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OP 769 16 INCH THREE GUN TURRETS 

Inspection. Each assembly should always be in
spected before operating to make sure that there are 
no tools, rags, or other obstructions that will foul the 
actions. Test ope ration of the breech t o verify normal 
actions ·of the breech, firing mechanism, and gas ejec 
t or. After fi ring, inspect and r ecord the liner posi
tion at the muzzle. Check the clearance between the 
liner and screw box liner and r ecord the readings . 

Lubrication and preservation. Lubricate the gun 
assemblies according to the schedules and with the 
lubricants prescribed on the lubrIcation charts 
appended to this pamphlet. Obse rve the instructions 
in the Bureau of Ordnance M~ual as to maintenance 
of oil film on all bright work. Us e canvas muzzle 
cove rs to prevent water from entering the gun bores 
when the tampions are unshipped. See the instruc
tions of chapte r 18 for alternative lubricants and for 
general information concerning lubrication. 

Preservation and s ervice care 

GYn.. Instructions for preservation and care of 
all elem-:!nt s of the gun barrel are prescribed in the 
r evised edition of the Bur eau of Ordnance Manual, 
chapter 3. The.s e include specific directions and 
information applicable to thes e particular guns . Dis
cussed thoroughly are care of the exte rior surfaces , 
the .bore, and the chamber and data in regard to cop
pering, constrictions, deformations , and othe r items 
w~1ich affect the accuracy, life , or ballistic charac 
teristics of the barre l. In addition to the instructions 
of the Ordnance Manual, the following should be 
observed: 

The chromium-plated bor e and the powder cham
ber surface must at all times be coated with a film 
of light mineral oil, Navy Symbol 2110. This oil film 
is to be applied with clean toweling wrapped around 
the bristle bor e sponge ; the film should be replen
ished weekly. The oil film should be removed before 

firing. The gun bore should be swabbed clean and 
rinsed immediat e ly afte r firing, and it should then 
be gaged and lapped, if necessary, t o remove copper 
deposits or constrictions . 

Gun maintenance materials . Approved materials ; 
unauthol'ized materials. Experienc e has shown cer 
tain materials to be adapted for certain jobs in the 
care and preservation of gun assemblies. Other 
materials , found injurious t o the equipment or to 
personnel, must not be used. A list of approved and 
of unauthorized materials follows: 

Coating for bore and chamber of gun. Approved 
oils: Pres ervative oil O. S. 1362, Navy Symbol 
2110, and Navy Symbol 2135 . Unauthorized: Heavy 
oil or grease; organic oils. 

Wash for gun bor e after fi ring. Appr oved: Soda 
solution (one pound laundry soda to one gallon bOiling 
fresh water); or riflebore c leaner O. S. 1426; or 
Diese l oil, 7- 0-2 ; or light mineral oil, Navy Symbol 
2110; or caustic soda solution (three ounces caustic 
soda to one gallon boiling fresh water). Unauthorized: 
Solutions made with salt wate r; or kerosene, gaso
line, or ca rbon tetr achloride. 

Gun bore r inse aftel' cleaning. Approved: Fresh 
water. Unauthor ized: Salt water. 
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Lapping compound for remova l Qf cODper fro m 
.haI..e.... Approved: Pumice and oil paste (equal parts 
by volume of powdered pumice stone and light machine 
oil ); in severe cases, standard issue wi re brush ; a s 
last r e s ort, emery, used sparingly. Unauthorized: 
Sandpaper or harsh abrasives. 

Ma te rial fot: removing "s moke rings" or discolora 
tion fro m gun bore. Approved: Wiping with oil s oaked 
r ag , Unauthorized: All abrasiv es and detergent or 
caus tic s olutions. 

Co ating for breech mechanis m bright work 
Appr oved : Light mineral oil, Navy Symbol 2110 . 
Unauthorized: Heavy oil or grease, orga nic oils . 

Solvent for cleaning firin~ lock Appr oved : Alco
hol. Unauthorized: Ke ros ene, gas oline, carbon tetra 
chloride , caustic or soda solutions . 

Lubr icant for firing lock after clea ning. Approved: 
Light mineral oil , Navy Symbol 2110. Unauthorized: 
Grease s , heavy Oils, organic oils. 

Mater ial for detection of air lea ks in gas ejec tor 
s ys t em. Approved: Light oil or liquid soap. Un
a uthoriz ed: Heavy oil or salt water . 

Lubrica nt for gas check pad. Appr oved: Molyb
denum di sulfide, MlL-L-7866 (Aer). See the cha pter 
on Lubrication fOl the method of applica tion. Un
a uthorized: Oil lubr icants 14- L-14 (Or d) and MIL- L-
16785, or mixtures of white lead and tallow. 

Tools and access ories, Tools used in no rmal care 
and preservation of gun assemblies include s tandard 
is sue too Is and supplies, as well as tools des igned for 
specific applications. Tools for normal use include ham
mers, screwdrivers, standard wrench sets, a nd s upplies 
such as toweling, common sponges, wire brus hes , and 
oil stones, Bore gages,bore lapping heads,and bristle 
bore sponges are designed for specific uses. Each sh ip 
is supplied with a sufficient number of such too Is of the 
proper size. Use of standard issue tools ar,d supplies 
de pends upon the discretion of the officer in charge . 
Spe cia l purpose tools must be used for no purpose other 
than that for wh ich they we re intended, Des ign identities 
and reference drawings of all tools and a cc ess ories are 
giv en in chapter 19. 

Bore lapping head. The bore la pping head (fig. 3 - 24) 
is used for cleaning the bore and r ifling of the gIn. T he 
too l cons i sts of four segments mounted on springs in a 
cir cular block. Emery cloth is attached to the segments 
for cleaning Lhe lands of the bore. In orde r to clea n both 
the gr ooves and the lands, rno lten lead is poured through 
the openings in the bore lapping head whe n the head is in 
serted in the gun bor e . The gun barre l acts as a mold for 
the molten lead. Afte r the lead cools and hardens , the 
bo r e lapping head is pushed through the bore . The lead 
c lea ns the r ifling a s it spira Is through the bore . 

Bristle bore s llonge. The bristle bore sponge 
(fig. 3-25) is us ed in all cleaning, s wabbing, a nd oil
ing operations perfor med on the gun bore . The tool 
is a solid , cylindrica lly shaped, hardwood block with 
many rows of sho r t, stiff bristles a rranged around 
' ts cir cumference. At each end of the tOO l, eyebolts 
are pr ov ided for attachment of the r opes us ed in pull
ing the bore sponge through the gun . 

Bore gage. The bore gage (fig . 3 .. 26 is pass ed 
thrGugh the gun bore to test fo r cons trictions . It is a 
cas t steel frame with two fixed '-diameter, machined 
stee l cylinders attached at eithe r end . The bore gage 
has pr ovis ion for attachment of the r opes used in pull -

GUN ASSEMBLIES 

lng it through the gun . 
Wire br ushes. Wire brushes are to be used mainly 

on the exterio r s ur faces of the gun. In severe cases of 
copper depos it in the bore, the wir e brush may be used 
spar ingly, but only by experienced personnel. 

Breech mechanism. The breech mechanism is to 
be maintained clean at all times and must be free 
from gummed oil, paint, and for eign matter. The 
screw box liner a nd the breech plug threads are to be 
oile d da ily with light miner a l oil, Navy Symbol 2110, 

) 

-::.. ~~ .1 

~~~~----: --- --l 
F:::::::::= ::=----:-._ .. - :-a. 

~ lJ. J~ \ 
~ ::,::51\ 

~ : 
, 
~ . 

rJ 

I 
II \( 

F igure 3-24. Use of Bore Lapping Head in the 
Care and Pres ervation of Gun Assemblies 

Figure 3-25. Use of Bristle Bore Sponge in the 
Care and Preservation of Gun Ass emblies 
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Figure 3-26 . Use of Bore Gage in the Care and 
Preservation of Gun Assemblies 
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OP 769 - 16 INCH THRE E GUN TURRETS 

and then wiped with a clean, dry cloth. When not in 
service, all bright work should be coated lightly with 
light mineral oil as prescribed by the Ordnance 
Manual. Gas check pads are easily damaged or mis
aligned by careless handling of tools and indifferent 
maintenance care. Inspect the pads frequently; they 
must be free from cuts or scratches, particularly 
ones that extend from front to rear. The normal 
thickness of a pad is 1. 759 + .020 inches, measured 

- .000 
through the thickest cross section, but this dimension 
tends to increase as the pad is used in service. The 
maximum safe thickness of the pad, measured as 
above, is 1. 81 inches. Use of a pad with a greater 
thickness will pull the mushroom forward, thus bind
ing the firing lock and caUSing misfires. Pads 
should be lubricated with molybdenum disulfide, as 
de scribed in the chapter on Lubrication. The split 
parts of the split rings must be 90 degrees apart at 
all times. The counterbalanc e springs and closing 
cylinder assembly should be disassembled annually 
and repacked with a spec ial lubricant. The counter
balance springs should be in such adjustment that the 
carrier does not rebound when it contacts the opening 
buffer. For proper breech closure, the air clOSing 
pressure must be maintained as described in the ad
justment of the Mason and Foster valves. The open
ing buffer and the operating lever are filled (and 
replenished) only with standard recoil cylinder liquid, 
NAVORD OS 1914. Buffers are to be filled with the 
gun at 0 degrees elevation. The operating lever safety 
ratchet mechanism assembly should be observed to 
ensure proper function. All components of the breech 
must be frequently inspected for W1due wear, galling, 
distortion, fracture, or corrosion. The condition of 
the se components must be verified before firing. 
The breech assemblies are to be exercised daily. 

Firing lock. The firing lock requires the same 
careful lubrication and rust-preventive maintenance 
as prescribed for the breech mechanism. Before 
f iring, the lock is to be washed in alcohol and lub
ricated. 

When the firing lock is mounted on the mushroom 
stem, the clearance between the lower portion of 
the firing lock wedge and the rear face of the carrier 
should be between O. 130 and O. 177 inch. A clearance 
less than O. 130 inch may indicate that excessive 
expansion of the gas checi, pad has caused the mush
room stem to be pulled forward. This condition will 
bind the firing lock, thus causing misfires. 

Gas ejector. Care of the gas ej ector system in
volves maintenance of the valves, swivel joints, 
pipe connections, and telescoping parts. Freedom 
from leakage at the minimum operating pTessure of 
150 pounds per square inch is required. To check 
for leaks, apply a very light oil at frequent, regular 
intervals to ascertain the air tightness of connec
tions. Swivel joints seal against leakage by pres
sure distension of the preformed packing. Slightly 
adjust the swivel joint collar to stop leakage; never 
sc rew the collar up tight. If the gas ej ector valve 
leaks, remove it and disassemble. Lap the poppet 
and seat, using a fine compound, and wash in 
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alcohol before reassembling. The stuffing box gland 
of the telescoping joint requires occasional resetting 
as wear develops. Replacement and adjustment of 
packing is apparent from the design details. If 
leakage of the seal between the gun and screw box 
liner develops, repack with OS 1162 as prescribed 
by drawing 8-2-954. 

Reduction valves. The reducing valve of the 
breech closing system, when operating properly, 
can be adjusted to completely cut off the air supply. 
If the reducing valve is causing loss of air supply, 
or otherwise operating improper ly, the valve should 
be tested. If necessary, it should be repaired or 
replaced. New Mason valves and those in service 
are disassembled and lubricated with Oil, Navy 
Symbol 1042, before being placed in service, and 
every six months thereafter. The Foster valve has 
a rubber diaphragm that must be protected from oil. 

Operating and maintenance instructions 

For the safety of personnel, and to prevent 
damage to the gun and slide installations, observe 
the following precautions and instructions. 

Preparation for firing. Perform the following 
operat ions in the order given below. 

1. Check the air pressure and differential oil 
supply of the counterrecoil mechanism. See chapter 
4 for procedure. 

2. Check the recoil cylinder fluid level at the ex
pansion line filler . See chapter 4 for instructions. 

3. Check the fluid level and operation of the 
breech opening buffer and the operating lever buffer. 

4. Perform "Before operating" lubrication for 
breech mechanism and slide. 

5. Make sure the salvo latch locking pin is not 
in hole B. 

6. Check the gas ejector and breech closing air 
supply. 

7. Wipe down all bright work. 

8. Wash the firing lock in alcohol and lubricate 
in accordance with instructions of the Bureau of 
Ordnance Manual. Rotate the firing lock 90 degrees 
to mount on the mushroom stem bayonet joint. 
Latch the wedge to the operating bar. 

9. Disengage and stow the slide securing pin and 
elevate the gun to loading position. Retract and 
stow the yoke locking device. 

10. Operate the breech mechanism through two 
closing and opening cycles to verify normal opera
tion of the assembly. 

11. Remove the tompion. 
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12. Wipe the excess oil from the gun chamber 
and bore and from the plug threads. 

13. Inspect the obturator unit for scratches and 
misalignment. 

14. Check lubrication of the gas check pad. 
Lubricate with molybdenum disulfide, MIL-L-7866 
(Aer), as described in the chapter on Lubrication. 

15. Make sure the gas ejector orifices are clear 
of gummed lubricant. 

Preparation for drill. Preparation for drill 
should include a routine check as described above. 
Screw the salvo latch locking screw into hole B. 

GUN ASSEMBLIES 

Observe the backing out precautions of page 3-21. 
After the drill be certain to return the salvo latch 
locking pin to the turret officer's booth. 

Securing gW1 a ssembly after firing. Immediately 
after firing, s ecure the yoke locking device and per
form the following procedure: 

1. Clean the chamber and bore with one of the 
approved materials previously listed. 

2. Pass the bore gage. If the bore gage will not 
pass, wire brushes of standard issue may be used to 
remove suific ient copper to permit passage of the 
bore gage. Use of the wire brush is permitted only 
where the bore gage will not pass, and then only 
enough to allow the bore gage to pass. 

3-20A/B 
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3. Remove all coppe r from the lands with emery 
cloth, if the bore gage will not pass after the use of 
wire brushes. The use of emery cloth is perm itted 
only where the bore gage will not pass, and then only 
enough to allow pass age. 

4 . Coat the entire surface of the bore and cham 
ber with light mineral oil immediat ely after c leaning 
and passing the bore gage. Apply with clean toweling 
wrapped around a bristle bore sponge . Refer to the 
list of materials approved for this purpose. 

5. Disconnect the wedge from the operator bar 
and r otat e the fir ing lock 90 degr ees to r emove f rom 
the m ushroom stem . 

6 . Disassemble and clean the fi ring lock. Wash 
a ll electrica l contacts in alcohol to r emove gr ease . 
Before ass embling, give all pa rts a coat of light min
eral oil to prevent rust. Stow the firi ng lock. 

7. Install the tompion or muzzle cover. 

8. Check the gas ejector valve and air lines for 
leaks, and clean the orifices. 

9. Inspect the breech opening buffer and the op
erating lever buffer; r eplenish liquid if necessary. 

10. Close the breech, depress the gun to 0 degrees 
elevation, and engage the slide securing divic e . 

F ir ing , misfires. Misfires a re usually caused 
by a break in the electrical firing cir cuit. The weak
est part of the electrical firing circuit is the primer. 
T o avoid miSfires, primers must b e handled care
fully to avoid breakage of the platinum, elect rical 
contact b ridge. If the platinum br idge is b roken, 
elect r cal firing is impossible. 

F iring lock . To avoid mis fires, the fir ing lock 
must be perfectly clean at all times . Wash the firing 
lock with alcohol at frequent, r egular intervals . 
Mte r cleaning, lubricate with light mineral oil. The 
firing lock should be mounted only during action or 
during drill periods. At all othe r times, the firing 
lock should be carefully stowed in the turret. 

Breech balanC ing spring , The breech mechanism 
m us t neve r be oper ated with the breech balancing 
spring disconnected . Operation under such conditions 
c ould wreck the assembly. 

Buffer fluid. The carrier opening buffer and the 
operah ng lever buffer are designed to use s tandard 
recoil cylinder fluid. Oil, water, or ot her liquids 
must not be substituted, nor the recoil cylinder fluid 
dilut ed. 

Closing pressure . The adjustment of the reduc
tion valve must not exceed the pre ssure se tting indi
cated on page 3-22 . Higher pressure will re sult in 
greater closing speed and prevent latching of the 
op er a ting lever. 

Bore maintenance. The use of emery, wi re 
brushes , or other abrasives to clean t he bo re must 
be limited to experienced personnel. Exces s ive re
moval of chromium plating and steel must be avoid
ed. Refer to page 3-19 for a list of standard tools 
and accessories~. 

Backing out pr ecautions 

Damage to mushrooms frequently occurs while 
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backing out a dr ill projectile. This damage occurs 
be ause a buffer of insufficient diameter is used be . 
tween the projectile and the mushroom. Use of too 
small a buffe r wi ll permit the projectile to trans mit 
a blow to the side of the mushroom rather than to its 
cent er . This can result in a bent mushroom stem, 
and the possibility of a "blow-back" is introduced. 
The s erious ness of a bent mushr oom stem is empha 
sized by the fact that it is not a lways easily seen and 
it may not cause malfunction of the breech mechanism. 
To prevent a blow-back and possible injury to person
ne l , proper methods of backing out drill pro jectiles 
should be obse rved. Whenever practicable , the guns 
should be t rained fore and aft for a loading dr ill. 
The purpose of this is to reduce the possibility of the 
projectile unseating due to the roll of the s hip before 
the cradle and spanning t ray are in pOSition. T he 
projectile can be backed out by the methods described 
below: 

1. With the complete dummy powder charge re 
maining in the chamber, the gun is elevated to ullseat 
the drill projectile. The dummy powder charge will 
r educe the trave l of the projectile and absorb the im 
pact. The gun is then depressed to loading pOSition 
and the dummy charge is removed. The projectile 
can then be withdrawn by inserting a shell eyebolt in 
the base of the prOjectile and pulling it out of the gun. 
The prOjectile can a lso be backed out further by in
se r ting a buffe r and elevating the gun. 

2. The a lter native approved method of backing 
out a projectile is elevation of the gun with a buffer 
in the powder chamber . The buffer should be cylin
drical and s olidly formed of woven ropes, covered 
with canvas. The diameter of the completed buffer 
s hould be at least as great as a powder bag so that it 
will spread the s hock over the entire face of the mush
room. 

Adjustments 

General. Components of the gun, breech mecha
nism, gas e jector, yoke, and firing lock are of fixed 
arrangement, as indicated by the design details and 
general arrangement drawings . These components, 
precisely fitted at initial assembly, are not adjustable 
except fo r the following units . 

Breech carrier hinge adjustment. The eccentric 
bearing bushing and locking screw arrangement, to 
gether with the hinge pin and bearing, are illustrated 
in figure 3 -27. The axes of the breech plug and scr ew 
box liner a r e brought into accurate alignment by ro 
tating the eccentric bushing , This adjustment is 
correctly made at assembly in the Naval Gun Factory 
and s hould not be altered unless there is positive in
dication of ga lling and seizing in the screw box and 
br eech plug threads. Deter mine the degree of adjust
ment requir ed by lightly painting the threads with a 
mixture of two parts tallow and one part white lead. 
Open and close the breech several times to find the 
areas of greatest thread contact. Re move the locking 
s crew am rotate the eccentric bushings as necessary 
with the spanner wrench provided for this pur pose, 
a nd r epeat the procedure of opening and closing the 
breech . When this adjustm~nt is completed, the 
closing air pressure must be readjusted to reduce the 
speed of breech closure . 

Breech counter balance springs adjustment. The 
counterbalance spr ings are adjusted to balance the 
breech ass embly when it is opened. The adjustment 
is such that when the bre ech is nor mally opened, ii: 
will swing down and latch without a jarring stop or 
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or rebound. The adjustment is made by removing 
the set screws from the adjusting nuts and either 
tightening or loosening the nuts. When the above 
adjustment is achieved, the set screws are replaced 
to lock the adjusting nuts to the rpring rods. 

Compensate for movement of gun hoop and hinge 
lug adjustment. Firing the gun sometimes causes a 
movement of the gun hoops. Consequently, the hinge 
lug would move either fo rward or rearward together 
with the hoop to which it is mounted. Movement of 
the hinge lug would cause a similar displac ement of 
the breech plug. The hinge lug movement is com
pensated for by rotating the adjusting nut (desc ribed 
in the previous paragraphs, "B r eech plug" and 
"Carr ier"). Adjustment can be made , with the 
breec h mechanism open or closed, as follows: 

1. Remove the locking clamp (figs. 3-5 and 3-6) 
fro m the carrier. 

2. Screw the adjusting nut in (or out) as needed, 
to corr ectly position the .breech plug. 

3 . Replace the locking clamp on the carrier. 

4. Lightly paint the screw box threads with a 
m ixture of two parts tallow and one part white lead. 
Open and close the breech several ti m <}s. 

5. Repeat the adjustment procedure until all in
dica tions of galling or seizing, in the screw box and 
b r eech plug threads, have been removed. 

Air r eduction valve, breech cloSing adjustment. 
The a ir system assembly is equipped with either a 
Mason or a Foster reduction valve. These valves 
provide for adjustment of the air pressur e delivered 
to the foot-operated breech cloSing val~. Both 
valve designs are adjusted by means of a s qua re 
head adjusting screw at the top of the valve. The 
initial adjustment at the Nava l Gun Factory, which 
is the desired service adjustment, is one that as
s ure d breech closure and convenient manual latching 
of the operating lever. With a clean breech asse m
b ly, having properly aligned plug and screw box, the 
b r e ech should close properly with 40 pounds per 
square inch air pres sure. In addition, the counter-

LOCKING SCREW ECCENTR IC BUSHING 

HINGE PIN 
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Figure 3 -27. Breech Mechanism Carrier 
Hinge Adjustment 

balance springs must be correctly adjusted and the 
carrier plug bearing and thread well lubricated. 

Erratic breech closure, when the air pressure 
is correctly adjusted at 40 pounds per square inch 
indicates misalignment, faulty lubrication or both. 
The plug bearing m ,lst be properly lubricated to per
m it relatively free axial movement. Excessive 
friction and gummed lubricant will retard breech 
closure and prevent latching of the operating lever. 
The cam rollers must rotate freely when they con
t a rt the rotating cams. If the breech closure is 
e rratic, it must not be corrected by increasing the 
air pressure. 

Hydraulic buffer stuffing box adjustment Adjust
ment of the stuffing boxes to prevent leakage should 
never be so tight that it prevents or slows down the 
spring return of the plunger. If such tight adjust ~ 
ment is necessary to prevent leakage, a new packing 
should be installed. 

A ir line swi vel joint ad justment. Swivel joints seal 
against leakage by pressure distention or the preformed 
packing. To stop leakage, slightly adjust the collar; 
never screw the collar tight. 

Air line telescoping joint stuffing box adjustment. 
The stuffing box gland requires occasional resetting 
as wear develops. Paint the joint with light oil and 
tighten the gland until all leaks disappear. 

Firing lock cocking lever torsion spring. With
in the cocking lever a torsion spring tends to m ove 
the cocking lever toward the lock. The tension on 
the cockincs lever torsion spring may be adjusted by 
turning the torsion washer in the direction of an 
arrow that is stamped on it. Initial setting is with 
the zero mark on the washer in alignment with the 
index line that is scribed on the wedge. 

DISASSEMBLY AND ASSEMBLY 

General instructions 

Disassembly and assembly of guns and gun yokes 
is nor mally performed by personnel familiar with 
the pr ocedure and equipped with standard and special 
tools required for the job. The follOwing paragraphs 
contain instructions for regunning and for removal 
0: the yoke. Included are instructions for the dis
assembly and assembly of the breech mechanism and 
gas ejector system which might not be readily appar
ent afte r an examination of the equipment and general 
a r r angement and detail drawings. 

Refe rence plans. Information referring to turret 
structural arrangements, methods for dismantling 
and removing major components of the gun assem
blies, and for installing gun equipment is given in 
BuShip P lans BB616 7204ZA, and BB616 Z7204ZF. 

Regunning procedure 

General. The gun assembly and turret are de
signed to facilitate gun replacement by sliding the 
gun through the gun port to remove it. The following 
subparagraphs list in sequence the extent of turret 
preparations and the routine operations involved in 
sliding the gun out and sliding a new gun in. The 
yoke design and provisions made to free it from the 
gun shoulder should be studied as a necessary pre
liminary to thes e operations. Gun yokes are design
ed with bearing strips in the front and rear, and 
with white lead and tallow at assembly. This coat
ing has been found inadequate to prevent corrosion 
after exposure to weather. Therefore, grease 
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holes have been provided fo r the periodic injection 
of g rease into the overbored area , to prevent such 
corr os ion. These greasing holes s hould be used to 
inject penetrating oil at the time of regunning, if dif
ficulty is encountered in removing the gun from the 
yoke . 

Preparation for unyoking and sliding gun out of 
turret. 

1 . Prepare a plan fo r the deck layout of the re
gunning rig that will clear all parts of the shIp and 
all deck installations. 

2. P repare a plan for suitable shoring under the 
location for the r egunning r ig. Install t he shoring. 

3. lay timbe rs on deck as a foundation for t he 
regunning r ig. The top of t he timbers must be in a 
p lane precisely parallel to the cente r line of the gun. 

4. Layout, dri ll, and tap the unde r side of the 
turret r oof for the yoke supports . 

5. Remove the pr ojectile cradle and spanning 
t ray , cradle fulcrum s , and cradle operating cylinder. 
Remove the cradle p'lmp expansion tank. 

6. Remove the upper powder t runk door. 

7 . Remove the breech plug , carrier hinge lug, 
and complete operating assembly. 

8. E levate the gun to about 30 degrees and re 
m ove the gun cover and wiping ring . 

9. Depress the gun to 0 degrees and ins ert the 
slide s ecur ing pin. 

10. Bleed the counterrecoil a ir pressure. 

11. Disconnect the recoil piston and the counter
recoil yoke rods. A special spanner wrench 8 -Z - 915 
- 5 is provided for removal of the yoke r od lock nuts. 

12 . C lear the gun port gas sea l from behind the 
face plate. There must be enough clearance t o pe r
mit rigging an oak timber inside the gun port, above 
the Slide , to act as a toggle. Or , r emove s om e 
scarf bolts from the turret roof di rectly behind the 
gun and secure a pad eye there. 

13 . Secure a gun clamp or use wire rope lashing 
and s hackle for pulling the gun out of batt er y. 

Unyoking . 

1. P ull the gun out of battery to position for rig 
ging the yoke supports. Rojs must be inse rted in the 
yoke as the gun comes back, because the re is not 
s ufficient r oom to insert them when the gun r eaches 
the unyoking position. 

2 . Rig the yoke supports and turn up the turn-
buckles hand tight. 

3. Rig the gun for pulling out. 

4. Case loose the yoke locking ring. 

5. Pull the gun forward until the yoke ring can 
be removed. 

6. Remove the yoke ring . T his ring is in halves. 
The lowe r half is comparatively easy to remove. 

GUN ASSEMBLIES 

Remove the secu r ing bolts, jack the half ring out of 
rabbet , and drop the lower half. The upper half can 
not be jacked entirely clea r . It must be rotated 180 
degrees until it can be dropped. Jacking bolts and 
small eye bolts a r e used in this operation. 

7. Continue pulling the gun forward until the 
yoke key can be removed . 

8. Remove the yoke key. 

9. Engage one or two threads of the yoke locking 
ring in the yoke. 

10. Continue pulling the gun clear of the yoke. 

Sliding gun out. 

1. Place regunning r ig on supporting timber s. 

2. Check to verify that the plane of the top of the 
rails is parallel with the axis of the gun. 

3. Adjust the rails laterally until they center on 
the gun and are precisely parallel with the gun . This 
is the mos t important part of the procedure. If the 
r ails a r e not exactly parallel with the gun, the gun 
will jam r epeatedly in leaving or entering the s lide. 

4. Place a c r adle with a large radius on deck be
hind the rails. P lace a cradle with a small radius at 
the rear of the rails. 

5. Pull the gun out until the machined surface 
prot rudes beyond t he front of the cradle and the gun 
breec h is at the mid -point of the first or second s lide 
liner . 

6 . Turn up t he vertical jacking bolts on the cra 
dle until a thin feeler will pass at the top between the 
breech end of the gun and the slide liner . This m eans 
that the c radle has begun to take the load. It is a 
very s low proces s to tu rn up the vertical jacking bolts 
by hauling a wrench with a pipe extension on the han 
dle . The jacking is easier and faster when the largest 
si.ze impact wrench is used. 

7. Continue hauling the gun out until the breech 
is in the next to last, or the fifth from the rear, slide 
liner. 

8. Ins tall the r ear cradle on the rails and jack up 
until the thin feeler will pass at the bottom between 
t he breech end of the gun and the slide liner. 

9. Continue pulling the gun out until it is clear of 
the s lide and ready for lifting. 

Installing new ~. Lift the old gun clear and 
place the new gun m the c r adles, in the same po 
sition as the old gun. Secure the gun clamp to the 
gun. Lead st r ipping should be packed between gun 
clamp and the gun. 

1. Rig the gun for pulling in . 

2. Pull the new gun up close to the slide and 
check with a straight edge to determine whether t he 
gun will enter, If the gun will not enter, use the jack 
ing bolts as necessary. If adjustment of the horizon 
ta l jacking bolts is necessary, the rails must be kept 
paralle l with their original position. 

3. P Jll the new gun into the slide until the second 
slide liner is entered. Slack down on the vertica l jack 
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bolts of the rear cradle . When t he cradle is loose, 
d r op it to the rear of the r ails. 

4 . Continue pulling t he gun in until the key is 
close enough to the front of the slide to permit align
m ent. 

5 . Rig a jack under t he lower s ide of t he gun 
cla mp; jack until the key a ligns with the keyway . 

6. Continue pulling the gun in until the fifth s lide 
liner is entered. 

7. Slack down on the vertica l jacking bolts of the 
front cradle . It may be necessar y to b r ing the rear 
cradle to the f r ont and again take up the weight of the 
m uzzle . If this is done, packing should be placed be 
tween the gun and the cradle . As an a lte rnative, a 
crane can be used to take a s t rain under the muz z le 
end of t he gun. Failure to do one or t he ot her in 
cold weather may cause failure of pa rt of the rig . 
A heavy strain is needed to start the gun m oving from 
this very muzzle-heavy pOSition. 

8. Continue pulling the gun in until the yoke key 
and yoke ring can be installed . T he rails are now 
no longer needed and can be r e m oved . 

9 . Unthread the yoke locking ring and pull it for
war d , clear of the yoke ring rabbet. 

10. Install the yoke ring and the key. 

11. Continue pulling the gun in until it is in posi
ti on in the yoke. 

12. Secure the yoke locking ring. Remove the 
fo rward yoke supports. 

13 . Rig for hauling the gun back to batte ry. 

14 . Haul the gun back to battery . The gun m ay 
b e har d to start in motion in cold weathe r . If neces
s a r y , rig a jack between the p r ojectile c r adel shelf 
and the yoke to start the gun' s for wa r d m otion. T his 
is done to minimize the strain on t he hauling out rig. 

Note: With the recoil and counterrecoil r ods dis 
connected, there is no dashpot to cushion the gun' s 
fo r wa r d motion. P ieces of soft wood should be used 
b etween the yoke and slide to avoid metal to m etal 
contact. 

15. Remove the yoke supports. 

Breech mechanism 

Weight tabulation. To facilitate handling of the 
breech mechanism, a table of weights for p r incipal 
parts 1S listed below: 

Sc rew box liner, pounds ....•.......... 1470 
Hinge lug, pounds . . . . .... ... .... ... .. 458 
Carrier, pounds ...... . .. . . .. . .. .. . . .. 571 
P lug, pounds.. . ... . . . . ... ......... . .. 1403 
Counterbalance and closing 

cylinder assembly, pounds.. . ... ..... 248 
Mushroom, pounds .... ... . ... ...... .. 223 

Disassembly. The following para graphs contain 
instructions pertaining to the dis m antling of the 
b reech m echanism. To do this , the gun must be at 
o deg r ees elevation with the slide securing pin seated 
and the yoke locking device connected. 
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1. With the b r eech closed, remove the bear ing 
plat e and dis assemble the firing mechanism. 

2. Ope n the breech and remove the m 1ls hr oom 
nut and spring . 

3 . Lift t he mus hroom from the plug and r e m ove 
the gas check pad and split r ings. 

4. C lose the br eech. 

5. Rem ove and drain the b r eech opening buffer . 

6. Remove the counterbalance and closing cylin 
der assemb lies . When opening the breech after re 
m oving the counterba lanc e s prings, support c ribb ing 
a nd r igging must be placed fo r lowering the carrie r 
and plug. 

7 . Rotat e the plug until the threads are fully 
disengaged from t he screw box liner threads . Dis
connect t he ope rating lever connecting rod f r om the 
p lug pin. Lowe r t he carrier and plug with appr opri
a te t ack l e . 

8. Remove the following parts in sequence: The 
salvo latch group from the breech and slide. The 
breech handle. The gas ejector plate. The uppe r 
rotating cam. The cam and roller brackets and r oll 
e r s . The br e ech operating lever connectlllg rod and 
pawl and brac ket s ubassembly from the operati ng 
lever. The opera ting lever. 

9 . Rem ove the breech plug. 

10. Re move the holding-down latch. 

11. Rig shoring to support the car rier in t he open 
p osition. Remove the ca r ri er hinge pin bearings and 
t he hinge pin. Remove the carrier. 

12. Re m ove the hinge lug from the gun shoulder. 

13 . R emove the lower rotating cam. 

As semb ly. F or as sembling the breech mech a 
nism, proceed as follows : 

1. P la ce the lower rotating cam in position and 
secur e . 

2. Mount the hinge lug on the gun shoulder a nd 
bolt tight. 

3 . Rig shoring to s upport the carrier in open 
pos ition . Assemble t he carrier and hinge pin with 
appr Oximate a dj us tment of the eccentric bearing. 

4 . As s emble the holding-down latch. 

5 . Mount the breech plug on the carrier, taking 
car e to a lign the plug with the control arc. 

6. Assemble the following parts in sequence: 
The breec h operating lever. The connecting rod and 
pawl and bracket subassembly to the operating lever. 
The cam roller brackets and rollers. The upper 
r otat ing cam. The gas ejector trip plate. The 
breech handle. The salvo latch group to the breech 
and slide. 

7. Raise the carrier with appropriate block and 
tack le. Engage the plug in the screw box liner . 

8 . As semble the counterbalance and closing cyl
inde r components. 
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9. Mount the breech opening buffer and fill to the 
proper level . 

10. Open the breech. 

11. Assemble the gas check pad and split rings 
and mount the mushroom in position. 

12. Place the mushroom spring in position and 
tighten the mushroom nut. 

13. Assemble the firing mechanism and mount 
the b earing plate. 

The ass embly operation is completed with the 
adjustment of the carrier hinge eccentric bearings, 
the counte rbalance springs, and the air reduction 
valve. 

Firing lock 

Disassembly and assembly. Disassembly of the 
firing lock is apparent by inspection. Assembly must 
be performed in a definite order. 

To assemble Fi ring Lock Mk 14 Mod 5 proceed 
as follows: 

1. Assemble the primer retaining catch as a 
unit in its housing and secure the hOUSing to the re
ceiver . 

2. Mount the extractor and the extractor cam 
and spring on their shaft through the receiver. 

3. Insert the firing pin assembly and the firing 
pin spring in the wedge. 

4. P lace the firing spring in its hole in the 
wedge, and then place the hammer thrust pin in po 
sition. 

5. Mount the hammer on its axle and assemble 
the hammer catch with its spring in the hammer. 
Secure them in position with the hammer catch screw. 

6. Place the torsion washer and cocking lever 
spring in their housing in the cocking lever; mount 
the lever on its axle . In assembling these parts, 
make the zero mark on the tors ion washer coincide 
with the simi lar mark on the wedge . When the 
spring tens ion is adjusted, secure the torsion washer 
with t he tors ion screw. 

7. Slide the wedge into the receiver and tighten 
the wedge stop screw. 

Mason valve 

Disassembly" Disassemble the Mason valve in 
accordance with the following instructlons ; use draw
ing 50266 as a reference : 

1. Remove the valve from the breech. 
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2. Back off the adjusting screw (using Socket 
wrench 50266-20) until all tens ion is r emoved from 
the spring. 

3. Place the valve in a Vis e , clamping to the 
hexagonal head of the dashpot cylinder. 

4. Unscrew spring case fr om the body of the 
valve; remove the diaphragm s pring, diaphragm, and 
diaphragm button. 

5. Unscrew the pilot valve (auxiliary valve) seat, 
using a socket wrench. H necessary, tap lightly with 
a hammer to loosen 

6. Disassemble the pilot valve. Use a screw
driver to turn the pilot valve; hold the nut by wedging 
it with a screwdriver. 

7. Screw the threaded lifting bolt (50266-18) into 
the top of the main valve . Remove the main valve 
(50266-11) and the spring (50266-14). 

8. Place the valve in a Vise , with soft jaws 
against the threaded ends from which the couplings 
have been removed. 

9 . Unscrew the dashpot cylinder (50266-12) from 
the dashpot. 

Assembly. The Mas on valve is assembled as 
follows: 

1. Insert the dashpot piston into the dashpot 
cylinder. 

2. Place the dashpot piston illtO the va lve body 
and tighten the dashpot. 

3. Assemble the main valve and spring. 

4. Place the pilot valve in the seat. 

5. Insert spring (50266-7) and tighten nut 
(50266 -17). 

6 . Screw the pilot valve assembly into the valve 
body. 

7. Assemble spring button (50266-2), s pring 
(50266-3), diaphragm button (50266-5), and diaphragm 
in the spring case and screw onto the valve body over 
the pilot valve. 

Foster valve 

Disassembly and assembly. For disassembly and 
assembly of the Foster valve, r efer to drawing179766. 
When disassembling this valve, it is important t o re
lieve the tension on the adjusting spring and to remove 
the diaphragm before r emoVing the main valve assem
bly. 
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Chapter 4 

SLIDES 

16 -inch Slide Mark 6 Mod 0 

16-inch Deck Lug Mark 7 Mod 0 

GENERAL DESCRIPTION 

16-inch Slide Mk 6 Mod 0 is a large trunnion
pivoted assembly in which a single gun assembly is 
mounted (figs. 4-1 and 4-2). Each slide fu nctions 
as a gun-supporting structure, a gun recoil brake, 
and a gun counterrecoil mechanism. Included in the 
gun slide assembly are devices that secure the gun 
in battery position and the slide in stowed pos ition. 
The slide pivots on its integral trunnions in ve rtical 
rotation. The right and center slides are identical 
assemblies; the left slide differs in that the loader' s 
platform bracket and slide securing device are m ount 
ed in the left rear end bracket, and the elevating screw 
pivot pin is mounted in the right rear end bracket. 

GUN SLIDE ~ 

LOWER SHIELD PLATE 

RECOIL SYSTEM EXPANSION TANK 

REAR END BRACKET . 
SLIDE SECURING PI 

16-inch Deck Lug Mk 7 Mod 0 is a bearing block 
and r olle r bearing assembly that provides for fric
tionless elevating movement of the slide and gun. 
Each deck lug is arranged with a bearing block and 
rolle r bearing assembly on either side of each slide. 
The deck lugs are vi rtually identical assemblies; 
minor structural differences are described later in 
this chapter. 

T he deck lugs are located at the front of the tur
ret, within the gun house structure. The common 
axis of the radial bearings is in a line, 11 feet for
ward of the turret transverse centerline, parallel t o 

DIFFERE. TIAL 
CY LI WER 

I 

LO DER'S PLATFORM BRAe 

Figure 4-1. 16-inch Gun Mk 7 Mod 0, a nd 16-inch Slide Mk 6 Mod ° 
(Operating Lever Safety Ra tchet Mecha nis m Assembly 

Not Shown; See Figure 3 -3) 
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and 16.5 feet above the axes of the r ollers of the r oll
e r path. Turret structural supports for the lugs are 
spaced to locate the s lides and their guns as follows: 
The axis of the center gun bore is on the turret cen
t e rline. The axes of the right and left gun bores are 
parallel to that of the center gun and are each spaced 
122 inches from it. 

Components. The main component of each s lide 
is a large s teel for ging with integral trunnions that 
rest in the deck lug bearings . Attached to this forg
ing is a hydraulic-type r ecoil brake, a hydropneu 
matic -type counterrecoil system, and the r ear end 
brackets . other parts attached to the s lide structure 
are the loader ' s platform, a cylindrical gun cover, 
the upper and lower shield plates1 a yoke locking 
device , and a slide securing mecnanism. 

Design features 

The deck lugs are identical radial roller bearing 
assemblies, mounted in a bearing block at the top of 
the gun girder. Heavy caps, which bolt to the gun 
girder bearing blocks, prevent vertical displacement 
of the deck lug bearings . The bearings are secured 
against hor izontal displacement by the rigidity of the 
gun girder weldment, and by bea ring r etainers that 
provide nonadjustable spacing of the bearings of each 
lug. The bearing r etainer design ties the two trun
nion bearings together through the integral structure 
of the s lide and its t runnions . 

Design differences 

The three deck lug ass emblies of a turret are 
vi rtually identical. The two deck lugs for the out 
board slides differ in that the outer bearing blocks 

extend further forward than do the inner bearing 
b locks. This is necess ary to provide for t he differ
ence in shape between the str aight , flat turret face 
plate and the arulUlar gun girder , which forms the 
oute r structural bulkhead within the barbette. In 
addition, the flat -plate thrust bearings of the outer 
bearing blocks are r otated to the r ear and upward in 
their ass embly pOSitions . Both the bearing blocks 
and bearing assemblies of the deck lug for the center 
slide are identical. 

Access arrangements 

Access to the deck lug bearings 1s provided for 
by parallel divisional bulkheads that are formed by 
the gun girder boxes, and by tur r et subdivision bulk 
heads. The two outer t runnion bear ings are acces
sible through the s ight s t ation compartments . The 
remaining t runnion bearings are accessible through 
the space between the parallel divisional bulkheads . 
These spaces may be reached fr om the e lectric deck. 

DETAIL DESCRIPTION 

Deck lug 

The thr ee deck lugs in each tu r ret are mounted 
in a t ransverse row within the gun house structure 
at the front of the turret. 

Each deck lug cons ists of two trunnion bearings . 
The common axis for a ll six t runnion bearings forms 
a straight line in the forward upper part of the turret 
gun girder weldments. Each deck lug (fig. 4-3) is 
composed of two radial r olle r bea r ing assemblies 
and two flat thr ust plate bearings a r ranged with a 
bearing block and bear ing for each trunnion on either 

BALANCING 
WEIGHTS 

DEPRESSION 
BU FFER 

DIFFERENTIAL 
CY LIND ER 

YOKE 
ROD 

GUN 
COVER 

YOK E 

4-2 

SLIDE 

UPPER SH I ELD 
PLATE 

GUN TRUNNI ON 

GUN 

WIPI NG 
RING 

Figure 4-2. 16 -inch Gun :MIt 7 Mod 0 and Slide :MIt 6 Mod 0, General Arr angement, Sectional View 

www.tinyurl.com/slover


side of the gun slide . The deck lugs are rigidly se
cured beneath heavy caps that are bolted to the bear 
ing blocks of the gun girde r we ldment. 

Design features. The turret structural design 
for gun girders and deck lug seats ties the trunnion 
bearings t ogether without the use of transverse tie 
rods. The radial t runnion bearings are of friction
less des ign. Their r ings, r ollers, and cages are of 
noncorrosive materials or are chromium plated. All 
elements of the six bearing assemblies are fully en
closed and sealed with lubricant retaining devices. 

Components . Each trunnion bearing of the deck 
lug IS an asseDib ly of the following parts: 

Radial r oller bearing 
Thrust plate 
Bearing r etaine r 
Outer bearing s eat 
Cover plate 

T runnion bearing assembly (fig. 4-4) . 

Radial rolle r bea ring. The radial r oller bearing 
unit of each deCk lug consist s of inner and outer rings , 
a two-piece bronze cage , 24 cylindrical steel rollers, 
and 24 cage rivets. Each assembled bearing is 30.0 
inches in oute r diameter, 5.8 inches wide across the 
inner r ing, and the r oller axes form a circular path 
25. 00 inches in diamete r . The rollers are solid 
t rue cylinder s ; each is 3.5 inches long and 2,5 inches 
in diameter . They are made of special roller bear
ing steel and a re chromium plated. The r ollers are 
equally spaced, loosely fitted in the recesses of the 
bronze cage, and r etained by the riveted assemblage 

GREASE MANIFOLD BLOCK CAP OUTER BEARING SEAT 

GREASE PLUG 

COVER PLATE 

BEARING CAG E 

INNER RING 

BEARING RETAINER 

DRAIN PLUG 

TH RUST PLATE 

OUTER RING 

TRUNN ION BLOCK 

Figure 4-3. Deck Lug Mit 7 Mod 0, Gun Mk 7 Mod 0, 
and Slide Mk 6 Mod 0, Sectional View 

GREASE MAN IFOLD BLOCK CAP 

GREASE 
PLUG 

GUN GIRDER 
WELDMENT THRUST PLATE 

SLIDES 

OUTER BEARING SEAT 

OUTER 
RING 

SLIDE TRU NNION 

F igure 4-4. Deck Lug and Trunnion Baa·ring 
Assembly, General Ar rangement 

of that unit. The inne r and oute r rings are special 
steel, prec ision ground to provide concent r ic cylin
drical races for the rollers. The inner ring seating 
area is a 3-degree tape r ed bor e that provides a fixed 
wedged s eat on a matching collar of the r etainer. 
The outer ring is a lso fixed (cannot r otate) in its seat 
and is described in a following paragraph. 

'thrust plate. The bronze thrust p late is secured 
by four bolts on the inner s ide of each gun trunnion 
block. Centered beneath the t runnion, the plate forms 
a 120 -degree thrus t bearing lubricated thrust s urface 
for the s ide face of the gun s lide . The plat e has a 
system of radial grease grooves to distribut e lubri
cant from four grease fittings. With the two bearing 
plate surfaces paralle l to the s ide face of the slide , 
the thrust clearance between the s lide and each plate 
1s 0.002 inch. The thrust bearing and bea ring block 
design includes provision for maintaining this thrust 
clearance. Excessive s lide thrust clear ance, caused 
by a gun girder spread, can be corrected by install
ing oversize thrust plat es . The ins ta llation is made 
without disturbing the radial bearing assemblies. 
The bearing block seats for the thrus t plates are 
milled to pe rmit undersized plates to be dropped and 
new plates t o be raised and bolted. This operation 
c an be pe rfor med in the limited space beneath the 
slide. 
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Bearing retainer. The bearing retainer is a cir
cular plate with an integral cylindrical collar that fits 
over the slide trunnion. The collar forms the inner 
ring seat and is machined with a 3-degree tapered 
s lope to match the seat taper of the inner roller race. 
The inner ring seat of the bear ing retainer also pro
vides a shoulder against which the inner ring is 
wedged. The retainer is secured to the end face of 
the trw1l1ion with 12 equally spaced bolts that lock 
when seated. The diameter of the slide trunnion bear
ing surfaces is 18.5 inches. The assembled bearings 
and retainers, when fully seated on the trunnions, 
spac e the two deck lug radial bearings 73.0 inches 
apart from center to center. 

Outer bearing seat. The outer bear ing seat is a 
flanged ring, 31. 5 inches in diameter. It is secured 
to the bearing block and cap by eight equally spaced 
bolts. The outer ring of the bearing is fixed and cen
tered by the outer bearing seat. The inner face of 
the seat has an annular groove for a lubricant seal. 
This seal is compressed against the side face of the 
slide. It consists of a wool felt strip, square in cross 
section, secured in the groove with shellac. The out
er flance of the seat is arranged with 12 equally 
spaced holes that are tapped for the cover plate bolts. 
In addition, there are six holes for jack screws (so 
that the seat can be disassembled from the bearing 
block) and six smaller tapped holes in the lower half 
of the seat. These holes furnish selective positions 
for four lubrication fittings for the thrust bearing. 

Cover plate. The cover plate is a large reces
sed disc with a machined integral bolt flange that 
seals against the outer bearing seat. Completely en
closing the trunnion and bearing, the cover plate pro
vides a lubricant retaining cover with filling and 
drain plugs for servicing the bearing. There are two 
accurately machined annular rings within the cover 
plate and integral with it. These annular rings pro
vide 360-degree contact with the bearing outer ring 
with the roller cage. When assembled, the plate se
cures the outer race and the roller cage and pre
vents thrust displacement of the bearing. 

SUde (fig. 4-5) 
General arrangement (fig. 4-6). The gun slide 

forging is the structural foundation for the other 
components of the slide. The entire assemblage is 
suspended and pivoted by the integral trunnions of 
the slide forging. Frictionless vertical rotation in 
the gun pocket is provided by the deck lugs. The up
per and lower shield plates fit within the turret face 
plate and function to close the gun port in all slide 
positions. 

When fired, the gun slides through the gun port 
in a 48-inch reciprocating movement (maximum pos
sible stroke). This recoil-counterrecoil motion is 
controlled by the recoil brake and counterrecoil sys
tem of the slide. The gun is held in battery by the 
counter recoil system. 

The slide is elevated and depressed through the 
elevating screw mounted in the bottom of the slide 
rear end bracket. This nonrotating screw is elevated 
or depressed by the power driven elevating nut 
(chapter 5). 

Elevating movement of the slide is limited by two 
elevation stops on the bottom of the slide. These 
stops are positioned in the way of two hydraulic 
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buffers for each slide; one on the left and one on the 
right gun girder in the gun pocket. Depression move
ment is buffed by a hydraulic buffer mounted on top 
of the slide in position to contact a stop mounted in 
the turret roof. 

When the slide is at 0 degrees elevation, a secur 
ing pin in one of the rear end brackets aligns with a 
pin socket in the adjac ent gun girder. A yolce locking 
device (fig. 4-2) locks the gun yoke to the slide for 
stowage with the gun in battery position. 

Components. The gun slide consists of the follow-
ing components: 

Slide forging 
Gun cover 
Recoil system 
Counterrecoil system 
Yoke locking device 
Buffers 
Rear end brackets 
~Loader's platform 
Slide securing device 
Recoil switch and blade contacts 

Slide forging. The gun slide is a large steel forg
ing bored to receive the slide cylinder of the gun. The 
slide forging, weighing 56,000 pounds, is the major 
component of the slide assembly. Large trunnions, 
integral with the slide forging, extend horizontally on 
either side of it. The common axis of the trunnions 
forms a straight horizontal line at right angles to the 
gun axis, 44.0 inches from the forward end of the 
slide forging. The total length of the forging is 196.0 
inches, and it measures 79.0 inches wide from end 
face to end face of the 18. 5-inch diameter trunnions. 
The gun slide bore of the forging is fitted with four 
bronze liner s at the forward end and two at the rear. 
Each liner is 10. 0 inches wide with a finished diame
tel' of 49.03 inches. (The diameter of the slide cyl
inder of the gun is 49.0 inches.) Each liner is pro
vided with lubrication grooves that are supplied from 
fittings on the under side of the slide. There is a 4-
inch-wide keyway at the top of the bore to receive the 
gun slide cylinder key. This keyway is milled through 
the liners and the entire length of the slide bore. The 
outer surface of the slide has machined seats for at
taching the counterrecoil cylinder mounting brackets 
and for mounting the recoil cylinder. 

Gun cover. The gun cover (fig. 4-6) is a cylin
drical subassembly of the slide that extends the slide 
bore forward and through the gun port. A cylindrical 
weldment of O. 50-inch steel plate, with an integral 
diameter of 49. 5 inches, the gun cover is secured to 
the front face of the slide by a steel flange welded to 
the gun cover plates, 24 equally spaced bolts, and a 
gasket. A wiping ring at the forward end of the gun 
cover provides oil and weather seal for the slide 
cylinder. The gun cover is completely enclosed by a 
leather buckler, clamped on the outer surface of the 
wiping ring and mounted on the front face of the ar
mor face plate. 

Hydraulic recoil system. The recoil system 
(fig. 4-7) is a hydraulic throttling device that acts 
with the counterrecoil system to limit recoil move
ment. The recoil system also acts as a buffer when 
the gun is returned to battery position by the counter
recoil mechanism. 
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Components. The recoil mechanis m cons is t s of Gene r al arrangement. The recoil cylinder is 
secur ed by two straps to the bottom of the slide; the 
piston r od is s ecure d to the yoke (fig . 4-7). The 
axis of the piston rod is parallel to the gun bore axis 
and 43. 0 inches vertically below it. Three expan
s ion tanks a re mounted on the bottom of the Slide, 
fo rward of t he recoil cylinder. The tanks are con
nected to the recoil cylinder by a system of pipes 
that forms a closed system for expansion of recoil 
liquid. The recoil system is the same in all s lide 

the followmg components: 

Recoil cylinder 
Cylinder head 
Cylinder nut 
P iston, piston rod, and piston ring 
Throttling rods 
Pis ton roo {lacking, gland, and nuts 
Recoilliquia expansion system 
Buffer 

BLEEDER 
VALVE - R - _::--:!;;~_ii 

LIQUID VALVE -W -

DIFFERENTIAL CYLINDER 
LIQUID FILLING PIPE 

rour TERRECOIL Cl'liNDER 

FILLING CAP 

j
SAFETY GAGE -P-

DEPRESSION BUFFER 

COUNTERRECOIL 
PRESSURE GAGE-K-

YOKE ROD~ 

Fi.gure 4-5. 16-inc h Gun Mk 7 Mod 0 and 16-inch Slide Mk 6 Mod 0 Assembled 
(Ope rating Lever Sa fe ty Ra tche t Mechanis m Asse mbly 

Not Shown; See Figure 3 -3) 
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assemblies. The cylinder head is designed with an 
integral dashpot that acts with the piston plunger to 
buff the return-to-battery of the gun. 

Recoil cylinder. The recoil cylinder is secured 
to the bottom of the slide by two straps. Machined 
integral shoulders of the cylinder fit into machined 
seats of the s lide to keep the units in alignment. The 
cylinder is a cylindrical, nickel stee l forging, 75.25 
inches long, bored for the recoil piston and piston 
rod. A packing gland nut seals the rear end of the 
cylinder around the piston r od. The forward end of 
the cylinder is closed by a forged nickel steel cylin
der head with integral dashpot. 

Cylinder head. The cylinder head closes the for 
ward end of the recoil cylinder and forms the dash
pot for counterrecoil buffing by the recoil piston 
plunger. A bronze bushing at the cylinder end of the 
head forms the bearing surface for the piston plunger. 
The cylinder head is secured t o the recoil cylinder 
with a copper gasket, a dowel pin, and 20 nickel 
steel bolts. The forward end of the head is drilled 
and tapped for attaching a pressure gage; however, 
this hole is normally plugged. Two threaded holes 
in the flange, 180 degrees apart, provide for jack
screws to disassemble the head. 

Cylinder nut. The cylinder nut passes over the 
piston rod and threads onto the recoil cylinder. 
When the nut is tightened, it compresses the packing 
gland and packing to seal the recoil liquid in the re
coil cylinder. 

Piston and piston rod, and piston ring. The inte 
gral piston, piston rod, and piSton plunger are ma
chined from one piece of nickel steel. The piston is 
threaded for assembly of the bear ing-Bronze piston 

ring. The piston has three equally placed holes 
bored through it for the throttling rods . The rear 
end of the piston rod is threaded into the yoke and 
secured by two locknuts. 

Throttling rods. Three throttling rods, secured 
in the cylirider and cylinder head, pass through holes 
in the piston. The varying-diameter rods (fig. 4-7) 
are spaced at 120 degrees and are aligned parallel 
to the recoil cylinder axis. The rods, of variable 
diameter, provide a graduated flow of liquid through 
the pIston holes during the r ecoil stroke to cause a 
gradual checking of the recoil motion. 

Piston rod packing, gland, and nuts. Coil pack
ing around the pIston rOd is compressed in the rear 
end of the recoil cylinder by a packing gland and the 
cylinder nut to prevent loss of recoil liqUid from the 
cylinder. The piston rod is threaded and is attached 
to the gun yoke with two pIston rod nuts. The nuts 
thread onto the piston rod and both lock and center 
the piston rod iii the yoke. 

Recoil liquid expansion sys tem. The expansion 
tanKs and pIpe manifold s ystem keep the recoil cylin
der full of liquid and permit the liquid t o expand when 
it heats up during firIng. Three tanks, secured by 
straps and bolts to the bottom of the slide, are con
nected to each other and to the recoil cyIfuder head 
by a pipe manifold system. The system is located 
on the bottom of the Slide, forward and above the 
recoil cylinder. 

Buffer. The forward end of the piston rod is a 
dasliPOfPIunger that operates in conjunction with the 
dashpot of the cylinder head to buff the last one-third 
of counterrecoU movement. The plunger has four 
variable-depth, longitudinal grooves that gradually 
restrict the flow of liqUid from the dashpot as the gun 
returns to battery. 

AIR·CHARGING 
HOLE PLUG-X-

LlQUID·CHARGING PIPE 
(LEFT GUN ONLY) 

LI QUID VALVE - W- SLIDE PLUNG:::R 

YOKE 
ROD 

PLUNGER 
YOK E 

UPPER 
SH IELD PLATE 

GU N 
COVER 

i==/":::::::::::=:=;;;;~-V------'" 

AIR·CHARGING COUNTERR ECO IL 
HOLE E'LUG-X- CYLINDER STRAP 

REAR END 
BRACK ·T 

COUNTERRECOIL 
CYLINDER 

COU NTERRECOIL 
SYSTEM ROD 

• 0 0 

SAFETY 
GAGE-P- PLUNGER 

COVER 

Ll QU ID·CHARGING PIPE 
(RIGHT AND CENTER GUNS) 

Figure 4-6. 16-inch Slide Mk 6 Mod 0, General Arrangement , Plan View 
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C ounterrecoil system. The counterrecoil system 
(fig. 4 - 8) is a hydropneumatic gun recupe rator that 
consists of two air bottles (or counte r recoil cylin
de rs ), two plungers and their packings, and a differ
ential cylinder unit. A plunge r yoke , yoke rods , 
gages , va lves , and other parts , inc luding a r emov 
able cover, complete the assembly. The system 
absorbs part of the energy at gun r ecoil to return the 
gun to b attery. The entire assembly is located on 
top of t he slide, as shown in figur e 4-6. The axes 
of the two cylinders are parallel, 43.0 inches apart , 
and 32. 5 inches above the gun centerline. T he differ
ential cylinde r is centered between the counterrecoil 
cylinders , 38.0 inches above the gun centerline. In 
their installed arrangement in the slide, the chambe rs 
of t he counte r recoil cylinders are each charged with 
air to an initial pressure of 1550 pounds per square 
inch. This stor ed energy is suffici ent to hold the gun 
in battery at any angle of elevation. Recoil action 
builds up air pressure in the chambers to a ):leak of 
apprOximately 21 50 pounds per square inch (at maxi
mum recoil), and this sto red ene rgy thrusts the gun 
back into battery with sufficient force , at the end of 
the s troke, to require buffing by the recoil piston 
p lunger. The differential cylinder unit vari es liquid 
pressure on the plunger packings as the ai r pres sure 
varies to seal in the high air pressures at all times . 

Components. The counterrecoil mechanism con-
s ists of the following components: 

Counterrecoil cylinders 
P lungers 
P lunger packing 
Diffe rep.tial cylinder 
Air pressure gage 
Plunger yoke and yoke r ods 

Counterrecoil cylinders. A pair of counterrecoil 
cylinders, WIth a plunger In each cylinder, comprise 
the counterrecoil cylinder assembly (fig. 4-8). The 
a i r chambers of both cylinde rs are c onnected to the 

SLIDES 

air side of the differential cylinder by piping. Pipes 
connect the liqUid s ide of the differentia l cylinder 
with the plunger packing s eats at the fo rward ends of 
t he two cylinders . The differentia l cylinder i s so 
constructed that the pres sure of the liquid is always 
greater than the cylinder air pr essure. Distended 
by the liqUid pressure, the packings provide an air
tight seal for the cylinder and plunge r assembly. The 
plungers slide in and out of the open, forward end of 
the counterrecoil cylinders when the gun recoils and 
counterrecoils . 

P lungers. The plungers are cylindrical mone l 
metal forgings. Each plunger is a hollow cylinder 
open at the rear and c losed at the forwar d end, as
sembled as s hown in figure 4-8. The out e r surface 
of the plunger is highly finished so that it will slide 
easily through the plunger packing without disturbing 
the high .... pressure s ea l of the plunger packing. 

Plunger packing. The plunger packing (fig. 4-8) 
is an assembly of preformed-composition, chevron
type packing rings . These rings a r e assembled in 
the bore at the f orward end of the counte rrecoil cyl
inder. There are 12 chevron pack ing rings in this 
as sembly, with 6 rings on eithe r s ide of a steel r ing 
called the plunger ,packing follower. The entire 
assemblage is seated and retained against a shoulde r 
in the bore by a gland. The followe r is connected by 
a drilled passage and pipe line to the oil chamber of 
the differential c ylinder . 

Differential cylinder. The differential unit is a 
cylinder with a floating piston. The cylinder chamber 
is divided by the piston into air and liquid chambers. 
One chamber is connected by pipe lines to the air 
chambers of the counter recoil cylinders so that it is 
always charged with the s ame (varying) pressur e that 
is present in the counterrecoil cylinders . The other 
chamber is fi lled with oil and is connected by pipe 
lines to the plunger packing seats. The ar ea of the 
pist on in the oil chamber is apprOximately 15 percent 

YOKE SLIDE LINER RECOIL CYLINDER PISTON PLUNGER RECOIL CYLINDER HEAD 

CYLINDER NUT PISTON RING EXPANSION TAN K CONN ECTION 

PACKING GLAND 

PA CI<' ING D DRAIN PLUG FRONT STRAP PLU G 

Figure 4-7. ReCOil System, General Arrangement, Sectional View 
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less than the area in the air side because of the pis
t on r od, which passes through a stuffing box to the 
atmosphere. This results in greater press ure on the 
liquid side to distend the chevron packing rings . If 
t her e is leakage in the system, it wi ll be oil and not 
air. Leakage is indicated by the amount that the in
dicator r od (fig. 4-6) attached to the end of the dif
f erentia l piston r od protrudes at the breech. Under 
no condition should the indicato r rod be a llowed to 
proje ct beyond the rear face of the yoke; when it 
does, the liqu id in the differential cylinder must be 
r eplenis hed. A liquid pressure safety gage (P ) (figs. 
4 - 9 and 11) is located on top of the diffe r ential cylin
der; a pipe line connects it to the liquid side of the 
cylinder so that the liquid pressure on the plunger 
packing is indicated at all times. This gage is in
stalled with a special safety featur·e which prevents 
loss of liqUid in the event of gage ruptur e. The mount
ing c onsists of a plate with a screw thread gage s eat 
bolted over a cavity in the differential cylinde r for g 
ing. A leather diaphragm under the plate separates 
the pipe line to the plunger packing from the gage 
lead in the block. For proper functioning, the space 
above the diaphragm must be filled with liquid before 
the s ystem is charged. 

Air pressure gage . The counterrecoil cylinders 
are eac h prOVIded WIth a gage (fig. 4 - 1) mounted on 
the breech end elf the cylinder. An adjacent name
plate deSignates the gage as "Air Gage -K." This 
gage is connected with the cylinder air chamber by 
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PLUNGER REAR LIN ER 

AIR VA LV E-Z- DRAIN PLU G PLUNGER BEARING 
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a drilled lead pr ovided with a valve designated "Air 
Valve - Z . " T his valve, normally closed and covered 
by a cap plug , is opened only to obtain a reading on 
the a ir gage or when replenishing the air pressure . 
Filter screens are installed in the leads connecting the 
gage and valve with the cylinder air chamber as asafety 
device to reduce the danger of explOSion in the event oil 
leaks into the air cylinder. * Normal air pressure in the 
system is 1550 pounds per square inch. The pressure 
should not bepermitted to go above 1700 pounds per square 
inch nor below 1400 pounds per square inch with the gun at 
battery. T his information is included on the instruction 
plate , adjacent to the valve, on the rear face of the yoke. 

Plunger yoke and yoke rods . The counterrecoil plun-· 
gers are connected to the gun yoke through the p.unger 
yoke and two yoke rods (fig.4-8) . The plunger yoke has 
integr al yoke shoes which slide on the plunger yoke 
guide rails. T hese rails are mounted lengthwise and 
par allel to ea ch other, on the top of the slide, between 
the counter recoil cylinders. The forward end of each 
plunger is seated in the plunger yoke and is held there 
by the recuperator pressure; a locking pin prevents 
the plunger from turning. The entire assemblage is 
housed beneath a plunger cover that cons ists of formed 
steel plates and flanged frames in a riveted and spot weld
ed as sembly that is bolted to the slide. Portable sections 
may be removed for inspection and maintenance. 
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Yoke locking device. The yoke locking device (fig. 4 -12) 
is located on top of the slide and is centered between the 
counterrecoil cylinders. The device is secured in a seat 
that is aligned with anotched lug on top of the yoke. The 
device is composed of a safety link, knurled nut, and a 
link pin . In its locked position , the safety link, with it s nut 
swung down behind the notched lug of the gun yoke , s ecures 
the gun in battery. The safety link is strong enough to hold 
the gun in battery, with the counter recoil cylinders empty, 
at any angle of elevation. The safety link will fail, without 
any other casualty, if the gun is fired before stowing the 
device. 

Buffers In addition to the mechanical automatic 
elevation and depression limit stops described in chapter 
5, each slide is provided with hydrauliC elevation and de
pression buffers. These buffers provide positive limits 
at a 45-degree angle of elevation for all turrets and a 2 -
degree angle of depression for turrets I and ill_ Limit of 
depression for turret II is 0 degrees elevation. 

The r e are two elevation buffers for each s lide . 
These ar e mounted on the left and r ight gun gir de r s , 
eac h a t the .same leve l above the gu n pocke t fl oor. 
Tile e levati on s tops a r e m ounted on the bot tom of lhe 
s lide rear end bracket s . 

The depr eSSi on buffer (fig. 4-12) i s bolted on top 
of the slide . It s hOUSing is integr a l with the yoke 
locking device br acket. The stee l depres sion s top i s 
b olt e d to the unders ide of the tu rre t roof i.n the way 
of t he buffe r . 

Both the ele vation and depres si on buffer s are of 
a s elf-conta ined, hydr auli c -type, s pri ng - r eturn de
s ign. Both have ba ll check valve s to en su r e quick 

SAFETY GAGE- P-

BLEEDER VALVE-R-

LIQUID VALVE-W -

LIQUID·FILLING HOLE - Y-

SLIDES 

retur n of the pi ston following it s release. 

Rear end brackets. The rear end brackets (fig . 
4 - 13) ar e mounte d a t the r ear of the gun Slide, one 
on the left and one on the right s ide . They ar e ::J imi 
la r ri ght and left castings and a r e bolte d to mac hine d 
seat s in the Slide . The brackets are de s igned so that 
eithe r a slide securing device a nd a cantileve r loader' s 
platform br ac ket or the e levating ::J cr ew pin can be 
mounted to the m. When assembled, the symmet r ical 
design and a r r ange me nt of the r ear end bra cket s adapt 
any s lide to right, cente r, or left gun pos ition of any 
one of the three gun turrets . The r ight and center 
guns ar e a rranged with the platfor m bracket a nd s lide 
s ecuring device a sse mbled to the r ight rea r e nd brack
et. The elevating s crew pin i s mounted in the left 
r ear end bracke t. Thi s a rra nge ment is r eversed for 
the left gu n. Ele vation s t eps are located on the b ot
tom of each bracket. 

Loader 's platform. The loade r' S plalfOl-m e x
t ends r earward fr om the gun br ee ch and spans the 
gun pocket. The pla tform is an integral part of the 
cantileve r loade r' s pla tform br ac ket, whi ch i s a ttach
ed to the rea r e nd bracket, as s hown in fi gur e 4-1. 
The bracket is a stee l casti ng. The a rra ngem ent 
illustr ated is for the left gun; for the right and center 
guns the bracket i s att ached to the ri ght rear end 
bracket. 

(Slide secur ing devic e. The s lide securing device 
(fig. 4- 13) is a ha ndwheel-operated screw a nd pin 
assemb lage for -s towing the- gun s lide at 0 degr ee s 
gun ele va tion. A taper ed s tee l pin in. the r ear end 
bracket seats in a taper ed s ocket in the a djacent gun 
~irde r. When seate d, the pin r elieves the elevating 
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Figure 4 -9. Counterrecoil Sys t e m Ai r Cha r ging and Liquid Devices 
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screw and nut assembly from dead load stresses. A 
securing pin latch locks the device when the pin is 
e ither fully seated or fully retracted. A second sock
et in the gun girder is aligned with the pin when the 
gun is at 20 degrees elevation. This is used to se
cure the slide when the portable air cha r ging pipe is 
in s ta lled for replenishing the recuper ator air charge 
(fig. 4 - 9). Steps and hand grips in the gun girder 
give access to the securing dev ice. T he device can 
be reached from the gun pocket floor when the gun is 
at either securing position. 

R ecoil switch and blade contacts. A lever
ac tuated recoil switch and a s et of blade contacts are 
mounted on each gun slide as shown in figure 4-1 0. 
The switch is a two-circuit switch that is normally 
open when the gun is in battery and nor mally closed 
dur ing recoil. In the nor mally open position the 
s witch is part of a circuit containing the slide con
tacts and the breech closed switch; in the normally 

o 

o 
RECOIL SWITCH 

closed position the switch is connected to the coil 
circuit of the recoil relay , Relay Mk 5 Mod 1, and 
to the GUN IN RECOIL indicator lights circuit. T he 
blade contac ts ar e in series with the breech swi tch 
(eb. 3) and are c losed when the gun is in battery. 
When closed, they energize a solenoid to wllock and 
per mit the pO Sitioning of the gun captain's ready 
switch to READY and illuminate a BREECH CLOSED 
indicator light. When the gun leaves battery in re
coil, the recoil s witch closes, thus switching fr om 
one cir c uit to the other as described above. This 
action de-energizes the gun captain's ready switch 
s olenoid and illuminates the recoil indicator lights . 
T he sequence of events is so arranged that the r e coil 
switch opens the circuit containing the breech close d 
s witc h befo re the slide contacts can open, thus elimi
nating a ny pos sible arcing of the slide contacts . T he 
r ecoil switch and blade contacts are part of the inte -
lock por tion of Ready Light circuit lR (ch. 15). 

SLIDE YOKE 

BLADE 
CONTACTS 

Figure 4-10. Recoil Switc h and Blade Contacts 
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OPERATION 

Slide operation when gun is fi r ed. 

Slide operation is controlled at all times by its 
s eH- contained recoil and counter recoil s ystems. Be
for e the gun is to be fir ed, the recoil system must 
be filled and the counterr ecoil cylinders charged to 
the operating pressure. 

When the gun fires and reCOils, the recoil piston 
and the two counterrecoil plungers are drawn to the 
rear. The liqUid in back of the recoil piston is throt
tled through the holes in the piston at a r ate that is 
regulated by the va r ying diameter of the throttling 
rods. At the same time , the plungers a re drawn to 
the rear within the counterrecoil cylinders . The in
itial high air pres s ure within these cylinders is rais
ed by compression to a maximum pressure of 2150 
pounds per square inch. The recoil is s topped with
in 48 inches (1/3-second) by the combined actions of 

FILLING CAP 

PLUNGER 
GUIDE 

GASKET 
PLUN GER 
SPRING PLUNGER M 

Figure 4-11. Counterrecoil System Differential 
Cylinder Safety Gage, Sectional View 

PISTON PACKING PISTON PACKING PISTON GLAND 
FOLLOWER AND SPRING GLAND 

SAFETY LINK LINK PIN 

PISTON 
PACK ING 

BUFFER 
HOUSING 

PISTON SPRING SLIDE 

Figure 4-12. Depression Buffer and Yoke -Locking 
DeVice, Sectional View 

SLIDE S 

the recoil and counterrecoil systems . The stored 
ene rgy in the recupe rator (count errecoil cylinders) 
thrusts the gun back toward batte ry position. Return 
flow of liquid around the throttling r ods buffs the 
counterrecoil to some extent; however, the major 
buffing act ion is provided by the r ecoil piston plung-
e r. During t he last 16 inches of return to battery 
movement, the rec oil piston plunger dis places liqUid 
from the dashpot in the recoil cylinder head. The 
liqUid is forced f rom t he dashpot through four grooves 
of variable depth in the plunger and thr ough the fine 
clearance between the plunger and the cylinder head 
bushing. This action slows the r eturn- to-battery 
movement and brings the oscillating gun assembly to 
a gentle stop as the gun r eaches its battery position. 

INSTRUC TIONS 

General inst ructions 

T he impor tance of proper care and frequent thor
ough inspection of the slides and deck lugs cannot be 
overstressed. Indifferent servic ing of slide bearing 
surfaces and mechanisms, and of the other attached 
units, will result in improper functioning and seri
ous damage . Observe the general regulations fo r 
maint enance of slides and deck lugs in the Bureau of 
Ordnance Manual, chapter V, the instructions on the 
instruction plates attached to the various asse mblies, 
and the specific directions that follow in this chapte r. 

The slide assembly, particular ly the hydropneu
matic counterrecoil system, r eqUires periodic exer 
cise to keep it in good operating condition. Exerc ise 
serves the extremely important function of exercis
ing the plunger packing chevrons, deflating and again 
distending the m. This pr events their taking a pe r ma
nent s et or seizing. By keeping them pliant, their 
sealing capacity is retained. 

To prevent unnecessary wear and consequent 
needless mechanical fa.ilure, keep all elements of the 
s lide properly lubricated at all times . See the "Lu_ 
brication" paragr aph following and the lubrication 
charts provided. 

To prevent fo rmation of rust or corrOSion, all 
metal surfaces of t he s lide should have a prese rva 
tive coating at all times. This coating may be paint 
or an oil film or other lubricant. Renew paint on 
painted surfaces whenever the coating is sc r atched, 
damaged, or deteriorated. Keep all bright work 
coated with a film of light oil except for the counter
recoil plungers, which should not be coated. P er form 
a ll lubrication as presc ribed so that no bearing sur
face will be left unprot ected. 

Lub-rication. Lubr icate the deck lug, the slide, 
and all slide-mount ed units according to the frequency 
and with the lubricants specified on the lubrication 
charts provided. Lubrication of the trunnion r adial 
bearing is primarily for preservation. Keep the 
voids of the bearing and coverp late full of the corro
s ion inhibiting grease specified . Check the adequacy 
of lubricant at hequent intervals and obser ve the 
condition of t he lubricant seals. 

Gage t he loss of lubricant from the bearings by 
regular cleaning and inspection of the bearing block 
surfaces. Observe whether an excessive quantity of 
grease has dripped from the bearings. Seepage that 
exce eds normal gr ease loss fro m the beanngs indi
cates that lubricant must be replaced without delay. 
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Always lubricate the gun slide liner, the plunger 
yoke, and plunger yoke guide rails befor e and afte r 
fi r ing . Do not use excessive amounts of grease; re 
m ove a ll spilled or exuding grease. Check the vari 
ous pa r ts for galling after firing. Refer to chapte r 
18 for information on the substitution of lubricants. 

Routine preparation for firing. When preparing 
the sllde assembly for fInng, perform t he following 
checks and operations: 

1. Be sure that the slide is properly lubricated; 
perfor m the ''before firing" lubrication. 

2. Re ad and record the air pressure indic ated 
on the c ounterrecoil air pressure gage. Recharge 
if at or be low the minimum prescribed (1400 pounds 
per s quare inch). 

3 . Measure and record the pr ojection of the 
counterrecofl system indicator r od S. Replenish 
liquid if necessary. 

4. Retract and latch the pin of the slide securing 
device. 

5. See that the recoil system liquid is at the 
prope r level with the gun at 0 degr ees elevation. Re
plenis h , if necessary, until liquid appears at thecap 
plug on the expansion line. 

6 . Disconnect and stow the yoke locking device. 

SLIDE 

GUN 

ELEVATING 
SCREW 
PIVOT PIN 

REAR EN 
BRACKET 

ELEVATING SCREW 

SECURING PIN 
LATCH 

SLIDE S 

7. See that the r e is enough liqUid in the elevating 
and depres sion s t op buffers. 

8 . Make certain that the plunger covers are se
cure . 

Instructions for stowing the slide after firing. 
P e rlorm the folIowmg checks and operations after 
firing: 

1. Connect the yoke locking device and draw it 
up tight. 

2, Read and r ecord the indicated air p ressure 
on the counterrecoil cylinder air gage. Compare 
with previous r eading. If an unusual loss is noted, 
dete rmine and correct t he cause. 

3. Measure and record the projectirn of the 
counter recoil system indicator r od S. If a loss of oil 
occurr ed dur ing fi ring , dete r mine the cause, correct 
it , and recharge the system with both oil and air. 

4. Make an external inspection of the recoil sys 
tem for evidence of loss of liqUid. 

5. P e rfo rm the recoil cylinder alkalinity tests 
prescr ibed by MIL-G-18694. 

6. Remove the plunger covers and examine the 
p lungers , yoke shoes , and guide rails for galling or 
othe r indications of misalignment. 

PLATFORM 
BRACKET 

SECURING PIN 
ADAPTER 

REAR END 
BRACKET 

GUN GIRDER 

SECURING PIN 
OPERATING 

HANDWHEEL 

SECURING PIN 
SOCKET 

SLIDE SECURING PIN 

Figure 4-13. Slide Rear End Brackets, Slide Securing Device and Elevating Screw P in, Sectional View 
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7. Inspect the differential cylinder leads, the 
gage, and the gage safety block for leakage. 

8. Bring the gun to 0 degrees elevation; and 
latch the slide securing pin. 

9. Replenish the s lide liner lubricant and check 
the gun cover wiping ri.ng. 

General slide servicing instructions 

The following instructions must be strictly ob 
served to avoid casualties t o personnel or equipment. 

Recotlliquid. Never charge the recoil syste m 
witli any other liqUid than that prescribed by OS 1914, 
latest revision. When filling, strain through a fine 
mesh screen (at least 120 wires to the square inch, 
finer if pos s ible ). Wheneve r the system is drained, 
follow the instructions give n in MIL -G-1 8694 a s to 
care , pr e servation, and te st. 

Recuperator differential l \'lUid. Never charge the 
differenhaI cyllJ1der with any quid other than ice 
machine oU, Navy Symbol 2075. Replenish when nec
essary to maintain indicator rod S flush with the rear 
face of the indicator rear end bracket located on the 
counterrecoll cylinder. Always check the position of 
indicator rod S before firing the gun. 

Air pressure. Never let the counterrecoil air 
pressure fall below the minimum of 1400 pounds per 
square inch except when making presc ribed tests. 
Always check the air pressure before firing the gun. 
Recharge to 1550 pounds per square inch if below the 
safe minimum. 

Recoil s[stem liqUid level. Maintain liquid level 
in the recoi system at the level of the cap plugs in 
the expansion line with the gun at a degrees elevation. 
Always check before firing the gun. If low, fill as 
directed under s e-iv-icing ins tructions. 

Recoil system valves and plugs. The drain valve, 
cylinde r head plug, and cap plug must be securely 
seated at all times exc ept when s e rvic ing the unit. 
Always s ee that they are properly ~ecured and tight 
after the mechanism has been serviced. 

Recuperator valves and plugs . Keep all air and 
liqUld valves and plugs tight at all times except when 
penorming necessary service to the mechanism. Air 
valve cap Z must be s ecurely seated except when read
ing the air pressure . Always check the tightness of 
all valves and plugs befor e firing the gun. 

Care of the recuperator plunger. Never wipe the 
plungers with dirty, gr easy, or harsh rags. These 
highly finished cylindrical s urfaces must be free 
from scars and scratches; they do not require a film 
of oil. Keep the plunge r covers latched in place at 
all times except when inspecting or servicing the unit. 

Thrust bearing clearance. Maintain a trunnion 
thrust plate clearance of O. 002 inch on each side, 
To correct for excessive thrust play, see the adjust 
ment ins t ructions on page 4-16 (deck lug adjustment ). 

Legibility of instruction plates. Do not deface , 
alter, or paint over the name and mstruction plates; 
they must be kept clearly legib le . 

T ools and accessories. Special tools, spanner 
wrenches, open end wrenches , portable liqUid and 
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air charging pipe lines and fittings , and a liquid 
charging pump are provided for servic ing the slide 
assembly. These t ools and accessor ies, and no oth
ers, are to be used when working on the eqUipment. 

Servicing instructions for s lide recoil and counter
recoll systems 

Servicing the recoil system. When filling or 
draining the recoil system, perform the operations 
listed be low: 

Filling r outine. 

1. Prepare an adequate quantity of recoil liqUid 
in a ccordance with MIL-G- 1869 4. Use no other liquid. 

2. See that the yoke locking device is connected, 
and that the s lide secur ing pin is seated with the gun 
at 0 degrees e levation. 

3. Connect the standard funnel and filling hose 
to the filling and drain valve . 

4. Support the funnel above the level of the cap 
plug aperture . 

5. Remove one cap plug from the expansion 11ne 
manifold. 

6. Open the filling and drain valve. 

7. Run liquid into the funne l until it flows from 
the cap plug opening . The last po rtion must be run 
in s lowly t o allow the recoil cylinder dashpot t o fill. 

8. Close t he fill ing and drain valve. 

9 . Remove hose and r eplace cap. 

10. Replace the cap plug. 

Draining routine. 

1. Connect the yoke locking device and s ecure 
the s lide at 0 degrees elevation. 

2. Connect the filling hose to the fil ling and 
drain valve . 

3. Provide adequate containers on the gun pock 
et floor to catch the liqUid. 

4. Remove one cap plug from the expans ion line 
manifold. 

5. Open the drain valve and run the liqUid into 
the containers. 

Recoil piston rod packing replacement. Worn 
recoil piston rod packings that can not be set up 
enough to stop leakage must be replaced with new 
packings of the specificat ion deSignated on the detail 
drawing. Replace as follows: 

1. Drain the recoil system as outlined above. 

2. Bring the gun to 0 degrees elevation and seat 
the s lide secur ing pin. 

3 . Uncouple the yoke locki ng device . 

4. Bleed the c ounterrecoil air press ure. 
not completely exhaus t the s yst em. ) 

(Do 
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5. Jack the gun out of battery (approximately 
12 inches ). 

6. Backuffthe cylinder nut with spanner wrench. 

7. Slide the packing gland out. 

8. Remove the split rings of worn packings. 

9. Carefully clean the packing seat. 

10. Position the new packing (OS 687) around the 
pis ton rod in t he packing seat. 

11. Install the packing gland and r es eat the cyl
inde r nut. 

12. Jack the gun back into batte ry position ; couple 
the yoke locking device and run the nut up tight . 

13. Fill the recoil sys tem as outlined above, 

14. Ret r act the slide securing pin. 

15. Bring the gun t o 20 degrees e levation and re
charge t he counter r ec oil air s ystem t o the requi red 
air pressure . 

Servic ing the counterrec oil system. The mecha 
nisms of this system are provIded With special port 
able pipe and pump fac ilities and with pe rmanently 
located high-pressure a ir - line a r rangements (in the 
gun pocket, tur ret pan floor ) for the purpose of re
plenishing air and liquid and to pe rmit s ervice tests . 
All openings, valves , and gages are prec ise ly desig 
nated by nameplates and the parts labeled have cross
r eference inst ructions a nd diagra ms compiled on 
drawing 2321 90. F or convenient refer ence , the 
diagrams, se r vicing connections, and acces sories 
are s hown in figur e 4-9, and the ins t ructions are re
peated below. T hese instructions are specific rou
tines , both for initial charging of liquid and air, and 
for s ubsequent replenis hment of one or both. 

Part identity. The labeled parts and their sym
boLS are: 

1. On turret structure 

Air supply valve . 
Air s upply connection 
Air gage .. 
Bleeder valve . . 

2. On each mechanism 

Air valve 
LiqUid valve . . . 
LiqUid filling hole. 
Air charging hole • 
Air gage ... 
Safety gage . 
Indicator rod . 

v 
U 
T 
R 

z 
W 
Y 
X 
K 
P 
S 

SLIDES 

Instruction plates. Instruction plates, secured 
to the rear face of the yoke, carry the legends repro 
duced below: 

INSTRUCTION PLATE 

AIR GAGE 

AIR GAGE -K- LOCATED ON THE REAR 
OF EACH COUNTERRECOIL CYLINDER, 
PROVIDES A MEANS OF CHECKING THE 
AIR PRESSURE IN THE COUNTERRECOIL 
SYSTEM. THE AIR PRESSURE READING 
IS OBTAINED BY OPENING AIR VALVE -Z-. 
CAUTION: THE AIR VALVE -Z- SHOULD 
BE OPENED ONLY LONG ENOUGH TO OB 
TAIN AIR PRESSURE READING AND MUST 
BE CLOSED AT ALL OTHER TIMES. 
THE SERVICE PRESSURE SHOULD READ 
1550 POUNDS ON AIR GAGE -K-. UNDER 
NO CONDITION SHOULD AIR PRESSURE BE 
ALLOWED TO DROP BELOW 1400 POUNDS, 
OR RISE ABOVE 1700 POUNDS ON AIR 
GAGE -K-. DO NOT ATTEMPT TO RE 
PLENISH OR BLEED THE AIR SYST EM 
WITHOUT CONSULTING ORDNANCE DRAW
ING NO. 232190. 

INSTRUCTION PLATE 

LIQUID INDICATOR 

THE AMOUNT OF PROJECTION OF LIQUID 
INDICATOR -S- BEYOND THE REAR F ACE 
OF ITS REAR BRACKET INDICATES THE 
LOSS OF LIQUID FROM THE COUNTERRE
COIL SYSTEM. UNDER NO CONDITION 
SHOULD THE INDICATOR BE ALLOWED TO 
PROJECT BEYOND THE REAR FACE OF 
THE YOKE WITHOUT REPLENISHING THE 
LIQUID IN THE DIFFERENTIAL C YLINDER. 
DO NOT REMOVE LIQUID VALVE CAP -W-, 
LIQUID FILLING HOLE PLUG -Y-, NOR 
ATTEMPT TO REPLENISH THE LIQUID IN 
THE DIFFERENTIAL CYLINDER WITHOUT 
CONSULTING ORDNANCE DRAWING NO. 
232190. 

The s ervicing instructions and wa rnings quoted 
from drawing 232190 are : 

WARNING 

YOKE LOCKING DEVICE MUST 
BE CONNECTED AT ALL TIMES 
EXCEPT WHEN THE GUNS ARE 
TO BE FIRED OR OPERATING 
TESTS ARE TO BE CONDUCTED. 

COUNTERRECOIL SYSTE M 

THE COUNTERRECOIL SYSTEM IS LOCATED ON 
TOP OF THE SLIDE AND CONSISTS OF AN AIR 
AND LIQUID SYSTEM HOUSED IN TWO AIR CYL
INDERS AND ONE DIFFERENTIAL CYLINDER. 
THE AIR CYLINDERS AND DIFFERENTIAL CYL 
INDER ARE INTERCONNECTED WITH PIPING . 
THE AIR SYSTE M IS FILLED WITH AIR TO A 
PRESSURE OF 1550 POUNDS PER SQUARE INCH. 
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THE LIQUID SYSTEM IS FILLED WITH ICE MA
CHINE OIL (NAVY SYMBOL NO. 2075). THE LIQ
UID SYSTEM HOLDS APP ROXIMATE LY 1-1/2 
GALLONS. WHE N THE AIR AND LIQUID SYSTEMS 
ARE BOTH EMPTY, THE LIQUID SYSTEM MUST 
BE FILLED FIRST . 

LIQUID SYSTEM 

TO FILL WHEN BOTH AIR AND LIQUID SYSTEMS 
ARE EMPTY: 

1. SET GUNS TO F IVE DEGREES ELEVATION . 

2. DISASSEMBLE SAFETY GAG E P LAT E . 

3. DISASSEMBLE SAFETY GAGE LEATHER 
DIAPHRAGM. 

4. REMOVE PLUG F ROM LIQUID FILLING 
HOLE - Y- . 

5. REMOVE CAP FROM LIQUID VALVE - W
AND BACK OF F VALVE STEM 3 TURNS. 

6. OPEN BLEEDER VALVE -R- . 

7 . SEC URE LIQUID P UMP TO LOADER'S 
PLATFORM. 

8. CONNECT LIQUID PORTABLE PIPE FROM 
LIQUID PUMP TO LIQUID FILLING HOLE - Y- . 

9. P UMP LIQUID INTO SYSTEM. 

10. C LOSE B LEEDER VALVE -R- WHEN 
LIQUID APPEARS AT THE VA LVE . 

11. CONTINUE TO PUMP LIQUID UNTIL 
LIQUID APPEARS FLUSH WITH THE SAFETY 
GAGE DIAPHRAGM SEAT. 

12. REPLACE LEATHER DIAPHRAGM, PRESS 
ING IT F IRMLY AGAINST ITS SEAT. 

13. ASSE MBLE SAFETY GAGE PLATE. 

14. RE MOVE SAFETY GAGE FI LLING cAP 
AND GASKET. 

15. WITH SMALL ROD, PUSH DOWN SAFETY 
GAGE PLUNGER AS FAR AS IT WILL GO: HOLD
ING PLUNGER DOWN, FILL SLOWLY WITH LIQ 
UID THE SPACE ABOVE THE LEATHER DIA
PHRAGM. THE SAFETY GAGE PLUNGER SHOULD 
B E WORKED UP AND DOWN DURING FILLING TO 
MAKE SURE ALL THE AIR HAS PASSED OUT OF 
THE SAFE TY GAGE. (T HE SAFETY GAGE HOLDS 
ABOUT 2 OZS OF T HE SAME LIQUID USED IN 
THE LIQUID SYSTEM. ) 

16. WHEN THE LIQUID IN THE SAFETY GAGE 
IS FLUSH WITH T HE FILLING CAP HOLE, RE
PLAC E FILLING CAP AND GASKET. 

17. CONTINUE TO PUMP LIQUID INTO SYS 
TEM UNTIL LIQUID INDIC AT OR ROD -8 - IS 
FLUSH WITH REAR F ACE OF THE REAR END 
BRACKET. 

18 . SC REW IN LIQUID VALVE -W - FIRMLY 
AGAINST ITS SEAT AND REPLAC E VALVE CAP. 
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19 . DISCONNECT LIQUID PORTABLE PIP E 
F ROM UQUID PUMP AND LIQUID FILLING 
HOLE -Y-. 

20. REPLAC E P LUG IN LIQUID FILLING 
HOLE -Y-. 

TO REP LENISH UNDER AIR PRESSURE 

NOTE : D UE TO LUBRICATION OF COUNT ER 
RECOIL PLUNGER, DIFFERENTIAL 
PISTON AND PISTON ROD, T HE LIQ 
UID WILL IN TIME NEED REPLEN -
1sHING. TmS REPLENiSHING SHOULD 
BE DONE BE F ORE THE LIQUID 
INDICATOR ROD -S - P ROJECTS F LUSH 
WITH THE REAR FACE OF THE YOKE . 

21. SET GUNS TO FIVE DEGREES ELEVATION . 

22 . REMOVE PLUG F ROM LIQUID' F ILLING 
HOLE - Y-. 

23 . P ERFORM OPERATIONS 6, 7.8.9,10,5,17, 
18, 19. and 20 . 

SAFETY GAGE P 

THERE IS A SAFETY GAGE LOCATED ON THE TOP 
ON EACH DIFFERENTIAL CYLINDER. T HE SAFETY 
GAGE SHOWS THE LIQUID PRESSURE ON T HE SYS 
TEM AT ALL TIMES. IF THE GAGE IS B ROKEN OFF 
OR DAMAGED. T HE LEATHER DIAPHRAGM P RE 
VE NTS T HE IMMEDIAT E LOSS OF LIQUID F ROM THE 
SYSTEM. THE SP ACE ABOVE THE LEATHER DIA 
P HRAGM CANNOT BE FILLED IF AIR P RESS URE IS 
ON THE SYST EM. T HE FOLLOWING CONDITIONS 
MAY CAU SE THE SAFETY GAGE TO CEASE FUNC
TIONING: 

A. LOSS OF LIQUID FROM ABOVE THE 
LEATHER DIAPHRAGM. 

B. T HE END OF THE INDICATOR RO D -S
HAS BEEN ALLOWED TO EXTEND BE 
YOND T HE REAR FACE OF THE YOKE 
DUE TO LOSS OF LIQUID F ROM THE ' 
CO UN T E RRECOIL SYSTEM. 

C . INSUFFICIENT AIR PRESSURE ON THE 
SYSTEM. 

D. DE F ECT IVE SAF ETY GAGE. 

T O F ILL OR REPLENISH 

SAFETY GAGE P 
24 . BLEED AIR SYST E M (OPERATIONS 27 AND 29) 

25. PE RFORM OPERATIONS 14 . 15, AN D 16 . 

AIR SYSTEM 

TO CHARGE WH EN EMPTY 

CAUTION: MAKE SURE YOKE LOCKING DEVICE 
HAS BEEN CONNECTED AND LIQUID 
SYSTEM HAS BEEN FILLED. 

26 . ELE VATE GUNS TO 20 DEGREES ELEVATION. 

27. REMOVE P LUG FROM AIR CHARGING HOLE 
- X -. 

28. CONNECT PORTABLE AIR PIPE FROM AIR 
SUPPLY CONNECTIO - U - TO AIR CHARGING 
HOLE -X -. 

www.tinyurl.com/slover


29. REMOVE CAP FROM AIR CHARGING VALVE 
- Z - AND BACK OFF VALVE STE M 3 T URNS . 

30. OPEN AIR SUPPLY VALVE -V - VERY SLOWLY 
AND CHARGE TO 500 POUNDS P E R SQUARE INCH 
AS INDICATED ON AIR GAGE -K-. 

31. CLOSE AIR VALVES -V - AND -Z-. 
32. BLEED PRESSURE F ROM P ORTABLE AIR 

PIPE AT BLEEDER VALVE IN AIR SU P PLY VALVE 
-V- AND DISCONNECT AT AIR CHARGING HOLE -X- . 

33 . OPEN AIR VAL VE -Z- VERY SLOWLY AND 
EXAMINE ESCAPING AIR AND AIR CHARGING HOLE 
-X - TO DETECT THE PRESENCE OF OIL . 
. 34 . IF NO OIL IS DETECTED IN OPERATION 33 , 

PROCEED AS FOL LOWS: 
A . RECONNECT PORTABLE AIR PIPE TO AIR 

CHARGING HOLE -X - . 
B . CHARGE SYSTEM VERY SLOWLY UNTIL 

AIR GAGE -K- INDICATES A PRESSURE OF 1700 
P OUNDS PER SQUARE INCH. ALLOW THIS PRES
SURE TO STAND FOR SEVERAL HOURS, THEN 
BLEED TO SERVICE PRESSURE OF 1.550 POU NDS 
PER SQUARE INCH. 

C. CLOSE AIR VALVES -V- AND -Z-, AND RE 
PLAC E CAP ON AIR VALVE -Z- . 

D. BLEED PRESSURE FROM P ORTABL E AIR 
PIPE AT BLEEDER VALVE IN AIR SUP P LY VALVE 
-V- , DISCONNECT AIR PIPE AT BOTH E NDS AND 
REPL ACE PLUGS IN AIR CHARGING HOL E -X - AND 
AIR SUPPLY CONNECTION -U -. 

35 . IF OIL IS DETECTED IN OPERATION 33 , RE -
P E AT OPERATIONS 28 TO 33, USING A PRESSURE 
OF 800 POUNDS PER SQUARE INCH . 

36. IF OIL IS PRESENT AFTER OPE RATIONS 
33 AN D 35, P ROCEED AS FOL LOWS : 

A . DRAIN LIQUID SYSTEM, DISASS EMBLE AND 
EXAMINE COUNTE RRECOIL AND DIFFERENT IAL 
CYLINDER PACKINGS. 

B . DISASSEMBLE ALL PARTS OF AIR SYSTEM 
AS ARE NECESSARY TO INSURE REMOVAL OF ALL 
OIL . 

C. REASSEMBLE AND PE RFORM OPERATIONS 
1 T O 20. 

D. PERFORM OPERATIONS 26 TO 36 . 

TO RE P LENISH 

NOTE: WHEN AIR PRESSURE ON GAGE - K- DE 
NOT ES 1400 P OUNDS P E R SQUARE INCH 
OR LESS, THE AIR SYST EM SHOULD BE 
REPLENISHE D. 

CAUTION: MAKE SURE YOKE LOCKING DEVICE 
IS CONNECTED. 

37. CHECK AIR SUPPLY LINE BY OPENING AlR 
VALVE -V- AND CHECK P RE SSURE ON LINE BY 
,AIR GAGE - T-. 

38. CLOSE AIR VALVE -V- AND BLE ED PRES-
SURE OFF AIR GAGE ~ T ~ BY BLEEDE R VALVE IN 
AIR VALVE -V-. 

39. PERFORM OPERATIONS 26 T029AND34B TOD 

TO OBTAIN READING OF AIR PRESSURE ON 
SYSTEM 

NOTE: THE AIR PRESSURE IN T HE SYST E MSHOUL D 
BE CHECKED DAILY AND THE P RESSURE 
SHOUL D BE KEPT AT THE SERVICE P RES 
SURE OF 1550 P OUNDS PE R SQUARE INCH
ON AIR GAGE -K-

40. MAKE SURE AIR CHARGING HOLE P LUG -x-
IS TIGHT IN ITS SEAT. 

SLIDES 

41. OPEN AIR VALVE -Z- ONE T URN. 
42. READ PRESSURE ON AIR GAGE - K-. 
43. CLOSE AIR VALVE - Z- . 
44. BACK OFF AIR CHARGING HOLE PLUG - X 

TO BLE ED PRESSURE OFF AIR GAGE - K-' T HEN 
RE TIGHTEN AIR CHARGING HOLE PLUG ~'X-. 
General note 

1. Fo r daily, monthly, and annual inspection of 
the counterrecoil system, see instructions issued by 
the Bureau of Ordnance. 

2 . Caution: In closillgair or liquid valves, use 
proper tool with no extension. Excessive force on valve 
may damage valve parts or seat. 

3. Caution: Air valves shouJd be opened very 
slowly, to prevent possible exp]osion or damage to 
air gage. 

4. In no case should the counter recoil system be 
charged with air if oil is in the air portion of the counter
recoil system. This would result in an explosive mixture 
of a i r and oil vapor. 

5. Extreme care should be taken that the counter-
recoil system is not inadvertently charged with oxygen 
instead of air. An oxygen and oil vapor mixture is 
highly explosive. 

Counterrecoil plunger packing replacement. Worn 
counterrecoil plunger packing must be replaced to pre
vent formation of an explosive oil or air mixture, and to 
prevent loss of air or oil. 

P a cking specifications. T he plunger packing is a 
chevron-type preformed composition packing ring 
identified by Ordnance Specification 749. 

Packing replacement routine. For plunger packing 
replacement routine. see "Counterrecoil plunger and 
packing assembly and disassembly," this chapter. 

Routine tests 0.£ the slide 

General instructions. The slide assembly, and 
partic ularly the hydropneumatic counter reco i] mec ha~ 

nis m, requires frequent inspection and regula r exer
cise tests in order to assure normal performance 
when the gun is fi red. These tests and inspections are 
required by instructions contained in t he Bureau of 
Ordnance Ma nual. Such tests furnish exercise for the 
plungers and differential chevrons, deflecting and dis
tending them, thus preventing their taking a set or 
seizing the plungers. By keeping the packings pliant. 
their sealing capacity is retained. Daily, monthly, 
and overhaul tests and inspections are separately 
listed belaw. 

Daily inspection. Daily and immediately after fir
ing, inspect the counterrecoil system fO]' evidence of 
a ir or liquid leakage. Observe carefully the expased 
cylindrical surface of each recuperatar plwlger. Pra
ceed as follaws: 

1. See that the yoke locking device is connected 
and that the nut is drawn tight against the shoulder of the 
yoke . 

2 . Read and record the recuperator system pres
s ures a s indicated an bath the sa~ety gage and the air 
pressure gages. If air pressure has dropped to 1400 
pounds per square inc h or below. recharge the system. 

3. Measure and recard the protrusion of indicator 
rod S. If rod end p rojects near 0.1' beyond the rear face 
af the yoke, replenish the liquid. 

Monthly test. Once monthly after completing the 
inspe ctian presc r ibed above , perfarm the followin g 
test routine : 
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CAUTION: Do not elevate the gun after air has 
been ble d from the counterrecoil system with the gun 
at or near horizontal position. The gun will move to
ward its recoil position and the plunger yoke shoe 
will strike the studs in the face of the counterrecoil 
cylinder. This will stop the gun but the inertia of 
the counterrecoil plunger may be sufficie nt to shear 
or damage the locking pin. 

1. Check the level of the recoil system liquid 
with the gun at 0 degrees elevation. Replenish if 
necessary until liquid flows from the cap plug vent. 

2. Disconnect the yoke locking device , elevate 
the gun to 20 degrees elevation, secur e the slide and 
perform the following counterrecoil exercise . 
* Connect the por table ai r - charging pipe between U 
and X. Verify that bleeder valve V is c losed. Open 
air valve Z three turns. Bleed air at V until the gun 
slides out of battery. Close bleeder in valve V and 
open air-supply valve until gun returns to battery. 
Repeat the exercise two more times and give final 
charge in accordance with routine outlined under 
"Daily inspection. " Retract the slide securing pin. 

3. Depress the gun to loading pos ition. Connect 
the yoke locking deVice and pe rform the following 
differential piston exercise. Remove plug Y and 
valve cap W. Connect the portable liquid filling pipe 
to Y and place the lower end in a bracket. Open valve 
W and bleed off the liquid until indicator rod S is one 
inch from the rear fac e of the yoke. Mount the liquid 
charging pump with oil-pressure gage installed in the 
line , and restore the liqUid. Repeat the exercise two 
more times and give the final charge in acc ordance 
with the routine outlined unde r "Daily inspection. " 
* The 45-degree-elevation position shown in figu re 
4 - 8 and the portable pipe indicated for that position 
a r e not intended fo r the s liding out exercises. The 
arrangement shown fo r 45 degrees elevation is for 
purpose of se r vice oper ation in or der to get an unbal
ance d gun assembly back into battery after losing ai r 
charge . Under such conditions the elevating gear 
must not be used to r aise the gun to the 20-degree 
air-charging position. 

4. With the liquid pump connected as above, and 
with the yoke locking device connected, bleed the 
counte r recoil air charge- to ze-ro. Pump liquid until 
the diffe rential piston m'Jves be yond its fully charged 
pOSition, and until the liqUid pressure gage (safety 
gage ) reading indicates rooo pounds pe r square inch. 
Obse rve that the plunge r packings hold this press ure. 
Then recharge the air pressure to 1550 pounds per 
square inch. Bleed liqUid until t he indicator r od S 
is at normal full-charge position. Sec ur e t he counte r
recoil s ystem and mount. 

Overhaul inspection. Supplement the above inspec
tions and tests by ove r haul inspection of the counter
recoil s ystem at inter vals deSignated by the Bureau 
of Ordnance Manual. P erform the disassembly at the 
home yard with the assistance of the yard force . The 
procedure is as follows : 

1. Open the counterrecoil and differential cy lin
ders. 

2. Examine the condition of packings, glands, 
liners, followers, packing seats, wiping rings, 
working surfaces , and cylinder walls. 

NOTE : Extreme care shall be exe rcised to 
p r event foreign matter entering air passages. It is 
not necessary to remove fi lter screens. 

3. Clean out the cy linders and note the amount 
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of sediment present in each. If the amount is un
usually large, forward samples (properly deSignated) 
to the Bureau of Ordnance. 

4. Test the air and liquid gages by comparison 
with a s tandard gage. 

5. Renew a ll par ts which are in an unsatisfact ry 
condition and reassemble the mechanism. Use Naval 
Gun Factory chevrons only. 

Adj us tments 

Adjustments are to be pe rformed by per sonne l 
familiar with the procedure and only when found to 
be neces sary. Non-adjustable units include the deck 
lug r adial bear ing and the gun slide with all its com
ponents including the slide forging, the gun cover , 
the s lide liners and wiping ring, the yoke locking de
vice, the buffers, the rear end brackets and loader's 
platform, and the slide securing device. Adjust
ments pertaining t o the gun assembly, which includes 
the breech mechanism and gas ejector, are covered 
in chapter 3. Adjuslable elements of the deck lugs 
and the procedure for making the adjustments are 
given in the following paragraph. 

Deck lug adjustment. The deck lug is des igned 
for fixed nonadj us table arrangement. The deck lug 
thrust plates are installed with a thrust clearance of 
O. 002 inch between the s lide and each of the two 
plate s. Chec k the thrust clearance, and if the clear 
ance is exce s s ive , correct by installing oversized 
thrus t p lates. This operation is described on page 
4-3. 

DISASSEMBLY AND ASSEMB LY 
Gene ral instructions 

Operations of dismantling , disassembly and as
sembly of the components are to be performed by 
personnel familiar with the procedure who are eqUip
ped with standard and specia l tools required for the 
job at hand. Reassembly and reinstallation of com
ponents is facilitated by precise fitting of the parts 
at the time of initial installation at the Naval Gun 
Factory. Design is s uch that once this nittal fitting 
is made, a minimum of adjustment or fitting is nec
essary on subsequent r eassembly. When disassem
bling or assembling component s of the slide, refer 
t o applicable gener al arrangement and detail design 
drawings for information not readily apparent from 
an examination of the assembly or from the instruc
tions. 

Counterrecoil plunger packing replacement. 
Defech ve chevron packlrig rings or other components 
of the plunger packings should be removed and re
assembled as presc ribed below. In these operations 
the plunger rear liner and plunger bearing must not 
be withdrawn. If the rear liner is to be removed 
(for r eplacement of the bearing or other reason) the 
counterrecoil cylinder must be disassembled intact 
from t he slide and the plunger must be withdrawn 
before disassembling the packing. The operations 

whicliIOIIow should be performed preferably with
the gun at 0 degree.!'! elev~ion. If the __ ope~ations are 
performe at 20 degrees elevation (access is more 
convenient at this position), extr eme car e mus t be 
e xercised to prevent the plunge r from slipping into 
the cylinder. To disassemble and assemble the 
plunger packing refe r to (s ee paragraph 4C OS5321 ) 
drawings 232376 and 236064. Proceed as follows: 

1. Secure the yoke lock ing devic~. 

2. Seat the slide securing pin in its s ocket. 
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3. Remove the plunger cover. 

4. Secure C-clamps to the guide ralls just to the 
rear of the plunger yoke. 

5. Remove air valve cap Z and plug X. 

6. Open air valve Z and completely bleed the 
recuperator air pressure. 

NOTE: It is not necessary to drain the liquid 
from the differential cylinder. Tbe position of tbe 
packing lead is such that only the liquid in the pack
ing will be lost. 

7. Remove the locking pin from the yoke, one 
plunge r only. 

8. Remove the 12 stud nuts and lock washers 
from the cylinder gland and slide the gland forward. 

9. Place a wood block and pad beneath the plung
er in front of the cylinder. 

10. Loosen the plunger from the yoke and with
draw it sufficiently t o remove the gland. 

11. Refer to drawing 236064. Slide the plunger 
rearward sufficiently to assemble the connecting rod 
(236064-4) and the rail fixture (236064-2), with the 
eye nut (236064-7) on the forward end of the connect
ing rod, and with the stop rod (236064-6) and nut 
seated in the rail fixture . Attach a sheave to the 
yoke (use eye bolt in the plunger yoke seat) . Reeve 
a line through the sheave and attach to the eye nut. 
Snub the line at the projectile holst cradle. 

SLIDES 

12. Slide the plunger into the cylinder until the 
stop rod contacts the cylinder face. 

13. Remove packing e lements to a position on the 
connecting rod. 

14. Draw the plunger forward until the eye nut is 
at the sheave . 

15. Install a wood block under the forward end of 
the plunger. 

16. Remove the eye nut and rail fixture . 

17. Remove the old packing from the connecting 
rod and replace with new packing chevrons and 
gland. 

18. Reassemble rail fixture and eye nut and re
move the wood block. 

19. Install the packIng in the cylinder and secure 
the gland. Do not move the plunger. 

20. Remove rail fixture, connecting rod, sheave, 
and line. Support the plunger forward end until it is 
seated and secured in the plunger yoke. 

21. Recharge the recuperator air pressure and 
replenish the differential cylinder liquid in accord
ance with the routines outlined in "Servlchlg the 
counterrecoil system" of this chapter. 

22. Remove the C-clamps and replace the plunger 
cover. 
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Chapter 5 

E LEVATlNG GEAR 

16-inch Elevating Gear Mark 5, Mods 0, 1, and 2 

l6 -inch Elevating Receiver Regulator Mark 10 Mod 0 

GENERAL DESCRIPTION 

The gun elevating equipments insta lled in each 
turret are three independent elevating gear assem
blies. They are designated 16-inch E levating Gear 
Mk 5 Mod 0 for the right gun, 16-inch Elevating Gear 
Mk 5 Mod 1 for the center gun, and 16 -inch E leva 
ting Gear Mk 5 Mod 2 for the left gun. The three 
assemblies are identically power ed and cont rolled 
and differ only as to position and arrangeme nt of com
ponents. A typical elevating gear installation is il
lust r ated in figure 5-1. 

The elevating gear assemblies control and oper
ate the gun laying movements of t he three gun s lides. 
T hese assemblies elevate and depr ess the guns 
thr ough 47 -degree a r co in tur rets I a nd m, and 45-
deg r ee arcs in tur ret n. The a rcs a re limited by 
stops at 45 degrees elevation in a ll turr ets, at 2 
degrees depression in turrets I and m, and zero 
degrees depression in turret n. 

16 - inch Elevating Gear Mk 5 is an electric-hy
dr aulic machine with an elevating-s c r ew and oscil 
lat ing-bearing type of final drive. The independent 
s elector fo r each gun permits selection of control of 
gun laying from a remote control station or hand con
trol of gun laying f rom a local pOinter's s ta tion . The 
m ethod of gun elevation control is s e lected by the 
gun layer by positioning a control selector that is 
m ounted on the bulkhead adjacent to his station. Au
t omatic pOSitioning of the gun at five degrees eleva
tion for loading and r eturn of the gun to automatic 
control is provided by a switch at the gun captain's 
station. 

Each elevating gear comprises a power dr ive , 
an elevating screw and oscillating bearing, and con
t r ol mechanisms which include 16-inch Receiver
Regulator Mk 10 Mod O. Component locations (fig. 
5 - 1) are Similar for the thr ee tur ret a s semblies; all 
are located forward and below the r es pective gun 
pock ets , in the pan floor and electric deck spaces , 
except for certain cont r ols. The motor cont r olle rs 
are located in the upper projectile handling deck 
machinery space. The ON-OFF push-button control 
is at the gun layer's station. 

The powe r drive is an electrically driven hydrau
lic tx:ans mission that drives the e levat ing sc rew 
through the oscillating bearing to e levat e and depress 
the gun at maximum aver age rate of 12 degrees per 
second. The arr angement of the mechanical com
p one nts of the elevating gear with respect t o the 
p ower drive is s hown in figur e 5 - 2. 

In automatic control, the r eceive r-regulator 
receives gun elevation or der elect r ically f r om the 
remote control station. Actual gun elevation is 
automatically transmitted to the r eceive r -regulator 

through a mechanical response gear. A diff erence 
between elevation or der and actual elevation results 
in movement of the A-end tilting box (fig. 5-2), 
through a hydraulic control valve and the s ervo pis 
ton. The amount of ti lt, determined by the gun posi 
tion "error, " regulates the speed of the B-end as it 
drives t he elevating screw. "Follow-up" contr ol is 
provided by s hafting and gearing that feed B- end r e 
spons e back to t he r eceiver-regulator and to the A
end t ilting box to retur n it to neutral. Control is 
entirely automatic; no action by turret personnel is 
r equired. 

In hand cont rol, the gun layer's handwheels are 
m echanically connected (through shafts , gear s , and 
a clutch) to a hydraulic directional valve , which ports 
servo pres s ure to the servo piston. Movement of 
the handwheels moves the A-end tilting box th r ough 
the directional valve and the servo piston. The B
end elevates or depresses the gun at a rate corre 
s ponding t o the direction and speed of handwheel mo 
tion. Response is mechanically fed back to the A-end 
t ilting box to r etu r n it t o neutral. Because of this 
fo llow-up action, the gun will continue to move (with 
in its limits) only as long as the handwheels are 
turned. 

In automatic loading control, a loading valve in 
the r eceiver-regulator controls hydraulic flow to the 
servo cylinde r t o bring the gun automatically to five 
degrees elevation for loading. 

Design diffe rences 

The r ight - and center-gun elevating gears are 
identical, with the exception of some hydraulic pipes 
and the positions of certain par ts. In the cente r gun 
installation, the elect ric motor is located fa rther 
away f r om the A- end. The response gear s l'urlting 
is rearranged to conform to the offset-from - center 
installation of the center-gun elevating gear. 

The left-gun elevating gear differs from the r ight 
and center insta llations as follows: The B-end is 
mounted in the opposite way from the like units of 
the right and center installations; the hydraulic pipes 
are rearranged t o confor m to this mounting. The 
arrangement of the response gear is similar to t hat 
of the right gun. 

Elevating gear data. 

Gun moveme nt limits 
Maximum elevation, deg .. . . . . . ...... . . . 45 
Maximum depr es s ion, deg . . . .. . . . . .... . -2 
Maximum depression (turret n), deg. .... 0 
Loading position, deg. .... . ... ... . . . .... 5 
Speed, maximum gun laying, deg per sec. . 12 
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Power drive 

Components. The components of each elevating-
gear power drive are: 

Electric motor 
Controller 
Speed reducer 

Auxiliary pumps 
Motor to A-end couplings 
Hydraulic pump (A-end) 
Hydraulic motor (B-end) 
B-end coup ling 
Servo and supercharge filters 
Servo and supercharge r elief valves 
Expansion tank 

SIGHT POINTER'S STAT ION 

OSCI LLATING BEARING 

ELEVAT ING GEAR BEN D 

ELEVATION INDICATOR 

GUN LAYER'S STATION 

ELEVATING GEAR A-E ND 

ELEVAT ION 
RECEIVER REGULATOR 

EL CTRIC MOTOR 

F igure 5-1. 16-inch Elevating Gear Mk 5 Mod 0, General Arrangement 
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ELEVATING SCREW ---------

LUBRICATING PUMP FOR 
ELEVATING SCREW 

GUN LAYER'S HANDWHEELS -----1 

E LEVATING GEAR 

B·END 

SIGHT ANGLE INPUT 

--t--------j~--- ELEVATION INDICATOR 

FR I CTION CLUTCH __ ----tttt----~'(..llJ~"""" 

LI MIT STOP 

NEUTRAL INTERLOCK SWITCH 

NOTE ARROWS INDICATE 
DIRECTION OF ROTATION 
TO ELEVATE GUN 

11 

A·END 

A·END TILTING BOX 

RESPONSE TO REGULATOR 

STROKE INDICATOR 

'?#~:::===== SERVO CONTROL VALVE 
~~ CONSTANT HORSEPOWER 

VALVE 

PRESSURE MEASUR ING PISTON 

;r--------DIRECTIONAL VALVE 

SERVO PISTON 

SERVO AND 
SUPERCHARGE 

PUMPS 

SPEED REDUCER 

ELECTRIC MOTOR 

Figure 5-2. l6-inch Elevating Gear :Mk 5 Mod 0, Schematic Arrangement 
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Electric motor. The electric motor is a squirrel
cage induction type. It is mounted on a s tructural 
foundation (fig. 5-1) that rais es it s lightly above the 
e lec t ric deck. The moto r has its output shaft at the 
forward end, with direct drive coupling to the speed 
r educer (fig. 5-3). 

Motor data. 

Type .. ... 
Design features. 

. s qui rrel cage , induction 
. waterpr oof, fan cool
ing, horizontally mount-
ed, reduction gear drive 

Horsepower ........ •• ... • 60 
Revolutions per minute, synchronous . 1800 
Revolutions per minute , full load . . . 1750 
Rotation (viewed at fan end) . counte rclockwise 
Speed class. . . . . . . constant 
Voltage . . . . . . . • • 440 
Ampe res, full load . . 81. 8 
Amperes, locked rotor . 560 . 0 
Phases . . . . . . . . 3 
Cycles . . . . . . . . 60 
Ambient temperature, C . . . . . . . . 75 
Torque class . nor mal , low starting curren t 
Weight (including speed r educer, lb) . . 1880 
Manufacturer . . . . . . . Reliance Electric 

Manufacturer's designation. 
Drawing . 0 ••••••• 

AUXILIARY PUMP GEAR 

SERVO PUMP 

Engineering Co, 
. Type AA 

265472 

VENT AND FILL PLUG 

PINION GEAR 

DRIVEN SHAFT 

Controller. Each electric motor is power ed and 
controlled through an acr oss-the -line magnetic- type 
c ont r oller. Each controller contains a ma in contac 
t or , overload r elays , reset r elays, and a hand-op
erated circuit breaker. The controller Is contr olled 
from a maste r push button at the gun layer's station. 
This switch is normally open and is closed by press 
ing the START -E ME RG push button. The switch is 
opened by pressing the STOP push button. 

Contr oller data. 

Type . . . . acr oss the line magnetic s tarter 
Hor sepower rating full load . . .. . 60 
Protection 

Overload . . . . . . . . . . thermal type 
Adjustable range, amps ...... 80-95 
Normal setting, amps . . . . •• 90 

Short c ir cuit, circuit breaker, amps . 675 
Unde r Voltage 

Drop- out voltage . 
Sealing voltage. . 

Shock r ating. 
Weight lbs . . 
Manufaeture . 
Drawing ... 

44 
374 

50 
· . . .... 165 
· Cutler - Hammer 
· . . . . 365736 

Speed reducer. The speed reducer (fig . 5-3) is 
driven by the electr ic motor and is bolted directly 
to the motor case by means of an integr al flange 

ELECTRIC MOTOR SHAFT 

ELECTRIC MOTOR HOUSING 

SPEED RED UCER 
MOUNTING FLANGE 

LOCKNUT 

DRIVEN GEAR 

SPEED REDUCER COVER 

RETAINER COVER OIL RETAINER PACKING 

Figure 5-3. Speed Reducer Assembly, Cutaway View 
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of the speed reducer housing. T he pinion gear, di 
rectly driven by the electric mot or , drives both the 
driven s haft (output shaft for the A- end pump) and 
the auxiliary pump shaft for the servo and super
char ge pumps. 

Speed reducer data. 

Type. . . . . . . enclosed spur gear train 
Output shaft (ratio 3.342 to 1.00), 

rpm. . . . . . . . . . . . . . .. 500 
Auxiliary shaft (ratio 2.085 to 1. 00), 

rpm. . . . . . . . . . . . . . . . 835 
Rotation (viewed from output end): 

Output shaft " .... coullte rclockwise 
Auxiliary shaft. . . .. counterc lockwis e 

Lubrication . . . . . . . . . oil bath 
Manufacturer.. Northern Pump Company 
Drawing . . .. . .. .. ... 268473 

The speed reducer illustrated in figu r e 5-3 is for the 
right- or center-gun elevating gear . T he s peed re 
ducer for the left gun is rotated 180 degrees. 

Auxiliary pumps. The auxiliary pumps (Ug. 5-3 ) 
are boIted on the speed reducer housing . They a re 
arr anged as a tandem-driven assemblage of function 
a lly independent pumps. Both are r otary-gear-type 
pumps of identical design but of different capacities. 
T he larger one is a servo pump that supplies the 

ELEVATING GEAR 

servo piston housing (fig. 5-4). The other is a supe r
cha rge pump tha t supplies hydraulic fluid to the m a in 
system r e lief va lves and replenishing valves located 
in the valve block attached to the A-end valve plate. 

Servo pump. The intake of the servo pump (fig. 
5-3) I S connected to the main system supply tank . 
The pump discharges through a duplex fHter into the 
c ontrol s e lector and s troking systems. Pump capac
ity is 11.5 gallons per minute at approximately 400 
pounds per square inch p ressure. 

su~erchar,e pump. The intake of the supe rcharge 
pumpflg. 5- ) connects to the main system s upply 
tank through a common connection with the servo 
pump. The s upercharge pump discharges through a 
duplex filte r into the main system relief valves and 
replenishing valves. The valve block for these valves 
is mounted on the A-end valve plate. Pump capacity 
is 8.5 gallon.s pe r m inute at apprOximately 50 pounds 
pe r square inch pressure. 

Motor to A-end couplings. The connecting drive 
shaft , between the output shaft of the speed reduc
e r to the main shaft of the A-end, is coupled to these 
units by flexible couplings. These couplings are 
comme rcial units which provide floating compensa
tion for slight misalignment. Each is an assembly 
of splined hubs, which seat on respective shaft 
ends, and flanged sleeves which enclose the hubs. 

LINK PiN SERVO PISTON SPACER TO CONTROL TRANSFER VALV E
SERVO PRESSURE OR DRAIN 

SETSCREW 

HOU SI NG 

Figure 5-4. Servo P iston Assembly, Cutaway View 

INLET FOR 
SErNO PR ESSURE 
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The sleeves have gears that mesh with gear teeth on 
the hubs. When installed, each coupling is partially 
filled with oil to provide lubrication for the gearing. 

Hydraulic pump (A-end). The A-end is a type K, 
variable-displacement hydraulic pump of modified 
commercial design. It is mounted on a foundation 
weldment of the electric deck with its input shaft 
connected to the driven shaft of the speed reducer. 
Proper alignment of these shafts is provided by the 
special gear-type coupling described in the previOUS 
paragraph. 

Pressure and tank connections. In addition to 
the pipe connections of the main system, the A-end 
assembly has drain, circulating, servo, and super
charge connections. The drain connections direct 
hydraulic fluid vented from the servo piston assem
bly and control box mechanism back to the expansion 
tank. The servo pump (de livers servo pressure to 
the control box mechanism) and the supercharge 
pump (delivers supercharge pressure to the valve 
block of the A-end valve plate) are supplied with 
fluid through a common connection with the expan
sion tank. The A-end and B-end and the A-end and 
expansion tank are interconnected by flanged fittings 
for fluid circulation, which aids in cooling the mech
anism. 

The pipes indicated above are connected by flanged 
fittings that are bolted in position. 

Case . A square, oiltight case encloses the A-end. 
The case assembly consists of valve plate, case 
head, servo piston assembly, control box mechan
ism, trunnion cap, trunnion bearing assembly, and 
retainer. A storage tank for hydraulic fluid in which 
the active parts rotate, the case has attached mount
ing feet that are bolted to the A-end foundation weld
ments. The receiver-regulator is mounted on sim
ilar foundation weldments adjacent to the A -end. 
The general arrangement of parts within the A-end 
case is the same as the training gear A-end shown 
in figure 6-5. 

The main shaft of the A-end supports the rotat
ing parts of the pump. At a point near the center of 
the A-end case, the main shaft is made in the form 
of a closed yoke to support the universal- joint trun
nion and pin. Ahead of the closed yoke is a section 
provided with two keys. 180 degrees apart which sup
ports the cylinder barrel. The forward end of the 
main shaft is supported by a ball bearing in the valve 
plate. The splined end of the main shaft is similarly 
supported by a ball bearing in the case head. 

The open center of the cylinder barrel has two 
keyways 180 degrees apart throughout its length to 
mate with the two keys in the main shaft. The barrel, 
retained on the main shaff by a nut, is held against 
the valve plate by a spring which backs up against a 
flange on the main shaft. The cylinder barrel con
tains nine cylinder bores, which are of the same 
diameter throughout the length of piston travel. They 
taper sharply at the end to a small cylinder port out
let. 

Each cylinder bore is fitted with a piston, ground 
and lapped to a smooth-working fit. When the A-end 
is transmitting hydraulic power, the fluid being dis
charged by the pistons presses against the ends of 
the cylinder bores and forces the barrel against the 
valve plate to r educe internal leakage between bar
rel and valve plate. This sealing effect increases 
as hydraulic pressure in the system increases. 
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A drllled hole in the center of the front face of each 
piston admits hydraulic fluid to lubricate the ball
shaped ends of the connecting rods. 

Nine connecting rods connect the nine pistons 
with the socket ring. Each connecting rod has two 
ball-shaped ends. One end seats in a socket in the 
piston and is held in place by a split cap, cap nut, 
and nut lock. Shims are placed between the cap and 
piston surface to obtain proper clearance for the ball 
end. Each connecting rod has two ball-shaped ends. 
One end seats in a socket in the piston and is held in 
place by a split cap, cap nut, and nut lock. Shims 
are placed between the cap and piston surface to ob
tain proper clearance for the ball end. Each connect
ing rod is drilled throughout its entire length to pro
vide for lubrication of the ball end sockets. 

The socket ring is a circular piece that contains 
the nine sockets for the other ends of the nine con
necting rods. Each rod is r etained in its s ocket by 
a socket cap, socket cap nut , and socket cap· nut lock. 
The socket cap is split to fac ilitate installation and 
removal. The s ocket ring has two ball bearing as
semblies, one at the back and the other at the piston 
side of the socket ring. Two s lots , located about the 
center of the socket ring and 180 degrees apart, 
carry the mains haft trunnion bearing blocks of the 
universal joint. 

Main shaft rotation is transmitted to the socket 
ring by a universal joint formed by a trunnion in the 
shaft yoke. The attached socket ring is free to ro
tate about the axis of the trunnion, giving a controlled 
variation in the length of piston stroke. 

Tilting box. The tilting box varies the angle of 
the s ocket ring with r elation to the main shaft, chang
ing the length of piston stroke from zero to maximum. 

The tilting box is a trunnion-mounted casting 
located inside the A-end case. It contains two groups 
of ball bearings which take the radial and axial 
thrusts of the socket ring. An arm of the tilting box 
extends through a hole 01 the A-end case and connects 
with the servo stroking piston. A shaft extends verti
cally from the tilting box t runnion and connects with 
the follow-up mechanism mounted on top of the A-end. 
The function of the follow-up is descr ibed on page 
5-13 of this chapter; 

Valve plate. The valve plate is stationary and 
forms one end of the A-end case. The inner, or 
rear, surface of the plate is a finished surface 
against which the cylinder barrel rotates. This sur
face has two semiannular grooves, called valved
plate ports , through which hydraulic liquid flows 
when power is being transmitted. These ports con
nect with the power t ransmission pipes between the 
A- and B-ends. 

Between the valve ports are flat surfaces called 
lands. As the cylinder bar rel rotates, the cylinder 
bores pass in succession over the lands. The lands 
are positioned so that they coincide with the end-of
stroke of each of the nine reciprocating pistons; 
there is· no pumping action when the cylinder bores 
pass over the lands . At the center of the valve plate 
are the bearings for the end of the main shaft. The 
valve plate includes an attached valve block which 
houses the two main valves, a pilot valve, a cutout 
valve, and a directional flow shuttle valve. 

Main valves. Each main valve 18 connected with 
a semiannular port of the valve plate , and each acts 
in two ways: 
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1. As a main system replenishing valve operat
ing under supercharge pressure. 

2. As a r elief by-pass valve. 

When power is being transmItted, a small amount 
of hydraulic fluid is constantly being lost from the 
main system. Hydraulic fluid is purposely directed 
from the cylinders to the socket caps for lubrication 
of the connecting rods. Slight leakage around the 
pistons and between the barrel and valve plate ensures 
lubrication of the bearing surfaces . The leakage must 
be replaced as fast as it occurs i this replacement is 
furnished by the main valves acting as replenishing 
valves. As relief valves , the main valves protect 
the A-end from overload by limiting the pressure in 
the system. 

The two main valyes operate through differential 
loading of pr essure and intake (return from the B-end 
end). The pressur e is ported through cutout and pilot 
valves. P os itioned by servo pump pressure , the cut
out valve por ts main system high pressure to the top 
of the main valve in the high-pressure line. The top 
of the other main valve is now opened to low-pressure 
return. C entered by a spring at each end, the pilot 
valve moves only when main system pressure exceeds 
1850 pounds per square inch in either valve plate 
port. When it moves, it unloads excessive high pres
sure in the main system from the top of the main 
valve and permits that valve to lift and by-pass pres
sure into the low-pressure side. Hydraulic fluid, 
delivered by the supercharge pump, enters the main 
system through the main valve opened to low-pressure 
return. 

A-end data. 

Driven speed, revolutions pe r 
minute . . . . . . . . 500 

Oil temperatures • . . 
Normal operating range, F . 120 to 175 
Maximum permitted, F . . . 185 

Displacement, cubic inches . . . . . 134. 82 
Manufacturer. . . Northern Pump Company 
Manufacturers designation, s ize •. frame 7043 
Drawing. . . . . . . . . . . . . . 268458 

Servo pis ton assembly. The servo pIston assem
bly (ftg. 5- 4) is a high-pressure piston and cylinder 
assembly, flange -mounted on the side of the A-end 
case . This assembly acts to change the position of 
the A-end tilting box t o vary the volume delivered by 
the A-end to the B-end. The servo piston assembly 
is described in fu ll detail on page 5-11 of this chapter. 

Follow-up control. The follow-up control consists 
of response Shafting from the oscillating bearing to 
the elevation indicator, the receiver regulator, and 
the control box mechanism. The follow-up mecha
nism. The follow-up mechanism (fig. 5-6) within 
the control box consists of a follow-up response gear, 
a control screw, and a cont rol nut. This mechanism 
uses B -end response to return the A-end tilting box 
to its neutral stroke position. A complete description 
will be found on page 5-13 of this chapter. 

Hydraulic motor (B-end). 

The B-end is a type K, fixed-displacement hy
draulic motor of modified commercial design. It is 
mounted on a foundation weldment of the pan floor, 
with its drive shaft coupled to the adjacent oscillatIng 
bearing that it drives. 

ELEVATmG GEAR 

Pressure and tank connections . In addition to 
the pipe connections of the main system, the B -end 
assembly has c1rculating and s ervo pressure connec
tions. The servo pump delivers servo pressure to 
the valve block of the B-end valve plate. There is 
also a servo pressure connection between this valve 
block and the A-end valve assembly. The A-end and 
B-end units, and the A-end and expansion tank are 
interconnected by flanged fittings for fluid circulation, 
which cools the mechanism. 

Case. The valve plate and angle box of the B-end 
are enclosed within a square case. Case, valve plate , 
and angle box are bolted together to form an oiltight 
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 shaft differs from the A
end shaft only in dimensiOns. An inter-shaft disc is 
located in the main-shaft bearing r ecess formed in 
the valve plate. This disc compensates for any end
play that results from allowable toler ances in the 
manufacture of other parts. 

Rotating group. The rotating group of the B-end 
is basically the same as the rotating group of the A
end. It consists of the main shaft and universal joint , 
the cylinder barrel with its pistons and connecting 
rods, and the socket ring. 

Angle box. The angle box, in which the s ocket 
ring rotates, is permanently tilted at an angle of 20 
degrees. The pistons and connecting rods therefore 
reCiprocate through one full stroke each time the 
main shaft makes one revolution. The s ocket ring 
rotates in radial-thrust r oller bearings . 

Valve ~te. The valve plat e forms one end-plate 
cover loreB-end. The valve plate contains hydrau
lic liquid passages (semiannular valve plate ports) 
which connect with the two power transmission p'ipes 
from the A-end. The valve plate also holds the ball 
bearing assembly in which one end of the main shaft 
rotates. The cylinder barrel is held against the valve 
plate bv a spring which backs up ~ainst a flange on 
the maIn shaft. Hydraulic Uqufd is drawn Into, or 
discharged from each cylinder thr ough the two semi 
annular valve plate ports which connect with the two 
power transmfssion pipes. 

~ The B-end valve plate includes a relief 
valve (by-pass arrangement), a power -off valve, and 
two r epleriishing valves . 

Relief b~ass valve . The B-end relief bypass 
valve (fig. ~34) is a pressure safety relief valve to 
relieve the system in event of servo pressure failure 
while the gun is moving. If servo pressure fails , the 
spring-loaded power-off valve will close both main 
transmission pipes; any overhaulil)g will build up ex
cessive pressure in the B-end. The B-end r elief 
valve is adjusted to r elieve at a pressure s lightly 
above the A-end pilot valve adjustment. 

Power-off valve . The power-off valve is a spool
type shuttle valve, spring-loaded at one end. It func
tions as a blocking valve and closes both main trans
mission pipes when the power is off. It acts as a brake 
valve that provides a block in the B -end against a set
t Ung of the gun slide. The power-off valve is moved 
to operating position under servo pres sure. This 
pressure is ported to the power-off valve through the 
adjacent Rower-off control valve that is positioned by 
a solenota. In its operating position, the power-off 
valve llorts servo pressure to the cutoff valve of the 
A-enavalve plate assembly. 
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RePlenis~ valves. The B-end replenishing 
valves are punger type with drilled leads from each 
valve connecting to the valve plate ports. The re
plenishing valves deliver hydraulic liquid to the low
pressure s ide of the main system. The valves are 
located on the rear face of the B-end valve plate. 

B -end data. 

Speed (maximum), rpm. 500 
Torque load . . . . . . 

Normal, rated, ft - lb . 2000 
Maximum, r ated, ft -lb 2200 

Oil temper atures 
Normal operating r ange, F 120 to 175 
Maximum permitted, F. . 185 

Displacement, cubic inches . • 134. 82 
Manufacturer . .. Northern Pump Company 
Manufactur er 's des ignation, s ize .. frame 7143 
Drawing . . . . . . . . . . 268459 

ELE VATING GEAR 

B-end CQUplilli. The B-end output shaft is 
coupled to the oscillating bearing by a short dr ive 
shaft. The B-end s haft is s plined and fits into a 
splined female hub of t he drive shaft. The other end 
of the drive s haft is a s plined male fitt ing and is s e
cured in the drive pinion gear of the oscillating bear
ing. 

Servo and super chafie filte rs . The duplex filters 
used in both the s ervo and supercharge systems ar e 
of modified commer cial design. They keep the hy
draulic flu id free of solid matter which would damage 
the system. Each filter assembly consists of two 
sumps, each sump containing a dis c-type filte r car
tridge . A dual valve, controlled by selector handle , 
permits the use of either or both of the sumps . 

Servo and s upercharge relief valves. The servo 
and supercharge r e lief valves , connected t o the dis
charge lines of the servo and supercharge filte rs, 
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CONTROL SCREW 
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Figure 5-6. Control Box Mechanism, Sectional View 
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are mounted in a common valve block near the A-end. 
They are spring-operated, plunger-type, s aIety 
relief va lves. The valves open and bypass excess 
pressu.re flow to the expansion tank when the servo 
and s upercharge discharge lines are overloaded. The 
servo r e lief valve is farthes t from the valve block 
mounting plate and the supercharge relief valve is 
nearest the mounting plate. 

Expans ion tank. The 28 . 5-gallon expansion tank 
for each e levahng gea r asse mbly is a vent ed type 
with gravity feed connection t o t he servo and super
cha rge pumps . Retur n lines lead t o the tank from the 
A- end, the B-end, and the s e rvo and supercharge 
r e lief valves. Located at the highest point of the hy 
draulic system, t he tank body is box-shaped, 30.0 
inches high, 20. 0 inches wide, and 10.0 inches deep. 
It is equipped with a cove r , high- and low-level try
cocks, fille r cap, and an oil strainer inside the tank. 
The t ank dissipates heat from the oil returned by the 
reCirculating s ystem. 

Oscillating bearing as sembly 

The osc illating bearing (fig. 5 - 5) is an enclosed 
elevating-nut pinion-drive -type assembly. The 
drive pinion engages the drive gear , which is keyed 
to the e levating nut . The e levating screw is t hreaded 
through the elevat ing nut and is attached to the gun 
slide with a pivot pin. The e levating screw is fixed 
a nd cannot rotat e . The elevat ing nut is rotated by 
the drive pinion, and causes ve rtical movement of 
the elevating s crew to elevate or depress the gun. 

The trunnion-pivoted oscillating bearing (fig. 5-
35) i s a ligned with the B-end with the axis of the 
e levating screw offset 21. 0 inches from the vertical 
plane of the gun bore axis . The trunnion bearing 
blocks of the bearing form a foundation weldment 
above the pan floor in the forward part of the gun 
pOckets. 

Components. The oscillating bearing assembly 
compnses the following: 

Bear ing and elevating nut 
Elevating s crew 
Oil s hield 
LubricatIon pump 
Lubrication tank 

Bearuw and elevating nut. T he oscillating bear
ing assem 1y is enclosed WIthin a hollow cast steel 
b lock with integral t runnions (fig. 5- 5). The oscil
lating bear ing houses rOlle r-type thrust bearings at 
each end that s eat in the upper and lower adjus ting 
nuts. The oscillating bearing t runnion adjacent t o 
the B-end is bored t o r eceive t he drive pinion with 
its two taper ed radial bear ings. The drive pinion 
and drive gear a r e also enclos ed within the bearing 
hous ing, together with the elevating nut. 

The drive gear is keyed to the radially split ele 
vating nut. The two halves of the elevating nut lock 
togethe r for rotation but have adjustable axial motion 
to eliminate end play of the elevating sc rew. The 
lowe r half of the elevat ing nut is driven by the con
centrically m ounted drive gear , which is meshed 
with the drive pinion, as s hown in figure 5-5. These 
parts are adjusted by means of adjust ing nuts that 
thread into the top and bottom ends of the bearing 
hOUSing. 

Elevating screw. The e levating screw has a 
7 . 75-inch outside diameter with right-hand double 
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threads of 1. 50-inch pitch. It is 153 inches long 
overall, with 133 inches thr eaded, and with a lead 
of 3 inches . The e levating s crew is secured to a 
rear end bracket (fig . 5-36) of the gun s lide by a 
bronze pivot pin at its upper end (chapter 4). 

Oil s hield. A cylindrical oil shield (fig . 5-5) fits 
around the e levating s crew and is attached to the up
per adjust ing nut by 10 screws . The adjusting nut 
has 20 equally spaced and threaded holes t o permit 
the oil shield and the lubr ication pump oil lead to be 
attached in appr Oximately the s ame position with a ny 
s etting of the adjusting nut. 

Three wiper elements within the oil shield a r e 
threaded t o mesh with the elevating s c rew. The wiper 
elements are secured t o and r otate with the e levating 
nut to r emove oil from the emerging elevating screw 
threads. The oil drains downward through the bear
ing assembly to a cylindrical s cr ew cover bolted to 
a flange of the lowe r adjusting nut. Oil drains from 
the cover into the screw pocket . 

Lubrication pump. The lubrication pump (figs. 
5-5 and 5-3 7) is an independent unit mounted on the 
e lect ric deck adjacent t o the gun layer's s t ation 
immediate ly below the el evating screw pocket and 
lubrication tank. The pump pr ovides ci rculating 
lubrication for the elevating sc rew and osc illating 
bearing assembly. The pump is a r otary gear-type 
unit, attached t o and driven by a ho rizontally mounted 
1/ 4- horsepower electric motor at the rate of 600 
revolutions per minute. Pump de liVery, at the rate 
of 3 gallons per minute unde r an operating pressure 
of 50 pounds pe r square inch, Is controlled by a 
spring-loaded re lief valve. 

Lubrication tank. The lubrication tank (elevating 
s crew pocket ) is a flanged steel assembly attached 
to the underSide of the pan floor that extends down
ward to the elect ric deck, as shown in figure 5-37. 
In addition to furnishing storage fo r the lubricant, 
the tank weldment also forms a pocket for the ele
vating screw. An oil pipe connects the tank s torage 
space with the inlet of the pump . The pressure out
let of the pump is connected by an oil pipe t o a fitting 
in the oil shie ld. 

E levating gear controls 

The independent elevating gear control arrange 
ments for each of the three guns of the turret consist 
of: 

Start - stop control 
Power-drive transmiSSion control 
Control selector 
Ser vo stroking system 
Control gear hand gear 
Control gear response gear 
Cont r ol box mechanism 
Receiver-regulator 

Start- stop control. Each elevating gear power 
drive is started and stopped through its electric
power motor controlle r (described on page 5-4). 
The controller is remotely operated by two push but
tons adjac ent t o the gun laye r ' s station. One push 
button is labeled START-EMERG and the othe r STOP. 

Pressing the START-EMERG button closes a 
normally open, three-pole switch and energizes the 
coil of the main contactor to connect power to the 
electric motor. Holding cont acts on the relays keep 
the power Circuit clos ed when the START-EMERG 
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button is released until the STOP button is pressed. 
In the event of a powe r failu re, the main contactor 
opens and remains open until the START-EMERG 
Dutton is depress ed. An ove rlodd r elay opens the 
circuit when cur r ent demand is too gr eat. The main 
contactor may be kept 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 STOP button. 

Transmission cont r ols . The t ransmission con
trols are t he A-end contr ol mechanisms and hydrau 
lic-system devices that position the A-end tilting box 
and cont rol t he main system hydr aulic pressure. 
They ar e : 

Hand contr ol elements 
Automatic control elements 
Loading cont r ol elements 
Control screw centering mechanism 

Hand cont rol elements. The elements of the hand 
control s ystem are: 

1. Control selector 

2. Servo stroking system 

3. Control gea r hand gear 

4 . Control gear r esponse gear 

5. Control box mechanism 

The units function together s o that, when the con
t rol s elector is moved to HAND, the gun is elevated 
or depressed by manually t rning the handwheels. 
The response gear and the control box devices pro. 
vide follow-up control and limit stop control. 

Automatic control elements. The elements of 
the automatic control system are: 

1. Control selector 

2. Servo stroking system 

3. Receiver-regulator 

4. Control gear response gear 

5. Control box mechanism 

The units function together s o that, when the con
trol s e lector is moved to AUTO, the gun is automati · 
cally elevated or depressed in response to electrical 
signals from a remote station. The control gear 
response gear provides follow-up control and limit 
stop contr ol as in hand control. However, the limit 
stop function is supplementary to an automatic limit 
stop devic e of the receiver-regulator. 

Loadini control elements. The elements of the 
loading control system are: 

1. Gun captain's switch 

2. Control selector 

3. Servo st r oking system 

4. Receiver-regulator 

5. Control gear response gear 

6. Control box mechanism 

E LEYATING GEAR 

Loading control is automatic control action by 
the receive r-regulator which moves the gun from any 
angle of elevation to the loading position when the 
control selector is positioned at LOAD or when the 
gun captain's switch is turned to SAFE . 

Control s crew center ing mechanis m... A control 
screw centering mechanism prevents shifting from 
hand control to automatic contr ol exc ept when the 
hand control screw and the servo pilot valve are in 
neutral. The mechanism also keeps the contr ol 
screw and the servo pilot valve in neutral while the 
gun is operating in automatic cont r ol. 

Control selector. The control se lector (fig. 5-1 5) 
is a manually pos itioned hydraulic va lve mounted on 
the bulkhead adjacent to the gun layer's station. The 
selector permits the gun layer to select the method 
of control desired. The selector valve block includes 
a related hydraulic valve called the s ynchro failure 
valve. The synchro fa ilure valve is normally open 
to allow servo pressure flow to the control select or 
valve. If the synchro gun order s ignal fails , the 
valve automatically acts to block s e rvo pressur e flow 
to the control s elector valve. When this happens, the 
synchro failure valve shifts control away from the 
receiver- regulator t o the gun layer's handwhee ls 
without movement of the selector valve lever. 

The control s elector includes a synchro power 
indicator light (fig. 5-15) illuminated whenever the 
electric gun order signal is available fo r automatic 
gun elevation control. Should the s ynchro power 
fail , the indicator light goes out. 

An emergency button (fig. 5-15) is pr ovided on 
the control selector to permit selector movement if 
t he gun captain's ready switch cir cuit fails while the 
gun is in LOAD control. The emergency button is 
disengaged by the emergency button r elease (fig. 5-
15 ). 

Servo stroking system. The servo stroking s ys
tem is composed of: 

1. The servo pump (fig. 5-3) mounted on and 
driven by the electric motor speed reducer. 

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

3. A servo control system r elief valve . 

4. The servo pist on housing and piston (fig . 5-4) 
and the cOJll1ecting arm to the A-end tilting box. 

5. Stroking piston control valve . 

6. Hydraulic cont rol valves. 

The system responds t o hand and electrical gun 
elevation order signals by fo rcing the heavy A-end 
t ilting box away from the neutral stroke position. 
System pressure is s upplied by the s ervo pump. The 
pump, filters, and r elief valves are described on 
page 5- 5 of this chapter. Other elements of t he sys 
tem are described in the following paragraphs . 

Servo ~iston housing. The servo piston housing 
assembly fig . 5-4) is a high-pressure piston and 
cylinder unit flange -mounted on the side of t he A
end case. The piston moves the A-end t ilting box 
through a connecting lever in r esponse to hand or 
automatic gun elevation orders. 

5-11 

www.tinyurl.com/slover


OP 769 16 INCH T HREE GUN TURRETS 

The assembly consis t s of a s e rvo piston, a pis
ton guide rod and end cap, a piston hous ing, an end 
be ll cap, a stroking lever , a link , and a tube . The 
a r rangement of the components is s hown in figure 
5 - 4. The piston is hollow for most of its length, 
with the piston guide rod inserted in the piston at one 
e nd and the stroking slide thr eaded into the othe r end. 
Servo s ystem pressure is ported at one end or the 
othe r to move the A-end tilting box away from its 
neut r a l stroke position. P iston move ments ar e con
trolled by the receive r - regulator in AUTO and LOAD , 
and by the servo control valve in HAND . 

Stroking piston control valve . The stroking pis 
ton control valve , locat ed at t he receive r -regulator, 
is a valve block arrangement of the spool-type va lves . 
T he valve block (fig. 5- 31) acts as a r estriction in 
lines 12 and 13 to the loading transfe r valve V 13. The 
large r spool-type valve PCV1 is servo pres s ur e pos i
tioned and is controlled by two adjustable needle 
va lves PCN. The s maller spool- type valve PCV2 is 
spring- loaded to port back -up pressure, cont rolled 
by a n ad jus table screw PCS , thr ough line 63 to t he 
expansion tank. The str oking piston cont rol va lve 
b lock eliminates roughness in the automatic load 
cycle which is caused by intermittent functioning of 
the const ant horsepower mechanism. 

Hydr aulic control valves. Movement of the s e rvo 
piston is automatically controlled within the power 
drive hydraulic system by the fo llowing int errelated 
valves . 

Power-off valve VIN. The power-off valve VIN, 
located in the B-end v8.1ve plate, is a two -pos ition, 
spool-type va lve that opens or blocks the main hy
dr aulic s ystem lines between the A- and B - ends. It 
is sp r ing-operated to block the main s yst em lines 
when power fails or is shut off . With power on, 
se rvo pressure moves the valve t o open the main 
s ystem lines and to port servo pres s ure to the cut 
out valve V1 2N and the servo s upply cutoff valve V22 . 

P ower-off control valve V4N. The power-off 
control va lve V4N, locat ed in the A-end valve block, 
is a two-position, spool-type valve that ports or 
b locks the flow of servo pr es su r e t o the power-off 
va lve VIN. The valve is spring-operated to block 
t he flow of se rvo pr essure to t he powe r -off valve 
VIN and port this pr essure t o drain. When electric 
powe r is on, the valve is s olenoid-pos itioned to port 
servo pressure to the power - off valve VIN. 

Servo supp~ cutoff valve V 22. The s ervo supply 
cutoff va lve V2 , located in t he A- end control bOX, 
is a two-position, pressur e- and s pring-ope r ated 
pis ton that opens or blocks the flow of se rvo pressur e 
to the servo control valve V23. The cutoff va lve V22 
is spring- operated to block the flow of s e rvo pressure 
to the se r vo control va lve V 23 when the power - off 
va lve V1N is closed. The cutoff va lve V22 is posi 
tio~ed against the pressure of its s pr ing by a flow of 
s e rvo press ure that is ported to it when the power
off valve VIN is open. 

Servo control valve V23. The servo control valve 
V23 located in the A- end cont r ol box is a spring -
and linkage-operated, plunge r - type va lve that opens 
or blocks the flow of s e rvo pr es sure to the constant 
horsepower valve VB. The control valve V23 is 
spring- oper ated to block the flow of s e r vo pr essure 
from the s ervo supply cutoff va lve V22 t o the con
stant horsepower valve VB when the controls a re at 
neut r al. The control valve V23 is pos itioned by link 
age (actuated by movement of t he handwheels) to port 
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linkage (actuated by movement of the handwheels) 
to por t servo pressure to the constant hors epowe r 
valve VB. 

Constant horsepower valve VS. The constant 
horsepowe r valve V6 located in the A-end cont r ol 
box is a linkage-operated , plunger-type valve that 
opens or b locks the flow of servo pressur e f rom the 
servo control va lve V23 to the directional valve VBA. 
The valve is connected by linkage to the pr essure 
measuring pis ton P6 . When VS is lifted slightly, it 
blocks servo pressure from the servo control valve 
V23, and ports s ervo pr es sure from the directional 
valve V6A to the outer chamber of the servo pist on. 
When VB is lifted to its limit , it blocks servo pres 
s ur e from V23, and ports servo pressure from V6A 
to the inner c hamber of the servo piston. 

Constant horsepower cut-in valve VSB. T he con
stant horsepower cut-in valve V6B is a spool- type 
valve mechanically connected to the constant horse 
power valVe V6. In AUTO control, the cut-in valve 
ports servo pressur e to s hift the transfer accelera
tion limiting valve TALV and the control t r ansfe r 
valve V3B to t r ansfe r c ontrol of the servo piston 
f r om the receive r- regulator to the constant hor se
power device of the servo stroking sys tem. 

Directional valve V6A. The directional valve 
V6A located in the A-end control box is a linkage 
operated, plunger- type valve that directs t he flow 
of s er vo pr es sur e from t he constant hor s epowe r 
valve V6 to e ither of the two chamber s of the servo 
pist on. The valve is connected by linkage attached 
t o a sector gear that engages a gear on the t ilting 
box s haft. Whe n V6A is lifted, it directs the flow of 
s ervo pressur e through t he constant hor sepower 
valve V6 to the inner c ha mber of the ser vo piston. 
When V6A is depres s ed, it di r ects the flow of servo 
pressure through VS to the outer chamber of the 
servo piston. 

Cutout valve V12N. The cutout valve Vl2N locat
ed in tre A-end r elief valve block is a sp r ing- operat
ed, spool-type valve that opens or blocks passages 
from the main s ystem hydr aulic lines to drain the 
A- end case . The cutout valve V12N is moved against 
its s pring pr essure by servo pressure which is ported 
f r om the power- off valve YIN when the electric motor 
is running and the elevating handwheel is at rest . 
V12N is s pring- positioned to open the top chambers 
of the relief valves V9N and VI ON to drain t o the A
end case when electric power fails or is shut -off. 

Pilot valve YllN. The pilot valve VI1N located 
in the A- end relief valve block is a s pring-centered, 
spool-type valve that moves only when main s ystem 
pressure is exces s ively high in either end chamber. 
The cutout valve V12N, moved by servo pressure, 
ports main system pres sur e to either the l eft or 
right chambe r of the pilot valve VllN, depending 
upon the direction of gun movement. Main sys te m 
pressure is a ls o po rted to the top chamber of either 
the V9N or V10N r elief valve , depending upon the 
direction of gun movement. When the gun is ele 
vating, if main system pressure is exces s ively h igh, 
the pilot va lve VllN is forced to the right to connect 
the top of the r e lief valve V9N to the low-pressure 
line of the main system . Main system high pressure 
lifts V9N and bypasses into the main system r eturn 
until the high pressure drops to normal. 

Re lief valves y 9N and V1ON. The relief valves 
V9N and VION , located in the A- end relief valve 
b lock, are sp r ing-loaded, plunger-type valves that 
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function in dual capacities as replenishing valves 
operating unde r supercharge pressure and as relief 
bypass valves. In both capacities the r elief valves 
V9N and VION operate through differential loading 
of pressure and s uction ported through the cutout 
valve Vl2N and the pilot valve VllN . V9N is the 
relief bypass valve dur ing e levation and VION is the 
relief bypass valve during depression. 

Check valve V13N. The check valve V13N, locat
ed in the A-end relief valve block, is a spring - loaded, 
ball -cheek-type valve that regulates the flow of super
charge pres s ure to the top chambers of the relief 
valves V9N and VI ON. Normal leakage in the hydrau
lic system will cause main system return pressure to 
drop below the pressure setting of tha check valve 
V13N. When this occurs, the system is replenished 
by supercharge pressure flow through V13N. 

Shuttle valve V27. The shuttle valve V27, located 
in the A-end relief valve block, is a directional-flow, 
spool -type valve that is an element of the constant 
horsepower device. Shuttle valve V27 is free t o move 
to either end of its sleeve porting main system high 
pressure to either end chamber of the pilot valve 
V11N, depending upon the direction of gun movement 
or the pressure measur ing piston P6 of the constant 
horsepower device, which is forced down and there
by lifts the constant horsepower valve V6 through 
attached linkage . 

Replenishing valves V5N. The replenishing 
valves V5N, located in the B -end valve plate , are 
spring- loaded, plunger-type , suction-operated valves. 
They are unseated by low pr essure in the main sys
tem r eturn valve plate port and connect the return 
line t o the B- end case . When main system return 
pressur e is normal, V5N is seated by its spring. 

Neutra l return valve Vl4N. The neutral return 
valve VI4N located in the neutral r eturn device is a 
spring-loaded, cam-positioned, plunger-type valve 
that ports or blocks the flow of s ervo pressure to the 
chambe r s of the ser vo piston. Movement of the neu 
tral return lever 30 degrees either side of neutral 
r otates the attached cam, pOSitioning the neutral r e
turn valve V14N so that it connects the chambers of 
the servo piston. Rotation of the lever beyond 30 
degrees r eturns the tilting box to neutral. With the 
neutral return lever at neutral, V14N is positioned 
to block se rvo pr essure and disconnect the chambers 
of the servo piston. 

Control gear hand gear. The control gear hand 
gear fo r each gun layer is a pedestal bracket hand
wheel drive with bevel gear and shaft assembly ar
ranged for hand control of the elevating gear. Lo
cated as shown in figure 5-1, the mechanism is 
arranged with its output shaft coupled through a fric
tion c lutch to a limit stop and gear ed to a differential 
follow-up mechanis m. A mechanical linkage from 
the differ ential screw converts handwhee l motion to 
va lve movement to pr oduce 2.5 degrees of gun eleva
tion movement for one full turn of the handwheels. 
Handwheel control elements fro m the friction clutch 
to the valve linkage (fig. 5-6) are enclosed within the 
control box mechanism attached to the top of the A
end. 

Control gear response gear. The di r ection and 
speed of B-end rotation is transmitted from the B-end 
uppe r response drive bracket to the A-end control box 
mechanism by a system of bevel gears and shafts (fig. 
5-2). The B-end response drive is coupled to a re 
sponse input shaft that drives the differentia l s crew 
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of a follow-up mechanism. The response drive for 
the right and left guns 1s straight shafting fr om the 
respective gun pockets to the electric deck spaces. 
The response drive for the center gun is compos ed 
of vertical and horizontal shafting to accommodate 
the offset location of the center-gun elevating-gear 
A-end. 

Control box mechanism. Servo strok ing control 
is actuated through a case-enclosed transmission 
control box mechanis m (fig. 5-6), mounted on top of 
the A-end case. The interior arrangement of inter
connected and related components of the control box 
is shown in figure 5-6. These components are the 
mechanical, e lectrical, and hydraulic units described 
in the follOwing paragraphs . 

Friction clutch. Ass embled between the hand
whee I input shaft and the limit stop screw is a clutch 
unit. It Is a fric tion-type clutch that is engaged by 
spring pressure and disengaged by hydrauliC pr essure. 
The clutch is engaged when the control s elector lever 
is positioned at HAND. The clutch is disengaged 
when the lever is positioned at AUTO or LOAD, and 
whenever the constant horsepower mechanism assumes 
control. 

Limit stop. The limit stop is a s crew and t ravel
ing nut device , arranged in the control drive as shown 
in figure 5-6. The adjustab le limit stops are posi
tioned to dece lerate and s top gun movement within 
turret limits of gun elevation and depression (total of 
47 degrees in turrets I and ill; total of 45 degrees in 
urret II). 

FOllow-u~ control mechanism. The follow-up 
device (l'ig . -6) is a diHer ential screw and nut gear 
mechanism that operates the contr ol valve units 
through a linkage attached to a t runnion at one end of 
the control sc rew. The screw (and valve linkage) 
displacement is a diffe rential movement. It is deriv
ed fr om handwheel r otation of the differential nut , 
which turns the c ontrol screw, and f rom B-end r e 
sponse rotation of the screw, which turns the s crew 
in the ()ppos ite direction. Response input to the 
screw is through a quill drive . In operation, the 
follow- up mechanism 1S an aut omatic mechanical 
device for returning the valve linkage and stroking 
control toward neutral. Its return-to-neutral action 
varies with B-end speed and rotation to p roduce a 
graded deceleration of the valve gear, s ervo stroking 
control, and gun. 

Control linkage. The link attached at one end to 
the t runnion of the follow-up control mechanism is 
pivoted at its oppos ite end and in a cam groove of a 
control cam. Cam movement of the link combines 
w·th control screw movement of the link to pr ovide 
differentia l stroking of the servo control valve V23 
attached near the mid-point of the link. Cam r ota
tion is equivalent to the angle of the A-end tilting box 
because the cam is driven by gearing from the tilt ing 
box shaft . The arrangements of the control link, 
cont r ol va lve, cam, and associated parts of the valve 
block assembly are shown in the schematic diagr ams, 
figures 5-24 to 5-30, inclusive. 

Valve block assembly. Tilting box stroking is con 
trolled by a servo system valve block composed of 
three mechanically operated, plunger type valves and 
two pressur e-and-spring-actuated pistons . The valves 
are designated: s e rvo control valve V23, directional 
valve V6A, and constant horsepower valve V6. The 
automatic pIs tons are deSignated: pressure measuring 
piston P6 and servo supply cutout valve V22 . 
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The valve block assembly is shown schematically in 
figures 5-2S to 5-29, inclusive. 

Constant horsepower mechanism. The maximum 
horsepower taken from the electric motor is limited 
by the constant horsepower mechanism. This mecha
nism is a mechanical and hydraulic arrangement that 
acts automatically under overload conditions-to re
turn the tilting box toward neutral. The constant 
horsepower mechanism momentarily takes control 
if the combination of hydraulic pressure and stroke 
of the A-end causes an input horsepower to the A-end 
in excess of the desired limit. The mechanical com
ponents of the unit inc lude: a control cam and a con
stant horsepower cam (fig. 5-6) mounted on a shaft 
within the control box; a cam follower roller, mount
ed on the pressure measuring piston P6 and arranged 
to bear on the cam surface of the constant horsepower 
cam; an eccentric slot in the control cam which actu
ates cam end of the cont rol valve linkage. The pres
sure measuring piston is connected to the constant 
horsepower valve V6 by a crosslink that has a center 
point fulcrum. This arrangement operates with tilt
ing box movement to vary the position of the pressure
measuring-piston outer s leeve and the control valve 
in accordance with the predetermined cam values. 

Anti-overhauling device. The constant horse
power mechanISm prevents overhauling of the trans 
mission by back pressure under conditions of unbal
anced load on the elevating screw, such as gun re
coil. The constant horsepower mechanism takes 
over as an anti-overhauling control to move the A
erid tUting box toward neutral. 

Neutral return device. The neutral return device 
provides for manual return of the A-end tilting box 
to neutral, should there be an electric power fai lure 
(or the power be shut off) while the tilting box is in 
a stroke position. The device is a hand lever unit 
located on top of the A-end control case. A spur 
gear on the lowe r end of its vertical shaft meshes 
with a sector gear that engages a gear on the tilting 
box shaft. A cam on the neutral return device shaft 
operates the neutral return valve Vl4N. Thirty 
degrees movement of the neutral return lever, either 
side of neutral, operates the valve to allow the servo 
piston to be moved freely. Mor e than SO degrees 
movement of the neutral return lever rotates the 
gear shaft and returns the tilting box to neutral. 

Neutral starting device. The electric-motor 
starting-circUlt mterlock switch is located on the A
end control case . The switch is arranged with a 
plunger that extends to the top surface of the constant 
horsepower cam. At three degrees from the neutral 
pOSition, this plunger rides into a detent on the cam 
and closes the starting circuit. While the cam is 
at any other pos ition, the switch is open and the main 
electric motor cannot be started. The neutral return 
device must be used to restore the tilting box t o neu 
tral and thereby close the starting circuit. 

Cradle and saanning t rav interlock solenoid. The 
cradle I and spann ng tray interlock solenoid, located 
in the electric motor controller, actuates an inter
lock switch which is connected in series with the 
servo and tilting box neutral interlock s witches. 
The s olenoid is actuated by a micro switch that is 
mounted on a br acket attached to the hoist cradle 
fulcrum. The micro switch plunger extends upward 
to contact a piece that is mounted on the cradle. The 
relationship of the micro switch plunger and its con
tact piece is such that when the cradle and spanning 
tray are spanned or partially spanned, the micro 
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switch plunger is extended and the solenoid is ener
gized. The interlock solenoid assembly prevents 
gun elevating movement when the cradle and spanning 
tray are in a spanned or partially spanned position. 

Receiver-regulator 

A 16-inch Receiver-Regulator Mk 10 Mod 0 is 
the control instrument for automatic operation of 
the elevating gear. An electric-hydraulic instru
ment, enclosed in a square-shaped caae (figs. 5-8 
and 5-10), it is located on the electric deck between 
the electric motor and the A-end (fig. 5-7). 

The receiver-regulator functions when the con
trol selector lever is positioned at AUTO or LOAD. 
In these control selections, servo-system stroking 
pressure is ported to the stroking cylinder in re
sponse to gun orders or automatic loading orders 
that are received electr ically in the receiver-regu
lator. In both of these control selections (AUTO 
and LOAD), the hand control servo-s troking valve 
gear is bypassed. 

Components. Each receiver-regulator consists 
of die follOwing components, all of which are en
closed within the instrument case. 

Fine and coarse control synchros 
Roller path and erosion correction input 
Elevation response gear 
Stroke response gear 
Loading cam 
Limit stop valve and adjusting cam 
Stabilizing valve 
Automatic stroking valve 
Synchronizing valves 
Loading pilot and transfer valves 
Loading control linkage 
Pressure regulator valve 
Stabilizing piston and linkage 
Amplifier piston and linkage 
Hydraulic vibrator 

The arrangement of the above electrical, hydrau
lic, and mechanical components of the receiver-regu
lator is shown schematically in figure 5-30 

Receiver-regulator instrument. 

Fine and coarse control synchros. Gun eleva
tion orders are transDiltted tifthe receiver- regulator 
by synchro circuits. The rotors of the ~enerators 
and receivers of both the fine (S6-speed) and coarse 
(2-speed) synchros (fig. 5-1S) are connected in par
allel to a 115-volt, 60-cycle, single-phase, alter
nating-current supply. Both the fine and coarse 
synchros are bearing-mounted so that the stators of 
the synchros can be rotated by corrected mechanical 
response, elevation response, and stroke response . 
This rotation is accomplished by a system of shafts, 
gears, and gear differentials. The two synchros 
and their gear train assembly are located in the 
synchro compartment of the receiver- regulator 
(fig. 5-11). 

The rotor of the coarse synchro positions the 
synchronizing pilot valve V15 and the synchronizing 
valve VSA through the synchronizing linkage desig
nated 14. The rotor of the fine synchro positions 
the amplifier link~e designated Ll and its attach
ed valves (fig. 5-9). 
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Roller path and erosion cor r ection inPut. Correc
tions for roller path inclination and for gun erosion 
are combined in differ ential gearing in the elevation 
indicator (chapter 13). The combined correction is 
transmitted by a shaft from the indicator that is cou
pled t o the correction input shaft (fig. 5-13 ) of the 
receiver-regulator . Inside the receiver-regulator, 
the correction is combined in a differential gear with 
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B-end response; the output of the differential posi
tions the stators of the coarse and fine synchros. 

Elevation response gear. The elevation response 
gear (figs. 5-11,5-12 and 5-13 ) drives one input 
gear of the differential'that rotates the stators of the 
coarse and fine synchros through a gear train 
assembly within the receive r-regulator case. 

GUN LAYER'S 
STATION 

CO RRECTION INPUT 

ELEVATION 
RECEIVER·REGULATOR 

8-END 
RESPONSE 

STROKE RESPONSE 
INPUT 

Figure 5-7. 16-inch Elevation Receiver-Regulator Mk 10 Mod 0, General Arrangement 
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From the B- end, elevation response is s im ultane 
ously transmitted through the upper response drive 
b racket to the elevation indicator and by a s haft and 
a n adjustable coupling to the r eceiver - regulator. In 
t he receiver- regulator, the B -end respons e rotates 
the loading cam and combines with rolle r path and 
eros ion correction input to r otate the s tators of the 
coarse and fine s ynchros . The combined B-end and 
s t r oke response inputs pos ition the limit stop valve 
V 34 through gear s ector F and the limit stop adjust
ment cam. 

St r oke response gear . A-end s troke r esponse 
is transmItted to the receiver - r egulator from the 
neut ral retur n device by a sys tem of s hafts and gears, 
In the r eceiver-regulator , st r oke r es ponse is com
bined with B- end response th rough diffe rential gear
ing to position the limit stop valve V34 through gear 
s ector F and the limit stop adjust ment ca m. Str oke 
res ponse rep resents gun elevating s peed; it is com
bined with B-end (gun position) response to make the 
limit stop valve V34 operat e sooner at high speeds 
than it does at low speeds as the gun approaches its 
limit . 

Loading cam. The loading cam is rotated by the 
B -end elevahon r esponse through a gear t r ain; it is 
gear ed dir ectly, without correction input , so that 
the gun loading position is always the s ame. The 
loading pilot valve V12 is positioned by the loading 
cam through a cam follower and c rank a r rangement. 
Smooth deceleration and s topping at the load position 
are provided by the cam, which is adjust able for gun 
loading position. 

Limit stop valve V34. T he limit s top valve V34 
(fig . 5-9) 1S located m a va lve block at t he bottom of 
the r eceiver- regulator valve compartment . P ositioned 
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Figure 5-8. E levation Receiver-Regulator 
Mk 10 Mod 0, Front View 
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by a ca m follower and linkage from the limit stop 
adjus ting cam, V 34 s hifts servo p ressure flow to 
and drain from the ser vo piston P2 to dreele rate and 
stop t he gun at its pr eset limit. 

Limit s t op adjusting cam. The limit stop adjust 
ing cam (fig. 5-31 ) IS locatea in the s ynchro compart
ment of the r ece ive r- regulator . T he limit stop m ech
anism has two e lements of data in its input . These 
a r e the position of t he gun (B-end response) and the 
speed of the gun's movement (stroke response). Be 
cause both the pOSition of the gun and the speed of 
gun movement are r equired for s mooth, even stop
ping at all speeds at a defi nite stop pOSition, the 
stroke response is added to t he gun response in a 
gear differential within the r eceiver - regulator case. 
The output of the diffe rential turns the limit s top ad
jus ting cam (fig. 5- 12). 

Stabiliz ing va lve Vl. The stabilizing valve Vi, 
located m t he valve block at the bottom of the rece iv 
er- r egulat or (fig . 5- 9), acts with the stabilizing pis
ton P 1 to prevent overtravel of the gun (B - end) , 
which would r esult in os cillation about the elevation 
order signal. P ositioned by the stabilizing linkage 
L2 , the stabiliZing va lve V1 directs r eceiver-regu
lat or control pressur e to one end or the othe r of the 
s tabiliz ing pis ton P l. Movement of Pl pos itions the 
amplifier piston P3 and the amplifier linkage L1 and 
also moves the stabilizing valve Vl back to its origi
nal position. 

Aut omatic st r oking valve V2. The automat ic 
str oking valve V2 is located adjacent to the st abiliz 
ing valve V1, as s hown in figure 5- 9. P os itioned by 
the stabilizing linkage L2, the automat ic st r oking 
valve V2 ports s e rvo pres sure flow to and drain from 
the ser vo piston through the limit stop valve V34 . 

Synchronizing valve V3A and s ynchr onizing pilot 
valve V15. The synchr onizing valve V3A and the 
synchronizing pilot va lve V15 ar e located in the valve 
block at the upper part of the r eceiver-regulator 
valve compartment (fig. 5-9). The r otor of t he 
coa rse s ynchr o actuates the synchronizing linkage L4 
that positions these two valves . V 15 ports servo 
pressure to V3A , which dir ects the servo pr essure 
t o the fine s ynchro valve V3 as long as gun position 
is within four degrees of gun elevation orde r. V3 
then controls servo piston movement through the 
amplifier pist on P3, stabiliz ing linkage L2, and auto
matic s t r oking valve V 2. When gun position is more 
than four degrees away from gun elevation order, V3 A 
cut s off ser vo pressur e t o V3 and ports servo pres
sure dir ectly to P3 to drive the gun at full speed to
ward its synchronized position. 

Loading pilot valve V 12 and loading transfer valve 
V13 . The loadIng pilot va lve V 12 (fig . 5 - 9) and the 
wading transfer valve Vl 3 are located in the valve 
block in the cente r of the rec eiver - regulator valve 
compartm ent. Together with the loading inte rlock 
valve V44, these valves act to drive the gun at fu ll 
speed t oward the LOAD position, decele r ate it, and 
stop it the r e . The loading t r ansfer valve V 13 is po
s itioned by s ervo pressur e ported to it fr om the load
ing interlock valve V44. The loading pilot valve V12, 
pos itioned by the loading control linkage 1.3 , por ts 
s e rvo pr essur e through the loading transfer va lve 
V13 to the amplifie r p iston P3. 

Loading cont rol linkage L3. The loading cont r ol 
linkage L3 is located in the valve compartment of 
the receiver- regulat or (fig. 5-9). Actuated by rota
tion of the loading cam, the linkage positions the 
loading pilot valve V12 . 
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Pressure regulator V19. The pressure regulator 
valve v19 is located In the valve block at the upper 
1?art of the receiver-regulator valve compartment 
(fig. 5- 9). Servo pressure, ported to it at a pressure 
of approximately 350 pounds per square inch, is re
duced to a control pres sure of approximately 135 
pounds per square inch. Control pres sure is ported 
through the stabilizing valve VI to the stabilizing pis
t on PI. 

Stabilizing piston PI. The stabilizing piston PI 
is located in the va lve block in t he lower right side 
of the rece iver-regulator valve compartment (fig . 5-9). 
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This piston acts to change the pivot point in the sta
bilizing linkage L2, the reby affecting the response of 
the amplifier piston P3 to the movement of the fine 
synchro valve V3 . The arrangement prevents over
travel and oscillation of the gun about the elevation 
order signal. The s tabilizing valve VI r egulates the 
porting of receiver-regulato r control pressure to the 
chambers of the stabilizing piston PI. 

Stabilizing linkage L2. The s tabilizing linkage 
L2 (fig. 5-9) mechanically connects the s tabilizing 
valve VI and automatic stroking valve V2 with the 
stabilizing piston PI and the amplifier piston P3. 
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Figure 5-9. Elevation Receiver-Regulator Mk 10 Mod 0, Valve Compartment 
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Amplifier piston P3. The amplifier piston P3 
(fig. 5-9) is moved in fme synchro control by servo 
pressure ported to it by the fine synchro valve V3. 
Amplifying V3 movement, the piston acts through the 
amplifier linkage L1 to return V3 to neutral. P3 
acts through the stabilizing linkage L2 to position the 
automatic stroking valve V2. In coarse synchro con
trol and in LOAD control, servo pressure is ported 
directly to P3 to drive the gun at full speed. 

Amplifier linkage Ll. The amplifier linkage Ll 
(fig. 5-9) mterconnects the fine synchro rotor shaft , 
the fine synchro valve va, and the amplifier piston 
P3 . Synchro rotor movement acts through Ll to 
move V3. AmpUfiying movement of P3 acts back 
through Ll to return V3 to its original position. 

Ht;draulic vibrator (fig. 5-14). The hydraulic 
vibra or, located in the center of the valve compart 
ment, runs on servo pressure as a double-acting, 
two-cylinder reciprocating engine. The device oscil
lates the amplifier piston P3 through an amplitude of 
a few thousandths of an inch at about 60 cycles per 
second to prevent static friction in the valves and 
linkages. 

Control selector. The gun elevating control se
lector (fig. 5-15) IS a manually operated hydraulic 
valve that permits selection of AUTO, LOAD, or 
HAND control of the power drive hydraulic trans
mission. 

Selector lever. The control selector unit is ad
jacent to the gun layer's station and is provided with 
a readi1)t accessible selector lever. The lever is 
positioned by the gun layer to the desired method of 
control , indicated on the lever position dial plate by 
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Figure 5-10. Elevation Receiver -Regulator 
Mk 10 Mod 0, Rear View 

the selector lever. The control selector valve V4, 
the loading valve V43, and the loading interlock 
valve V44 are positioned in the control selector 
valve block by rotation of the selector lever. The 
valves are positioned by gears attached to the shaft 
of the selector lever that mesh with gear racks at
tached to the connecting rods of the valves. 

Control selector valve V4. The control selector 
valve V4 IS located In the control selector unit, as 
shown schematically in figure 5-30. Servo pressure 
is admitted t o the valve b lock through the loading 
position valve V14. From this point, the servo pres
sure passes through the synchro failure valve Vll to 
the center section of the control selector valve V4 
and to the left end of the latching valve V45. From 
the center section of the control selector valve V4, 
servo pressure is ported to the t ransfe r acceleration 
limiting valve TALV, to the control transfe r valve 
V3B, and to the handwheel clutch. When the selector 
lever is at AUTO, the contr ol se lector valve V4 ports 
servo pressure out of the control selector valve block 
via port number 10 (fig. 5-15). If there is a failure 
of synchro power, a spring forces the synchro fail
ure valve Vll to the right. This action cuts off the 
servo pressure behind the latching valve V45 and 
transfers the control to HAND even through the selec
tor lever remains in the AUTO position. 

Eme~ency button and button re lease. The emer
gency bu on on the control s elector (fIg . 5-15) Is 
used by the gun layer to return control to AUTO from 
LOAD, if the gun captain's ready switch circuit (fig. 
5-30) fails while the gun is in LOAD cont rol. To 
disengage the emergency button, the button release 
(fig. 5-15) is depressed. 

Selector interlock piston P46. The selector inter
lock pIston, located Wlthiri the control selector unit, 
prevents the gun layer from moving the selector lever 
from the AUTO position while the gun captain's switch 
is at the SAFE position. The selector interlock pis
ton is positioned by servo pressure ported to it by 
the loading position valve V14. 

8ynchro failure solenOid, valve, and latching 
valve. The synchro failure solenoid S3, the synchro 
failure valve Vll, and the synchro failure latching 
valve V45 are all enclosed within the control selector 
unit. The synchro failure valve transfers control 
automatically to the gun layer's handwheels in the 
event of a failure of synchro power. Should synchro 
power fail, the synchro failure solenoid S3 is de
energized and a spring forces the synchro failure 
valve Vll to the right to cut off servo pressure 
to the automatic control elements. If the synchro 
power is restored, the control remains with the 
gun layer'S handwhee ls until the selector lever is 
moved to the HAND position and then back to the 
AUTO position. 

Loading position valve V14. The loading pOSition 
valve V14 is located within the control s elector unit. 
The loading position valve V14 is moved to posi
tion by a valve operating arm, which is connected 
to both the loading position valve V14 and the load 
solenoid 81 at the upper end of the arm. When 
the load solenoid SI is energized, the loading posi
tion valve V14 moves to the r ight to port servo 
pressure directly to the loading transfe r valve V13. 
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Loading interlock valve V44 . The loading inter
locK valve V44 is located withlri the control selector 
unit. This valve is a s leeve that is moved back and 
forth in the block by the selector lever. The loading 
position valve V14 is moved back and forth inside V44 
by the action of the load solenoid. Movement of the 
selector lever to LOAD positions V44 by means of a 
gear and rack arrangement (fig. 5-30) , This mech
anically connects servo pressure to the loading trans 
fe r valve V13 . The arrangement provides gun layer 
selection of LOAD and AUTO control should the gun 
captain's ci r cuit fail. 

Loading valve V43. The loading valve V43 is lo
cated Withiri the control selector unit . Movement of 
the selector lever positions the loading valve V43 
through a gear and gear rack arrangement. The gear 

CORRECTION INPUT 

TEST SYNCI-IRO 
MOUNTING 

CHECKING DIAL ----~~llIJ~~al~~ 

BEND RE.SPONSE 

ELEVATING GEAR 

rack (fig. 5-30) butts up against the loading valve 
V43 and moves it to the left when the selector lever 
is moved from the AUTO to the LOAD position, This 
permits the gun to be brought to the load position by 
the selector leverwhen synchro power is notavailable . 

Solenoids . The load and automatic solenoids are 
botn located within the control selector unit. 

Load solenoid. The load solenoid 81, connected 
to the valve operating a rm, is energized when the 
gun captain's switch is moved t o the SAFE position. 
When the load solenoid has been energized, it moves 
the operating arm s o that the loading position valve 
V14 is moved to the left. This ports servo pressure 
to the loading transfer valve V13. The solenoid is 
de-energized by moving the gun captain's switch to 
READY. 

STROKE RESPONSE . 

FOLLOWER 
CRANK SHAFT 

CAM FOLLOWE.R 

MICROMETER 
ADJUSTMENT 

LOADING CAM 

Figure 5-11. E levation Receiver -Regulator Mk 10 Mod 0, Rear View - Back Plate Removed 
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Automatic solenoid. The automatic s olenoid S2 
is connected to the lowe r end of the valve operating 
arm. With the selector lever at AUTO, the s olenoid 
is energized when the gun captain's s witch is moved 
to READY. When the automatic s olenoid 82 is ener 
gized, it moves the operating arm s o that the loading 
position valve V 14 is moved t o the r ight t o port servo 
pres s ure t o the r eceiver- r egulator automatic contro l 
e lements . 

STROK[ 
RESPONSE 

36-SPEED 
SYNCH RO SHAFT 

CORRECTION 
I 

Figure 5- 12. Elevation Receiver - Regulator Mk 10 
Mod 0, Gear Train Assembly, F ront View 

1;fJI'~-"""--E1'IL.-- SYNCHRON IZING 
ACCELERATION 

LI MITING DEVICE 

Figure 5-13. Elevation Receiver-Regulator Mk 10 
Mod 0 Gear T rain Assembly, Side View 
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Control transfer valve V3B. The control t r ansfer 
valve v3B (flg. 5-16), locat ed near the ser vo piston 
P2, transfers elevation control of the gun f r om the 
gun layer's handwheels to the receiver- r egulator . 
When s e rvo pressure is ported to the cont r ol t ransfer 
valve from the control selector unit, the contr ol t rans 
fer valve is moved to the right against sp r ing pressure . 
This connect s the automatic stroking valve V2 in the 
rece iver-regulator to the se rvo piston P2 thr ough V3B. 

Transfer acce leration limitinft valve TALV. The 
t ransfer accelerat lOn l1mlhng vave'I'ALv (hg. 5-18), 
located near the A- end, pr events excessive gun ele 
vation speeds when shifting fro m AUTO t o HAND. In 
AUTO, s e rvo pr essure is ported t o the t ransfer accel
e ration limiting valve TALVfrom the control s elector 
unit to hold t he valve open against its spr ing. When 
the selector leve r is moved fr om AUTO to HAND, the 
unbalanced valve TALV, bound against the s ide wall 
by servo pressur e, clos es partly and restricts flow 
in the line to the outside of P2 . As soon as the gun 
s ynchronizes with the handwheels, V23 cuts off ser
vo pressure to TALV, which then is moved by its 
spring to remove the rest r iction in the line to t he 
servo pist on. 

Sump tank . The s ump tank (fig . 5- 19) forms the 
base on which the receiver-regulator is mounted. 
The tank is a re ctangular, box~like weldment with 
inte rnal arrangements for two floats , a valve, a me r
cury switch, and a hydraulic pipe manifold. There 
is a removable inspection cover on one side of the 
t ank and s ix flanged ports for hydraulic pipes on the 
opposite side of the tank. A drain plug is pr ovided 
in .the bottom of the tank. T he sump tank is a recep 
tacle for hydraulic fluid leakage and drainage from 
the receiver-regulator valve block. 

Sump pump. The s ump pump (fig . 5-20) is a 
separate motor-pump s et , located on the electric 
deck near the A- end . Hydraulic fluid leakage and 
drainage from the receiver-regulator valve block 
goes into a sump tank f r om which the oil is pumped 
back to the expansion tank. Under no r mal operation, 

\ 
OIL DEFLECTING 
COVER 

AUXILIARY PISTON 

PORTS CONNECTING 
WITH AMPLIFIER 

PISTON P3 

F igure 5-14. Elevation Receiver-Regulator Mk 10 
Mod 0 HydrauliC Vibrator 
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the sump pump runs whenever the main ele ctric mo
tor is running. The capacity of the pump is great er 
than the normal drainage into the sump t ank ; t her efore , 
pa rt of the oil is recirculated back to the sump tank . 
Whenever the oil level drops too low, the float-oper
ate d s ump pump valve V40 opens and permits the 
pump discharge to return to the sump tank to assu r e 
adequate supply to the pump at all times. 

If the sump pump unit is not used for several days, 
oil m ay gradually fill the sump tank. Should t he oil 
leve l get abnormally high, the float-ope r ated mercury 
swit ch actuates a magnetic switch in the s ump pump 
cont r ol unit and thereby starts the pump . The pump 
lowe rs the oil level until the float switch cuts off t he 
pum p motor circuit. Should the float switch fa il, the 
pump may be run by closing the sump pump emergency 
s witch. 

If the sump pump should fail, the sump tank will 
be c ompletely filled. Sump tank check va lve V41 
will close, sealing the synchr o compartment , and 
pressure will bui ld up in the valve compartment . 
When the pressure reaches eight pounds pe r s quare 
inch, the discharge oil wLll be fo r ced through the 
block valve to the expansion tank. 

Sump pump cont roller . The sump pump cont r oller 
(figs . 5-21 and 5-22T1StIiounted on the bulkhead at the 

SYNCHRO 
INDICATOR 

LI NE 60 
TO DRAIN 

GUN LAYER'S 
EMERGENCY BUn ON 

LI NE 13 TO [lEVAT ION 
RECEIVER REGU LATO R 

LIN E 10 TO CONTROL 
tRAN SFER VALVE 

ELE VATING GEAR 

e lect r ic deck , near the t r aining g ar A-end. It con
s ists of a s tandard- type controller case, inside of 
which is a shock - m ::lUnted switch panel, a line switch, 
a control transformer, and necessary interlocks . The 
contr oller contains four separate circuits which ope r 
ate t he sump pump motors of the elevating gears for 
the r ight gun, the center gun, the left gun, and the 
tur r et training gear. Each circuit is complete in it
se lf. 

When the electric motor of anyone of the elevating 
gea r powe r drives is started, the corresponding mag
net ic s witch in the s ump pump controller closes a 
c irc uit to the sump pump for that power drive. Each 
magnetic switch has two solenoids that are joined to
gethe r mechanically and ar e connected to the contact 
mechanism . One solenoid is for 440 volts and the 
othe r is for 11 0 volt~. either solenoid is capable of 
c losing the switch. w hile the power drive is ope r at
ing , the 440 -volt solenoid is energized from one phas e 
of the main controlle r ; therefore, the sump pump op 
e r ates whenever its power drive is operating. 

If the power drive is not operating and fluid leak 
age fills the sump tank, a float-operated mercury 
switch (fig. 5-1 9) closes a lIO-volt circuit and 
the r eby closes the magnetic switch by energizing 
the 1I0-volt solenoid. T he nO -volt power is supplie d 
by a t ransforme r in the controller unit case. 

LINE 50 TO ELEVATION 
RECEIVER REGULATOR 

LECTOR LEVER 
(I N HAND) 

CIRCUIT GE P TO 
RECtlVER -REGU LA TOR 

LIN E 12 TO ELEVATION 
RECE IVER-REGULATOR 

Figure 5-15. Elevation Receive r-Regulato r Mk 10 Mod 0 Selector and Synchro Failure Valve 
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OPERATION 

General - hand and automatic control 

In normal HAND operation, the gun order signal 
is received in the elevation indicator. The gun lay
er observes the gun order signal, indicated by the 
pOinters in the elevation indicator, and compares 
that signal with the position of the gun. If there is a 
"matching error" in the pOinters, the gun layer oper
ates his handwheels in a direction and at a speed cal
culated to "match pOinters. " 

In AUTO operation, t he receiver-regulator re
c e ives the same gun order signal aB that received by 
the elevation indicator. By comparing the gun order 
Signal with a mechanical indication of the gun posi
tion, the receiver-regulator continually meaBures 
"matching error. " The receiver-regulator measures 
the error by electrical and mechanical devices and 
acts on the servo stroking piston to reduce the error. 
In AUTO, the receiver-regulator replaces the gun 
layer's function of visually checking the error and 
manually controlling the gun pOSition in order to 
"match pOinters . " 

Starting 

Perform the following operations when starting 
the e lectric motor: 

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

2. Place the gun laye r's control selector lever 
at HAND. 

3. Press the START-EMERG button. 

CIRCU IT lR TO LINE 10 TO 
GUN CAPTAIN'S CONTROL SELECTOR 
IN DICATOR LIGHT 

Stopping 

When stopping the elevating gear, perform the 
following operations: 

1. Place the gun layer' s control selector lever 
at HAND. 

2. Bring the gun to the desired angle of eleva
tion and stop handwheel r otation. 

3. Press the STOP button. 

Hand control, servo oper ation 

For servo operation in hand control, the gun lay
er's selector lever is positioned at HAND. To start 
the power drive, the START-EMERG push button 
must be depressed when the A-end tilting box is at. 
the neutral position. 

Controls neutral. With the power drive- electric 
motor running and the elevating handwheels at rest, 
the following conditions exist (fig. 5-23): 

1. The A-end t ilting box is at neutral (zero tilt); 
no hydraulic fluid is being pumped, and there is no 
pressure in the main hydraulic lines between the A
and B-ends. 

2. The powe r-off control valve V4N is held by 
its solenoid against spring action. 

3. Hydraulic fluid is delivered by the s ervo 
pump (at servo pressure) through ports in the 
power-off control valve V4N to the left of the 
power-off valve YIN. 

r 

LINE 20 TO 
RECEIVER 

REGULATOR 

\ 

-

} 

LINE 11 TO 
A·END 

CONTROL BOX 

j 

./- LI NE 30 TO 
,,/ TRANSfER ACC[lERATION 

LINE 21 T~ 
RECEIVER· liNE 41 TO 

REGULATOR SERVO PISTON LINE 60 TO DRAIN LIM ITI NG VALVE 

Figure 5-16. Elevation Receiver-Regulator Mk 10 Mod 0 Control Transfer Valve 
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4. F orced t o the right by servo pressure, VIN 
opens the main hydraulic lines from the A- end to the 
B-end. 

5. Movement to the r ight VIN also connects ser 
vo pressure to the cutout valve Vl2N and to the servo 
supply cutout valve V22. Vl2N is moved against its 
spring to open passages from the main hydraulic lines 
to the tops of the A-end relief valves V9N and VI0N. 
V22 is forced down against its spring to admit servo 
pressure from another line to the ser vo control valve 
V23, wher e the pressure is blocked. 

6. Servo pressure from the servo pump ported 
directly to the directional valve V6A is blocked by 
that valve in its neutral position. 

7. Supercharge pressure is maintained to the A
end relief valve block (check valve VI3N) by the super
charge pump to keep the main system filled with 
hydraulic fluid. 

Normal control, elevating. With the power drive 
in operatIon (controls neutral, as shown in figure 5-
23), the gun is elevated by t urning the handwheels up 
and toward the oper ator. The following actions occur: 

1. Handwheel motion is transmitted through the 
friction clutch and differential (fig. 5-25) to the trun
nion to move it upward. 

LI NE 10 TO 
CON TROL SELECTOR 

Figure 5-17. E levation Rec eiver-Regulator Mk 10 
Mod 0 Pressure- operated Indicator Switch 

ELEVATING GEAR 

2. Through a linkage, pivoted in a slot in the con
t rol cam, the trunnion lifts the servo control valve 
V2S, This ports servo pressure through grooves in 
the constant horsepower valve V6 thr ough VSB to the 
inside of the servo piston. The hydraulic fluid on the 
outside of the piston drains through VSB t o T ALV to 
V6 to V23 to tank. 

S, Servo pressure moves the servo pIston and, 
through it, the A-end tilting box. Tilting box move
ment is transmitted mechanically through the sector 
gear to the control cam, 

4. A-end pumping action dr ives the B-end to ele
vate the gun. The cont r ol cam moves V23 through 
the trunnion linkage to block furthe r hydraulic flow 
to the servo pIston. B-end r esponse acts on the trun
nion through the differential; trunnion displacement 
represents the difference between handwheel input and 
B-end response , At a constant handwheel speed, the 
servo piston, A-end t i lting box, control cam, and 
trunnion remain in a state of equilibrium with s e rvo 
control valve V23 blocking flow to the servo piston, 

5, Increase 1n handwheel speed causes an in
crease in A-end tilt through further move ment of 
the servo pIston, 

6. Decrease in handwheel speed combines with 
B -end response to move the trunnion in the opposite 
direction. This forces V2S down and rever ses the 
pressure and drain connections to the servo piston t o 
drive the A-end tilti.ng box back toward the neutral 
position, 

LIN E 10 TO HANDWHEEL 
CLUTCH RELEASE PISTON ------..... __ 

LINE 30 TO A END 
CONTROL BOX 

LI NE 11 TO 
TRANSFER VALVE 

• 

VALVE 
BODY 

Figure 5-18, Elevation Rec eiver-Regulato r Mk 10 
Mod 0 Transfer Accele ration Limiting Valve 
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7. Main system high pressure is por ted through 
pilot valve V11N and cutout valve V12N to the top of 
r elief va lve V9N to hold the valve closed. If main 
system pr essure r ises too high, VllN is forced to 
t he right to connect the top of V9N to the low-pres 
sur e side of the main line. System high pressure 
then lift s V9N and bypasses into t he main s ystem re
turn until the high pressure has dr opped to nor mal. 

8. Normal leakage will cause the main system 
retu rn pressure to drop below the setting of the check 
valve V13N. When this occurs , the system is r eplen
ished by the supercharge pump through V13N. 

Constant horsepower control, elevating . If the 
combination of A-end stroke and m ain s ys tem high 
p ressur e requires the electric motor to deliver more 
than the desired horsepower, the constant horse 
power device takes control (fig. 5-26). When this 
occurs: 

1. System high pressure from the shuttle valve 
V27 acts on the measuring piston P6 to for ce it down . 
Through a link, the piston lifts the constant horse
powe r valve V6. 

2. In its new position, V6 blocks s ervo pr essur e 
fr om V22 and V23 . Servo I?ressure is porteo through 
the directional valve V6A, V6, TALV, and V3B to the 
outside of the se rvo piston to drive it back toward its 
neut ral position. The inside of the servo piston is 
open to drain through V3B, V6, and V6A. 

3. Movement of the A-end toward neutral turns 
the control camp which changes the position of the 
outer s leeve of 6. When the horsepowe r demand 
has dr opped to normal, the Ilositions of P6 and its 
outer sreeve act to move V6 back to its normal posi
tion. 
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Figure 5-19. Elevation Receiver -Regulato r Mk 10 
Mod 0 Sump Tank, Top View 
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F igure 5 -20. Elevation Receiver-Regulator Mk 10 
Mod 0 Sump Pump 

F igure 5- 21. E levation Receiver-Regulator 
Sump P ump C ontrol Unit 
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Normal control, depress ing. With t he power 
drive In operation (controls neutral, a s s hown in fig 
ure 5-23), the gun is depressed by tu rning the hand
wheels down and away fro m the ope rator. The follow
ing actions occur: 

1. Handwheel motion is transmitted through the 
f r iction clutch and differential (fig. 5- 27) to the t run
nion to move it downward. 

2. Through a linkage, pivoted in a slot in the con
t rol cam, the trunnion pushes the servo control valve 
V23 down. This ports servo pressure a round the con
s t ant horsepower valve V6 through T ALV and V3B to 
t he outside of the servo pis ton. The inside of the 
s ervo piston is opened to dr ain through V3B and othe r 
ports in V6 and V23. 

3. Servo pressure moves the servo piston and 
through it, the A-end tilting box. Tilting box move
m ent is transmitted mechanically through the sector 
gear to the control arm. 

4. A-end pumping action drives the B-end to 
depress the gun. The control cam moves V23 through 
t he trunnion linkage to block further hydraulic flow 
to the servo piston. B-end response acts on the t run
nion through the differential; trunnion displacement 
represents the difference between handwhee l input 
and Ii-end r esponse. At a constant handwheel speed, 
the s ervo piston, A-end tilting box, contr ol cam, and 
trwmion remain in a state of equi librium , with servo 
control valve V23 blocking flow to the se r vo piston. 

5. Increase in handwheel speed causes an in
crease in A-end tilt through further movement of the 
servo pIston. 

6. Decrease in handwheel speed combines with 
B-end r esponse to move the trunnion in the opposite 
direction. This forces V23 up and reverses t he pres
sure and drain connections to the servo piston to 
drive the A-end tilting box back toward the neutral 
pos ition. 

7. Main system high pressure is ported thr ough 
pilot valve VllN and cutout valve Vl2N to the t op of 
r elief valve Vl O to hold the valve closed . If main 
s yste m pr essure rises too high, VllN is forced to 
the left to connect the top of Vl O to the low-pressure 
side of the main line . System high pressure then 
lifts Vl ON and bypasses into the m ain system r eturn 
until the high pressure has dropped to nor mal . 

8, Normal leakage will cause the main system 
r etu rn pressure to dr op below the setting of the check 
valve VI3N. When this occurs, the s ystem is r eplen
ished by the supercharge pump through Vl3N. 

Constant horsepower control, depressing. If the 
c ombmahon of A-end stroke and roam system high 
pres sure requires the electric motor to deliver more 
than the desired horsepower, the constant hor se
power device takes cont r ol (fig. 5-28). When this 
occurs: 

1. System high pressure from the shuttle valve 
V27 acts on the measuring piston P 6 to force it down. 
Through a link, the piston lifts the constant horse 
power valve V6. 

2. In its new pOSition, V6 blocks se rvo pressure 
from V22 and V23. Servo pressure is ported through 
the directional valve V6A, V6 and V3B to the ins ide 
of the servo piston to drive it back toward its neutral 

E LEVATING GEAR 

pos ition . The outside of the servo piston is open to 
drain t hr ough V3B, TALV, V6 and V6A. 

Limit sto~ control. If handwheel motion is con
tinued -in oneirecbon until the gun is approac hing 
its pos itive stop, the limit s top in the control mech
anism stops the handwheels (fig . 5-29). When this 
occurs: 

1. B-end r espons e acts dir ectly on the trunnion 
to return it t o neutral. 

2. Trunnion movement shifts the servo control 
valve V23 to port servo pressure around V6 to the 
servo piston to return the A-end tilting box to neutral. 

CONTAc r 
POI NTS 

llO·VOLTS COilS 

440VOLT COILS 

ELEVA TlO N 
RIGHT GUN 

ELCVATION 
CEN TER GUN 

DOOR 
INTERLOCK 

TRAIN 

Figure 5-22. Elevation Receiver-Regulator, 
Sump Control Unit, Door Open 
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P ower-off. The s olenoid of the power-off control 
valve v4N is in the circuit of the electric motor con
troller. If the STOP push button is depressed or if 
440-volt power fails , this solenoid is de-energized 
with the following results: 

1. V4N (fig. 5-24) is moved by its spring to port 
the pressure above power-off valve VIN to drain. 

2. VIN is moved by its spring to block the main 
hydraulic lines in the B-end. This blocks hydraulic 
flow between the A-end and B-end and "freezes" the 
gun in elevation. 

3. In its power-off position, VIN ports trapped 
servo pressure from the cutout valve Vl2N to drain 
through the B-end case. Vl2N is then moved by its 
spring to port the s paces above r elief valves V9N and 
VION to drain through the throttle valve VT. This 
allows system high pr essure to bleed to drain through 
the pilot valve VllN, the. cutout valve Vl2N, and the 
spaces above V9N and V10N. 

When the elevating gear has been stopped while 
in motion, either by power failure or by use of the 
STOP push button, the power drive cannot again be 
started until the A-end tilting box is manually return
ed to neutral with the neutral return device. 

Receiver-regulator cont r ol, servo operation (fig . 
5-30) 

With the power t ransmission operating, the selec
tor lever at AUTO, and with the gun synchronized 
with a stationary Signal, hydrauliC circuit conditions 
are as follows: 

1. Servo pressure is delivered through the power
off control valve V4N and the power-off valve VIN to 
the cutout valve Vl2N and the servo supply cutout 
valve V22. 

2. Servo pressure is de livered directly from the 
servo pump to the directional valve V6A and from the 
pump through V22 to the s ervo control valve V23. 

3. Servo pressure f r om the servo pump is deliv
e red through the synchro failure valve Vll and the 
control selector valve V4 to the following: 

The fric tion clutch to disengage the handwheels. 
The transfer acceleration limiting valve T ALV 
to pos ition it against spring action for AUTO 
operation. 

The cont r ol transfer valve V3B to open the pas 
sage from the limit stop valve V34 to the s ervo 
piston. 

4, With the gun between its limits, s ervo pres
sure is delivered through the limit stop valve V34 
to the following: 

T o the loading contr ol valve V12, where it is 
blocked. 

To the automatic stroking valve V2, where it Is 
blocked. 

To the hydraulic vibrator for oscillation of the 
amplifier piston P3. 

T o the pressure regulator valve V19, where it 
is reduced to control pressure and delivered to 
the stabilizing valve V1. 
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To the fine synchro valve va through the syn
chronizing pilot valve V15 and the synchronizing 
valve V3A. V3 is centered and blocks servo 
pressure between it s lands. 

5. Servo pressure is delivered through the load
ing position valve V14 and the loading interlock valve 
V44 to one end of the loading transfer valve V13. 
This positions V13 so that it connects port of V3 to 
corresponding ports of the amplifying piston PS. 

Fundamental (fine synchro) automatic control, 
When the gun is within four degrees of synchroniza
tion with the gun elevation order signal, the fine (36-
speed) synchro E (fig. 5-30) controls automatic op
eration of the r eceiver-regulator. With gun eleva
tion order for increasing gun elevation, the following 
actions take place : 

1. The synchro r otor turns an amount corres
ponding to the "error" between actual elevation and 
elevation order. Its motion is transmitted through 
the amplifier linkage Ll to move the fine s ynchro 
valve V3 t o the right . 

2. Servo press ure between the lands of VS is 
ported through the loading transfer valve V13 to the 
right end of amplifier piston P3. 

3. Servo pressure forces P3 to the left a dis
tance corresponding to , but greater than, the move
ment of V3. This movement is t ransmitted back 
through LI to return V3 t o neutral . At the same 
time, the motion of P3 is transmitted through the 
s tabilizing linkage L2 t o the stabilizing valve VI and 
the automatic stroking valve V2. 

4. The stabilizing valve VI ports control pres
sure from V19 to the s tabiliz ing piston P1. This 
causes Pl to move to the left and change the pivot 
of L3 to modify the action of P3 on V2. Without 
this action, the entire s ystem would overtravel 
and then oscillate about the input gun elevation 
order signal. This action makes the automatic 
stroking valve V2 move an amount that willllmit the 
delivery of servo pressure to the pervo piston. 

5, V2 moves to the right and ports servo pres
sure to the inside of the servo pis ton through V3B. 

6. B-end response is combined with roller path 
and erosion correction input in a differential; the 
differential drives the stator of the fine synchro E. 
Overtravel of the servo piston would r esult in a re
versal of the synchro rotor and r egulator valve ac
tions; this is prevented by the stabilizing action of 
VI and Pl, which operate in conjunction with B-end 
response to bring the gun smoothly into synchroniza
tion and to hold it there. 

Coarse (2-speed) SFEfhrO cont rol. Because the 
fine (S6-speed) synchro his Identica l positions 10 
degrees of elevation apart, the gun pos ition could 
agree with the synchro and still be 10 degrees away 
from the gun el evation order signal. The coarse 
(2-speed) synchro prevents this . Its rotor is turned 
e lectrically an amount equal to the difference between 
actual gun elevation and gun elevation order. When 
this differenc e Is mor e than four degrees: 

1. The rotor of synchro D has turned far enough 
to move (through the synchronizing linkage lA) the 
synchronizing pilot valve V15 to port servo pressure 
to the end of the synchronizing valve V3A. 
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OP 769 - 16 INCH THREE GUN TURRETS 

VALVE AND PISTON SYMBOLS 
V1N POWER OFF VALVE 
V3B CONTROL TRANSFER VALVE 
V4N POWER OFF CONTROL VALVE 
V5N REPLENISHING VALVE 
V6 CONSTANT HP VALVE 
V6A DIRECTIONAL VALVE 
V6B CO NSTANT HORSEPOWER CUT·IN VALVE 
V9N RELIEF VALVE 
V10N RELIEF VALVE 
V11N PILOT VALVE 
V12N CUT·OUT VALVE 
V13N CHECK VALVE 
V14N NEUTRAL RETURN VALVE 
V22 SE.RVO SUPPLY CUT·OUT VALVE 
V23 SERVO CONTROL VALVE 
VT THROTTLE VALVE 
V27 SH UTTLE VALVE 
CV CHECK VALVE 
GV GATE VALVE 
TALV TRANSFER ACCELERATION LIMITING VALVE 
PD DRAIN PORTS 
P2 SERVO PISTON 
P6 PRESSUR E MEASURING PISTON 
P18 CLUTCH OPERATING PISTON 
F FILTERS 

ELECTRICAL SY MBOL 

S7 SERVO NEUTRAL INTERLOCK SWITCH 

MECHANICAL SYMBOLS 
C2 
C3 

CONSTANT HP CAM 
NEUTRAL INTERLOCK SWITCH CAM 

/ 
o 

NEUTRAL RETURN 
DEVICE 

--
\ 

/ / 
\ ~ \ ' 

~ 1"\ 

EXPANSION 
TANK 

..... SERVO PRESSURE 

..... CIRCULATING PRESSURE 

..... SUPERCHARGE PRESSURE 

..... DRAIN SYSTEM 

BEND RESPONSE 
" I~--/~~~ 

--1 ................. -................ - .. ' ...... ... 
/ . :-", ., - ~ ' ~, B·END 

• ...-. rl=;~~I=~\ §a~~I=1 ~~ 1= I ELEVATION 
~ r ....... ---~..., r., \ CONTROL --eox INDICATOR 

IT TALV 

I f.L ~ ~L· ••.•• 1I V.3B_II • • ,.-• • I---- \ J kts~mR c,:J/l~ J ~ tL7\ 
ro~~rosaITroR~~E ~~~~~~~~~~~~~~~~~~~I~~~~~~~.~~~:r~~r-: I~ ~V~ ~ ~ TO PORT 63 RECEIVER·REGULATOR \ ~~~=~~==={F~==~~~ih~_ll TRUNNION 
TO PORT 20 RECEIVER·REGULATOR - iLL' DIFFERENTIAL 
TO PORT 21 RECEIVER·REGULATOR -
TO PORT 50 SELECTOR VALVE _ _ I-_iiii_-. .,..,~ ' LIMIT STOP 

I_~~~~ V6 v "-c) V22 FRICTION 
TO PORT 10 SELECTOR VALVE - GV V9N V27 Tl. £ 

F/ CV! . • • II Ilv13N \ \ V?N --r;6 V IWl I "~--"""""P -- , 1 I ,/ jJ rl1 V14N l ll~ iII .... 1I U ~ =- I 

F'~ ,0; / ~\~ V r\ ~ _~VllN ~I ~;~, ~~- ~ /~ 
IFl AUXILIARY A ENNj .... ___ ..... __ • • _... V 

~ W RELIEF " II P18 
VALVES It ~ - lo..I-II • II / 

-f~~~-~ ~ \ = ~ \. ~~_V12~N ~~~~~~%B~~. 7~~ ___ _ 

-~~----"'\~~(, ~~~ ~'\/ ~~ \ V ELEVATION RESPONSE / -' / 
• __________ ..,~-.. TO RECEIVER·R EGULATOR 

SUPERCHARGE PUMP 1 / SERVO PISTON HOUSING 

SERVO PUMP 

H AN'DWH EELS 

I 

Figure 5-23. Elevating Gear Transmission Control Diagram. 
Controls Neutral, Selector at HAND, Power On 

CHANGE 1 

ELEVATING 
SCREW 

V5N 

5-26A/B 
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OP 769 - 16 INCH THREE GUN TURRETS 

VALVE AND PISTON SYMBOLS 

VIN POWER OFF VALVE 
V3B CONTROL TRANSFER VALVE 
V4N POWER OFF CONTROL VALVE 
V5N REPLENISHING VALVE 
V6 CONSTANT HP VALVE 
V6A DIRECTIONAL VALVE 
V6B CONSTANT HORSEPOWER CUT·IN VALVE 
V9N RELIEF VALVE 
VION RELIEF VALVE 
VllN PILOT VALVE 
VI2N CUT·OUT VALVE 
VI3N CHECK VALVE 
V14N NEUTRAL RETURN VALVE 
V22 SERVO SUPPLY CUT·OUT VALVE 
V23 SERVO CO NTROL VALVE 
VT THROTTLE VALVE 
V27 SHUTTLE VALVE 
CV CHECK VALVE 
GV GATE VALVE 
TALV TRANSFER ACCELERATION LIMITING VALVE 
PD DRAIN PORTS 
P2 SERVO PISTON 
P6 PRESSURE MEASURING PISTON 
PI8 CLUTCH OPERATING PISTON 

r 
o 

NEUTRAL RETURN 
DEVICE EXPANSION 

TANK 

C) , 

B·END RESPONSE ~~~~~~~~ 
~.----/ l'. 

Q 

ELEVATING 
SCREW 

F FILTERS 
~I====================================~====~~~ 

~~~===~~~~~~~~/£-~~~--~ Ii __ J.'/ ', B·END 
\ '~v .-.. ~ 

ELECTRICAL SYMBOL 
I 

S7 SERVO NEUTRAL INTERLOCK SWITCH \ 
MECHANICAL SYMBOLS 1-

C2 CONSTANT HP CAM 
C3 NEUTRAL INTERLOCK SWITCH CAM \ ~ ___ ---=C.;;.O.:.;.NT.;.;.R;.;:O;.:;L..:B:.::O~X i-------l-

- c: 1======== 
TO PORT 60 SELECTOR VALVE '~~~~~~~~~~ii~~~iiiil TO PORT 63 RECElVER·REGULATO' ' II' ' 
TO PORT 20 RECEIVER·REGULATOR: 
TO PORT 21 RECEIVER·REGULATOR-
TO PORT 50 SELECTOR VALVE ~O ~ :::[] 
TO PORT 10 SELECTOR VALVE: - GV 

F CV ~_ : = = V~ V~7 V~ON 
VI3N,.-,-<=,\- 1--= ..... -..., 

F. ~ 1 n~11 -d)rrlI\ 1m VllN 
.-' -' 1 Vl ~ -='11 Dt ~ 

j.:i W RELIEF ~ 

f7( 
MOTOR 

~~J AUXILIARY A·END r--~=;~rm~ I r V / I\~ALVES ~ t---- ~ 1\ ~ .~ ~'N I 

< '1 ['~J, P2~\~ 'l 'v ~~'r ---,--)_\----.\----.v:===================/~L....-/,~;=6B=H.t-='/=====1============~------.J 
~ ~ .\X~ (:C:J1rm ~\ ,/ 

- ....... ----~~ \ 1 F= ELEVATION RESPONSE / 
TO RECEIVER·REGULATOR 

SUPERCHARGE PUMP77 

SERVO PUMP 

SERVO PISTON HOUSING 

Figure 5-24. Elevating Gear Transmission Control Diagram. 
Power Off 

5-26C / D 
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OP 769 - 16 INCH THREE GUN TURRETS 

VALVE AND PISTON SYMBOLS 
VIN POWER OFF VALVE 
V3B CONTROL TRANSFER VALVE 
V4N POWER OFF CONTROL VALVE 
V5N REPLENISHING VALVE 
V6 CONSTANT HP VALVE 
V6A DIRECTIONAL VALVE 
V6B CONSTANT HORSEPOWER CUT-IN VALVE 
V9N RELIEF VALVE 
VlON RELIEF VALVE 
VllN PILOT VALVE 
VI2N CUT-OUT VALVE 
V13N CHECK VALVE 
VI4N NEUTRAL RETURN VALVE 
V22 SERVO SUPPLY CUT-OUT VALVE 
V23 SERVO CONTROL VALVE 
VT THROTTLE VALVE 
V27 SHUTTLE VALVE 
CV CHECK VALVE 
GV GATE VALVE 
TALV TRANSFER ACCELERATION LIMITING VALVE 
PD DRAIN PORTS 
P2 SERVO PISTON 
P6 PRESSURE MEASURING PISTON 
PI8 CLUTCH OPERATING PISTON 
F FILTERS 

jV 

o 

-

NEUTRAL RETURN 
DEVICE 

~\ 
/ \ 

, \ 
,/ , 

\ 
\ 

I 

EXPANSION 
TANK 

..... SERVO PRESSURE 

..... CIRCULATING PRESSURE 
_ SUPERCHARGE PRESSURE 
..... DRAIN SYSTEM 
..... MAIN SYSTEM HIGH PRESSURE -=- MAIN SYSTEM RETURN 

• 
ELECTRICAL SYMBOL .................. ' ,. ~!;. ~ V4~ ill.l 

~~ 
"¥'-PD S7 SERVO NEUTRAL INTERLOCK SWITCH 

MECHANICAL SYMBOLS 
C2 CONSTANT HP CAM 
C3 NEUTRAL INTERLOCK SWITCH CAM 

II 
TALV 

l • 
I- I-

n ~~ W&~crOR~~E~~~~~~~~~~~~~~~~~~~~~~~~~~·~~~~:[:[:1 o PORT 63 RECEIVER-REGULATOR 
o PORT 20 RECEIVER-REGULATOR . 
'0 PORT 21 RECEIVER-REGULATOR . 
o PORT 50 SELECTOR VALVE -- I~O 01 

n PORT 10 SELECTOR VALVE - F/ CV ,[ - - '. I •• 

I 

~ ~ a" / '\ 'o/£/(f! AUXILIARY I A-EjD \ftfY RELIEF ~ 
VALVES 'I 

{ I/ 1'\,... ~ \ f / «tt " \ f\Y " ) 
MOTOR \\ I 1"~~W;;;' '-'-P2 '~~ vi. 
~ ~,\~IV ~ 

SUPERCHARGE PUMP/j1 II ~;ERVO PISTON H~SING 
SERVO PUMP 

7( 

'-

\ 

TQ 

1 -

VllN 

, • 
...... [ 'l~ II 
~ VI2N II 

------. 

.1 

I 
...'. 

~ 

\ 
• 

CONTROL BOX 

SECTOR 1 
GEAR C2 

\~ 
1~~ 

1-

~ 

-1 ELEVATION 
1 INDICATOR I 

t@ . 
:---+-TRUNNION I r 

t-"" DIFFERENTIAL I 
~LlMIT STOP 

~l"1i : 
/ po, HANDWHEELS I 

V PIS 

S7 

~ 

• 
l V6BI ~ ~ I 

----~---------
ELEVATION RESPONSE /" 

TO RECEIVER-REGULATOR / 

Figure 5-25. Elevating Gear Transmission Control Diagram. 
Gun Elevating, Selector at HAND 

CHANGE 1 

ELEVATING 
SCREW 

V5N 

5-26E/ F 

www.tinyurl.com/slover


        

VALVE AND PISTON SYMBOLS 
ViN POWER OFF VALVE 
V3B CONTROL TRANSFER VALVE 
V4N POWER OFF CONTROL VALVE 
V5N REPLENISHING VALVE 
V6 CONSTANT HP VALVE 
V6A DIRECTIONAL VALVE 
V6B CONSTANT HORSEPOWER CUT-IN VALVE 
V9N RELIEF VALVE 
ViON RELI EF VALVE 
VllN PILOT VALVE 
V12N CUT-OUT VALVE 
V13N CHECK VALVE 
V14N NEUTRAL RETURN VALVE 
V22 SERVO SUPPLY CUT-OUT VALVE 
V23 SERVO CONTROL VALVE 
VT THROTTLE VALVE 
V27 SHUTTLE VALVE 
CV CHECK VALVE 
GV GATE VALVE 
TALV TRANSFER ACCELERATION LIMITING VALVE 
PO DRAIN PORTS 
P2 SERVO PISTON 
P6 PRESSURE MEASURING PISTON 
PiB CLUTCH OPERATING PISTON 
F FILTERS 

ELECTRICAL SYMBOL 
S7 SERVO NEUTRAL INTERLOCK SWITCH 

MECHANICAL SYMBOLS 
C2 CONSTANT HP CAM 
C3 NEUTRAL INTERLOCK SWITCH CAM 

! 

r 
o 

NEUTRA L RETU RN 
DEVICE / / 

\ ~ \ ' 
~ 'j-':' \ 

I 

~.-----------------------~\----.. 
\ 

\ 

OP 769 - 16 INCH THREE GUN TURRETS 

EXPANSION 
TANK 

SERVO PRESSURE 
_ CIRCULATI NG PRESSURE 
_ SU PERC HA RGE PRESSURE 
_ DRAIN SYSTEM 
_ MAIN SYSTEM HIGH PRESSU RE -=- MAIN SYSTEM RETURN 

V4N • 
~c 

B-END R ESPON SE=---~~~~~~ '\1- - / ~ 

/ :;"" . 
il l 

\ 

ELEVATING 
EW 

V5N 

111=- PO , - ~ I,..... PO 

1-- I - -- I 

Figure 5-26. Elevating Gear Transmission Control Diagram. 
Gun Elevating, Selector at HAND, Constant Horsepower Control 

CHANGE 1 5-26G/ H 
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VALVE AND f lSTON SYMBOLS 
VIN POWER OFF VALVE 
V3B CONTROL TRAN SFER VALVE 
V4N POWER OFF CONTROL VALVE 
V5N REPLENISHING VALVE 
V6 CONSliANT HP VALVE 
V6A DIRECTIONAL VALVE 
V6B CONSTANT HORSEPOWER CUT·IN VALVE 
V9N RELIEF VALVE 
VI0N RELIEF VALVE 
VIIN PILOT VALVE 
V12N CUT·OUT VALVE 
V13N CHECK VALVE 
V14N NEUTRAL RETURN VALVE 
V22 SERVO SUPPLY CUT·OUT VALVE 
V23 SERVO CONTROL VALVE 
VT THROTTLE VALVE 
V27 SHUTTLE VALVE 
CV CHECK 'VALVE 
GV GATE VALVE 
TALV TRANS WER ACCELERATION LIMITING VALVE 
PO DRAIN PORTS 
P2 SERVO 'PISTON 
P6 PRESSURE MEASURING PISTON 
PIB CLUTCH OPERATING PISTON 
F FILTERS 

ELECTRICAL SY MBOL 
S7 SERVO NEUTRAL INTERLOCK SWITCH 

MECHANICAL SYMBOLS 
C2 CONSUNT HP CAM 
C3 NEUTRAL INTERLOCK SWITCH CAM 

TO PORT 63 RECEIVER·REGULATOR 
TO PORT 20 RECEIVER·REGULATOR 
TO PORT 21 RECEIVER·REGULATOR . 

NEUTRAL RETURN 
DEVICE 

-- ---- -

EXPANSION 
TANK 

OP 769 

..... SERVO PRESSURE 
_ CIRCULATING PRESSURE 
_ SUPERCHARGE PRESSURE 
..... DRAIN SYSTEM 
_ MAIN SYSTEM HIGH PRESSURE 
~ MAIN SYSTEM RETURN 

-

- 16 INCH THREE GUN TURRETS 

ELEVATION 
INDICATOR 

57 t€> 
~T.=~~~.-JI ro~~ro~~~R~~E ~~~~~~~~~~~~~~~~~~~~~~~~~~J:::lll TO PORT 50 SELECTOR VALVE _ _ ____ 1 _____ _ 

TO PORT 10 SELECTOR VALVE 

ELEVATION RESPONSE 
TO RECEIVER·REGULATOR 

Figure 5-27. Elevating Gear Transmission Control Diagram. 
Gun Depressing, Selector at HAND 

CHANGE 1 5-26I/J 
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OP 769 - 16 INCH THREE GUN TURRETS 

VA LVE AN D PISTON SYMBOLS 
V1N POWER OFF VALVE 
V3B CONTROL TRAN SFER VA LVE 
V4N POWER OFF CONTROL VALVE 
V5N REPLENISHING VALVE 
V6 CONSTANT HP VALVE 
V6A DIRECTION AL VALVE 
V6B CONSTANT HORSEPOWER CUT-IN VALVE 
V9N RELIEF VA LVE 
V10N RELIEF VALVE 
VllN PILOT VALVE 
V12N CUT-OUT VALVE 
Vl3N CHECK VALVE 
Vl4N NEUTRAL RETURN VALVE 
V22 SERVO SU PPLY CUT-OUT VALVE 
V23 SERVO CO NTRO L VALVE 
VT THROTT LE VALVE 
V27 SHUTTLE VALVE 
CV CHECK VA LVE 
GV GATE VALVE 
TALV TRANSFER ACCELERATION LIMITING VALVE 
PD DRAIN PORTS 
P2 SERVO PISTON 
P6 PRESSURE MEASURING PISTON 
PIB CLUTCH OPE RATING PI STON 

v 

o 

NEUTRAL RETURN 
DEVICE 

EXPANSION 
TANK 

..... SERVO PRESSURE 
_ CIRCULATING PRESSURE 
..... SUPERCHARGE PRESSURE 
..... DRAIN SYSTEM 
_ MAIN SYSTEM HIGH PRESSURE -=- MAIN SYSTEM RETURN 

-

) 

ELEVATING 

V4~~ I. ~ \ 

\ -r:: PD !_ ~:Jn 

~i~FI~~~I~S5~~CON~TRWILB~ox ~I=I==: == : 

F FILTERS 

ELECTRICAL SY MBOL 1+ 

S7 SERVO NEUTRAL INTERLOCK SWITCH 

V5N 

MECHANICAL SY MBOLS 
C2 CONSTANT HP CAM 
C3 NEUTRAL INTERLOCK SWITCH CAM 

C\l~ J ~S71 t@1 . n.:p~ + 

roro~rom~R~m ~~~~~~~~~~~~~~~~~~~~~~~~~I::~~~I::;:; ~~~~h'J~}~~~~F~=~~~~ ~ TO PORT 63 RECEIVER-REGULATOR r~ -= [1.-+-TRUNNION ~ 
TO PORT 20 RECEIVER-REGULATOR - ~l. r....I . ~DIFFERENTIAL I ! 
TO PORT 21 RECEIVER-REGULATOR -= WET VfA. LIMIT STOP .. 
TO PORT 50 SELECTOR VALVE _II 1IIII'lI0 0 1 ...- I/ V6 V23 V22 'J! /~IRi~~N ~ 
TO PORT 10 SELECTOR VALVE F CV I r I_ I- • l \l lV9~ V27 Vlt ~ Cl'l ";r::J, 10 J t. ~I ,,"v:~~~~_H. .. 

. _ II I U 1~>;6" pJ ·~~U . ..... T"LC:~[L- ,,~ II 

/ ';.. ])(''''\ \'t1 'liN ~ ~~kl ~L-Icr y :.:l~I..,..... I 
-~ - ~ \ j V I' ~ ill .~____ 11 ~ - ~. HANDWHEELS 

:f-:'- f F J AUXILIARY A-END ~ V ~ I W RELIEF ) • ~ VALVES If f - ~ I~ -r ,/ P1 B 

I 

I TALV 

f7! V6B 1.- / 

~ \J~~~~~'1~0~ I~ - - - - - - - ~- - - - -- _; - - _I --""''-----~~ '- \ \ ELEVATION RESPONSE / ",/ 
• __ 101 _______ ,.. .. _ .. , '" TO RECEIVER-REGULATOR '/ 

SU PERCHARGE PUMP / 7 SERVO PISTON HOUSI NG 

SERVO PUMP 

MOTOR 

Figure 5-28. Elevating Gear Transmission Control Diagram. 
Gun Depressing, Constant Horsepower Control 

CHANGE 1 5-26K/ L 
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VALVE AND PISTON SYMBOLS 
VIN POWER OFF VALVE 
V3B CO NTROL TRANSFER VALVE 
V4N POWER OFF CONTROL VALVE 
V5N REPLENI SHING VALVE 
V6 CONSTANT HP VALVE 
V6A DIRECTIONAL VALVE 
V6B CO NSTANT HORSEPOWER CUT-IN VALVE 
V9N RELIEF VALVE 
VION RE LIEF VALVE 
VllN PILOT VALVE 
VI2N CUT-OUT VALVE 
VI3N CHECK VALVE 
VI4N NEUTRAL RETURN VALVE 
V22 SERVO SUPPLY CUT-OUT VALVE 
V23 SERVO CONTROL VALVE 
VT THROTTLE VALVE 
V27 SHUTTLE VALVE 
CV CHECK VALVE 
GV GATE VALVE 
TALV TRANSFER ACCELERATION LIMITING VALVE 
PO DRAIN PORTS 
P2 SERVO PISTON 
P6 PRESSURE MEASURING PISTON 
PI8 CLUTCH OPERATING PISTON 
F FILTERS 

ELECTRICAL SYMBOL 
S7 SERVO NEUTRAL INTERLOCK SWITCH 

MECHANICAL SY MBOLS 
C2 CONSTANT HP CAM 
C3 NEUTRAL INTERLOCK SWITCH CAM 

r 
o 

NEUTRAL RETURN 
DEVJCE 

-

/ / 
\ ~A 

EXPANSION 
TANK 

OP 769 

_ SERVO PRESSURE 
_ CIRCULATING PRESSURE 
_ SUPERCHARGE PRESSURE 
_ DRAIN SYSTEM 
_ MAIN SYSTEM HIGH PRESSURE -=- MAIN SYSTEM RETURN 

- 16 INCH THREE GUN TURRETS 

) 

E NG 

V5N 

PO 

Figure 5-29. Elevating Gear Transmission Control Diagram. 
Gun DepreSSing, Limit Stop Control 
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VALV E AND PISTON SYMBOLS 

V1 STABILIZING VALVE 
V1N POWER OFF VALVE 
V2 AUTO MATIC STROKING VALVE 
V3 FIN E SYNCHRO VALVE 
V3A SYNCHRONIZING VALVE 
V3B CONTROL TRANSFER VALVE 
V4 CONTROL SELECTOR VALVE 
V4N POWER OFF CONTROL VALVE 
V5N REPLENISHING VALV E 
V6 CONSTANT HP VALVE 
V6A DIRECTIONAL VALVE • 
V6B CONSTANT HORSEPOWER CUT·IN VALVE 
V9N RELIEF VALVE 
VlON RELIEF VALVE 
VlI SYNCHRO FAILURE VALVE 
VlI N PILOT VALV E 
V12 LOADING PILOT VA LVE 
V12N CUT· OUT VALVE 
V13 LOADING TRANSFER VALVE 
V13N CHECK VALVE 
V14 LOADING POSITION VALVE 
V14N NEUTRAL RETURN VALVE 
V15 SYNCHRONIZING PILOT VALVE 
V19 PRESSURE REGULATOR VALVE 
V22 SERVO SUPPLY CUT·OUT VALVE 

V23 SERVO CONTROL VALVE 
VT THROTTLE VALV E 
PCV1 STROKING PISTON CONTROL VALVE 
PCV2 STROKING PISTON CONTROL VALVE 
PCN STROKING PISTON CONTROL NEEDLE 

VALVES 
PCS STROKING PISTON CONTROL VALVE 
V27 SHUTTLE VALVE 
V34 LI MIT STOP VALVE 
V43 LOADING VALVE 
V44 LOADING INTERLOCK VALVE 
V45 SYNCHRO FAILURE LATCHING VALV E 
CV CHECK VA LVE 
GV GATE VALVE 
TALV TRANSFER ACCELERATION 

LIMITING VALVE 
PD DRAIN PORTS 
Pl STABILIZING PISTON 
P2 SERVO PISTON 
P3 AMPLIFIER PISTON 
P6 PR ESSURE MEASURING PISTON 
P1B CLUTCH OPERATING PISTON 
P46 SELECTOR INTERLOCK PI STON 
F FILTERS 

ELECTRICAL SY MBOLS 

D 2·SPEED SY NCHRO S4 MERCURY SWITCH 
E 36·S PE ED SYNCHRO S5 SUMP PUMP FLOAT SWITCH 
H TEST SYNCHRO S6 GU N CAPTAIN'S READY SWITCH 
Sl LOAD SOLENOID S7 SERVO NEUTRAL INTERLOCK 
S2 AUTO SOLENOID SWITCH 
S3 SYNCHRO FAILURE SOLENOID 

MECHANICAL SYMBOLS 

C2 CONSTANT HP CAM Ll AMPLIFIER LI NKAGE 
C3 NEUTRAL INTERLOCK SWITCH L2 STABILIZING LINKAGE 

CAM L3 LOADING CONTROL LINKAGE 
L4 SYNCHRON IZING LI NKAGE 

RECEIVER·REGU LATOR 

VALVE 
COMPARTMENT 

---7 

SYNCHRO 
COMPARTM ENT 

TO 
EXPANSION 

TANK - ~giIi-!MV~ 
SU MP 

CORRECTION INPUT 

NEUTRAL RETURN 
DEVICE 

EXPANSION 
TANK 

\/ 

CHANGE 1 

OP 769 - 16 INCH THREE GUN TURRETS 

_ SERVO PRESSURE 

c:::::=J REGULATOR CONTROL PRESSURE 
_ CIRCULATING PRESSURE 
_ SUPERCHARGE PRESSURE 
_ DRAIN SYSTEM 
_ MAIN SYSTEM HIGH PRESSURE 
-=:II MAIN SYSTEM RETURN 

NOTE: CONTROLS IN AUTO. SYSTEM SYNCHRONIZED ON 
STATIONARY SIGNAL ARROWS INDICATE DIRECTION 
FOR INCREASING ELEVATION IN AUTO CONTROL. 

Figure 5-30, 16-inch Elevating Gear Hydraulic System, 
Schematic Diagram 
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2, Acted upon by servo pressure and L4, V3A 
moves to cut off s ervo pressure to the fine synchro 
valve V3, At the same time, V3A ports servo pres
sure to t he amplifier pis ton P3 through the loading 
transfe r valve V1S, 

3. Acted upon by servo pressure fOF the full 
length of its travel, P3 operates the automatic strok
ing valve V2 through the stabilizing linkage L2. Ser
vo pressure is ported by V2 to the servo piston to 
force the A-end tilting box t o its maximum displace
ment. 

4. The gun is driven at full speed toward syn
chronization. B-end response turns the stator of 
s ynchro D, 

5. As s oon as the gun position is within four 
degrees of gun elevation order, V15 and V3A move 
to restore control to the fine s ynchro E. 

Limit stop operation. The limit stop device has 
gun position a nd gun speed as the two elements of 
data in its input. The gun position is obtained from 
the elevation res ponse input , but gun pos ition alone 
is not enough fo r s mooth, even stopping from all 
speeds at a definite position of r est. The speed of 
the gun is obtained from the stroke response input, 
which is used as the speed input to the limit stop 
devic e. 

The stroke r esponse is added to the elevation re
sponse through a diffe rentia l gear in the receiver
regulat or case . The output of the differential turns 
the limit stop adj usting cam. A cam follower and 
linkage positions the lim it stop valve V34 at the prop 
er elevation angle to cut off servo p r es sure to V2 
and the servo piston. Because of t he differential in
put, the limit stop begins to fu nction fart her from the 
stop pOS ition when the gun is moving fast than when 
it is moving slowly. This results in nearly uniform 
dece leration and a definite position of stop, regard
less of the speed at which the gun approaches the stop 
position. 

Automatic loading ope ration. Whe n in AUTO, the 
gun can be b rought to its loading position automati
ca lly either by turning the gun captain's ready switch 
to SAFE or by shifting the selector lever to LOAD. 
The pos itions of the loading position valve V14 and 
the loading inte rlock valve V44 in AUTO are shown 
in figure 5-30. 

When the gun captain's ready s witch is turned to 
SAFE, the load s olenoid S1 is energized to pull the 
loading position valve VI4 to the left (fig. 5-30), 
This ports servo pressure to the right end of the 
loading transfe r valve V 13 and connects the left e nd 
of V13 to drain. 

Alte r nately, when the s e lector lever is moved to 
LOAD, the loading interlock valve V44 is mec hani
cally moved to t he right (fig . 5-30). This a lso ports 
se rvo pressur e to the right e nd of VI3 and connects 
the left end of VI 3 to drain. 
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In either method, servo pressur e forces V13 t o 
the left to block the ports from the fine synchro 
valve V3 to the amplifier piston P3 and t o open the 
ports from the loading pilot valve V12 to P3. 

The pos ition of the loading pilot valve V12 is con
trolled by the loading cam thr ough a cam follower 
and crank arrangement. The loading cont r ol linkage 
L3 is connected t o the amplifie r piston P3 in t he same 
way as the amplifier linkage Ll. The refore, whe n 
the loading transfer valve V13 moves to the left , P3 
follows the loading crank in the same manner that it 
follows the synchro crank when V13 is to the right. 
The loading cam is geared directly to the elevation 
response; consequently, the automatic loading posi
tion remains the same regardles s of the mechanical 
correction input . 

The s hape of the loading cam is such that the gun 
will decelerate smoothly and come to r es t whe n the 
cam follower reaches the bottom of the loading cam 
detent. 

Synchronizing acceleration control. Acceleration 
of the power dr ive is limited by the synchronizing 
acceleration control device (fig. 5- 13) whe n th e gun 
is either going to its loading pOSition or is matching 
with the gun order s ignal in coars e s ynchro control . 
The device prevents oper ation of the constant horse 
power device. 

The amplifier piston P3 moves to its extreme 
stroke in load or coarse synchro control. Its motion 
is used to operate the limit stop valve VS4 to restrict 
the porting of servo pressure t o the servo piston P2 . 

The limit stop valve has a spring a r rangement so 
that the limit stop may fu nction wheneve r necessary, 
regardless of the pOSition of P3. Ad justing screws 
C and D are set so that V34 is not moved by the ordi
nary movement of P3 in following a signa l. One of 
these s c rews, located in an extension of PS, contacts 
the striking arm E when P3 moves rapidly t o either 
extreme pos ition. The striking a rm is geared to 
gear sector F (fig. 5-13), which moves V34 thr ough 
a linkage (fig. 5 -30). 

Transfer accele ration limiting control. When 
the control selector is shifted from AUTO to HAND 
with the gun position not in correspondence with the 
handwheel pos ition: 

1. Servo control valve V23 ports se rvo pressure 
eithe r through V6 and V3B to the outside of the s e r vo 
piston P2 (gun depress ing) or through V6, T ALV, a nd 
V3B to the inside of P2 (gun elevating). 

2. Servo pressur e is r emoved fro m the top of 
TALV. Acted on by it s spring, TALV t ends t o s hift 
to open the line between V3B and P2. However, 
TALV is hydraulically unbalanced and is held against 
its side wall in a partially open position by pressure 
in the V3B-P2 line. 
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3. The restriction in the V3B -P2 line prevents 
full flow of servo pressure to P2 or full flow of re
turn from it. This slows the movement of P2 and 
prevents too-rapid acceleration of gun movement. 

4. When the gun position corresponds to hand
wheel position, V23 shuts off servo pressure and 
return. TALV then moves to its full open position 
to permit P2. to follow handwheel input without fur
ther restriction. 

Synchro supply failure. If synchro power fails 
in AUT O, the control selector unit transfers itself 
to HAND control without ffi'Jvement of the control 
selector lever. When synchro power is restored, 
control remains in HAND until the selector lever is 
moved to HAND and then back to AUTO. This pre 
vents the gun from moving without wa r ning when 
synchro power is restored. 

If synchro powe r fails: 

1. Solenoid S3 is de -energized. 

2. Synchro failure valve Vll is moved to the 
right by its spring. This cuts off servo pressure 
to V4 and to the space behind V45 . 

3. With no servo pressure from V4 to the hand
wheel clutch to the control transfer valve V3B , and 
to T ALV, the system automatically shifts to HAND 
control. 

4. Synchro failure latching va lve V45 is moved 
to the left by its sp r ing. This aligns t he ports of 
V45 with the lands of V4 so that ser vo pressur e is 
b locked at V4 when synchro power is restored, leav
ing the gun in HAND control. 

After synchro power is restored, move ment of 
the selector lever to HAND forces V45 to the r ight 
to port servo pressure behind V4 5 to hold it in that 
position. Shifting the leve r to AUTO t hen ports ser
vo pressure through V4 to V3B , TALV, and the hand
whee l clutch to restore the system in automatic ope r
ation. 

Gun captain's ready circuit failure. If the gun 
capt a in's ready circuit fails with the gun in normal 
AUTO control, the gun is brought to its loading posi
tion automatically by shifting the selector lever to 
LOAD. After loading, the gun is brought back to 
synchronization by returning the lever to AUTO. 

If the circuit fails with the gun captain's r eady 
switch at SAFE (gun at loading pos ition, s elec tor 
lever at AUTO), the selector leve r is locked a t AUTO 
by the selector interlock piston P46. 

The selector lever is unlocked by depress ing the 
eme r gency button on the selector valve unit. This 
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shifts the valve operating arm to the AUTO pos ition 
and r eleases the selector lever by venting the p r es
s ure behind P 46 to d:r:ain, Control of LOAD a nd 
AUT O then rests with the gun layer through opera
tion of the selector lever. Control is restored t o the 
gun captain's safety switch by depressing the emer
gency button release on the selector valve unit. 

INSTRUCTIONS 

Gene ral ins tructions 

T he gun elevating power drive assemblies are to 
be operated and maintained, including periodic exer
c is e , adjustment, and lubrication, in accordance 
with the regulations of the Bureau of Ordnance Man
ual, the instructions below, and the directions con
tained in chapter 17. 

At installation, the elevating gear is adjusted and 
checked for proper operation. It should give litt le 
trouble , if properly maintained. Periodic inspec 
tion of the equipment will help prolong its life and 
effectiveness. In many instances, a visual inspec
tion will s uffice . It is not r ecommended that any 
pa rt of t he equipment be disassembled for inspection 
only. The visua l inspection should cover the follow 
ing items: 

1. Aligrunent of shafting 

2. E lectric and hydraulic connections 

3. F luid-level gages 

4. Lubrication 

The equipment should be exercised daily in all 
t ypes of control to assure good performance. Errat
ic operation should be investigated to make sure it 
is not t he beginning of serious trouble. 

Ope rating p r ecautions 

The following operating precautions must be 
observed: 

1. Before attempting to start the powe r drive 
elect ric motor, make s ure that the tilting box is at 
neutral, the control s elector lever is at HAND, the 
gun pits are clear, and operating pers onne l are in 
safe positions. 

2. Before shifting to AUTO cont r ol, make sure 
t hat t he synchro receivers ar e ene rgized and that gun 
position is in approximate agreement with gun order. 

3. The gun layer must remain at his station 
whenever the eqUipment is in operation. IIe must 
be prepared to s top the equipment i mme diately if 
any emergency arises. 
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4. Shift t he control selector lever to HAND be
fo r shutting off the power drive electric motor. 

5. Before operating the equipment, check the 
fluid level at the expansion tanks t o make sure that 
there is sufficient hydraulic fluid in the system. As 
a further precaution, check the fluid leve l immediate 
ly after the electric motor has been started and at 
intervals the reaft er. If there is an appreciable drop 
of fluid level between checks, the supply must be re
plenished. 

6. Make s ure that the equipment is functioning 
properly when s hifting from one type of control to 
another . 

Preparing for operation. To prepare the elevat 
ing gear for operation: 

1. Re lease and completely withdraw the slide 
s ecuring pin (chapte r 4). 

2. P e rform the ''Before operating" lubrication. 

3 . Check and replenis h the hydraulic fluid in the 
expansion tank. 

4. Ve rify that the filters are clear. 

5. Make sure that the tilting b ox is at neutral. 

6. Position the control selector leve r at HAND. 

The electric motor may now be started, by pres 
Sing the START -EMERG button. 

Before operating under load: 

1. Run the moto r until the hydraulic fluid is at 
normal operating temperature. 

2. Verify that the power-off control valve V4N 
has been energized. 

3. Slowly turn the gun layer'S handwhee ls. 

4. See that the elevating sc rew lubricating s ys 
tem is pumping oil. 

5. Ope rate to both limits of gun movement; see 
that the limit stop control and all buffers function 
cor r ectly . 

Shifting to automatic control. T o place a gun in 
automatic control : 

1. Start the electric motor (observing all nor 
ma l prec autions) with the cont r ol s elector lever at 
HAND. 
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2. Verify that the receiver-re gulator is r eceiv
ing a signal. This will be indicated by the synchro 
powe r indicating light in the control selector valve 
block. 

3. Put the gun captain' s switch at READY. 

4. Match painters 

5 . Move t he control selector lever to AUTO. 

General servicing instructions 

Buffer fluid. The fluid t o be used in the elevation 
and depress ion s t op buffer s is that deSignat ed a.s 
51F23 (Ord). The buffer s should be checked for r e 
plenishment onc e a month, at which time they should 
be inspected as follows: 

1. Check the full, no r mal spring return of the 
buffer p lungers. 

2. Check the condition.of the plunger packings. 

3. Verify the tightnes s of the buffer housing 
securing b olts. 

4. Verify the alignment of the plungers and 
s tops. 

Hydraulic oil. The power transmis sion fluid to 
be used in the hydraulic system is that des ignat ed 
as 51F21 (Ord). When the hydr aulic system is ini 
tially filled, a nd when replenishing, the fluid should 
be poured through a fine mesh wire strainer of at 
least 200 wires to the inch. Cheesec loth or rags 
must not be used as a straine r . New hydraulic assem 
blies should be drained after 15 hours (or less) of op
eration. T he hydraulic system should then be thor
oughly flushed with new 51F21 (Ord) and refilled with 
fresh fluid . A test inspection and analysiS of a n 
oil sample f rom each system should be performed 
monthly. H the re is any evidence of s ludge, water, 
or acidity, the system must be drained, flushed with 
new 51F 21 (Ord), and refilled with fresh fluid. 

Filling the hydraulic system. To fill the hydrau 
lic system: 

1. Disconnect the coupling between the speed r e
ducer and the A-end shaft, so that the speed r educer 
and supe rcharge pump may be run without ope rating 
the A-end. 

2. Close the control box drain valve. 

3. Fill the A-end and B-end housings. F irst, 
r emove the fi lle r cap of the expansion tank a nd 
continue pour ing fluid into the tank until the level 
r em ai. ns const ant at the high -leve l t rycock. 
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Loosen the 1/ 4-inch pipe plugs in the sides of the 
B -end valve plate. Start t he electric motor and allow 
it to run for a few seconds, stop the motor, and re
peat the s tarting procedure s everal times. Check 
the fluid level continuous ly at the low-level trycock 
of the expans ion tank. Add fluid to the tank as need
ed to maintain the fluid leve l, while the fluid is being 
pumped into the main hydraulic lines by the super
charge pump. Continue the fill ing and the start-stop 
procedure until the fluid (free of air) flows out of the 
1/4-inch pipe plugs. 

4. Connect the coupling between the speed reduc.
er and the A-end; the unit is r eady to operate. 

5. After t he limit stops have been adjusted, open 
the control box dr ain valve . When the valve is 
opened, hydraulic fluid will flow from the expansion 
tank into the control box. Add fluid to the expansion 
tank as needed to maintain the level at the upper try
cock. 

Maintenance care. When pipe fittings, flanges, 
or other units of the hydraulic system are disconnect
ed and open, keep the openings covered t o prevent 
the entrance of fore ign matter. Do not remove such 
protection until immediately prior to r eassembly. 
For c omplete instructions for care and maintenance 
of the hydraulic system, see chapter 17. 

Transmis s ion tests and inspections. The hydrau
lic system is to be se rviced after initial installation 
as follows : 

1. Afte r the first week of operation, tighten all 
pipe and shaft connections and bolts. 

2. After t he first month of service, or 15 hours 
of operation, drain the system, flush with new fluid, 
and refill. This operation is essential to remove 
any foreign matter r esulting from initial run-in of 
the new or overhauled equipment . 

3. Check and clean t he oil filters. 

4. Drain and r eplace the oil in the reduction 
gear, gear boxes, and lubricating oil reservoirs. 

Refer to chapter 17 for detailed instructions . 

Lubr ication. All valve gear and the rotating 
groups of the A-end and B-end are lubricated by hy
draulic fluid. This fluid includes a rust inhibitor to 
preserve the enclosed parts from corrosion. It is 
therefore important that the fluid be checked frequent
ly to make certa in that it is clean and free of water. 
Other parts of the elevating gear reqUire application 
of lubricants at the locations and at t he periods speci 
fied by the lubrication charts. The e levating screw 
lubricant s hould be at the level of the test plug hole 
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in the lubrication tank when the gun is at rest and at 
zero elevation. The oil should be replaced quarterly 
with fresh oil that is carefully strained through a fine 
mesh wire strainer. Check the lubricating oil level 
before operating the e levating gear. Verify the lubri
cating oil flow, at the screened filling plug in the os
cillating bearing oil s1iield, immediately after start
ing the motor. This 'precaution is important because 
pump airlock or line stoppage (or both) can interrupt 
proper circulation. 

Servo and supercharge pressures. The servo 
pressure should be between 300 and 400 pounds pe r 
square inch, and the s upercharge pressure between 
50 and 70 pounds per square inch. If the pressures 
are not within the desired ranges, make adjustments 
at the s ervo and supercharge relief valves. The ser
vo pressure is adjusted at the r elief valve farthest 
from the mounting plate. Remove the valve cap, 
loosen the locknut, and s crew in t he adjusting screw 
to increase the pressure or s crew out to decrease 
the pressure. 

The supercharge pressure is adjusted in a similar 
manner on the r e lief valve nearest the mounting plate. 
To check the supercharge pressur e or the pressure 
in either of the main transmission pipes , connect 
gages to the 1/ 4-inch pipe plugs in the sides of the 
B-end valve plate. The servo pres sure should be 
checked in the line between the filter and the s ervo 
flange connection on t he A-end control box. 

Operating trouble diagnosis 

Locating and correcting elevation gear trouble 
requires a thorough understanding of the equipment 
described in this chapter. There should be no excep
tion to the rule that: 

CASUALTY CORRECTION IS NEVER TO BE 
ATTEMPTED BY ANYONE NOT COMPLETE 
LY FAMILIAR WITH THE EQUIPMENT . 

The causes of various troubles which may occur in 
the elevating gear are given in the pa r agraphs below. 
The trouble analysis is in a sequence that avoids ex
t ensive disassembly until the mor e common causes 
have been eliminated as the source of trouble. 

Motor does not start. If the e lect ric motor fails 
to start when the START -EMERG button is pressed, 
check the following possibilities : 

1. Check position of tilting box. If the A end 
tilting box is in stroke pos ition, the neutral interlock 
switch will be in an open pos ition. The star ting cir
cuit cannot be closed until the tilting box is on neu
tral. The neutral r eturn lever is manually operated 
to return the tilting box to neutral. 
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2. Check the cont roller, circuit breaker, and 
fuses. H the circuit breaker is tripped, remember 
that the circuit breaker is provided as a protection 
for the equipment . Investigate all possibilities of 
short circuit or overload. The lO-ampere fuse in 
the starting line may be burned out. 

Elevation slow, excessive oscillation and noise. 
H the elevating gear operates sluggishly, or if there 
is excessive oscillation and nOise, check the following 
possibilities: 

1. Vibration and shock of gun fire may have 
caused the replenishing valves to unseat or the seats 
to back out. 

2. Wrong springs may have been installed and 
may have jammed when the valves opened during 
replenishing. The valve springs should be inspected 
for dead coi s, and the valve seats should be checked 
for scores at regular periods. 

Drive inoperative, control pressure failure. H 
the power drive is inoperative, check the servo pres
sure in the oil line between the filter and the flange 
connection on the A-end control box. 

1. In a malfunction of the power drive, a clogged 
filter is often found to be the source of trouble. Check 
and clean the filter when servo pressure and volume 
are below normal. 

2. A failure of servo pressure may be caused 
by the servo relief valve being stuck open. Disassem
ble the valve and inspect . 

3. A failure of servo pressure may be caused by 
a damaged servo pump, a sheared auxiliary shaft, or 
a broken or leaking pipe line. Loosen the flange fit 
ting on the discharge line and operate the motor for 
just a couple of seconds. U the pump and shaft are 
undamaged, there should be fluid discharge. Check 
the pipe lines and connections for indications of leak
age. 

Drive inoperative, ma.in system pressure failure . 
The starting point for troub e diagnosis of the main 
system is to ver ify the supercharge pressure. 

1. A frequent cause for a loss of supercharge 
pressure is a clogged filter or a leak in the oil line. 
Check and clean the filter when supercharge pressure 
is below normal. Check the pipe lines and connec
tions for indications of leakage. 

2. Check the supercharge pump and auxiliary 
drive shaft for proper functioning. Loosen the flange 
pipe fitting on the discharge line and operate the mo
t or fo r just a couple of seconds. Proper function of 
the pump and drive shaft will produce fluid discharge. 
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3. Check the main relief valves for sticking. 
Foreign matter or scoring may have jammed the 
valves. The valves should be inspected for dirt and 
scoring at regular periods. If the trouble is not 
found at this point of the check, then it is probably 
an internal trouble in the A-end or B-end. 

4. Check the A-end and B-end for malfunction. 
In order to check which of the two units is the source 
of trouble, disconnect the interexpansion line between 
the units and allow the fluid from each unit to run di
rectly to the expansion tank. If the volume of fluid 
from the B -end appears to be normal, the source of 
trouble will be found in the A-end. Disassemble and 
inspect the pump or motor that is found to be the 
source of trouble. 

5. If the malfunction is such that the A-end has 
a below-normal pressure, and instead of increasing, 
the pressure suddenly drops (together with an in -
crease in hydraulic noise ), it is an indication that the 
main system valves are lifting prematurely. This 
condition may be caused by lifting of a relief valve, 
by a scored valve plate, or by the cylinder barrel of 
either the A-end or B-end lifting off the valve plate . 
The valves should be inspected for dirt and scoring 
at regular periods . Disassemble and inspect the unit 
that is found to be the source of trouble. 

To check whether the A-end or B-end is the 
source of trouble, disconnect the interexpansion line 
between the units. The source of trouble may be 
determined by watching the fluid flow from the units. 
A scored valve plate in either unit will be indicated 
by an excessive amount of flow. Excessive flow 
will sometimes be caused by a scored piston. H the 
cylinder barrel in either unit is lifting off, a sudden 
surge of fluid will appear in the line from the faulty 
unit. Should these conditions exist, dissemble and 
inspect the unit that is found to be the source of 
trouble. 

Oscillation about a stationary signal. If the gun 
oscillates about a stationary signal, check the follow
ing possible sources of troubles: 

1. Check the respons e shafting from the B-end. 
Verify that the shafting is connected properly and 
there 1s a minimum of backlash in the gears and 
shafts. Any lost motion or backlash in the gearing 
or shafting will seriously affect operation. Sluggish
ness in response to the handwheels and failure of the 
B-end to stand still are symtoms of lost motion. Check 
the handwheels and shafting connections to the A-end 
input shaft for lost motion. Care should be taken not 
to fit the parts too tightly when removing lost motion. 
Too tight a fit could cause a binding action that 1s as 
detrimental to proper function as lost motion. 

2. Check the expansion line connection from 
the A-end control box to the expansion tank, and 
check the control box piping, gears, and linkages. 
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Remove the control box cover (the A-end may be 
run with the control box cover removed) and exam 
ine the piping for oil leaks . Inspect all linkages and 
gears for lost motion. Make r epairs wherever an 
oil leak is discovered. When correcting lost motion 
in the linkages and gea rs, take care that the parts 
a re not fitted too tightly. This will cause a binding 
action that is as detrimental to prope r function as 
lost motion. 

3. Check the diffe rentia l sc r ew for lost motion. 
If the differential s cr ew has any los t motion, it may 
b e taken up by loosening the second locknut on the 
adjusting nut until all of the lost motion in the con
trol screw has disappeared. Take car e not to fit the 
parts too tightly. This will cause a binding action 
t hat is as detrimental to proper function as lost 
motion. 

4. Check for air in the str oking piston or main 
lines. Loosen the lowest vent plug in the system and 
allow the air to escape . When fluid appears at the 
vent, tighten the plug. Repeat t he process for suc
c essively higher vent plugs. Verify the level in the 
expansion tank . 

5. Check for lost motion in the receiver- regula 
tor gear ing, linkage , and connecting wire couplings . 
Take care not to fit the parts too tightly. Smooth 
operat ion without either b inding or los t motion is re
quired. 

6. Check the fine synchro valve V3 for s ticky or 
rough operation. 

7. Check the servo and supercharge filters. The 
filters s hould be cleaned a nd inspected at regular 
periods. 

8. Check the s e rvo pressure at the automatic 
stroking valve V2. 

9. Check the hydraulic vibrator for correct 
crankshaft rotation speed, which should be about 
3600 revolutions per minute . 

Rough operation. If the operation of the gun is 
r ough in automatic control , check the following 
p OSSible s ource of trouble: 

1. Check the hydraulic vibrator. The hydraulic 
vibrator is used to vibrate the amplifie r piston P3 
through a very s mall amplitude to eliminate s tatic 
friction in the control Hnkages and valves. There 
are two adjustments on the Vibrator, one for fre 
quency and one for amplitude . The frequency is 
adjusted by means of the throttle in oil supply line . 
If the adjus tment is correct, the vibrator crankshaft 
will rotate at about 3600 revolutions per minute. 
The vibrator should be adjusted to rotate fast enough 
so that r ough operation is eliminated or r educed to a 
minimum. The amplitude (or displacement) of the 
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vibrator is adjusted by varying the length of the 
crank arm (fig . 5-14). A small oil-deflecting cover 
mus t be removed from the end of the vibrator in 
order to make the adjustment accessible. 

When the oil-deflecting cover is removed, re 
place the two cover screws befor e attempting to 
run the equipment. The cover screws act as plugs 
for oil passages in the block. Before adjusting the 
crank arm, m easur e the total travel of the pistons 
with a steel s cale. The m easurement is best made 
with the power off and by r otating the crank by hand; 
it furnis hes a base dimension from which the adjust 
ment is made. 

To adjust, loosen the crank adjustment clamp 
screws and tighten them just enough to permit a light 
tap to move the c rank along its slot. Measure the 
distance and adjust as desired. Several trials may 
be necessary before the proper combination of fre 
quency and amplitude is obtained. 

Refer to page 5-31 "Oscillation about a s tation
ary signal, " for additional possibilities for r ough 
ope ration of the gun . 

Excessive "matching" error i,n automatic . There 
should be no appreciable "matching" error when the 
signal is stationary and the receiver-regulator is 
proper ly lined up. 

If a rec eiver - r egulator that has been accurately 
lined up begins to show "matching" error , it usually 
means that something has slipped. The error must 
not be removed by arbitrarily changing the response 
shaft setting. T o do this would change both the load 
and limit-stop settings, and repeated corrections 
would result in t r ouble. Inves tigate to find the real 
caus e for t he error. 

If the "matching" e rror in follOwing a signal is 
high, it is us ually caused by: 

1. Low servo pressure at the automatic strok
ing valve V2. Check and clean the filte r when servo 
pressure Is found t o be less than normal. 

2. High spe ed of the hydraulic vibrator c rank 
shaft. Correct crankshaft speed is 3600 revolutions 
per minute . Check the hydraulic vibrator in accord
ance with the r outine outlined under ''Rough opera
tion. " 

If the "matching" e rror in following a signal is 
caused by s lip, s ome poss ible causes are: 

1. A loose c lamping s crew in the respons e shaft 
coupling. A loose clamp at the adjustable shaft cou
pling woul d prevent elevation r esponse from posi
tioning the synchro s tators. 
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2. A va lve connecting wir e that s lides in its link
age clamp. Inspect all valves in the receiver-regu
lator valve compartment that are connect ed to linkage 
by a connecting wire. It is also possible for a con
necting wire to pull out of a valve. 

The automatic stroking valve is subjected to the 
most s eve re service; because of this, it is the logi
cal place to begin a check for slip. 

Gun runs away in AUTO. If the gun runs away 
when control IS shIfted to AUTO, check the following 
possible sources of trouble: 

1. Check the synchros for torque . The synchro 
t orque will be very low if the r e is an open stator lead. 
When checked by hand, the s ynchro crank will seem 
"soft" ins tead of rigid in trying to maintain corre
spondence. Check all connections , if a s ynchro is 
not as strong as it should be. If all connections are 
tight and the indications s till show s ynchro trouble, 
check the flat springs on the synchro crank flexible 
drive assembly. The faulty part must be replaced. 

2. Check the valve linkage for loose pins and 
connecting wires. 

3. Check the valve block for s t icky valves. 

Gun runs away when shifted from AUTO to HAND. 
If ilie gun runs away when s hifted from AUTO t o 
HAND , check the following possible sources of trouble; 

1. Check the friction clutch throwout piston; it 
may be s tuck. This condition is indicated by proper 
func tioning of the t ransfer acceleration limiting valve 
TALV with failu r e of the gun layer 's handwheels to 
engage and move fre ely. The source of trouble is 
removed by disassembling and cleaning the clutch 
piston. 

2. Check the handwheels for jamming. This is 
indicated by pr oper functioning of the t ransfer accel 
e ration limiting valve TALV coupled with inability to 
turn the gun layer 's handwheels in either direction. 
T o corr ect t his trouble , dis ass emble and inspect the 
handwheel and control scr ew mechanism. 

3. Check the clutch and the clutch throwout 
spring for improper functioning or damage . This 
condition is indicated when the transfer acceleration 
limiting valve TALV is functiOning properly but the 
handwheel clutch does not engage. It is more apt to 
occur when the t ransfer to HAND cont rol is made 
while the gun is moving at high speed. To correct 
this trouble , disass emble and inspect the clut ch and 
spring. Replace damaged parts. 

4. Check the adjustment of the transfer accelera
tion limiting valve TALV. Indications are that the 
valve is out of adjus tment when the handwheels en -
gage , but have little or no effect on the control of the 
gun. T o adjus t the valve , remove the oil retainer at 
the bottom of the valve (fig. 5- 18). The adjusting 
sc r ew and locking nut are now acces sible . Loos en 
t he locking nut to turn the adjusting s c rew. The po
sition of the adjusting s crew determines the amount 
of pressure restriction in line 30 when the gun is in 
AUTO. As the s crew is turned out of the block , the 
r est r iction increases and acceleration is lowered. 
T he adjusting screw must not be turned out further 
than is abs olutely necessary. It is possIble to adjust 
the valve s o that Hne 30 is completely clos ed. This 
condition must be pr evented because neit her the hand 
wheels nor the hand stops would function. 

ELEYATING GEAR 

Erratic op eration. If the gun e levation moveme nt 
1s erratic, check t he following possible sources of 
t r ouble. 

1. Check the flat spring in the flexible drive of 
the synchro crank assembly. 

2. Check the synchros for an open stator or r o
tor lead. Repai r or replace the synchro. 

3. Verify that the hydraulic vibrator is operating. 
If the hydraulic vib rator is inoperative, it s hould be 
replaced as a whole unit. 

Ll linkage vib r ation. If the amplifier linkage LI 
has a tendency to vibrate at high frequency, particu
larly when the oil is cold, add a s mall weight at the 
top of the linkage. The amount of weight added must 
be kept to a minimum. 

Contr ol s electo r t roubles. 

Regulator does not respond to gun captain's 
switch. If the r eceiver- r eguIator does not r espond 
futllegun captain's switch, check the following poss i
ble sources of t rouble: 

1. Press the emer gency button r e lease . If there 
is still no r esponse to the gun captain' s switch, trans
fer to HAND control. 

2. Check the control selector solenoids . To 
check the solenOids , the control s elector cover must 
be r emoved. If the solenoids do not operate , s hort
circuit the switch in the selector valve. Next , check 
for loose connections or broken wires . Connect a 
lamp or voltmeter across each solenOid. If this 
c heck shows that there is voltage acr OSs a solenoid 
and it does not operate, replac e the s olenoid. 

3. If t he solenOids operate properly, remove the 
cover from t he valve compartm ent of the receiver 
regulator and loosen the tube fittings at the r ight and 
left ends of the loading transfer valve V13. If oil 
appears at the right fitt ing when the gun captain's 
switch is moved t o SAFE but does not appear at the 
left fitting when the switch is m oved to READY, the 
loading pos ition valve V14 s hould be set farthe r into 
the s e lector valve block. If the oil flow conditions 
are reversed, adjust the loading position valve V14 
farther out of the selecto r valve block . When the ad
justment is correct, oil flow at t he r ight fitt ing (when 
the gun captain' s switch is on SAFE ) s hould be about 
equal to oil flow at the left fitting (when the gun cap
tain's switch is on READY). 

Return of synchr o power puts gun in AUTO. If a 
return of synchro power (afte r failure) automatically 
puts the gun in AUTO, check the following possible 
source of t rouble : 

The latching valve V45 fails to move all the way 
to the left when s ynchr o power is los t. The most prob 
able reason for this is dirt. The dirt may be clea red 
away by turning t he synchro power off and l'eReatedly 
moving the control se1ector lever between HAND and 
AUTO. IT this operation fails , check the adjustment 
of the selector valve V4 . If the trouble persists after 
the s elector valve V4 is properly adjusted, it will be 
necessary to diSass emble the valve block to correct 
the trouble . 

Gun does not res pond to selector LOAD position. 
If tiie gun does not respond to th~ control. s elector , 
LOAD position, check the followmg pOSSIble s ource 
of trouble : 
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If the loading transfer valve V13 does not move 
to the right, the loading valve V43 is not correctly 
adjusted. If the transfer valve does go to automatic 
but the gun does not go to load position, then the 
loading interlock valve V44 is not properly adjusted. 

Gun stays in LOAD when selector is moved to 
HAND or AUTO. If the gun stays in LOAD when the 
selector lever is moved to HAND or AUTO, the 
spring may not be moving the loading interlock valve 
V44 to the left. This binding may be due to dirt, or 
it may be due to mechanical interference or misalign
ment. 

Adjustments 

The equipment is adjusted and checked for satis 
factory operation at the time of installation. Adjust
ments thereafter should be in accordance with the 
following instructions: 

Adjustment of elevating screw. Lost motion at 
the Juncture of the elevahng screw and slide is not 
removable by adjustment. The elevating screw pivot 
pin and the pin bearing are not adjustable. 

Adjustment of elevating unit. Lost motion between 
the elevattrig nut and the elevating screw threads may 
be removed by adjustment . 

To adjust the elevat ing nut: 

1. Disconnect the lubricating oil line from the 
oil shield. 

2. Remove the ten securing bolts of the oil 
shield. Remove the oil shield. 

3 . Turn the upper adjusting nut in the necessary 
direction using spanner wrench number 8-Z-958-6. 

The lower adjusting nut of the oscillating bearing 
assembly is adjusted in a similar manner. 

Adjustment of Umit stops. The limit stops must 
be adJusted to control the limits of gun elevation move
ment. 

To adjust the elevating gear limit stops: 

1. Remove the cover plate. 

2. Loosen the lock cap set screws of both limit 
stops; disengage the lock caps . 

3. Position the limit stops at the extreme ends 
of the screw to permit unrestricted movement of the 
traveling nut. 

4. Position the control seledor lever at HAND. 

5. Start the power drive. 

6. Depress the gun to the desired angle of maxi
mum depression. 

7. Stop the power drive. 

8. Disconnect the coupling between the A-end 
response shaft and the B-end response shafting. 

9. Disconnect the elevation response coupling to 
the recelver-r~or. 
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10. Disconnect the elevation response coupling 
to the elevation indicator. 

11. Loosen the lock cap setscrew of the limit 
stop nearest the handwheels; disengage the lock cap 
from the limit stop. 

12. Move the limit stop until it makes contact 
with the travelling nut ; engage the lock cap. 

13 . Slowly turn the handwheelB to back the trav
eling nut three threads away from the limit stop. 

14. Disengage the lock cap and move the limit 
stop until it makes contact with the traveling nut. 
Engage the lock cap and secure in position. 

15. Connect the response shaft couplings that 
were disconnected in steps 8, 9, and 10. 

16. Slowly turn the handwheelB to engage the 
traveling nut with the limit stop just set; turn the 
handwheels until the friction clutch slips. 

17. Slowly turn the handwheels in the opposite 
direction 1. 8 turns; this operation resets the servo 
control valve V23 in its apprOximate 'neutral position. 

18. Start the power drive. 

19. Elevate the gun to the desired angle of maxi
mum elevation. 

20. Stop the power drive. Adjust the elevation 
limit stop away from the handwheels). Repeat the 
adjustment procedure of operations 8 through 17, in
clusive. 

21. Replace the cover plate. 

STROKE RESPONSE 
SHAFTIN 

STOP 

LOCKING 
SCREW 

Figure 5-31. Elevation Receiver-Regulator MIt 10 
Mod 0, Limit Stop Cover Removed 
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Adjustment of handwheel friction clutch. The 
spring-engaged friction clutch between the handwheels 
and the limit stop s cr ew must be adjusted when it slips 
and does not transmit the desired torque for hand op
eration of the elevating gear . 

To increase the friction of the clutch: 

1. Remove the cover plate. 

2. Tighten the three cap screws. 

3. Replace the cover plate. 

To adjust the pilot valve springs: 

1. Remove the valve cap . 

2. Loosen the locknut. 

3. Turn the valve spring adjusting screw in to 
raise the pressure s etting; turn the valve spring ad
justing screw out to lower the pressure setting. The 
pilot valve should unload each main valve at 1850 
pounds per square inch pressure . 

4. Tighten the locknut after the valve spring is 
adjusted. 

5. Replace the valve cap . 

CUT .oUT VALVE 

PILOT 
VALVE 

ELEVATING GEAR 

the maximum horsepower taken from the electric 
motor (fig . 5 -33). 

To adjust the constant horsepower device: 

1. Remove the cover from the control box. 

2. Turn the adjusting screw in to increase the 
horsepower taken from the electric motor; turn the 
adjusting screw out to decrease the horsepower taken 
from the electric motor. 

3. Replace the cover on the control box. 

The adjustment made by the manufacturer regu
lates the elect ric motor input to the A-end at approx
imately 108 horsepower. 

Adjustment of B-end valve plate relief valVe. The 
B-end valve plate relief vaIve v5N (fig. 5-34), a pres
sure-operated safety relief valve, must be adjusted 
to bypass fluid in the B -end should servo pressure 
failure close the powe r -off valve VlN. 

To adjust the B-end valve plate r elief valve: 

1. Remove the relief valve cap. 

2. Turn the valve spring adjusting nut in to raise 
the pressure setting; turn the valve spring adjusting 
nut out to lower the pressure setting. 

3. Replace the valve cap. 

The B-end relief valve should relieve at a 
slightly higher pressure than the A-end pilot 
valve. 

SPRING GUIDE 
RETAINER 

PILOT 
VALVE CAP 

ADJUSTING 
SCREW 

Figure 5-32. Elevating Gear Main System Relief Valve Adjustment, Sectional View 
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To adjust the synchronizing acceleration control 
device: 

1. Start the power drive. 

2. Position the control selector leve r at AUTO. 

8. Remove the cover from the receiver-regula
tor valve compartment (fig. 5-9). 

4. Operate the gun into the elevation and depres 
sion limit stops. Measure the travel of the limit 
stop valve V34 while the gun is resting at each stop. 
Check the travel of the V34 for equal t ravel to each 
side, apprOximately 7/32 inch. 

5. Loosen locknuts of adjusting screws A and B . 

6. Back off adjusting screws A and B unti l they 
are flush with their supports C and D. 

7. P lace amplifie r piston P3 in the center of its 
travel. 

8. Engage striking arm E with gear s ector F 
so that striking arm E is apprOximately halfway 
between C and D. 

CONSTANT HORSEPOWER VALVE V6 

CONSTANT HORS EPOWER 
PU SH ROO 

PR ESS URE-MEASURIN G PISTON SP RING P6 

9. Set adjust ing s crews A and B so that V34 is 
moved apprOximate ly 5/ 32 inch when P3 is at its 
extreme travel. 

This adjustment will produce a movement of V34 
that is less than that requir ed for limit s top opera
tion. If adjusting screws A and B are set t o produce 
travel equal to the limit stop travel, the gun will 
come to a halt. 

10. Operate the gun to and from load position; 
observe the gun movement . If the movement of the 
gun is "jumpy" during accele ration; perform step 11. 

11. Turn in t he adjusting screws A and B until 
the "jump" is eliminated, or until the loading and 
synchronizing cycles are slowed down to an unobjec
tionable extent. 

12 . Tighten locknuts on A and B. 

Adjustment of stroking piston control valve. The 
stroking piston control valve is adjusted to eliminate 
roughness in the automatic load cycle . Befor e pro
ceeding as below check the s elector valve for correct 
adjustment (desc r ibed on page 5-40). Refer to draw
ing 387191. 

To adjust the stroking piston control valve: 

1. Start the power dr ive. 

2. Move the gun to 4100 minutes. 

SPRING 

CONSTANT HORSEPOWER 
CUT-IN VALVE 

ADJUSTI NG SCREW 

Figur e 5-33. Elevating Gear Constant Horsepower Adjus tment, Sectional View 
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3 . Have a gun order signal of 4100 minutes trans
mitt ed to the receive r -regulator. 

4. Move the control selector leve r to AUTO. 

5. Operate the gun through the automatic load 
cycle several times and check the number of times 
the constant horsepower valve or the r elief va,lve op
erates. 

6. Remove valve cap 387194 -7 and loosen lock
nut 12-Z-38- 59 . 

7. Screw in adjusting screw 387193 -8 until the 
gun moves smoothly to its load position. If the 
adjusting screw is sc rewed in too fa r , t he stroke 
response will move slowly part way and wi ll jump 
before the end of stroke is reached. 

8. Operate the gun thr ough the automatic load 
cycle from various angles of elevation. If all op 
erations are smooth, the adjustment is correct. 

9. Tighten locknut 12 -Z -38 - 59 and replace valve 
cap 387194-7. 

RELIEF VALVE CAP 

ADJUSTING NUT 

REPLENISHING VALVE 

POWER-OFF VALVE 

ELEVATING GEAR 

The needle valves 387193 -6 are factory adjusted 
to cause a time delay of 1. 60 seconds in operation of 
valve 387193-2. This setting must be maintained. 

To adjust the gun elevation order indicating dial: 

1. Disconnect the elevation response shaft cou
pling at the r eceiver -regulator. 

2. Disconnect the stroke response s haft coupling 
at the receiver-regulator. 

3. Move the control selector lever to HAND. 

4. Start the power drive. 

5. Operate the gun to the desired angle of ele 
vating limit stop. Stop the power drive. 

6. Rotate the elevation response shaft counter
clockwise until checking dial indicates des ired limit 
stop angle of elevated gun. 

BALL 

REPLENISHING VALVE 

Figure 5-34. Elevating Gear B-end Re lief Valve Adjustment, Sectional View 
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7. Rotate the stroke response shaft clockwise 
until the outer stop cam moves the cam follower to 
its limit. This operation should move the limit stop 
valve V34 approximately 9/ 32 inch to the right. 

8. Connect the stroke response shaft coupling to 
the receiver-regulator. If it is necessary to move 
the receiver-regulator shaft in order to engage the 
coupling, the shaft must be moved clockwise so as 
not to change the adjustment of V34. 

9. Rotate the elevation response shaft clockwise 
until the checking dial indicates the desired limit 
stop angle of depressed gun. 

10. Move the inner stop cam by use of the micro 
adjustment (fig. 5-11) until the cam follower reaches 
its limit. This operation should move the limit stop 
valve V34 apprOximately 9/32 inch to the left. 

11 . Rotate the elevation response shaft counter
clockwise until checking dial reads 2S00 minutes. 

12. Turn the adjusting sc rew on the loading cam 
until the cam follower is in the cam detent and is in 
line with the center of the cam and the center of the 
cam follower crankshaft. Secure the loading cam. 

IS. Rotate the e levation response shaft until check
ing dial reading 1s the same as that of the e levation in
dicator. 

14 . Connect the elevation response shaft coupling 
at the receiver-regulator. 

Adjustment of linkages Ll L2 and La. The am
plifier lirikage Li , poSitioned by the fine (36-speed) 
synchro is attached to the fine synchro valve V3, to 
the amplifier piston P3, and to the top of the stabili
zing linkage L2. 

The stabilizing linkage L2 interconnects the sta
bilizing valve VI and automatic stroking valve V2 
with the stabilizing piston PI and the amplifier pis
ton P3 . 

The loading valve linkage LS, actuated by the 
loading cam, is attached to the loading pilot valve 
V 12. 

These linkages must be adjusted at a mechanical 
zero as follows: 

1. Start the power drive. 

2. Position the gun at 2300 minute elevation. 
Stop the drive. 

3. Have a gun e levation order of 23'00 minutes 
transmitted. 

4. Position the amplifier piston P3 so that it is 
at the center of its travel. 

5. Position the amplifier linkage Ll so that it 
is parallel with the valve block. Secure the fine 
synchro E crank arm wire to the top of the amplifier 
linkage Ll. 

6. Position the synchronizing valve VSA so that 
it is at the center of its travel. 

7. Position the coarse synchro linkage parallel 
to the valve block of the synchronizing valve VSA 
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and the synchronizing pUot valve V15. Secure the 
coarse synchro D crank arm wire to the bottom of 
the valve linkage. 

8. Position the stabilizing linkage L2 so that it 
is parallel with the center valve block. 

9. Adjust the connecting wire of the automatic 
stroking valve V2 so that the end of the automatic 
stroking valve V2 is flush with the end of its sleeve. 

10. Position the loading valve linkage 1.3 parallel 
with the center valve block and secure the adjustment. 

Adjustment of srnChrOnizing pilot valve V15. 
The synchronizing pot valve VI5, actuated by the 
coarse synchro, must be adjusted to control the ac 
tion of the amplifier piston PS. 

1'0 zero the valve blocks hydraulically and to 
adjust the synchronizing pUot valve V15: 

1. With the control selector lever at HAND, 
start the power drive. 

2. Pos1tion the gun captain's switch at READY; 
admit hydrauliC fluid t o the receiver-regulator. 

3. Adjust the synchronizing pilot valve V15 so 
that the loading valve linkage L3 is parallel to the 
center valve block. The fine synchro valve V3 should 
now have control of the amplifier piston P3. 

4. Adjust the fine synchro valve va so that the 
amplifier linkage LI is parallel to the valve block 
and the amplifier piston P3 is centered. 

5. Adjust the stabilizing valve Vi so that the 
stabilizing linkage L2 is parallel to the valve block. 

6. Move the gun captain's switch to SAFE. Ad
just the loading pilot valve V12 so that the amplifier 
piston PS is centered. The amplifier piston should 
not move when the gun captain's switch is moved 
from SAFE to READY or from READY to SAFE . 

7. POSition the gun and the gun order signal to 
3300 minutes . 

TR UNN I O~N'~~~~~ ____ --------lIl BEAR1NG_ 
BLOCKS 

ELEVATING 
GEAR 8-END 

~- . 

Figure 5-35. Elevation Buffer and Oscillating Bearing 
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8. Operate t he handwheels slowly so that the gun 
moves from 3000 minutes to 3600 minutes. 

9. Observe the pos ition of the fine (36-speed) 
synchro crank arm when the coarse (2-speed) syn
chro relinquishes control to the fine synchro valve 
V3. (The amplifier piston P3 will move from its ex
treme position at this point. ) 

10. Adjust V15 toward ts clevis if the larger an 
gle of the fine (36-speed) s ynchro crank a,rm occurs 
during the outstr oke of V15. Adjust V15 away from 
its clevis if the larger angle occurs during the in
stroke of V15. 

11. Repeat operation 10 until the crank arm angles 
are equal. 

The automatic stroking valve V2 and stabilizing 
valve VI are adjusted as follows: 

1. Move the control selector lever to HAND. 

2. Start the power drive . 

3. Position the gun and the gun order signal at 
3300 minutes; move the gun captain's switch to 
READY. Move the se lector lever to AUTO. Because 
the adjustment of the automatic stroking valve V2 has 
been only appr oximate, the gun will probably move 
off the signal as much as 15 minutes. 

4. Loosen the connecting wire of the automatic 
stroking valve V2 so that the valve may be reposi
tioned in its s leeve . 

5. Adjust the automatic stroking valve V2 until 
the gun is within three minutes of the gun orde r sig
nal. If V2 is not equipped with an adjusting cleviS , 
make the necessary adjustment with the stabilizing 
valve VI. 

Adjustment for s ynchro electrical zero. The 
synchros must be set to the input gun order signal 
by s etting the synchro cranks at the proper positions 
on the rotor shaft. 

To adjust for synchro electrical zero, proceed 
as follows : 

1. Disconnect the elevation response shaft cou-
pling at the receiver-regulator. 

2. Move the control selector lever to HAND. 

3. Start the power drive. 

4. Position the gun at 200 minutes (zero eleva
tion). 

5. Stop the power drive. 

6. Have a gun elevation order signal of 2000 
minutes t ransmitted to the rece iver-regulator. 

7. Have a gun order signal for increasing gun 
elevation transmitted; observe direction of syncbro 
rotation. The fine (36-speed) syncbro should rotate 
clockwise; the coarse (2-speed) syncbro should ro
tate counterclockwise. 

ELEVATING GEAR 

REAR END BRACKET-

ELEVATION 

RECOil CYLINDER 

ELEVATION SCREW 

ELEVATING 
SCREW 
POCKET 

Figure 5-36. Elevating Screw 

LUBR ICATING 
PUMP MOTOR 

LUBRICATING PUMP 

SUCTION LIN E 

Figure 5-37. Elevating Screw Lubrication 
Pump and Cover 
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8. Have the gun orde r signal returned to 2000 
minutes . 

9. Install the crank of the coarse (2 - speed) syn
chro with the crank arm nea r vertical and the crank 
below the synchro s haft. 

10. Rotate the elevation res ponse shaft until the 
crank of the coarse synchro is ve rtica l and be low the 
synchro shaft. 

11. Install the fine (36-speed) synchro crank as 
sembly with the crank a r m above the synchro shaft 
and as near vertical as poss ible . 

12. Engage the flexible-drive ring with the syn
chro shaft drive pins; this may be done at any of 
three positions, 120 degrees apart (by turning the 
drive pin p late 180 degrees, anyone of the three po
sitions may be used) . Later-model receiver-regula
tors are equipped with geared crank drives for great
er selectivity. 

13. Rotate the elevation response shaft until the 
fine (36 -speed) s ynchro crank is exactly vertical. 
P e rmit the coarse (2 -speed) synchro crank to move 
off vertical during this operation. 

14. Hold the elevation response shaft and set the 
checking dial to indicate 2000 minutes. 

Rep lacement installation of receiver-regulator; 
initial settings and adjustments. The proc edure for 
syncfiroriizing and aIignmg the elements of the re
ceiver-regulator' when installing the instrument, is 
described be low. The installation should be perform
ed only by personnel familiar with the instrument de
sign. 

Check the hydraulic piping with the schematic 
piping diagram on drawing 319585. Note particular
ly the direction of all check valves. 

Check the wiring by having a gun order signal 
transmitted to the receive r - regulator for increasing 
elevation. The fine (36 -speed) s ynchro should r otate 
clockwise, and the coarse (2 -speed) synchro should 
rotate counterclockwise. 

Proceed as follows: 

1. Couple the correction input shaft . 

2. Rotate the elevation response input shaft 
counterclockwise until the checking dial reads the 
desi red stop angle for elevated gun. 

3. Rotate the stroke response input shaft clock
wise until the outer stop cam moves the cam follower 
to its extr eme pos ition. This s hould move the limit 
stop valve V34 about 9/32 inch to the right. 

4. Couple the stroke response input shaft. If it 
is necessary t o move the receiver-regulator shaft 
to engage the coupling, rotate the shaft clockwise 
so that the travel of the limit stop valve V34 is 
not reduced. Note that position of the adjusting 
screw in the stroke gear box. H it is not readily 
acceSSible, r otate the receiver-regulator shaft 
clockwise until the adjusting screw may be reached. 

5. Rotate the elevation response input shaft 
clockwise until the checking dial indicates the des ir
ed limit stop angle for a depressed gun. 
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6. Move the inner stop cam by use of the ins ide 
micrometer adjustment (fig. 5-11) unt il the cam 
follower reaches its extreme pos ition. The limit 
stop valve V34 should move to the left about 9/32 
inch. 

7. Rotat e the elevation response shaft counter
clockwis e unt il the checking dial reading is 2300 
minutes. 

8. Adjust the loading cam until the cam follower 
is in the cam detent and is in line with the center of 
the fo llower crank shaft . Secur e the adjustment. 

9. Rotate the elevation response input shaft un
t il the checking dial reading is the same as the me
chanical angle reade r in the elevation indicator. 

10. Couple the elevation response input shaft. 

11. Adjust the e levation response input shaft so 
that the checking dial and the elevation indicator 
readings correspond. 

After couplet ing the foregoing sequence of adjust-
ments, make the following selector valve check: 

1. Move the control selector lever to HAND. 

2. Start the power drive. 

3. Move the gun to 2300 minutes. 

4 . Have a gun order signal of 2500 minutes 
transmitted t o the receiver-regulator. 

5. Admit hydraulic fluid to the rece iver-regula
t or. 

6. Move the gun captain' s switch to SAFE; the 
stabilizing linkage L2 should be parallel to the valve 
block. 

7. Move the gun captain's switch to READY; 
the top of the stabilizing linkage L2 should move to 
the left. The link should respond at once when the 
gun captain's switch is moved. 

All of the preliminary adjustments have now 
been completed. Place the gun in AUTO control as 
follows: 

1. Move the gun orde r signal to 3300 minutes. 

2. Move the gun to 3300 minutes in HAND con
trol. 

3. Position the gun captain's switch on READY. 

4. Check the position of the synchro crank arms. 
The fine (36-speed) synchro crank arm should be 
vertical and up, The coarse (2-speed) synchro crank 
arm should be vertical and down. The amplifier link
age Ll should be vertical. 

5. Move the se lector lever to AUTO; the gun 
should not move any appreciable amount . U the gun 
moves off the signal and does not come to rest at 
once, return the selector lever to HAND immediate
ly. 

Assuming that conditions are normal, the gun is 
now under control of the synchro s ignal. 

For the finallimlt -stop adjustments (fig . 5-31), 
proceed as follows: 
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1. Move the gun order signal s lowly to the desir
elevation limit-stop angle . The gun should come to 
rest before the desired angle is reached. 

2. ''Walk'' the gun s lowly to the desired position 
by means of the micr omete r adjustment on the stroke 
response input. Secure the locking screw. One com
plete turn of the adjusting screw changes the limit
stop adjustment by approximate ly 35 minutes. Clock
wise r otation of the adjusting screw moves the limit 
stop position up. 

3. Move the gun order signal to the desired de
pression limit - stop angle. The gun s bo1!.ld come to 
rest before this angle is reached. 

4. ''Walk'' the gun s lowly to the desired position 
by means of the micrometer adjustment on the limit 
stop cam. It may be necess ary to turn the electric 
motor off in order to reach the limit stop. In such 
cases several trials may be required. One complete 
turn of the adjusting screw changes the limit-stop 
setting by approximately 160 minutes. Clockwise 
rotation of the adjusting screw moves the limit-stop 
position down. F or example, if the limit stop has 
brought the gun to rest at 2060 minut es, one complete 
turn clockwise of the adjusting screw would move the 
stop pOSition to approximately 1900 minutes . 

For the final load position adjustments, proceed 
as follows : 

1. Move the gun or der signal to 2300 minutes 
with the gun in AUTO control. 

2. Position the gun captain' s switch on SAFE. 
The gun will probably move a few minutes. If the 
m ovement is exceSSive , return the s elector lever to 
HAND and check the loading valve and linkage. 

3. ''Walk'' the gun slowly to the desired loading 
position by means of the micrometer adjustment on 
the loading cam. One t rn of the adjusting screw 
changes the loading position approximate ly 100 min
utes . Clockwise r otation of the adjusting screw low
ers the adjusting scr ew. 

DISASSEMBLY AND ASSEMBLY 

Disassembly and assembly of the e levating gear 
equipment should be performed by personnel familiar 
with the equipment and procedure and equipped with 
the standard and s pecial tools required for the job. 
Inst ructions applying to major components presume 
removal from installed positions to a convenient loca
tion for dis assembly. Instructions applying to hydrau
lic mechanisms presume draining of the system and 
removal of external pipe lines. Assembly procedures 
are omitted if they a re the exact reversal of disassem
bly operations . The equipment drawings and illustra
tions should be s tudied carefully before starting oper
ations. 

Dis assembly of the speed reduce r 

Befor e disassembling the electric-motor speed 
reduc er, study drawing 268473. 

Proceed as follows: 

1. Remove the securing bolts from the s e rvo and 
supe r charge pump assembly. Remove the pump 
a s s embly f rom its mounting flange on the s peed-reduc
e r gear case cover. 

E LEVATING GEAR 

2. Remove the retainer cover carefully; do not 
damage the 011 s eal. 

3. Remove the gear case cover from the s peed 
reducer ious ing. 

4. Remove the main driven gear, the auxiliary 
pump gear, and the pinion gear, togethe r with their 
attached shafts. 

Disassembly of the A-end pump 

The instructions in this par agraph give t he se
quence of disassembly of a complete A- end. In many 
c2Bes, complete disass embly of an A- end is not nec 
essary. It is advisable to analyze the trouble and 
study drawings 268458 and 268461 of the assembly 
carefully before starting to disassemble the unit. 

Proceed as follows: 

1. Disconnect all the piping to the r e lief valve 
assembly. 

2. Remove the r elief valve assembly after first 
removing the six Allen s crews in the back of the re
lief valve assembly . 

3. Remove the packing gland and the packing 
cover. 

4. Turn the A-end over so that it rests on its 
front end plate with the dr ive s haft down. Wooden 
supports should be placed unde r the f ront end plate . 
Care must be taken to pr event the weight of the A-end 
from resting on the control hous ing or s ervo cylinder 
housing . It is not essential t o turn the A-end over, 
as outlined above, in the disassembly of the unit ; how
ever, it does facilitate the operation. 

5. Remove the cap nuts fr om the A-end housing 
studs and lift out the studs . 

6. Remove the valve plate , locknut, and lock 
washer. 

7. Remove the bearing from the drive shaft. 

8. Remove the cylinder barrel from the dr ive 
shaft and pistons. When r emoving the cylinder bar
rel, care must be taken to hold the connecting rods 
so that the pistons will not bump into each othe r or 
into other parts of the pump unit. This must be done 
in order to prevent damage when the pistons a r e 
freed by the removal of the cylinder barrel. 

9. Remove the cyUnder barre l keys and spring. 
The inner assembly of all parts that are attached to 
the drive shaft, including the bearings, may now be 
lifted out of the A-end case as one assembly . 

10. The tilting box cannot be removed from the 
housing until the control box and servo piston assem
b ly have been removed. It is not necessary to r emove 
the tilting box from the housing to r emove the thrust 
bearing race. The tilting box has thr ee 1/ 2-inch 13 
NC thread holes, tapped in the underside. These 
holes are threaded for jackscrews, used for r emoving 
the thrust bearing. 

Removal and disassembly of the servo piston 

Before removing the s ervo piston, s tudy drawings 
268466 and 268545. 
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Proceed as follows: 

1. Remove the access cover, the machine bolt, 
and the two pip~ plugs from the servo cylinder. 

2. Center the servo piston and remove the con
necting pin by driving it down. 

3. Remove the bolts that secure the servo cylin
der to the A-end case, and r emove the servo cylinder 
as a complete assembly. 

4. Remove the cylinder end cap and the cylinder 
end cap and guide r od. 

5. Remove the servo piston by first unscrewing 
it from the stroking slide. 

Disassembly and assembly of the control mechanism 

Before disassembling the control mechanism, 
study drawing 268468 carefully. 

The valves, valve plungers, valve sleeves, con
trol screws, gears, and related parts must be han
dled with utmost care in disassembly or assembly. 

Proceed as follows: 

1. Remove contr ol case cover plate. 

2. Uncouple the handwheel input . 

3. Remove from the control case, as a unit, the 
housing containing the limit stops and friction clutch. 
Disassembly of this unit is apparent from the draw
ing. 

4. Remove the differential control screw and 
connecting linkage. 

5. Disconnect and remove the valve block assem
bly. D sassembly of this unit is apparent from draw
ing 268470. 

When the control mechanism is assembled, keep 
all looseness in the linkages and backlash in the gears 
at a minimum to avoid lost motion. When oil seals 
are assembled on shafts, extreme care must be taken 
not to crack or stretch the oil seals. Use a sheet 0 
thin brass as a thimble to start the seal over the end 
of the shaft . 

Disassembly and assembly of supercharge and servo 
pumps 

Disassembly of the two pumps is similar. Both 
pumps can be removed fr om the speed reducer hous
ing as a unit, if desired. Study drawing 268463 care
fully before disassembling. 

To disassemble: 

1. Remove the four nuts on one end of the pump 
and tap out the four stud bolts. 

2. Remove the bearing plate, the liner plate, and 
the servo pump cylinder. 

3. Turn the pump ove r and remove the mounting 
plate, the liner plate, and the supercharge pump cyl
inder. 

4. Push the driven shaft down and out of the 
driven gear from the same end of the pump. 
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5. Push the drive shaft down about 1/ 16 inch 
until the key in the drive s haft touches the bearing 
plate. Care must be taken so that the key does not 
hit the bearing plate and damage it. Raise the shaft 
and put a shim under the gear equal to the amount 
t hat the shaft was pushed down. Repeat the proce
dure until the gear has been removed. 

To assemble the pump: 

Assembly of the servo and supercharge pumps is 
made in the reverse order of disassembly. When 
assembling, coat the mating plates with a very thin 
shellac. The drive shaft should be turned slowly as 
the nuts are tightened in order to assure clearance 
and alignment of the gears. The pumps must not be 
run unless they can be turned freely by hand. 

Disassembly and assembly of the B-end 

Before disassembling the B-end, study drawings 
268459 and 268462 carefully. 

To diRassemble the B-end: 

1. Remove the mounting flange and the oil seal. 

2. Tip the pump on end, with the drive shaft 
pointing down. 

3. Remove the cap nuts from the studs and re
move the B-end case studs. 

4. Remove the valve plate assembly from the 
B-end case. 

5. Remove the drive shaft from the bearing. 

6. Remove the cylinder barrel. Care must be 
taken to hold the connecting rods so that the pistons 
will not bump into each other or into other parts of 
the pump unit. 

7. Remove the cylinder barrel keys and spring. 
The inner assembly of all parts that are attached to 
the drive s haft, including the bearing, may now be 
removed from the B -end case in one assembly. 

The B-end is assembled in the reverse procedure 
and sequence of the disassembly. Make certain that 
all parts fit freely and are well lubricated. 

Removal and replacement of synchros 

The synchros can be removed and replaced with
out disassembling the gear t rain or removing them 
from the case. To remove and replace the fine (36-
speed) synchro, proceed as follows : 

1. Disconnect the synchro crank connecting wire 
from the amplifier linkage L1. 

2. Remove the synchro crank assembly. It may 
be necessary to move the sleeve of the loading pilot 
valve V12 to the left in order to clear the assembly. 

3. Remove the coupling piece from the synchro 
shaft. 

4. Remove the screws that hold the drive gear 
to the stator. Hold the gear so that it does not drop 
down into the receiver-regulator. 

5. Remove the back cover plate. 
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6. Remove the checking dial and test synchro 
mounting. 

7. Remove the synchro brush holde r. 

8. Remove the synchro r etainer. 

9. Remove the synchro. 

10. Insert the new synchro. A 6- inch piece of 
tubing placed over the synchro shaft will aid in guid
ing the synchro into place. The synchro should fit 
very snugly in its bearing. As a result, some diffi
culty may be experienced in inserting the synchro if 
it does not ente r the bearing squarely. If the synchro 
resists insertlng, take it out and start over. Do not 
force the synchro. 

11. Replace the synchro retainer. 

12. Replace the synchro brush holder. 

13 . Replace the checking dial and test synchr o 
mounting. 

14. Replace the back cover. 

15. Replace the stator drive gear and tighten the 
holding screws . 

16. Replace the coupling piece on the synchro 
shaft. 

17. Replace the synchro crank assembly. 

18 . Connect the crank to the amplifie r linkage. 

19. Check all the adjustments of linkages and 
valves of the r eceiver-regulator. 

ELEVATING GEAR 

The same procedure is followed to remove and 
replace the coarse (2-speed) synchro, except first 
break input shaft couplings and r emove large gear
compartment cover. 

Removal and replacement of valves in the receive r
reguIator 

All the valves are matched with respective s leeves; 
therefore, whenever r eplacements are made, both the 
valve stem and the sleeve must be replaced. The 
pieces are marked with serial numbers, and the stem 
must be assembled so that its number is on the same 
end of the assembly as the s leeve number . The num
bers must correspond. When the sleeve is placed in 
the block, the number must be toward the link to which 
the valve stem attaches. 

Removal and replacement of the hydraulic vibrator 

The hydraulic vibrator may be removed as a unit 
by disconnecting its supply pipe and removing the four 
mounting screws. Except in the case of eme rgenoy, 
repairs to the vibrator should be made at the factory. 
Constant-flow valves may be interchanged where nec
essary. When a new hydraulic vibrator is installed, 
it should be adjusted in accordance with the instruc
tions in the ''Trouble analysis " section of this chapter. 

Replacement limits of parts reassembled 

The A- end and B-end pIstons should be fitted 0.003 
inch under the bore diameter in the cylinder barrel. 

All replacement valve pl~ers in the controls 
should be ground O. 001 incn under the diameter of 
the bore ill the valve sleeves. The edges should be 
sharp, but without burrs. 

All re):'!lacement sleeves for the valves in the con
trol shoulil have the hole ~ound and lapped with the 
port openings sharp, but Without burrs . 
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Chapter 6 

TRAINING GEAR 

16 -inch Training Gear Mark 2 Mod 0 

16 - inch T ra in Receiver -Regulator Mark 18 Mod 0 

GENE RAL DESCRIPTION 

T he turret training gear , shown in figure 6-1, is 
the same in all turrets of the IOWA c las s battleships. 
It is designated 16 - inch Training Gear Mk 2 Mod O. 

T he equipment drives and controls the movem ent s 
of turret train. It rotates the turret within an arc of 
300 degrees, lim ited by positive stops 150 degrees 
left and right of the turret centerline position. 

The 16-inch Training Gear Mk 2 Mod 0 is a s t a 
tionary gear rack type with pinion gears dr iven by an 
e lectric -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 equipment includes the follow
ing design features: 

Equal drive torque at each of the two wor m and 
wormwheel ass emblies drives the two t r aining pinion 
gears . Twin hydraulic motors (B -ends) drive the 
two wor ms; both B-ends are powered by a s ingle 
pump (A-end). 

A control selector permits control s e l chon of 
tur ret t rain e ither automatically from a remote ship's 
s tation or by hand from a local trainer's st a tion. 
T he method of control is selected by the t r ain oper
ator . T hese control methods are designated AUTO 
and HAND. 

Components. The Vi-inch Training Ge ar Mk 2 
Mod 0 cons ists of the follO wing major units and s ub 
ass emblies: 

P ower dr ive assembly 
E lectric motor 
Controller 
Reduction gear 
Auxiliary pumps 
A-end assembly (h7idraulic pump) 
B- end assemblies (hydraulic motors) 

Training worm, wormwheel, and pinion 
assemblies 

Worm and wormwheel 
P inion 
T raining rack 

Training gear controls 
Start-stop control 
Control selector 
Servo stroking s ystem 
T r ansmission control case 
Receiver -regulator 

Firing stop mechanis m 

C omponent locations 

T he powe r drive electric motor, r eduction gear , 
A-end, auxilia ry pumps and receive r - r egulato r ar e 

all mounted on t he elect r ic deck , in the space betwe en 
the pan floor and the e lectric deck directIy below the 
cente r gun. The train operator's control station is 
also in the elect r ic deck space , fo rward of the A- end 
a nd the train indicator , as shown in figure 6-1. 

The B - end assemblies are located above the pan 
floo r at the forward pa rt of the tur r et, in the spac es 
between the pa rallel divisional bulkheads fo rmed by 
the gun girder boxes , with a B- end m ounted eithe r 
s ide of the cente r gun gi rder box. The t raining worm, 
wormwheel, and pinion assemblies a re located fo r 
ward of t heir r es pective B-ends . Relative positions, 
worm couplings, and A-end manifold pipe connections 
are shown in figure 6- 2 together with the annular 
t raining rack . 

The elect ric power supply controller is located 
in the lower pr oj ectile handling deck machinery 
space. The r emote ON-OFF pus h-button cont r ol is 
at t he t rain oper ator ' s station. 

There are two stations for the local sight t r aine r's 
gear cont rols. A s t ation is located at each s ide of 
the tur ret office r 's booth. These stations are isolated 
fr om the gun compartments by turret subdivision 
bulkheads. A sys t em 0 f shafts and gea r boxes 
connects the hand training control gea r with the 
other cont rol elements assembled in the control box 
on top of the A -end. 

F unctional arrangements 

The ar rangements of the t r aining gea r for the 
various methods of power drive control a re des cribed 
below: 

The method of power dr ive control is selected by 
the train operator, by positioning t he control selec 
tor at AUTO or HAND. 

In AUTO control, the receiver-regulator r eceives 
gun train orde r electrically from a re mote control 
station. Actual t r a in angle of the tur ret is auto 
matically transmitted to the receiver- regulator 
through a mechanica l r esponse gear . A difference 
between t rain orde r and actual train angle r es ults 
in offset movement of the A-end tilting box (fig . 6-2) 
through a hydr aulic control valve and the servo 
pis ton. The amount the tilting box is offs et fr om 
neutral, determined by the turret position "error," 
regulates the s peed of the B -ends as they drive 
the worm and pinion assemblies. "Follow up" 
control is provided by s hafting and gearing that 
feeds B -end response back to the receiver -regulator, 
and to the A- end tilting box to return it to neut ral. 
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8 

9 

10 

11 

12 

?1 
Ii. TRAIN ING RACK 

1. HYDRAULIC PIPE MANIFOLD 12. RIGHT TRAINING PINION 

2. LEFT B·END ASSEMBLY 13. LEFT TRA INING PINION 

3. RIGHT B END ASSEMBLY 14. NEUTRAL RET URN HAND PUMP 

4. LEFT BRAKE ASSEMBLY 15. TRA IN OPERATOR'S IIANDWHEELS 

5. LEFT TRAINING WORM AND WORMWHEEL ASSEMBLY 16 TRAIN OPERATOR'S SEAT 

6. RIGHT BRAKE ASSEMBLY 17 A·END ASSEMBLY 

7. RIGHT TRAINING WORM AND WORMWHEEL ASSEMBLY 18. TRAIN RECEIV~R· REGULATOR 

8. SIGHT HOOD 19. AU XILIAR Y PUMP CLUSTER 

9 SIGHT TRAINER'S HANDWH EELS 20. RE:.DUCTI ON GEAR 

10. SIGHT TRAINER'S SEAT 21. ELECTRIC MOTOR 

F igure 6-l. l 6- inch Training Gear Mk 2 Mod 0, General Arrangement 
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SIGHT ANGLE GUN ELEVATION BRAKE (left) 
INPUT ORDER INPUT 

B·END (left) 

(From sight trainers station) 

ELEVATION 
INDICATOR 
(left gun) 

STROKE INDICATOR-------'";~ 

DISCHARGE LINE TO 
EXPANSION TANK 

INTAKE LINE FROM 
POWER FAILURE 

VALVE 

CONTROL CAM ------__ ~~~=_~~ 

FLOATING LINK -------------;;il---:~~ 

SERVO PILOT VALVE 

LINKS ~=:::::::::::::::::=----

CONSTANT HORSEPOWER PILOT VALVE 

ELECTRIC MOTOR 

STROKI NG PISTON 
CYLI NDER 

WORM GEAR DRIVE 
SHAFT (left) 

TO TRAIN 
RECEIVER· 

REGULATOR 

TRAIN ORDER INPUT 
(From sight trainers station) 

OP 769 

TRAINING PINION 
(left) 

- 16 INCH THREE GUN TURRETS 

TRAINING RACK 

BRAKE DRUM 

ELEVATION INDICATOR 
(center gun) 

WORM GEAR 
DRIVE SHAFT 

(right) 

ELEVATION RESPONSE INPUT 

TRAINING PINION 
(right) 

GUN ELEVATION 
ORDER INPUT 

(From sight trainers station) 

SIGHT ANGLE INPUT 

GUN ELEVATION 
ORDER INPUT 

(From sight 
trainers station) 

ELEVATION INDICATOR _-------.:v' 
(right gun) 

NOTE: ARROWS INDICATE DIRECTION OF ROTATION AND FLOW OF OIL FOR RIGHT TRAIN 

Figure 6-2. 16-inch Training Gear Mk 2 Mod 0, Schematic Arrangement 
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In HAND control, the t rain ope rat or's or either 
of the sight trainer 's handwheels are mechanically 
connect ed (through s hafts and gears, and the trans
miss ion cont r ol case m echanism ) to a hydraulic valve 
block asse mbly which ports s e rvo pressure to the 
s e rvo piston. Offset from neutral st roke by hand
whee l movement , the A-end tilting box is controlled 
t hrough the se rvo pilot va lve of the control cas e valve 
b lock assembly. The amount and direction of t ilting 
box offs et r egulates the speed and direction of rota
tion of t he B -ends as they drive the worm and pinion 
asse mblies to train the tur r et. B-end (turret) re
sponse is trans mitted to the cont r ol case through 
s hafts and gear s from a take -off of the right B -end 
drive shaft. Handwhee l input combined with B-end 
r esponse in a differ ential s cr ew and nut device re
sults in follow-up control of tur r et t rain. F ollow-up 
control aut omatically r eturns the t ilting box t o neutral 
stroke when handwheel input is stopped. 

Design data 

Turret t rain limits, speeds, and othe r data are 
as follows : 

Arcs of t rain, all tur rets , deg . • . . . 300 
T r ain limits, clockwis e fr om above 
(bow ze ro) 

Turret I, deg 
Turret 11, deg 
Tur r et !II , deg 

T r ain li mits, dial indications 
Right train, tur r ets I , II, deg . 
Left t rain , turrets I, II, deg . 
Right t rain , tu rret III, deg . . 
Left train, tur r et III, deg 

210 to 150 
210 to 150 
30 t o 330 

150 
210 
330 

30 

Turret train speed (maximum), deg pe r sec. 4 

DET AIL DESCRIPTION 

Power drive 

The hydraulic power drive of the t r aining gear 
assembly is composed of a variable -displacement 
~ump (the A-end) and two fixed-displacement motor s 
(the B -ends). Each B- end is mechanically independ 
ent of the other , and both are independent of the A-end. 
T he A- end is connected to both B -ends by the large 
hydr aulic pipe manifolds shown in figure 6- 2. The 
A -end, t he B-ends, and the pipe manifold connections 
a re the basic units that t ransmit hydraulic powe r for 
t r aining the turret. They fu nction to conve r t input 
s haft r otation of constant speed and di rection to r e 
versible, variable -s peed rotation of the B-end drive 
s haft s. 

Components. The components of the power drive 
a r e : 

Electric motor 
Controller 
Reduction gear 
AUXi liary pumps 
Shaft couplings 
HydrauliC pump (A-end) 
Hydraulic motors (B -ends) 

Arrangement. The a rrangeme nt of the powe r 
drive components is s hown in figu r e 6-2 . The elec 
t ric motor drives t he A-end pump at cons ta nt s peed 
through the reduction gea r. Two la rge pipe manifolds 
connect the valve plate po rts of the A- end wit h the 
valve plate ports of the two B - ends . The B -end shafts 
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are each coupled t o separate t raining worm, worm
wheel , and pinion assemblies . A gear t ake-off drive 
at the right B- end s haft 1s connected to r es ponse in
puts of t he A-end and the re ceiver - r egulator follow 
up contr ol. 

E lect ric motor . The 300-hor sepowe r e lect ric 
mot or is mounted toward the r ear of the center gun 
pocket on a structural foundation that raises it slightly 
above the electric deck . T he motor s haft is connected 
to the driving pinion of the r eduction gea r through a 
s elf -aligning coupling, as s hown in figur e 6 -3. 

Motor data. 

Type. . • . . . . . squirrel cage , induction 
Des ign features . . . horizontal , internal and 

exte rnal fan cooled, wate rtight 
Horsepower . . . . . . • • . . . . 300 
Revolutions pe r minute , synchr onous . . 1800 
Revolutions per minute , full load. • . 1755 
Rotation (output s haft ) . counte rc lockwise 
Speed clas s . . . • . constant 
Voltage . . . . . . • 440 
Amperes, full load . . 355 
Amperes , locked rotor 2200 
Phases . . . . . . . . 3 
Cycles . ...... 60 
Ambient te mper ature, C . .. . •• 40 
Torque c la ss . . . normal tor que, low starting 

curr ent 
Weight , pounds . . . . • . . . . . . 4500 
Manufac tur er . . . • E lect r o Dynamic Works 
Manufac tur er's designation. Frame 304 -BH/M 

t ype KNX 
Drawing . . . . . . . . . . . . . . 231775 

Cont roller . The electric motor is powered and 
cont r olled th r ough an autot r ansformer magnet ic s tart 
er- cont r oller . The controller case and separate auto
t ransforme r case a r e mounted adjacent to each ot he r 
at the rear center of the machinery space of the lowe r 
prOjectile handling deck. The contactors, ove rload 
r elays , and control r elays of the controller a r e hous ed 
in a conventional metal cabinet that includes powe r 
supply connections . 

The circuits that control starting and stopping 
of the contr olle r inc lude a re mote master s witch, 
located at the t r a in operator's station, a ne utral 
inte r lock switch, located on the left side of the 
A-end cas e , and the servo interlock switch assem
bly, located on the rear face of the control valve 
block at t he t op of the A-end assembly. The neu 
tral interlock and the servo interlock switches , 
connect ed in series, prevent the electriC motor 
from being s tarted when either switch is open due 
to the A-end mechanism being off neut ral. 

When t he electric power is removed, a s pring
loaded power-off solenoid functions (thr ough a hy
draulic va lve) to set spring -actuated br akes on the 
t r aining pinions . The s olenoid is normally ene r gized 
from the s ingle -phas e cont r ol circuit supply of t he 
controlle r. The solenoid is located in the center gun 
pocket on the t r ansver se bulkhead , immediate ly for 
ward of the OSCillating bearing for the center gun ele 
vating gear . 

Cont r oller data . Motor controlle r data are listed 
on the follOwing page. 
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Type • .••• . • autotransformer s tarte r, 
watertight, c ontrolled by 
r emote pushbutton 

Ampere rating, 
Protection 

full load . . . • 355 

Overload, inverse t ime thermal 
re lay; automatic reset 

Adjus t able r ange, amperes • .. 360 to 440 
. 400 Normal setting, amperes 

Short circuit 
Main motor 
Drop out at, volts 
Sealing voltage . 

Shock r ating 
Weight, pounds 

. • nOne 
220 

. 372 
high impact 

Autot ransformer . 500 
St arte r -controlle r . . . . . 1300 

Manufacturer .. Ward-Leonard Elect r ic Co , 
Drawing . • • • . . . . . . •. 318740 

Reduction gear. The reduction gear , shown in 
figure 6-4, is a speed r educer for driving the A- end 
with a separat e dr ive on the high speed input shaft 
for the auxiliary pumps. The unit consis ts of a s pur 
gea r and pinion enclosed within a vented case arrang
ed for oil-bath lubrication. The cas e includes a depth 
r od gage for checking the oil level. The r eduction 
gear is mounted and coupled between t he electric mo
tor and the A-end, as shown in figure 6-2. 

TRAINING 
RACK 

RIGHT POWDER 
HOIST TRUNK 

RIGHT 
BEND 

REPLENISHING 
PUMP 

Reduction gear data. Reduction gear data are 
listed below: 

Revolutions per minute 
Output s haft , A-end . . . . . 
Auxiliary shaft to pump drive 

Rotation (both shafts) 
Lub r ication 

..• 350 

. • . 1200 

.clockwise 

Type .• • •. . 
CapaCity, gallons 
Weight , pounds . 
Drawing ••.. 

oil bath 
14 

.. 3100 

.273618 

Auxiliary pumps . The auxiliary pumps are bolted 
on the pump drive ass embly 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 r ated capacities . 
The replenishing pump , with greater capac ity than the 
control (servo) pump, supplies the main system with 
hydraulic fluid . The control pump delive rs pressure 
to the servo stroking cylinder. 

Replenishing pump. With its intake line connected 
to the mam system supply tank , the replenishing 
pump dis charges through a duplex filter into the 
r eplenis hing valves of the A - end valve plate. 

B·END RESPONSE 
SHAFT 

LEFT BRAKE 
ASS EMBLY 

HYDRAU LIC 
PIPE 

MAN IFOLD 

LEFT TRAINING WORM 
AND WORMWHEEL 

TRAI NI NG RACK 

RIGHT 
TRAINING PINION 

NEUTRAL RETURN 
HAND PUMP 

TRAIN OPERATOR'S 
HANDWHEELS 

Figure 6-3. 16-inch Tr aining Gear Mk 2 Mod 0 Power Drive, General Arrangement 
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'he pump, with a rated capacity of 36. 5 gallons per 
.ainute at a pressure of approximately 40 pounds per 
3quare inch, weighs 74 pounds. 

Control pump. With its intake line also connected 
to the main system supply tank , the contro l pump dis
charges through a duplex filte r into t he cont rol s elec
tor and servo stroking systems. The pump , with a 
r ated capacity of 28.8 gallons pe r minute at a pres
s ure of app roximately 400 pounds pe r square inch, 
weight 75 pounds. 

Shaft couplings. Flexible couplings ar e used to 
interconnect the power units of the tra ining gear 
assembly. The couplings are all of comme rcial de
sign and manufacture. 

The elect ric motor-to-reduction gear coupling, 
is a dir ect drive connection between these two units. 

AUXILIARY 
PUMP DRIVE 
HOUSI NG 

CONTROL PUMP 
DRIVE GEAR 

VANE 

ROTOR 

LUBRICATIN 
OIL DAM S 

HIGH SPEED 
IN PUT SHAFT 
FROM 
ELECTR I 
MOTOR 

BEARING 
OI L DAM 

AUXILIARY PUMP 
DRiVE GEAR 

OIL RETAINER 
COVER 

CLEAN OUT COVER 

REPLENISHING PUMP DRIVE GEAR 

LOCK NUT 

TRAINING GEAR 

The coupling cons ists of two identical steel hubs , a 
specially heat - t reated and tempered steel alloy gr id 
spring, and two identical steel shells which form th e 
cover. The coupling design provides dr ive connection 
through the gr id s pr ing wllich is engaged in grooves 
accurat ely milled 1n t fie outer flanges of each hub. The 
hubs and gr id spaces are packed with lubricant that is 
retained within lhe steel sllells by two grease seals. 

The r eduction gear -to-A-end coupling is a semi 
floating unit. Eacfi coupling is an assem5ly of spUned 
hubs which seat on r espective s haft ends . The hubs 
mounted on each end of t he connecti~ drive shaft are 
rigidly secur ed in pos ition. The hubs mounted on the 
shafts of the r eduction gear and A-end pr ovide the 
floating compensation for s light misalignment of the 
c onnected units and have gear teeth on the oute r s ur
fac e . The flanged s leeves which enclos e the hubs have 
meshing teeth that mate with the geared hubs. When 
i nstalled, each coupling is partia lly filled with oil to 
provide lubrication for the gea ring. 

OI L COLLECTOR LOW SPEED 
GEAR 

REDUCTION GEAR 
COVER 

OIL RESERVOIR 
COVER 

CONTROL PUMP 

LOCK NU1 

REDUCTION GEAR 
BASE HOUSING 

LOW SPEED 
OUTPUT SHAFT 

TO A END 

OIL RETAINER 
COVER 

PLUG 

CONTROL PUMP HEAD 

RETAINER RING 

LINE HP4 TO 
REPLEN ISHII~G 

FILTER 

LIN E 13 INTAKE FROM EXPANSION TANK REPLEN ING PU MP E REPLENISHING PUMP HEAD 

Figure 6-4. T raining Gear Reduction Gear and Replenis hing P ump Assembly, Cutaway View 
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Hydraulic pum~ (A-end). The (A- end) hydraulic 
pump (figs . 6-2 an 6-5) is a type K, size 150, vari
able -stroke, multi -cylinder, pos itive displacement 
pump. The assembly inc ludes an attached stroking 
piston cylinder and a transmission control mechan
ism. The pump is a nine -piston r otating group of the 
same basic design as the A- end of the e levating gear 
(ch. 5). 

Mounting. The A-end pump is mounted on a foun
dation weldment of the elect ric deck, with its input 
shaft aligned with the output shaft of the r eduction 
gear. Proper shaft alignment is provided by the 
special gear-type couplings described on page 6-5 
of this chapter. 

Pressure and tank connections. In addition to the 
main syStem p1pe manifolds, the A-end assembly has 
drain, circulating, control and replenishing connec
tions. The drain connections direct hydraulic fluid 
from the stroking piston assembly and control case 
mechanism back to the supply tank. The control 
pump delive r s control pressure to the stroking piston 
assembly and the control case mechanism. The re
plenishing pump delivers replenishing fluid to the A
end valve plate. The A-end and B-end units, and the 
A-end and expansion tank are interconnected by pip
ing and flanged fitt ings, for fluid Circulation, which 
aids in cooling the mechanism. 

RADIAL ROLLER BEARING 

THRUST ROLLER 
BEARING 

SHAFT 
TRUNNION 
BLOCK 

MAIN SHAFT PIN 
RETAINER 

MAIN SHAFT 

MAIN SHAFT PIN 

RESPONSE 
COUPLING 

Associated equipment (receive r-regulator; servo 
strokin c linder' t ransmiSSion control case mech
anism. The receiver- r egulato r , s ervo st roking 
cylinder, and transmission control case me chanism 
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 r otation 
of the two B-ends. The receiver-regulator provides 
automatic control of turret t rain movement from a 
remote ship's station. The t ransmission control 
case mechanism provides cont rol of turret train move 
ment from a local trainer 's station. 

Design differences (from elevating gear A-end) . 
The A-end deSIgn is siDllIar to the smaller A-end of 
the elevating gear assembly (chapter 5) with the fol
lowing exceptions, 

A-end valve plate. The A-end va lve plate (fig. 
6-5) 1S a s tahonary part of the A-end assembly and 
forms one end of the A-end case. The A-end valve 
plate main ports ar e provided with spring check 
replenishing valves. These valves supply the 
respective low-pressure sides of the main system 
with replenishing fluid at 40 pounds per square 
inch. A shuttle valve between the two ports di
rects high pressure t o t he constant horsepower 
valve of t he A-end control case. 

UPPER TILTING BOX 
TRUNNION 

/ 
RIN G SOCKET CAP NUT 

CYLIN DER BARREL 

LINE HP13 TO 
CONTROL 

TRANSFER 
VA LVE 

VALVE 
PLATE 

SHAFT DISC 

STROKING PISTON 

PISTON 

A·END HOUSING 

CYLI)IIDER BARREL KEY 

LIN E HP12 TO CONTROL TRANSFER VALVE 

Figure 6-5. Training Gear A-end Assembly, Cutaway View 
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Ke~ay for t ilting box shaft and arm. The side 
of the ~end cont rol case, to which the servo strok
ing cylinder assembly is attached (fig. 6-5), is cut 
out to form a keyway that permits movement of the 
tilting box shaft and connecting arm linkage between 
the stroking pis ton and the tilting box. 

A-end data. 

Driven speed, revolutions per minute . • 350 
Te mperatures 

Normal, operating range, F. • . 120 to 175 
Maximum permitted, F. . . • . • . . 185 

Displacement , cubic inches. • • • . . . 692 
Manufacturer . . • . . .Waterbury Tool Co. 
Manufacturer's designation. • • • • size 150 
Drawing . . . • . . . . • . . . . 268157 

F ollow-up control. The follow-up control con
sists of r esponse s hafting from the right B -end drive 
shaft to the train indicator , the r eceiver-regulator, 
and the A-end control case mechanism. The follow
up mechanism within the control case consists of a 
follow-up r esponse gear, a control screw, and a con
trol nut. This mechanism uses B-end response to 
return the A-end tilt ing box to its neutral stroke 

STROKING PISTON 

TRAINING GEAR 

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

Servo stroking cylinder. The stroking piston cyl
inder assembly (fig. 6-6) is a high-pressur e , double 
acting pif!ton and cylinder assembly mounted on the 
side of the A-end case. This 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 piston cylinder assembly is described in detail on 
page 6 - 9 of this chapte r . 

Hydraulic motors (B-ends). 

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

LINE HP13 TO CONTROL TRANSFER VALVE 

STROKING PISTON BUSHING 
TILTING BOX STUD 

PISTON CAP 

\ 

\ 

A·END HOUSING 

STROKLNGPISTON 
CYLINDER 

~TILTING BOX STUD BUSHING 

TiLTING BOX STUD PIN 

Figure 6-6. Training Gear A-end Stroking Piston, Cutaway View 
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Mounting. Both hydraulic motors are mounted on 
foundation weldments above the pan floor level at the 
forward part of the turret. The units are located in 
the spaces between the parallel divisional bulkheads 
formed by the gun girder boxes, with a B-end mount
ed on either s ide of the center gun girder box. Each 
B-end is mounted with its drive s haft coupled to the 
worm, wormwheel, and pinion gear ass embly. 

P ressure and tank connections. In addition to the 
pipe manTIolds of the mam system, the B-end assem
blies are inte rconnected 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 mechanis m. 

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

Design differences (from elevating gear B- end 
and B-end varve plates) . The valve plates of the tWo 
hydraulIc motors of the training gear are identical 
to each 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-end valve plate relieves for left train. Both 
valves, of adjustable-spring plunger design, bypass 
high pressure to the main system return pipe at a 
pressure of 1525 pounds pe r square inch. 

B - end data. 

Speed (maximum) each B-end, rpm. 
Torque load (each shaft) 

Normal, rat ed, ft-lb • 
Maximum, rated , ft· lb • . 

Oil temperatures 

. • 175 

11,200 
12,300 

Normal operating range , F. .. 120 to 175 
Maximum permitted, F • . • • • 185 

Displacement, each B-end, cubic 
inches per r ev. . . . . • . • • • 653 

B-end-t o-brake couplings. A brake assembly is 
mounted on each of the worm gear drive shafts. Each 
of these shafts is coupled to its B-end output shaft 
through a flexible gear-type coupling similar to the 
reduction gear-to-A-end coupling described on page 
6-5 of this chapter. 

Brake assemblies . Each B-e nd brake is a spring
actuated mec hamcal assembly with s e rvo 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 s hoes, two 
main springs, thr ee br ake s hoe levers , and a linkage 
c onnection to the piston of a hydraulic cylinder. Each 
unit is supported on a separate mounting base. The 
units are right and left arrangements of identical 
parts, and they simultaneous ly set or release the B
end output shafts . The hydraulic c ircuit valve port
ing arrangements automatically r elease the brakes 
when power i s on. A s olenoid moves a power failure 
valve agains t spring action to port s ervo pressure to 
the two brake r elease cylinders . 

Control and replenishing filte rs . The duplex fil 
ters us ed 10 both the control and replenishing systems 
are of m odified commerci al design. The control filte r 
and the replenishing filter are virtually identical, dou
ble- cartr idge filter ass emblies. Each assembly has 
a manually'- operated selector lever t hat permits port 
ing of the hydraulic oil through either or both cart
ridges. 
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The filter unit for each system is located in the 
discharge line of each pump. Each cartridge in the 
filter unit consists of an assembly of discs and spac
ers mounted on a movable spindle stacked alongside 
cleaner blades m ounted on a fixed rod. This arrang
ment permits clearing the filter cartridge while the 
hydraulic system is in operation. One complete rev
olution of the cartridge handle passes the discs through 
the cleaner blades to remove fore ign particles from 
the discs. 

The control filte r has a flow capacity of 28 gallons 
per minute with control pump pressure of 350 pounds 
per square inch. The r eplenishing filter has a flow 
capacity of 36 gallons per minute wit h replenishing 
pump pressure of 40 pounds per s quare inch. 

Control and replenishing re lief valves. The con
trol and replenIshIng relfef viilves , 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 bypass excess pressure 
flow to the expansion tank when control and replenish
ing lines are overloaded. 

Expansion tank. The expansion tank, located at 
the high point for the training gear, is a ve nted type 
with gravity feed connections to the contr ol and re 
plenishing pumps. Return oil lines lead to the tank 
from both B-ends and t he A-end. The t ank body is 
box-shaped, 19. 5 inches high, 35.5 inches deep, and 
50. O-inches wide. The sheet -copper t ank has a cover, 
high-and low- level trycocks, a filler cap, an oil 
strainer inside the tank, and four vertical baffle 
plates. The tank s erves to dissipate heat from the 
oil returned by the recirculating system. 

The expansion (supply) tank capacity is 150 gal
lons, When the oil level is at the upper trycock, there 
are apprOximately 120 gallons in the tank. 

Training worm, wormwheel, and pinion assembly. 
Their-end units turn the tu r ret by driVing a worm, 
"Wormwhee l , and pinion assembly of Bureau of Ships 
design. Each assembly, enclosed within a s eparate 
case, is a nonove r hauling Hindley-type worm and 
wormwheel, Each is fitted and adjusted t o a fixed 
position to ensure correct mesh of the pinion with 
the training rack. The assemblies a r e s ecurely 
s eated in heavy structural blocks and plates at the 
front of t he turret rotating s tructure. The mounting 
weldment aligns each worm, wor mwheel, and pinion 
with its B-end drive s haft. The case forms an 011-
tight, vented enclosure fo r the worm, the wormwheel, 
and their bearings, which are immer sed in a circu
lat ng lubricant. 

Worm and wormwhecl. The worm and wormwheel 
assemblies are located within a common compartment 
at the front of the turret r otating st ructur e (fig . 6-1). 
The wormwheel, with 28 teeth cut around its 9.8 -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. T he worm and wormwheel 
assemblies are accessible through the hatch in the 
bulkhead at the forward end of the cente r gun pit. 

Pinions. The pinions are integral s haft and spur 
tooth gears. Each pinion has 12 teeth of 20. 53-inch 
p itch diameter. The faces of the pinion teeth are 
20.0 inches in length. 
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T raining rack. The training rack , an internal 
annular gear, is made in six equal :"'s ized segments . 
The s egments, butted end to end, ar e keyed and bolt
e d t o the structural foundation of the ship. The rack 
has 210 t eeth with a pitch diameter of 359.29 inches. 

Lubr ication. The worm -gear lubricating unit is 
of Bur e au of Ships design. The e lect ric motor a nd 
pump are mounted on a foundation weldment between 
the worm and wormwheel case enclosures . The 
pump is supplied with lubricating oil from two sump 
tanks , mounted directly below the turr et compartment 
containing the worm and wormwheel assemblies. 

T raining gear controls 

The training gear control ar rangement s consist of: 

Start -Stop controls 
Power drive trans mission controls 
Control selector 
Servo stroking system 
Control gear hand gear 
Control gear response gear 
Control case mechanism 
Receiver-regulator 

Start -stop control. The training gear power drive 
is started and stopped fro m its cont r oller. The con
t roller is remotely ope rated by two push buttons adja
cent to the train operator 's station . One button is 
des ignated START -EMERG, the other STOP. 

The START -EMERG button closes a no r mally
open, three -pole switch and ener gizes the coil of the 
main contactor t o connect three-phase power to the 
elect ric motor. Holding contacts on the relays keep 
the powe r c ircuit closed when the START -EMERG 
button is released until the STOP button is pressed. 
T he control selector lever may be moved from HAND 
to AUTO or AUTO to HAND without int errupting the 
s upply of power to the electric motor. In the event 
of a power failur e, the main contactor opens and re
mains open until closed by pressing the START 
EMERG button. An overload relay opens the circuit 
when curr ent demand is too great. The main contac
tor may be kept closed to keep the electric motor 
running in an eme rgency by holding the START
EMERG button closed. T he electric motor is stopped 
by preSSing the STOP button. 

Transmission controls. The t ransmission con
t rols are the A-end control mechanisms and hydraul
ic system devices that pos ition the A-end t ilting box 
and control the ma in system hydraulic pressur e . 
They include hand control elements and automatic 
control elements. 

Hand control element~. The elements of the hand 
control system are: 

1. Control s elector 

2. Servo stroking s ystem 

3, Control gear hand gear 

4. Control gear respons e gea r 

5. Control case mechanism 

T he units function together so that, when the con
trol selector is at HAND, the turret is trained by 
manually turning the handwheels . The r esponse gear 
and t he control case devices provide follow -up control 
and limit-stop control. 

TRAINING GEAR 

Automatic control elements. The elements of the 
automatic cont r ol system are: 

1. Control selector 

2. Servo stroking system 

3. Receiver-regulator 

4. Control gear response gear 

5. Cont rol case m echanism 

The units function together so that, when t he con
trol s el ector is at AUTO, the turret is automatically 
trained in r esponse to electrical signals from a r e 
mote st ation. The control gear response gear pro 
vides follow-up cont r ol and limit -stop control as in 
hand control. The limlt stop funct ion is supplemen
t ary to an automatic limit stop deVice of the receiver
regulator, 

Cont rol selecto r. The cont r ol selector (fig. 6-15) 
is a manually-positioned hydr aulic valve mounted on 
the bulkhead adjacent to the train operato r' s station. 
The selector permits the train operator to s elect 
HAND or AUTO control. The selector valve block 
includes a re lated hydraulic valve called the synchro 
failur e valve which is normally open to allow servo 
pressure flow to the control selector valve. The syn
chro failure valve automatically moves to block servo 
pressure flow to t he control selector valve when the 
synchro gun train or der signal fails . The s ynchr o 
failure valve automatically shifts control away from 
the receiver-regulator to the t rain operator's hand
wheels . 

T he control s elector includes a synchro power 
indicator light (fig. 6-15) which is lit wheneve r t he 
gun t r ain order signal (synchro powe r ) i s available. 
Should the s ynchro power fail, the indicator light goes 
out. 

Servo str oking system. The servo stroking sys
tern is composed of: 

1. The control pump (fig. 6-4) mounted on and 
driv n by the reduction gear . 

2 . The duplex filte rs in the discharge line of the 
servo cont r ol system. 

3. A servo control system r elief valve. 

4. T he stroking cylinde r and piston, and the 
cOlmecting arm to the A-end tilting box. 

5. Hydraulic control valves 

T he system responds to hand and electrical gun 
t rain or der s ignals by moving the A-end t ilting box 
away from neutral stroke pOSition. System pr essurt; 
is supplied by the control pump. The pump 18 deSCrIb
ed on page 6-5 and the filters and r elief va lves are 
described on page 6-8 of this chapter. Othe r ele
ments of the system ar e described in the following 
paragraphs. 

Se r vo stroking cylinde r . The servo stroking cyl
inde r (figs. 6- 2, 6-5, and 6-6) is a high -p.re s~;ure 
double -acting piston and cylinder unit: . whlC.h IS mount 
ed on the siae of the A-end. The strOKIng pIston changes 
the position of t he A-end tilting box in response t o hand 
or automatic tu r ret t r ain orders. 
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The cylinder as sembly consists of a cylinder 
case, a piston, two piston bushings, a cylinder cap, 
a piston cap, a t ilt box stud, and tilt box bushings. 
The arrangement of the components is shown in fig
ure 6-6. The piston is a solid, cylindrical piece, 
assembled with a piston bushing on each end, mounted 
within the stroking cylinder case. The piston is free 
to slide through thes e bushings. Ser vo system pres
sure is ported to either end of the piston to move the 
A-end tilt ing box from neut ral stroke. Piston move 
ments are controlled by the receiver-regulator in 
AUTO and by the s ervo control valve in HAND. 

Hydraulic control valves. Movement of the strok
ing pist on is automatically cont r olled within the power 
drive hydraulic system by the follOwing interrelated 
valves . 

Power failur e valve PFV. The power failure 
valve PFV, mounted on the forward bulkhead above 
the pan floor in the center gun pocket , is a two-posi
tion, spool -type valve that opens or blocks the brake 
release s ystem hydraulic lines between the control 
pump and the two brake r elease cylinders . It is 
spring-operated to block the system hydraulic lines 
when power fails or is shut off. With power on the 
valve Is solenoid actuated to open and port servo 
pressure to the two brake release cylinders. 

Constant horsepower directional control pilot 
valve Y6A. The constant horsepower directional 
control pilot valve V6A, located in the A-end trans
mission control case, is a spring-and-pressure-op
erated plunger type valve. Acting as a pilot valve it 
directs the flow of servo pressure to either the servo 
pilot valve V23 and the constant horsepower valve V6 
or to the left end of the stroking piston transfer valve 
V3l. Valve V6A is positioned against main system 
pressure by a spring. The spring, with its pressure 
varied by the position of the constant horsepower cam 
(actuated by tilting box movement) is between valve 
V6A and a plunger actuated by the cam. When moved 
toward the right by excessively high main system 
pressure, valve V6A directs the flow of servo pres
sure to the left end chamber of stroking piston trans
fer valve V31 to force valve V31 to the right. When 
moved toward the left by spring pressure, valve V6A 
directs the flow of servo pressure to the servo pilot 
valve V23 and the constant horsepower valve V6. 

Servo pilot valve V23. The servo pilot valve V23, 
located in the A-end transmission control case, is a 
spring-and-linkage -operated plunger type valve. It 
directs the flow of servo pressure through either of 
the two chambers of the stroking piston t ransfer valve 
V3l. Pilot valve V23 is spring operated to block the 
flow of s ervo pressure to the stroieing piston trans
fer valve V31 when the controls are at neutral. Pilot 
valve V23 is positioned by linkage which is actuated 
by movement of the handwheels. When s ervo pilot 
valve V23 is moved toward the right, it ports servo 
pressure through the left chamber of the stroking 
pIston transfer valve V3l to the right end of the ser 
vo stroking cylinder. This results in right train of 
the turret. Moved toward the left, control valve V23 
ports servo pres sure through the right chamber of 
transfer valve V31 to the left end of the servo strok 
ing cylinder. This results in left train of the turret. 

Constant horsepower valve V6. The constant 
horsepower valve Y6, located fn the A-end trans
mission control case, is a linkage-operated plunger 
type valve. Positioned by linkage which is actuated 
by the handwheels, constant horsepower valve V6 
opens or blocks the flow of s ervo preBsure from the 
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constant horsepower directional control pilot valve 
V6A to the stroking pIston transfer valve V31. Con
stant horsepower valve V6 blocks the flow of servo 
pressure to t he stroking piston t ransfer valve V31 
when the controls are at neutral. Constant horse
power valve V6 is positioned by linkage to port servo 
pressure to the stroking pis ton t ransfer valve V3l. 

Stroking piston t r ansfer valve V3l. The stroking 
piston transfer valve V3l, located in the A-end trans
mission control case, is a spring-and pressure -oper 
ated spool type valve. Acting as a directional valve 
it directs the flow of s e rvo pressur e from the servo 
pilot valve V23 to either the r ight or left end of the 
servo stroking cylinder. Transfer valve V31, spring 
positioned toward the left , permits servo circuit 
pressure and drain flow for e ither left or right train 
a s ported by the servo pilot valve V23. Stroking pis 
ton transfer valve V31, when for ced to the right by 
servo pressure ported to its left end by the constant 
horsepower directional control pilot 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 
V6 momentarily acts as a directional valve and tends 
to move the servo strOking piston toward neutral 
stroke. 

Main system relief valves V2S. The relief valves 
V28, one located in each B-end valve plate , are 
spring-loaded, plunger-type valves. Each valve 
serves to relieve high pressure for one direction of 
train. They operate to by-pass fluid directly to the 
low pressure transmission pipe. 

Replenishing valves V 32 . 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 transmission pipe depending on the direction of 
train. 

Shuttle valve V27. The shuttle valve V27. located 
in tnea-end replenishing valve block assembly, is a 
directional-flow, spool -type valve that is an element 
of the constant horsepower device . Shuttle valve V27 
is free to move to either end of its s leeve, porting 
main system high pressure to the left end of the con
stant horsepower directional control pilot valve. The 
action of V27 is the same in eithe r direction of train. 

Control gear hand gear. The control gear hand 
gear for the traIn operator is a pedestal bracket 
handwheel drive with bevel gear and shaft assembly 
arranged for hand control of the training gear. Locat
ed as 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 
mechanism. A mechanical linkage from the differen
tial screw converts handwheel motion to valve move 
ment to preduce 2.0 degrees of turret r otation 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 mechanism by a system of shafts and bevel 
gears (fig. 6-2). The B-end r esponse drive is cou
pled to a response input shaft t hat drives the differen
tial screw of the follow-up mechanism. In addition, 
train B-end response is coupled to response input 
shafts of the train and elevation indicators and the 
train receiver-regulator. 
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Transmiss ion control case mechanism. Servo 
stroking control IS actuated through a case-enclosed 
transmission control mechanism, mounted on top of 
the A-end case , The interior arrangement of inter
connected and related components of the control case 
is shown schematically in figur es 6-22 through 6-26. 
The components are the mechanical, e lectrical, and 
hydraulic units described in the following paragraphs. 

Friction c lutch. Assembled between the hand
wheel mput shan and the nut of the differential follow
up mechanism is a c lutch unit, A friction-type clutch, 
it is engaged by spring pr essur e and disengaged by 
hydraulic pressure . The clutch is engaged when the 
control selector lever is positioned at HAND. The 
clutch is disengaged when the lever is positioned at 
AUTO, and whenever the constant horsepower mech
anism ass umes control in HAND, 

Automatic cutoff (limit s top), The automatic cut
off (liIDit stop) deVlce m the control case mechanism 
limits the train movement of the tu rret. The device 
c onsists of a t raveling nut on a screw which carries 
an adjustable limit stop at e ithe r end. The limit stop 
screw is geared t o the handwheel input shaft. As the 
handwheels are turned, the nonrotating nut t ravels 
t oward one or the other limit s top. When the nut con
tacts the limit stop, the turret is br ought t o a stop. 
The limit stops are s et to correspond to the limits of 
turret t rain. 

Follow-up control mechanism. The follow-up 
device is a diffe rential screw and nut gear mechanism 
that oper at es the control valve units through a linkage 
attached to a t runnion at one end of t he control screw. 
Displaceme nt of t he screw and valve linkage is a dif
ferential movement , It is derived from handwheel 
rotation of the differential nut and B -end response 
rotation of the screw, which turns the screw in the 
opposite direction. B-end r esponse input positions 
the differ ential s c rew through a quill drive . In opera
tion, the follow-up control mechanism is an automatic 
mechanical device for r eturning t he tilting box to neu
tral through the valves and stroking control linkage of 
t he cont r ol case, The r eturn-to -neutral of the tilting 
box varies with the speed and r otation of the B-end, 
to produce a graded deceleration of the valve gear , 
servo stroking contr ol, and the turret train movement. 

Cont r ol linkage. The differential screw is rotated 
at one end by tram r es ponse , At its oppos ite end, the 
differential screw vertical displacement actuates a 
spring-loaded, pivoted lever which functions as a 
differential screw follower, The follower is attached 
to a geared sector that actuates the cont r ol linkage 
thr ough a contr ol cam. The control linkage positions 
the s ervo pilot valve V23 and the constant horsepower 
directional control pilot valve V6A of the servo strok
ing system. Attached to the t ilting box through the 
tilting box shaft and arm assembly of the transmiSSion 
c ontrol case mechanism, the control linkage is actu
ated by t ilting box movement. The arrangements of 
the <;ontro l linkage and associated parts of the valve 
block assembly are indicated in figures 6-22 through 
6-26. 

Valve block assembly. Tilting box stroking is 
controlled by a servo system valve block composed of 
two mechanically operated plunger -type valves and 
two pressure-and-spr ing-actuated valves. The plung
er-type valves are those deSignated the servo pilot 
valve V23 and the constant hor s eRower valve V6. The 
automatic valves are des ignated the constant horse
power pilot valve V6A and the transfer valve V3l. 
The valve block assembly is shown schematically in 
figures 6-22 through 6-26, inclusive. 

TRAINING GEAR 

Constant horsepower device. The maximum hor se
power taken from the elect ric motor is limited by the 
constant horsepower devic e, This mechanism is a 
mechanical and hydraulic arrangement that acts auto
matically under t rain over load conditions to r eturn 
the tilting box toward neutra l. The mechanism is 
actuated by a pilot valve V6A that is opened by main 
sys tem pressure act ing against valve spring tension. 
The compression of the spring is cont rolled by a cam 
which moves with the tilting box to r educe compres
sion as the A- end moves away from neutral. T he 
constant horsepower mechanism momentarily takes 
control if the combination of hydraulic pressure and 
stroke of the A- end causes an input horsepower to 
the A-end in excess of the desi r ed limit . When this 
occurs , V6A t akes control away from the servo pilot 
valve V23 by shifting the transfer valve V3l t o port 
servo pressure to the oppos ite end of the s e rvo s trok 
ing cylinder, The A-end str oke is then r educed to a 
point where the overload is r elieved. The constant 
horsepower directional cont rol pilot valve V6A is then 
shifted by its spring, and contr ol is restored to the 
servo pilot va lve V23. 

Neutral return device. The neut r al r eturn device 
provides for manual r eturn of the A-end tilting box 
to neut ral should the electric power fail (or be shut 
off) while the tilting box is in a s t r oke position, A 
hand operated hydraulic pump, the neutra l return 
device is located conveniently near the train opera
torts station, The pump, with intake connected to 
the expansion tank, has discharge circuit connections 
with the transmission cont r ol case mechanism valve 
block. The circuit connections (fig. 6-26) 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 
eithe r chamber of t ransfer valve V31 to the stroking 
piston. The hand pump pressur e and drain flow 
which a re in reverse of the s ervo circuit pressure 
and drain flow at the time of power failure, return 
the stroking piston (and tilt box) to neutral. 

Neutral starting device. The neut r a l s tarting 
device IS a starling-circuit switch, which inte rlocks 
the position of the A-end tilting box with the electric 
motor starting circuit. The device is part of an as
sembly mounted on the s ide of the A-end. The switch 
is 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 c~rcuit are 
closed, An additional interlock in the el ectrIC motor 
starting circuit is provided by a switch operated by 
the servo pilot valve V23 . The switch closes only 
when train r espons e and stroke input shafts are not 
in motion. 

Receive r- regulator 

A l6-inch Receiver-Regulator lVlk 18 Mod 0 1s 
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 electric motor and the A-end 
(fig. 6- 7). The case is divided into two compart 
ments one of which contains the electric synchros 
and re'lated gear train. The oth~r compartment con
tains the valve block and r elated devices. 
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The receiver-regulator functions when t he con 
trol s elector lever is positioned at AUTO. In this 
cont r ol selection, servo- system stroking pressure 
is ported to the stroking cylinder in r esponse to t rain 
orders received electrically in the receive r -regula
tor . In AUTO, t he hand control servo stroking valve 
gear is bypassed. 

Components. Each receive r - r egulator cons ists 
of the followmg components, all of which are enclosed 
within the instrument case: 

Fine and coarse control synchros 
Parallax compute r 
Tu r r et r esponse gear 
Stroke res ponse gear 
Limit stop device 
Limit stop valve V34 
Stabilizing valve V1 
Stabilizing linkage L2 
Automatic s troking valve V2 
Synchr onizing valves VSA and V15 
Synchronizing valve linkage L3 
Pressur e r egulator valve V4S 
Stabilizing piston PI 
Amplifier piston P3 
Amplifie r linkage L1 
Hydraulic vibrator 

The arrangement of the above electrical , hydrau
lic, and mechanical components of the receiver- reg 
ulato r is shown schematically in figu re 6-27. 

Receiver-regulator instrument (figs . 6-8 and 6-9). 

Fine and coarse control synchr os. Gun t rain 
orders to t he receIver-regulator are transmitted by 
synchro circuits. The rotors of the gene r ator s and 

receivers of both the fine (3 6-speed) and coarse (1-
speed) synchros are connected in paraliel to operate 
on a 115 -volt, 60-cycle, s ingle -phase, alte rnattng
current s upply. Both s ynchr os are bea ring-mounted 
s o that t he stato rs of the synchr os can be rotat ed by 
parallax correction, turret response, and stroke 
r esponse. Rotat ion is accomplished by a system of 
s hafts, gears, and gear differ entials. T he two syn 
chros and t hei r gear train are located in the s ynchro 
compartment (fig. 6-11). 

The r otor of the coarse synchro positions the 
synchronizing pilot valve V15 and the synchr onizing 
valve V3A through the synchronizing linkage La. The 
r otor of the fine synchro positions the amplifie r link 
age L1 and its attached valves. 

Parallax computer (fig. 6-1 0). The parallax 
correctIon IS computed for the horizontal distance 
between the director and the turret, and is derived 
f r om t rain angle and parallax r ange. The parallax 
computer mechanism enters a mechanical correction 
to the train order s ignal and the angle of turret t rain. 
The parallax value is variable for each turret, depend
ing upon three factors: 

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

2. The range of the target. 

S. The angle of turret train. 

For any angle of turret t rain, except dead ahead 
or dead astern, the parallax correction varies in 
verse ly with the r ange. 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 quarter at long r ange. 

ELECTRIC MOTOR STROKE RF.SPONSE INPUT SHAFT INVERSE RANGE IN PUT SHAFT 

REDUCTI ON GEAR TRAIN RI:CEIVER·REGULATUR AEND ASSeMBLY 

Figure 6 -7. l6-inch Receiver-Regulator Mk 18 Mod 5, Gener a l Ar rangement 
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The parallax computer solves each problem for e ach 
turret and automatically adds the correction to the 
train response. 

The parallax computer r eceives a shaft input (des
ignated as inverse r ange) fr om the t rain indicator. 
The input has a limited movement of 18.5 tur ns , which 
i s equivalent to r anges fr om infinity to the shortest 
range of 3400 yards. The other shaft input to the 
parallax computer (designated angle of t urret train) 
is received in the form of 1-speed input from the B
end res ponse gear. The two designated valves are 
cont inuously converted to mechanical corr ection by 
t he motions of the block (K, fig . 6 - 28), the crank M 
and the yoke r ack which turns shaft l OB. The move
ment of the shaft l OB drives the change gears and 
s haft 10 that add parallax correction to the response 
input to the fine and coar s e synchros, a s shown in 
figure 6 - 28 . 

Train respons e gear. The train (B -end) response 
gear (figs . 6-11 and 6 -12) drives one input gear of 
t he diffe rential that rot at es the stators of the coarse 
and fine synchros through a gear t rain assembly with
in the receiver -regulator case. From the r ight B
end , t rain r esponse is simultaneous ly t ransmitted t o 
t he train a nd elevation indicators to the transmiss ion 
control case , and t o the r eceiver-regulator. In the 
rece iver -regulator , the B-end res ponse combines 
with parallax correction to rotate the st ators of the 

INVERse RANGE INPU r 

INVERSE RANGE 
ADJUSTMENT 
HUB COVER 

COVER TO 
VALVE 
COMPARTMENT 

t~~ET \ 
VALVE -:-:----JL~ 

CHECKING 
DIALS 

GEAR COMPARTMENT 
COVER 

STROKE RESPONSE INPUT 

8·EN 
RESPONSE 

PARALLAX ZERO 
CROSS·HAIRS 

Figure 6-8. T rain Receiver -Regulator Mk 18 Mod 5, 
Front View 

T RAINING GEAR 

coarse and fine synchros. B -end response and stroke 
response are combined in a differential to pOSition the 
limit stop valve V3 4 thr ough a connecting link from 
the train limit stop. 

St r oke response gear. The A-end stroke response 
is a mechamcal mput derived f r om a gear box attached 
above the· A-end control cas e . The gear box receives 
tilting box motion thr ough the A-end control case and 
steps up the motion to a ratio of 15 to 1. This new 
value is transmitted a s stroke response to the receiv 
er-regulator by means of shafts connected to the ad
justable coupling, designated B. In the receiver
regulat or, s troke response combines with B -end re
sponse through differential gearing to position the 
limit-stop valve V34 t hrough the train limit s t .- p. 
Stroke response represents turret training s peec'; I t 
is combined with B - end (turret position) response to 
make the limit stop valve V34 operate sooner at high 
speeds than it does at low speeds as the turret a')
proaches its lim it . 

Limit stop device. The automatic train limit stop 
(figs. 6- 13 and 6-14 ) receives a combination of the 
angle of turret train and the speed of t urret train 
through a mechanical differential. 

The device consists of series of di scs and lugs 
which are fre e to rotate on shaft 8B (fig. 6- 27). E ach 
disc contains a pin which extends about 3/3 2 inch on 
e ither side of the disc and is pressed through the disc 
about 9/ 16 inch from its center. The discs are assem
b led alternately on a common shaft with the lugs. The 
lugs engage the pins as the drive shaft input rotates . 
AB the disc at the input end of the assembly is rotated, 
the pins on successive discs engage successive lugs, 
until after several r evolutions of the first disc the 
entire ass embly r otates as a unit. The last lug t o be 
engaged operates a cam which r otates the lim it stop 
drive shaft. The shaft then moves the limit stop 
valve V34 which is also the sleeve for the stabiliZing 
valve V1. 

Limit s top valve (V34 ). The limit stop valve V34, 
located m a valve block at the bottom of the receiver
regulator, is positioned by the movement of a crank 
which is actuated by the limit stop device. V3 4 is 
normally centered in its position by a spring at either 
end. When displaced from center by the limit stop 
device, V34 shifts servo pressure flow to and dr ain 
from the stroking piston P2 to decelerate and stop 
the tur ret at its preset limit. 

Stabilizing valve Vl. The stabilizing valve VI, 
located Withm the !lmIt stop valve V34 body, acts 
with the st abilizing piston P1 to prevent overtravel 
of the turret (B -ends) which would result in oscilla
tion about t he train order signal. Positioned by the 
stabilizing linkage L2, the stabilizing valve V1 di
r ect s regulator control pressure to one end or the 
other of the s tabilizing piston P1. Movement of pis 
ton Pi pos itions the amplifier piston P3 and ampliiier 
linkage L1 and a lso moves the stabilizing valve V1 
b ack to its original pOSition. 

Stabilizing linkage L2. The stabiliZing linkage 
L2, shown III fIgure 6-9, is mounted in a vertical 
pos ition in the valve compartment of the receive r
regulator. At its upper end, the stabilizing link
age L2 is connected to the amplifier piston P3. 
The middle of L2 is connected to the stabiliZing pis
ton Pl. At the lower end, L2 is connected to both 
the automatic stroking valve V2 and the stabilizing 
valve Vl. 
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Automatic stroking valve V2 . The automatic 
strokmg valve v2 is located m a separate valve block, 
shown in figure 6-9, at t he lower left side of the re 
ceiver-regulator valve compartment. Positioned by 
the s t abilizing linkage L2, V2 ports servo pr essure 
flow t o and drain (through control transfe r valve V3B ) 
from the stroking piston P2, 

Synchronizing valve V3A and synchronizing pilot 
valve VI5 , The synchr olllzmg valve v3A and syncliro
lllzmg pIlot valve V I 5 are located in a valve block, 
shown in figur e 6-9, in the upper part of the r eceiver
regulator valve compartment. Both valves are posi
tioned by the synchronizing valve linkage L3, which 
is actuated by rotation of the rotor of the coarse (1 -
speed) synchro, The synchronizing pilot valve V15, 
when cente r ed, ports regulator control pressure to 
the synchronizing valve V3A, which directs the regu
lator control pressure to the fine synchro valve V3 
as long as the tur ret pos ition is within three degrees 
of the gun t rain order. V3 then controls servo piston 
movement through the amplifier pis ton PS, stabilizing 
linkage L2, and the automatic s troking valve . V2 . 
When the tu rret pos ition is more than three degrees 

SYNCHRONIZING VALVE 
LINKAGE L3 

I ·SPEED SYN CHRO 
(D) CRANK 

SYNCHRONIZING 
VALVE V3A 

PRESSU RE 
REGULATOR VALVE V42 

STABILI ZIN G LINKAGE L2 

CIRCUIT B8 TO 
MAIN AUXILIARY 
TRANSFER SWI TCH 

CIRCUJT B6 TO 
CONTROL SELECTOR 

CIRCUIT B3 TO --- - --" 
SUMP PUMP 
MOTOR CONTROllER 

HYDRAULIC VIBRATOR 

STABILIZING PISTON PI 

AUTOMATIC STROKING 
VALVE BLOCK 

SYNCHRONIZING 
PILOT VALVE V 15 

away from gun train order, V3A cuts off regulator 
contr ol pressure to V3 and ports the pressure direct 
ly to P3 to drive the turret at full speed towar d its 
synchronized poSition. 

Synchronizing valve Unkf!e L3. The synchroni
zing valve l iilkage shown m Tgure 6-9 is located in 
the upper part of the recelver~regulator valves com
partment. L3 is actuated by rotation of the rotor of 
the coar se (1-speed) synchro to position V3A and V15. 

Pressure re~ator valve V42. The pressure 
regulator vaIve2 is located m the valve block in 
the center portion of the receiver- r egulator valve 
compartment (fig. 6-9). Servo pr essure , ported to 
valve V42 at a pressure of approximately 350 pounds 
per square inch, is reduc ed to a control pressure of 
approximately 135 pounds per square inch. Control 
pr essure is ported through the stabilizing valve V1 
to the s tabilizing piston Pl. It is also ported to the 
s ynchronizing pilot valve V1 5 and through it to the 
synchronizing valve V3A. From V3A, control pres 
sure is ported through the fine synchro valve V3 to 
the amplifier piston P3. 

SYNCHRON IZING VALVE BLOCK 

36·SPEED SYNCHRO 
(E) CRANK 

FINE SYNCHRO 
VALVE V3 

-:):=~----:t-I=----- AMPl1F1ER Ii PISTON P3 

~~~-:::::;~~- TRAIN l1MIT STOP CAM 
ADJUSTM ENT 

TRAIN LIMIT 
STOP DRIVE 

AUTOMATIC STROKI NG 
VALVE V2 l1MIT STOP VALVE V34 MAIN VALVE BLOCK 

Figure 6-9. Train Receiver-Regulator Mk 18 Mod 5,Valve Compartment 
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Stabilizing piston P 1. The stabilizing pist on P1 
is located In the valve block in the center of the re
ceiver - regulator valve compartment (fig. 6-9). Pis 
ton P1 acts t o change the pivot point in the stabilizing 
linkage L2, thereby affecting the response of the am
plifier piston P3 to the move ment of the fine synchro 
valve V3. The arrangement prevents ove rtravel and 

l ·SPEED TRAIN RESPONSE 

~m,,/ 
.§' I, 

,;:0 
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I SPEED TO 
COMPUTER DIFFERENTIAL 

/ BLOCK K 

0,~~g~H \ 

/ 
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CRAN K PIN INVERSE RANGE 
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Figure 6-1 0. Train Receiver-Regulator 
Mk 18 Mod 5 Parallax Computer Drive 
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oscillation of the turret about the t rain or der signal, 
The stabilizing valve V1 regulates the porting of regu 
lator control pressure to the chambers of the stabiliz 
tng piston Pl. 

Amplifier piston P3. The amplifie r piston P3 
(fig. 6-9) I S located 10 the valve block in the cente r 
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 r e
turn V3 to neutral. P3 acts through the stabilizing 
linkage L2 to position the automatic stroking valve 
V2. In coarse synchro control, regulato r control 
pressure is ported directly to P3 to drive the turret 
at full speed toward its s ynchronized pOSition, 

Amplifier linkage Ll. The amplifier linkage L1 
(fig:---6::~n Is located 10 the upper r ight portion of the 
receiver- regulator va lve compartment. The upper 
end of L1 is connected to the rotor of the fine (36 -
speed) s ynchro, and is pos itioned by rotation of the 
rotor. The opposite end of L1 is connected t o the 
amplifie r piston P3. Synchro rotor movement acts 
through Ll to move the fine s ynchro valve V3 . Am
plifying movement of P3 acts back thr ough L1 to move 
V3 back to it s original posit ion. 

Hydraulic vibrator. The hydraulic vibr ator (fig . 
6- 9), located in the center of the rece iver-regulator 
valve compartment, r uns on se rvo pressur e as a dou
ble - act ing, two-cylinder r eciproc ating engine . The 
device oscillates the amplifier piston P3 through a 
very small amplitude at about 30 cycles per second 
to prevent static fr iction in the valves and linkages. 
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PARALLAX 
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~~=:::!!!;----T-~--- l-SPEED SYNCHRO (0) 
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Figure 6-11. Train Receiver-Regulator Mk 18 Mod 5 Front View - Cover Removed 
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Control selector. The turret t raining control 
selector (flg. 6-15) IS a manually oper ated hydraulic 
valve t hat permits selection of AUTO or HAND con
t rol of the train power drive hydraulic t rammiss ion. 

Selector lever. The control selector unit is adja
cent to the train operator's station and is pr ovided 
with a selector lever. The lever is pos itioned by the 
train operator to the des i red method of control, indi 
cated on the lever pOSition dial plate by the selector 
leve r . The control selector valve V4 is posit ioned 
within the control selector valve block by rotation of 
the selector lever. 

Control selector valve V4. The control selector 
valve v4 IS located In the control selector unit, as 
shown in the schematic diagram of figure 6 -28. Ser
vo pr essure , admitted to the contr ol s elec to r valve 
block through port number 50, is ported by the syn 
chro failure valve VI I to the center s ection of V4 and 
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F igur e 6-12. Train Receive r -Regulator Mk 18 Mod 5 
Gear 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 po rted from V4 to t he t r ansfer acceleration limit
ing valve TALV, to the contr ol transfe r va lve V3B, 
aTld to the handwheel clutch. 
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Figure 6-13. Train Receiver-Regulator Mk 18 Mod 5 
P arallax-Compute r Range Limit Stop Device 
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Figure 6-14. T r ain Receiver -Regulator Mk 18 Mod 5 
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S~chro failure valve Vll. The s ynchro failure 
valve 11 IS located wlthm the control selecto r unit 
(fig . 6- 27) togethe r with the synchro failure s olenoid 
S3. The s ynchro failure valve Vll t ransfe r s cont r ol 
automatically to the t rain operator's handwheels in 
the event of a failure of s ynchro powe r. Should syn
chro power fail, the synchro failure s olenoid S3 is 
de - energized and a spring forces valve Vll to the 
r ight to cut off servo pressur e to the automatic con
trol elements. If the s ynchro power is restored, the 
control r emains with the handwheels until t he selec
tor leve r is moved to HAND and then back t o AUTO. 

Synchro failure latching valve V45. The synchro 
failu re latChing valve V45 is located within the cont rol 
s elector unit , adjacent to the control selector valve V4. 

LI NE 50 TO 

TRAINING GEAR 

When Vll cuts off servo pressur e and causes the s er
vo pressur e behind the s ynchro failu r e latching valve 
V45 to fail, V45 will move to the left under spring 
pressur e . As V45 moves to the left, it cuts off servo 
pressure flow through port numJer 10. When synchro 
power is res tored, se rvo pr essure cannot pass through 
V4 because V45 has remained all the way t o the left. 

Control t rans fer valve V3B. The contr ol t r ansfer 
valve v3B (fIg. 6-16 ), locat ed on the right side of the 
A-end, transfe r s turret t raining control from the train 
operator's handwhee ls to the receive r - regulator. When 
s ervo pressure is ported to V3B from the control s e 
lector unit, V3B is moved to the right against spring 
pressure. This connects the automatic st r oking valve 
V2 in the rec eiver-regulator to the str oking piston, 
th rough V3B. 
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Figure 6- 15. T rain Receiver -Regulator Mk 18 Mod 5 Selector and Synchro F ailu r e Valve 
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Transfe r acce le ration limiting valve TALV. The 
transfe r acceleratIOn h miting valve 'I'ALV (fIg. 0-17), 
located near the A- end , prevents exc essive tu rret 
train speed when s hifting from AUTO to HAND. In 
AUTO, servo pr ssure is ported to TALV from the 
control se lector to hold the valve open against its 
spring. When the selector lever is moved from AUTO 
t o HAND , the unbalanced valve TALV, bound against 
the side wall by servo pressure , c loses partly and 
restrict s flow in the line to the left chambe r of the 
stroking cylinde r P2. As soon as the turret synchro
nizes with the handwheels, the servo pilot valve V23 
cuts off servo pres sure to TALV which then is moved 
by it s spring to r emove the rest riction in the line to 
the stroking cylinder P2. 

Sump tank. The sump t ank (fig. 6-18) forms the 
base on WhICh the r eceiver-regulator is mounted . A 
rectangular box-like weldment, the tank has internal 
arrangements fo r two floats, a valve, a mercury 
switch 84, a sump pump float s witch 85, and two man
ifold blocks and pipes. Mounted on a foundation weld
ment, the tank is r aised s lightly above the electric 
deck between the A-end and electric motor. Ther e 
are two r emovable inspection covers on one side of 
t he tank and four flanged ports for hydraulic pipes 
on the opposite s ide of the tank. The tank, provided 
with a normally plugged drain hole in the bottom, is 
a receptacle for hydraulic fluid leakag a nd drainage 
from the receiver - r egulator valve block. 

Sump pump. The sump pump (fig. 6- 19) i s a s ep
arate motor-pump s et , located on the electric deck 
near the A-end. HydrauliC fluid leakage and drainage 
from the receiver-regulator valve block goes into a 
sump tank from which the flUid 1s pumped back to the 
expansion tank. Under normal conditions the sump 

LIN E 60 TO DRAIN 

pump (a rotary gear pump driven by a one-horsepower 
alternating current motor ) runs wheneve r the electric 
motor is rurming. The capacity of the pump is greater 
than the normal drainage int o the s ump tank; therefore, 
part of the oil is rec irculated back to the sump tank. 
Wheneve r the oil level becomes too low, the float 
operated sump pump valve V40 opens and pe rmits the 
pump discharge to r eturn to the sump ta nk to assure 
adequate oil s upply to the pump at al l times. If the 
s ump pump unit is not used for several days , oil may 
gradually fill the tank. Should the oil get abnormally 
high, the float -operated mercury switch S4 actuates a 
magnetic s witch 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 clos ing the sump pump emergency switch. 

If the sump pump should fai l , the sump tank will 
fill completely. Sump tank check valve V41 will 
close , s ealing the s ynchr o compar tment, and pres
sure will build up in the valve compartment. When 
the pres sure reaches eight pounds per squar e inch, 
the discharge oil will be forced through the check 
valve to the expans ion tank. 

Sump pump controller. The sump pump cont rolle r 
(figs . 6-20 and 6-21) I S mounted on the bulkhead at the 
elect ric deck, near t he training gear A-end. It con 
sists of a standard- type cont roller cas e, ins ide of 
which are a s hock-mounted switch panel, a line s witch, 
a control transformer , and necessar y interlocks. 
The cont roller contains four separate circuits which 
operate the s ump pump motors of the elevating gears 
for the right gun, the center gun, the left gun, and 
the tu rret training gear. Each cir ult is complete 
in itself. 

LI NE 11 TO A·END 
TRANSMISSION 
CONTROL CASE 

! 

1 
Figur e 6-16. T r ain Rece iver-Regulator Mk 18 Mod 5 Contr ol T ransfe r Valve 
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Figure 6- 17. Tr ain Receiver-Regulator Mk 18 Mod 5 
Transfer Acceleration Limiting Valve 
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REGULATOR 

MERCURY SWITCH 
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FLOAT FOR 
SUMP PUMP 

VALVE V40 

Figure 6-18 . Train Receiver-Regulator Mk 18 Mod 5 
Sump Tank 

TRAINING GEAR 

When the electric motor of the training gear power 
drive is started, the c orres ponding magnetic switch 
in the sump pump controlle r c loses the circuit to its 
sump pump. Each magnetic switch has two solenOids 
that are linked together mechanically and connected 
to the contact mechanism. One s olenoid is for 440 
volts and the other is for no volts. Either s olenOid 
can close the switch. While the power drive is oper
ating, the 440-volt solenoid is ene rgized from one 
phase of the main controller; therefo re, the sump 
pump operates whenever its power drive is ope rated . 

If the power drive is not operating and oil leakage 
fills the sump tank, a float- operated mercury switch 
closes a nO-volt circuit and thereby closes the mag 
netic switch by energizing the nO-volt solenoid. The 
nO-volt power is supplied by a transformer in the 
controller case . 

Firing stop mechanism 

The firing stop mechanism automatically opens 
the gun firing circuits and closes the signal light cir
cuits in zones of obstructed fire . The installation is 
the same in each turret and consists of thre e pairs of 
cam-operated SWitches, each composed of an elevating 
movement switch and a train movement switch. The 
switches are connected in s eries , and both switches 
must be closed befo r e the firing cir cuit for that gun 
is complete. Of the same deSign, all switches are 
two-circuit plunger - type inte r lock switches with the 
firing circuit no rmally closed and the signal circuit 
normally open. Each elevating movement switch is 
similarly located on the right deck lug of its gun. The 
plunger roller of the switch is pOSitioned to be contact
ed by an adjustable actuating cam mounted on the lower 
shield plate of the slide. The three cams have identi
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. 

SUMr PUMP 
MOTOR 

/ 
BASE PLATE 

1.IRCUIT 814 TO 
SUMP PUMP MOTOR 

CONTROLLER 

SHAn COVER 

DISCHARGE 
LINE (i') TO 

FXPANS!('f'! TANK 

INnK[ LINE 61 
r ROM ELEVATION 

RECElVER 
REG ULATOR 

SUMP PUMP 

Figure 6-19. Train Receive r -Regulator Mk 18 Mod 5 
Sump Tank 

6-19 

www.tinyurl.com/slover


OP 769 16 INCH THREE GUN T URRETS 

The signal light ci rcuit operates a multiple ar
rangement of red signal lights. These include s ignal 
lights at each gun laye r' s s t ation and a three-dial 
signal light indicator at the pOinter's and trainer 's 
stations . In addition, the re are three -dial signal 
light indicators at the train operator' s station and at 
the turret officer's station. T he warning s ignal sys 
tem is provided with a separate switch that functions 
simultaneously with, or s lightly before, the fi ring 
system switch. 

OPERATION 

Training gear control methods are substantially 
diffe r ent in the two control selections. Hand servo
control operat ion of the power drive when the control 
selector lever is positioned at HAND, is described 
on page 6 - 21 of this chapte r. The description of 
HAND control is illustrated in figures 6-22 to 6-26 , 
Autom3.tic servo-control operation, when the cont r ol 
s e lector leve r is positioned at AUTO, is described 
in other paragr aphs of this chapter . The desc ription 
of AUTO control is illustrated by figu r e 6-2 7. 

General hand and automatic cont rol 

In normal HAND operation, the t r a in order signal 
is r eceived in the train indicator. The train operato r 

Figure 6-20. T rain Receiver-Regulator Mk 18 Mod 5 
Sump P ump Control Unit 

6 - 20 

observes the gun train signal, as indicated by the 
pOinters in the train indicator, and compares that 
signal with the position of the turret. If there is a 
"matching error" in the pOinters, the train operator 
rotates the handwheels in a direction and at a s peed 
calculated to "match pOinters . " 

In AUTO operation, the receiver-regulator re 
ceives the t r ain order signal from a remote s hip's 
station. By comparing the train order signal with 
a mechanical indication of turret t r ain, the r eceiver
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 r educe the error, 

CONTACT 
POIN TS 

llO·VOLTS COI LS 

440-VOLT CO ILS 

ELEVATION 
RIGHT GUN 

ELEVATION 
CENTER GUN 

DOOR 
INTERLOCK 
SWITCHES 

TRAIN 

F igure 6-21 . Train Receiver -Regulator Mk 18 Mod 5 
Sump Pump Control Unit, Door Open 
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Figure 6-24. Training Gear Hand Control System Diagram, 
Constant Horsepower Control 
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CRV CONTROL RELIEF VALVE 
CV CHECK VALVE 
GV GATE VALVE 
PFV POWER FAILURE VALVE 
RRV REPLENISHING RELIEF VALVE 
TALV TRANSFER ACCELERATION 

LIMITING VALVE 
PO DRAIN PORTS 
P2 STROKING PISTON 
PI B CLUTCH OPERATING PISTON 

ELECTRICAL SYMBOLS 

SI NEUTRAL INTERLOCK SWITCH 
S3 SYNCHRO FAILURE SOLENOID 
S6 SERVO INTERLOCK SWITCH 

MECHANICAL SYMBOL 

B·END REtoNSE~, ...... ~ I ' l 

STROKE RESPONSE TO RECElVER·REGULATOR ~ > ,b TRAIN INDICATOR 

B·END RESPONSE TO RECEIVER·REGULATOR _ TRAIN HANDWHEELS 

SERVO PRESSURE 

CIRCULATING PRESSURE 

REPLENISHING PRESSURE 

DRAIN SYSTEM 

MAIN SYSTEM HIGH PRESSURE 

MAIN SYSTEM RETURN 

C2 CONSTANT HP CAM 

Figure 6-25. Training Gear Hand Control System Diagram, 
Right Train, Limit Stop Control 
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CV~ ~ NEUTRAL RETURN HAND PUMP 

/~ / TRAIN INDICATOR v P13 VALVE AND PISTON SYMBOLS STROKE RESPONSE TO RECElVER·REGULATOR ,~ 

- TRAIN HANDWHEELS V3B CON TROL TRANSFER VALVE B·END RESPONSE TO RECEIVER·REGULATOR 
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~ 
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V45 V4 SELECTOR VALVE '" PO 

\ TO PORT 50 
RECEIVER·REGULATOR 

TALV 
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PORT 21 V2 VALVE BLOCK I 
. RECEIVER-REGULATOR 

II 
'" TO PORT 20 V2 VALVE BLOCK 

RECEIVER-REGULATOR 

V4 CONTROL SELECTOR VALVE 
V6 CONSTANT HP VALVE 
V6A CONSTANT HP DIRECTIONAL 

CON TROL PILOT VALVE 
Vll SYNCHRO FAILURE VALVE 
V23 SERVO PILOT VALVE 
V27 SHUTTLE VALVE 
V28 MAIN SYSTEM RELIEF VALVES 
V31 STROKING PISTON TRANSFER VALVE 
V32 REPLENISHING VALVES 
V45 SYNCHRO FAILURE LATCHING VALVE 
CRV CONTROL RELIEF VALVE 
CV CHECK VALVE 
GV GATE VALVE 
PFV POWER FAILURE VALVE 
RRV REPLENISHING RELIEF VALVE 
TALV TRANSFER ACCELERATION 

LIMITING VALVE 
PO DRAIN PORTS 
P2 STROKING PISTON 
P1 8 CLUTCH OPERATING PISTON 

Sl 
S3 
S6 

ELECTRICAL SYMBOLS 

NEUTRAL INTERLOCK SWITCH 
SYNCHRO FAILURE SOLENOID 
SERVO INTERLOCK SWITCH 

MECHANICAL SYMBOL 

c==J HAND PUMP PRESSURE 

•• 11 DRAIN SYSTEM 

C2 CONSTANT HP CAM 

Figure 6-26. Training Gear Hand Control System Diagr~, 
Neutral Return Action - A-end Tilting Box 

on Strcite for Left Train 
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VI 
V2 
V3 
V3A 
V3B 
V4 
V6 
V6A 

Vll 
VI5 
V23 
V27 
V28 
V31 
V32 
V34 

o 
E 
H 
SI 

C2 
Ll 

VALVE AND PISTON SYMBOLS 

STABILIZING VALVE 
AUTOMATIC STROKING VALVE 
FINE SYNCHRO VALVE 
SYNCHRONIZING VALVE 
CONTROL TRANSFER VALVE 
CONTROL SELECTOR VALVE 
CONSTANT HP VALVE 
CONSTANT HP DIRECTIONAL 

CONTROL PILOT VALVE 
SYNCHRO FAI LURE VALVE 
SYNCHRONIZING PILOT VALVE 
SERVO PILOT VALVE 
SHUTTLE VALVE 
MAIN SYSTEM RELIEF VALVES 
STROKING PISTON TRANSFER VALVE 
REPLENISHING VALVES 
LIMIT STOP VALVE 

V40 SUMP PUMP VALVE 
V41 SUMP PUMP CHECK VALVE 
V42 PRESSURE REGULATOR VALVE 
V45 SYNCHRO FAILURE LATCH ING VALVE 
AV AIR VENT 
CRV CONTROL RELIEF VALVE 
CV CHECK VALVES 
GV GATE VALVE 
PFV POWER FAILURE VALVE 
RRV REPLENISH ING RELIEF VALVE 
TALV TRANSFER ACCELERATION 

LIMITING VALVE 
PO DRAIN PORTS 
PI STABiliZING PISTON 
P2 STROKING PISTON 
P3 AMPLIF IER PISTON 
PIS CLUTCH OPERATING PISTON 

ELECTRICAL SYMBOLS 

I·SPEED SYNCHRO 
36·SPEED SYNCHRO 
TEST SYNCHRO 
NEUTRAL INTERLOCK SWITCH 

CONSTANT HP CAM 
AMPLIF IER LINKAGE 

S3 SYNCHRO FAILURE SOLENOID 
S4 MERCURY SWITCH 
S5 SUMP PUMP FLOAT SWITCH 
S6 SERVO INTERLOCK SWITCH 

MECHANICAL SYMBOLS 

L2 STABILIZ ING LI NKAGE 
L3 SYNCHRONIZING LINKAGE 
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Figure 6-27. 16-inch Training Gear Mk 2 Mod 0 and 
Receiver-Regulator Mk 18 Mod 5 Hydraulic System, 
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Starting 

Perform the following operations when starting 
the main e lectric motor : 

1. Place the cont roller circuit -breaker lever 
at ON, 

2, P lace the train operator 's control selector 
leve r at HAND, 

3. Ascertain that the servo inte rlock and the neu 
tral interlock switches ar e closed, This condition is 
indicated by illumination of the neutral - start indicator 
light. 

4. P r ess the START-EMERG button. 

Stopping 

When s topping the t r a ining gear power drive, pe -
form the following oper ations : 

1. Place the train operator's control se lecto r 
lever at HAND, 

2, .Train the turret to the desired angle of train; 
s top handwheel r otation. 

3. Ascertain that the t ilting box is at neutral pos i 
tion. This is indicated by illumi.nation of the neutral
start indicator light. 

4. Press the STOP button. 

Hand control, servo operation 

F or s ervo operation in hand control, the train 
operator's s elector lever is positioned at HAND. 
With the e lectric motor in oper ation, and the power 
drive correctly adjusted, the theory and performance 
of the c ontrols are: 

Controls neut r al. With the t raining handwheels 
at rest , the following conditions exiSt (fig. 6-22). 

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

2. Hydraulic fluid is de livered by the servo pump 
(at servo pressur e) to the power failure valve PFV, 
to the c ontrol selector valve , and to the control case 
through the r e lief bypass valve . 

3, Opened by its s olenoid, PFV admits servo 
press ur e t o t he cylinder s of the B-end brakes . 

4. Servo pressure ported to the control case is 
blocked at the constant hors epower valve V6, at the 
constant horsepowe r directional control pilot valve 
V6A, and at t he servo pilot valve V23. 

5. Servo pressure is blocked in the control selec
tor by the synchro failure valve Vll. 

6. Replenishing pressure is maintained to the re 
plenishing valves V32 in the A-end valve plate to keep 
the main system filled with hydraulic fluid. 

Nor mal control training right. With the power 
drive In oper atIon (controls neutral, as shown in fig
ure 6-22), the turret is trained t o the right by turning 
the handwheels down and away fro m the operator. The 
following actions occur (fig. 6-23 ): 

TRAINING GEAR 

1. Handwheel motion is trans mitted through the 
clutch and differential t o the fr ee end of the contr ol 
linkage , to move the linkage to the right. 

2. Servo pilot valve V 23 is displaced to the right 
by its spring, admitting s ervo pressure flow t hrough 
the stroking piston trans fer valve V31 to line HP13. 

3. Servo pressur e from HPl3 is po rted by the 
cont rol transfe r valve V3 B t o the right chambe r of 
the stroking piston P2, to drive piston P2 t o the left. 
The left chamber of piston P2 drains through HP12 
via V3B, TALV, V31, and V23 into the control case. 

4. As the tilting box is moved to stroke position 
by P2, the pivot end of the control linkage m oves t o 
c enter valve V23 when the degree of A-end t ilt corre 
sponds to handwheel motion. As the A-end tilting box 
is displaced to a stroke position, the B-end units are 
hydraulically driven to rotat e the turret. 

5. When V23 is centered, servo pressure through 
HP13 is cut off. At constant handwheel input speed, 
B-end response combines with handwhee l input to keep 
V23 centered. P2 and the A-end tilting box remain 
displaced an amount equivalent t o handwhee l speed. 

6. Increas e in handwheel speed causes an increase 
in A- end tilt through further movement of P2. 

7. Decrease in handwheel speed combines with 
B-end response t o move the control sc rew in the op
posite direction. This moves V23 to r ever s e the pres
sure and drain connections t o P2, and drive the tilting 
box back t oward neutral s troke. 

8. If main system pressur e r ises too high, it dis 
charges directly into the low s ide of the main system 
through the main system r elief valves V28. 

9. Normal leakage will caus e the main system 
return pressure t o drop below the setting of the re
plenishing valve V32, When this occur s , t he syst em 
is replenished by the r eplenishing pump thr ough V32. 

10. When the handwheels are stopped, B-end re 
sponse r otates the differential screw to corr ect its 
original displace ment by handwheel input. Respons e 
rotation restore s the contr ol linkage to neutral and 
the t:llting box to neut ral stroke. 

Constant horsepower control. If the combination 
of A-end stroke and main system high pressure r e
qUires the elect ric motor to deliver mor e than the 
desired horsel?ower, the constant horsepower device 
takes control (fig. 6-24). When this occurs: 

1. Main system high pressure, fr om the A-end 
valve through line HP-l4 to the left end of the constant 
horsepower directional control pilot valve V6A, forces 
V6A t o the r ight against its spring. The sp r ing setting 
is controlled by a cam-operated plunger that is posi 
tioned by A-end tilt. 

2. With V6A to the right, se r vo pressure is ported 
to the left end of the stroking piston transfer valve V31, 
to force V3l to the right . From the left end of V31 ser
vo pressure is ported t o the r ight end of the c ontrol 
transfer valve V3B (to move it to the left ) and also to 
the spring end of T ALV t o hold it open. 

3. In its new pos ition V3l blocks normal flow of 
servo pressure fo r r ight train by blocking servo pres
sure from V23 t o line HP13. Servo pressure is ported 
through the r ight end of the constant horsepower valve 
V6 t o the left s ide of P2 thr ough T ALV and V3B t o 
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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 t he plunger and spring to 
shift V6A to the left against main system pressure. 
When this occurs, the related mechanisms return 
to their normal position (fig. 6-23), and the servo 
pilot valve V23 takes control from V6A and V6. 

Limit stop control. If handwheel operation is 
contlriued m one dIrection until the turret is approach
ing its positive stop, the limit stol? in the control case 
mechanism stops the handwheels (fig. 6-25). When 
this occurs: 

1. B-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 press ur e through V3I, 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. 

2. This action builds up pressure{approximately 
100 pounds per square inch ) to move the stroking pis 
ton transfer valve V31 to the right. Hand pump pres 
sure from V23 is blocked by V3l in this position. V6 
is held to the right or left by the linkage from the A
end tilting box. 

3. The positions of V3l and V6 port the hand 
pump pressure thr ough V3B or through TALV and 
V3B t o one end or the other of the stroking piston to 
drive it back to neutral from its stroke position. Fig
ure 6-26 shows hydraulic circuit conditions when re
turning the A-end tilting box to neutral from a left 
train on-stroke position. 

4. When the tilting box is returned to neutral, 
the pivot of the cont rol linkage moves V6 to its center 
pOSition, cutting off pressure flow to the stroking pis
ton and increasing the resistanc e to hand pump opera
tion. 

5. Hand pump operation is now stopped. This 
permits V31 to return to its no rmal position. The 
power drive is ready for normal operation. 

Receiver-regulator control, 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 circuit are as follows: 

1. Servo pressure is delivered t hrough the power 
failure valve PFV to the B -end brake release cylin
ders. Servo press ure to the control case valve block 
is blocked by the cente r landS of V23 and V6. 

2. Servo press ure is also delivered directly 
from the cont rol pump to the control selector and 
to the automatic stroking valve V2. 
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3. Servo pressure from the control selector is 
delivered through Vll and V4 to the clutch operating 
piston PIS to disengage the handwheel to the transfer 
accelerating limiting valve TALV t o hold it down 
against its spring, and to the control transfer valve 
V3B to move V3B to the right against spring pressure. 

4. Servo pressure from the automatic stroking 
valve V2 is delive r ed to the hydraulic vibrator for 
oscillation of the amplifier piston P3, and to the pres
sure regulator valve V42, where it is r educed to regu
lator control pressure. This control pressure is port
ed to the stabilizing valve VI and to the synchronizing 
pilot valve VI5, the synchronizing valve V3A, and the 
fine synchro valve V3. 

Automatic control. When the turret is within 
three degrees of synchronization with turret train 
order, the fine (36-speed) synchro E (fig. 6-27) con
trols automatic operation of the r eceiver-regulator. 
With gun train order for right train, the follOwing 
occurs: 

1. The fine synchro r otor turns an amount corre
sponding to the "error" between turret position and 
turret train order. Its motion is transmitted through 
amplifier linkage Ll 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 pa. 

3. Regulator control pressure moves P3 to the 
right a distance corresponding to, but greater than, 
the movement of V3. This movement is transmitted 
through Ll to return V3 to neutral. At the same time, 
the motion of P3 is t ransmitted through the stabilizing 
linkage L2 to the stabilizing valve Vl and the automat
ic stroking valve V2. 

4. The stabilizing valve VI ports control pressure 
from V42 to the stabilizing piston P1. This moves PI 
to the right and changes the pivot of L2 to modify the 
action of P3 on V2. Without this action, the s ystem 
would overtrave l and oscillate about a stationary gun 
train signal. This action makes V2 move an amount 
that will limit the delivery of servo pressure to P2. 

5. V2 moves to the left and ports servo pressure 
to the right side of P2 through the control transfer 
valve V3B. 

6. B-end response is combined with parallax 
correction in a differential, which drives the stator 
of the fine 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 VI and PI, which operat~ in con
junction with B-end response to bring the gun smoothly 
into synchronized position and to hold it the re . 

Coarse control. Becaus e the fine (36-speed) syn
chro E bas IdenhcaI signals 10 degrees of train apart, 
turret position could agree with the synchro and still 
be 10 degrees away from the gun train order . The 
coarse (I -speed) synchro D prevents this. Its rotor 
is 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 D has turned 
far enough to move (through the s ynchronizing link
age L3) the synchronizing pilot valve V15 to port 
regulator cont rol 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 V3A 
ports r egulator cont rol pr essure directly to P3, 

3, Acted upon by r egulator control pressure for 
the full length of its travel, P3 operates the automatic 
stroking valve V2 through stabilizing linkage L2. 
Servo pressure is ported t o t he stroking piston P2 by 
V2, t o force the A-end t ilting box to maximum dis
placement. 

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

5. As s oon as turret position is within three de 
grees of gun train order , Vl5 and V3A move to re
store control t o the fine s ynchro E. 

Limit stop operation. The l imit stop device has 
two elements of data in Its input, which are turret 
position and training speed. Turret position is ob
tained from B-end respons e input, but is not sufficient 
for smooth, even stopping from all speeds to a definite 
position of rest. Training speed is obtained from 
stroke r esponse input, which is used as the speed in
put t o the limit stop device. The stroke response is 
added to the turr et response through a differential 
gear within the receiver- regulator case. The output 
of the differential turns the limit stop device, which 
moves the limit stop valve V34 t o move V2 in such a 
direction as to drive the stroking piston back t o 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 r es ult is a nearly uniform de
celeration and a definite stop, regardless of the speed 
of the turr et. 

Transfer acceleration limiting control. When 
the c ontrol s elector is shilted from Au'I'O to HAND 
with t he turret position not in correspondence with 
the bandwheel position: 

1. Servo control valve V23 ports servo pressure 
e ither through V3l and V3B to the right end of P2 
(right train) or through V3l, TALV, and V3B to the 
left end of P2 (left t rain). 

2. Servo 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 
is hydraulically unbalanced and is held against °ts 
side wall in a partially open position by pressure in 
the line between V3B and P2. 

S. Restriction in the V3B - P2 line prevents full 
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. 
T ALV moves to full open position t o permit P2 to fol 
low handwhee l input without restrtction. 

Synchro supply failure. If synchro power fails in 
AUTO, the control s elector unit transfers itself to 
HAND control without movement of the control selee 
tor lever. When synchro power is restored, the con
trol remains in HAND control until the selector lever 
is moved to HAND and then back t o AUTO. This pre 
vents the turret from moving without warning when 
synchro powe r is restored. If synchro power fails: 
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1. SolenOid S3 is de-energized. 

2. Synchro failure valve Vll is moved to the 
right by its spring. This cuts off servo pressure to 
the selector valve V4 and the space behind s ynchro 
failure latching valve V45. 

3. With no servo pressur e from V4 to the hand 
wheel clutch operating piston PlS, vaB, and TALV, 
the syste m automatically shifts its elf to HAND control. 

4. V45 is moved t o the left by its spring. This 
aligns the ports of V45 with the lands of V4 s o 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 it to hold it in that posi 
tion. Shifting the selector lever to AUTO ports ser
vo pressure through V4 to V3B, TALV, and Pl8 t o 
restore turret contr ol to AUTO. 

INSTRUCTIONS 

General instructions 

The turret train powe r drive is to be operated and 
maintained, inc luding periodic exerCise, adjustment, 
and lubrication, in acc ordance wit h the regulations 
of the Bureau of Ordnanc e Manual, the instructions 
below, and the directions contained in chapter 17 . 

At installation, the training gear is adjusted and 
checked for proper operation. It should give little 
trouble if properly maintained. Periodic inspection 
of the equipment will help prolong its life and eff ec 
tiveness. In many instances , a visual inspection will 
suffice. It is not r ecommended that any part of the 
eqUipment be disassembled fo r inspection only. The 
visual inspection should include: 

1. Alignment of shafting 

2. Electric and hydraulic connections 

3. 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 precautiOns 

The following operating precautions must be 
observed: 

1. Before attempting to start the power drive 
electric 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 sync:hro receivers are energized, and that 
turret position is in approximate agreement with 
turret train order. 

3. The train operator must remain at his sta 
tion whenever the powe r 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 be shifted to 
HAND before stopping the powe r drive. 

5. Before operating the equipment, check the 
fluld leve l at the expansion t ank to make sure the re 
is sufficient hydraulic fluid in the s ystem. As a fu r
ther precaution, check the fluid level immediately 
after the elect r ic motor has been started and at inter
vals t he r eafte r. If there is an appreciable drop of 
fluid level between checks, the supply must be replen
ished. 

6. Make sure that the equipment is functioning 
pr ope rly when shifting fro m one type of control to 
another. 

Prepar at ion for operation, To prepare the train
ing gear for oper ah on: 

1. Re lease and withdr aw the turret centering pin. 

2. P e rform the ''Before oper ating" lubrication, 

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

4. Check the lubricating oil in the reduction gea r. 
Fill with approved lubricant to the speciiied level. 

5. Verify that the filters ar e clear. 

6. Make sure that the tilting box is at neutral. 
This is indicated by an illuminated neutral stroke 
indicator light in the START-EMERG STOP switch. 

7. Make sure that all pe rsonne l are clear of the 
turret power drive and t r aining areas. 

8. P osition the control selector lever at HAND. 

The electric motor may now be star ted by press
ing the START -E MERG button. 

Before operating under load. 

1. Run the moto r until the hydraulic liquid is at 
no rmal operating temperature . 

2. Ve r ify that the power-off s olenoid has been 
energized and that the brakes are released. 

3. Operate the handwheels slowly t o ve rify nor
mal HAND control. 

4. Ve r ify that the t raining pinion gear lubricating 
system is pumping oil. 

5. Operate to both limit stops, Ver ify normal 
limit stop action. 

Shifting t o automatic cont rol. To place the turret 
in automatic control: 

1. Sta rt the electr ic motor (obs erving all normal 
precautions ) with the contr ol s elector lever at HAND. 

2. Ve rify that the receiver -regulator is receiv
ing a signal. This is indicated by the synchro powe r 
indicating light in the control selector. 

3. Match painters . 

4. Move the control s elector leve r to AUTO. 
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General servicing instructions 

When ins talling, overhauling, or servicing the 
powe r drive ass embly and its connected units, the 
fo llowing gene ral inst ructions should be complied 
with: 

1. Couplings must not be dr iven or forced onto 
main shafts of e lectric motors , r eduction gears, or 
hydr aulic units. A heavy blow on the end of a shaft 
may damage the bearings or gears. 

2. When units are be ing levelled or vertically 
aligned, use flat shims (rather than wedges) to assure 
full support of the unit. 

3. Do not flush hydraulic pipes of hydraulic eqUip 
ment with keros ene . These components must be main
tained in accordance with the regulations of the Bureau 
of Ordnanc e Manual and the directions contained in 
chapte r 17 of this ordnance pamphlet. 

4. Do not start the electric motor until all equip
ment is properly lub ricated and the hydraulic s ystem 
is ve rified to be full. 

5. When pipe flanges , fittings, or Dther units are 
disconnected and open, covers must be inst alled to 
prevent the e ntrance of foreign matter. These covers 
s hould not be removed until reassembly is begun. 

Hydr aulic oil. The power transmission fluid t o 
be used ill tJlel1ydraul1c s ystem is designated as 
51F21 (Ord) . When the hydraulic s ystem is init ially 
filled, and when replenishing, t he fluid should be 
poured t hrough a fine mes h s trainer of at leas t 200 
wires to the inch. Cheesec loth or rags must not be 
used as a str ainer. New hydraulic assemblies should 
be drained after 15 hours (or less) of operation. The 
hydraulic system s hould then be thoroughly flus hed 
with new 51F21 (Ord) and refilled with fresh 51F21 
afte r the flushing is completed. A test inspection 
and analysis of an oil sample from each syste m should 
be performed mont hly. If ther e is any evidence of 
sludge , water, or acidity:, the s yst em must be drained, 
flushed with new 51F21 (Ord), and refUled with fresh 
51F21 afte r the flushing is completed. 

1. Disconnect t he coupling between the A- end 
an the reduction gear, so t hat the r eduction gear 
(and replenishing pump) may be run without operating 
the A-end. If it is not expedient to uncouple the A
end drive shaft , oil may be run into t he syst em from 
the expans ion tank by gravity, 

2. F ill the housings of the A-end and B -end units . 
Remove the fille r cap of the expansion tank and con
tinue pouring flu id into the t ank until the oil level 
remains constant at the high -level t rycock. Loosen 
the pipe plugs on the t op fac e of the A-end valve 
block fo r subs equent venting of t he system. Start 
the elect riC mot or and allow it to run fo r a few sec
onds , stop the motor, and repeat the start- stop pro 
cedure several times. Check the fluid level contin 
uously at the low-level t r ycock of the expansIon tank. 
F luid should be added to the expansion t ank as needed 
to maintain t he level while fluid is being pumped into 
the main hydrauliC lines by the supercharge pump. 
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C ontinue t he pumping and the start-stop procedure 
until the fluid (free of air ) flows out of the pipe plugs, 
and the system is completely vented. 

3 . Reconnect the coupling between the A-end and 
the reduction gear; the unit is now r eady to ope rate. 

The t ransmission system can be drained by open
ing t he drain-pipe plugs in the bottoms of both B-end 
hous ings and the A-end housing. In addition, open the 
pipe plugs in the valve plates of both the A- end and B
ends. 

If the transmission s ystem Is to be flushed , follow 
the procedures outlined on page 6- 24 of this chapter. 

T o fill the auxiliary pump unit on the reduction 
gear, remove the fille r plug at the top of t he unit and 
fill with 51F21 (Ord). A drain plug is provided at the 
bottom of t he auxiliary pump unit. 

Reduction gear oil, filling. The r eduction gear 
housmg should be filled to the prop er level with 11.25 
gallons of heavy mine r al oil, Navy Symbol 3065. The 
proper oil level, indicated by an oil level gage mark, 
is read with the unit at rest. Leakage and overheat 
ing may occur if excessive oil is put int o the unit. If 
ove r heating is indicated in the unit, che ck the oil lev
e l. If the reduction gear continues to overheat with a 
p r ope r oil level, check the unit and shafts for mis
a lignment. The reduction gear requires no special 
maintenance care except as follows : 

l. Re move the air vent and clean the screen 
semiannually. 

2. Drain and replace the oil with fresh oil semi 
annual1y. 

3. Remove the inspection cover f r equently to as
certain that the oil is being circulated. 

Inspect gearing lubrication. The input shaft gear
ing ass embly and pedestal mput gearing assembly 
have oil sump reservoir s that are fil1ed and replen 
is hed through oil cup fitt ings . Each unit r eqUires two 
quarts of light mineral oil, Navy Symbol 2135. 

1. Keep the units filled to oil cup level. 

2. Check the oil level weekly. 

3. Drain and replace with fresh oil semiannually. 

4. Inspect the units frequently to ascertain that 
the oil is being circulated and that the pump is not air
locked. 

5. Check the r esponse input shaft bearing with 
the uppe r side plate removed. 

T ransmission tests, inspections, and exercise . 
The hydraulic system 1S to be serv1ced atter iriltilil 
ins tallation as follows: 

1. Tighten all pipe and shaft connections and 
bolts after the fi rst week of operation. 

2. Drain the system, flush with new oil, and 
refi ll after the first month of se rvice or 15 hours 
of operation. This operation is essential to r emove 
any for eign matter r esulting from initial run- in of 
the new equipment. 
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3. Check and clean the oil filters. 

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

Lubrication. All valve gear and the rotating 
groups of t he A-end and the B-ends are lubr ic ated by 
hydraulic fluid. This flu id inc ludes a rust inhibitor 
to preserve t he enclosed parts from corrosion. It i s 
therefore important that the fluid be checked f requent
ly to make certain it is clean and free of water. Other 
parts of the t raining gear requi r e application of lubri 
cant s at the locations and at the periods specified by 
the lub r ication charts. The charts do not include in 
structions for lubrication of certain parts under Bureau 
of Ships cognizance. The efficiency of these pa rts af 
fects performance of t he training gear drive. Dat a as 
to appropriate lubrication of these units ar e as follows: 

Lubrication of roller carriage. Extreme pr essure 
lubricant 14-G - 9 (Ord) IS prescnbed for lubrication 
of the r olle r carr iage . F resh lubricant should be ap
plied quarterly; t he need for replenishment should be 
checked after eve r y four hours of turret train opera 
tion. 

Lubrication of holding-down clip. The contact 
s urface of the lower ro ller track that is opposed to the 
holding-down clips must be coated with grease 14-G-9 
(Ord). The greas e should be replenished after ever y 
four hours of turret train operation. 

Worm and wormwheel lubrication system. Worm 
gear lubricant NAVORD OS 1400 IS prescnbed for the 
lubrication system of the worm and wormwheel hous
ing. The system should be dra ined , flushed clean, 
and filled with new oil annually. 

Rack and pinion lubrication. The teeth of the train
ing pimon an.d rack must be coated with extrem e -pres 
sure lubricant 14-L-8 (Ord) every four hours of tu r ret 
t rain operation. The lub r icant should be removed with 
solvent and fr esh lubricant should be applied at least 
once annually. 

Cont rol and replenishing pr essures. The control 
(servo) pressu re s hould be between 300 and 400 pounds 
per squar e inch, and the replenishing (supercharge) 
pressur e should be app roximately 40 pounds per s quare 
inch . If the pres sures are not within the desi r ed ranges, 
make adjustments at the control and replenishing relief 
valves. Remove the valve cap, loos en the locknut , and 
screw in the adjusting screw to increase the pres sure , 
or screw out to decrease the pressure. 

Maintenance care - hydrauliC system. When pipe 
fittings , flanges , or other units of the hydraulic s ys
tem are disconnected and open, keep the openings 
cover ed to pr event the entrance of foreign matter. 
Do not r emove such protection until reasse mbly. For 
complete inst ructions for care and maintenance of t he 
hydraulic syste m, see chapter 17. 

Reduction gear coupling. The coupling between 
the main electn c motor and the reduction gear (type 
14F AS) 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 
a s follows : 

1. Place covers on the shafts before pressing or 
shrinking t he hubs on the shafts . P ress or shrink the 
hubs on their r espective 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. 

3. 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 a lignment should be maintained within 
0.003 inch. 

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

5. Fill the spaces and the gap between the coupling 
faces with as much gr ease as possible. 

6. Assemble the grid spring in the grooves. 

7. Pack the spaces between and around the grid 
spring with as much lubricant as possible. Fill the 
coupling to its limit with proper lubricant for proper 
functioning. Clean the inside of the cover pIeces 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 

Locating and correcting turret training gear trou
ble requires a thorough understanding of the equip
ment described in this chapter. There should be no 
exception to the rule that: 

CASUALTY CORRECTION IS NEVER 
TO BE ATTEMPTED BY ANYONE 
NOT COMPLETELY F AMILIAR WITH 
T HE EQUIPMENT. 

The causes of various troubles which may occur in 
the turret t raining gear are given in the paragraphs 
below. The t r ouble diagnosis is in a sequence that 
avoids 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 possibilities: 

1. Check the position of the tilting box. If the A
end tilting box is in a stroke position, the servo inter 
lock and the neutral interlock switches are open and 
the neutral -start indicator light will not be illuminated. 
The starting circuit cannot be c losed until the tilting 
box is on neutral st roke. The tilting box can be re 
turned to a neutral position by operating the hand 
pump of the neutral return device. 

2. Check the cont roller, circuit breaker, and 
fus es . If the circuit breaker is tripped, remember 
that the circuit b r eaker 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- return hand -pump lever fails to 
build up pressure, check the following possibility: 

1. Check for air in the pipe line. A usual indica
tion of air in the pipe line is noisy and je rky operation 
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of the hand pump lever. Loosen the flange fitting of 
the discharge pipe and rotate the pump lever until 
the pump is clear of air. 

Hand pump does not move the tilting box. If oper 
ation of the neutraI-return hand pump bun dS up pres
sure but fails to move the tilting box, check the fol
lowing possibility: 

1. Check the stroking piston t ransfer valve V31 
for sticking. If V3l is sticking, it may block hand 
pump pressure and prevent the pressure from reach
ing the servo cylinder to position the t ilting box at 
neutral stroke. Free the valve so that it may operate. 
Check the valve spring. 

Noisy operation of auxiliary pump. If the auxil
iary pumps are noisy during normal operation of the 
power drive, check the follOwing possibility: 

1. Check for air in the suction line. Air 1n the 
hydraulic system is usually indicated by noisy opera
tion. The system should be vented and the oil level 
in the expansion tank should be verified. Replenish 
the oil supply if necessary. 

Noisy operation of hydraulic units. If the hydrau
lic units are noIsy during normal operation, check the 
follOwing possibilities : 

1. Check for air in the unit. Air in the hydraulic 
system is usually indicated by noisy operation. The 
system should be vented. Replenish the oil supply if 
necessary. 

2. Check the replenishing pressure. 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 coils. Check the 
valve seats for Bcoring at regular intervals. 

Tilting box movement sluggish. If the tilting box 
movement is sluggiSh during normal operation of the 
power drive, check the following possibilities: 

1. Check the control pump pressure. In a mal
function of this type , a clogged filte r is often found 
to be the s ource 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 s ticking. 

3. Check the pipe lines and connections for indi
cations of leakage. Make necess ary repairs. 

Constant horsepower device does not function. If 
the constant horsepower deVice fai ls to funchon during 
normal operation of the power drive, check the follow 
ing possible s ources of trouble: 

1. Check for a sticking valve. Disassemble the 
valves in the control case mechanism and inspect care
fully for scoring and b roken spr ings. 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. 
Disassemble the shuttle valve and inspect for sticking. 
Remove the cause of sticking and reassemble. 
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B - ends overshoot when stopping suddenly. If the 
B-ends ove rshoot when makmg a sudden stop of the 
train movement, check the following pos s ibilities: 

1. Check the control s ystem pressure. In a mal
function of this nature of the powe r drive , a c logged 
cont r ol s yste m filter is often found to be the s ource 
of trouble . Check and clean the control filte r at regu 
la r periods. 

2. If the filter was operating pr operly, increase 
the pressure adjustment of the control pressure re 
lief valve. 

Oper ation irregular at slow speeds . If the power 
drive operation at s low speeds IS Irregular , check 
the following possibility: 

1. Check for air in the main system. The system 
should be vented and the oil level in the expansion tank 
should be verified. Replenish the oil supply if neces 
sary. 

2. B-ends "hunt" or oscillate s lowly with hand 
whee l statIonary. If the B-ends os cI IIate WIth the 
handwheels stationary, check the following poss ibili 
ties : 

1. The te mperature of the hydraulic oil may be 
too low. When the oil is cold, its higher viscosity 
will increase t he effect of the s ervo pilot valve port 
a nd pe rmit s light hunting of the valve and tilting box. 
This effect should disappe ar as the oil warms up after 
a short period of operation. 

2. Check the response shafting from the B -end. 
Verify that the shafting is properly cOIUlected and 
that there is a minimum of lost motion in the gears 
and shaft. 

Power failure devices do not function. If the re 
is a malfunction on the part of the power fai lure de
Vices, check the following s ources of trouble : 

1, Check the solenoid-operated power failure 
valve . Verify the free action of the valve and its 
actuating solenoid crank. If neces sary, disassemble 
the valve and inspect. Remove the cause of sticking. 

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

3. Check the pipe lines and connections fo r indi 
cations of leakage. Make necessary repairs. 

Turret oscillation. If the turret oscillates about 
a statIonary SIgnal, check the fo llowing possible 
sources of t r ouble: 

1. Check the respons e shaft ing from the right B 
end. Verify that the s hafting is c onnected proper ly 
and that the re is a minimum of lost motion and back 
lash in the gears and s hafts. Any lost motion or back
la sh will seriously affect ope ration. Sluggishness in 
r e sponse t o the handwheels and failure of the B -e nds 
to r emain s tationary are symptoms of lost motion. 
Check the handwheels and shafting connections to the 
A- end input shaft for lost motion. Care mus t be taken 
not to fit the parts too tightly when r emoving lost mo
tion. Too tight a fit could cause a binding action that 
1s as det rimental to proper function of the t raining 
gear as lost m otion. 

2. Check for air in the s t roking piston or main 
system. Loosen the lowest vent plug in the system 
and permit the air t o escape. Wh en a steady flow of 
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oil appears a t the vent, t ighten the plug. Repeat t his 
process fo r successively higher vent plugs in the sys 
tem. Verify the oil level in the expansion ''lnk and 
replenish if necessa ry. 

3. Check for lost motion in the receiver-regula 
tor gearing linkage, and connecting wire couplings. 
If repai r s are made, the parts must not be fitted too 
tightly. Smoot h operation without either binding or 
lost mot ion is required. 

4. Check the fine s ynchro valve V3, the s ynchro
n izing pilot valve V15, and the stabilizing valve V1 
for sticky operation. Malfunction on the part of any 
one of thes e valves would be indicated in turret oscil
lation while the s ignal is stationary. 

5. Check the duplex filt ers of the control and re 
plenishing systems . Subnormal pressure in either of 
these systems c ould cause turret oscillation. The 
filters s hould be cleaned and inspected at regular peri
ods . 

6. Check the hydr aulic Vibrator fo r correct f r e
quency of c r ankshaft rotation. Proper ope ration of 
the receiver -regulator requires about 3600 revolu 
tions per m 'nu te of the hydraulic vibrato r crankshaft. 

Turret runaway in AUTO. If the turret runs away 
when control IS shIfted to AUTO, check the following 
possible sour ces of t r ouble. 

1. Check the s ynchros for torque. The synchro 
torque will be very low if there is an open s tator lead. 
When checked by hand, the synchro crank will seem 
"soft" instead of rigid in trying to maintain corre
spondenc e. 

2. Check all e lectrical connections if a synchro 
is not as strong as it should be . If all c onnections 
are verified t o be s ecure and the indications of s yn 
chro trouble perSist , check the flat s prings on the 
synchro crank fl exib le drive assembly. Replace the 
faulty part. 

3 . Check the valve linkage in the rec eiver -regu
lator for loos e pins and connecting wires. 

4. Check the rece ive r -regulator valve block for 
sticky valves. 

ADIUSTMENTS 

General 

The equipment is adjusted and checked for satis
factory operation at the time of installation. Adjust
ments the r eafte r should be in accordance with the 
following instructions. 

Main relief valve 

Main system high pressure relief is obtained 
through adjustable spring p lunger type valves (fig. 
6-28) which operate to by-pass to the low pres 
sure transmission pipe. The valve in the left B
end va lve plate is high pressure r elief 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: 

1. Remove the valve cap. 

2. Insert shims (washers) in the valve cap, be
hind the valve spring, as needed to increase pre sure 
setting. Remove shims to lower pressure setting . 

3. Replace the valve cap. 

T he B-end relief valves were adjusted at the fac
tory to relieve at a pressure of 1525 pounds per s quare 
inch. 

Adjustment of control screw limit 

The control screw is designed to travel slightly 
beyond the pOSitions of full tilting box stroke. If the 
cont r ol screw reaches its stop position before the 
t ilting box reaches full-stroke pOSition, then the tilt 
ing box will fail to reach full stroke when it is moved 
to the other side. 

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

1. Stop the power drive. 

2. Dr ain the A-end until the oil in the contro l 
case is at a level that exposes the control case link 
age a nd valves. 

3 . Re move the top cove r of the cont rol case. 

4 . If the tilting box stroke was shor t of full stroke 
on c lockwise rotation of the s t r oke indicator , turn the 
adjusting sc rew of the servo pilot valve into the valve 
stem. 

5. If the tilting box stroke was short of fu ll stroke 
indicator, turn the adjusting screw of the s ervo pilot 
valve out of the valve ste m. 

6. Replace the top cover of the control case. 

7. Start the power drive and check the adjustment. 

F igure 6-28. Training Gear B-end Relief Valve 
Adjustment 
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8. Repeat the procedure until the control s crew 
t ravels beyond the full tilting box stroke in each di 
rection. 

Adjustment of trans mission limit stops 

The limit stop device is an arrangement of a 
screw with a t raveling nut which contacts positive 
stops for left and right train. 

T o adjust the transmission limit stops: 

1. Drain the limit stop hous ing by removing the 
side drain plug. 

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

3. Start the power drIve. 

4 . Operate t he handwheels slowly until the limit 
of t r in is r eached in one direction, then reverse 
handwheel rotation 1/2 turn. 

5. Stop the powe r dr ive . 

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

7. Rotate the handwheels in the direction of limit 
of tra in until the traveling nut reaches the stop. 

TRAIN LIMIT STOP 
ADJUS TlNG KNOB GEAR M GEAR 

F Igure 6-29. Train Receive r-Regulator Mk 18 Mod 5 
Adjus tment of F ine Limit Stop Spacing 
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8. Set the stop at the position of maximum travel, 

9. Connect the B-end response shaft coupling. 

10. Start the power drive and ope r ate the hand 
wheels slowly. Check the limit stop adjustment just 
m ade. 

11. Operate the handwheels slowly until the limit 
of t rain is reached for the other dir ection, t hen r e 
ve rse handwheel rotation 1/2 turn. 

12. Stop the power drive . 

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

14. Rotate the handwheels in the dir ection of limit 
of train until the traveling nut reaches the s top. 

15. Set the stop at the position of maximum t ravel. 

16. Connect the B-end re sponse shaft coupling. 

17. Start the power drive and ope rate the hand 
wheels s lowly. Check the limit stop adj ustment just 
m ade. 

18. Fill the limit stop housing with oil and rep lace 
the hOUSing cover . 

19. Stop the power drive. 

Adjus tment of constant horsepower device 

The constant horsepower setting, as made by the 
manufactur er, is equivalent to electric motor input 
of apprOximately 540 hors epower. The adjusting 
device (fig . 6-30) is a pilot valve that is opened by 
main s ystem pressure acting against sp r ing tenSion, 
which varies with the position of the cam and t ilting 
box. 

To adjust the constant ho rsepower device: 

1. Drain the A-end until the oil in the cont r ol 
case is at a level that exposes the linkage and valves. 

COVER ADJUSTING SCREW CASTLE NUT 

TRAINING GEAR 

2. Remove the top cover of the control case. 

3. Remove t he cotter pin from the adjusting screw. 

4. Turn the s crew in to increase horsepower, or 
turn out to dec rease t he horsepower input of the elec
tric motor. 

5. Refill the system. 

The original adjustment should not be changed if 
the unit is functioning normally. The adjust ment may 
be changed if the device is the cause of rough opera 
tion. 

B-end synchronization 

When the B-ends a re coupled to the training worm 
gears , the B- end d rive shafts are both rotated to the 
same position for synchronization before the couplings 
are secured. 

To synchronize the B-ends: 

1. Line up the shafts of the B -end and wor m gear 
to be coupled, so that the numeral "5 " (which indicates 
the pos ition of number five cylinder) stamped on the 
end of eac h shaft matches with the other shaft. 

2. Connect the coupling. 

Adjustment of B -end brake 

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

T o adjust the brake shoes: 

1. Start the power dr ive . 

2. Loosen the locknut on the brake shoe adju s ting 
s c r ew. Turn the adjus ting s crew in to pOSition the 
b r ake s hoe closer to the drum, to compensate for 
brake s hoe wea r, 

3. Tighten the locknut. 

4. Turn the adjusting nut of the brake release 
spring in for more positive brake release action. 

GUIDE PIN 

Figure 6-30. T r aining Gear Constant Horsepower Adjustment 
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Adjustment of synchro electrical zero 

The synchros are set to the input train order sig
nal by setting the synchro cranks at the proper posi-
tions on the r otor shaft. . 

To adjust for synchro electrical zero: 

1. Disconnect the turret response shaft coupling 
at the receiver-regulator. 

2. Start the power drive. 

3. Move the control s elector lever to HAND. 

4. Position the turret at zero train for turrets I 
and IT or 180 degrees for turret m. 

5. Stop the power drive. 

6. Have a gun t rain signal of zero for turret s I 
and IT or 180 degrees for turret ill transmitted to the 
receiver-regulator. 

7. Assemble the coarse (l-speed) synchro crank 
as nearly in its zero position as possible. Zero posi
tion for t he crank is that position at which the crank 
pin is located BELOW the shalt of the synchro and on 
the vertical centerline of the synchro when a signal 
is transmitted, as in step 6. 

8. Assemble the fine (36-speed) synchro crank 
as nearly in its zero position as possible. Zero posi
tHm for the crank is that position at which the crank 
pin is located ABOVE the shaft of the synchro, on its 
vertical centerline. 

The cranks, when assembled to the nearest posi
tion by the flexible drive , may be slightly off center. 
They must be accurately set by rotating the turret 
response shaft. Set the coarse synchro crank first. 

9. Check the checking dials for zero (or 180 
degrees) after the synchros are set. 

10. Check the parallax comput er for zero. Rotate 
block K s Ughtly through the adjustable hub until no 
motion of the yoke is produced by r otatIng the inverse 
range input shaft. 

11. Check the settings: 

(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 s haft). 

(3) Check the checking dials for zero (or 180 
degrees'). 

(4) Rotate the inverse range input shaft; note 
zero movement of compute r yoke. 

ADJUSTING 
NUT 

BRAKE RELEASE 
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~_~~_ LOCKNUT 
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Figure 6-31. Training Gear Brake Adjustment 
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