
DIPAWBE i 5 v et e ; : EEEEBE

Solenoid brake, The solenold brake consists of an
actuating solenoid, brake drum, and brake band Unk-
age, Agsembled on a separate mounting base, the
brake is mounted between the electric motor and re-
duction gear {fig. 8-2), The drum of the brake assem-
bly is spline fitted to a shaft coupled to the motor cut-
put shaft through the input coupling described on page
9-5. Bel mechanically, the brake prevents overhaul
of the holst In the event of mid-stroke power fallure,
When the zupply circuit to the electriec motor ia closed,
the brake 1s released through solenoid plunger stroke
and the brake band linkage, The actuating solenocld is
. 440-volt, B0-cycle, singla-phase, continuous duty
type. The brake develops torque of 125 pound-feet on
an elght-inch brake drum,

Speed reducer, The speed reducer (fig. 9-2) iz a
I:'.HSESEEH-‘.:IDEEE] unit ma::-untepdeun a structural foundation
of the electric deck, It i3 driven by the electric mo-
tor and i8 coupled to the main shaft of the hydraulic
gu;np through the output coupling described on page

Reduclion gear data,

Type . . . . enclosed worm and wormwheel
Cutput shaft (ratic 4. 28 to 1.0},

r‘pm " v " " [] ¥ L4 L] L L . L] L3 inu
Rotation (output end) center
BB L e At w8 . clockwize
Hotation (output end)

PIERE: i e Eosos Lounterclockwise
Tabeieotlan o . 5 For o i .nilii'-:_ath
Manufacturer , . . . . . Michigan Tool Co
Drﬂ_wif‘;‘_';- @& B ok #Fo0F W wEH W ipglﬂl. ' ET&HU{I‘

g-3
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Figure 9-2. Projectlle Hoist Power Drive Assembly - General Arrangement
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PROJECTILE HOIST

Flaxible couplingsa,

sSpeed reducer input. The coupling between the
electric motor and the speed reducer input (brake
drum shaft) iz of commercial design and manufacture,
A direct-drive, self-aligning connection, it is iden-
tical to the coupling in figure 7-17. The coupling
consists of two identical hubs, male sleeve, female
sleeve, sleeve gasket, and two seals and provides a
flexible connection through meshing of the internal
gears of hubs and sleeves., Gear Iubricant iz added
through plugs in the outer male sleeve, and is retain-
ed by oil seals and gaskets,

Speed reducer gutput, The coupling between the
speed reducer and the hydraulic pump is the same as
the coupling between the electric motor and the speed
reducer input, except that it is alightly larger.

RELIEF WALVE CAP COMMECTIMNG ROL

N

PISTON

LINE T2 TO
EACK OPERATING
CYLINDER

TILTING BOX

SOCKET RING

% % x
% A

Hack operating hydraulic mechanism, The rack
operating hydraulic mechanism comprizes the follow-
g

Hydraulic pump
Rack operating evlinder

Hydraulic pump,  The hydraulic pump (fig. 8-3)
18 a case-enclosed multi-cvlinder unit. It is driven
by the electric motor through the reduction gear to
which it is connected by the output coupling described
above. It is a type K variable displacement pump of
maodified commercial deslgn,

Mounted on foundation weldments of the elec-
tric deck, the main pumps are arranged with main
shaft centerlines at right angles to the elactrie
motor shaft centerlines.
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Figure 9-3., Projectile Hoist Main Hydraulic Pump - Sectional View
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Case. A square, olltight case encloses the hy-
draulic pump assembly, The case includes a valve
plate, case head, case mounted tilting box control
mechanism, trunnion cap, trunnion bearing assem-
bly, and retainer. It forms a storage tank for hydrau-
lie fluid in which the active parts rotate, The geneoral
arrangement of parts within the case 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 supports the
rotating parts. At a point near the center of the
pump case, the main shaft s made in the form of a
closed yoke to support the universal-jolnt trunnion
and pin. Ahead of the closed yoke, two keys are fitted
in a section of the main 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
aplined end 18 aimilarly supported by a ball bearing
in the case head,

Cylinder barrel, The open center of the cylinder
bharrel has eyways 180 degrees apart that run
throughout it length and mate with the cylinder bar-
ral keys fitted in the main shaft, The barrel ig re-
tained on the main shaft by a nut and is held against
the valve plate by a barrel apring which backs up
against a spring ring and a flange on the main shaft.
The barrel contains nine eylinder bores which are of
the same diameter throughout the length of the piaton
travel, They taper sharply at the end to a small cyl-
inder port outlet.

Pistons. Each cylinder bore is fitted with a pis-
ton ground and lapped to a smooth working fit. When
the pump is delivering hydraulic fluid, the fluld being
discharged by the pistons presses against the ends of
the eylinder bores and forces the barrel against the
valve plate to reduce internal leakage between barrel
and valve plate., This sealing effect increases as
hydraulic pressure in the system Increases, A drilled
hole in the center of the front face of each piston ad-
mits hydraulie fluid to lubricate the ends of the con-
necting rods,

Connecting rods, Nine connecting rods connect
the pistons with the socket ring., Each connecling
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 be-
twieen the cap and piston suriace to obtain proper
clearance for the ball end. Each connecting rod is
drilled throughout it= entire length to provide for
lubrication of the ball and socket.

Socket ring. The socket ring, a circular piece,
contains sockets for the other ends of the connecting
rods, Each rod Is retained in its socket cap, socket
cap nut, and socket cap nut lock. The socket cap is
split to facilitate installation and removal. The back
of the socket ring has a roller track with two faces,
which bear against the bearings in the tilting box.
Two slots, located about the center of the socket
ring and 180 degrees apart, carry the main shaft
trunnion bearing bloeks of the universal joint.

niverdal joint. Rotation of the main ghaft is
Lran%mitte Jg't}ﬁ!é socket ring by a universal joint
formed by a trunnion in the shaft yoke, The attached
gocket ring is free to rotate about the axis of the
trunnion, giving a controlled variation in the length
of piston atroke,

9-8

Tilting box, The tilting box, a trunnion-mounted
casting inslde the pump case, varles the angle of the
aocket 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, Con-
nected to the tilting box, a stroking shaft connects
with the control screw of the control mechanism,

Valve plate. The valve plate and the case-head
form the stationary ends of the pump case, The in-
ner, or rear, surface of the plate is a finished sur-
face against which the cylinder barrel rotates. This
surface has two semiannular grooves, called valve-
plate ports, through which hydraulic fluid flows when
power is being transmitted. These ports comect
with the power transmission pipes between the pump
and the rack operating cylinder,

Between the valve plate ports are flat surfaces
called lands. As the cylinder barrel rotates, the
cylinder bores pass In successlon over the lands.
The lands are positioned so that they coincide with
the end-cf-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,

Valves, The main relief, auxiliary rellef, and
replenishing valves, described in the following para-
graphg, are housed within the hydraulic pump vaive
plate, Their arrangement is shown schematically
in figure 8-5.

Maln relief valve, The main relief valve, located
in the upper part of the valve plate, is a spring-loaded
plunger-type valve, operated by a similar type pilot
valye, The valve is adjusted to relieve main pump
high pressure in excess of 100 pounds per square
inch during the hoist strokes,

Auxiliary relief yalve, The auxillary rellef valve,
located in the upper part of the valve plate is adja-
cent to the malin relief valve and is ldentical to it.
The valve is adjusted to limit main pump pressure
a: 1?{0 pounds per square inch during the lowering
atroke,

Replenishing valve. There are two replenishi
val?EEPlncnted EL & lower part of the val'?e [.'n].:’ttvsz.“E
They are identical spring-loaded plunger-type valves
that replenish the hoist system hydraulic fluid through
the tranemission lines.

Expansion tank. The cylindrical 7. 0-gallon hoist
power drive expansion tank is 14, 0 inches high and
12.5 inches in diameter. Mounted on top of the hy-
draulic pump case, it 18 a vented type with %rm‘lty
feed connection to the replenishing valves of the hy-
draulic pump valye plate, HReturn lines lead to the
tank from the main relief valve. The tank i8 equipped
with a filler cap at its top and an inside strainer,
Filled to the level indicated by the tank gages, it con-
tains 5. 0 gallons of hydraulic fluid.

Hydraulic pump data.

Driven speed, revolutions

marminfe” . . o v i iow e eoa 200

01l temperatures

Hormal operaling range,
e |- oF B TR S Al SR
Maximum permitted, deg C . .

Displacement capaclty
Delivery, gallons per minute, . . ., 200
Pressure, pounds per gquare inch ., 1000

. B7-97(100-150F)
103(180F)
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Figure 8-4, Hack Operating Cylinder and Rack-

Sectional View

Rack operating cylinder, The rack operating oyl-
inder %fig.Piiﬂ iz a hydraulic ram of 91':..% inﬂﬂﬁ.ﬁ :F
stroke. It comprises a cylinder, a piston assembly,
and two cylinder heads, A seamless steel tube that
weighs approximately 180 pounds, the cylinder has

an inside diameter of 5,875 Inches and a length of

101. 425 inches. At a polnt 5.75 inches from the low-
er end, the cylinder Is threaded and machined to at-
tach a cast steel flange. The upper end is also thread-
ed and machined to attach an identical flange 21, 125
inches from the top. Each cylinder flange weighs
242.5 pounds and has eight equally spaced holes for
attaching the cylinder head.

Piston assembly. The piston assembly (fig. 5-5)
housed within the rack operating cylinder, comprises
a piston rod, piston, leather piston cup, and a pis-
ton follower, A round solid steel bar which passes
through the upper eylinder head, the piston rod is
4.48 inches in diameter and 116, 93 inches long. The
upper end of the rod is rect lar in shape and is
attached to the rack erosshead by a pin. A bronze
casting 5, BT3 inches in diameter, the piston is thread-
ed on the lower end of the rod. An integral grooved
cylinder of smaller diameter at the top of the piston
buffs the piston at the top of its atroke., The piston
follewer, shaped to prevent collapse of the leather
piston cup, retains the cup and is bolted to the piston,
Provided with a ball check valve and throttling groove
the lewer end of the follower functions with an nT.egrai

dashpol of the lowar cylinder head to buff the piston
on the downstroke,
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ectional View

9-T



OP 769 16 INCH THREE GUN TURRETS

SPANMING TRAY LINE PAL FROM MASTER FUSHBUTTON CRADLE CONTROCL CRADLE CONTROL VALVE HANDLE
CONTROL LINKE AURILIARY PUMF STATION M &I RELIEF

VALVE ARV1

EXPANSION

ALXKILIARY RELIEF AUXILIARY RELIEF
VALVE ARV3 VALVE ARYZ TANK
SPANNIMG TRAY
COMTWIL LEVER . SOLENOID
B VALVE

FUNCTION COMTROL AND
SHUTOFF VALVE HANDLE _

FUNCTION CONTRGL AMD r'||
SHUTOFE VALVE f '-I %

FROJECTILE LATCH HAMDLE

SPAMMING TRAY

CRADLE

RETURN LINE
TO SUPPLY TANK

CHADLE LATCH
SAFETY TRIGGER
ASEEMALY

CRADLE UFLERATING
CRADLE FULCRLIM CYLIMDER FULCRUM

RAMMER

o

HOIST TUBE™ CHADLE DPERATING CYLINDER DRAIM LINE FROM EXPANSION TAME

Figure 3-8, Projectile Hoist Upper End - General Arrangement,
g-8 4



PROJECTILE HOIST

Cylinder heads. Made of cast bronze, the cylin-
der heads are attached to the cylinder ends through
integral head flanges. The upper eylinder head welghs
236. 0 pounds, The lower head, which weighs 103. 0
pounds, provides a dashpol for piston lowering move-
ment, Both heads seat copper gaskets assembled be-
tween the cylinder and head, The piston rod passes
through a garlock type packing retained 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 transmisslon lines from the hydraulic pump
are attached, There i a 0, 168-inch vent hole In the
upper head that is closed through a capped air valve,
A gimilar hole in the lower head is closed with a
threaded brass plug,

Cradle operating hydraulic mechanism. The cra-
dle operating hydraulic mechanism comprises the
[ollowing:

Hydraulic pump
Cradle operating cyvlinder

Hydraulie pump. The hydraulic {auxiliary) pump
is directly driven by the projectile hoist electric mo-
tor, The rotary-gear constant displacement pump
delivers hydraulie fluid at the rate of 30 gallons per
minute (at varying pressures) to a dual hydraulic sys-
tem described later on thiz page, The pump is mount-
ed on an integral flange at the back end of the electric
maotor honsing.

Valves, The main relief, auxiliary relief, and
bypass valves, described in the following paragraphs,

are arranged in the dual system as shown in figure
9-3,

Main relief valve, The main relief valve, ARV 1,
located in the gun room compartment (fig, 9-6), iz a
spring-loaded plunger-type valve, It 13 adjusted to
relieve auxiliary pump pressure in excess of 800
pounds per aguare inch during cradie lowering,

Auxiliary relief valve, The auxiliary relief valve,
ARV 2, located in the gun room compartment (fig,
9=6}, is a spring-loaded plungor-type valve, It is
adjusted to relieve auxiliary pump pressure in excess
of 400 pounds per square Inch during cradle raising,

Bypass valve. The bypass valve, located in the
duplex filter unit, is a spring-loaded plunger-type
valve, It relieves auxillary pump pressure in the
event the filter elements become clogged,

Duplex oil filter. A pressure-type duplex oil
filter, of commercial desipn and manufacture, is
used to filter the hydraulic fluid delivered by the
auxiliary pump to the dual hydraulic system. Locat-
ed on the electric deck adjacent to the power drive
agsambly, the unit consists of two fine wire screen
elements each In a filter sump attached to the unit
body. For normal operation both filters should be
used simultanecusly, However, a control valve pro-
vided in the [ilter design permits the individual use
of either {ilter, This feature makes it possible to

¢lean a fouled filter element without stopping the
power drive.

Expansion tank. The 7, 0-gallon expansion tank
(6.0 gallons capacity when filled to the upper trycock)
for each cradle operating hydraulic mechanism ia a
vented type with a gravity feed connection to the sup-
ply tank., The tank, located in the gun room compart-
ment, 13 at the highest point of the hydraulie syatem,

The steel tank body is box s d, 14,0 inches high,
14, 0 inches wide, and 0,0 inches deep, It is equipped
with a cover, high- and low-level trycocks, filler
cap, and an oil strainer Ingide the tanilk,

Supply tapk, The 22-0-gallon supply tank for
ench cradle operating hydraulic mechanism is a non-
vented type. It has a feed connection from the expan-
glon tank and i8 interposed in the return line from the
cradle operating and pawl control mechanism to the
auxiliary pump, The return line, which passes through
the tanl, has two open T fittings assembled in it at
4.0 and 18,0 inches from the tank bottom. The tank
s located between the pan floor and electric deck, to
the rear of the power drive components, The steel
tank body is box shaped 15, 0 inches square and 24,5
incheg hi%h, It is equipped with pipe flange connec-
tions for the return and feed lines, a drain plug, and
a gide cover plate,

Dual system. The hydraulic (auxtliary) pump
supplies hydraulic pressure for operating a dual sya-
tem, This system includes the hoist reversal system
{described on page 9-12) and the cradle operating
hydraulic mechanism,

Cradle operating cylinder., The cradle operating
cylinder {fig. 9-7) is a hydraulle ram, It is mounted
in the rear part of the gun room compartment (fig.
9-6) with its platon connected to the ¢radle through a
crank pin connector and crank pin, The cylinder as-
sembly consists of a eylinder fulerum, a eylinder,

and a piston,

Cylinder fulerum, The cast bronze cylinder ful-
crum i mounted on the shelf plate to the rear of the
cradle fulerums (fig, 9-6), It provides a mounting
for the lower end of the cradle operating eylinder
which is connected to the hydraulic swivel joints
mounted in the falerum,

Lylinder, The cast bronze cradle operating cyl-
inder (fig, 9-6) provides a 13, 785-Inch stroke ram,
of 4,0 inches bore, and iz 31,5 inches long overall,
It 1= connected to the eylinder fulecrum through the
eylinder head at its lower end, The cylinder head,
together with the piaton and cylinder valve port re-
strictions, buffs the folding action of the cradle, In
the upper end of the cylinder, the piston rod passes
thl'ljllgél a chevron type packing assembly retained by
a gland,

Piston, The nickel steel piston is lap fitted to the
cylinder bore. It is 30,567 inches long including the
dashpot plunger at its lower end, The upper end of
the plzton pagses through the evlinder packing and
gland and is attached to the cradle through a erank
pin and crank pin connector,

Hoist components

The hoist components comprise the following:

Rack

Tube

Projectile flat platforms
Door and shutter brackets
Rack pawl

Tube pawl

8-8
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Arrangement., The various hoist components
listed above are shown in figure #-1 and are similar-
ly arranged for all projectile hoist installations, The
hoiat tubes form the courses through which projec-
tiles are conveyed to {or lowered {rom) the eradle
agsemblies reciprocating movement of the rack
and rack pawls. Projectiles are supported at the end
of 2 stroke by the tube pawls., The door and shutter
brackets form the loading apertures for the hoist
tubesa, The&m—e similarly arranged on both projec-
tile flats with the projectile flat platforms forming
the aperture bhases,

Rack. The rack is an assembly of steel connect-
ing baras, links, and pawla carriers joined end to end
and connected to the erosshead., The assemblies for
the left and right hoista are identical and differ slight-
Iy from the center hoist rack assembly, With curved
rack casing tracks for thelr courses, the outhoard
hoist racks are 3325, 0 inches long. 'f‘he;!.r are made
up of 14 connecting bars, links, and pawl carriers
with the crosshead arranged above the second pawl
carrier. The center hoist rack, with a straight rack
casing track for its entire course, 13 318, 0 inches
long, It i3 an assembly of & connecting bars, links,
and pawl carriera with the crosshead arranged above
a connecting bar and the second pawl carrier, The
crossheads, bronze castings, connect the rack to the
rack operating cylinder (fig. 9-4) described on page
8-7. A conmecting bar, located near the top of each
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rack, is arranged with a cam surface which actuates
the tube pawl control valve cam machanizm describ-
ad on page 9-13,

Tube. The hoist tubes (fig, #-1) are flange bolted
assemblies., The left and rigﬁt hoist tube assemhblies
are similar but are oppositely arranged for left and
right installations, The center hoist tube assembly
differs from the left and right in that it is slightly
shorter due to its straight course, All hoist tube
cour .es are formed by cast steel sections, These
have integral tracks in which the racks cperate, and
integral flanges through which the sections are bolted
together, The assembled tube structure is supported
from the lower and upper projectile platforms, It is
braced, by bolted and flanged attachment, at the shelf
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 plﬁg%;.;gil;. The projectile flat plat-
forms, shown in [lgure -1, are the foundation com-
ponents for the hoist tube assemblies, the door assem-
blies, and the rack cperating cylinders, DMachined
gteel castings, the platforms are arranged in the hand-
ling spaces of hoth projectile decks. Thelr tops are
flugh with the surfaces of the rotating rings and stow-
age areas. Lefl and right hoist platforms are simi-
lar but are arvanged for left and right installations,
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Figure 9-7, Projectile Hoist Cradle Operating Cylinder - Sectional View
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Center hoist platforma differ sItghtI:{I from the left
and right. The upper flat platforms have integral
provisions for the hoist tubes, the rack tracks, and
the rack operating c¢ylinder. The lower [Iaf platforma
differ In that they provide only for the rack track and
the rack operating cylinder. All platforms are keyed
to locate and secure the deor and shutter brackets,
hoist tube sections, and the rack operating cylinder,

Door and ghulter brackets, The door and shutter
brackets {(fig, 9-8) help to support the hoist with its
load of projectiles, Cast steel columns, the brackets
are made with integral flanges through which they are
secured in position to the projectile flat platforms
and the electric deck bracket., The brackets are ar-
ranged vertically in the handling spaces with vertical
full opening of the hoist apertures. All hoist aper-
tures are fitted with spring-loaded doors and shutters
that are hinged on the brackets (fig, 9-27).
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Rack pawl, The rack pawls (fig. 9-4) are spring-
loaded and pin pivoted and are seated 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 carrier, upper
intermadiate pawl carrier, intermeadiate pawl carrier,
lower intermediate pawl carrier, and lower pawl
carrier, The pawls are apririg*i.oaded to move into
position for holsting, When the rack descends after a
hoisting stroke, each rack pawl is depressed by the pro-
jectile resting on the tube pawl at the next lower lowvel,

Tube pawl, The tube pawls (fig, 8-1), spring-
loaded and pin pivoted, are housed in hoist tube sac-
tions. Projectiles when lited by the rack are sup-
parted at the end of each of the first four lifting strokes
by the four tube pawls. These pawls are spring-loaded
to move beneath the base of the projectile as it ia hoist-
ed on the rack pawls,
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Figure 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 tray
Buffers

Cracdle opening

Cradle Tolding

spanning tray
Cradle control valve
Cradle solenoid valve
Cradle latch
Projectile indicator

Lever

Latch

Switch

Hetainer

Arrangement. The cradle assembly ({fig, 9-6) is
maounted on the shell plate above the hoist tube in the
gun room compartment (fig, 9-1}, Operated by the
operating hydravlic mechanism, described on page
4-9, the cradle transfers a projectile from its ver-
tical hoisting position to a horizontal position fer
ramming,

Cradle and spanning tray. The cradle and span-
ning tray (fig, 9-4), hinged together, are pivoted on
integral trunnions of the cradle in the cradle fulcrums,
A cast bronze trough 58, 8 inches long with a tubular
portion of 17,0 inches dizmeter bore, the cradle is
25, 37 inches wide across its trunnions. Plvoted at
the cradle bottom, the caslt bronze praojectile latch
is spring-loaded to move beneath the hase of a pro-
jectile that has been hoisted into the cradle. The
spanning tray, a cast aluminum trough identical in
crogs section to the trough of the cradle, is connect-
ed to the cradle through the integral hinges of both
castings. A control link, which connects the integral
comtrol lever of the spanning tray o the cradle ful-
erum, unfolds the spanning tray when the cradle is
lowered, The end of the tray opposite the hinge iz
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
trays provide a track for the rammer chain. Connecl-
ed to the eradle operating evlinder throvgh the crank
connecior and crank pin (fig, 9-7), the cradle and
spanning tray assembly provide for delivery of pro-
jeetiles to the gun by the rammer.

Buflers,

Cradle opening bufier, The cradle opening buffer
ig similarly mounted on the front of the cradle fulcruam
in each assembly. It iz a hydrauolic builer which
throttles flow of the cylinder liguid past the plunger
of the buffer piston, through grooves of variable
depth in the buffer housing, Rapid return of the buffer
pision to ils extendsd operating position is ensured
through a spring-loaded ball-check valve in the plung-
er, Thig valve permits the flow of Houid from the
resarvolr 1o the chamber beneath the plunger. The
piston, which makes a 2. Th-inch stroke with the gun
at 3, 0 degreses loading angle, contacts a phenol-fabric
pad in the bottom of the cradie,

B-12

Cradie folding buffer. 'The folding action of the
cradle Ts buffed by the cradie cperating eylinder,
described on page 9-8,

Spanning tray buffer. The spanning tray buifer
is a rubber pad cemented in a recess in the bottom
of the eradle, Thiz pad bufls the contact between the
spanning teay and ¢radle when the cradle assembly
1= folded,

Cradie control valve., The cradle control valve
ig flange mounted on (e transverse bhulkbead in the
gun room compatriment (fig. 9-€). It is a valve block
arrangement of a spool-type, direction control valve
and a valve operating lever {(designated cradle control
valve handle)., Manually positioned, the valve direcis
auxiliary pump pressure to the chambers of the eradle
operating cylinder, The valve igs spring-loaded to
return to neuvlral when released by the operator, The
cradle coplrol valve cannot lower the cradle to the
loading position until the cradle solencid valve (helow)
is operated by action of its solenoid to close a4 by-pass
and open the hydraulic circuit to the cradle cylinder.

Cradle solencid valve, The cradle solenoid
vialve is mounted as shown on figure 9=-6. This valve
iz controlled by an internally mounted solencid which
is operated by the interlock portion of Heady Light
Circuit 1R (ch, 15), The cradle solenoid valve {5 in
the cradle operating hydraulic circult 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
breech is open and the gun bore is clear,

Cradie latch., The cradle latch assembly (lig.
0-13) consists of 4 guide plate, lateh, latch connec-
tlon plece, connecting rod, coil spring, and yoke,
Free to move up or down in o vertical slot in the
cradle fulerum, the latch is retained in the slot by
the guide plate, Screwed to the latch connecting rod,
the latch extends through the slot to the inside of the
cradie fulerum and is positioned to contact an inte-
gral cam lug of the cradle, The connecting rod is
attached to the foot pedal assembly (described on
page 9-1THhrough the yoke, Moved upward by the
coil spring, the latch secures the cradle in the raised
or lowered position until forced down and released
the oot pedal.

Projectile indicator. The projectile indicator
aseembly Ig pivoted in a bracket that is mounted on
the shell plate. Actuated by movement of & projec-
tile into the eradle and by cradle movement, the as-
sembly illuminates a danger signal at each projectiis
handling level, It also prevents hoist action when
there is a projectile in the cradie ar when the tray
iz spanned, It conzists of a lever, a lalch, a switch,
and o retainer.

Lever.

FET T C -

The projectile indicator lever, braciet

fittad Lo the connecting shaft, A hook shaped cam,

the lever {fig. 9-13), projects through a hole in the
cradle when the cradle is [olded, Dizplaced by Lhe
projectile as‘it is hoisted into the cradle, the lever
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aclizates the indicator latch through the connecting
shaft and actuating lever.

Latch. The projectile indicator latch(fig, 9-13),
moved By the actuating lever and connecting rod,
eloses the projectile indicator switch. The lateh is
beld in position by 4 retainer to keep the switch
closed throughout the movement of the unfolding ¢ra-
dle by an are-shaped integral cam of the cradle.

Switch., Tho projectile indicator switch is
mounted on the side of the eradle fulerum. The
switch, when closed by the Indicator atch, illumi-
nates a danger signal al each projectile handling

level and interlocks the hoist control handle against
mewemenk toward HOIST,

Retainer, The retainer is mounted on the side
of the cradle fulerum and is moved up when 2 projec-
tile enters the eradle. This action permits Lthe inte-
gral retainer cam of the cradle lo move under the
refainer lug while the cradle is belng spanned,

Hoist reversal system

General, The rack pawls and tube pawls (deseribed
on page 9-11} are components of the hoist reversal
system. They arearranged with operating mechanisms

9-12A/B
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which retract the pawls alternatively for hwnﬂn%'
projectiles, This system, a part of the dual system
described on page 9-9, controls the reversing action
of the rack and tube pawls, The hoist reversal sys-
tem, a semiautomatic conirol, operates independently
of the eradie operating hydraulic mechanism.

Components, The hoist reversal syvatem consists
of the following:

Rack pawl operating cvlinder

Rack pawl tripping cam mechanism
Tube pawl operating cylinder

Tube pawl control mechanism

Function control and shut-off valve
Tube pawl control valve

Tube pawl control valve cam mechanism

Hack piwl operating cylinder. The rack pawl
operating cylinder is flange mounted on the hoist tube
between the shelfl plate and pan floor, Housed in a
bronze casting, the cylinder assembly 1s a 1, 25 inch
stroke ram of 1.6% inch piston bore, It has hydraulic
pressure connactions with the function control and
shut-off valre. The piston is threaded to the plston
rod which passes through a chevron type packing
retained by a gland in the bottom of the cylinder,
Mowvemeant of the piston actuates the piston rod which
ig attached to the control rod linkage of the rack pawl
tripping cam mechanism,

Rack pawl tripping cam mechanism, An assembly,
the rack pawl tripping cam mechanism consists of a
control rod linkage, tripping cams, tripping cam

cranks, bearing brackets, sliding collars, and springs.

The control rod linkage 1s mounted on the outside of
the rack casing by the bearing brackets, Arranged in
sets of one of each, the tripping cams and cam cranks
gre S{ﬂhm fitted on shafts mounted and pivoted hori-
gontally in the rack casing. The cams located inside
the rack casing retract the rack pawls at the bottom
of the rack stroke when the hoist system is reversed
to lower projectiles, The cam cranks located outside
the rack casing are attached to and actuated by the
control Tod linkage. The cams are aligned with the
four upper rack pawls when the rack is at the bottom
of its stroke: they are simultanecusly actuated through
movement of the control rod linkage., When projec-
tiles are lowered, the tripping cam action is such
that the rack pawls are retained in retracted positions
until each rack pawl (with the rack ascendi )} passes
the base of the projectile at the next higher level.

Tube pawl uperaﬁng_czlinder. The tube pawl op-
erating cylinder (fig. 9-14) I8 flange mounted on the
hoist tube.section between the shelf plate and pan
floor. Housed in a bronze casting, the cylinder as-
sembly iz a 1. 3T6-inch stroke ram of 1, 79-inch platon
bore. It has hydraulic pressure connectlons with the
tube pawl control valve, The piston is attached to the
piston rod which passes through a chevron type pack-
ing retained by a gland in the bottom of the cylinder,
The piston rod, actuated by movement of the piston,
fs attached to the control rod linkage of the tube pawl
control mochanism,

Tube pawl control mechanism. An assembly, the
tube pawl control mzchanism (fig., 9-14), consista of
a control rod linkage, cranks, henrin? brackets, slid-
ing collars, and springs, The control rod linkage is
mounted on the outside of the rack casing by the

bearing brackets, Arranged in seta of one of each,
the tube pawls and ¢ranks are spline fitted on shafts
mounted and pivoted horizontally in the hoist tube.
The cranks are located outside of the holst tube and
are attached to and actuated by the control rod link-
age. The tube pawls are simultaneously actuated by
the eranksa through movement of the control rod 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 holstway, beneath the bases of prajec-
tiles lowered from the next hipher leval, -

Function control and shut-off valve, The function
control and shut-off valve assembly (ﬁ‘g 9-8) iz flange
mounted, as shown in figure 8-8, on the transverse
bulkhead. It is a valve block arrangement of a two-
position spool-iype direction control valve and a
geparate valve operating lever (designated function
control and shut-off valve handle). Manually position-
ed, the valve directs auxiliary pump pressure to the
rn;k pawl operating cylinder and the tube pawl conirol
YALVE,

Tube pawl control valve, The tube pawl control
valye assembly i3 flange mounted on the rack casing
adjacent to the rack pawl operating cylinder, Itisa
valve block arrangement of a two-position spool-type
valve, The valve passes through a packing in the
lower end of the valve block and {5 connected to and
pasitioned by the tube pawl control valve cam
mechaniam, When the fupction control and shut-off
valve ig positioned at LOWER PROJECTILES, the
following action cocurs:

Can CIRCUIT @ T
PROJECTILE HOIST INDICATOR
|

SWITCH
ASSEMBLY

FUNCTION CONTROL
AND SHUTOFF VALVE
HANDLE

& T WA o) —goLENDID PLUNGER

LINE Pikg ——  INTERLOCK SOLENOID
It IARY =
FLIMP . L .
E ' '}“m LINE L2 TO RACK PAWL
| - OPERATING CYLINDER
S
o B 3““3
b LINE L3 TO TUBE

PAWL CONTROL VALVE

Figure B-9, Function Control Mechanism -
General Arrangement
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Positioned and held up by auxiliary pump pressure,
the tube pawl control valve directs auxiliary pump
pressure to the top of the rack pawl operating eylinder
1o mlgve the rack pawl tripping cama clear of the rack
pawls,

mbly consists of a cam lever, a cam lever bear-
ing bracket, a control rod, and a ecollar, It i3 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 conneeting bar cam and is
connected to and actuates the tube pawl control valve
through the control rod,

Tube pawl control valve ¢cam mechanism. This
asse

[;__'q-nl_.n:-l:l: aerl in_ls_g rloclks

The projectile hoist control and intorlock
arrvangemente {or each hoist consist of:

start-stop control

Rack operating controls

Hoist control indicator

Hoist controls

Limil switches

Solenoid operated interlock

Cradle operating controls

Neutral start interlock

Door ]em[! shutter interlock (parbuckling opera-
Lion

Start-stop control. Each projectile hoist power
drive is started and stopped through its electric-
power motor controller (i:i?isﬂt‘ih{-:d on page 9-3). The
comntroller is remotely operated from

Tee push-but-
ton atations, as deseribed below,

Master control push-button station, The master
control push-buiton station is adjacent to the cradle
operator's station in the pun room compartment, Tt
ig a two push-button switch; one push-button is labeled
START-EMERG and the other 8TOP. Presaing the
START-EMERG button closes a normally open three-
pole switch and energizes the coll of the maln contac-
tor to conneet power to the eleetric motor, Heolding
contacta on the relays keep the power elrcuit cloacd
when the START-EMERG button i3 released until the
STOP button is pressed at this station or at either of
the two stop push-button is pressed, An overload
rela.{ opens the eireuit when current demand is too
great,

Stop push button stations, A st sh-button sta-
tion is located at each of the uppergp lower projec -

tile flat holst operating stations, Each station com-
prises a single button switch labeled STOP, Pressing
the 8TOP button at elther station opens a three-pole
gwitch and de-energizes the coil of the main contactor
to disconnect power from the electric motor,

Rack operating controls. The rack operating con-
trols comprise the holst control handle and thenﬁum-
tion control lever interlock, The arrangements de-
scribed below are similar for each hoist installation,

Holst gontrol handle, The projectile hoist is pro-
vided with a hoist control handle (fig, 9-8) adjacent
to the hoist tube loading apertures on each projectile
flat. Each control handle is an assembly that includes

B-14

a clutch subassembly (fig, #-10) mounted in the cast
bronze body of the control handle, Both control han-
dles are mounted on 2 common vertical control shaft,
The control shaft is connected to the control handles
through the cluteh subassemblies and is couplad to
the tiiting box stroking control serew,

Function, Depending on the direction in which it
i# moved, the hoist control handle offsets the main
pump tilting box {rom neutral stroke (th h the con-
trol shaft and stroking control serew deseribed above)
to Initiate a hoisting or lowering movement of the rack.
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Figure B-10, Upper Hoist Control and Interlocks
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Either eontrol handle may operate the hoist since

each is independently engaged or disengaged through
manually operated clutch levers (fig, 8-11),

Arrangement, The hoist control handle bracket
at each hoist operating statlon 1s gimilarly equipped
and includes an arrangement of four solenoid inter-
locks and an Interiock switch, Stops in the bracket
limit maximum movement of the control handle each
side of neutral stroke. One of the solencid plungers
automaticeally permits restricted movemeont of the
pontrol handle {indiecated in the table helow) to lower
projectiles, The other two solenoids lock the control
handle at neutral stroke when a projectile is baing
parbuckled into or out of the hoist, and block the con-
trol handle against hoisting (but permit lowerlng)
when agrﬂjentﬂe 1% in the cradle or the cradle is
open, Except when the confrol handle i= at neutral,
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Figure 9-11, Lower Holst Control Interlocks -
dectional View

movement of the function control and shut-off valve
to reverse the pawl mechanlams is blocked by an
interlock solencid through the interlock switch which
1# actusted by the control handle, The switches at
both hoist operating stations, arranged in series,
must be cloged (by positioning the control handle at
neutral stroke) in order to shift the function control
and shut-off valve,

Movement Umits, The arcs of movement of the
hoist control handles are identieal, These movements
from neutral stroke, and the equivalent tilt of the main
pump tilting box, for each hoist control action are in-
dicated below,

Hodst control handle limits

Control operatlon Handle movement Main pump tilt

Holsting
Rack up Gac 109 437
Rack down 1160 200
Lowering
Rack ap B2v 10 42t
Rack down 269 49 200

Function control lever Interlock, The function
conirol and shul-off valve {described on pafe 9-13
is positioned through a separate operating lever (fig,
9-8) which is %vnted in an integral mounting flange
of the valve, Provided with a spring-loaded locking
pir, the valve operating lever ig interlocked with the
holst control handles through an interlock solenoid,

The interlock arrangement {8 such that when the
solenoid is de-energized, the valve operating lever
iz locked in its HOIST or LOWER position by the
golenoid plunger, To release the valve operating
lever, the solenoid I8 energized to retract the plunger
by placing both hoigt control handles at neutral stroke
thereby cloging the interlock switehes,

Hoist control indicator, The hoist control indica-
tor provides the projectile hoist operator with visual
and audible signals which indicate safe or dangerous

hoist conditions,

Wisual, There are six lights in the hoist control
indicator (flg 9-8) which when Lighted {lluminate the
following lepgands:

HOIST, A green light, Tt indicates that the
function control and shut-off valve handle ia positionad
at HOIST PROJECTILES, and that the cradle 18 emp-
ty and aligned with the hoist tube,

DANGER, A red Ught., It indicates that a

projectile 18 in the eradle or that the cradle assem-
bly is lowered.

LOWER, A green light, It indicates that the
function control and shut-off valve handle is position-
ed at LOWER PROJECTILES,

TOP OF BTROKE, A clear light, It Indicates

that the hoisting piston and rack crosshead have com-
pleted an upward siroke,
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BOTTOM OF STROKE. A clear Hght. It indi-
cates that the holsting piston and rack crosshead
have completed the downward stroke.

LATCH CLEAR, A clear lighl. It indicates
that the function control and shut-off valve handle is
positioned at LOWER PROJECTILES, and that the
cradle projectile latch bas been moved asgide to re-
lease a projectile in the cradie.

Audible. The audible hoist control indicator is
2 single-stroke hoist-ready gong which is mounted
at epch hoist operating station. It sounds the instant
HOISET is indicated on the visual indicator.

Hoist control clutches. Mounted with free bearing
on & common vertical control shait, the hoist control
handles are engaged with the shait through separate
clutches. The clutch, a spring-loaded detont type
agsembly, consists of a cluteh collar, an adjusting
clutch collar, a spring, a spring retainer, and a
clutch lever. Mounted on the hoist control shaft (fis.
9-11), the clutch is manually operated throupgh the
clutch lever which is held by a locking pin to lock
the clutch in the engaged or disengaged position.
Either contrsal handle may be engaged with the control
zhall and the other disengaged [rom the shaft to be

- 16 INCH THREE GUN TURRETS

locked at neatral stroke through the control handle
locking pin,

Limit Switches, Four limit switches are in-
stalled in the projectile latch indicator system QB,
for each hoist. Two of these four switches are in-
stilled on each hoist tube at the pan floor level,
These switches are actuated by the crosshead when
the hoist hag completed its raising eyele. One
switch operates the interlock solenoid on the control
mechanism at the lower projectile handiing level and
ane operates the top of stroke indicator lights. The
other two limil switches are installed on the bottam
af the lower projectile handling platform casting.
These two swilches are actuated by the rack bar when
the hoist has completed its lowering eyvele, One
awitch operates the interlock solenoid on the control
mechanism at the lower projectile handling level and
one operales the bottom of stroke indicator lights.

Solenoid Operated Interlocks. Each hoist is
E-:uupn-ed with a solenoid operated interlock instailed
on the conlrol mechanism at the lower projectils
handling level. The solenoid operated interioek is
operated by the top of stroke limit switeh and the
bottom of stroke limil switch upon completion of
each cyele. This solencid operated interiock locks

TOP OF STROKE
— L|MIT. SWITCHES

HAR

_‘_—_Nq_‘q—“_“—\_

00—

FOR CIRCUIT QB

EHAEEET-H_.__‘HH

ﬂ_._._ﬁ__.-- PLUNGER SPRING

LOCK PLATE

! J
ﬁ—-—'—'_'_'_'_'_F
STRIKER SIJF'F'DHTL.,___‘_RR ré.r okl =
i _— SWITCH PLUNGER

COVER PLATE

I

e— ? g e,
RACK CROSSHEAD

Figure 9-12,
G-16 4

PORTABLE RACK CASING

Projectile Hoist Top of Stroke Limit Switeh - Sectional View
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the control levers at Hoist or Lower, until the come-
piction of the hoisting or lowering cvele. The hoist
control levers cannot be moved [rom HOIET (o
LOWER, or rom LOWER to HOIST, until the
hoisting or lowering cycle is completed. The pre-
vents inadvertent reversal of the projectile hoist
which would cause the seating of projectiles on the
nose of lower projectile.

Cradle operating controls. The cradle operating
controls, similar for each boist installation are:

Cradle control valve handle
Cradlie lakch
Foot pedal
Interlock (eradle alipnment)
Cradle and spanning trav interiock Limit switch

Projectile indicator lever
Interlock (projectile in cradle)

Cradle controd valve handle, The cradle control
valve handle, a bronze casting, is vertically pivoted
in the cradle control valve mounting flange and is
connected to the valve. Actuated when the valve
handle is positioned toward RAISE CRADLE or
LOWER CRADLE, the cradle control valve functions
a8 described on page 9-12.

Cradle latch., The cradle latch assembly ([ig.
9-13) i5 described on page 9-12. Located on the
ingide of the cradle fulcrum, it latches the cradle
in 8 raised position through its contact with an in-
tegral cradle cam lug.

9-16A/B
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Foot pedal, The cradle latch assembly 18 actu-
ated to release (unlatch) the eradle through a foot
pedal, Located near the cradle operator's station,
the foot pedal is commected to the latch through ahafi -
ing and the lateh yoke, When depressed, the foot
pedal moves the latch down against spring preasure
to remove the latch from contaet with the eradle cam
lug and permit the eradle to be ralsed or lowered,

Interlock {cradle alignment), The cradle lateh
interlock unit is mounted in the gun room compart-
ment forward and below the cradle fulerum. Connect-
ed by linkage to the foot pedal, the unit is arranged
Lo interlock foot pedal operation of the cradle latch
with the loading poaition of the gun., Locked at all
other times,- the foot pedal is released to unlateh the
cradle when a bumper mounted on the loader's plat-
form contacts (at five degrees elevation) a trigper
pivoted in the interiock unit mounting bracket,

CRADLE CaM LUG

G ROL LINE

Lradie and spanning trav interlock limit awiteh,
The cradle and spanning tray interlock [Imif swilch
is mounted on a bracket attached to the cradle ful-
erum, The switch actuates an interlock solenoid in
the elevating gear electric motor controller. A full
deseription of the interlock limit switch and solenoid
asaembly is given on page 5-14 {chapter 5).

Projectile indicator lever, A hook shaped cam,
the indicator lever, is displaced by a projectile as
it entera the cradle, This actuates the indleator

lateh to close the projectile indicator switch,

Inter] ii_{p_ljl:r_‘.tllﬁ in eradle). When closed
by the indicator laich, the projectile indicator
gwitch interlocks the hoist control handle against
movement toward HOIST,
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e
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Figﬁre 8-13, Projectile Holst Cradle and Cradle Control Devices
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Meutral start mnterlock. A neutral starl mnter-
lock switch (flg, 9-18] is located on the underside of
each hoist control handle bracket. It is plunger
operated by a cam on Lhe underside of Lhe hoist con-
trol handle. The switches are connected in series
in the gontroller starting ¢ircoit 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 conlrol and shut-off valve solenoid,

Function control and shut-off valve bardle. The
function control and shut-otf valve handle is inter-
locked with the heisl control bandles through a sole-
noid {fig. 919} The circuoit arranpements prevent
movement of the valve handle unless the hoist control
handles are at peutral position. When the hoist con-
trol handles are at neutral, the neutral interloclk
switches are closed to energlae and retract the sole-
noid to permit valve handle movement.

Door and shutter interlock {parbuckling opera-
tion)., The projectile hoist nses eight door and
shutter interlock switches, four at each loading
level., Beries connected, the switches open to de-
energize solenoids A and B and prevent movement of
the hoist contral 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 switehes close, the solenoids are energized, and
the holst controel handle may be moved,

Cperating handle, Located near the ooter end
on the underside of sach operaling handle {(hoist con-
trol handle) bracket are the gperating handle sole-
noide A and B (fig. 9-18), Connected in parallel, the
solencids are series-connectad with the door and
shutter interlock switches, When de-energized, the
solenoid plungers extend upward through the handle
bracket into a recess in the underside of the holst
control handle to lock it

A solenoid operated interlock 15 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 Lhe hoisting
or lowering cvcle is completed. This prevenls in-
advertent reversal of the projectile hoist which
would cause the seating of projectile on the nose of
lower projectiles. In the event of power [ailure,
the manual retracting mechanism can be used to
ratract the solenoid plunger and the control operat-
ing handle mav be operated.

OPERATION
General

The hoisting {or lowering) of projectiles and the
raising or Iowering of the cradle assembly are man-
ually controlled, hydraulic power-driven operations,
There are no provisions for maneal operation of the
noist or eradle,

With the power on, operations of the hoist
assembly are as [ollows:

Reciprocating action of rack. The rack, con-
neceled to Lhe piston rod of the Tack operating eyl-
inder assembly, has a similar reciprocating action
while either hoisting or lowering projectiles., Asa
hoisting (or lowering) cycle is begun, the rack is
raised by piston action unlil & full stroke (a8 indi-
cated by TOP OF §TROKE illuminaled in the hoist
control indicator) is completed. The rack is then
lowered by piston action until a full stroke (as indi-
cated by BOTTOM OF STROKE illuminated in the
hoist control indicator) is completed, The pext
hoisting {or lowering) cyele 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
hag been lifted into the cradle in the final hoist cycle
{as indicated by DANGER illumingted in the hoist
control indicator) the rack is lowered through a full
slroke, The cradle lowering operation, actuated by
the cradle operating cylinder when permitted by the
cradie solenoid valve, is now begun with the gun
elevaled to ils loading position, the breech opened,
and the gun bore cleared, The eradle operator de=
presses Lhe fool pedal (to unlateh the cradle) and
positions the cradle control valve handle at LOWER
CRADLE, The cradle operating cylinder then ro-
tates the ¢radle and enters the spanning tray into the
open guan breech,.  After the projectile and powder
bags have been served to the gun by the rammer
aasemibly (as described in chapter 10) the cradle
operator positions the cradle control valve handle af
RAISE CRADLE. The cradle operating evlinder then
retracts the spanning tray from the gun breech and
raises the cradle and spanning {ray o a folded posi-
tiom.

Huisting and lowering of projectiles. Projecti lag
are hoisted to the cradle or lowered from it by ma-
nipulation of the interrelated hoist controls. To
hoisl projectiles, the hoisl control handle is posi-
tioned at 8TOP and the function control and shut-off
valve handle at HOIST PROJECTILES, Ailter a pro-
jectile has been parbuckled inio the hoist, the hoist
control handle is moved from STOP to HOIST. This
inititates the hoistl cycle and the rack is raised
through a full stroke to 1t the projectile (o the next
higher level. The hoist control handle is now moved
from the HOIST to LOWER. This initiates the second
half of Lthe hoist eyele and lowers Lhe rack so that Lhe
next hoist cvele may begin,

To lower projectiles, the hoist control handle is
positioned at STOP and the funciion control and shut-
off valve handle at LOWER PROJECTILES. This
action porls auxiliary pump pressare to the hoist
reversal system 10 cause pawl operation for lower-
ing projectiles, The hoist control handle is then
moved from STOP to HOIST; the rack moves up its
[ull stroke {0 raise the projectile in the eradle just
clear of the projectile lateh. The projoectile lateh
ig then retracied manvally to permit downward
passage of the projectile.  Alter the latch is {ully
rotracted, the hoist control handie is moved from

9-148
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HOIST to LOWER. This inttiates the second half of
the lowering cycle and lowers the projectile through
a full stroke until it resets on a tube pawl. The
next |owering cvele is inltiated by mowving the hoist
control handle 1o HOIST to lift the projectile abave
the tube pawl on which it is resting, Both halves of
the lowering cycle are continued until the projectile
i5 at the desired projectile flat level and may he
parbuckled from the hoist,

Starting
The hoist power drive is started as follows:

1. Place the hoist control handle at STOP.

2. Make sure thal the cradle valve handle is

al neuniral position.

3. Place the function control and shut-off valve
handle at HOIST PROJECTILES. This is not essen-
tial to starting the power drive bat is a normal pro-
cedure in anticipation of following operations.

4, Press the START pushbutton.
slopping

The hoist power drive is stopped as follows:

1. Place the hoist control handle at STQP,

9-20A/B
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2. Make sure that the cradie control valve
handle is at neutral position,

3. Press the 8TOP push butlon.
NOTE: In an emergency, the power drive can be
stopped immedialely, regardless of hoist or cradle

pogition, by pushing any one of the three STOP push
buttons.,

Serving projectiles

At both the upper and lower projectile flais,
projectiles are loaded from the inner projectile
rings into the hoists. Projectiles are moved from
the projectile rings (chapter 7) into the hoist by par-
buckling (chapter 8), The spring-loaded shutters at
each loading level retain the projectiles in the hoist
after they are placed within it. Projectiles are
hoisted to the next level as each projectile is par-
buckled into the leading level, provided the control
interlocks are ¢lear. The controls permit loading
and hoisting at either projectile flat.

Filling hoist

The hoist is filled as [ollows: After a projectile
is parbuckied into the hoist, the hoist control handle
is pogitionad at HOIST and the projectile is automat-
ically lifted to the next higher level, The next pro-
jectile can be parbuclkled into the holst as soon as
the loading level is clear. The rack is then lowered
again by positioning the hoist control handle at LOW-
ER. As successive projectiles are parbuckled into
the hoist, the manipulation of the hoist control handle
is repeated as above until a projectile is lifted into
(and latched in) the cradle, nterlocks then prevent
the hoist [rom operating until the cradle is emptied
and returned to its folded position, Thie procedure
is repeated until the demand for projectiles is ended.

Hydraulte action

Hoist hydraulic arrangements are described in
following paragraphs and are shown schematically
in figure 9-15 to 9-18 inclusive.

Hoisting projectiles, The heoist may be filled and
operated to holst projectiles from either the upper or
lower projectile flat loading level. With the hoist
power drive in operation, the crosshead and rack in
the bottom of stroke position {(BOTTOM OF STROKE
dial illuminated), position the function control and
shut-off valve at HOIST PROJECTILES, This canses
HOIST to be continuously illuminated in the hoist con-
trol indicators until a projectile is delivered into the
cradle. As soon as the crosshead rack starte up, the
BOTTOM OF STROKE dial goes out. With the control
handle at the hoist control station to be used at 8TQP,
engage the handle ¢lutch. The hoist control handle is

interlocked at STOP while the hoisl shutlers are held
open by the projectile being loaded into the hoist; the

handle iz releagsed when the shutters close. When the
hoist control handle is operated to hoist projectiles
and fill the hoist (described previously}, TOP OF

STROKE will be illuminated in the hoist control indi-
cator at the completion of each hoist stroke.

After 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 sclenoids) but
can be moved toward LOWER. The DANGER signal
will be continuously illuminated until the cradle has
been lowered and then raised empty to holst position.
Thig condition i3 indicated to the hoist control opera-
for by the DANGER light going out, the gong sound-
ing, and the HOIST light going on,

k ascending ({ig, 9-16). With the holst con-
irol handle (tilting box) offset to HOIST, the follow-
ing conditions exist:

1, Main pump pressure at approximately 1000
ounds per square inch (controlled by relief valve
V1) 12 ported to the bottom of the rack operating
cylinder through line T1, and the piston and rack
ascent, The aystem is replenished through replenigh-
ing valve R1 and lines T4 and T2,

2. Auxiliary pump pressure at approximately 25
pounds per sguare inch (controlled by relief valve
ARV3) is ported to the dual system through the duplex
filter and lines, PX1, PX2, and PX3, This pres-
sure (circulating flow) is blocked from the eradle op-
erating cylinder and is ported to the function control
and shut-off valve FCV through line 1 by the cradle
control valye CCV (positioned at neutral)., Positioned
at HOIST PROJECTILES, FCV directs pressure from
line 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
L4 to the tube pawl control valve PCV, PCV directs
the pressure through line 15 to the top of the tube
pawl operating cylnder C1 (holding the piston down
and extending the tube pawls),

ck descending (fig, 9-16), With the hoist con-
trol handle {tilting box) offset to LOWER, the follow-
ing conditlons exlst:

1. Main pump pressure at approximately 100
ounds per sguare inch (controlled by relief valve
V2} 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
réplenishing valvea Rl and R2 both remain seated,

4. Auxiliary pump preasure at approximately
8O0 1J}pr.ﬂ.n'u.’:ﬂ per square lnch {controlled by relief valye
ARV1) {8 ported to the dual system thro the duplex
filter and lines PX1, PX2, and PX3, Thia pressure
iz 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

ressure from lne L1 (blocking out relief valves

V2 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-
tloned at HOIST PROJECTILES, directs pressure
to the tube pawl ﬂimratin cylinder C1 and the rack
pawl operating eylinder C2 to hold the piston down the
same as when the holst control was offset to HOIST.

3. Auxiliary pump pressure directed to the cra-
dle operating cylinder by CCV through line HP1 holds
check valve R seated. The pressure is ported through
check wvalve § and restrictlion 0 to the bottom of the
cradle operating cylinder. The upper end of the
cradle operating cylinder {3 vented to the supply
E&SE through restriction P, check valve T, and line

8-21
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PROJECTILE HOIST

Lowering projectiles. The hoist may be operated
te lower projectiles from either the upper or lower
control station, With the hoist power drive in opera-
tlon, the projectile to be lowered resting in the cra-
dle; and the rack lowered through & full stroke, posi-
tion the funection control and shut-off valve handle at
LOWER PROJECTILES. Clutch-engage the control
handle at the hoist control station to be used,

- These settings cause LOWER {o be illuminated

in the holst control indicators, They also energize

a 30lenoid to retract the interlock which blocks rais-
ing the rack, and get the interlock which limits con-
trol handle movement for lowering., When the hoist
control handle 1s operated to HOIST to raise the rack,
TOP OF STROKE is illuminated in the hoist control
indicator at the completion of each hoist stroke. The
cradle operator moves aside the projectile latch to
close 8 switch and cause LATCH CLEAR to be illu-
minated in the hoist control indicators. These opera-
tions prepare for lowerlng the projectile from the
cradle and the hoist control operator cam move the
control handle (movement limited by interlock) to
LOWER. Ag the projectile is lowered clear of the
cradie both the LATCH CLEAR and TOP OF STROEE
Hghts are cut out,

Rack ascending (fig, 9-17). With the hoist con-
trol handle {tilting box) offset to HOIST, the follow-
ing conditions exist:

1. Main pump pressure at approximately 1000
pounds per square ineh (controlled by relief valve
RV1) is ported to the bottom of the rack operating
cylinder through T1, and the piston and rack ascend.
The system ig replenished through replenishing valve
R1 and lines T4 and T2.

2, Auxiliary pump pressure at approximately 400

ounds per sguare inch (controlled hﬁ relief valve
ARV2) is ported to the dual system through the duplex
filter and lines PX1, PX2, and PX3. This pressure
is blocked from the ¢radle operating cylinder and is
ported to the function control and ahut-off valve FCV
through line L1 by the cradle control valve CCV (posi-
tioned at neutral). Positioned at LOWER PROJEC -
TILES, FCV directs pressure from line PX2 through
line L3 to the bottom of the rack pawl operating cyl-
inder C2 (holding the piston up and retracting the
rack pawls). In addition FCV directs pressure through
lines L3 and L8 to the top of the tube pawl control
valve PCV, and through lines L3 and LA to the upper
groove of PUCV,

3. Held down by auxiliary pump pressure in line
L, PCV directs avxiliary pump pressure from line
LG through line L5 to the top of the tube pawl operat-
ing cylinder C1 (holding the piston down and keeping
the tube pawls extended into the hoistway). When the
ascending rack cam contacts and forces the valve
cam-lever up, PCV directs auxiliary pump pressure
from line L& through line L7 to the bottom of C1 (hold-
ing the piston up and retracting the tube pawls),

Rack descending (fig, 9-18), With the hoist con-
trol handle (tilting box] offset to LOWER, the follow-
ing conditions exist:

1. Main pump pressure at approximately 100
pounds per sguare inch {controlled by relief valve
RV2) is ported to the tep of the rack operating

¢ylinder through line T2, and the piston and rack
descend, Relief valve RV2 bypasses rack operating
cylinder differential displacement to the expansion
tank, y The repleaishing valves R1 and R2 both remain
acated,

2, Auxiliary pump pressure at approximately
400 pounds per square inch {controlled by relief valve
ARV2) is ported to the dual system through the duplex
filter and lines PX1, PX2, and PX3, This pressure
is blocked from the cradle nfemting eylinder and is
ported to the function control and shut-off valve FCV
through line L1 by the ¢radle control valve CCV [posi-
Honed at neutral). Positioned at LOWER PROJEC-
TILES, FCV directs pressure from line PX2 through
line L3 to the bottom of the rack pawl operating eyl-
inder C2 (holding the piston up and retracting the rack
pawls]. In addition FCV directs pressure through
lines L3 and L8 to the top of the tube pawl control

valve PCV, and throogh L3 and L8 to the lower groove
of PCV,

3. Held up by contact of the rack cam with the

valve cam-lever, PCV directs pressure from line
L8, through line LT te the botiom of C1 (holding the

piston up and retracting the tube pawls). As the pis-
ton and rack descend, the rack cam disengages from
the valve cam-lever and PCV is moved down by pres-
sure in lines L3 and L8, PCV then directs pressure
from line L4 through its upper groove and line L35 to
the top of the tube pawl operating cylinder C1 (hold-
ing the piston down and extending the tube pawla),

Hoist action

General holst action and operation are described
In the following paragraphs,

Hoisting projectiles {fig, 9-19). The cycle of
hoist actions occurring during a projectile heisting
cyele, is as follows:

1. With the hoist full (except the cradie and
hottom stage), the function control and shut-off
valve handle at HOIST PROJECTILES, the rack
lowsred, and the hoist control handle in neatral, the
BOTTOM OF STROKE indicator dial and the HOQIST
indicater light are illuminated. As a projectile is
parbuckled into the hoist the movement of the shutter,
opening o admit the projeciile, opens inferlock
switches which de-energize solenoid B at the lower
hoist control station. The solenoid plunger locks
the holst control handle in newtral until the shutters
are closed again,

2. Movement of the hoist control handle Lo HOIST
opens the function control interlock switeh de-ener-
giging the solenvid in the gun compartment and block-
ing movement of the function contrel and shut-onffl valve
handie. As the rack moves upward

The BOTTOM OF STROKE indicator dial goes out,

The rack pawls engage projectiles al each tube
pawl in succession [rom the bholtom.

The ascending projectiles push the tube pawls
into their respective housings,

The tube pawls move back into the hoistway as the
projectile bases clear them,
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PROJECTILE HOIST

At the top of the stroke, the croashead indicator
switch is closed (fig. 9-20), 1lluminating the TOPD
OF STROKE indicator at the hoist stations,

3. As the projectile enters the cradle (fig. 9-20),
it actuates the projectile Indicator lever to:

Close the projectile lever Indleator switeh to
{lluminate the DANGER indicator,

Open the IlP:rl:leEtilt-:- lever indicator awiteh to turn
out the HOIST indicator light,

Helease the indicator retainer to unloek the cradle.

Open the hoist control interlock awitch (de-ener-

glzing solenoid 4) to prevent raising the rack again
after it has been lowered,

The projectile lateh, which is pushed back as the
projectile enters the cradle, returna to ite normal
position as the projectile base clears it, and thus re-
tains the projectile in the cradle.

4.. When the hoist operator segs the TOPFP OF
STROKE indicator (Huminated, he moves the hoist
control handle fo neutral and then to LOWER.  Move-
ment of the [upclion coptrol handle s blocked by the
solenoid plunger as when hoisting, As the rack do-
geends:

The grosshead indicator switch apens Lo turn oul
the TOP OF STROKE indicator light.

The projectiles come to rest on the tube pawls
and projectile Iatch,

The rack pawls are [orced back against their
gprings ag they pass the projectiles in the hoist,
refurning to their normal positions as they clear
the projectile bases,

The rack comnletes dovwnward stroke. BOTTOM

OF STROKE indicator dial illuminated.

3, The rack having descended and the gun being
at loading position (elevated 5) with the breech open,
the cradle operator depresses the foot pedal to re-
lease the cradle latch, The cperator then moves the
cradle eontrol valve handle to LOWER CRADLE
thereby unfolding the cradle and entering the spanning
tray into the gun breech. During this operation the
DANGER Indicator remains {lluminated and the holst
control handle is blocked against hoisting by the holst
control handle solenoid interlock, These conditions
contimue throughout the operations of projectile ram-
ming, powder transfer from car to tray, powder
ramming, and return of the cradle to its folded posi-
tion, During loading operations of the gun, the hoist
loading operation is belng repeated at the projectile
handling platform, When the gun loading is complet-
ed, the cradle operator movaes the cradle contraol
valve handle fo RAISE CRADLE, As the unit swings
into the hoist pogition, the cradle latch and indicator
retainer move into position to lock the eradle, and
intertock switches are actuated., The hoist control
handle interlock is withdrawn, the DANGER light i=s
cut out, the HOIST indicator Is illuminated, and the
gong la gounded,

Lowering projectiles (tig, 9-21). The eycle of
hoiat actions occeuring ﬁring"a projectile lowering
cyele, i8 as follows:

1. With the cradle open to receive a projectile
(which s backed out of the gun), the hoist control
handles are in neutral and interlocked against hoist-
ing, and the indicator danger dial ie {lluminated, The
cradle operator moves the ¢radle control valve han-
dle to RAISE CRADLE and, as the cradle latches in
folded position, shifts the function control and shut-
off valve handle to LOWER PROJECTILES, This
action:

Cuts out the DANGER indicalor

Illuminates the LOWER indicator

Energizes the solenoid to retract the interlock
which prevents raising the rack,

Pogitions the interlock plunger which limits
hoizt control handie movement,

2, When the LOWER Indicator is 1lluminated,
the hoist control operator moves the contral handle
to ralse the rack until TOP OF STROKE is 1llumi-
nated., The rack pawls are retracted as the pawl
triggers contact the tripping cams, to clear projec-
tiles in the hoist. As the rack reaches the top of its
stroke, the top rack pawl lifts the projectile in the
cradle clear of the projectile latch, as other projec-
tiles are lifted clear of the tube pawls, The cradle
operator then moves the projectile lateh eclear of the

projectile, illuminating the TCH CLEAR indica-
tor at hoist control stations,

3. The hoist control handle is then moved to
LOWER. Az the rack descends, the TOP OF STROKE
and LATCH CLEAR indicator lighte are cut out, and
the tube pawle are retracted long enough to clear the
bases of the projectiles, When near the bottom of the
atroke, each projectile comes to rest on the tube pawl
of the stage below that from which it started. The
rack completes downward stroke and BOTTOM OF
BTHOKR indleator dial iz illominated,

INSTRUC TIONS

The projectile hoist assemblies are to be cperated
and maintained, including periodic exercise, adjust-
ment, and lubrication, in accordance with the regula-
tions of the Bureau of Ordnance Manual, the instruc-
tions below, and the directions contained In chapter 17,

Inspection. At installation, the projectile hoists
are adjusted and checked for proper operation., They
should glve lttle trouble if properly maintained, Pe-
ricdic 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 vigual inspection should cover the
following items:

Alignment of shafting
Electric and hydravlic connections

Fluid level gages

= e ba

Lebrication

The hoist equipment should be exercised daily to
agsure pood performance, Erratic operation should
be investipated to make sure it is not the beginning
of serious trouble,
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Exercige operation., Operate the hoist equipment,
in hoisting and lowering, and the cradle 1n raising
and lowering, at the time of each periodic ingpection,
Thi= must not be less (requent than onee a week with
daily exercise preferred. Exercise is essential to
ald in detection of any malfunction. Freguent exer-
cise operation also prevents the pitting and corroding
that result from exposure, and keeps working parts
from becoming sluggish or inoperative because of
gummed lubricant, sludge, accumulation of dirt, or
selming of parta,

Lubrication. The hydraulic equipment is largely
geli-lubricated by the hydraulic fluid, Lubrication
of the reduction gear, rack and pawls, tube pawls,
eradle, shutters, and other vital parts is prescribed
at definite periods, as indicated in the lubrication
charts appended to chapter 18, Refer to the text of
chapter 18 for information concerning alternative
hibricants, substitution, and general Informatlon
regarding lubrication,

_F“rgﬂew%inn. The exterior, non-rubbing sur-
faces of the holst and all hydraulic units should be
kept painted. Electrical components should be kept
dry and clean and protected {rom the drlpping hydrau-
lie fluid and lubricanta, Perform periodic exercige
operation to keep moving parts and imterlor surfaces
free of residue and to prevent galvanic action,

Installation instructions

When making initial or replacement installations
of any parts of the hydraulic system, observe the in-
stallation instructions of chapter 17 with particular
regard to the following:

1. Handle units with care,

2, Make precision Une-up of plpe couplings,
shafts, and connecting links of valves and cylinders,

3. Do not remove shipping adapters from any
unit untll ready to connect piping.

4, Unit assemblies having the same serial num-
bers must be used in the same hoist installation.
The unlts comprising a drive are adjusted and tested
as sets at manufacture., For maximum performance
they must be ingtalled in sets,

Operating precautions

The following operating precautions must be
obhaserved when preparing the hoist for operation and
when operating, If new or overhauled hydraulic units
are to be operated for the first time, make certain

that all critlcal adjustments of linkage and mechanical
parts have been mado,

Refer to the adjustment paragraphs, beglnning on
page §-32, for dimensiong and clearances,

Before starting the electric motor,

1. Check the hydraulic fluid level in the expan-
sion tanks. Replenish i necessary,

2, Lubricate the assembly as prescribed on the
lubrication chart,

8-30

4. Check the fluid level in the cradle huffer,
Replenish if necessary,

4, I the power unit iz new or has been over-
hauled, or if any lead to the motor or controller has
haen disconnected, verily the direction of motor rota-
tion,

Alter starting the motor and before oparating to
hoist or lower projectiles,

1. Run the motor until main and auxiliary ays-
tem oil temperatures are normal for operation,

2. Malka gsurae 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 rack at low speed. Lower the rack and stop
the motor.

4, After an interval of five minutes, open the
neadle valve vent In the upper head of the rack oper-
ating cylinder, Close the vent and start the motor,

6. Operate the empty holst, the cradle, the
function control and shut-off ".'-’H.iTE.', and the shutters,
to verify normal operation of all indicator and inter-
lock actions.

When operating the hoist.,

To hoist projectiles:

1. Always hold the hoist control handie to HOIST
pasition until the TOP OF STROEKE indicator is
iliumanekled.,

2. While the first four projectiles are boing load-
ed into a hoist, check the brake action. Verity the
solenoid brake release movement and that the brake
drum 18 clean and oil-irec,

3. When operating the first cradle lowering move-
ment with projectile, check the cradle bulfer lor
normal acticn.

To lower projectiles:

1. The cradle operator must verify that the func-
tion control and shol=off valve is ¢perating properly,

2. The cradle operator must not move back the
cradle projectile latch until the rack is at the top of
slroke,

5. When operating the first lowering cycle wWith
projectile, check the rack pawl operaling evlinder,
the tube pawl operating cylinder, and the tube pawl
comtrol valve [or normal, [ull movement,

4. Chec¢k the operating pressures in the pawl
operating hyvdraulic circuits periodically.

6, Alwavs hold the hoist control handle in

LOWER position wnéil the BOTTOM OF ETREOEE
indicator is illuminated.

Hydraulic equipment servicing

Cradle bulffer [luid. The [luid to be used in the
cradle buffer is desionated recoil cylinder Liguid



PROJECTILE HOIST

MIL-G-18604. Cradle buifers should be checked for
replenishment once & month, at which thme they
should be inspacted as follows:

1, Check for full normal spring return of the
buffer plungera,

4, Check the condition of the plunger packings,

d. Verify the tightneas of the buffer housing
securing bolts,

4. Verify the alignment of the plungers and stops,

Hydraulic oil, The power transmission fIuid to
be uged in the hydraulic system 1s that designated as
51F23(0Ord), Use new fluid from a factory-sealed
barrel enly. When transferring fluld, use clean con-
tainers and funneis, When the hydraulic system is
Initially filled, and when replenlshing, the fluid should
be poured through a fine mesh wire strainer of at
least 120 wires to the inch, Cheesecloth or rags
must not be used as a strainer, New hydraulic as-
sembles should be drailned after 15 hours (or less)
of oparation, The hydraulic system should then he
thoroughly flushed with new 51F23(Ord) and refilled
with fresh fluid, A test Inspection and analysis of
an oil sample from each system should be performed
monthly., If there is any evidence of sludge, water,
or :u:iditg the syatem must be drained, flughed with
new 51F ﬁ{ﬂrﬂ}, and refilled with {resh fluid,

Capacity, The amounts of fluld required to fill
the power tranamission systems are as follows:

The cradle operating and hoist reversal system
requires 35 gallons of hydraulie fluid 51F23{0rd)
to fill to the proper operating level,

The rack operating (main heolst) system requires
25 pallons of hydraulie fluid 51F23(0rd) to fill to the
proper operating level,

Draining the system. The hydraulic system,
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 motor at intervals to
completely drain.

Proceed as follows:

1. Drain the power drive expanzion tank through
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 side
of the pump a= the tank drain pipe.

Filling and venting, The hydraulic system, in-
cluding the tanks, iz [illed according to the instruc-
tions of chapter 17, Proceed as follows:

1. Fill the system at Its respective supply tank,

2. Immediately after {illing operate the system
at =low speed,

4. Vent the system.

4, Check and fill the system to the proper level
as Indicated by the fluid level gage (or trycock).

The cradle operating and hoist reversal syatems
are self venting,

The rack operating (maln holst) system 1s vented
through a needle valve In the upper eylinder head.

Cleaning dual oil filters, The oil filter is equipped
with a directional valve sleeve to control the flow of
fluid through either one, or bath, filter clementa, An
ingtruction plate, mounted on top of the filter body,
indicates the direction of fluld flow through the unit,
By directing the flow through one filter element, the
inoperative element can be removed and cleaned while
the hydraulic equipment s belng operated,

To clean, proceed as follows:

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

2, Unscrew and remove the fllter cap from the
other elemaent,

3. Lift out the filter spring and filter eloment,

4, Clean the filter element with dry cleaning
ai:rlrent, Navy Specificetion P-8-0661, and compressed
air,

5. Remove socket type pipe plug from bottom of
filter container to drain sludge and sediment,

G. Flush out filter contalner and replace socket
tﬂ:iﬂ pipe plug. Reassemble filter element, spring,
and cap,

7. Turn directional valve gleeve toward eleaned
filter element and repeat cleaning operations on the
other slemoent,

8. Turn valve sleeve to center position so that
both elements are being used,

Replacing gaskets and shima, Whenever gaskets
or shima are defective and must be replaced, be sure
to check the thickness of the original part, Install
a new pacskel or shim of the same thickness as the
original, Close tolerances in the design of this equip-

ment prevent Indiscriminate use of gaskets and shims,

Oparating trouble diagnosis

The causes of various troubles which may occur
in the projectile holst assemblies are given in the
paragraphs below. The trouble analysis Is in a se-
guence that avolds extensive disassembly until the
more ¢common causes have been eliminated as the
source of trouble,

Motor does not EEE.r%, If the electric motor fails
to start when the -EMERG button is pressed,
cheek the following possibilities:

1, Check the position of the holst control handle,
If the control handle ig in a stroke position, the han-
dle interlock switch will be open, The starting cir-
cult cannot be closed until the control handle is placed
al neutral,

4. Check the controller, circuit breaker, and
fuses. If the circuit breaker is tripped, remember
that the circuit breaker {8 provided as a protection
ior the equipment., Inveatigate all possibilities of
ghort circuit or overload.
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3. Check the 10-ampere fuse in the projectile
hoist control interlock {cireuit @), Check for shorts
if fuses are blown, Install new fuses,

rrrrrrrrr

the
hydraulie equipment will be inoperative, Cheel: the
following possibilities:

1, Wrong rotation of the electric motor shaft,
Check shaft rotation, Arrow on motor housing indi-
cates correct rotation., Switch the lead wires to cor-
rect shaft rotation.

2. Insufficient hydraulic fluld in the system,
Check the fluid level gages. Replenish if necessary.

4. Excessive leakage due to loosely connected
or damaged pipes or oil seals, Check all lines and
flanges in the hydraulic system. Tighten loose llnes
and flanges. Replace defective lines and oil seals,

4, A failure of auxiliary pump pressure may be
caused by a damaged auxiliary pump, a sheared pump
ahaft, or a broken or leaking line. Loosen the flange
fitting on the pump discharge line and cperate the mo-
tor for a couple of seconds. If the pump and shaft

are undamaged, there should be fluid discharge. Check

the pipe lines and connections for indications of leak-
age,

Adfustments

Genaral, Most elements of the projectile hoisat
are installed with fixed settings, determined when
factory-supervised functional tests were completed,
Resetting of adjustable parts 18 described in the
following paragraphs. The pogitiona and movements
described must be pericdically verified by operating
tests, measurements, and gage readings, Certain
adjustable and nonadjustable parts are adequately
lubricated. Clean and Iubricate all parts thoroushly
before attempting adjustment.

Brake adjustment, The solenold brake assembly
Is adjustable for brake actlon, brake release, and
band position. Refer to drawing 231727,

Brake actlon, Brake forque ls adjusted through the

main spring pressure adjusting screw,
To adjust the brake action:
1. Loosen the locknut 231727-54,

2. Turn the adjusting serew 231727-55 In to
increase the brake action. Turn the adjusting screw
out to decrease the brake action,

3, Tighten locknut 231727-54 (after adjustment
ia completed) against the spring yoke 231727-53.

NOTE: This brake iz intended only to hold the
A-end and reduction gear worm againat overhaul
in case of power fallure with the full hoist load. It
ig not a motor brake,

Brake releagse, The brake release is adjusted
to parmit the band to ride clear of the drum (after
the band position is adjusted as described in the next

paragraph).
To adjust the brake release {power on):

1. Loogen the two hex nute 231727-35,
8-32
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2. Position the eyebolt 231727-34 in the adjusting
yoke 231727-38 so that the band 231727-30 rides clear
of the drum 231737-62.

3. Tighten the two hex nuts 231727-35,

HNOTE: The brake release movement must per-
mit the solenoid plunger to "bottom, ' A suspended
plunger will cause the solenoid coil to burn out.

Band position. The band is centered and adjusted
to ride clear of the drum by postioning the band sup-
port voke with the brake released.

To adjust the band position:

1, Turn the hex head adjusting cap screw 231727 -
48 in or out to center the band support yoke 231727-27.
Properly adjusted, the band should have the same
clearance all around the outer drum surface,

Tube pawl cperating mechanism adjustment, The
tube pawl operating mechanism is adjusted to retract
the tube pawls during the firet part of the rack lower-
ing stroke when thenﬁnist is operating to lower pro-
jectiles and to prevent the tube pawls from "sticking"
in the retracied position. Adjustments are made at
the upper and vpper intermediate pawls, the inler-
mediate pawl, and the lower Intermediate and lower
pawls, Before attempting to make the adjustment:

1, Check the length of all operating rods, from
elevig pin to clevis pin, for conformity with dimen-
slons on the detail drawings,

2. Proper operation of the tube pawl operating
mechanism requlires the siroke of the tube pawl op=
erating eylindey piston to be 1,375 inches. Verify
the stroke by starting the motor and placing the
function control and shut-off valve handle at LOWER
PROJECTILES, This will cause the operating cyl-
inder piston to "bottom' in the eylinder, Holst the
empty rack to top of stroke to bring the piston to its
uppermost position., The rack may be kept In this
position untll the measurement is obtained.

3, Cheek the chordal position of each tube pawl
actuating crank center with the dimensions on the
detall drawings, Take the measurements with the
tube pawl operating cvlinder plston "bottomed" and
the pawls fully extended into the holst tube, (crank
center 0, 6875-1nch below centerline of tube pawl
ghaft for the upper, and upper intermediate pawls
and 1.4% inches above the tube pawl shaft for the
lower intermediate and lower tube pawls),

All tube pawl adjustments are made with the tube
pawl operating cylinder piston "bottomed" in the cyl-
inder. The tube pawls must be fully extended into
the hoist tube., There muat be operating pressure
in the tube pawl operating system. The function con-
trol and shut-off valve handle must be positioned at
HOIST PROJECTILES, Under these conditions,
there iz a slight preasure on the top of the cperating
eylinder piston to hold it at "bottom, "

To ad%uﬂt the upper and upper intermediate pawls
(fig. B-32), Refer to drawings 236561 and 236562,

Upper pawl adjustmesnt, proceed as follows:

1. Loosen hex nut 12-Z-8-0 on piston rod
281121-3,
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4. Posgition adjusting nut 231118-2 on piston rod
231121-3 untll there is a gap of 0,125 inch between
the sliding collar 231118-1 and the adjusting mut,

4. Tighten hex nut 12-Z-5-9,

Upper intermediate pawl adjustment, proceed as
follows:

4, Loosen hex nut 12-Z-9-9 on control rod
233130-3,

5., Positlon adjusting nut 231118-2 on control rod
233130-3 until there 1s a gap of 0. 125 between the
sliding collar 23118-1 and the adjusting nut.

6. Tighten hex nut 12-Z%-9-9,

To adjust the lower intermediate and lower pawls
{fig. §-83). Refer to drawing 236564,

1. Back-off the left-hand thread hex nut 23117-8

from the clevis 231066-4 at the upper end of the low-
er control rod 835128-4.

2. Turn the lower control rod 233128-4 ina
direction to make a gap of 0, 125 inch between the
upper end of the elongated slot in the clevis 231066-2
and the clevis pin 231068-5.

J, Tighten hex nut 231117-8 against the clevis
231066-4,

FISTOM ROD
2311213

A  SLIDING
o COLLAR
7 2311181

COTTER FINS
12748241

LOCKNLUT 122549

Fipure 9-22. Projectile Hoist Tube Pawl Mechanism-
Adjustment at Upper and Upper Intermediate Pawls

CLEVIS
(left hand thread
231086

o
HRACKET CGNT%%I?;]EEE
TUBE PAWL ‘:I \ CLEVIS

Lt

L0125 INCH
GAP

CLEVIS PIN EBM

Figure #-23. Projectile Holst Tube Pawl Mechanism -
Adjustment at Lower Intermediate and Lower Pawls

DPlace the function control and shut-off valve
handle ai LOWER PROJECTILEE and operate the
empty rack to verify the operation of the tube pawls.
If the operation is satlsfactory, secure all nuts and
¢levises with cotter pins as shown on the drawlings,

Tripping cam mechanism adjustment, The tripping
eam mechanism 18 adjusted so that the tripping cama
retract the rack pawls during the first part of the hoist-
ing stroke when lowering projectiles, Pawl retraction
musgat be rapid and positive so that each rack pawl
clears the base of the projectile immediately above
it as the rack is ralsed, Adjustments are made at
the upper and upper intermediate tripping cams and
at the lower intermediated and lower tripping cams.

To adjust the upper and upper intermediate tripping
cams (fig, 0-24), Refer to drawing 236550,

1. Position the function control and shut-off valve
handle at LOWER PROJECTILES, Start the motor.

Thia action canses the piston 231123 -6 to move
up through its full stroke of 1,25 inches and seat
against the eylinder head 231123-1.

2. Loosen hex nut 12-Z-89-8 on the lower end of
control rod 233126-2,

8-33
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3. Back off adjusting mat 231082-1 until there i=
a slight gap between the sliding collar 231062-2 and
the adjusting nut, This adjustment i8 made after the

tripping cam is brought to its limit stop by spring
231063 -4,

4, Tighten hex nut 12-Z%-9-8 to lock adjusting
nut 231062-1,

To adjust the lower iptermediate and lower trip-
ping cams (fig, 9-25). Refer to drawing 236558,

1, Pogition the funetion control and shut-off

valve handle at LOWER PROJECTILES, Start the
motor,

2. Loosen hexnut 12-Z-9-8 an the lower end of
control rod 233122-5,

3. Back oif adjusting nut 233122-2 until there is
a slight gap between the collar 233122-6 and the ad-
justing nut.

CYLINQER HEAD 23112341

STROKE RACH PANL
1.25 INCH AFERATIMG
CYLINDER
kN
————PISTON
3311235
LOCKNUTS l
13758
—— N LOCKING
\ " BRACKET
CONTROL ROD F 231052.1
233176.2
1“-\-\-"'\-\.
[
NUT
' 12298
I -~
| ~ GAF
ADJUISTING NUT O | ey J/'j
¥ i
2310621 —r £ [t
LIDING COLLAR=—"
2310622
!
T SPRING
RACK PAWL TRIPPING CAM 2310634

Figure 9-24. Projectile Haist Upper
Tripping Cam Adjustment

9-34

This adjustmeant is made after the tripping cam
s brought to its limit stop by spring 233122-4,

4, Tighten hex nut 12-2-9-8 to lock adjusting
nut 233122-2,

To cheel the adjustments:

1. Pogition the function control and shut-off
valve handle at LOWER PROJECTILES and then at
HOIST PROJECTILES, Measure the stroke of the
operating cylinder piston rod. Proper operation of
the tripping cam mechanism requires a atroke of
1. 25 inches.

2, Secure nuts 12-Z-8-8B on piston rod 233126-2
a0 that there will be clearance between the nuts and
the lugs on control rod locking bracket 231062 -1 (fig,
9-24) when the piston rod is stroked downward.

d. Position the function control and shut -off
valve at LOWER PROJECTILES and bring the ad-
%ust!ng nut 231062-1 in contact with aliding coliar

31062-2 (fiz, #-24), Bring nut 12-Z-0-8 in contact
with sliding collar 233122-8. The tripping cams
should be against thelr stops.

Cradle operating cylinder piston adjustment,
The cradle operating eyvlinder piston must be so
coupled to the eradle that the piston will rot "bottom'
or cover the starting port.

MUT
12798
.-"--P.
COMTROL ROD
233122.5
-
e vl
sy ()
2331221 ™~ ==
\ LOCKMUT
12Za.8
ALEIUETING i
NUT
2331222 — | |
e
o —-
ADJUSTING
NLITS
[ 3287

Figure 9-25. Projectile Holst Lower
Tripping Cam Adjustment
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To adjust the eradle cperating cylinder piston
(fig. 9-T), (refer to drawing Eﬁgﬁlﬁ)):' %

1. Loosen stroke adjustment lock nut 232469-6
on the upper end of piston rod 232489-2,

2. 8lip open-end wrench (part number 12-Z-707-
10) over the parallel flat surfaces of the upper end
of the piston rod.

3. Turn the piston rod in or out of the crank con-

nector 232460-3 until the measurement of dimension
X (fig, 8-T) at the piston rod upper end is as follows:

Cuthoard hoist assemblies,

]y 1o R Lt R T o L1
Center hoist assembly,
inches | e i . 2.13%

4, Tighten lock nut 232469-8 against the crank
connector to secure the adjustment,

Projectile latch switch adjustment, The projec-
tile lateh switch is adjusted to close {and indicate
LATCH CLEAR on the hoist control indicators)
when the projectile lateh is moved to its maximum
position to elear a projectile.

PaWL CARRIER

RACK PAWL

Figure B-26, Rack Pawl Ralsing Projeetile in Hoist

SHUTTER BRACHET

Figure 9-27, Projectile in Hoist, Upper Projectile
Handling Flat

To adjust the projectile latch switch (refer to
drawing 34401):

1. Turn adjusting screw 344338-2 in or out of
the switeh plunger lever 344338-1 50 that maximum
movement of the qprﬁjeutile latch will depress the
gwitch plunger 344338-6 0,15 inch to cloge the switeh.

a. Drill hole through switch plunger lever and
adjusling screw.

4. Insert pin 12-Z-49-9 to lock adjusting screw
in position,

Indicator retainer adjustment. The indicator re-
tainer is adjusted so that a projectile entering the
cradle will displace the indicator actuating cam, and
the retainer will be moved upward enough to permit
the cradle retainer cam to move under the lug on the
retainer.

To adjust the indicator retainer (refer to draw-
ing 232311):

1, Loosen the hex mut on the upper cnd of the
connecting rod,

2, Turn the connecting rod in or out of the yoke
rod until the indicator retainer is properly positioned.

3, Tighten the hex nut on the connecting rod.

8 -85
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Adjustment of main syatem oil pressure, Main
system ol pressure is controlled by the adjusted
spring loads of the identical high pressure (hoisting)
and low pressure (lowering) rellef valves,

Set the holsting relief valve {o by-pass main sys-
tem high pressure at 1000 pounds per square inch.

det the lowering relief valve to by-pass main
system low pressure at 100 pounds per square inch.

Do not increase these pressure settings.

To adjust the relief valve (refer to drawing
297129):

i. Remaove valve cap 207183-2,
2, Remove lock pin 2071681-8.

3. Turn adjusting coupling 207161-2 clockwise
to increase setting, counterclockwise to decrease
soefting,

This adjustment may be made while the pump
iz operating.

Adjustment of pawl control system relief valves,
The dual system pregsures are controlled by two
pressure rellef valves, The adjustments of these
valves are apparent. Refer to drawing 287139,

1. The relief valve for cradle operationa {(also
pawl control Hgﬂtem operations) i= set to relieve at
a pressure of B00 pounds per square inch.

2. When the cradle control valve is at neutral,
the pawl control aystem operates at a pressure of

400 pounds per square inch, controlled by the second
relief valve.

DISASSEMBLY AND ASSEMBLY

General ingtructions

Digasgembly and assembly of the projectile hoist
glectrie-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 holat compo-
nents is readily apparent after examination of the
general arrangement and detail drawings, In general,
assembly will be the reverse of disassembly. To help
in the reassembly of the unit, it i5 desirable to mark
all mating parts such as eams, 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 detall drawlings,

Main pump

The main pump is disassembled according to the
disassembly instructions for the similar elevating
gear A-end unit, deseribed in chapter 3.

Removal and disassembly of hydraulic cylinder

The instructions In this paragraph give the
sequence of operations for removal and disassembiy
of the hydraulle cylinder. Because of its size, posi-
tion, and arrangement, removal is difficult, érlin—
der removal, however, is possible without disturbing
any of the hoist castings. Study drawings 232300,
232310, and 216379 carefully,

Proceed as follows:

1, Disconnect pipe [lange 216383-2 from the
upper ¢ylinder head 216381-1 of the center and left
hoiat=, 216381-2 of the right hoist,

2. Disconnect pipe flange 216383-2 {rom the
lower cylinder head 216382-1,

3. Remove set screw 12-Z-24-150 from upper
end of piston rod 216380-2.

4, Enock out piston pin 218384-2 from the cross-
head 330700-1 of the center hoist, 2330701-1 of the
right and left hoists,

§. Remove the four bolts and secure the upper
cylinder head (218381-1 of the center and laft hoists,
216381-2 of the right hoist) to the intermediate
rack casi {230711-1 and 230718-1 of the center
holat, 217294-1 or -2 and 216296-1 or -2 of the
right and left hoists),

6. Remove the two keys 2163684-4 from the
upper head.

7. Lower the hydraulic cylinder approximately
30. 0 inches so that the tépper cylinder head will clear
the upper projectlle handling platform 230702-1 of
the centor hoist, 230723-1 or -2 of the right and left
hoists.

g. Tilt the h'l_gldraulic cylinder to the side for the
center holst, to the rear for the right and left hoists.

. Remove the upper cylinder head.
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RAMMER

16-inch Rammer Mark § Mods (0, 1. and 2

GENERAL DEECRIPTION

The ramming gear, shown in figure 10-1, is used
in turrets of the IDWA clags battleghips. The ram-
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 168-inch
Bammer Mk 5 Mod 2, All three assemblies are
identically powered and controlied, differing only in
the position and arrangement of some components,
to zeat projectiles in and to serve powder bags o
the Funs,

Type

16=-inch Rammer Mk 5 is an electric-hydraulic
mechanism that drives a folding chain through ram-
ming and withdrawing movements. The mechanism
is manually controlled [rom the rammer operator's
station.

D 515 n Ientureg

The three rammer assemblies of the turret are
independently controlled by the rammer operators
and have no interconneetion. The assemblies have
the same strokes, specds, and degree of sclective
control,

The controls include automatic stops at the limits
of chain movement which are adjusted to function
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 automatically restored to
neutral at the end of a withdraw stroke and at the end
of 3 ram stroke when no projectile or powder is being
gerved to the gun,

Components
The components of each rammer assembly are:
Power drive

Electric motor
Controlier

Speed reducer

Coupling

A=-end (hydraulic pump)
Coupling

Auxiliary pump

stroking control mechanism
B-end {hydraulic motor}

Limit stop mechanism

Supply tank and filter assembly

Rammer

Casing

Sprocket
Sprocket bearings
Bleeve coupling
Chain buffer
Chain

Head link builer
Rammer switch

Controls

Start-stop control

Hand control gear
siroking control
Neutral interlock switch

Cﬂn]j:l onent Iocations

R -

The components have similar locations in the
ingtalled arrangements of the three rammer
asgamblies. The assemblies (fig. 10-1) are lo-
cated to the rear of the transverse bulkhead of the
turret officer's compariment. They are mounted
on foundation weldments attached to the shelf plate
over-hang, together with the cagings of the folding
rammer chains which are aligned with their re-
spective guns, The operating hand lever (rammer
pperator's station) is just forward of the transverse
bulkhead in the gun room compartment, The motor
controllers are located inthe machinery space of the
lower projectile flat, withthe master pushbutton switch

10-1
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located In the gun compartment at the rammer opera-

tor’s station.

Functonal arrangements

The power drive is an electrically driven hydraa-

lie transmission. It drives the folding chain through
a sprocket to ram projectiles to seated positions in
the band slope and gun bore. The installed arrange-
ment of the power drive 1s shown in figure 10-1.

The transmission i8 operated to ram or withdraw
through the manually operated control linkage (fig.
10-10) which actuates the stroking control unit (fig.
10-5). The streking control is a dual-purpose unit
that provides for manually positioning the tilting box
(fig. 10-2) and for automatically restoring the tilting

box to neutral at the end of a ram or withdraw stroke.

e S ——"

The left and center gun rammer assemblies are
identical, except for the arrangement of some hy-
draulic pipes and the positions 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 ram operator’s position.

The right gun rammer agsembly differs from the
left and center installations as followa: the electric
motor and A-end and the B-end are mounted in the
pposite way from like unita of the left and center
inatallations, and the hydraulic pipes are rearranged
to conform to this mounting. The linkage of the hand
control gear {8 arranged for direct connectlon to the
stroking control unit from the left side ram opera-
tor's position.

Performance data

The data are the same for all rammer
Installations.

Travel measuramants:

Projectile travel, In. . . . & o v o .. 226.43
Chain-to-projectile travel, in. . . . . T.925
Chain-to-breech travel, in. . . . . . . 108.025

Welight of projectile:
AP Projectile Mk B, Ib . . . ... s 2700
Rammer chain spead:
Acceleration, full power, ft/sec/Bec. . 23.
— Maximum velocity, fpg . . . . . . .. 1

Time of ram stroke, gec . . . .. ..

in-2

DETAIL DESCRIPTION

Power drive

Components. The components of each rammer
asaembly are:

Electric motor

Controlier

apeed reducer

Coupling

A-end (hydraulic pump)
Coupling

Auxiliary pump

Stroking control mechanism
B-end assembly

B-end (hpdraulic motor)
Limit atop mechaniam
Supply tank and filter assembly

Electric motor. The electric motor i8 a squirrel-
cage induction type. It is mounted on a structural
foundation (fig. 10-1) that ralses it slightly above the
shelf plate. The motor 18 horizonially aligned with
ita integrally housed, flange -mounted speed reducer
directly coupled to the A-end.

Motor data:

5, 07 | R Y e R squirrel cage, induction
Deslgn features . waterproo, fan cool-
Ing, horizontally moun-
ed, reduction gear drive

TIOTBETOWRE o a b i s w b e N . B0
Reavolutions per minute, synchronous . . . 1800
Revolutions per minute, full load . . . . . 1750
Revolutiona per minute, reduction output, full
T D S e e S L e Ve 501
Rotation (reduction output). . .counterclockwise
gpeedelage . . . . . . 0 ¢ 0 4 s« o constant
YVoliage . « + + .+ v o e AL 440
Amperes, full lead . .+ + o v v s s o 83.5
Amperes, locked rotor . . . . .. . 360.0
1L TN R A e R R L L e e R
L PRl U L e A a0
Amblent temperature deg C . , . . . . . . . 40
Torque class . . . normal, low starting current
Weight {including reduction gear), Ib . . . 1750
Manufacturer. Reliance Electric Engineering Co.
Manufactirer's desfgnation . . . . . .. Type AA
B} o oL R PR T T » o 281028

Contactor. Each electric motor 18 powered and
controlled through an across-the-line, magnetic-type
contrpller, Each controller contains a main con-
tactor, overload relays, reset relays, and a hand-
operated circuit breaker. ‘The controller is
operated from a master push button at the
rammer operator’s station. This switch 18 nor-
mally open and ie eclosed by pressing the START-
EMERCG push button. The switch 18 opened by
pressing the STOP push button.
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RAMMER CHAIN CASING A-END RANGEFINDER WITHDRAW BUFFER LEVER GUIDE QUADRANT PROJECTILE LATCH RELEASE LEVER SPARNING TRAY HEAD LINK BUFFER
\
BULKHEAD RANGEFINDER SEAT e = SUPPLY TANK B-END HAND LEVER CRADLE CONTROL LINK RAMMER HEAD LINK GUN BORE
£ j
|
/
|

e i

g 1 e e e e e

| —— e = e
|

STROKING CONTROL SHELF FLATE CONTROL SHAFT RAMMER TRAY CRADLE LATCH CRADLE OPENING BUFFER

' A
ELECTRIC MOTOR SPEED REDUGER SHOCK ABSORBER CYLINDER SPROCKET WHEEL CONNECTING SHAFT CRADLE RELEASE FOOT PEDAL INDICATOR LATCH LOADING PLATFORM SPANNING TRAY FOLDING BUFFER

Figure 10-1. 16-inch Rammer Mk 5§ Mods 0, 1, 3 - General Arrangement
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Controller data.

waterproof, semiautomatic

across - the - line starter,
gontrolled by remote push
batton
Ampere rating, full load . . . . . . . . . . B3.5
Protection
Overload, thermal type
Adjustable range, amp . . . . . . . 18 to 95
Hormal setting, amp . . . . . . i g TR
Short elrcuit, circuit breaker AQB, a.mp .« BT6
Undervoltage
Drop-out voltage . . . . . .+ . o 0 0o . 44
Sealing voltage . . . . . T R e 352
FhoeE Tatng « - won0 o wown e - 50
Weight, Ib . .« . <. & e L S
Manufacturer .. .. . . . . . Cutler-Hammer
Drawing W) S N Y 273045

Speed reducer. The speed reducer is directly
driven by the electric motor and is bolted to the mo-
tor case through an integral flange of the speed reduc-
er housing, The housing encloses a spur gear train
which is immersed in an oil bath for lubrication,

The unit requires 1, 5 gallons of mineral oil, Navy
Symbol 2250, for proper lubrication. The speed

reducer output shaft is connected through a flexdble
coupling to the A-end

CYLIMDER BARREL MAIN LINE TO B-END

CYLINDER BARREL PORT

LINES TO RAMMER CONTROL PISTON

LINE TO EXPANSION TANK

PISTON SOCKET

Coupli The speed reducer-to-A-end coupling,
designate alk size 12FAB, =serves as a flexble
direct drive connectlon between the shafts of these
two units. Similar to the coupling shown in figure
T-9, it consists of two identical steel hubs, a special-
Iy heat-treated and tempered =steel alloy grid spring,
and two identical steel shells which form the cover.
The design gives drive connection through the pgrid
spring, which iz engaged in grooves milled in the
outer flangea of the two hubs gplined to the shafts,
The hubs and grid spaces are packed with lubricant
confined within the two shells by grease seals,

A-end assembly,

The A-end (hydraulic pump),
gure 10-2, consista of the following:

Components
shown in

Case

Main shaft
Cylinder barrel
Pistons
Connecting rods
Socket ring
Universal joint
Tilting box
Valve plate
Maln valves

The A-end is a case-encloged, multicylinder,
type K, vnr!.a.hle—disgianemgnt hydraulic pump of
modified commercial design. It s connected to
and is driven by the speed reducer through the

PISTON CAP KUT CONNECTING ROD SOCKET RING

PISTON CAP
I

|'

LINE TO B-END SOLHET CAP

FRONT COVER

SUPERCHARGE PUMP \

=

RING SOCKET

TILTING BOE

_— PACRING

DRIVE SHAFT

FACKING GLAND

h\

gy () e TRUMNION BLOCK

LINE TO B-END
YALVE PLATE ASSEMBLY

LOCKMUT
CYLINDER BARREL KEY

.

DRIVE SHAFT PIN
SPRING RING

5 " =
% ‘\\
\ HOLSING

RADIAL ROLLER BEARING

TRUMMION BEARING BLOCK
THRUST ROLLER BEARIMNG

Figure 10-2, Rammer A-end, Sectional View
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flexible coupling described in a previous para-
g raph.

Mounting. The A-end (fig. 10-1) mounted on a
foundation weldment of the shelf plate overhang, ia
directly forward of its electric motor. These units
are located on the right aide of the rammer chain
cagings for the left and center gun installations, and
on the left aide of the casing for the right gun in-
gtallation. The A-ends and electric motors are
aligned with their common centerlines parallael Lo and
18.625 inches from the centerlines of the casings.

Presaure and tank connectinga. In addition to the
pipe connections of the main aystem, the A-end has a
tank pressure connection with the B-end case. This
connection functiona for the eirculation and drain of
hydraulic fluid from the A-end to the B-end. There
is aleo a connection from the tank to the supercharge
pump which discharpes through duplex filters to the
A-end valve plate.

Case, A aquare oiltight case comprising a vaive
plate, case head, stroking control mechanism, trur-
nion cap, trunnion bearing assembly, and retainer
encloses the A-end assembly. Forming a sterage
tank for hydraulic fluid in which the active parts ro-
tate, the case has attached mounting [eet that are
bolted to the A-end foundation weldmenta. The gene-
ral arrangement of parts within the case ia the same

as the training gear A-end shown in figure 6-5.

Main shait, 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 shalt i8 made in
the form of a closed yoke to support the univeraal-
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 ghaft i8 supported by a ball bearing in the valve
plate. The splined end of the main shaft ls slmilarly
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 maln shaft. The cyl-
inder barrel contains eleven cylinder bores, which
are of the same diameter throughout the length of the
platon travel. They taper sharply at the end to a
emall cylinder port outlet.

Pistons. Each cylinder bore {s fitted with a pla-
ton, ground and lapped to a smooth-working fit. When
the A-end is transmitting hydraulic power, the fluid
being discharged by the pistona presses against the
ends of the cylinder boree and forces the barral
agalnat the yalve plate to reduce Internal leakage be-
tween barrel and valve plate. This sealing effect in-
ereases a8 hydravlic pressure in the system in-
creages. A drilled hole in the center of the front
tace of each piston admits hydranlic fluld 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 gocket in the plston and is held in place by a aplit
cap, cap nut, and naot lock, Shims are placed between
the cap and plston surface to obtain proper clearance
for the ball end. Each commecting rod is drilled
throughout its entire length to provide for lubri-
cation of the ball and sockets.

Socket ring., The socket ring 18 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 socket
cap nut lock., The socket cap is split to facilitate In-
atallation and removal. The back of the socket ring
has a roller track with two faces which bear against
the hearings in the tilting box. Two slots, located
about the center of the socket ring and 180 degrees
apart, carry the main shaft trunnion bearing blocks
of the universal joint.

Universal joint. Main shaft rotation is trane-
mitted to the socket ring by a universal joint formed
by a trunnion in the shaft yoke. The attached socket
ring 18 free to rotate about the axis of the trunnion,
giving a controlled variation in the length of the
piaton atroke.

Tilting box. The tilting box, a trunnion-mounted
casting inslde the A-end case, varies the angle of the
socket ring with relation to the main shaft, changing
the length of pision atroke from zero to maximum.
It containe two groups of reller bearings which take
the radial and axial thrusts of the socket ring. A
shaft from the tilting box extends through a hole of
the A-end case and 18 spline fitted to the control arm
of the etroking 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 plate {8 a finished
surface againgt which the cylinder barrel rotates.
This surface has two semianmular grooves, called
valve-plate porte, through which hydraulic fluid
flows when power {8 being transmitted. These ports
connect with the power transmission pipes between
the A- and B-ends.

Between the valve plate ports are flal surfaces
called lands. As the cylinder barrel rotates, the
eylinder bores pass in successlon over the landa.
The lands are positioned so that they colncide with
the end-of -stroke of each of the reciprocating pls-
tons. There i8 no pumping actlon when the cylinder
bores pass over the lands. The ball bearings for the
main shaft are ln 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 epring-loaded plunger type, is connected
with a semiannular port of the valve plate. The
valves gperate 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 secpage.

Two-way relief valve. The main system twoway
relief valve .iﬂg:. 10-3) 18 located in the top of the
A-end valve plate. A spring-loaded plunger type
valve, it ia operated by a spring-loaded plunger type
pllot valve within the maln 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 trana-
mission line.

Coupling., The supercharge pump (fig. 10-4) 18
directly coupled to the end of the A-end main shaft
through a flexible coupling. This unit, housed within
the A-end valve plate, consiats of two jaw flanges, a
center member, and four bearing strips. The float-
ing center member, mounted between the 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 coupling has removalile graphite
impregnated bearing strips mounted between the cen-
ter member and the flanges, logether with a grease
reservoir in the center member, to provide lubri-
cation. The coupling is aimilar to the one shown in
figure T-186.

Auxiliary pump (Supercharge pump).

Purpose. The guxiliary pump (supercharge pump),
in addition to replenishing hydraulic fluid in the A-
and B-end cases, provides forced circulation of fluid
through the supply tank. This dissipates heat and
keeps the temperature of the fluld nearly constant.
The supercharge pump (fig. 10-4) is a conatant-dis-
placement, gear-type pump which discharges through
a duplex filter to the supercharge relief and super-
charpe valves.

Mounting. The supercharge pump is flange-
mounted to the A-end valve plate ag shown in figure
10-2.

Relief valve. The supercharge pump relief valve
is a spring-loaded, pressure-operated safety relief
valve, Tt i8 interposed between the duplex filters and
the supercharge valves to maintain & supercharge
pregsure of 50 pounds per sguare inch.

Stroking control mechanism. The rammer strok-
ing control mechanism (fig. 10-5), a housing-enclosed
unit, 18 mounted on the side of the A-end case as
ghown in figure 10-1, It 18 a dual-purpose unit
through which the tilting box is positioned at stroke
and which also acts to restore the tilting box auto-
matically to neutral at the end of a ram or withdraw
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etroke. The stroking control mechaniam ia de-
geribed in full detail on page 10-14, this chapter.

B-end (hydraulic motor).

Componénts. The B-end (hydraullc motor) con-

L T

sigis of the following:

Case

MMain shaflt
Rotating group
Angle box
Valve plate

The B-end (fig. 10-8) {8 a case-encloged, multi-
cylinder, type K, fizxed-displacement hydraulic motor
of modified commercial design. It connects to, and
drives, the rammer chain through the sprocket wheel
described on page 10-10,

Mounting. The B-énd, mounted on a foundation
weldment of the shelf plate overhang (fig. 10-1), is
forward of ita electric motor and A-end. Tt 18 1o-
cated on the left side of the rammer chain casings
for the left and center gun inatallations, and on the

right eide of the casing for the right pun installations.

Aligned paralle]l to and 29.0 inches from the trang-
versge bulkhead of the turret officer’s booth, the
B-end centerlines are at right angles to the center-
lines of the chain casings.

Pregsure and tank connections. In addltion o the

tank pressure connections with the A-end case and
the supply tank.

Case. The valve plate and angle box of the B-end
(fig. 10-8) are enclosed within a sgquare case. Case,
valve plate, and angle box are bolted together to form
an olltight assembly in which the torque-producing
members rotate. The case has attached mounting
feet that are bolted to the B-end foundation.

Main shaft. The B-end main shaft differa from
the A-end shait only in dimensions. An intershaft
disc is located in the main shaft bearing recess
formed In the valve plate. This disc compenaates
for any end piay that results from allowable tole-
rances in the manufacture of other parts.

Rotating group. The retating group of the B-end
{2 bagically the same as the rotating group of the
A-end. It consista of the main shaft and universal
joint, the cylinder barrel with its thirteen pistons
and connecting rods, and the socket ring.

Angle box. The angle box in which the socket
ring rotates forme an end plate of the B-end and 1s
permanently tiited at an angle of 20 degrees. It
forms an end plate of the B-end. The pistons and
connecting rods therefore reciprocate through one
full atroke each time the main shaft makes one full
revolution. The saocket ring rotates in a radial and
thrust roller bearing assembly. The angle box holds
the roller bearing assembly in which one end of the
maln shaft rotates.
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Figure 10-4. Supercharge Pump,
Sectional View

Valve plate. The valve plate forms the other end
plate for tEe B-end. It contains semiannular valve
plate ports (8imilar to those of the A-end) which con
nect with the two power transmission pipes from the
A-end, and it holds the roller bearing assembly in
which the other end of the main shaft rotates, The
cylinder barrel is Held against the valve plate by a
spring which backs up against a flange and spring
ring on the main shalt, Hydraulic fluid is admitted
into or is discharged from each eylinder through the
two semiannular valve plate ports. In addition, the
B-end valve plate containg the 1imit stop mechanism,

Limit stop mechanism. The rammer Jimit stop
mechanism 18 shown In figure 10-7. It is built into
the lower part of the B-end valve plate and 18 driven
by the B-end drive shaft. The limit stop mechaniam
is a gear-driven, valve porting device that stope the
rammer just ghead of 1t8 mechanical 1lmit stops at
the end of the ram stroke and at the end of the with-
draw stroke.

of the following:

Driven gear Decelerate valves
Diriving gear (twa)

Rocker arm Reverae check valves
Siriker pin (two)

Siriker block Flow cutoff valve
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Driven gear. The driven gear of the limlt stop

mechanism 16 an assembly that comprizses a gear hub,

a ring-gear with external teeth, a flat retalner plate,
and six spring-loaded plungers. These components
(fig. 10-T7) are mounted in the gear hub which is
keved to & ball-bearing-mounted driven stub shaft.
The spring-leaded plungers, equally spaced and ar-
ranged radially in the gear hub, fit into six detents in
the internal surface of the ring-gear. The external
surface of the rifg-gear has 81 equally spaced teeth
which are meshed with the driving gear of the B-end
drive shait. The ring-gear and plungers are retained
in position on the gear hub by a flat, cireular refainer
plate which fits into a receas of the gear hub and 1s
holted to it. The assembled arrangement described
above acts as a safety overload device (o permit the
ring-gear to be rotated by the B-end drive shaft
while the gear hub is held stattonary by the rocker
arm and striker pin.

Driving gear. B-end rotation is transmitied to
the driven gear through the drive gear to actuate the
limit gtop mechanism. The driving gear (fig. 10-T)
of the 1imit stop mechanism is an integral section of

the B-end drive shaft. This shaft section has 14 teeth,

equally spaced around its circumference, which mesh
with the teeth of the driven gear.

Rocker arm. The rocker 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 driving gear and the driven gear stub shaft,
At each end of the rocker arm and fastened to it 15 a
siriker 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 decelerate valve is actuated by rotation of
the driven gear.

Striker pin. The striker pin (lig. 10-7} is mounted
in the gear hub of the driven gear assembly. The pin,
moved through an arc of 360 degrees by B-end rota-
tion of the driven gear, makeg contact with the atriker
block of the rocker arm. The rocker arm, depressed
by the siriker pln, actuates a decelerate valve de-
pending on the ram or withdraw direction of stroke to
initiate the limif stop action.

Striker block., The atriker block, a hardened steel
confact plate mounted on the rocker arm, is directly
in the path of the arc of the striker pin.

There are two other striker blocks (fig. 10-7)
which are 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.

Eg_gelernte valves, There are two decelerate
valves, one valve to conirol the deceleration of each
of the ram and withdraw strokes. The valves are
identical spool-type units. The lower wida land of
each valve has a 0.828-inch taper per foot at the upper
part. This taper provides the desired gradual de-
celeration toward the end of a stroke. The valves,
spring loaded, are vertically positioned (fig. 10-7T)
with the lower end of each in the path of a atriker
block in the end of the rocker arm. The timing of the
limit atop action i8 adjustable through a valve core
which ia threaded into the decelerate valve body. The
decelarate valve assemibly, held down in an open

position by a spring, {8 closed by contact of the rocker
arm io throttle the B-end diacharge.

Reverse check valves (two). Each of the two main
transmisgion lines is provided with a reverse check
valve (fig. 10-T) which 18 a spring-loaded ball. The
check valves permit hydraulic fluld to pass In order
that the B-end may rotate at the start of a ram or
withdraw atroke when the respective decelerate valve
ig closed.

Flow cutoff valve. The spring-loaded flow cutoff
valve 18 mounted in the top part of the B-end valve
plate adjacent to the decelerate valve. It is 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 fluid from the B-end case when a de-
celerate valve cap 18 removed to adjust the decele-
rate valve core.

Functional arrangements. The assembled ar-
rangements of the components of the limit stop
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 driven gear.
The driven gear, with its attached striker pin, is
turned by B-end rotation through 360 degrees foreach
full ram or withdraw stroke., Actuated by the driven
gear, the striker pin contacts the striker block of the
rocker arm, which in turn is actuated to contact a
decelerate valve. The decelerate valve i8 closed
against tension of ita spring to cut off B-end discharge.
Because of the tapered sectionof the valve, B-end ro-
tation is brought to a gradual, decelerated stop.

Movament data.

Hammer chain movement
To forward limit at-:-p, full movement,

inches . . . . f b e | R
B-end ahaft 'm!'.ﬂtluli

Full rammer chain movement, number

1 14 41 A S T D g CRE R T . 5.07
Decelerate valve, atart Htart of valve movement

TERTO o aoin v rwca A il in final 90 degrees

Withdraw . . v« e +  infinal 90 degrees
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Supply tank and [tlter assembly.
a square-shaped container with a rounded dome-like
Ltop, iz mounted on top of the rammer chain ¢aging as

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 ¢ap on top. Full tank capacity 12 7.0
gallong and tank capacity to the proper level as indi-
cated on the tank gage is 5,0 gallons., Hydraulic fluid
iz supplied to the main transmission and supercharge
circuits by the tank.

The duplex filters, a separate assembly, are
mounted on the rammer chain casing adjacent fo the

The supply tank,

supply tank., The [ilters are connected in the hy-
draulie line between the supercharge pump and the
supercharge pump relief valve, The assembly re-
moves [oreign matter from the hydraulic fluid as it
ig recirculated to replenish the power drive from
the supply tank.

The rammer is the {olding chain and chain hous-
ing assembly that is driven by the power drive unit.
It congiste of the [ollowing:

Casing Chain buffer
Bprocket Chain

Sprocket bearings Head link buffer
Sleeve coupling Rammer switch

10-9
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Casing, The casing is a cast steel housing formed
by five pairs of [lange-bolied sections. It provides an
enclosed U-couree rofler track for the chain link
rollers. The casing, mounted on the sheli plate as
shown in [Igure 10-1, is looped around structural
elements of the rangeflinder stand foundation. The
forward sectlons of the casings enclose a bronze
chain link guide, the sprocket and sprocket hearings,
and the chain buffer, Clrcular ecovers, hoelted to the
casing over openicge in the side, carry and cover the
sprocket bearings, provide an opening for the drive
shalt of the B-end, and receive any thrust from the
drive shafl,

EEI‘{'E[—:EL The chain is driven by a double-wheel
sprocket which stradales the chain and meshes with
the chain rollers, as shown in figure 10-2, It is an
integral forged sieel sprocket wheel and hub made
with eight teeth with a chord of 4, 87 inches on a pitch
diameter of 12.73 inches. The huab is mounted in
roller bearings enclosed within the sprocket hearing
covers holted to the casing. The drive coupling ar-
rapgement i8 a close-coupled, semi-floating quill
type, driven through a splined sleeve coupling fitted
into female splines of the hollow hub, This design, in
addition to providing close coupling and self-adjust-
ment for any slight-misalignment, also lacilitates
coupling adjustment of chain position with respeet to
drive limit stops. The sprocket welghs 87 pounds
and ig 10,625 inches wide at the hub,

Sprocket bearings. The sprocket bearings are
assemblies composed of three-plece cast hronze
Cazes with specially hardened steel rollers, The
outer diameter of the cage assembly is 8. 85 inches,
and it contains 30 equally spaced rollers. Two roller
bearing assemblies (fig. 10-9) for each sprocket are
arrvanged with an assembly seated in each sprocket
pearing cover. The bearings are nccessible by re-
moving the portable sections of foorplate on either
side of the easing and immediately to the rear of the
transverse bulkhead. [t is not necessary to remove
the portable sectiong to lubricate the bearings. A
grease manifold block, together with copper tubing
leading to the sprocket bearing covers, has been pro-
vided [or this purpose. The block mounted on the
chain casing above the floor plates, has a grease [it-
ting for each bearing,

Sleeve coupling. The sprocket is driven through
a chrome-vanadium sieel allov sleeve coupling, as
shown in [igure 10-8. The sleeve is provided al one
end with 10 male splines that fit into matching female
splines of the sprocket hub. At its opposite end, the
gleeve is provided with 10 female splines that [it onto
the B-end drive shaft. The sleeve is 10. 623 inchos
long and weighs 26, 5 pounds.

Chain bulfor, The chain withdraw buffer (a hy-
draulic typej, mounted in the casing in front of the
sprocket and above the chain Unk guide, is aligned
with its plunger in the way of a lug on the chain head
link (fig, 10-10). The buffer funetions in the final
three inches of chain withdrawing movement. Three
tnrotiling grooves of varving depths provide for
praded fluid displacement [rom the rear to the front
of the plunger piston. The plunger is restored to nor-
mal position by a coil spring within the baffer housing,
There are two rawhide positive stops in the front face
of the housing which prevent metal-to-metal contacl.
When the power drive assembly is properly adjusted,
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the withdraw Limit slop device should stop the chain
.75 inch from the rawhide stops. The plunger pack-
ing conzists of three rows of graphite packing beneath
a threaded gland, and i8 accessible at the front of the
buffer. The fllling hole {{ifted with a plug) is placed at
the top front of the buffer to permitl servicing through
the chain port.

Chain, The rammer chain, shown In flgures
10-%and 10-10, is a hinged-link, roller-type chain
which extends from the driving sprocket as a rigid
cclumn. The chain, an assembly 287. 25 inches long,
is composed of 2 rammer head, head link, 26 male
links, 25 female links, 53 link coupling pins, 108 rall-
ere, washers, and a tail link. The head link, a
leather-faced head, spring and hydraulic buffer as-
semhbly, has a buffer stroke of 2.5 inches. The tail
link, a pusitive stop link, 1s deslgned to jam at the
gprockel in the event of limit stop failure. When this
occurs, Lhe face of the head link extends 13. 8% inches
beyond the posilion of the base of 4 seated projectile,
The chain rollers are arranped in pairs, one on each
outer end of the link coupling pin. The rollers have
[ree rotation on the pin, roll in engapement with the
gprockel, and each roller is retained on its pin by a
washer which is secured by peening over the pin rivet
{except for the t1ail link pin). The male and female
links are¢ cach 5.0 inches from pin center to pin cen-
ter, and welgh approximately six pounds each.

Chain removal and replacement is provided by
arrangements that give access to the lail link and
tail link pin. A casing end cover plate, accessible in
the gun compartment, and (wo small covers acces-
gible in the turret officer’s compartment provide ac-
cess o these parts,

Head link buffer. The bead link butfer assembly
{fig. 10-10) i= o {lxed piston type that buffs the ram-
mer chain as a projectile is seating, The head link,
made of cast bronze, i5 33. 36 inches (rom the end of
the buller body to the pin center. The assembly acts
to buff through compression of a coil spring and the
throttled flow of fluid through three prooves of varv-
ing depth in the head., The plunger packing consists
ol three rows ol graphite packing beneath a threadecd
gland, Bulfer [luid is replenished through a normally
Plugged hole located ab the top of the rammer head.

Rammer switch, Limit Switch ME & Mod 1 with
actualor and mounting bracket are bolied to the turret
oflicer's bulkhead as shown in floure 10-8, This mi-
crosgwitch has one pair of normally open and one patr
of normally closed contacts., The switeh is positioned
to e actuated when the rammer head link moves to
within four inches of its fully retracted position. When
the switeh is actuated during the ramming stroke it en-
crgizes the ¢oil of a MK 5 Mod 1 relay. When the switch
is actualed during the return stroke it closes ite por-
tion of Reacdy Light Circuit 1R {eh. 15} thirough the re-
ioy contacis to energize the powder door valve sole-
noid (ch, 11) and permit opening the powder unloading door.
Contrals
~ The independent rammer control arrangements
for all three instaliations of a turret consist of:

Start-stop control
Hand eontrol gear
Blroking control

Start-stop control. Fach rammer power drive is
atarted and stopped through its electric-power motor
controller (pages 10-2 and 10-3), The controlier
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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
labeled START-EMERG and the other STOP.

Pressing the START-EMERG bulton cloges a
normally open, three-pole switch and energizes the
eoil 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 fallure, the
main contactor opens and remains open until the
START-EMERG button is depressed. An overload
relay opens the circuit when current demand is tos
great. The main contactor may be kept closed to
#eep the electric motor running in an emergency by
holding the START-EMERG button closed. The electric
motor 18 stopped by presaing the STOP button.

Hand control 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 guadrant
Brackets

Shock absorber cylinder
Shaft linkage

Coupling

Hand lever. The hand lever, a flat steel bar ap-
proximately 33 inches long and 0.50=inch thick, is
shaped and drilled [or attaching a handle at its upper
end and a lever pivot at its lower end. Mounted inthe
gun room compartment (fig. 10-1), the hand lever is
the device which actuates the stroking control to in-
itiate a ram or withdraw stroke. 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. Tt is an assembly conaisting of a detent guide, a
gpring -ioadeddetent, and a roller mounted in the de-
tent, which contacts the lever guide quadrant.
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Lever pivot. There are two lever pivots used for
the turret rammer assemblies. The lever pivot lor
the outboard rammer assemblies, attached to the
lower end of the hand lever, I8 a steel casting 10.875
inches long. At its lower end it 18 connected to the
hand control linkage and is pivoted at a point 5.0 in-
ches above thig connection. The lever pivot for the
center rammer assembly, attached to the lower end
of the hand lever, {8 a stee] 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 fo RAM or WITHDRAW actuates the
linkage to offset the tilting box.

Lever puide quadrant. The lever guide quadrant,
attached to the gun room compartment bulkhead atthe
rammer operator’sa station, is a bronze casting ap-
proximately 23.3 Inchesa long. It provides the are on
which the spring detent rides and a groove nto which
the detent roller drops to position the hand lever at
neutral., There are adjustable stop bolts at each of
the guadrants through which the limits of lever move-
ment are adjusted. The lever movement, 17 degreea
33 minutes for outhoard 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 o
indicate lever movement for these actions.

Brackets. The hand control shaft linkage 13 sup-
ported and gecured in proper alignment by brackets
which are bolted to the turret structure. The brack-
ets, all castings, are made of a copper silicon alloy.
A special bracket, used only in installations for the
center gun, encloses a sleeve-type shaft coupling
(flg. 10-11) which is lubricated by a grease (itting in
the bracket.

In each installation, where the linkage passes
through the transverse bulkhead, a linkage housing
spal provides flameproof protection for the turret
officer’'s compartment.

Shoek absorber cylinder. The shock absorber
eylinder ([ig. 10-11), # double-acting spring device,
forms the connecting 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 pogitions the tilting box at neutral.
The device conslsts of a tube with an end plece
threaded on each end of the tube. Within the fube, a
spring compressed between two retainers fits over a
control rod which passes through one end piece and
threads onto the control shaft. The device i8 ap-
proximately 18 inches long at rest.

Shaft linkage. The operating components of the
hand cantrol gear are connected to the stroking con-
trol through an assembly of shaft linkage. The Llink-
age differs for the outboard and center gon rammer
installations. For the similar cutboard gun instal-
lations, there is a direct linkage connection from the
giroking 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 bellerank i8 connected by a clevis pin to
the control shaft which is threaded onlto the control
rod of the shock absorber cylinder. The cénter gun
installation {fig. 10-11) differs in that the hand lever
is on the opposite side of the chain casing from the
atroking eontrol unit, and the linkage must therefore
provide for this offset arrangement. The lever pivot
is spline fitted to a bracket mounted transyverse con-
necting shaft. This shaft, joined near its center
through a sleave-type coupling is connected to the
adjustable connecting shaft by a clevis pin. The re-
mainder of the center gun linkage assembly is the

10-13
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same as the outboard assemblies with the exception
of the bellerank.

Coupling. The shock absorber cylinder ia con-
nected to the atroking control unit through a threaded
sleave coupling (fig. 10-11) and an eyebolt. The
coupling, a steel casting split at one end, 18 threaded
onto the control shaft of the stroking control unit and
ia locked In position through a bolt which passes
through the split end. The eyebolt, threaded into the
coupling, 18 locked In positlon through a locknut. The
eyebolt i8 secured to the shock absorber cylinder
head through a connecting pin.

Stroking control. The rammer stroking control
{fig. 10-5) 18 a housing-enclosed mechaniam mounted
on the side of the A-end (fig. 10-1). It is coupled to
the tilting box described on page 10-4 and to the
hand control gear as described in the previous para-
graph. The stroking control mechanlsm is a dual-
purpose unit through which the tilting box is po-
sitioned at stroke, and which also reatores the tilting
box to neutral at the end of a ram or withdraw stroke.

Componenta. The stroking control unit comprisea
the following:

Housing

Cylinder

Control arm

Control shafi
Trunnion block
Moutral lock roller
Adjustment eccentric

Housing. An oil-tight housing encloses the
atroking conirel mechanism. The housing, a steel
casting, consiats of a cover and integral flanges for
mounting the stroking control mechanism to the pump

caae and for mounting the control cylindera (fig. 10-5).

The housing and cover each contain Integral shoul-
ders which seat ball bearings for the tiiting box shaft.
Within the housing are a control arm, piston, control
ghaft, and a spring plunger with neutral loek roller.

Cylinder. There 18 a cylinder flange mounted on
each end of the housing. These cylinders, deslgnated
large and small control cylinders, provide a hydraulic
diacharge port and chamber, and a dashpot at each
end of the housing. The inner arrangement of the
housing, cylinder, and plston assembly provides a
double~-acting hydraulie platon combined with dash-
pot areas. The dashpots balance movement toward
neutral and center the tiiting box when it 18 hy-
draulically restored to neutral at the end of a ram
or withdraw stroke.

Control arm. The control arm, spline fitted on
the tilting box shaft, 1s located within the stroking
control housing. The arm, a steel forging, ls the
connection between the stroking plston and the tililng
box. The lower end of the arm {8 connected to the
platon {fig. 10-56), and the upper end of the arm pro-
vides a cam detent for the tilting box follower to drop
into.

10-14

Control shaft. The control shafts, Integral parts
ol the stroking piston, extend into the outer chambers
of both control eylinders. One control shaft passes
through a packing and packing retainer (fig. 10-5) at
the end of the large control cylinder. The end of this
shaft 18 threaded for attaching the coupling of the
hand control gear described previously. The con-
trol shafts and the outer chambers of both control
cylinders form dashpots which balance the atroking
piston movement and center the tilting box at the end
of ram or withdraw strokes.

The by-pasa holes (fig. 10-5), drilled in the ends
of the control shafta, are located in such positions
that they will by-pase hydraulie fluld from one end
chamber to the other of the control eylinders. The
holes by-pass fluld Iif the tilting box is slightly off
neutral when the control lever 18 in Its neuiral
pogsition. The fluld flows from one end chamber to
the other by way of elther hole and a sBupercharge
valve, depending upon the position of the tilting box.
This action makes precise neutral location of the
tiiting box unnecessary to prevent creep of the
rammer chaln.

Trunnion block. The trunnion block (fig. 10-5)
forms the connecting link between the stroking pis-
ton and the control arm. The block fits into a recess
at the center of the piston and i restrained against
horizontal movement. The block, attached to and
moved by the control arm, i8 free to move
vertically.

Meutral lock roller. The neutral lock roller
(fig. 10-9) i8 a component of the neutral lock device
of the stroking contrel unit. The other components
of the device are a spring plunger which is attached
to a roller yoke. The yoke provides a ball-bearing
mounting for the neutral lock roller. Thess com-
ponenta, through an adjusatment eccentrie, are lo-
cated vertically above the cam detent of the control
arm and below the interlock awitch plunger. The
neutral lock device i8 mounted on the top of the
gtroking control housing.

Adjustment eccentric. The neuatral lock device,
described above, 18 mounted within the adjustment
eccentric. The eccentric is a rotatable eccentric
aleeve with a locknut. It provides for centering the
neutral lock roller in the cam detent at nautral
poaitions of the tilting box.

Neutral interlock switch. The neutral interiock

ey o

that is used in the electric motor starting circuit.
The awitch, bracket-mounted from the A-end case,
logates the awiteh plunger vertically above the in-
terlock plunger. The switeh opens the starting cir-
cult during the first 1/4-Inch offset movement of the
plungers when the tilting box moves either side of
neutral. The purpose of the switch ia to prevent
starting overload on the electric motor when the
power drive is at a mideycle position with the tilting
box offset from neutral stroke.
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OPERATION
eneral

The starting, atopping, speed, and ram or with-
draw action i8 controlled by the direction and degree
of hand lever movement. The posaition of the control
and limit stop mechanism 18 ahown in fligure 10-11.
The schematic dlagrama Lllustrate in 8Bequence the
phases of circuit flow conditions and resultant
movement of componente during a complete operat-
ing cycle ae described in the following paragraphs.

Start

Perform 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 SYMEOLS

Stopping

When stopping the rammer power drive, pecform
the following operations:

1. Move the hand lever to WITHDRAW and fully
retract the rammer.

2. Place the hand lever at neutral stroke position.

4. Press the STOP button.

Circuit operations

Controls neutral (fig. 10-12), With the rammer
stopped at the end of a withdraw stroke and the hand
lever at noutral, the following condition exist:

1. The A-end tilting box is at neutral (zero tilt).
Mo hydraulic fluid is belng pumped, and there i8 no
preasure in the main hydraulic lines between the A-
and B-ends.

2. The withdraw deceleration valve A is held
cloged by the rocker arm actuated by pin B.

MECHARICAL SYMBOLS

A WITHDRAW DECELERATE WALVE W STROKING CONTROL PISTON A [DECELERATE VALVE ACTUATING PIN
Bl BZ BAaLL CHECK WALVES 0  FRAM DECELERATE VALVL T GLAR WHEEL (DRIVEM)
F RELIEF VALVE {SUPERCHARGE) 55, £2  STROKING WALYES D GEAR WHEEL (DRIVING)
Fv  FILTER BYPASS RELIEF VALVE 5 T, W. X PORTS | TILTING BOX FOLLOWER
G, H SUPERCHARGE VALVES EE, FF, GG, JJ CHAMBERS ] STROKING ARM
K RELIEF WALVE (MAIN SYSTEM) I THROUGH 16 HYDRALLIC LIMES L SFRING

¥ ECCENTRIC ADJUSTMEMT

SUPERCHARGE
P

"~ A-ENT
VALWE PLATE

* 'i'

ROCKER ARM &=

B SUPERCHARGE PUMP PRESSURE
BB T/MNK PRESSURE

HAND LEVER.—

HAMND COMTROL
GEAR LINKAGE
STROKING b .
CONTROL

Figure 10-12, Rammer Hydraulle Schematic - Controls Neutral, End of Withdraw Stroke
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Figure 10-13, ERammer Hydraulic Schematie - Starting to Ram

3. Hydraulic {luid is delivered by the super-
charge pump (At supercharge pressure) through the
duplex filters to supercharge relief valve F to the
tope of supercharge valves G and H, and to the strok-
ing valves 85 and 2%4. From 88 and Z%, sypercharge
pregsure is delivered through line 12 to chamber EE
and through line 10 to chamber FF of the stroking
control piston M.

4. The ram deceleration valve QQ is open.

5. The tilting box is held in neutral position by
the tilting box follower 1, which reats in the detent of
stroking arm J.

starting to ram (fig. 10-13}). When the hand lever
is moved to RAM:

I, Hand lever motion, transmitted through the
hand control gear linkage (fig. 10-13), moves the
tilting box to stroke. As the tilting box moves lo
stroke, stroking arm J forces tilting box follower I
out of the arm J detent. To permit iree movement
of plston M, chambor GG i8 apen 1o the B-end dis-
charge line 9 and chamber FF {8 open to the conkrol
presaure portion of the system (to which chamber
EE is also open) through valve 27,

2. Main aystem high pressure s dellvered from
the A-end through port T to the B-end through lines
1, 2, and 2, through ball eheck valve Bl, and around
valve A to port W ol the B-end o start rotation of the
rammer sprocket. High pressure iz also poried to
chamber JJ to assist in moving the A-end to full

10-16

stroke. The B-end discharge is ported back to the
A-end through lines 8, 6, 4, and 5. Movement ol
withdraw stroking valve 58 by system high pressure
has no effect on the system during the ram stroke.

4. After a few degrees rotation of the B-end, pin
B is disengaged from the rocker arm. Withdraw de-
celeration valve A is then opened by its spring to
permit free flow of hydraulic fuid al main system
high pressure to the B-end.

4. Normal leakage in the main system {8 re-
plenished through line 7 and replenishing valve G
into main aystem return line 5.

Rammer stalled, projectile seating (fig, 10-14).
With the hand lever remaining at RAM and the pro-
jectile seated, the rammer stalls and the B-end can-
not rotate. Main system high pressare bullds up
above the selling of rellel valve K, unseats the valve
and bypasses to part A ol the A-end through lines 6,
4, and 5.

Main syatem relief valve. The main system re-
lief valve is shovwn in flpure 10-3A as it would ap-
pear when operating conditions are normal. If pres-
gure in port L13 rises above 800 pounds per square
inch, check valve A In the plunger V12 is unseated
(fig. 10-38). Fluid under excessive high pressure
flows throogh passages 1, 2, 3, 4, 5, amd 6§ into
chamber C al the top. This excessive high pressure
al the top of the valve together with spring D keeps
the plunger V12 seated against the foree of fluidunder
high pressure beneath V12, Simultanecusaly, fluid

CHANGE 1
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under high preasure flows through passage 7 and
forces the pilot plunger V13 up against spring E

until the upper shouwlder of V13 opens the pressure
port to passage B (fig. 10-3C). This releases the
pregsure in chamber C. Excessive high pressure gn
the lower end of V12 unseats V12 and permits flow of
excessive high pressure from port L13 to port L14.
Unseated momentarily only, V12 seats as soon as
main system pressure drops below 800 pounds per
gquare inch. The effective areas of V12 in ports 113
and L4 are equal; therefore the valve has ldentical
operation for high pressure relief in both drive pipea.

Limit stop control during ramming (fig. 10-135).
With the rammer stopped at the end of a ramming
stroke by the limit stop mechanism, the following
conditions exist;

1. Rammer sprocket rotation, which drives gear
C through rotation of gear D, causes pin B to depress
the rocker arm thereby closing valve QQ and gradual-
ly cutting off main system discharge through QQ into
line 8. The closing of valve QQ decelerates sprocket
rotation. Main 8ystem return pressure build-up in
line 15 opens stroking valve ZZ before QQ ia fully
closed.

2. When opened, valve ZZ directs syatom pres-
sure to chamber FTF of piston M to move the tilting
box back to neutral. As the tilting box approaches
neutral, the preggure in chamber FF drops and the
rate of tilting box movement toward neutral leasens
However, a return of the tilting box to atroke position

CHANGE 1

Rammer Hydraulic Schematic - Rammer Stalled, Projectile Seated

is impossible because of the reduced matn aystem
pressure in chamber FF.

3. Hydraulic fluid, diaplaced by piston M from
chamber EE, {8 delivered to port 8 of the A-end
(through line 12, valve 88, and lines 4 and §) to re-
place main system fluld which entered chamber FF.

Manual stop control {fig. 10-16). While a ram
stroke is being performed, chamber GG i8 open to the
B-end discharge line § and chamber FF is open to the
control pressure portion of the gystem (to which
chamber EE is also open) through valve ZZ. The
rammer is stopped mamally, before the end of a ram
gtroke, by moving the hand lever toward neutral. The
following conditions exiat:

1. When the hand lever is moved toward neutral
(in the direction indicated by the arrow), fluid in
chamber EE la ported to the A-end through line 12,
valve 53, and lines 4 and 5.

2. Fluid in chamber JJ i8 forced back into the
high pressure side of the main system through line
11. Main system return fluid is ported to chamber
G 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 retract (fig. 10-17). When the hand

lever ia moved to WITHDRAW:

10-17
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Figure 10-15. Rammer Hydraulic S8chematic - Limit Stop Control During Ramming
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Figure 10-16. Rammer Hydraulle Schematic - Manual Stop Control
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Figure 10-17. Rammer Hydraulic Schematic - Starting to Withdraw

1. Hand lever motion, transmitted through the
hand control gear linkage, moves the tilting box to
atroke. As the tilting box moves to stroke, stroking
arm J forces follower I out of the arm J detent. To
permit iree movement of piston M, chamber JJ i8

open to the B-end discharge through line 11 and cham-

ber EE i8 open to the control pressure portion of the
aystem (to which chamber FF ia also open) through
valve 38.

2. Main system high pressure ig delivered from
the A-end through port 3 to the B-end through lines
5, 4, 8, and 9, through ball check valve B2 and around
valve QQ) to port X of the B-end to atart rammer
sprocket rotation. High pressure i8 also poried to
chamber GG to assist in moving the A-end to full
stroke. The B-end discharge is ported back to the
A-end through lines 16, 2, and 1. Movement of valve
ZZ by syatem high pressure has no effect on the
syatem during the ram stroke.

3. After a few degrees rotation of the B-end, pin
B is disengaged from the rocker arm. Valve QQ is
then opened by its spring to permit free flow of
hydraulic fluld at main system high pressure to the
B-gnd.

4. MNormal leakage in the main system return line
1 ig replenished through line T and replenishing valve
H.

Rammer withdraw stroke relief (fig. 10-18).
With the hand lever remaining at WITHDRAW and the
limit stop mechanism out of adjustment, the withdraw

CHANGE 1

stroke {8 completed, the rammer stalla, and the B-
end connot rotate, Main system high pressure builds
up above the setting of relief valve K, unseats ihe
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 (ineluding 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 inatruc-
tions in chapter 17.

Exercise operation. The equipment should be
exprcised daily to assure good performance. Er-
ratic operation should be investigated to make sure
that 1t is not the beginning of serious trouble.

Except for the controller overload safety device,
check all elementa of the rammer power and eontrol
assembly for normal operation by operating through
ram and withdraw strokes and by oblaining gage
readings of supercharge pressure. Make these test
at frequent intervals, and always prior to firing.
Make the tests with hydraulic fluid at normal operat-
ing temperature and after observing the operating
precautions on page 10-20, To make aupercharge
pressure tests, connect pressure gage 285851-7 at
sither of the main tranamisgion line air vent holes.

10-19
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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 presgsure 18 less than
35 pounds per square inch, plunger 265809-20 (shown
on drawing 2656781) should be removed and cleaned,
If the pressure is over 100 pounds per square inch,
the filter i8 clogged and must be cleared.

Lubrication. All hydraulic power units are aelf-
lubricating, Other elementa of the rammer asgem-
blies, such as the electric motor, hand control link-
age, and couplings, are to be lubricated in accordance
with the instructions on the lubrication charts.

Operating precautions

The following precautlons must be abserved be-
[ore operating the rammer assemblies:

1. Check the fluid level at the aupply tank to make
sure that there ig sufficient hydraulic fluid in the
syatem. Check the fluid level immediately after
starting the electric motor and at intervals there-
after. Replentsh if necessary.

2. Lubricate the assembly using the lubricants
specified on the lubricating chart. Check the chain
roller pin, for sufficient lubricant.

3. Inspect the withdraw and the rammer head
tuffera. Check the liguid level. Replenish if neccs-
sary as described on page 10-21.

10-20
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Bammer Hydraulie Schematic - Withdraw Siroke Reliel Action

4. Cheoek the electric motor and A-end for cor-
rect direction of rotation.

§. Check the neutral interlock switch adjustment.
Move the tilling box off neutral and verify that the
starting circuit opens. Return the tilting box to neu-
tral.

6. Check and clear the hydraulic system {ilter
cartridgee as deacribed on page 10-21.

T. Start the power drive and gun until the syatem
temperature is about 75 degrees F. With the gun,
projectile holst cradle, and spanning tray at loading
position, move hand lever for a slow ram stroke to
the 1imit stop. Check the shock absorber cylinder
and lever actlons for normal operation, as described
on page 10-19.

8. Check the system temperature frequently when
used frequently. The power drive should not be oper-
ated when fluld temperatures exceed 170 degrees T,

9. The hand lever must be fully returned to its
newtral detent poaition when it is returned from a
ram stroke. 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
stop mechanism. This action will throw the system
out of timing and permit the decelerate valve to open
and jam the tail link before the limit stop acts. When
this occurs, a [ull withdraw stroke must be made to
allow the plungers to reseat in the detents. The
chain should not overrun sufficlently to allow the

CHANGE 1
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plungers to drop in the next detents; if this ghould
happen, adjust as described on page 10-22.

Hydraulie equipment sarvicing

Buffer fluld. The fluld to be used in the withdraw
and rammer head buffers is recoil cylinder liquid,
NAVORD 05 1814, The buffera should be checked for
replenishment once & month, at which time they
should be inspected as follows:

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

2. Check the condition of the plunger packings.

Oheerve the following instructions on the cantion
plate:

CAUTION

BUFFERS TO BE FILLED IN 5" OPER-
ATING POSITION ONLY. WITH PLUNGER
EXTENDED REMOVE FILLING HOLE
PLUG. FILL TO OVERFLOWING WITH
RECOIL CYLINDER LIQUID, THEN RE-
PLACE FILLING HOLE PLUG.

Hydraulic oil. Power transmission fluid 51F23
{Ord) is to be used in the hydraulic system. When
the hydraulic system is inltially {llled, and when re-
plenishing, the fluld sheuld be poured through a [ine
mesh wire strainer of at least 120 wires to the inch.
Cheesgecloth or raga must not be used as a atrainer.
Mew hydraulic assemblies should be drained after 15
hours (or less) of operation. The hydraulic system
should then be thoroughly flushed with new 51F23{0rd)
and refilled with fresh fluid. A test inspection and
analvsis of a fluld sample from each system should
be performed monthly. If there ia any evidence of
sludge, water, or acidity, the system must be drained,
flushed with new 51F23{0Ord), and refilled with fresh
fluld. The total amount of fluld required to fiil each
gystem, when completely vented, {2 approximately 25
gallona for a center rammer and 26 gallons for an
outhoard rammer.

Draining the aysiom. When the system is8 to be
drained, remove the plugs from the bottoms of the
A-end and B-end cases and from the B-end valve plate
cover, To completely drain the B-end valve plate,
refer to drawing 297388 and remove, in order, the
valve screw 2656832-67, the decelerate valve cap
265832-9, the decelerate valve spring 260831-4, the
decelerate valve assembly 265831-38, and valve
265832-85. To completely drain the A-end valve
plate, refer to drawing 207360 and remove the two
stroking valves 265810-32. The atroking valves have
threaded holes for the insertion of 1/4-20NC thread
pulling screws,

Filling and venting. When filling or replenishing
the system, pour the hydraulic fluid Into the supply
tank through a funnel with a sirainer as described
above., This procedare is importanlt because the

tank sirainer is only adeguate to prevent entrance

of coarse foreign matter. Proper procedure for
filling 18 as follows:

1. Eemove the filler cap from the supply tank and
1ill to proper level as Indicated on the gage.

2. SBtart the elecirie motor and allow it to run for
aeveral minotes,

3. Stop the electrie motor and replenish the sup-
ply tank if necessary.

4, Open all air vents in the hydraulic pipea and
gtart the eleciric motor.

5. Run the motor until fIuid that is free of alr
flows from the vents. Stop the motor.

f. Turn the filter handle two complete turna and
replenish the fluid in the supply tank to the proper
level.

Oil filter maintenance, Clean the filter cartridge
by rotating the handle one complete turn. Clean the
filters periodically, depending upon the frequency and
extent of aperation, to prevent cartridge clogging. I
the handle t8 difficult to turn, work it back and forth
until the cleaners free themaelvea, A wrench or other
tool must not be used to turn a plugped filter. If the
handle cannot be worked [reely, remove the cartridge,
wash in solvent, and air dry.

Operating trouble diagnosis.

The following paragraphs describe operating
troubles that may occur in the rammer power drive
and their causes. The power drive i3 designed so
that more than adeguate forces are available to move
all valves. Any trouble that may develop will be due
to dirt or other foreign matter in the system. Poa-
gible sources of such trouble and their remedies are
indicated in the following paragraphs.

B-end falls to deliver {ull torque. Failure of the
B-end to dellver full torque when the A-end is stroked
indicates that the main syvatem relief valve is stick-
ing open. Correct this condition as follows:

Remove and clean the two-way relief valve as-
gembly and ita pilot valve assembly.

Limit stop not functioning properly. Failure of
the rammer to deliver a full ram or withdraw stroke
(or if it tends to overtravel) is probably due to a
sticking decelerate 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 and down until it slides freely.

4. Do not lift the upper land of the valve above
the valve plate for large fluid lose will result.

b. Reassemble beifore operation.
10=-21
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Adjustments

Rammer chain=-1lmit stop adjustment. These in-
giructions provide [or the maximum ram siroke cul-
off positton which provides [or chain travel to com-
pensate for gun erosion.

The parts of the rammer assembly that are ad-
justable for obtaining correct limit stop positions or
for varying the length of chain stroke are;

1. Chain
2. Bprocket and coupling
3. Withdraw stroke decelerate valve

At installation, these components are positioned in
the process of adjusting the limit stop positions.
Subsequent adjustment to vary or increase the chain
stroke only requires readjustment of the ram strole
decelerate valve.

The adjusted positiona of the chain, sprocket and
coupling, and withdraw decelerate valve at initial as-
sembly for a new gun are described in following
paragraphs,

Chain, Clamp the chain at the withdraw limit
atop position. This position locates the rammer
head at 0.75 inch from full withdraw position (with
the rammer head buffer plunger lug 0.95 inch from
the rawhide stops).

Sprocket and coupling. Position the chaln as de-
soribed above, and position the B-end shaft as de-
geribad in the next paragraph. The assembly will be
properly adjusted if the splines of the coupling and
shaft are aligned to engage. If the aplines to not
engage, reposition the sprocket or the B-end shaft,
or both, to correct for the misalignment. Sprocket
rotation of 4.5 degrees is equal to 0.5-inch dis-
placement of the chain, Proceed as followa:

If the misalignment i 4.5 degrees or less:

1. Unclamp the chaln from the position describ-
ed abave,

2, Move tha chain in or out, as necessary, to
engage the splines.

If the misalignment is more than 4. 5 degrees:

1. Uneclamp the chain from the position describ-
ed on page 10-

2, Disengage the chain from the sprocket,

3. Rotate the sprocket one or more teeth and
again engage with the chain and clamp in position.

This shift of sprocket engagement 1s based on

the values of coupling misalipnment as given in the
tabulation on page 10-23.
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Figure 10-13. Withdraw Decelerate Valve,
Limit Stop Adjustment

Withdraw siroke decelerate valve. Before en-
gapging the coupling described in the previous para-
graph, position the B-end at withdraw limit stop 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 decelerate valve cap and spring.

3. Turn the valve core counterclockwise for ite
full movement and back off 3/4 turn.

4. Rotate the B-end shaft in withdraw direction
until the rocker arm lifte the top land of the valve one
inch below the top surface of the B-end (fig. 10-19),

5. Replace the spring and valve caps.

This position of the B-end shaft and decelerate
valve is the desired B-end position for coupling when
the chain is positioned as described praviously, Ii,
due to spline misalignment, the chain has been moved
from this position by 4.5 degrees or leas to coupls,
the decelerate valve core must be readjusted an egui-
valent amount. The relationship of the valve adjust-

ment i8: 3/4 turn is equal to 0. 5-inch chain displace-
mant,

With the withdraw stroke limit stop adjusted as
above and the H-end coupled to the sprocket, the ram
atroke limit stop puﬁitiﬂn is obtaine l;y 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 [low 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 lnch below the top surface of the
B-=gnd.

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 cul-off
movement; the additional chain travel {maximum) is
equal to 4 inches.

Iﬂl&ﬁm:
Coupling Misalignmenis and Equivalent Adjusiments
Valve
Coupling misalignment = Tooth change - adjustment
(degrees) {degree)
id 2 0
19 2 1
16 2 2
15 2 3
14 2 4
13 1 4
12 1 3
11 1 2
10 L 1
) 1 0
& 1 1
T 1 2
£ ol 3
5 1 4
4 - 4
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 position,
adjusted at the clamp coupling between the stroking
control shaft and the shoclk abeorber eylinder (fig.
10-11), is adjusted as follows:

1. Btart the electric motor,

2. Run the chain part of the way out. Slowly
bring the lever back toward neutral until the chain
is motionless.

d. Adjust the coupling until the detent locks.

At the completion of this adjustment the rammer
must not creep when the hand lever is locked al
neutiral.

Tilting box control movement, The hand lever
and linkage give The desired maxlmumn B-end speed
when the hand lever arcs of movement are adjusted
as tabulated below. Stop bolta on the lever jpuide
Auadrant must prevent lever movements [rom ocx-
ceeding these arces.

Hamimer Contral movement from neutral
Right 177 58
Center 179 25!
Lelt 179 33!

Two-way relief valve adjustment. The main
system reliel valve is adjusted To relieve high pres-
Bure in either main Lransmission pipe as follows:

1. With the electrie motor stopped, remove
the valve cap.

2. Turn the adjusting gcrew in to raise the
pressure reliel setting; turn oul to lower the setting,

3. Heplace the valve cap after making sure
that the valve serew (fig. 10-19) is in plaee.

Bammer switch adjustment. The rammer switch
iz adjusted as shown on figure 10-20. The switch
actuating lever is positioned to close the normally
open switch when the rammer head link is four inches
from the [ully retracted position. A switch over-
travel of 1/16 inch is provided.

DISASSEMBLY AND ASSEMBLY

General instructions

The {ollowing paragraphs conlain instructions
for disassembling units of the rammer power drive,
In gome cases a considerable part of the disassembly
procedure will be apparent {rom reference illustra-
tions and by studying the general arrangement draw-
ings. Therefore, only those Instructions which are
pertinent to the order of disassembly and to the more
complex disassembly operations are given. In gen-
eral, assembly will be the reverse of disassembly.
To help in the reassembly of a unit, mark all mating
parts such as cams, gears, and linkages so that
these parts 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 eagier. When piping is removed, do not plug dis-
connected pipe openings with rags or waste material.
The openings must be closed aceording to the instruc-
tions and with the materials specified in chapter 17,
cpecial tools and accessorles used In disassembly of
the equipment are indicated in the instructions.

Rammer ¢hain removal

To remove the rammer chaln, study drawings
233150 and 216401, Two methods of chain removal
are described, Perfurm the following operations:

1. Remove the portable floor plate sections in
the turret officer's eompartment adjacent to the
rammer chain to be removed,

2. Remove the two covers from the chain cas-
ing, accessible in the turret afficer's compartment,
that read "remove cover to extract tall link pin, "

3. Drive out the tail link pin and remove the
two raliers,

4. Remove the sprocket hearing covers.
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Figure 10-20. Rammer Switch and Adjustment.

3. Remove the gprockel coupling sleeve, This
frees the sprocket from the B-end shaff.

g, Hemove the chain by manually dvawing it
ol until ib is free,

Operations 1 through 6 ahove are convenlent for
outhoard rammer installation. Tor 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-
lions above.

2. Open the vents in the main transmission
linoE,

3, Remove the chain by manually drawing it
out until it is free.

This action causes the driven gear to rotate be-
yond its limil 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 ig reassembled, the driven gear must be
zimilarly displaced at the other extreme of chain
moverment and the stop controls readjusted.
Disassembly of the A-end

To disassemble the A-end, refer to drawing
297358 and perform the lollowing operations;

1. Remove the screws and washers which
secure the packing gland (2658032-57) to the fronl
end of the A-end case.

2. Remove the packing gland, gasket and
rotary oil seal.

3. Remaove the stud nuts (269784-32) that se-
cure the case head to the case.

4. Remove the long case bolts (265794-46),

5. Place the A-end assembly, wlth its valve
plate up, on a hollow center stand with Lhe main shall
down in a vertical position.

6. Remowve the valve plate assemibly.

7. Place the tilting box at neutral.

#. Screw eyebalt into top end of main shaft.

9, Remove the rotating group [rom the case
with sultable hoist.

10. Remove the eylinder barrel (265801-43)
and cylinder barrel keys (263800-39).

11. Remove the barrel spring (265800-28) and
the spring ring (265800-37).
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12. Remove the socket eapnut locks (265783-12).

13, Remove the socket cap nuts with socket
eap nut wrench (265851-1),

14. Remove the connecting rod sockets
{265793-4) and tha connecting rods.

To disassemble the universal joint, refer to
section Z2Z of 207358, and proceed as follows:

15. Remowve the taper pins (12-Z-48-104) by
driving out with a punch,

16, HRotate the bearing block 80 degrees, and
remove the universal joint with the bearing block
from the socket ring.

17. Remove retaining pin {(265784-139) from
the trunnion block,

18. Remove the runnion pin.

To disassemble the stroking control unit, refer
to drawing 2658782, and proceed as follows;

19. Remove Lhe control cvlinders {265814-8
and 266814=-12).

20. Remove the cover from the housing.

21. Remaove the locknut (265813-43) and the
eecentric sleeve with its associated parts.

22. Remove the locknut from the tilting box
ehaft and the end ball bearing.

23, Remove the stroking arm, using jack-
serews o the threaded holes,

24. Remove the unit housing,

25. Remove nut (265845-7) and pin (265851-5)
and remove blocks {265812-3), Mark the blocks o
aid in reassembly.

26. Refler to drawing 297359 and remove the
trunnion cap (265802-72),

27. Remove the tilting box.

2B, Bemove the nute that secure the super-
charge pump to the valve plate,

28, Remove the supercharge pump and mark
the paskets so that they will be reassembled in the
same position as remaoval,

30, Disassemble the valve plate, drawing
297360,

31. Remove valve plungers by inserting a
long screw in the valve end.

Assembly of the A-end

Assembly the A-end in reverse order of the
digassembly procedure above.
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Replace all gaskets in good condition.

Tighten 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 oll im-
mediately before assembly to provide lubrication the
instant the unil is started.

Adjust the stroking contrel unit after reassembly
and after 1t 18 vented and filled with fluid. Proceed
as follows:

1. Loosen locknut (265813-43).

2. Rotate the eccentric sleeve so thal 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 awitch plunger when the tilting box 18 on neutral.

Disassembly of the B-end

To disassemble the B-end, refer to duawing
265785, and perform the following operations:

1. Remove the B-eénd from 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 cil seal.

4. Remove the mounting flange and roller
bearing assembly.

5. Remove the stud nuots thal secure the cisc
head to the case.

B. Remove the long case bolls,
7. Remove the valve plate.

B. Place the B-end with it valve plate end
down,

9. Remove the angle box.
14, Serew evebolt into end of main shaft.
11. Remove the rotating group.

12. Remove the ¢ylinder barrel and cylinder
barrel keys.,

13. Remove the barrel spring and Lht Spring
ring.

14, Remove the socket-cap nut locks.

15. Remove the sacket cap nuts with socket cap
nut wrench (265851-1).

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 80 degreecs, and
remove the universal joint with the bearing block
from the socket ring.

18. Remove the rétaining pin from the trunnion
block.

20. Remove the trunnion pin.

21, Disassemble the valve plate (drawing
297388). Remove the cover plate,

22. Remove the retainer plate (265836-15)
from the driven gear assembly.

23. Wrap a strong cloth around the assembly
before 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 ring-gear is removed {rom the gear hub
(207387-4). The safety plungers and springs are
inte rehangeable.

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.

Heplace all gaskets in good condition.

Tighten all nuts and screws, and make sure that
all locking devices are locked.

Keep the components [ree at all times of foreign
matter.

Cover all bearings, pision bores, valve plate,
cyllnder barrel, and valves with a [ilm of oil im-
mediately before assembly to provide Jubrication 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. Bemove these sleel pins after the ring-gear
(265836-41) 18 In place.
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