Chapter 1
GENERAL DESCRIPTION OF THE TURRET

Four ships, the U, 5,8, ITOWA, U.5.3,. NEW
JERSEY, U,S5.5 MISSOURI, and U, 8, 8, WISCONSIN
comprise the IOWA clags battleships, These ships
have main batteries consisting of three 16-inch 3-pun
turrets,

~ Main battery ordnance of each ship comprises
nine 16-inch bl-caliber turret-mounted guns which
are chambered for bagged powder charges and are
equipped with carrier-type breech mechanizms. The
guns, which may be fired at the rate of two rounds
per minute, have a maximum tange of approximately
41, 000 yards (refer to ballistics data, chapter 3, page

All three turrets of each ship are located on the
centerline, two forward and one aft of the super-
structure., The gun house of turret II extends above
the level of the first superstructure deck, The tur-
ret III gun house is higher above the maoin deck than
the gun house of turret I, Turret distances from the
ship's bow and from the base line to the gun trunnion
axes are listed in the turret emplacemsnt data helow,
Turret positions and the large arcs of train provide
fire concentration of nine guns on either beam, six
forward, and three astern.

Purpose

The main battery crdnance design provides for
accurate firing of either armor piercing or high capac-
ity projectiles at targets which include surface zhips
and shore installations, Armor plercing projectiles
are capable of penetrating up to 18 inches of armor
plate. High capacity projectiles, fired al ships and
shore installations, are fuse-set to detonate on con-
tact or at a predetermined time,

Ship class

The IOWA class battloships have an overall
length of 888 feet, a bearm of 108 feet, and o max-
Imum dravght of 34, 8 feet., Ships of this class have
a standard displacement of 45, 000 tons (approximate-
Iy 5%, 250 tons full load displacement) and are capable
of a speed in excess of 32 knots, Extensive hull belt
and deck armor protect the turrets and engine room
spaces below the main deck level.

Emplacement data

Distances of the turret centers (turret vertical
axes) from the ship's bow, and the gun trunnion axes
above the base line (34, 6 feet below the waterline)
are tabulated below, The limits of gun elevation and
depression and of furret train are given in chapters
& and 6 respectively,

TURRET EMPLACEMENT DATA

Turret Mumbear Vertical Axis

Trunnion Axis

(feet from bow) (feet ahove

base line)
I 224 a0, 75
IT 296 GY. 25
111 B42 B3, 00

Turret arrangements and differences

Virtually identical, each turret comprises a gun
house and rotating structure, a barbette and fiﬁeg
structure, magarines, and ordnance installations,
Thase differ only in minor details, adapting each
turret to its ship location and the fire control plan,
The gun house, 50, 63 feet long with 2 maximum
width of 36 feet, 15 mounted above and attached to
the rotating structure. Cylindrical and conical in
saction, with 2 maximum diameter of 35 feet, the
rotating atructure is supported by a roller path and
conaists of six floor levels. Turret II has a seventh
floor level which is a part of the fixed structure.

The rotating structure, protected on top by heavy
armor plate of the gun house, is enclosed within the
upper and lower barbette sections, Cylindrical and
made of heavy armor plate, the upper barbette and
armor deck plates proteet the rotating structure,
roller path, and foundation. The three upper bar-
bettes, each 37, 25 feet in diameter, have different
heighis because of trunnion axis elevation differences,
Conical and made of heavy steel plate, the lower bar-
bette is a supporting structure for the upper and dif-
fers in height for each turret,

Components

Eaeh turret conzists of the styuctural unite and
equipment installations listed below and describad
In following paragraphs of this chapter.

List of design components:

Structural assembly
Rotating structure
suspended structure
Turret roller bearing
Fixed structure

Ordnance installations
Gun and slide assemblies
Gun laying equipment
Projectile stowing and handling equipment
Ammunition hoist and gun loading equipment
Fire control egquipment

Auxiliary installations
Power supply
Ilumination supply
Ventilating system
Sprinkling system
aprinkling system, electrical

Communications

Depression and train stop signal system
{eircuit DS)

Intra-turret emergency alarm (circuit RA)

Traln warning signal system {circuit TW)

Turret announcing system (circuite MC)

Battle telephone system (circuits JA)

Supplementary telephone system (eireuit XI)

Sound powered telephone and voice tube call
hell eyatem (cireuit E)

Ship's service telephone system (circuit J)
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INTumination

Genaral turret illumination
Instrument illumination

Rangeflinder de-icing
Gas ejector supply

TEom o

The structural agsembly comprises the fixed
gtrugture, the turret roller bearing, and the rotat-
ing and suspended structures, Rr;-tafhie, the two
latter structures are attached to each other and are
supported by the fixed structure, These two struc-
tural members bear directly on the turret roller

bearing which is between the fixed and rotating struc-
tures,

The fixed structure, described on page 1-7
consists of parts built into the ship to support and
protect the rotating structures, These parts are

the foundation bulkhead, barbette, and other fixed
elements,

The turret roller bearing, described on page 1-8
15 the movable support for the rotating parts,

The rotating and suspended structures, described
in the following paragraphs, are the parts that seat
on the roller bearing. rdnance and auxiliary instal-
lations are mounted in and are enclosed by these
rotating parts which ineclude the gun house and the
structure bepeath it,

Rotating structure, The rotating structure (fig,
1-1) i= an assembly of steal weldments that weighs
owver 2000 tons with ordnance and auwxiliary units in-
gtalled, It iz a six-level structure erected In the
form of a rectangular gun house above 4 cylindrical
assembly of five levels, The height of the structure
from the powder handling platform to the top of the
gun house is 53, 75 feet for turret I, 62, 25 feet for
turret I, and 51, 26 feet for turret 101,

The six deck levels of the rotating structure are
identified as follows; the shelf plate at the bottom
of the gun house, the pan floor at the bottom of the
pun pits, the electric deck (machinery floor) beneath
the gun pits, two levels called the upper and lower
projectile flats, and the powder handling platform
at the lowest level, These deck levels are joined
together by cylindrical and conical bulkheads, and
gun girder weldments between the shelf plate and
eleciric deck, Below the electric deck another cyl-
indrical bulkhead extends to the lowest projectlle
flat. A central column within the latter eylindrical
bulkhead extends from the machinery floor to the
powder handling platform. The column, the conleal
bulkheads, and the cuter edzes of all deck plates be-
low the sheli plate are concentric with the turret
center of rotation. This arrangement - together
with the welded construetion of all plates, girders,
and bulltheads - tiea the entire rotating structure
together in one rigld unit, It divides the turret
into its principal functional spacesa of gun comparf-
ments, machinery compartments, and ammunition
handling compartments, The followlng overall meas-
urements include these spaces:

GENERAL DESCRIPTION OF THE TURRET.

Dimensions, Rotating Structure

Vertical distances, feet

Powder handling platform to lower
projectile {lat

TurrEt I ] B [ ] + & i " I 11" ll:l

'I"HI'!“E‘t II ¥ CR ¥ @ 0 Foo# B 0 19' Eﬂ.
4 Turret M1 PRI g, 60

owear projoectile tto er

Ffﬂj‘ﬂfﬁil[’! flﬂ.t LI T 1uF:pr W N B ¥ IT'TE'
Upper projectile flat to machinery

floor (eleetrie deck) |, |, . : g, 40

Machinery floor to pan [loor i G T, 45

Pan flocr to shelf plate, SRR | i ]

Shelf plate to turret roof | . 10, 00
Gun house length, feet, . 50, G2
Gun house width, feet ., , . , . . . 39, 85
Pan floor diameter, feet, , . . . 94,58
Electric deck diameter, feet , . . . , 29, 67
Upper projectile flat diameter, feet, , 28,12
Lower projectile flat diameter, feet, 28,12
Cylindrical bulkhead between machinery

floor and lower projectile flat,

diameter, feet. . . oo e, IA00
Powder handling platform diameter,

fEEt ¥ i L] 13 # i " r L] L] L] L] " - [ lg 4 ED
Central column inside diameter, feet . 4, b0

Cun house structural plan, The space between
the gun house roof and the pan fleor is subdivided by
portable plates, flame barriers, and structural mem-
bers, Comprising the turret officer's compartment,
the =sight stations, and the %,;.m room compartments,
this apace is 21, 25 feet high and is formed and sub-
divided by the following design arrangements,

Gun pit details, Extending vertically above and
gupported by the pan floor are flve major components
of the turret (fig. 1-5)., These are the enclosing con-
ical bullthead and the four gun girders, Longltudinally
parallel and vertical, the gun girders divide the gun
pit into three gun pockets,

Each gun pocket is six feet wide and ia 15, 5 feat
deep from the trunnicn centerline to the pan [loor,
There ig an 8, 35 -foot long trough-like depression in
the pan floor parallel to and aft of the turret trans-
verse centerline. A part of the gun pocket, this is
2.75 fest deep and provides clearance space for the
Ipader's platform when the gun is at full elevation.
Varving in length within the curving end walls, the
approximate lengths of the gun pockets are 22 fest
for the wing guns and 25 feet for the center gun. The
gun girders that form the parallel sides of the pockets
are different design types, The outer, or wing, girders
are plate structures and the center units are box gird-
er weldments,

Wing girders isoclate two small spaces, which
form ventilation trunks, between thelir outboard sides
and the conical bulkhead., In each space vertical
plates transversely placed and welded between the
bulkhead and the wing girder stiffen the girder and
the pan floor,

Each box girder is a unit consisting of two par-
allel plates with web bracing and vertical plates
transversely placed and welded between the parallel
plates; In the spaces between the parallel plates,
the powder hoist trunks rise to the gun room com-
partments. Both box girders have provisions for
access to the powder hoist machinery spaces and
the trunnion bearings.
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All four Fm girders, covered with cap plates,
extend 4, 25 feet above the shelf plate. Portable ver-
tical plates above the cap plates provide flame bar-
riera and access for powder hoist machinery remov-
al. Two parallel structural members of the forward
portion of each box glrder extend toward the turret
raof to positions immediately behind the front plate.
A structural member of the forward end of each wing
girder extends to a similar position behind the front
plate. These structural members are aligned to
locate the positions of the deck lugs as deseribed on
page 4-1, chapter 4,

The four gun girders have six vertical structural
members that extend rearward horizontally gbove the
shelf plate to the gun house rear pkate. These struc-
tural members, parallel cantilever beams which are
connected to each other by vertical web bracings,
provide attachment for the shelf plate,

Gun house detalls. The shelf plate, attached to
the above-described gun pit structure, rests on the
conical bulkhead, It extends beyond the conieal bulk-
head, over ing slightly at the front and sides and
14, 50 feet at the rear, Cut away in the area between
the wing girders and conical bulkhead to provide.a
clear opening above the gun pits, the shelf plate ex-
tends 5. 40 feet into the rear of the enclosure of the
conical bulkkhead, Flat throughout most of its area,
the shelf plate forms a floor in the sight control ata-
tions and is bent up 13 degrees and 8 minutes along
a line parallel to and 24, fﬁ feet aft of the turret
tranaverse centerline,

Parallel to the flat portion of the shelf plate and
2, B0 feet above it, are the floor plates which form
i flooring In thé turret officer's and wing pun room
compartments, This flooring has both fixed and
ortable sections and is broken to provide for instal-

ation of the rammer assemblies and rangelindar
carriage,

Under the floor plates the cantilever beams and
braces, together with the shelf plate, form & rigid
box structure, This structure is designed to receive
and support the gun house armor at its outer edges,
and, in the space between shelf and floor plates, to
?crlzg;}'nm&date units of the ventilating aystem (fig.

The gun house rood plates are supported 6, 26
feet above the floor plates by four 10-inch trans -
verse beams, These are supported by three trans-
verse webs and the gun house transverse bulkhead,
all of which rise vertically {rom the shelf plate.
With the ahelf plate and armor plates, the webs,
beams, and bulkhead constitute the gun house struc-
ture.

Armor. The armor plates consist of eleven
pieces shaped, fitted, and bolted together to form
an integral structure, Their identities and thick-
nesses are;

Front plate, inches . . . . . . . . . 17.00
Front gide plates, right and left,

5L -] S R A PR 0 ST s | |
Rear side plates, right and left,

i“ches- F AR T T 1- PR o4 @ m om wm mow gp Eﬂ
Hear plate, inches, , . ., . . . . . . 12.00
Roof plates, inches

g e - S ) 1 |
Front intermediate . , . . . . . . . 7.25
L - o T LS R R o R e I
Rear intermediate . . . . . ., , . . T.25
BOAL -6 so wia i Woe 0 E0E gkl eR

The gun house outside arrangements include at-
tached foot and hand rails, ladders, and platforms.
Thege attachments differ for the three turrete. The
armor front and side plates slope inward at the top;
the rear plate is vertical.

The armor openings of the three turrets vary some-
what. Eachiurrethas 11 virtually identical openings -
three gun ports, two access openings, four sight hood
openings, and two periscope openings. Turrets II and
I, however, each have two additional openings for the
rangefinder hood. Inaddition, on all ships of the class
Turret I has a hole in its rear roof plate lor electrical
cables to the antiaireraft mount on its top; on some
ghips of the clasg Turret I also has a hole for a simi
lar mount. Access openings in allturrets are located
in the shelf plate overhang. These and all other open-
ings arelitted with gasket geals or bucklers which make
the gun house a weather and gas sealed enclosure.

Gun ports. Arrangements for sealing the three
gun ports comprise fixed and moving parts (fig. 1-2).
These consist of a weldment of splinter plates on the
rear gide of the front plate, shield plates on the gun
slide, and a buckler {made of three-ply rubberized
fabric) on the outside.

Attachment of the buckler to the front plate is
provided for by a frame angle which encircles and
iz bolted Lo the gun port in the frontplate, The
buckler, clamped to the frame angle by a galvanized
steel band, is distended by three expansion tubes
{(one at the top, two at the bottom)., The inside of
the buckler has arrangements for lashing it to the
tubres which are free to move as the gun elevates or
depresses. An additional clamping band attaches
the front end of the buckler to the forward end of the
gun glide eylindrical gun cover,

UFPER SHICLD PLATE CLAMPING BAND
b

BUCKLER

CLAMPIMG
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TUBES
1'_I
0 )
LOWER SHIELD PLATE SPLINTER PLATE FRONT PLATE

Figure 1-2, Gun Port Arrangement
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Gun house subdivisions. The gun house interior
is subdivided into six compartments (fig. 1-8) by
Interior arrangements which include the transverse
bulkhead and webs, the plates and flame barriers
above the gun girders, and the access doors in these
structures, Thesze gun house interior arrangements
also isolate the powder hoist trunk and machinery
apaces, and the hoist operators’ stations,

The turret officer's compartment is formed by
the tranaverse bulkhead 17,0 feet aft of and parallel
to the turret tranaverse centerline and by the armor
zide and rear plates, Forward of the transverse
bulkhead the three gun room compartments are form-
ed by the gun house side plates and the plates, f{lame
barriers, and transverse weba that rise vertically
to the gun house roof above the gun girders and shelf
plate, The two sight control stations are separate
compartmenta, lselated from the wing gun rooms by
the tranaverse webs between the side plates and the
plates above the wing gun girders,

Accegs to thege 3ix compartments s provided by
the following arrangements. The turret officer's
compartment 18 accessible through a hateh in the bot-
tom of the overhang. 5ix doors In the transverse
bulkhead permit entrance Into the three gun room
compartmenta and the three powder holst operators’
atations, An additional door In each transverse web
provides access to the sight control stations, Lad-
ders at the rear of the gun pits permit passage to
the pan floor level,

suspended strueture. The rotating structure that
extends below the pan floor is a suspended structure
that is isolated from the gun house and gun pits ex-
cept for three flame tight hatches, one in each gun
plt, Comprising the four lower levels of the turret,
the structure 15 suspended from the pan {loor and
the upper roller path,

Upper roller path, The upper roller path (fig.
1-5] iz a forged steel ring, 34,50 feet in diameter,
gsecured to the pan floor beneath the conleal bulkhead,
Concentric around the train axis with the conical
bulkhead, the upper roller %ath 1= the upper race of
the turret roller bearing., The bottom face of the up-
per roller path is a machined horizontal bearing sur-
face 16, 0 feet below the gun trunnion axis, The sus-
pended structure of turret I hangs 32, 0 feet from
this bearing surface to the level of the powder han-
dling room (40, 50 feet in turret II; 20, 50 feet in
turret III).

Suspended structure details, The suspendad
structure comprises the following units: the electric
deck and enclosing eylinderical bulkhead, the upper
and lower projectile flats and circular bulkhead, the
ceniral column, and the powder handling platform.

The central column is a continuous ateel column
fastened to and supporting the electric deck at its
upper end. It passes through the powder handling
platform and both projectile flats and supports these
structures in addition to the electric deck. Between
the lower projectile flat and the electric deck, a cir-
cular bullkhead provides additional support for the
three floor structures it connects. On the projectile
flat levela the bulkhead has cutaway sectionz which
provide access to the projectile flat machinery spaces
from the projectile handling spaces. The powder

handling platform, supported by the central column,
provides support for the lower ends of the powder
hoist trunks, These rise upward to the gun room
compartments and pags through both projectile flats
(within the circular bulkhead), the electric deck, and
the pan floor,

Both the upper and lower projectile flats are
identical in compartment subdivisions and space
arrangements, Each projectile flat is separated
into two compartments, inner and outer, by the cir-
cular (cylindrical) bulkhead, Enclosed within the
circular bulkhead, the 17, 0-foot diameter inner com-
partment is the projectile ring power drive machin-
ery space, The outer compartment iz subdivided
into three concentric, ring-shaped platforms with
the outer ring attached to the fizxed turret foundation,
The inner ring, which may be rotated independently
in either direction, is mounted on rollers that are
suppurted by the turret rotating structure, A part
of the turret rotating structure, the center ring is
the projectile handling platform and provides support
for the three pmi&etile hoist tubes, The top surfaces
of all rings are flush with each other, Each inner
ring (ealled projectile ring) s an integral platform
weldment with a low cvlindrical coaming mounted
around the inner edge, The platform provides suffi-
cient space for stowing two concentrie rows of pro-
Jectiles and is arranged with chain lashings and other
details shown in figure 7-1,

A ¢ross web of cantilever I-beams, passing
through the circular bulkhead, supports the inner
compartment {loor plates and the inner and center
rings of each profectile flat, It is a heavy duty struc-
ture, cross braced by other beams and stiffened by
the platform plates, This portion of the suspended
atructure 18 designed to ecarry the great weight of
stowed prolectiles and loaded projectile hoist tubes
without apparent deflection. The upper and lower
projectile flat construction is similar, the only differ-
ences being the sizes and locations of the powder
hoist trunk and projectile hoist tube apertures.

The circular bulkhead between the pan floor and
electric deck encloses a space 29, 67 feet in diameter,
This space is vertically subdivided into five compart-
ments by the gun girders and a transverse bulkhead
within the c¢ylindrical bulkhead, Longitudinally ar-
ranged, the electric deck compartments comprise
2 void compartment in addition to one compartment
for each elevating gear and training gear power drive,
Access to these compartments is provided by cutaway
sections and arches in the gun girders and by ladders
to adjacent floor levels, The transverse bulkhead,

10, 50 feet forward of and parallel to the turret trans-
verse centerline, isolates the training pinions from
the electric deck compartments, This is a ripid
structure braced with a circular intercostal girder
that ia concentric within the eylindrical bulkhead,

Vertical portable ladders in the forward part of
the projectile flat center ring give access from one
projectile flat to the other, BSteel rings attached to
the rear of the central column permit passage to the
powder handling room from either projectile flat, All
hatches are of the raised non-{lame-tight type except
the hatch between the lower projectile flat and powder
handling room. This is a raised flame-tight type hatch,

The removal and installation of equipment in lower
turret spaces is provided for by portable plates in
the inner projectile flat compartmenta, These are
arranged in vertical alignment,
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Bkirt plate. A cylindrical plate extends from the
bottom of the pan floor into the electric deck space.
Called the circular skirt plate, it-i=s a tight fit within

the enclosing cylindrical bulkhead of the electric deck.

A structural element, It provides for riveted attach-
ment of the suspended structure to the rotating struc-
fure,

Turret roller bearing. The rotating structure
turns on the roller bearing assembly (fig. 1-3). This
unit is supported on a lower roller track unit of the
fixed structure described on page 1-9,

Bearing comnonents., The turret roller bearing
comprises 12 rollers assembled in 12 cage sectors
of 6 rollers each. Attached together by inner and
outer ring butt straps, the sectors form a 360 degree
bearing ring with an oulside diameter of approximate -
ly 356 feet,

Rollers, All rollers are identical steel forgings
made with integral flanges. Each is 22,70 inches

s

R e e

long across the [langes with a roller track contact
surface between flanges of 17,58 inches In length.
These are tapered rollers with maximum diameters
across the lnner and outer flanges of 14,25 and 15, 1%
inches, respectively, Weighing 546 pounds, each
roller is drilled, bushed, and fitted with a gpindle
bolt which locates and retains the roller in a precise-
ly allotted position in the cage sector.

Cape sectors, The cage sectora are identical in
their construction, but differ as to the assembled
positions of the six rollers retained by each. Thia
difference applies to variations in the spaces between
the axes of the 18 rollers in each of four ldentical
gquadrants. In each quadrant of three 30-degree sec-
tora, the spaces between rollers vary by increasing
increments that are constant for each sector but
differ in value for the three sectors {fig. 1-4), In
gector number 1, the distances between rollers in-
erease clockwlse by increments equal to four minutes
of are, in sector nmumber 2 by six minutes of arc,
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Figure 1-3, Turret Roller Carriage Arrangement
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and in sector number 3 by eight minutes of arc, This
design arrangement is to prevent roller path deforma-
tion from developing at the points of roller contact —
a condition that would develop under firing and sea-
way load strezses if the roller spaces were agual,

_____ The cage sector and turret
structure arrangements provide for inspection,
lubrication, and replacement of rollers without
dismantling the turret, Openings in the cylindri-
cal bulkhead (enclosing the electric deck space)
permit access to any and all rollers from inside
of the electric deck space, by training the turret.
To remove a roller the turret must be trained to
one of six different angles {dEpendia? upon which
sector the roller is to be removed from) to line
up the desired sector with the access oponings
in the cylinderical hulkhead, The inner ring of
the sector is removed through an access opening
after the roller spindle bolts and the inner ring
bolts of the left and right separators are removed.
The rollers above the portable section of the lower

S

roller track are then separated and the track section
removed, Number 3 r{}ijler may be removed and
remaval of the remaining rollers follows without dis-
turbing the outer ring,

Fixed structure, The fixed, or non-rotating,
turret structure comprises the turret eircular founda-
tions, powder handling flat, lower roller track, base
casting, and barbette, These components are shown
in fipures 1-1 and 1-8,

Turret circular foundations, Turret circular
foundations differ for the three turrets. Each is a
cylindrical and conical steel weldment, 37, 25 feet
in diameter at the bottom, which tapers to a 34, 10-
foot diameter at the top. The weldment i3 supported
and secured at the ship's third platform deck in tur-
rets I and II, and at the second platiorm deck in tur-
ret M1, The weldmeont extonds upward 29 fect above
the third platform deck in turret I and 88, 60 feet in
turret I1. In turret 0OI the weldment extends upward
27,50 feet above the second platform deck.
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Figure 1-4, Cage Sector and Roller S8pacer Details
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GENERAL DESCRIPTION OF THE TURRET

Each clreular foundation is a stand for the lower
roller track (described below), In addition, it is an
enclosing bulkhead for the projectile flats and the an-
nular handling space, It also provides attachment for
the training stops, flame seals, and powder scuttles,

There are two positive training stops, These are
iocated near the top of the circular foundation (fig.
1-3) in the way of the training buffer.

The flame seal, located beneath the lower pru!enu
tile flat, isolates the powder handling room from the
rest of the turret, The seal, an angle bracket formed
into a complete ring, is mounted on the coneentric
circular bulkhead enclosing the powder handling room,
The ring mates with a complementary ring at the bot-
tom of the lower projectile flat to provide a mechani-
cal barrier, This arrangement permits free turning
of the turret.

There are six powder passing scuttles in the lower
part of each circular foundation (four scuttles in tur-
ret I} that align with similar scuttles in the powder
handling room circular bulkhead. In addition, there
are two watertight doors in each circular foundation
that align with similar doors in the circular bulkhead,
These arrangements provide access and communica-
tions between the powder handling room and maga-
zines, The scuttles are manually rotated, horizon-
tally positioned cylinders, They transfer powder
bags (singly) from the magazines to the annular han-
dling space and {rom this handling space to the pow-
der handling room. During this transfer procedure
a mechanical seal {8 maintained between the turret
and magazine compartments,

Powder handling flat, At the bottom of the circu-
lar foundation, a ring-shaped [loor atructure forms
the powder handling flat. The floor plates of the
flat, flush with the powder handling platform of the
rotating structure, form a working area 4, 50 feet
wide in front of the scuttles,

Lower roller track, The lower roller track is

& ring-shaped weldment of box-section (fig, 1-3)
which is attached to the top of the cireular foundation,
Machined after Installatlon, the top of the roller track
i= a bearing surface of the same form, finish, and
Size as the simllar surface of the upper roller path
(34, 50 feet in diameter). The inner face (roller
flange surface) is a true cylindrical surface concen-
tric with the roller paths and the axiz of the rotating
structure. 3ix portable roller track gections, keved
and tapped for accurately seating and securing to the
weldment, provide for roller bearing access and re-
moval. The weldment is also keyed and tapped for
accurately seating the six segments of the annular
training gear power drive, 18 a 360-degree of 210
teeth and 350, 29-inch pltch diameter,

BHase casting. The lowest element of the fixed
structure is the base casting., This 18 a [langed
and hollow pintle of 4B8-inch diameter, 15 Inches
high, that i= secured below the platform level of
the powder handling room. Accurately centeved
beneath the turret center of rotation, it i3 a dual
purpose component that aligns the rotating struc-
ture and leads in the communications, power, and
air supplies. The casting extends into and pro-
vides a radial bearing for the lower end of the
central eclumn, A ring-shaped insulation bushing
horizontally placed at the bottom prevents the elec-
trical cables from chafing,

Barbette. The barbette 1s made in two sections,
The upper barbette is an assembled cylinder of heavy
armor plate comprising seven cylindrical segments
in turret I, twelve segments in turret I, and eleven
segments in turret III, These segments, joined by a
gpecial welding procedure, form a built-in unit that
encloges the turret above the second deck, With an
ingide diamoeter of 37, 25 feet, the upper barbette ex-
tends vertically upward through the main deck to a
plane two inches below the shelf plate, The ship's
three l? er barbettes have different heights because
of the different heights of circular foundations. This
dimension of the barbette 18 142, 16 inches for turret
I, 253.03 inches for turret I, and 178, 02 inches for
terret II. Armor plate thicknesses vary from a stand-
ard 17.30 inches for all turrets to 11, Eﬂyinchea at the
front and rear sides, Upper barbettes are supported
at their lower edges by the 4, 75-inch thick second
deck armor and the lower barbette,

The lower barbette is an assembled conical cylin-
der of heavy steel plate comprising elght cylindrieal
segments. These segments, joined by tapered keys,
form a built-in unit that encloses the turret between
the second and third decks. With an outside diameter
of 40, 50 feet at the bottom (39, 67 feet at the top), the
ship's three lower barbettes have different heights
because of the different heights of circular foundations.
This barbette dimension (maximum) s 140. 08 inches
for turret I, 118, BB inches for turret I, and 109, 88
inches for turret II. With a plate thickness of approx-
imately three inches, the lower barbettes are support-
ed at their lower edges by the third deck,

Ordnance installations

The ordnance installations mounted in the turret
rotating structure (described on page 1-3) comprise
the units shown in figures 1-1 and 1-5 and in the tur-
ret floor plans (flgs, 1-6 to 1-10 inclusive). These
installations are of the following types and design
identities.

Ordnance types., Each turret ordnance asgsembly

comprises units of the following types:

Gun and slide assemblies

Gun laying equipment

Projectile stowing and handling equipment
Ammunition hoist and gun loading equipment
Fire control equipment

Ordnance design identities, Ordnance eguipment
of the above types include one or more units of the
Iollowing 18-inch design identities,

GUN AND SLIDE ASSEMBLIES, 16-INCH

Gun Mk T Mod O

Beech Mechanism Mk 4 Mod 0
Firl@ Liogk Mk 14 Mod O

Gas Ejector Mk 5 Mod D

Yoke Mk & Mod 0

2lide Mk 6 Mod 0

Deck Lug Mk 7 Mod 0

GUN LAYING EQUIPMENT, 16-INCH

Training Gear Mk 2 Mod 0

Train Receiver-Regulator Mk 18 Mods 3,
6, and T

Elevating Gear Mk 5 Mods 0, 1, and 2

Elevation Recelver-Regulator Mk 10 Mod 0

1-9



OF 764 16 INCH THREE GUN TURRETS
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GENEHRAL DESCRIPTION OF THE TURRET

PROJECTILE STOWING AND HANDLING
EQUIPMENT, 16-INCH

Projectile Ring Mk 2 Mod O
Parbuckling Gear Mk 1 Mod O

AMMUNITION HOIST AND GUN LOADING
EQUIPMENT, 18-INCH

Projectlle Hoist Mk 8, Mods 0, 1, and 2

Rammer Mk 5 Mod= 0, 1, and 2
Powder Holst Mk 9 Mods 0 to 8 inclusive

FIRE CONTROL EQUIPMENT

16-inch Sight Mk 4 Mods 2 and 3
Zight Setters Indicator Mk 3 Mods 2, 3,

4, and 5§
Gun Elevation Order Tranamitter Mk 2
Mods 0 and 1

Gun Elevation Indicator Mk 33 Mods 3 and 4

Turret Train Indicator and Transmitter
Mk 37 Moda 4, 5, and 6

Multiple Turret Train Indleator Bk 12
Mods 5, 6, 7, and b

Computer Mk 3 Mod 2

Rangefinder Mks 52 and 53 Mod 0 *

Rangefinder Stand Mk 52 Mod 0 *

Firing Circuit Mk 3 Mod 0

Lighting Circuit Mk 3 Mod 0

Telescope Mk 66 Mod 0

Battle Order Indicator Mk 28 Mod ¢

Turret ordnance assembly references, The exact
number and identity of each of these turret assembly
components are listed in the tabulations of 16-inch
Turret Assemblies appended at the back of this book.
Theze liste include references identifying the Fire
Control Equipment Lizts of Drawings of Assemblies
and the Turret Ordnance Equipment Lists of Draw-
ings of Assemblies for every turret installation of
the IOWA class,

Turret ordnance location arrangements, All
osrdnance items lsted above and on page 1-5 are
mounted in the rotating structure as indicated in
the following description of the turret floor levels,

Gun _house ordnance arrangement. The location
arrangement of the gon house ordnance eguipment is
shown in flgure 1-6, In addition, the positions and
relative sizes of some elements of the ventilating and
sprinkling systems (pages 1-18 and 1-19) are shown,

In the gun house are located all units of all three guns
texcept the forward portions of the (barrels), the rammers,
projectile cradles, andthe upper doors of the powder
hoista. Inaddition, thisspace encloses components of
the fire control equipment. Theseare grouped inthrea
locations as follows: The turref officer's compartment
and identical left and right sight conftrolstations, The
latter two eachhave asight setter's indicator, a pointer's
and atrainer’s telescope, anda gun elevation order
transmitter. Inthe turretofficer's compariment are
the rangefinder, multiple turret train indicator, turrat
officer's and turret captain's indicator panels and perl-
acopes, auxiliary compuler, transfer swilchboard, and
communicationfacilities. Theseare identified in the
descriptions of the {ire control arrangements (page 1-1G6}.

®Turrets II and III only

Within the box girder weldments are the powder
hoist power drives and the hoist operators' atations.

Apcess to the gun house 1s provided by the large
hatch toward the rear of the gun house overhang., The
small hateh ig for emergency use,

Pan floor ordnance arrangement, The location
arrangement of the pan floor o ce equipment is
ghowa In figure 1-7, In the pan floor spaces (gun
pockets) are the elevating gear B-ends and oscillating
bearings, Within the box girder weldments and above
the pan floor level are the training gear B-ends and
brake assemblies, The wormwheel and pinions are
in & separate compartment forward of the center gun
pit together with training and elevating gear expan-
glon tanks, The powder hoist trunks are enclosed
and rige within the box girder weldments, The upper
portion of the projectile hoists and the primerman's
platformes are in the rear part of each gun pit.

Electric deck (m ry flpor), The location
arrangement of the pan floor ordnance equipment is
shown in figure 1-8. In the electric deck spaces be-
tweon the wing gun glrders and box girder weldments
are left and right gun elevating gear and projectile
hoist power drive components and left and right gun
layera' stationa, The space between the two box
girder weldments contains training gear power drive
components and the main pump of the center projec-
tile hoist, Within the right box girder (accessible
through archways) are the center gun elevating gear
power drive components and gun layer's station, and
the right powder hoist trunk, Within the left box
girder are components of the center projectile hoist
power drive, The prefectile hoist tubes rise through
the rear part of 2ach space between gun girders,

Fire control equipment in the electric deck spaces
includes the elevation indicators, turret train indica-
tor and transmitter, and other accezsories at the gun
layvers' and train operator's stations,

Upper projectile flat ordrance arrangement,
The location arrangement of the upper projectile flat
ordnance equipment ia shown in figure 1-8, In the
projectile flat space within the clreular bulkhead are
the projectile ring power drive components, the pow-
der hoist trusks, parbuckling gear mofor, power
drive electric controllers, and the central column
and wiring recess, The projectile fiat space between
the cireular bulkhead and eireular foundation is divid-
ed into three concentrie rings {two projectile stowage
rings and & handling ring), The handling ring has six
gypay heads of the parbuckling gear, and three pro-
jectile hoists and loading apertures, In addition there
are projectile ring and hoist control stations and an
access hatch. The projectile rings are fixed and ro-
tating stowage areas, the rotating (inner) ring being
provided with a centering pin. FProjectiles stowed on
the ringa are lashed in position,

Lower projectile flat ordnance arrangement, The
arrangement of the lower projectile flat ordnance
equipment 18 similar to that of the upper projectile
flat with respect to the ammurition holsts, parbuck-
ling pear, and projectile ring power drive inatallationa,
Projectile stowage is the same on the inner rings of
each, Outer ring projectile stowage is different for
the three turrets as described in chapter 7.
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Within the circular bulkhead, the arrangement of
power drive electrlec controllers differs from that of
the upper deck,

Powder handling flat ordnance arrangement, The
location arrangement of the powder handling flat ord-
nance equipment is shown in figure 1-10, In the ro-
tating platform are the lower ends of the three powder
hoist trunks with thelr lower doors and loading trays,
The central column passes through the center of this
platform which is centered within a fixed platform,

A part of the fixed turret structure, this platform is
enclosed within a ecircular bulkhead which is equipped
with powder passing scuttles., The fixed platform
alzo has powder bag immersion tanks, Additional
powder passing scuttles are arranged in the circular
foundation to allgn with those in the eircular bulkhead,

Ordnance designs

The turret ordnance designs listed on page 1-D

have the following design features and characteris-
tics,
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LLEWATING SCREW
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Gun and slide gﬁg%lﬂiea_ The assembled ar-
rangements of a gun and slide assembly are shown
in fipurea 3-1 and 4-4, This assembly comprises
the following:

Gun

Breech mechanism
Firing lock

Gas ejector

Yoke

dlide

Deck lug

Gun, The gun is a rifled lght weight type 16-inch,
S0-caliber design. Built-up, it consists of a liner,
tube, jacket, hoops, locking rings, a lner locking
ring, and a voke ring, The gun is chambered for a
bag charge and is equipped with a carrier-type breech
mechanliam,

Breech mechanism, The breech mechanism is of
the rotating plug and swinging carrier type with clo-
sure of the breech by a breech plug and obturator
unit asgemhly. The breech plug and mating acrew
box liner are segmented with stepped screw threads.
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Figure 1-7,- Ordnance Equipment on Pan Floor - General Arrangemant - Plan View
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Firing lock, The firing lock is a hand-primed
wedge tﬁp& automatically actuated by crosshead link-
age of the breech mechanlsm, Wormally the primer
is fired electrically; however, the firing lock design
provides for percussion firing in emergency.

Gag ejector, The gas ejector is an automatic,
low-pressure air porting ayatem which clears the
bore when the breech i8 opened after a round has
been fired, The system also provides air for the
breech closing eylinders,

Yoke, The gun yoke is a large counterbalancing
unit, mounted on the gun shoulder, that provides
integral lug seats for the recoll cylinder piston rod
and the counterrecoil cylinder yoke rods,

S8lide. The slide iz a large trunnion-piveted
assembly in which 4 single is mounted. A gun-
Ht;gﬁnrtin structure, the slide is"also a gun recoil
brake and & gun counterrecoil mechanism, In addi-
tion, the slide assembly has devices that secure the
Elu.n in battery position and the slide in stowed posi-

on,

RIGHT GUN LAYER'S
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RIGHT ELEVATING
GEAR A-END

CENTER ELEVATING GEAR

HOLDING - DOWN ACCESS
RECEWER-REGULATOR CLIPS

HATCH

CENTER ELEVATIMG
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TRAINING GEAR
MELITRAL RETIIRN
HAND FLMP

RIGHT ELEVATING GEAR
RECEIVER-REGULATOR

Deck lug. The deck lug is a bearing block and
roller Tleari.ng assembly that pmwdeaﬁr friction-
less elevating movement of the slide gun. Each deck
lug 15 arranged with a bearing block and roller bear-
ing assembly on either side of each slide.

Gun laving equipment. The pun laying equipment
comprises the turret turning mechanism and gun ele-
vating drives and thelr controls, These units consist
of the training gear eleciric -hydraulic drive units and
the train receiver-regulator, and three elevating gear
electric-hydraulic drive units and receiver-regula-
tors, In addition, there is 2ight control station equip-
ment for train and elevation,

Training gear. The training gear is an annular
atationary gear rack type with pinion gears driven
by an electric-hydraulic power drive, through twin
worms and wormwheels,

The power drive consists of a 300-horsepower
electric motor coupled to a reduction gear which
drives an A-end pump assembly, The pump valve
plate {a hydraulically connected by a system of pipe
manifolds to two B-end motors each of which drives
a pinion gear through a worm and wormwheel assembly.
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Figure 1-8, Ordnance Equipment on Electric Desk - General Arrangement - Plan View
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Training gear control, Hydraulie fluid delivery
to the B -end motors is controlled by varying the A-
end pump displacement by an arrangement of hand
and automatic servo controls. A control selector
permits confrol selection of furret train either auto-
matically from a remote station or by hand from a
loeal trainer's station, The control method g salact-
ed by the train operator.

Train operator’s control equipment, Control
devices at the train operator™s statlon enable him to
start and stop the power drive, to select the method
of control, and to control turret train in HAND con-
trol. The manner in which these devices are em-
ployed in the different control methods 1= explained
in chapter 2,

Elevating gear, The turret elevating gear con-
sists of three independent mechanisms. Each ele-
vating gear is an electric -hydraulic power drive with
an clevating -screw and oscillating-bearing type of
final drive,
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The power drive consista of a 60-horsepower
electric motor directly coupled to a speed reducer,
the outpul shaft of which drives an A-end pump assem-
bly. The ﬁpump valye plate is hydraulically connacted
to a B-end hydraulic motor by two pipes, and the B-
end output shaft 1s coupled to the elevating screw,

Elevating pear control. Hydraulic {luld delivery
to the B-end motor s controlled by varving the A-end
pump displacement by an arrangement of hand and
automatic servo controls. The Independent control
aelector for each gun permits control selection of
gun laying from a remote station or hand control of
gun laying from a local pointer's station, The con-
trol method is selected by the gun layer.

CGun laver's control equipment, Control devices
at each gun layver's station enable him to start and
stop the power drive, to select the method of control,
and to conlrol gun elevation in HAND and LOAD con-
trol, The manner in which these devices are employ-
ed in the different control methods 18 explained in
chapter 3.
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Figure 1-9, Ordnance Equipment on Prejectile Flat - General Arrangement - Plan View
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Projectile stowing and handling _gqu_iphmgm. The
two groups of equipment for atowing and handling pro-
jectiles include four power-driven asgemblies install-
ed in the projectile flats, These units are two pro-
jectile ring drives and two parbuckling gears.

Projectile ring drive. Each projectile ring has
an attached annular rack which is driven by a spur
pinion through a worm gear speed reducer and an
electric hydraulic power drive, The ring, power
drive, and control arrangements permit the ring to
be driven clockwize or counterelockwise,

Identical instailations, each power drive consists
of a 40-horsepower electric motor, an A-end pamp
and control assembly, a B-end hydraulic motor and
brake mechanism, and a manual control mechanism,

The A-end iz a variable displacement pump with
an automatle cycling control. This control device
is a manually {nltiated type that operates the ring
for a short are of movement and then automatically
decelarates, stops, and locks the ring,

FIXED FLATFORM POWDER PASSING SCUTTLES

ACCESS DODRS

HATCH ~_

The manual control mechanism is an arrangement
of a hand lever, gears, and shafts coupled to the A-
end control input, The direction of hand lever move-
ment i3 the same as ring rotation.

Parbuckling gear., The two parbuckling gear in-
gtallations are identical, Each consists of 2 7,.5-
norsepower molor which drives a system of gear
boxes and shafts that operate six gypsy heads, Three
are located adjacent to the loading apertures of each
projectile holst; the other three gypsy heads are locat-
ed at the forward part of the projectile flat, Driven
at constant speed, all gypsy he are in the center
projectile flat ring.

Ammunition holst and gun loading equipment, The
praojectile cradle and spanning tray for each gun are
served with projectiles and powder bags by two sepa-
rate ammunition hoists, The gun muat be brought to
a fixed loading position to permit delivery of the am-
munition 1o the gun, The turret ammunition hoists
are three similar projectile hoists and three similar
powder hoists, Ammunition delivery {(gun loading)
is by three similar rammer installations.
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Figure 1-10, Ordnance Equipment on Powder Handling Flat - General Arrangement - Plan
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Projectile hoists, Each projectile hoist assem-
bly is a reversible rack and pawl tubular lift electric-
hydrauvlically power driven, It is equipped with an
independently controlled, hydraulic power-drive
cradle assembly., The hoist supplies a projectile to
the cradle assembly which aligns the projectile with
the gun, When lowered {spanned), the cradla assem-
bly extends the rammer track to the gun breech,

The tubular hoist courses, extending from the
lower projectile flat to the projectile cradles, are
each equipped with four stationary tube pawls. These
tubular courses have integral tracks to guide the
vertical movement of the rack which {5 equipped with
five pawls. Projectiles when lifted by the rack are
supported at the end of each of the first four lifting
strokes by the tube pawls. The fifth lifting atroke
places a projectile in the cradle,

Al each projectile flat there 1s a loading aperture
with shutter and control devices,

Hoist controls, An arrangement of hydraulic
valves controls the actionz of the holat and cradle
and reverses the pawls to lower the projectiles,
Holsting action control devices are arranged Iin du-
plicate, there being a manual control operating lever
with indicators and interlock devices on each projec-
tile flat adjacent to the hoist loading aperture. Cra-
fle spanning control devices and controls for the
nolst reversal mechanism are located in the gun
room compartment at the cradle operator's station,

Holst power drive, The hoist power drive con-
sigts of a To-horsepower electric motor eoupled to
brake and reduction gear units, The reduction gear
output shaft drives the main pump assembly, the
valve plate of which 18 hydraulically connected to
the upper and lower ends of the rack operating cyl-
inder by two pipes. This arrangement is a hydraulic
ram which raiges or lowers the rack,

Rammer. The rammer is an electric-hydranlic
mechanlsm that drives a folding chaln through ram-
ming and withdrawing movements, Manually con-
trolled from the operator's statlon in the gun room

compartment, the mechaniam delivers ammunition
to the gun,

Each power drive, i1dentical for each gun, con-
sists of a B0-horsepower electric motor directly
coupled to a speed reducer, the output shaft of which
drives an A-end pump assembly, The pump valve
plate 18 hydraulically connected to a B-end hydraulic
motor by two pipes with the B-end output shaft
coupled to the chain driving aprocket.

Hydraulic fluid delivery to the B-end motor is
controlled by varying the A-end pump displacement
through a stroking control mechanism. A Hmit stop
meochanigm that is built into the B-end valve plate
stops the rammer just ahead of its mechanical limit

stops at the end of the ram stroke and at the end of
the withdraw stroke,

Powder hoist, A functionally independent assem -
bly, each powder hoist delivers a full service powdar
charge {of six bags) 1o 2 gun during each hoisting
cycle, It is a vertical lift, electric-hydraulically
driven, which raizes or lowers a powder car conlined
within the spaces of a trunk, The car is loaded through
the trunk lower doors and is unloaded in two stages
through the trunk upper door.
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The power drive congists of a 100-horsepower
electric motor which is coupled to and drives an A-
end pump assembly. Two pipes hydraulically con-
nect the pump valve plate to a B-end motor, The
B-end output shaft is connected to a heisting drum
which winds or unwinds the powder car hoist rope
to raise or lower the car,

Hydraulic fluid delivery to the B-end motor is
controlled by varying the A-end pump displacement
by an arrangement of hand and servo controls the
aeloction of which 18 made by the hoist operator,

The hoisting and lowering acceleration and decelera-
tion rates are controlled by B-end cams,

Fire control equipment, The sights and gun
attachments, control instruments, and rangefinder
listed on page 1-11 comprise the turret fire control
equipment {fig. 1-11), This is supplemanted by
switching and communication devices and an exten-
sive system of wire cireuits of Bureau of Ships design
aund cognizance,

Sights and gun attachments, Turret loeal {ire
control arrangements comprise two interconnected
gight assemblies and attached or associated instru-
ments. The design is a carriage slght arrangement
which functions as a directing type f{ire control assem-
bly, Control may be =electively arranged to direct
gun laying and turret train from efther sight station,

Fach sight atation is a pedestal and bracket mount-
ed arrangement of a sight trainer's and sight pointer's
line-of-gight optic with a sight setter's indicator.

The linca of sight are mechanically connected for
simultaneous offset in deflection and sight angle from
the sight sefier's input, All lines of sight move to-
gether in responzse to the sight polnter's handwhoel
movement as the controlling sight pointer manipulates
his handwheels to hold his telescope on the target.
Sight angle and sight pointer's movements are trans -
mitted electrically to instrument dials at the gun lay-
er's atations, They are gun order directing move-
ments and do not position the gun laying controls.
dight train is selectively arranged so that the sight
trainer's handwheels may be clutched to the servo
control of the training gear power drive, The me-
chanieal system of pun order transmission extends
tranaversely between the two sight stations and con-
nects line-of-sight and sight setter outputs to all
indicating instruments. Interconnected with manually
operated, interlocked, synchronized selectors, either
ﬁight station can guickly assume control of gun direc-
on,

Manual input movements at the sight setters' indi-
catora (made in resimnse to gynchro-recelved, dial-
Indicated orders) offset the lines-of-sight in deflec-
tion and depression from parallelism with the guns,
Theze valueg [sight deflection and sight angle) are
transmitted mochanically to and s!mu%manualy move
the aight tralners' and sight pointers' optica, Trans-
mitted mechanically to the gun elevation indicators,
sight angle value i= one of the factors wsed in comput-
ing erosien correction; the other factor being initial
velocity loss,

Trainer's station. The optic at this station has
deflection and depression controlled by the sight set-
tera’ indicator as described in the previoua paragraph.
This arrangement keeps the sight trainer on the target
in elevation as the polnter elevates or depresses the
guna, However, the trainer is compelled to operate
hizs handwheels to train the turret for every change

in sight deflection input or change in ship's course,
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Figure 1-11, Turret Fire Control Installation - General Arrangement
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Pointer's station, Similar to the optie at the
sight trainer's station, the pointer's optic has deflec-
tion and depression controlied by the sight setter's
indicator as degcribed previously, This arrangement
compels the sight pointer to manipulate his handwheels
to hold his line-of-sight on the target as the ship rolls
o1 the sight angle is changed, Becaunae of the offset
value of the sight angle, the sight polnter ia constantly
holding the gun in correct range position,

Turret officer's control equipment. The turret
officer's control equipment are optlcal, mechanlcal,
and electrical devices for visual observation of fall
of shot, for local communication, for local solution
of firing problems, and for selection of alternative
control methods,

The equipment is arranged with the ship's director
sgsiem s0 that the turret may be operated in any one
of several basic types of control and their variations,
These control methods are designated; PRIMARY,
SECONDARY, and LOCAL. The master selector for
all controls is the large cabinet called the turret offi-
cer's transfer switchboard, Through this unit the
turret is placed in:

PRIMARY CONTROL, so that the gun and turret
drives are remotely controlled (automatically or by
indicating) by the main battery directors; or,

SECONDARY CONTROL, =o that the gun and tur-
ret drives are remotely controlled (avtomatically or
by indicating) by another turret or the secondary
battery directors; or,

LOCAL CONTROL, =0 that the gun and turret
drives are controlled by the local gun sights, range-
[inder, and computer,

Alternatives to these switching seloctions are
included in the transfer switchboard to permit the
followlng variations:

In "primary automatic" or "primary indicating"
control, either selection can be controlled from For-
ward Plot or After Plot, using the forward or after
main battery director,

In "secondary automatic™ or "secondary indicating"
control, efther selection can be controlled from an-
other turret or {from Forward Plot or After Plot, using
secondary battery directors,

Turret local control methoda include sight control,
rangefinder control, periscope control, and combina-
tions of these, All use the local computer for solu-
tion of external ballistics,

Gun firing eontrel. The firing lock and primer
designs provide for electrical or percussion firing,
with safety devices and special arrangements inelud-
ed in the electrical system. This i3 a selective firing
control that interlocks with the gun loading and gun
laying actions and permits local or remote firing.
Safety features of the electrical circuit (in addition
to automatic danger zone cutout switches) include
manually operated firing stop switches aceessible
to the turret officer, each gun eaptain, each gun lay-
er, each aight pointer, and the train operator.

IRangffitttler equipment, Turrets II and [ are
equipped with rangefinder mount equipment located

1-18

anid arranged at the rear of the turret, The range-
finder is mounted on a stand which supports the range-
flnder horizontally in 4 carriage which pivots the
instrument for both elevation and azimuth movements,
The instrument rotates in carriage bearings for eleva-
tion of the Hnes-ol-sight (movement counter to roll

of ship), For azimuth movement, the entire carriage
and instrument plvot in deflection through slight arcs
centered at the mid-point of the carringe beam, Ele-
vating movement is avtomatically stabilized by the
rangefinder stabilizer or is manually operated by hand
gesr, The azimuth movement s manually operated.

Auxilianry installations

Turret auxiliary installations, whieh include
power supply, 1llumination supply, ventilating sys-
tems, and sprinkling systems are described in fol-
lowing pﬂ.r-‘.tﬁraphs. These [acillties are units of
Hureau of Ships design and cognlzancea,

Power supply, Normal, alternate, and emergency
eleetric power 18 supplied to each turret from two of
the ship's four main 440-volt, §-phase, B0-cycle twin
turbo-generators, This power is supplied to each
turret throvgh flexible feeder cables originating at
connection boxes in the wiring trunk below the base
casting of the central column, Cables Iead upward
through spacer blocks in the central column to 4 wir-
ing recess at the top of the column, just below the
electric deck. B8lack in the cables at the bottom of
the column permits the cables to twist and flex during
furret rotation, From the wiring recess, the normal
and alternate cables are routed to a2 manual bus trans-
fer panel located in the machinery space of the upper
projectile flat, The panel is equipped with switches
and indieator lights for selection of either normal or
alternate power supply, From the manual bus trans-
fer panels power is supplied to five circuit breaker
power panels, These comprise three for pun equip-
ment [one for each gun], one for training gear equip-
ment, and a miscellaneous equipment power panel.
These circuit breaker power panels supply power to
all power drive controllers and the several auxiliaries,
except {or the illumination syatem, The emergency
cable i routed to the [.C. and F.C, power panel
located in the electirie deck,

NIumination supply. Power for the illumination
aystem is supplied to cach turret form the 120-volt,
60-cyele gship's electrie service system. The power
iz supplied to the turret by flexible cable, through
the central column, similar to the arrangements
described in the preceding paragraph, From the
wiring recess at the top of the central column, the
cable is routed to two automatic bus transfer panels
located on the electric deck and pan floor, The pan-
els automatically transfer the 120-volt supply from
normal to emergency, or visa versa, when required,

Ventilating svstem, Eight self-contained venti-
lating systems (fig. 1-12} supply fresh air under
forced draft to all turret levels and spaces, except
the powder handling room. All systems have fresh
alr intake throogh the gun house overhang and are
provided with two-speed remote push-button operat-
ing contreols. Each system comprises an electric
motor-driven fan set and necessary air supply
ductd, The fan sets are equipped with three- or

four-horsepower motors and supply air (at the rate
of 4000 or 8000 cubic-feet-per minute respectively)
as follows:




4000 Cubic Feet Per Minute Sets

et 1 supplies air to the turret officer's booth

through a vertical supply duct located near the rear
armor plate, left of the turret center line. The sys-
tem intake and supply trunk is at the rear of the sun
house with an air supply passage directly below the
fan set and duct, The ON-OFF and speed selection
push-button control i located in the turret officer's
booth on the transverse bulkhead (left end),

Set 2 supplies alr to the left gun chamber through
4 horizontal duct with exhaust into the passage to the
left sight control station, The system intake and
supply trunk i3 at the left, rear corner of the gun
house with an air supply passage leading to the fzn
set and duct, The ON-OFF and speed aelection push-
button control is located in the left gun chamber adja-
cent to the gun captain's station,

et 3 gupplies air to the rlgihz gun chamber through
a horizon uct with exhaust into the passage to the

right sight control station, The aystem intake and
supply trunk is at the right, rear corner of the gun
house with an air supply passage leading to the fan
set and duct, The ON-OFF and speed selection push-
button contrel for this system is located in the right
gun chamber adjacent to the gun captain's station,

Sat 4 supplies air to the center gun chamber
through a horizontal duet with exhaust in the rear of
the gun chamber below the shelf plate, The aystem
intake and supply trunk is at the rear of the pun house
(right of the turret center line) with an air supply pas-
sage leading to the fan set and duct. The ON-OFF
and speed selectlon pushbattaon control for this system
1= located in the center gun chamber adjacent to the
gun captain's station.

8000 Cubic Feet Per Minute Sets

Set 1 supplies air to the right aide of the electric
deck, and the right side of the upper and lower projec-
tile flats, The ayatem intake and supply trunk is for-
ward of the right, rear corner of the gun house with
a vertical air passage aft of the fan set, The ON-OFF
and speed selection pugsh-bution contrql for this sys-
tem is located in the turret officer’s booth on the
transwerse bulkhead (right end).

Set 2 supplies air to the righ sight control statlon,
right powder hoist and hoist power drive spaces,
tralning gear righl B-end, and the right side of the
electric deck and upper and lower projectlle flats,
The system intake and supply trunk is forward of the
right, rear corner of the gun house (common with the
intake and supply trunk for Set 1), The ON-OFF and
apeed selection push-button control for this system is
located in the turret officer's booth on the transverse
bulkhead (right end).

Set 3 supplies air to the left side of the electric
deck, and the left slde of the upper and lower projec-
tile flats, The system intake and supply trunk is for-
ward of the left, rear corner of the gun house with
a vertical passage aft of the fan set. The ON-OFF

and speed selection push-button control for this ays-
tem ig located in the turret officer's booth on the
transverse bulkhead (left end).

GENERAL DESCRIPTION OF THE TURRET

det 4 supplies air to the left sight control station,
left and center powder hoists and hoist power drive
gpaces, tralning gear left B-end, and the left side of
the electric deck and upper and lower projectile flats,
The system intake and supply trunk i= forward of the
laft, rear corner of the pun house (common with the
intake and supply trunk for Set 3). The ON-OFF and
speed selection push-button control for this system
s located in the turret officer's booth on the trans-
verse bulkhead (left end).

In addition to the intake and supply trunks, and
the fan sets described above, the ventilation systems
have other equipment described balow,

There are intake and exhauat holes in the shelf
plate {overhang). Arrasged between the intake and
supply trunks, and the system alr supply passages,
the intake holes permit air eirculation while providing
leas armor protection, Ezhaust holes permit regulat-
ed air escape {rom exhaust passages,

An alr circulation duet in each aight station aids
In clreulating air through the sight station,

A manually-operated alrtight cover over the tur-
ret officer's booth exhaust opening provides for regu-
lation of air pressure build-up and for wet weather
clogure of the exhaust opening,

Alr circulation and exhaust holes in the foundation
and electiric deck bulkheads aid in keeping air in motion,

A gas and alr seal between the powder handling
room and lower projectlle flat maintains alr pressure
in the upper turret spaces,

Pressure rellef and automatic exhaust shutters in
the powder hoists and box girders prevents sxcessive
air pressure build-up in these spaces,

Exhaust shutters in the gun chambers and powder
hoist operators' stations maintain air pressure at
these astations,

The ventilating systems maintain air pressure
glightly in excess of 1.0 pound per square inch. This
is controlled by exhaust arrangements which include
spring- and weight-loaded automatic shutters, Man-
ually-operated doors in intake and exhaust ducts pre-
vent entrance of water in heavy weather,

Electrical components of the ventilating systems,
described in chapter 15, include eight motors provided
with Individual controllers, and push-button stations,
Each push-button station i3 labeled with a designation
of the system it operates.

dprinkling system, The turret sprinkling syatem
(fig. 1-13) iz designed to provide a quick and efficient
means of sprinkling all ammunition in the turret --
whether in transit via the ammunition hoists, ready for
transit in the loading trays, or ready for loading into
the gun, Itis a mes:ham'caily and hyvdraulically oper-
ated syvstem which permits selective or overall con-
trol of sprinkling from both local and remote stations
within the turret, as well a8 from a station outside the
turret,

The sprinkling svstem Includes a primary source
of water from the ship's firemain, and two sprinkling
tanks for water storage within the gun houze, In addi-
tion the system has an alr supply to maintain water
pressure in the tanks and an assoriment of control
and operating valves, and associated nozzles, piping,
and tubing described in chapter 16,
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LEGEND FOR FIGURE 1-12
4000 Cubic Feet per Minute Sets Set 3 From turret overhang (forward of the
left, rear corner) to left side of elec-
et 1 From turret overhang {rear, left of cen- :Fim idletuk e s L
terline} to turret officer's booth St
4, Intake and supply trunk
5. Fan set and air supply duet 12, Intake and supply trunk
17. Alr passage opening
25,  Alr supply duect, electric deck
Set 2 From turret overhang (left rear corner) 26, Fan set
to left gun chamber and left sight 31, Air supply duct, upper projectile flat
station passage. 39, Alr supply duct, lower projectile flat
11, Intake and supply trunk
15,  Air supply duct
From turret overhang (forward of the
Set 3 From turret overhang (right rear corner) et i corner) to left aight con-
to right gun chamber and right sight trol station, left a_nd center powder
station passape, hoists, powder hoist and training
gear power drive spaces, and left
1. Intake and supply trunk side of electric deck and upper and
55. Air supply duct lower projectile flats
Bet 4 From lurr_et overhang (rear, right of 9. Air supply duct, center hotst
centerline) to center gun chamber oparator's station
§ =T
52* Intake and supply trunk 10, Airaf;t;;ﬁiﬁr duct, left hoist operator's
4. Fan set and air supply duct 12, Intake and supply trunk
14, Automatic air supply shutter
6000 Cubic Feet per Minute Sets 16, Air supply duct, left and center powder
i s L 1 B I hoist machinery space
o rom tuerrel oyver orwar @ i7. Ai ; anan
right, rear El:rrn:!%, to right side of 19. .Ai; gabﬂ?fﬁluft El: alwhb Station
electric deck and upper and lower 3 Uppa : 5
projectile flats 20, Automatie alr supply shutler
21, Ailr sup]!lalg duct, left powder hoist
44, Air supply ducts, lower projectile flat machinery space
45, Air supply duct, upper projectile flat 22,  Air supply duct, center powder hoist
48, Air supply dact, electric deck machinery space
ég iﬂﬂ set 27, Fan set
! ir passage opening : 1
56, Intake and supply trunk 30, A]TE?FE_I:ELE duct, left gun layer's
Set 2 From turret overhang {forward of the 44,  Air supply duct, training gear left
right, rear corner) to right sight B-end
control station, right powder hoist, 44,  Alr supply duct, train operator’s station
Ecr;rder hoist and ;rijt;]igigiﬁeagf pr.fwer 34,  Alr supply duct, upper projectile flat
rive spaces, and right side of elec- . . £
tric deck anﬂ’uppEr and lower projec- il R T Lt
tile flats
7. Air supply duct, hoist operator's station
13,  Automatic air ;*l.:'1.1;:||:|-13r shutter Allisg Syt
ad. Air supply duet, right sight station
24,  Alr supply duct, powder hoist machinery d. Intake holes in overhang
space . Exhaust holes in overhang
33,  Air supply duct, training gear right B, Manually operated alrtight cover (ex-
B-end i haust upening) turret officer's booth
46.  Alr supply duct, center gun layer's 18, Adir circulation duct, left sight station
statlon 28. Air cireulation holes
37,  Air supply duct, right gun layer's station 28,  Air exhaust holes in foundation bulkhead
38. Air suppl ]c';:uct, machinery space 43, Gas and air seal
upper fla 48. Pressure rel
a1, A‘ir supply duct, lower projectile flat hoists e e
42.  Air supply duct, machinery space lower 50. Automatic exhaust shutters in right and
_lower flat left box girder weldments
%E Fan set §1. Air circulation duct, right sight station
22, alr passage opening G4, Exhaust shutters from powder holsts and
38, Intake and supply trunk gun chambers

1-20



GENERAL DESCRIPTION OF THE TURRET

-~

ROOM

el LOWER
RS PROCVECTILE
FLAT

HANDLUNG

P‘i..'}WEJEF!

Flgure 1-12. Turret Ventilating Systems - General Arrangement
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Figﬁre 1-13, Turret Sprinkling System - General Arrangement
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Turret sprinkling control stations. Selective con-
trol of the turret sprinkling system is provided at
path local and remote control atations. These are
degignated alphabetieally, and congist of stations A
;-::._ I1 inclusive, arranged as shown in the following
able:

Manual
l-'.'-'n:rntlrt_'rl Control Controls
Station Location Valve Sprinkling Of
A Turret officer's i Powder hoists
booth 2  Gun rooms
E Beneath the 1 Powder hoists
turret overhang 2 Gun rooms
3 Annular space
C Station C in each 1 Gun room
FUn room (local)
&  Powder hoist
(adjacent)
D Powder handling 1  Powder trays
R [8)14]
E Station E on each 1 Powder hoist

powdar hoist trunk
in powder handling

{adjacent)

IO
1 Annular space I Annpular space
{powder handling
room)
G Powder handling 1 Projectile
Togm flats
2 Annular space
H Station H on each 1 Projectile
projectile flat flats
2  Projectile flats
4  Projectile flat=
I Turret officer's 1  Annular space
booth 3  Projectile
flats

Sprinkline system - electrical. An electrically
operated valve system provides turret sprinkler con-
trol from 3 number of locations within the turret,
from outeide the turret on the overhang, or from
related damage control statlons, The system pro-
vides controlled sprinkling of the projectile stowage
areas of each flat 2nd the powder passing scuttles of
the powder handling room, It is a separate system,
separately controlled, and i3 not part of the mechan-
ically and hydraulically operated system which pro-
vides sprinkling protection at each gun breech, load-
ing tray, projectile hoist, and powder hoist trunk,
The electrical sprinkling syatem (described in chap-
ter 15) has sprinkling control of specific areas as
indicated in fipure 15-T71.

Communications

The primary circuits which provide various types
of communications within each turret, between fur-
rets, and between the turrets and other ship statlons
are listed below, A brief description of each circult
follows the listing, Circuit extent and arrangements
are shown in figures 1-14 and 1-15.

IYITEM CIRCUIT IDENTITY
Depression and train stop signal . . . . . . DS
Intra-turret emergency alarm . . . . . . » HA
Train warning signal . . = . « « « . « + « TW

Turret announcing:

TEFSSEL S o . 4 v 4 e 11 MC
Turret . . . PR o 12 M0
Turret W1 , . . - 14 MC

Battle telephone . . A TR e S T T JA
Supplementary telephone . . , , . . . . XTI

Sound-powered telephone and volce
tube call bell . . . . S g T E

Bhip's service telephone , , ., . . . . . J

Depression and train stop signal system (circuit
DS), Circuit DS ig an arrangement of a three-dial
and three one-dial indicators located at the train op-
erator's and gun-layers’ siations respectively. The
circuit is interconnected with six awitches which are
located as described on page 6-19 (chapter 8), Cir-
cult D3 opens the firlng cireuit of individual puns,
and warns (by the indicator lights) when a gun's line
of fire approaches the ship's superstructure,

Intra-turret emergency alarm svstem (circuit
BA). Cireult RA is an arrangementyﬁgn'fnem?ri—
cally operated sirens, strategically located through-
out the turret, which are activated whenever serious
danger exists or serious ¢asualty has occurred. Con-
trol stations for the siren contact makers are located
within the turret, on the various levels,

Train warning signal system (circuit TW). At
times other than general quarters, the train warning
signal ?ﬁ’Etf_‘m iz used to warn ship's personnel on
deck that the turret is about to train. It consists of
a watertight warning bell, mounted on the exterlor
of the turret (under the turret overhang), which is
energized by a normally apen push-button within the
turret officer's compartment,

Turret announcing system (circuits MC). The

turret announcing system permits the turret officer
o communicate with all principal stations within the

turret, A transmitter control box within the turret
officer's compartment provides communication with
any or all stations, or a combination of stations. The
aystem comprises an amplifier, 16 reproducers, and
a portable microphone. Reproducers are of two types,
one with a talk-back switch, and one without a talk-
baecl switeh,

Batile telephone system (circuits JA), The battle
telephone sy’stﬂm "pn_I'E:EiEes t{eIepEdne ch};meetiﬁns be -
tween certain key personnel within the turret, and
the ship's main battery plotting rooms. Push-to-
takk button handsets and headsets with breastplate
aupgr:rr! and push-button contralled transmitters are
used,

Bupplementary telephone system {circuit XJ). The
supplementary telephone system for the turret officer,
comprises =six local telephone circuits., Telephone
aquipment used 15 identical to that used for elrcuii JA,
The circuits link the turret officer with the pointer's
eircuit (sight control station personnel, gun layers.
and train operator), ammunition cireuit (Fun captains,
projectile flats, powder handling room, and outside
turret safety watch), subealiber cirenit, and the three
powder hoist cirevits which have connections with the
Fun captains,
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JACKRBOX (CIRCUIT X4}
. JACKBOX [CIRCUIT JA)
- HEADSET {CIRCUIT JA)

o DOUBLE RECEFTACLE
JACKBOE (CIRCLUIT JAY
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7. PUSHBUTTOMN, TYPE R e
{CIRCLIT £)
8. BELL, TYPE B2 (CIRCLIT B}
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11 HEADSET [CIHCUIT XD
12, AUTOMATIC TELEPHONE,
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13. PUSHBUTTON, TYPE P
(CIRCLNT £)

14, AGANG PUSHBUTTON
{CIRCUIT E} R, L : -, e

15, 3-GANG PUSHEUTION S ' ey
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Figure 1-14, Turret General Communications S8ystem - General Arrangement
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. SIREN (CIRCUIT RA)
. BELL, TYPE B6 (CIRCUIT

. COMTACT MAKER, LOCK.

. REFRODUCER, TALK-BACK
L ADIAL INDICATOR

. PUSHBUTTON (CIRCUIT

. DAMGER ZONE CUTOUT

« AMPLIFIER (CIRCUIT MC)

. ' ot MW FORWAKD

TW)

MG TYPE (CIRCLIT RBA)
FPORTABRLE MICROPHONME
(CIRCLNT M0)
SINGLE-DIAL INDICATOR
[CIRCINT DS)
REPRODUCER, CLASS ''5"
TYPE (CIRCLET MDY

SWITCH TYPE (CIRCLIT MGy
(CIRCUIT DSy

W

CONTACT MAKER, NON-
LOCEING TYPE {CIRCLIT
FA)

CONTROL BOX (CIRCHIT
KiC)

EWITCH (CIRCLAT DS

Figure 1-15. Turret Interior Communications 3ystem - General Arrangement
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Figure 1-18. Turret Ilumination - General Arrangement



GENEEAL DESCRIPTION OF THE TURRET

Sound powered telephone and voice tube eall bell
system (circuit B}, The sound powered telephone and
voice tube call bell syatem comprizes an audible call
system which parallels most circuits of the turret
officer's telephone system (X7J cireuits) and most
voice tubeg, It includes bells and buzzers and asso-
ciated push-buttons,

Ship's service telephone system (eircult J). The
ship's service telephone system is a dial-type tele-
phone system which connects the turret, through a
central switchboard, o any similar dial telephone
in the ship, Two telephones are located In the turret,
one in the turret officer's compartment, and one in
the electric deck space.

[Humination

Turret illumination in each turret comprises a
gereral turret lighting system and a battle or ingtru-
mrent lighting system. In addition there is rangefinder
de-lcing equipment.

General turret illumination. The general turret
lighting system comprises lighting fixtures, switch
and receptacle units, hand lanterns, branch boxes,
distributlon boxes, and associated wiring (fig. 1-18).
Normal and emergency power supply for the system
e derived from the 130-volt, B0-cycle ship's service
system through the automatic bus transfer panel,

FORWARD g

—

This equipment automatically switches from normal
to emergency power (or vice versa) should there be
failure in either power supply.

General illumination throughout the turret is pro-
vided by fixtures of the deck, bulkhead, or magazine
type, Combination switch and receptacle units which
provide an outlet source for trouble lights and various
electrically operated portable devices are installed
at convenlent locations in each turret level, Hand
lanterns, energized by self-contained dry-cell bat-
teries, are located at eonvenlent locations in the tur-
ret to provide emergency Hghting,

Instrument illumination, The system that provides
instrument illumination {2 a G-volt circuit designated
16-inch Lighting Circuit Mk 3 Mod 0. This is a three
division circult {fig, 1-17) that controls lamp wells

and reticle lamps which illuminate indicating dials and
telegeope crosslines, Two of these divisions 1Humi-
nate instruments in the gun rooms and sight stations
and the various reference marks, scales, and reticles
of the rangefinder, The third division provides instru-
ment lighting on the eleetrie deek at gun layers® and
train operator's stations,

The circuit is arranged to be supplied from a
transformer or storage battery, Its components
are two transformers, two storage batteries, two
snap switches, six rheostats, branch boxes, and
connection boxes,

PAN FLOOCHE 11, LAMPWELL
' 2. RHEOSTAT
" 3 RETICLE LAMP
4, HWIRE CONNECTHIN 80X
it e g 5. STORAGE BATTERY
& ILLUMIMNATION TRANS
; N FORMER
EELE;F:EEM g 7. 20WIRE CONNECTION BOX
; T B, SNAP SWITCH
- 9. JUNCTION BOX
4 LIGHTING SYWiTCH

IOWIRE CONNECTION BOX

Figure-1-17, Turret Instrument Illumination - General Arrangement
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14,

15,
15,
17,
£

19,
20.
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24,
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SFRIMELING TAMKS

PRESSURE GAGE, TURRET OFFICER'S
STATION, GAS EJECTOR AIR SUPPLY
LIME TO SPRIMKLING S5YSTEM
PRESSLIRE GAGE, LEFT GUN ROOM
AUXILIARY GAS EJECTOR, LEFT GUN
RO0OM

PRESSURE REDUCING VALVE, SPRINKLING
SYSTEM

LOUNTERRECOIL AlR CHARGING
COMNECTION, LEFT GUMN POCKET

AR CHARGING VALVE
SWIVEL JOINTS, GAS EJECTOR, LEFT GUN
GATE VALVE

EJ:IJSN EIECTOR AIR SUPPLY TQ RIGHT

GAZ EJECTOR AIR SUPFPLY LINES TO
TURRET |

EIDEJ%NTERHECGIL AIR CHARGIMG SUFPLY

Alfe FLASKS
PRESSURE GAGE

GAS EIECTOR AIR SUPPLY LINES TO
FUREET 111

RELAY TANKS, LOWER PROJECTILE FLAT
LIME TO COUNTERRECOIL AIR CHARGING
CONNECTHON, RIGHT GLIMN PQCHET
LINE 7O COUNTERRECQIL AIR CHARGING
COMNECTION, CENTER GUM POCKET .
SEPARATOR

AUXILIARY GAS EJECTOR LINE TO RIGHT
GUN ROCM 4
STRAINER o
ALXILIARY GAS EJECTOR LINE TO CENTER | 4
GUN ROOM e

Gas Ejector and Counterrecoil Air Supply Pipe System. Turret 11 - General Arrangement



GENERAL DESCRIPTION OF THE TURRET

Rangefinder de-icing. Each rangefinder telescope
is provided with de-icing mechanism which blows jets
of heated air over the e ed window at each outer
end of the rangefinder. Electrical components of this
equipment are two rotary vane type eleciric motor
driven blowers and two nichrome wire t heater
elements. One blower {8 mounted on each end of the
rangefinder tube, Power supply is 120-voll, single
phase, 80-cycles, derived from the general lighting
system,

Gas ¢jector supply

Alr for the gas ejector supply is furnished by the
ship's air compressors. The general arrangement
of this system, together with the counterrecoll air
i.ufgly replenishing plpe system is shown in figure

The gas ejector supply plpe lUne enters the turret
beneath the powder handling platform through a 2-inch
pipe fitted with a swivel joint beneath the base cast-
ing. At this point a vertical 2-inch pipe extends up-
ward throogh the exact center of the central column
wiring tube, Within the wiring recess at the top of
the central column the pipe is fitted with a 80 degree
ell fitting which extends the pipe line horizontally
rearward on the longitudinal centerline of the turret,
to the exterior of the wiring recess, At thls point

the pipe line turns toward the left where, intercon-
nected with three T fittings the plpe line extends to
[ive relay tanks (two on the upper projectile flat,
three on the lower projectile m], and upward to a
point below the center gun pocket, Here the pipe line
has two branches, one leading rearward to the air
supply connections for the auxiliary gas ejector and
sprinkling aystem and the other leading forward to
three 1-1/2-inch branch lines, These lead upward
through the forward ends of the right, center, and
left gun pockets where they terminate at 1—1;"24111.:]!1
gate valves, which provide local cutoff of the gas
gjector alr supply. Connection of this supply to the
gas ejector valve on the gun is described in chapter 3.
R;E,‘:-iljl' l!an.l».'.ﬂ each have a capacity of approximately 7.5
cubic feet,

The counterrecoil air aup‘i:ly replenishing pipe
enters the turret through the {cundation bulkhead into
the annular powder handling space where it connects
to a bank of air flasks, These are connected to a
turret plpe system (by a portable plpe connection)
which leads upward to a separator in the rear part

of the center gun pocket,

The separator, which has three branch lines lead-
ing to air charging connections in the gun pockets, is
provided with a pressure gage graduated from 0 to
3000 pounds per sguare inch, Gun pocket air charging
connections are provided with similar pressure gages,
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Chapter 2

TURRET OPERATION

INTRODUCTION

This chapter, 2 puide to turret operation, is
arranged to be an ald in organizing the turret crew,
Each station iz separately deseribed, and the equip-
ment usad and the duties of the station are deflned,
The duties are explained or identified with respect
to the funetional activities of equipment - a station
or compartment - and with respect to methods of
control of equipment and of the turret, Inthe in-
stance of certain key stations, the duties include
alternative activities concerning different methods
of control or emergency or casualty operations.

It is not intended that shipa' officers consider
the descriptions of duties of turret personnel to be
rigid or definitive, Variations therefrom are with-
in the discretion of officers in charge, provided
existing regulations are observed,

Station activities and turret control methods

Classes of operations, All station activities are
associated with one of four functlonal elasses of op-
erations. These are:

Ammunition service to the guns
Gun operation

Gun laying

Controlling gun fire

Ammunition service to the guns from projectile
flats or magazines is the same in all methods of
turret operation,

Operation of the gun (breech mechanism, firing
loek, and gas ejector) 1s the same in all methods of
furret operation,

Gun laying (and turret train) is controlled either
from a remote control station or from a local sight
control station,

There are three basic types of fire control
gelections designated:

Primary
Secondary
Loeal

Frimary control is turret control by a main
battery director in combination with main battery
plotting room equipment. It has two types of opera-
tion: "Automatic” and "Indicating. " In "Aotomat-
ic' control, the turret and its guns are automati-
cally positioned by the recelver-regulators through
signals received from plot., In "Indicating™ con-
trol, the turret and its guns are positioned by the
turret crew in follow-the-pointer operation. The
firing station in both types of control is normally
the atable vertical in either plotting room,

In secondary control, a turret acts a5 a con-
trolling director, in combination with main battery

plotting room egquipment, to control either or both
of the other turrets and their guns, This is an
auxiliary method of director control, and has two
types of operation: "Automatie! and "Indicating, ™
which ?.rr:- identical to the similar types of primary
contral,

Local control i5 independent turret control,
deriving target bearing and range locally, It is
control in which the sight control stations, range-
finder, and auxiliary computer control the turret
and gun positions, Guns are fired by designated
local switeh or switches,

Objectives, In all operations and in each method
of control, the purpose of the turret design is to
provide for rapld and accurate fire with safety,
Speed and safety design features of the ammunition
hoists, projectile rings, guns, and gun laying de-
vices are dependent on crew teamwork and alert-
ness, smart operation, and good maintenance,
These personnel factors are best obtained by under-
atanding the station equipment, the turret installa-
tlons, and the crew arrangement. Each member of
the crew must be drilled in his duties,

Firing cycle

The importance of teamwork in ammunition
handling is shown in figure 2-1. In continuous fire,
each of the turret's three guns is firing every 30
seconds, approximately, During this time interval
many ammunition gervice actlons and gun loading
actions take place, Most of these actions depend
upon completion of a prior action. The final action,
gun firing, is dependent upon smooth coordination
and rapid completion of all actions, Any lag or de-
lay In these actlons will stop or retard gun firing,

_Personnel organization

The turret personnel organization is tabulated
in figure 2-2, For 3-gun ccrlperati::m, a4 minimum
crew of TT men i5 required, Forty-six men are
stationed below the electric deck and in the top of
the powder hoist trunks to serve ammunition to the
guns, Twelve others, stationed in the pun compart-
ments, maintain gun operations. These 58 men are
identically employed in all methods of turret control,

The remainder of the organization comprises
thrae gun layers and a train operator on the electric
dock, three men in each sight control station, and
nine turret controlmen in the gun house, These 18
men have varying duties, depending on the method of
turret control, All are engaged when the turret 15
operated in HAND under LOCAL control {except the
three men in the stand-by sight control station),
When the turret i operated in AUTOMATIC under
PRIMARY control, one sight setter and the three
gun layers (for aulomatic load opperation only) are
actively engapged, All others are at stand-by operation,
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CREW NAME

TURRET OFFICER

TURRET OFFICER'S TALKER
TURRET CAPTAIN
COMPUTER OPERATOR

COMPUTER OPERATOR-TALKER: JW
(RANGEFINDER OPERATOR TO COMPUTER)

RANGEFINDER OPERATOR-TALKER: IW
RANGEFINDER POINTER
RANGEFINDER TRAINER

TALKER: JE
(COMPUTER TO SIGHT SETTERS)

POWDER HOIST OPERATOR, RIGHT
POWDER HOIST OPERATOR, CENTER
POWDER HOIST OPERATOR, LEFT

SIGHT POINTER
SIGHT TRAINER
SIGHT SETTER

SIGHT POINTER
SIGHT TRAINER
SIGHT SETTER

GUN CAPTAIN
CRADLE OPERATOR
RAMMER OPERATOR
PRIMERMAN

GUN CAPTAIN
CRADLE OPERATOR
RAMMER OPERATOR
PRIMERMAN

GUN CAPTAIN
CRADLE OPERATOR
RAMMER OPERATOR
PRIMERMAN

GUN LAYER
GUN LAYER
GUN LAYER
TRAIN OPERATOR

STATION

TURRET OFFICER'S BOOTH (RIGHT)
TURRET OFFICER'S BOOTH (RIGHT)
TURRET OFFICER'S BOOTH (LEFT)
COMPUTER
COMPUTER

RANGEFINDER
HANGEFINDER
RANGEFINDER
COMPUTER

RIGHT HOIST CONTROL, TOP OF TRUNK
CENTER HOIST CONTROL, TOP OF TRUNK
LEFT HOIST CONTROL, TOP OF TRUNK

SIGHT POINTER'S HANDWHEEL
SIGHT TRAINER'S HANDWHEE L
SIGHT SETTING INDICATOR

SIGHT POINTER'S HANDWHEEL
SIGHT TRAINER'S HANDWHEEL
SIGHT SETTING INDICATOR

LOADER'S PLATFORM
PROJECTILE HOIST CRADLE
RAMMER CONTROL
PRIMERMAN'S PLATFORM

LOADER'S PLATFORM
PROJECTILE HOIST CRADLE
RAMMER CONTROL
PRIMERMAN'S PLATFORM

LOADER'S PLATFORM
PROJECTILE HOIST CRADLE
RAMMER CONTROL
PRIMERMAN'S PLATFORM

RIGHT ELEVATING CONTROL HANDWHEEL

CENTER ELEVATING CONTROL HANDWHEEL

LEFT ELEVATING CONTROL HANDWHEEL
TRAIN CONTROL HANDWHEEL

LOCATION

| TURRET OFFICER'S
COMPARTMENT

RIGHT SIGHT
STATION

LEFT SIGHT
STATION

RIGHT GUN
COMPARTMENT

CENTER GUN
COMPARTMENT

LEFT GUN
COMPARTMENT

ELECTRIC DECK

CREW NAME

PROJECTILE HOIST OPERATOR
PROJECTILE HOIST OPERATOR
PROJECTILE HOIST OPERATOR
PROJECTILE RING OPERATOR
SHELLMEN (2)

SHELLMEN (2)
SHELLMEN (2)

SHELLMEN (3)

ELECTRICIAN

e S
PROJECTILE HOIST OPERATOR
PROJECTILE HOIST OPERATOR
PROJECTILE HOIST OPERATOR
PROJECTILE RING OPERATOR
SHELLMEN (2}

SHELLMEN (2}
SHELLMEN (2)

SHELLMEN (3)

ELECTRICIAN

PR TR o
POWDER DOOR OPERATOR
POWDER DOOR OPERATOR
POWDER DOOR OPERATOR
FIRST POWDERMAN, RIGHT
SECOND POWDERMAN, RIGHT
THIRD POWDERMAN, RIGHT
FIRST POWDERMAN, CENTER
SECOND POWDERMAN, CENTER
THIRD POWDERMAN, CENTER
FIRST POWDERMAN, LEFT
SECOND POWDERMAN, LEFT
THIRD POWDERMAN, LEFT

PETTY OFFICER IN CHARGE
{TALKER - XJ CIRCUIT)

STATION

RIGHT PROJECTILE HOIST CONTROL
CENTER PROJECTILE HOIST CONTROL
LEFT PROJECTILE HOIST CONTROL
PROJECTILE RING CONTROL

GYPSY HEAD ADJACENT TO RIGHT
PROJECTILE HOIST

GYPSY HEAD ADJACENT TO CENTER
PROJECTILE HOIST

GYPSY HEAD ADJACENT TO LEFT
PROJECTILE HOIST

GYPSY HEAD IN FORWARD PART OF FLAT
INNER MACHINERY SPACE
PROJECTILE HANDLING SPACE

RIGHT PROJECTILE HOIST CONTROL
CENTER PROJECTILE HOIST CONTROL
LEFT PROJECTILE HQIST CONTROL
PROJECTILE RING CONTROL

GYPBY HEAD ADJACENT TO RIGHT
PROTECTILE HOIST

GYPSY HEAD ADJACENT TO CENTER
PROJECTILE HOIST

GYPSY HEAD ADJACENT TO LEFT
PROJECTILE HOIST

GYPSY HEAD IN FORWARD PART OF FLAT
INNER MACHINERY SPACE
PROJECTILE HANDLING SPACE

RIGHT HOIST, BOTTOM OF TRUNK
CENTER HOIST, BOTTOM OF TRUNK
LEFT HOIST, BOTTOM OF TRUNK
RIGHT POWDER HOIST

RIGHT POWDER HOIST

MAGAZINE SCUTTLE

CENTER POWDER HOIST

CENTER POWDER HOIST
MAGAZINE SCUTTLE

LEFT POWDER HOIST

LEFT POWDER HOIST

MAGAZINE SCUTTLE

POWDER HANDLING SPACE

LOCATION

UPPER PROJECTILE
FLAT

. LOWER PROJECTILE
FLAT

L. POWDER HANDLING

ROOM

Figure 2-2, Turret Personnel Organization
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TURRET OPERATION

Crew stations

In normal turret operation (in all methods of
control) erew stations are manned in all levels of
the turret except the pan floor, All levels are iso-
lated with all intercommunicating hatches closed
and secured, This divides the manned spaces into
compartments located on five levels with personnel
arrangements as shown In {igures 2-3 to 2-8, The
upper and lower projectile handling flats are iden-
tically manned,

PEREONNEL DUTIES
Turret officer

Duties, The turret officer, as the supervisor
of turret operations, directs the entire crew, He
iz responsible for crgandzing and training the op-
erators of all stations for performance of their
duties in all types of control. Turret operations
as related to fire control are directed by the control
officer except when battle damage has isolate the
turret from all control stations, The turret trans-
far switchboard and cther necessary control devices,
for the different control methods, are set hy the
turret officer as directed by the control officer,
His main duty is: general supervision of turret
operation, coordinating and directing the work of
the turret crew. He takes control, in the event of
director control failure, to direct firing after shift-
ing to local control,

In local control, the turret officer asgumes full
contral of turret firve, deslgnating the target and
directing and coordinating all turret operations, He
obgerves the fall-of-shot through the periscope and
constantly gives spot correction orders to the com-
puter operator.

Equipment used. The turret officer's control
statlon and the equipment used by him both at the
station and adjacent to it are shown in flgures 2-7
and 2-8, The major piece of equipment is the lur-
ret officer's transfer awitchboard. Thia has 16
rectangular panels arvapged across its front with 21
rotary disc-type switches mounted in 14 panels (the

remaining two panels serve miscellaneous purposes).

The switches provide ON-OFF and transfer switch-
ing facilities for most of the turret fire control cir-
cuit, In local control, the turret officer uses his
periscope to chserve the target and fall-of -shot,

He has a selective switch which is set either to in-
clude the director firing key in the firing clircuit or
to bypass it for local control of firing, This swilch
also connects the firing circuit either to the alter-
nating current ship supply or to the local storage
battery, When positioned to DIRECTOR, this
cwitch al=o eloses a cirguit to light & "™urret ready™
light in plot and in the turret officers’ panel, This
panel also has indieating light= to show when the
other two turrets are ready to fire plus a "plot
ready' light. He has an indicator panel which indi-
cates when the trainer 18 ready to fire, when the
other turrets are readv, and when plot is ready.
The indicator panel also provides the turret officer
with individual firing kevy cutout and cut in switches,
In addition the turret officer has at his disposal: a
two-dial transfer signal indicator which indicates
{from plot) whether transfer switches are to be set
at ¥WD or at ATT; a three-dial danger sector in-

of the guns closely approaches ship's structure; a
multiple turret train indicator which indicates turret
train order, the actual angle of turret train, and the
Angle of train of the adjacent turret (except turret
I}, The turret officer also has: sprinkling system
control valves for selective control of sprinkling of
gun breeches, ammunition hojsts, and projectile
stowage spaces; various types of eguipment for
communications with personnel of the plotting rooms,
control stations, and other ship's stations, and with
personnel within the turret,

Turret captain

JLuties, The turret captain, as the assistant
sepervisor of turret operations, helps to organize
and train all turret personnel, He complies with
the orders of the turret officer, assisting him in
the setting of contrals and in intraturret eommuni-
cations, The turret captain is the overseer of gun
operations, directing and coordinating the work of
the three gun captains, He takes over turret super-
vislon in event of incapacity of the turret officer,

Immediately after all stations are manned, the
turret captain glssistﬁd by the gun eaptains) checks
the electric gun-firing circult by connecting a test
lamp between the firing lock and the firing clrcuit
lead at each gun, Individual firing keys, cut-in

through the turret officers' indicator panel switches,
are then closed on salvo eireuit Bignﬂf:a

The turret captain observes the fall-of -shot
through his periscope and gives spot corrections to
tl;fEiEDBIFutEI‘ operator when directed by the turret
offlcer,

Bouipment used, The furret captain's control
station and the equipment used by him are shown in
figure 2-7, His equipment includes: the left peri-
scope; an indicator which is identical to the turret
officers except that it has no switches; an emergency
alarm contact maker which, when held open, stills
the alarm sirens; a traln warning pushbutton which,
when held closed, sounds the train warning bell; and
elements of the sprinkling system, and interior
communications equipment,

Computer operators

Duties. The computer operators (an operator
and an operator-talker) are responsible for the
operation of the auxiliary computer (fig, 2-30). They
are at stand-by duty in primary and secondary con-
trol (unless the turret is acting as a director], They
take over computation of the fire control problem,
when turret control is switched to local, While in
stand-by duty, if range can be received from the
rangefinder operator, the cperators compute the
fire control problem as an exercise and check,

In local control, the computer operators com-
pute sight angle and deflection, They introduce 13
manual inputs into the computer which, along with
three electrical inputs, produce the required values,
These values are indicated in the computer and are

transmitted orally (via the computer operator-talter)
to the sight setter,

Equipment used, The computer operators use the

auxiliary computer and a telephone headset with breast-
plate -supported and pushbutton-controlled transmitter,

2-8
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Talker Rangelinder operator (Turrets 1 and 10 only)
Duties. The rangefinder operator is responsible
Duties, Stationed in the turret officer's compart- for the operation of the turret rangefinder (fig. 2-20).
ment (fig. 2-3), the talker receives information He is at stand-by duty in primary and secondary con-
(sight deflection and sight angle) from the computer trol (unless the turret is acting as a director),  He
operator. He orally transmits this information to supplies farget range orally to the computer opera-
the sight setters. tors when turret control is switched to local and at

other times as an exercise.

Fouipment used. The rangefinder operator uses

Lguipment. The talker uges a telephone headset the rangefinder ?

SUUIpImant, operator's handwheels, and a tele-
with breastplate-supported and pushbutton-controlied Ehnne headset with breastplate- suppuﬂ]:n!r:i and push-
transmiiter, utton-controlled transmitter,

RIGHT SIGHT POIMTER RIGHT GUN CAPTAIN RIGHT POWDER HOIST OPERATOR RIGHT RAMMER OPERATOR

RIGHT CEMTER GUM CAPTAIN ll"'-., RIGHT CRADLE OPERATOR CEMTER CRADLE QOPERATOR
SIGHT TRAIMER 3 =

RIGHT
SIGHT SETTER
b

TURRET DFFICER'S
TALHER

TURRET OFFICER
TALKER

o F'DEWAED‘

COMPUTER
OFERATOR

RAMGEFINDER
> TRAIMER

RANGEFINDER
DPERATOR

RAMGEFINDER
FOINTER

COMPUTER
DPERATOR
(TALKER)

N

LEFT
TURRET CAFTAIN

SIGHT E.ETTEFI/

CEMTER
RAMMER OFERATOR

LEFT

LEFT
LEFT GUN CAPTAIN RAMMER OPERATOR

SIGHT TRAINER

LEFT SIGHT POINTER LEFT POWDER HOIST DPERATOR LEFT CRADLE CPERATOR CEMTER FOWDER HOIST OPERATOR
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Rangefinder pointer

Duties, The rangefinder pointer (fig, 2-3) is
responsible for keeping the rangefinder lines of
gight, in altitude or elevating and depressing motion
(to follow the roll of the ship), on the target. He

performs this duty whenever the rangefinder opera-
tor takes the target range.

Equipment used, The rangefinder pointer uses
the rangefinder pointer’s handwheels and an auto-
matic elevating drive (stabilizer) which holds the
rangefinder lines of sight horizontal,

Rangefinder trainer

Duties, The rapgelinder trainer (fig, 3-3) is
responsible for kee?ﬁng the rﬂngeﬂnd{e rgllnes }Di'
sight, In deflection or azimuth motion (o modily
turret train movements), on the target. He performs
this duty whenever the rangeflnder operator takes
the target range,

Equipment used, The rangefinder trainer uses
the deflection handwheel and the deflection setting
and indicator assembly.

Sight trainers (right and left)

Duties., The sight trainers (fig, 2-3) are at
stand-by duty in primary and secondary control,
One of them assumes control of turret train {in local
control) when directed by the turret officer, They
maintain communications with each other, with the
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—

sight pointers, and with the turret officer (through
his talker). The sight trainer in control (fig, 2-13)
ia responsible for keeping the turret's vertical
crosslines on the target, By turning his handwheels,
the zight trainer offsets the hydraulic transmission
A-end of the training gear to train the turret,

_qujpmfnt uged, Each sight trainer uses: a
telescope; handwheels; a telephone headset with

breastplate-supported and pushbutton-controlled
transmitters; and a foot-operated ready switch,
which, when closed, {lluminates TRAIN READY
dials at the turret officerts, turret captain's, and
=ight station indieators.

Sight pointers (right and left)

%H%illﬂ. The sight pointers {fig, 2-3) are at
stand-by duty in prEna?y and He{cuigndarjf E:nnl:ml.
When ordered by the turret officer, one of them

turns his !mnﬂwgeels to keep the horizontal erossline
on the target, By doing this, the sight pointer trans-
mitﬁnlg'un elevation orders to the gun elevation indica-
tor of each of the three pun layers, The sight point-
ers maintain communications with each other, with
the sight trainers, and with the turret officer (through
his talker).

Equipment used, The sight pointers use: the
sight pointers” telescopes and handwheels; firing
keys which are mounted on the handwheels; telephone
headsets with breastplate-supported and pushbutton-
controlled transmitters; and synchronizing clutches
{for synchronizing the handwhesls with the gun
elevation indicators) and cluteh indicators (which
indicate the relative position of the opposite sight
pointer's cluteh),

—

Figure 2-4, Turret Personnel Arrangement, Electric Deck Stationa
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Sight setters (right and lefi)

Duties, The two sight setters have identical
duties. One of them (designated by the turret offi-
cer) performs these duties in all methods of turreot
control., They maintain communications with the
computer operator and with the turret officer
{through his talker}. The sight setter selected ([ig.
2-81 must cluteh-engage his indicator with the sight
angle eross-shaft system. He ig then responsible for
manually entering mechanical values that offset the
lines of sight and correct gun orders. He operates
the Indleator hand cranks in response to electrically
received dial-actuated orders (in primary conlrol
and secondary control) or according to data received
by telephone (in local eontrol, or in secondary con-
trol, when the turret acts as a dircctor), These
values are for offset depression of the lines of sight
from parallelism with the guns (sight angle), azimuth
offset of the lnes of sight (sizht deflection), and tur-
rel Ltrain offsel for difference in largel bearing at the
director and the guns (parallax range). In perform-
ing these follow-the-pointer duties, he is entering
corractiong to the gun orders and off-setting the
pointer and trainer lines of sight.

Equipment used. The sight setters use: the
sizht setters’ indicators; telephone headsets with
breastplate-supported and pushbutton-controlled
tfransmitters; and eynchronizing clutches {which pro-
vide for correct engagement of the sight angle cross-
shaflt system) and clutch indicators (which indicate
the relative positions of hoth sight setters’ clutches).

SHELLMAN (PARBUCKLER) e

SHELL®MAN
{PARBUCKLER) .

Gun caplains

Duties. BEach of the three gun captains is direct-
Iy responsible for supervision of 2 gpun. He directs
the activities of his gun erew (fig. 2-31, primerman
not shown) in all of their duties. He directs the start-
ing of the projectile hoist power drive and has emoer-
pency sktop control of gun laying for his gun.

The duties of the three gun captains are identical
and include checking of the removal of tompions (or
muzzle covers), releasing the slide securing ping,
and releasing the gun locking device, and assists the
turret captain when he checks the eleciric gunfiring
circuit. He personally verifies the charges of the
counterrecoil and recoil mechanisms. In addition to
these duties, the right and left gun captaing are re-
sponsible for releasing the turret centering pins.

During gun [iring operations, the gun captain po-
gitiong his ready switch at SAFLE, npens the breech,
verifies that the pun hore is clear and depresses the
bore clear switch momentarily, closes the gas ejec-
tor valve, and wipes the mushroom clean of arning
powrder bag fragments, He indicates to his crew
when they are {o span the cradle and spanning tray,
ram the projectile, prime the {iring lock, and open
the powder door. He indicates to the powder hoist
operator when he is to dump the [first powder car
tray, lower the car, and dump the second powder car
tray. He epresds the powder bags and indicates to
hig crew when they are to ram the powder bags,
close the powder door, and raise the cradle. The
gun captain closes the breech and, after
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Figure 2-5. Turret Personnel Avrangement. Projectile Flat Station,



he and his crew are in safe positions, he positions
hiz ready switch to READY, After the pun has fired
and he returns the ready switch to its SAFE position
the gun captain verifies that the gun has returned to
battery before beginning the next load operation,

¥

The gun captain has facilities for communicating
with the turret officer and with the powder hoist and
projectile hoist operators,

After firing operations are completed, the gun
captain and his crew help te clean and stow the gun
units and unload the ammunition holats,

Egﬁuipment used, Each Eﬁm captain uses push-
to-tall button telephone handsets and the instrument
panel at his station (fig, 2-10),

Cradle operator

Duties, Each of the three cradle operators has
identical duties, all of which are performed under
direct supervigion of the gun captain,

The cradle operator (fig. 2-31) starts or stops
the power drive, Durlng gun firing operations, he

spans the cradle and spanning tray, helps the gun
captain spread the powder bags as they are damped

SECOND POWDERMAN, RIGHT

FEITY QFFICER

__TURRET OPERATION

into the spanning tray, and raises the cradle after
the gun i= loaded and the rammer rotracted, He
performs these duties on indications by the gun cap-
tain,

When high capacity projectiles are fired, the
cradle operator (acting as fuze setter) communicates
with the secondary battery computer fuze follow-up
operator and sets projectile fuzes as ordered.

After firing operations are completed, the cra-
dle operator assists in cleaning and stowing the gun
units, He sets the projectile hoist function control
mechanism to lower projectiles in the hoist,

_Equipment used. Each cradle operator nses a
telephone headset with breastplate -supported and
pushbutton-controlled transmitter, and the control
devices at his station,

Rammer operator

Duties, FEach of the three rammer operators
has identical duties, all of which are performed
under direct supervision of the gun captains,
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Figure 2-8, Turret Personnel Arrangement, Powder Handling Room Stations
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During gun firing operations the rammer opera-
tor {fig. 2-31) operates the rammer to seat the pro-
jectile in the gun and to retract. He opens the pow-
der door, operates the rammer to ram the powder
bags into the gun and to retract, and closes the
powder door., He performs these duties on indica-
tions by the gun captain,

After firing operations are completed, the ram-
mer aperator assists in cleaning and stowing the
gun units.

Equipment used. Each rammer operator uses
the control devices at his station,

Primermen

- Duties, FEach of the three primermen has iden-
tical duties all of which are performed under direct
supervision of the gun captain,

During gun firing operations, the primerman
(who is stationed on a platform below the shelf plate)
inspects the primer seat and mushroom stem hole
after each round is flred, He inserts a loaded
primer into the firing lock,

~ Eguipment. No equipment other than primers
ig uged,

Powder hoist operators

Duaties, Each of the three powder hoist opera-
tors hag identical duties, some of which are per-
formed on indications by the gun captain.

The powder hoist operator (fig, 2-32) has tele-

phone communication with the turret officer (through

is talker) and with the lower powder door operator,
There is also a visual signal system betwean the
lower powder door operator (fig. 2-11) and the
hoist operator. Manually operated by the lower pow-
der door operator, this system indicates to the hoist
operator that he may hoist the car, A window in the
bulkhead hetween the holst operator and the gun room
allows the operator to see signals made by the gun
eaptain,

For the first load, "Control" orders the turret
officers to "bring up powder, " This order is relay-
ed by the turret officers' talkers to the powder hofst
operators, Until "Control* orders the turret offi-
cers to "cease llre" and to "return powder to maga -
zine" the action is controlled by the hoist operators
Or gun captains,

The powder holst operator’s duties include
starting or stopping the holst power drive and
operating it to holst or lower the powder car when
ordered to do 8o by the turret officer (through his
talker), The hoist operator dumps the powder car
trays at the car's two unloading stations when order-
ed to do 50 by the gun captain.

Bgquipment used, Each powder hoist operator
uses the hoist and powder car control devices, and
a telephone headset with breagiplate-supported and
pushbution-controlled transmitter.

2-8

Gun layer

Dutles, Each of the three gun layers is respon-
sible for the operation and control of the elevating
gear of his gun. He starts or stops the power drive
and operates the devices (some of which are shown
in fig, 2-12) by which the control method of gun
alevation 1= selacted,

The gun layer maintains communications with
the turret officer (through his talker) who designates
when the power drive is to be started or stopped,
and the method of gun elevation control to be used,
In starting or stopping operations the gun layer
verifics that the tilting box is at newtral] and the con-
trol selector lever is at HAND, With the gun in
HAND control, he elevates the gun to correspond
with the gun elevation order {(shown on hig indicator)
before shifting to AUTO {automatie) control. In
ATTO control the gun layer may bring the gun to
Itz loading position from any angle of elevation by
positioning the control selector lever at LOAD, He
may return the gun to automatic control by position-
ing the control selector lever at AUTO, (Normally,
the guns are brought to loading position and return-
ed to AUTO control by the gun captain's ready
switch), In AUTO control, the gun layer is at
stand-by duty, He watches the Indicator dials to
check that gun position agrees with gun order, When
ordered, he resumes HAND control of gun elevation,

When the elevating gear 1= operated in HAND
control, the pun layer observes the gun order sig-
nal indfﬂated by the pointers (dials) in the elevation
indicator and compares that signal with the indicat-
ed position of the gun, If there iz a "matching
error' in the pointers, he operates his handwheels
in a direction and at a speed calculated to "match
Enlutem. " The gun layer has a firing key that may

@ used to fire the puns (through switches on the
turret officer’s indicator panel) when directed by
the turret officer,

Equipment uged, The gun layer uses: pedestal
mounted handwheels; a gun elevation indicator
which is mounted on top of the handwheel pedestal;
a firing kev which is mounted on the handwheels: a
control selector with a synchro power indicator
light; gun elevation ready and gun ready indicator
lights; a foot-operated ready switch which illumi-
nates dials at the turret officer's, turret captain's,
train operator's, pun captain's, and sight stations®
indicators to indicate that the gunis ready; and a
telephone headset with breastplate-supported and
pushbutton-controlled transmitter,

Gun train operator

Dutles. The train operator (fig, 2-33) is re-
gponsible for the operation and control of the turret
training gear. He starts or stops the power drive
and operates the devices by which the control me-
thod of gun train 1s aelected,

The train operator maintaing communications
with the turret officer (through his talker) who
designates when the power drive is to be started or
atopped and the method of gun train control to be
used, In starting or stnppinf operations the train
operator verifies that the tilting box is at neutral
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{indicated by the neutral-start indicator light being
it} and that the control selector lever is at HAND,
With the turret In HAND control, he trains the tur-
ret to correspond with the gun traln order (shown

on his indicator) before shifting to AUTO (awtomatic)
control. In AUTO control, the train operator iz at
stand-by duty. He watches the indiecator dials to
chack that turret position agrees with gun train or-
der, When ordered, he resumes HAND control of
gun train,

When the training gear {s operated in HAND
control, the train operator chbserves the traln order
zignal indicated by the pointers {dials) in the train
Indieator and transmitter and compares that signal
with the indicated position of the turret, If there is
a "matching error” in the pointers, he operates his
handwheels in a direction and at a speed caleulated
to "match pointers, "

The train operator has a firing key that may be
used to fire the guns (through switches on the turret
officer's Indicator panel) when directed by the tur-
ret afficer,

The train operator also turns the parallax-range
handerank to match pointers on the range dials of
his indicator and transmitter,

Eguipment used. The train operator uses:
pedestal mounted handwheels: a turret train indica-
tor and transmifter which is mounted on top of the
handwheel pedestal; a firing key which is mounted
on the handwheels; a control selector with a synchro
power indicator lght; gun elevation and train ready

GOARSE SIGHT o
ANGLE DAL

SIGHT DEFLECTION §
CHaL 7

indicator lights; a foot-operated ready switch which
illuminates dlals at the turret officer's, turret cap-
tain's, train operator's, and the sight station's indi-
cators to indicate that turret train is ready; and a
telephone headset with breastplate-supported and
pushbutton-controlled transmitter,

Projectile hoist operators {cach leyel)

Duties, Each pm{ectﬂe hoist may be filled and
used to holet projectiles from either the uppor or
lower projectile flat. The hoist control stations and
the hoist operator's duties are identical for each
hoiat on each level. The hoist operator is responsi-
ble for the operation of the projectile hoist and has
emergency stop control of the hoist from the level
on which he is stationed,

The projectile hoist operator performs his duties
under direct supervision of the petty officer in charge.
He operates the hoist control handle in accordance
with the vizual and audible signals and warnings of
the dizal indicators and gong,

Egquipment used. The projectile hoist operator
uses: the hoist control handle; the power drive stop
button; the indicator dials and gong; and a turret

alarm contact maker, circuit RA (center hoist only).
Projectile ring operator (each level)

Duties, Each projectile ring operator is a con-
trolman for ammunition delivery to the shellmen,
He i=s responsible for the operation of a projectile
ring which he controls by manually rotating the hand
lever (fig, 2-13), The ring operator's control sta-
tlons on each level are identical,
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Figure 2-%, Sight Setter's Station, General Arrangement
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The duties of the two ring operatora are ldentical
and include casting loose and securing the ring cen-
tering pins, and asalsting the hoist operators and
ghellmen when directed to do so by the petty officer
in charge,

The ring cperator controls starting or stopping
of the ring power drive, He coatrols speed and
direction of ring rotation by the degree and direction
of hand movement. When a ring station is reached
{at the end of a rotation cycle) the projectile ring
stops automatically with three projectiles in posi-
tions adjacent to each hoist loading aperture, Because
he cannot observe parbuckling operations at all hoists,
the ring operator must observe a three-dial indicator
which, when illuminated, notifies him that the ring
may be rotated in its next cycle,

Eguipment used. The projectile ring aperator
usea: the control handlever; power drive start-stop
pushbuttong; a three-dial indicator, eircuit RP,

"SYNCHRO POWER ON"
INDICATOR DAL

BUZIER CIRCNT x2043

SOUND: POWERED
IELEPHONE RECEPTACLE
CIRCUEE JK

S0UND POWERED
[ELEPHONE RECEFTACLE
CIRCLIT X204l

ELEVATING MOTOR —
UETOP" SWITCH

Shellmen (each level)

utiez, There are nine shellmen on each projec-
tile flat and all are under direct supervision of the
petty officer in charge, The duties and stations of
ghallmen are not rigidly defined; however they are
usually divided imto [our teams comprising three
two-man teams (next to each projectile hoist), and
a three-man team in the forward part of the projec-
tile flat, Each man in a team should be able to per-
formthe duties of another team member,

The two-man teams at the projectile holsts act
as hoist loaders and take projectiles from the rotat-
ing inper ring, The three-man team in the forward
part of the projectile flat replenishes the projectile
supply on the inner ring from the fixed stowage area,
One man In each team acts as a parbuckler while
the other team members unlock projectile lashing
chains, apply the smubbing rope around the projec-
tile to be moved (below its rotating band), and steady

the projectile as it slides across the projectile flat
floor plates,
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TALK BACK CONTROL BOX
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GUN CAPTAIN'S
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Figure 2-10, Gun Captain's Station, General Arrangement
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Figure 2-11, Powder Hoist Lower Door
Operator's Station, Manned

The shellman of a team employed as a parbuckler
(fig. 2-36) is responsible for smoothly moving the
Emjeutiles onto the rotating ring or into the hoist,

is parbuckling work consists of taking one or two
turns of hiz snubbing rope around a gypsy head and
applying hand pull to the rope to move a projectile,

The shellmen (or projectile holst operators)
close contact makers at each projectile holst oper-
ator's station te illuminate dial indicators at the
ring operator's statlon, Thia notifies the ring
operator that he may rotate the ring,

Equipment used, The shellmen use: the smubbing
ropes and gypsy heads In the projectile handli
space of each flat; and the contact makers for the
projectile ring ready lights, cirenit RP,

Electrician (each level)

E%’ti&s. The electrician In the machinery space
of each projectile flat performs a number of mis-
¢ellaneous duties, He is primarily concerned with
the turret power drive electric controllers, supply
panels, and other electrical equipment in the ma-
chinery space, During cperation, he acts as a rov-
ing trouble-shooter, He makes circuit continuity
checks, replaces fuses and Indicator lamps, and
repalrs and replaces electrical elements in instances
of malfunetion or fallure, His roving battle station
includes servicing of all turret electireal inctalla-
tions,

Equipment used. The electrician uses tools and
acceasories of his electrical test and service main-
tenance outfits, j

Peity officer in charge (projectile handling deck,
each level)

Duties. The petty officer in charge of each
projectile flat performs a number of duties, the
mast impertant of which is supervision of safe pro-
jectile transfer, Under the turret officer, he organ-
izes his crew of shellmen, hoist operators, and ring
operator and trains the men to be skillful in operat-
ing their equipment when serving the projectile
hoists, If service to a hoist lags he assists that
team or directs a member of another team (replen-
ishing team) to assist,

The petty officer in charge has telephone com-
munication with the turret officer (through his talker)
and reports to him any equipment malfunction or
casvalty resulting In ammunition service lag,

If any fire hazard is Indicated or cccurs, he
aperates aprinkling controls,
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Figure 2-12, Gun Layer's Station,
General Arrangement
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_Eguipment used, The petty officer in charge
(projectile handling deck) uses: communications
units located in the projectile flat; the controls of
eprinkling station H; and a telephone headset with
breastplate-supported and pushbutton-controlled
transmitter,

Lower powder door operators

Duties, A member of the powder handling room
crew, each of the three lower powder door operators
(fig. 2-11) has identical duties, Primarily these are

RIGHT SIGHT TRAIME

SIGHT DEFLECTION DUTPUT
TO POINTER'S TELESCOPE .

SIGHT ANGLE OUTPUT
FROM POINTER™S TELESCOPE

GUN ELEVATION ORDER TRAMSWMITIER

to open and close the loading doors at the lower end
of the powder hoist trunk, He has emergency stop
control of the hoist power drive and telephone and
vizual communications with the hoist operator,

When the powder hoist is operated to serve
powder to the gun, the powder door operator
manually opens the lower doors after operating
his foot pedal to unlatch them (when the car is
at the loading station). He closes the doors when
ordered to do s¢ by the powder passers. He man-
ually positions his indicator switch lever vertically
when the car is loaded and the doors are closed,

RIGHT
IGHT TRAINER'S
TELESCOPE

RIGHT SIGHT
ETTER'S INDNCATOR

SIGHT AMNGLE SYRCHRONIZING
CLUTCH AND INTERLOCK

SHGHT ANGLE QUTPUT TG GUN ELEVATION INDICATOR

Figure'- 2-12. Right Sight Trainer's Station, Manned Right Side View



TURRET OPERATION

This causes the HOIST light to be illuminated at the
hoist operator's station,

Bguipment used, The powder door operator uses:
the door operating and control devices, and indica-
tor controls at his station; and a telephone headset

with breastplate -supported and pushbutton-cont rolled
tran=smitter,

Powdermen (powder passers)

Duties, The nine powdermen in the powder
handling room crew are divided into three three-man
teams, each team comprising first, second, and
third powdermen, The teams have ldentical duties:
however the duties of individual team members n:ii!f:—:'r1

All powdermen perform their various duties
under supervision of the petty officer in charge of
the powder handling room, Team members desig-
nated first and second powderman are responsible
for removing powder bags from the handling room
scuttles, placing the bags (with the red colored
ignition ends toward the rear) in the powder holst
trunk loading trays, and loading the powder car.
The team member dezignated third powderman 1=
stationed in the annular powder handling space and
iz respongible for passing the powder bags from the
magazine scuttle to the handling room scuttle,

During powder service operations the [irst pow-
derman of a team rotates the handling room scuttle
(fig, 2-3%) and removes the powder bag. He carries
the bag to the leading tray of the powder hoist he is

PROJECTILE
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RN HIRG LOCEING
READY COMTROL LEVER FLUNGER

INDACATOH KM

PARBUCKLING GEAR MASTER
PLSH BUTTON STATHON

PROJECTILE RING MASTER
PUSH BUTTON STATION

Figure 2-14, Projectile Ring and Parbuckling
Gear Control Station

assigned to, In this {time interval the second powder-
man rotates the same scuttle, removes the bag, and
places it in the same loading tray. Each powderman
repeats this procedure three times to place a total

of six bags in the two levels of the loading tray, When
the powder car is lowered and the lower doors are
opened, the first and second powdermen roll the six
bags into the car (fig, 2-35) and notify the door oper-
ator to close the doors,

Each time that the powder handling room scutile
iz emptied, the third powderman of a team rotates
the magazine scuttle (fig, 2-38) and passes a powder
bag into the handling room scuttle. He then turns a
mechanical indicator device to notify the magazine
crew to fill the magazine scuttle, He repeatedly
rotates and empties the magazine scuttle and passes
powder bags to the handling room scuttle while there
ias a demand for powder,

Eguipment uged. The powdermen use: first and
second powdermen use the handling room scuttle and
hoist loading tray; the third powderman uses the
magazine scuttle and mechanical indicator, Water
filled tanks for powder submergence are adjacent to
all personnel in the event that a powder bag breaks
in transit,

Potty officer in charge (pogder handling room)

Duties, The petty officer in charge of the powder
handling room has a number of duties, the most im-
portant of which is supervision of safe powder trans-
fer to the powder cars., Under the turret officer, he
organizes the powder room crew, and trains the men
to be alert, careful, and skilliul in their various
duties. He directs their movements {o prevent traf-
fic confuslon, orienting the three holst crews so that
they move belween the scuttles and loading trays
without interference, If the service to a hoist lags,
he aszists that crow,

The importance of his duty as traffic director and
coordinator is beat appreciated by referving to figure
2-1 and noting the comparatively short interval in
which the powder trays must be loaded,

He and hi=s crew must be alert to provent frans-
fer of lonse powder or a torn powder bag, This
would result in powder being spilled during hoisting
or gun loading operations and subsequent delay in
the firing cycle. I powder apills during the handling
room transfer operation, he directs the erew in the
handling of the spilled powder so that hoist service
can be safely resumed,

If any fire hazard is indicated or occurs, he must
operate one or both of his sprinkling controls,

The petty officer in charge has telephone commun-
ication with the turret officer (through his talker),

Equipment used, The petty officer in charge
(powder handling room) uses: communications units
located in the projectile flat; the controls of sprink-
ling stations D and E; and a telephone headset with
hreastplate-supported and pushbutton-controlled
transmitter,

2-13
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PREPARATION FOR OPERATION

After stations are manned, a considerable num-
ber of manually performed operations are required
to cast loose, start the power drives, and fill the
ammunition holsts of a secured turret. These actly-
ities not only require time, but many of them depend
on other time-consuming features of the equipment
that delay ﬂrlnguunul system temperatures and
pressures can build up. It is important that neces -
sary preparations be coordinated by dividing duties
among the crew and establishing a duty-sequence
for each man. Design arrangements for access,
turret exterior operations, work priority, and loca-
tigrs of controls must be considered by the turret
officer.

Manning stations

Porsonnel access to the turret is through three
doors: the center door in the bottom of the gun
house overhang and the two doors in the turret foun-
dation at the powder handling room level. The right
door in the bottom of the gun house overhang is used
as an emergency escape hatch and should be closed
and secu at all other times,

The turret erew may be routed through the three
doors by any of several alternatives, but the recom-
mended routes are based on sue.ured left and right
gun-pit hatches, This requires all stations below
the alectric deck to be manned through the turret
foundation doors, while the gun house and electric
deck personnel use the door in the bottom of the gun
house overhang.

Starting_operations

Three clasaes of manually performed operations
are Involved in starting turret operations, These
are:

Auxiliary service operations
Casting loose
Establishing communications

A y.service operations, All auxiliary ser-
vice operations are stnrf activities withtnﬁe

turret and are "Tirst" duties for the crew. Location
arrangements and crew assignments for accomplish-
ing them as follows:

Al Mounted on the gun house transverse
bulk , two adjacent to each the right and left hand
sides (fig. 2-7), are four 12-circuit distribution
boxes. Switches on the boxes (normally t‘n{)crated by
the turret officer and turret captain) provide selec-
tive control for closing all lighting and portable
electrical sqiulpmem elreuits within the gun house
compartments, the gun pockets, and the pan floor
spaces.

Two 12 elrcuit and two 6-circuit distribution
boxes are mounted in the left box girder above the
pan {loor between the left and center gun pockels,
Switches on the boxes (operated by designated elec-
tric deck personnel) provide seleclive control of
lighting and receptacle elrcuits in the powder hand-
ling room.

Two 12-circult distribution boxes are mounted
in the left box glrder above the electric deck be-
twoen the left and center gun pockets, Switches on
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the boxes (operated by designated electric deck
personnel) provide selective control of lighting and
receptacle circnits in the electric deck spaces.

Two 12-circuit distribution boxes are mounted
on the eircular bulkhead in the machinery space of
each projectile flat. Switches on the boxes (operat-
ed by the electrician stationed in that space) pro-
vide selective control of lighting and receptacle
circuits in the respective projectile flat,

RETRNEILUMATIOL ) ot e
mounted in the center e gun house rear plate

{in the turret officer's compartment) provides con-
trol of illumination of instrument dials and sight
crosslines for certaln equipment in the gun house
and electric deck spaces. It has four positions
labeled: OFF (2 positions), BATTERY, and ILLUM,
TRANS. The switch is usually positloned at ILLUM,
THANS. which steps-down the 110-volt, 80-cyele,
ship's service ly to the G-volt current required
for instrument illumination, When the switch is
positioned at BATTERY the 8-volt current for in-
strument {llumination is supplied by storage batteries.
Rheostats in the circuit at the various equipment pro-
vide dimming control for each eireuit,

VENTILATION, Mounted on the gun house
transverse , two adjacent to the right and
three adfacent to the left-hand side (fig. 2-1), are
five ventilation pushbutton controls. re is an
additional pushbutton control in each ﬂm oo,
Each pushbutton is plainly marked with the desig-
nation of the fan set it controls, The pushbuttons
{operated by the turret officer, turret captain, and
gun captains) provide high and low speed, and stop
control, Alr exhaust is automatically regulated to
malntain the desired pressure within the turret.

SUPPLY, GAS EJECTOR SYSTEM,
{}rafnarﬂ?, the gas ejector air supply will always

be open and under pressure, Either the turret
officer or the turret captain may cbserve the pres-
gsure gage at thelr station to check system pressure,
Additional gas ejector system gages are located in
the gun rooms and are checked by the gun eaptains,
Bhould system pressure not be Indicated at the gages,
it i& necessary to check and open the valves of the
six Eas ejector ntnm%{z tanks located on both pro-
jectile flats, and to check the system piping. This
is done by designated men on the respective levels,
as directed by the turret officer or turret eaptain,

TO SPRINK In ordinary tur -
ret drill oper ., Spr nks are fill
with water at all times, but are nol under alr pres-
sure. In preparing for battle conditions or target
practice, alr pressure Is placed on the water in the
tanks as follows, The turret officer opens a valve
in the air supply line to the sprinkling tanks and
then sets the air control cock to vent, After water
appears at the overflow, the cock is kept at vent un-
til both tanks are free of alr. The air control cock
is then set to supply air to the tanks,

EEM.M* A total of 15 heaters, located
in the turret officer's compartment, the two
gight control stations, and the electric deck
control stations, provide heat for turret personnel.
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Four distribution boxes, each equipped with an ON-
OFF snap switch, control the power supply of all
heaters, Each heater is provided with an adjacently
mounted ON-OFF snap switch,

Lasting loose, Casting loose operations consist
of opening covers, such as the sight hood shutters,
periscope hood covers, rangefinder optle shutters,
and mugzle covers; and of releasing the various
securing devices on the gun, slide, turret, and pro-
{ectile rings,

_Opening sight hood shutters. The right and left
sight pointers and slght trainers are each provided

with a telescope within a sight port and enclosed by
a sight hood assembly. Mounted on the gun house
side armor plate, all sight hoods are simllarly ar-
&d with a bullet-proof steel door. This door

slides horlzontally to open or close and la operated
Hln. double serew and link operating mechanism

leh sacures it in either position, The mechanism
has an operating handwheel within the side armor at
the sight port.

Personnel designated by the turrel officer open
the periscope hood covers which are reached from
the exterior top of the gun hovse, The covers are
secured closed by a wing nut, and after being swung
opeén are secured open by another wing nut,

The rangefinder pointer and trainer are each
provided with an optic within a sight port and enclos-
ed by a sight hood assembly, Mounted on the gun
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Flgure 2-15. Releasing Turret-Centering Pin

house side armor plate, both sight hoods are simi-
larly arranged with a door similar to that of the
sight hood assemblies. This door slides horizontal -
ly to open or close and is operated by a shaft and
screw mechanlsm which secures it in either posi-
tlon, The mechanism has an operating handerank
within the aside armor at the sight port.

Tompions, muzzle covers. Personnel designated
by the turret cificer remove the tompiong or muzzle

covers. Removing a tompion requires that the tom-
pion clamping bolt be loosened with a proper wrench
and the tompion then lifted out.

i turret cenptering pins, Two turret
centering pins are provided, one in each wing gun

room in the réar outboard corner. An operating
wrench for each pin is mounted on the transverse
bulkhead adjacent to the pin which {8 usually released
by the gun captain or one of his erow (fig. 2-15),

The wrench is used to turn the serew bolt of the cen-
tering pin, a clockwise motion screwing the bolt into
and ralsing the centering pin from the tapered center-
ing hole in the upper barbette. The turnirr% motion

ig indicated on & nameplate secured to the top of the
deck plate mounted in the gun room floor plate,
Travel distance of the pin Is 4. 25 inches,

Releasing EHgg securing pins. When directed
by the turret icer, the pun captains or their

crew release the slide securing pins (fig. 2-18),

SLIDE
SECURING FIN

GUN GIRDER GUN

SECURING
FiN LATCH SOCKET GIRDER

Figure 2-16, Releasing Slide-Securing Device
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These are similar hand -operated screw-type mech-
anisms mounted on the opposite side of each slide
to the loader's platform bracket. By turning the

respective handwheel clockwise and holding the secur-

ing pin latch down, the pln ls withdrawn from its
socket In the gun girder,

Heleasing gun logking deyice, Fach gun is pro-
vided with a gun locking deviee which socures the
gun and yoke assembly to the slide assembly., When
directed by the turret offleer, the gun captains or
their erew release the device by loosening the knurl-
ed locknut and pivoting the threaded safety link and
nut up to the stowed position (flg. 2-1T7). The nut is
then turned clockwise and tightened until the device
is secured in the stowed position,

Releasing proj pins, Each projectile
ring is provi with two retractable screw-type
cente pins, which fit into sockeis in the projec-
tile flat recess. A special socket wrench is stowed
in a clip at each pin station. A member of the pro-
Jectlle flat crew, designated by the petty officer in
charge, retracis the ring plns using the special
wrench (fig, 2-18) and turning in a clockwise direc-
tion,

Establishing communications, Simultaneously
with the preceding starting activities and during per-
formance of certain of the ordnance equipment con -
trol setting operations described below, it s imper-
ative that communications be established throughout
the turret, HNone of the mechanisms should be oper-
ated until control members of the erew have receiv-
ed reports that the casting -loose operations and
inspections have been completed and that the gun
pits, slides, projectile rings, and other hazardous
arcas are clear of personnel, tools, accessories,
and supples, "Ready' reports should be coordinat-
od by clearing them through the turret captain,

Communications emploved in this phase of the
starting operations (and subsequently) are the pub-
lic address and telephone systems, A minimum of
27 crew members must be equipped with telephone

DEPRESSION BUFFER HCIUSIMG\

COUNTERRECOIL

CYLINDERS YOKE

Figure 2-17, Releasing Gun Locking Device
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CENTERING FIN
GOCKEET WHEMCH

PROJECTILE RING

FIN SOCKET CENTERING PIN PLATFORM

Figure 2-18. Releasing Projectile Ring Centering Pin

headset receivers and talk-back microphones, These
2T crew members are; the turret officer, turret
captain, rangefinder operator, computer operator,
talker, sight station personnel (), gun layers and
train operator (4), gun captains (3), powder hoist
operators and door operators (8), and the petty
officers in charge on the projectile decks and pow-
der handling room (3).

Ordnance equipment preparations and starting

aperations

Starting operations, described in the following
paragraphs, include safety checks, operating pre-
cautions, and operating tests as well as the turning
on of turret primary power, starting drives, and
getting controls,

Safety checks, operating. ,_and tests,
Persomnel must be fully cognizant of the necessary
operating precautions and safety checks. All ord-
nance assemblies require periodic maintenance and
inspection. When preparing for operation and be-
fore starting any of the electric motors, it is nec-
essary to verify that: proper lubrication has been
performed; hydraulle fluid and oil levels, and high
and low air pressures, are adequate and available;
the equipment has been cast loose; and all personnel
are clear, These and many other detalled precau-
tions, tests, and checks are noted In octher chapters
and should be performed by the personnel directly
controlling the various assemblies or by personnel
designated by the turret officer,

Energlzing main power circult, A manual bus
transfer panel, in the machinery space of the upper
projectile flat, provides two external switches for
controlling normal and alternate power for major
alectrical installations in the turret. Power from
the bus transfer panel s transferred to {ive clrcult
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breaker power panels in compartment and cleetric
deck ventilating systems: and the turret heating sys-
tem, FEach panel cut-off ewitch is normally turned
to the ON position, A mechanical Indicator plate
above the operating handle in a small circular win-
dow indicates when power 15 on or off.

Located in the projectile flat machinery spaces
are 1T motor controllers which control starting and
stopping of power drive motors. On the upper pro-
iactilﬂ flat are three elevating gear motor control-

ers, three powder holst motor controllers, one
projectile ring motor controller, and one parbuckling
gear motor controller, On the lower projectile flat
are the training gear motor controller, three ram-
mer motor controllers, three projectile hoist motor
controllers, one projectile ring motor controller and
one parbuckling gear motor controller, Each con-
troller is equipped with a main line disconnect cir-
cuit breaker or switch, Interconnected with the door
g0 that the door can be opened only after the handle
has been positioned at OFF, The ON or OFF posi-
tion of the handle is indicated by a name plate on the
controller cabinet, Ordinarily the handle is left in
the ON position,

starting drives, The following paragraphs con-
tain the necessary instructions for starting the drive
units for all power-driven ordnance assemblies with-
in the turret,

Starting elevating gears. The master pushbutton
switch for each elevating gear motor controller is
located adjacent to the respective gun layer's station.
It 15 a watertight unit with two pushbuttons, one label-
ed START-EMERG and the other 3TOP, The start-
ing eireuit contains two series comnected neutral
gtart interlock switches which prevent starting the
elevating gear motor unlesg the A-end tllting box
and the servo control valve are at neutral, In addi-
tlon the control selector lever must be placed in the
HAND position before the elevating motor is started.

If the elevating motor does not start when the
START-EMERG button is pressed, either the hand-
wheels or the tilting box are not in their neutral
positions, Rotate ﬁle handwheels in both directions,
counting the turns betweeon limits, and position the
handwheels at neutral midway between these limits,
To position the tilting box at neutral operate the
neutral return device hand-lever on top of the A-and
control case, Tilting box neutral position 1s mech-
anically indicated by a pointer,

After the elevating gear motor is started, allow
it to run until the hydraulic fluid is at normal operat-
ing temperature, Verify that the power-off control
valve is energized and that the lubricating syslem is
pumping oil, Operate the elevating gear in HAND
to both limits of gun movement,

To switch control from HAND to AUTO verify:
that the synchro power indicating light in the control
gelector is liphted and that the gun captain's switeh
iz positioned at READY, Hotate the handwheels un-
til gun elevation matehes gun elevation order, as
shown on the pun elevation indleator, When these
match, place the control selector lever in the AUTO
position,

Starting tralning gear, The master pushbutton
switeh for the training pear motor coniroller Is

located adjacent to the train operator's station,

It is a watertight unit with two pushbuttons, one
labelled BTART-EMERG and the other STOP, There
iz a neutral start indicator light assembly connected
to the adjacent master switch, The starting eircuit
contalns two series connected neutral start interlock
awitches which prevent starting the training gear
motor unlesg the A-end tilting box and the servo
pilot valve are at neutral, This condition 15 indicat-
ed by illumination of the neutral start indicator light.
The control selector lever must be placed in the
H{"’;I'-l]]dpnsiti{m before the training gear motor is
staried,

If there is no {llumination in the neutral start
indicator, either the handwheels or the tilting box
are not in their neutral positions, Rotate the hand-
wheels in both directions, counting the turns between
limits, and position the handwheels at neutral mid-
way petween these imits, The tilting box neutral
position is mechanieally indicated by a pointer on
top of the A-end case, To position the tilting box at
neutral operate the neutral return hand pump located
near the traln operator's station,

After the training gear motor is started, by pres-
sing the START-EMERG button, allow it to ran un-
til the hydraulie fluid is at normal operating tempera-
ture, Verify that the power-off solenoid is energized
and that the brakes are released, Operate the train-
ing pear in HAND to both train limit stops,

To ewiteh control from HAND to AUTO, verify
that the synchro power indieating light in the control
selector 1= lighted, Operate the hand wheels until
the turret position matches gun train order, as
shown on the train indicator, When these match,
place the control selector lever in the AUTO position,

To switch to local control (in HAND) by either
the left or right sight tralner, the train operator:
disengages his handwheels by positioning the clutch
lever on the left side of his handwheel pedestal at
neutral; engages the handwheels of the selacted sight
tralner by positioning the elutch lever (located on the
overhead at his statlon) at LEFT or RIGHT.

Starting rammers, The master pushbutton
switch for each rammer motor controller is located
at the rear of each gun room at the respective ram-
mer operator's station. It 1s a watertight unit with
two pushbuitons, one labeled START-EMERG and
the other 8TOP, The starting circuit containzs a
neutral start interlock switch which prevents start-
ing the rammer motor upless the A-end tilting box
ie at neutral, To start the motor, the rammer
operator presgses the START-EMERG pushbutton,

Starting projectile hoists, The master push-
button switch for each projectile holst motor control-
ler iz located at the rear of each gun room adjacent
to the respective cradle operator's station, Itis a
watertight unit with two pushbuttons, one labeled
START-EMERG and the other STOP., The starting
elrenit eontaine a neutral start interlock switeh
which prevents starting the projectlle hoist motor
uniess the holst eontrol handle is placed at neutral,
To start the motor, the projectile hoist operator
presses the START-EMERG pushbetton,

Starting powder hoists, The master push-
button switeh for each powder holst motor con-
troller i located at the hoist operator's station,
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Figure 2-19. Turret Officer’s Transfer Switchboard, Turret TI. General Arrangement
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It iz a watertight unit with two pushbuttons, one
labeled START-EMERG and the othey 8TOP. The
starting circuit containg a neutral start interlock
swlitch which prevents starting when the pump yoke
is offset from the neutral position. To start the
motor the hoist operator places the hoist eontrol
éﬂ*ﬂ&r at neutral and presses the 8TART -EMERG
L0,

Starting projectile rings, The master pushbution
switch for each projectile ring motor is located at

the center [JI'D,IEMHE hoist at respective wpper and
lower projectile flats, Tt is 2 watertight unit with

two pushbuttons, one labeled START-EMERG and
the other STOP. The starting circuit eontalns a
neutral start interiock switch which prevents start-
ing when the pump yoke is offset from neutral posi-
tion., To start the motor, the ring operator places
the hand control lever at neutral and pressges the
START -EMERG button,

Starting parbuckling gears, The master push-
button switch for each parbuckling gear motor is
located at the center projectile hoist at respective
upper and lower projectile flats, It is a watertight
unit with two pushbuttons, one labeled START-EMERG
and the other STOP, To start the motor, the par-
buckler presses the START-EMERG pushbutton,

Setting controls; energizing the control circuit.
Two elasses or groups of controls must be'closed
when starting turret operations, These are the
aordnance eguipment contrals and the turret officer's
controls described below,

Ordnance eguipment control setting. The auto-
matic elevating and tralning gear recelver-regulator
(AUTQ) control devicea are not placed in operation
h%; the power drive starting operations (page 2-17).
These control devices are energized by setting cer-
tain turret oificer controls,

Turret officer controls, All fire control signals
and communlcations fransmitted to the gun layers
and train operator, the elevation 2nd train receiver-
regulators, the personnel of both sight statlons, the
computer, and personnel in the gun rooms {acting
as fuze setters) are routed through controls set by
the turret officer. They are electric switching con-
trols compactly arra.nged in the turret officer's trans-
fer switchboard (fig. 2-7). Switchboards for turrets
I, O, and III are virtually identical, Panel details

of the switchboard for turret II are shown in [igure
2-19,

Primary control, The 21 transfer switches on
the tﬂw;tﬂhbﬂ&ra panel are set as follows for primary
control,

Switch Number Switch Position
1 PLOT FWD
FWD

PLOT FWD
PLOT FWD
TURRET 2
FWD

PLOT FWD
PLOT FWD
AUTO AMDY IND
AUTO AWMD THD

Emmqmmmmm

Switch NMumber Switch Position

i1 AUTO AND IND

12 OFF

13 FWD

14 OrF

15 FWD

16 SIGHT ANGLE
AND DEF

17 SIGHT ANGLE
ARD DEF

18 FWD

19 FWD

20 PLOT FWD

a1 FWD

All transfer switches that may be positioned at
at either FWD (PLOT FWD) or AFT (PLOT AFT)
must be positioned similarly {all at FWD or all at
AFT), There is a two-dial indicator (dials marked
F and A} which shows the selected FWD or AFT
position for transfer switches through which control
circuits are actuated {rom either plotting room,

In addition to the transfer switches, the turret
officer also operates the turret officer's gelective
awitch, mounted on the transverse bullthead at his
station, This switch assembly consists of a pair
of rotary switches, Controlled by a pointer type
knob, the upper switch has three positions, labeled
DIHRECTOR - OFF - LOCAL., The lower switch,
controlled by a pointer-handle, alao has three posi-
tions, labeled AC SUPPLY - OFF - BATTERY,
By rotating these switches, the turret officer selects
loeal or remote firing, and the source of power to
engrgize the firing eircuit, Battery power can be
used only for local turret firing.

Secondary control, The transfer switches are
set a8 follows for secondary control,

Switch Number Swritch Position

1 OFF
2 LOCAL
3 OWN TUR COMP
4 OFF
5] oOFF
3] LOCAL
iy TURRET IO
B TURRET @I
9 IND
10 IND
11 IND
1 g TURRET I
1
14 OFF
i5
16 OFF or SIGHT

ANGLE AND DEF

&) OFF or SIGHT
ANGLE AND DEF

18

19

20 OFF

21

The switches are get as above for turret II when
it acts as a director in secondary control, and the
switches in turrets 1 and I are set as follows,
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TURRET OPERATION

Switch Number Switch Position
1 TURRET [I
2 LOCAL
3 TUREET II
4 TURRET II
5 TURRET I
i LOCAL
i TURRET IT
] TURRET I
B AUTO or IND
10 AUTO or IMD
11 AUTO ar [IND
12 TURRET I
13
14 OFTF
15
14 SIGHT ANGLE
AND DEF
1% SIGHT ANGLE
AMD DEF
18
]
20 OFF
21

Loeal fire control.  The transfer switches are
set the 2ame for local fire control as they are set
when the turret acts as a director in secondary con-
trol.

FIRING OPERATIONS
Firsl round

In preparing for Lhe [irst round, the turret offi-
cer designates which prejectile flat wikl serve the
hoists and whether armor piercing or high capacity
projectiles will be used., The hoist operators on the
designated fat cluteh engage their hoist conkrol han-
dles and the petty officer in charge, or a crew mem-
bar, starts the parbuckling cear and projectile ring
drive.

Serving hoists, When Lhe preceding operations
are completed, the shell men and parbucklers on the
designated flat begin serving the projectile hoiste,
The powder handling room orew begin serving the
powder hoists,

A shell man and parbuckier work as a team to
parbuckle projectiles into the holst aperture. The
shell man puts the hook on the end of Lhe parbackler's
enubbing rope into a convenient hole or eyve on ihe
projectile flat provided for the purpose. He steadies
and guldes e projeciile as il moves. The parbuck-
ler operates the snubbing rope, looping the [ree end
of the rope twice around a gypey head and pulling &t
tieht enough to move the projectile into Lhe hoist
aperture. Spring-loaded shutters at the holst aper-
ture retain the projectile in the hoist after it is
placed within it, The projectile ring operalor oper-
ates his hapdlever every three rounds (each hoist) Lo
pasition the projectile ring so that the shell men
teams may reach the projeciiles in rotating stowage.

Three powdermen work as a team to load each
powder hoist. Two men operate the powder handling
room scuttles, carry powder bags (o the holst loading
Lrays, and load the powder cars. The third powder-
man of each team operates g magazine scuttle, The

first and gecond powdermen must each make three
trips to load six powder bags into the loading trays.
Wlhen the trays are loaded they stand by, waiting for
the door operator to open the hoist lower doors =o
that they can roll the bags into the powder car. Aflter
this is done the powdermen load the trays in prepara-
tion for the next round.

Filling hoists. After a projectile is parbuckled
into the projectile hoist, the hoist control handle is
positioned at HOIST (and held there until the TOP OF
STIROKE indicator is illuminated at the hoist apera-
Lor's station) and the projectile is automatically lifted
to the next higher level. The next projectile can be
parbuckled into the hoist as soon as the loading level
is clear. The hoist rack is then lowered by position-
tng the holst control handle at LOWER., As succes-
give projectiles are parbuckled into the hoist, the
manipulation of the hoist controel handle is repeated
as ahove until a projectile is lifted into (and latched
in} the cradie,

Alter the powder bags have been rolled into the
powder car and the hoist lower doors are cloged, the
control lever is positioned at HOIST and the powder
car with six bags is hoisted to the upper unloading
station,

Erecch opening. The gun captain opens the
breech, wipes the mushroom, and looks through the
bore to make sure that there are no gases or burning
rempants from the preceding round left in the pun or
breech. He then announces “bore clear, ' depresses
the bore clear switeh momentarily, and trips the gas
ejector valve., For the [irst load, the gun eaptain
must manually disengage the salva latch,

FPriming. As soon as "bore elear” is announced,
ilwhpri]nm'nmu Ingerts a live primer into the firing
ook,

Cradle u:-penl_l}_%l. After a projectile has been
lifted into {and latched in) the cradie and the bore
clear switch has been depressed, the cradle operator
depresses the [oot pedal (unlatching the cradle) and
pasitions the cradle control valve handle at LOWER
CRADLE. The cradle then rotates to lower and to
enter the spanning tray into the open gun breech.

The cradle cannot be lowered until the bare clear
switch bas been depressed because of the cradle in-
terlock portion of Ready Lighl Cirecuit 1R.

Projectile ramming. After the cradle assembly
is spanncd (CconLa ining a projectile), the rammer hand
lever is moved toward RAM and the projectile is ram-
med into and seated in the gun, The hand lever is
then moved toward WITHDRAW. The upper powder
door is opened simullaneously with these ram and
withdraw movements,

Powder tranefer. After the rammer has heen
withdrawn, the powder ear hoisted, and the hoist
upper door opened, the hoist operator dumps the
lower car Lray, The upper powder deor ecannol he
opened, because of the powder door interlock portion
of Ready Light Clreait 1R, until the rammer has
been withdrawn after projectile ramming. The
three powder bags roll down the open door (which
forms a shell between the powder hoist trunk and
the spanning tray) and are puided into the spanning
Lray by the gun captain and cradle operator, Thege
men epread the bags (bwo forward and one aft) to
make a space wide enough for the three bags still
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in the powder car. These remalning bags are then
dumped by the hoist operator (who has lowered the
powder car) and are gulded Into position in the span-

1:iu:::ing tray to be rammed into the gun's powder cham-
er.

Powder r . After all six powder bags
have been transferred to the spanning tray, the ram-
mer hand lever 18 moved toward RAM and the bags
are rammed into the gun's powder chamber, The
handlever is then moved toward WITHDEAW, The
upper powder door 15 clogsed simultanecusly with
these ram and withdraw movements, As soon as the
rammer is fully withdrawn and the upper powder door
is closed, the cradle control valve handle is position-
ed at RAISE CRADLE, The cradle then raises and
retracts from the guon, The gun captain then closes
the breech and positions his ready switch at READY,

Firing. When the breech iz ¢losed and the gun
captain's ready switch is positioned at READY, the
firing clircuit closed within the turret, and the turret
officer's selectlve switch turned to DIRECTOR, the
gun can be fired electrically by remote control, Dur-
ing recoil and counterrecoil, the salvo latch is trip-
ped automatically and the breech can be opened, The

praceding loading procedure is repeated for the
second and aubsequent rounda,

Gun laying, firing

Turrat control methods of gun laying and firing
include primary or secondary automatic control,
primary or secondary indicating control, and local
control. Each method is described in Ini]ﬂw{ng para-
graphs,

Automatic control, In primary or secondary
automatle eontrol, gun laying and firlng are accom-
plishad entirely by remote control, Electrical sig-
nals (gun orders) to lay the guns in elevation and
train the turret are refayed
rooma (forward or aft), or from another turret (act-
ing as a director) and pass through the turret offi-
cer's transfer switehboard to the elevation and train
receiver-regulators, The transfer to automatic con-
trol is completed when each gun layer and the train

L‘Teratnr poditions the lever of his control selector
at AUTO,

Inputs to the elevating gear and to the training
gear in the various methods of control are shown
in lgures 2-20 and 2-21,

Sight deflection and slght angle orders are relay-
ed through the turret officer's transfer switchboard
to the sight setter's indicator. The sight setter
matches the sight angle order by hand and transmits
this order mechanically to the sights and the gun ele-
vation indleators {as a factor in correcting for gun
eroslon). The sight setter also matches the sight
deflection order by hand and transmits this order
mechanically to the zights,

Parallax range orders are relayed through the
turret officer's transfer switchboard to the turret
train indicator and transmitter, The train operator
matches the parallax range order by hand and trans -
mits this order mechanically to the indicator and
tranamitter and to the traln receiver-regulator,

2-22

from either of the plotiing

Corrections for roller path inclination, velocity
lozs, and gun erosion are combined in a differential
gearing in the elevation indicator, These correc-
tions are mechanically transmitted through a shaft
to each elevation recelver-regulator from the respec-
tive elevation indleator,

Traln response 15 mechanically transmitted from
the right B-end (training gear) to the turret train in-
dicator and tranamitter, and to all elevation indica-
tors” (to correct for roller path inclination), Trailn
response is mechanically transmitted from the train
indicator and transmitter to the traln receiver-
regulator,

Gun elevation (B-end) response 12 mechanically
trangmitted from the B-end (elevating gear) to the
regpective elevation indicator and receiver-regula-
tor.

Stroke response {elevation and train) is mechani-
cally transmitted {rom elevating and training gear
A-end control boxes to the respective elevation and
train receiver-regulators.

Indicating control (primary), In primary {indi-
cating) control, gun layving is accomplished locally,
Gun firing is accomplished either by romote control
or from 4 designated local station, Electrical sig-
nals {gun orders) to lay the guns in elevation and
train the turret are relaved from either the forward
or aft plotting room and pass through the turret offi-
cer's transfer awitehboard to the gun elevation indi-
cator and turret train indicator and transmitter,

The pun lavers and train rator obegerve their
indicator dials and manipulate their handwheels to
follow-the-pointer and directly control gun elevation
and turret train, Each gun layer and the train opera-
tor pogitions the lever of his control selector at HAND,

3ght deflection and sight angle orders are relay-
ed throwgh the turret officer's transfer switchboard
to the sight setter's indicator, and from this instru-
ment to the elevation indicator and sights as in auto-
matic control,

Parallax range orders are relayed through the
turret officer's transfer switchboard to the turret
train indicator and transmitter, The train operator
matches the parallax range order by hand and trans-
mits this order mechanically to the indicator and
transmitter,

Roller path inclination, veleeity loss, and gun
erosion corrections are combined in a differential
gearing in the elevation indicator,

Train response is mechanically transmitted from
the right B-end (training gear) to the turret train in-
dicator and transmitter, and to all of the elevation
indicators (to correet for roller path inclination).

Gun elevation (B-end) response is mechanically
transmitted irom the B-end (elevating gear) to the

respective elevation indicator.

!gmn_t*gg trol (secondary). In secondary
{indicating) contrel, gun laying is accomplished
locally, Gun firing is accomplished elther by remote
control or from a designated local station, Electrical
signals I{g‘un orders) to lay the guns in elevation and
train the turret are relaved from another turret (act-
ing as a director) and pass through the turret offi-
car's transfer awitchboard to the gun elevation indi-
cator and turret train indieator and transmitter,
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Figure 2-21. Training Gears and Controls, Functional Diagrams
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The gun layers and train operator observe their
indicator dials and manipulate their handwheels to
follow-the -polnter and directly control gun elevation
and turret train. Each gun layer and the train opera-
tor positions the lever of his control selector at

@ THANSKIToER HAND.
TURRET TRAIN
TOR & Sight deflaction and sight angle orders are relay-
?—ﬂ—ﬁ—&w IH-E;LE[:;'E?::#EE ed through the turret ufiingr;r's I.1§¥=msfmt* switchboa
. : to the sight setter's indicator and from this instru-
Eﬁ*ﬂm ment to the elevation indicator and sights as in auto-
OWN SHIF matic control,
— R— Parallax range orders are relayed through the
TRAIN turret officer's transfer switchboard to the turret
train indicator and transmitter., The train operator
matches the parallax range order by hand and trans-
ALXILIARY mits this order mechanically to the indicator and
COMPUTER transmitter,
- Roller path inclination, velocity loss, and gun
E el erosion corrections are combined in  differential
gearing in the elevation indicator,
Train response i8 mechanically transmitted from
the right B-end {training gear) to the turret train in-
Figure 2-22, Auxiliary Computer Operation, dicator and transmitter, and to all of the elevation
Automatic Inputs indicators (to correct for roller path inclination).

CLAMP AND PULLEY ASSEMBLY

BACKING OUT RAMMER

BHREECH PLUG

B DRILL FROJECTILE

WOVEN ROPE BUFFER

Figure 2-23, Use of Backing Out Rammer
2-24



TURRET OPERATION

Gun elevation responge is mechanieally trans-
mitted from the B-end (elevating gear) to the respee-
tive elevation indicator.

Indicating control (local), In indicating control
{local control), gun laying is accomplished locally
and gun firing i{s accomplished by designated local
switch or switches, Mechanical signals (gun orders)
to lay the guns in elevation are transmitted through
shafting from a sight pointer's handwheels to the
elevation indicators. The gun layers manipulate
their handwheels to follow-the -pointer and control
gun elevation. Mechanical sippals to train the tur-
ret are transmitted through shafting directly from
either sight trainer's handwheels to the training gear
A-end, The turret officer's transfer switchboard is
set a8 deseribed on page 2-3 for local control. Each
gun layer and the train operator positions the lever
of his control selector at HAND,

Target range and the fire control problem are
computed by the turret rangefinder and auxiliary
computer respectively. Sight deflection and sight
angle orders are orally transmitted from the com-
puter to the sight setter’s indicator, The sight set-
ter adds these values to his ingtrument hand and
transmits the sight orders to the polnter's 2nd train-
er's sights,

ading

The gun can be hrn-u%lht to its loading position of
five degrees elevation while in either automatic or

hand control as selected by positioning the control
. selector lever at AUTO or HAND, respectively.

Automatic control, Automatic (loading) control
is control action by the elevation receiver-regulator
which moves the gun automatically from any angle
of elevation to the loading position, This action
occurs either when the control selector lever is
positioned from AUTO to LOAD or when the gun
captain's ready swiitch iz {urned to SAFE (provided
synchro power is available, as Indieated by an 1llum-
inated dial marked SYNCHRO POWER ON at the
gun layer's station),

Hand control, Hand (loading) control is control
action initlated by the gun laver who turns his hand-
wheels to move the gun to the loading position, He
does this when the gun captain's ready switch is
turned to SAFE, in which position a dial marked
LOAD is illuminated at the gun layer's station,

Sighting

Sight setting. The sight setter setzs the gights
by turning his hand cranks to match dials in the
gight setter’s indicator, The hand eranks set the
sights by mechanically transmitting sight angle and
sight deflection orders to shift the lines-of -sight of
the sight pointer's and sight trainer's telescope.
The indicator also supplles slﬁht angle to the gun
elevation indicators where it used as one of
the factors for computing erosion correction (for
transmission to the receiver-regulator, AUTO
control),

DEPRESSION BUFFER HOUSING

Lac H.I'H"UTH\

COUNTERRECOIL |
CYLINDERS YORE

SAFETY LIMNK

Figure 2-24, Securing Gun-Locking Device

: SLIDE
SECURING PIN

2
A Fopwarn

-

SECURIMNG
FIN LATCH

GUN GIRDER
SOCKET

GUN
GIRDER

Figure 2-25, Securing Slide Securing Device
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Polnter's sight operation, The sight pointer
{in local control or when the turret is used as a dl-
rector in secondary control) lays his horlzontal cross-
line on the target by turning his handwheels, thereby
developlng gun elevation order. This value is trans-
mitted to gun elevation indicators and the gun
layers turn their handwheels to lay the gun by match-
ing dials,

Trainer's sight operation. The sight trainer

(in local control or when the turret is used as a
director in secondary control) lays his vertical
erossline on the farget by turning his handwheels,
thereby training the turret to the proper position.

Hange estimating

Computing data. The turret computer is used by
the compuier operator in local control to solve the
fire control problem,

Three electrical synchro inputs are received in
the computer {fig. 2-22). These are own ship's
speed and own ship's course, received from the
ship's gyro compass and Pitometer log viz the plot-
ting room; and turret traln, recelved from the local
turret train indicator and transmitter,

OFERATING
| - WRENIH

" FLOOR

PLATE

WING GUN ROOM/ ; SHELF
VENTILATION DUCT J_ . F‘!_.u,rE

CENTERING — | RSSO

.
Bk SO “~-LPPER
PN Ty Ly

EARBETTE

Figure 2-26, Securing Turret Centering Pin
2.328

Thirteen inputs are manually introduced, These
are: projectile, initial velocity, target angle, wind
angle, wind speed, true target bearing, own ship's
speed, deflection correction, present range, range
correction (shot), time, target speed, and turret
train follow-up. Three of these hand inputs are
identical to the electrical inputs - true target bear-
ing (when own ship's course eleetrical does not func-
tion), turret train follow-up, and own ship's speed,
The first two are for emergency use when the corre-
sponding eleetrical input or the respective follow-up
iz inoperative. The electrical input for own ship's
speed operates a dial bul does not set the mechanism,
Setting must be done by hand,

The outputs of the computer are sight deflection
and sight angle, indicated on dials or counters at the
computer and transmitted by telephone to the sight
setters,

GUN CASUALTY OPERATION

Misfire operation

Misfires are usually caused by a break in the
electrical firing cireuit, the weakest portion of
which is the primer, To avoid misfires, handle
primers carefully to prevent damage of the elec-
trical contact within the primer,

In the event of a mislire a series of operations
must he performed by the gun captain (with assistance
from his gun erew) to correct the malfunction quickly
and resume normal fire, Teamwork 15 necessary
boeause of the number of operations, the urgency,
and the work involved,

The normal procedure is quicklfapermrm&d, but
it requires a number of contrel, unloading, and load-
ing actions, These actlons interrupt gun laylng, ex-
tract the misfired primer, and load a new primer,

a3 described in the next paragraph.

CENTERING PIN
SOCKET WRENCH

FﬂlCIJEETILE mING
PIN SOCKET CENTERING PIN PLATFORM

Figure 2-27. Securing Projectile Ring Centering Pin
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Buggested operating procedure for misfire cor-
rection, When misfire oceurs, the malfunction is
corrected as follows:

The gun captain immediately positions his ready
gwitch lever to BAFE, alfter pulling the PULL TO
RELEASE button on the awitch to release the lever
lock {(flz, 15-22)., This action opens the respective
gun firing circuit, and either automatically brings
the gun to its five degrees loading position or noti-
fies the gun layer (by indicator light) to do so.

The gun captain notifies the turret officer of the
misfire and receives permission to extract the mis-
fired primer from the firing lock., This action may
be done without opening the breech* (see NAVORD
INSTR, 5100.1 as quoted) or removing the firing lock
{unlatch the wedge retracting lever and rotate il rear-
ward independently of the breech operating lever).

The gun captain insertz a new primer into the
firing lock (using the re-priming tool) and rotates
the wedge retracting lever to close the firing lock
wedee,

The gun captain then notifies the turrel officer
that the gun is reprimed and awaits orders from the
turret officer to position his ready switch to READY,
The turret officer must check to see that the firing

SHEAVE —

. PORTABLE BEAM

circuit is open,

The pun captain positions his ready switch to
READY upon orders from the turret officer, and
grun laying and normal firing may be resumed,

If the [iring malluncliion persists alter the above
procedure, it may be necessary to resort to per-
cugssion firing until the electrician can check the
firing circuil,

FMAVORD INSTRUCTIONS 5100, 1, Safety Precau-
tions, IH - 26:

"The possibility of a serious aceident due to open-
ing the breech of 4 gun too soon in the case of a hang-
[ire demands the constant exercise of the utmost
prudence and caution. A hangfire must be assumed
to exist when:

(1 An unsuceessiul allempd has been made {o
fire the gun,

{2) A charge remains in a bag pun, with the
possibility of ignition by an undetected ember from
the previous round.

fa) The [ollowing procedure shall be iollowed in
the cascs noted above:

PROJECTILE FLAT HOIST

SHEAVE

Q SHEAVE

| ! o
/ | UPPER PROJECTILE
/ !—‘HCI.EI:TILE FLAT HOIST FLA
5 - Lj_DJHJ'LT{LH,__
‘__r". o =
gl S = SHEAVE™
L~ LOWER PROJECTILE
FLAT
HATCH -
’,,.'-';;F F_F'. : =TO POWDER MAGATINE
SHEAV
AMMUNITION . | &1
LOiEnE T o ANNLILAR Raee
TRUNK s HANDLING ~__ MONORAIL
| SEACE CONVEYOR
NOTE: S l —t
FURRET Il SHOWN. LODKING £ ]
FORWARD AND INBOARD POWDER TRAVELING
FROM PORT QUARTER, HANDLING ROOM HOIST

Figure 2-38. Ammunition Slowage into the Turret
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(1) Keep the gun pointed and trained in a safe
direction,

{2} Keep the breech mechanism fully closed,

(3} Continue attempts to fire, if desired,
repriming bag puns provided such efforts do not
involve any movement tending to open the breach,

(k) If the gun is not flred under the ahove condi=
tions:

{1} Open the firing key and break the firing
circuit elsewhere,

(2} Unhook the firing lanyard, if detachable,

RANGEFINDER OPERATOR

POANTER

{3) Remove the primer from the lock of a
bag gun, using the primer tools supplied for this
purpoge, taking care to avold er from recoil
or blowback, For this purpose, or for shifting
primers, do not leave the firing lock open longer
than necessary,

{4) Do not open the breech for 30 minutes (10
minutes for field and landing guns on shore) after
the last attempt to fire. This, at the discretion of
the commanding officer, is not obligatory in time of
action; nor is it obligatory or advisable with a hot
gun if an instruction of the Bureau of Ordnance to
prevent a projectile "cook-off"™ recommends earlier
opening of the breech when the gun cannot otherwise
be cleared by firing it.

TRAINER

Figure 2-29. Rangefinder Stations, Manned
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(e} The crew shall never leave a loaded gun until

the precautions in {a) and (b) {1) to (3) above have
been carried out,

(d) Ammunition removed from a loaded gun shall
be dizposed of in &ccordance with current instruc-
tions of the Bureau of Ordnance,™

Manual projectile extraction

A backing-out rammer outfit consisting of a ram,
a rope, a clamp and pulley assembly, and a woven
rope buffer is uvsed to remove drill projectiles from
the pun. The buffer is placed in the powder chamber
(to protect the mushroom when the projectile breaks
loose and falls back) and the breech i3 closed. The
ram with rope attached, and the clamp and pulley
agsembly are installed with the rope led through the
pulleys. While the ram is held at the muzzle and of
the gun, the gun is elevatedas shown (fig. 2-23). The
ram is dropped on the projectile and raised by the
rope and pulleys. This operation is repeated until
the projectile is unseated and falls back against the
buffer. See "Backing-out precautions, ' chapter 3.

SECURING OPERATIONS

At conclusion of firing operations, many duties
must be performed to stow and secure the ordnance
assemblies, auxiliary equipment, and turret stations,
The work includes conventional gun cleaning and
preservation as defined by the Ordnance Manual,
inspections and svstem replenlishing services, clos-
ing down power units, shifting controls, and secur-
ing operations, These activities are generally the
reverse of the casting-loose and starting prepara-
tions described previously in this chapter, They are
duty assignments that include all members of the tur-
ret organization,

This work comprises three general classes of
activities:

Stopping equipment
Conditioning for stowing
Securing

Stopping_equipment

All power-driven ordnance equipments are stop-
ped depressing master pushbutton stop control
switches,

The electrlc control aystems of the elevating and
training gears are stopped by opening signal circuits
and supply switehes of the turret officer's transfer
switchboard and selective switch,

Ventilating units designated by the turroet officer
are stopped by depressing master pushbutton stop
control switches,

Heaters are cut off by opening supply awitches
adjacent to each unit,

The power-supply manual disconnect switches
of all Ordnance controllers are opened, and supply
swifches are opened at all power equipment paneals
except the miscellaneous equipment panel,

Cerlain of these operations are deferred when
the "Cease fire" order is received, in order to
unload the hoists, to conditlon units for stowing,
or to move them to gecuring pozitions,

Hoist unln&dingi}_gpemtiﬁnﬁ , The power drives
of the hoists must Be in cperation to move ammuni-
tion from the projectile eradle and powder car to
the projectile flats and powder handling room.

At "Cease fire" the gun captain directs the cra-
dle operator to position the function control and shut-
off valve handle at LOWER PROTECTILES,

WARNING

If powder has been exposed in
the gun chamber, no projectiles
are to be lowered until the pow-
has bheen returned to the powder
car and the powder car returned
to the bottom of its holstway,
The only flame-proofing within
the projectile holsts is provided
bw the projectiles in it,

The hoist operator then positions the hoist con-
trol handle at HOIST and the hoist rack iz lifted
until the TOP OF STROKE indicator is illumi-
nated at the hoist operator's station. This action
lifta the projectile abhove the cradle projectile latch,

Figure 2-30, Computer Operator's Station, Manned
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The cradle operator must move the latch back to
permit downward passage of the projectile when the
holst operator positions the hoist control handle at
LOWER (after the LATCH CLEAR indicator Is
illuminated), When this occurs the projectile is low-
ered from the cradle to the next lower stage, and

the projectile flat crew parbuckles the projectile at
thelr level from the holst, As successive projectllies
are parbuckled from the hoist, the use of the hoist
econtrol handle 18 repeated as above until the holst
tube is empty,

At "Ceage [ire, " the power holst operator lowers
his loaded powder car to the hoist loading station in
the powder handling room, The lower door operator
dumps the car trays to roll the powder bags into the
loading trays, The first and second powdermen
carry the bags from the loading trays to a powder
handling room scuttle. They rotate the seuttle each
time they place a bag in it to return all bags to the

magazine via the magazine scuttle which is operated
by the third powderman,

!!.1 s T -‘i.;w;i:_a'-'
f/ ? 3
S

P

>

WARNING

A loaded powder car must not be
unloaded nor the lower powder
door opened until all exposed
powder in the handling room has
been returned through the scuttles
to the magazines, Unload and
return powder to the magazine
from one car before opening the
lower door of another hoist,

Conditioning for stowling

Preparations for .Htmrl;f the equipment consist
of ¢leaning and inspecting all assemblies, perform-
ing "After Operation™ lubrication as prescribed b
the lubrication charts, and servicing counterrecoll
bottles and hydraulic system tanks to replenish
depleted alr and fluid volumes,

CRADLE OPERATOR FRAMMEHR QFERATOR

GUMN CAPTAIN

Figure 2-31, Right Gun Chamber Stations, Manned
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Lamp replacements, The inspection work must
include complete check-off of all ready-lights, light-
well {llumination, and other battle illumination, re-
placing all defective lamps,

Cable check, Cable loops of the firing circult
at the gun breeches and firing keys, and all other
wiring exposed to chafing and twisting action must
sefemmtn&d for kinks, insulation breaks, or other

efects,

Securing

The principal securing operations are illustrated
and are described in the following paragraphs.

Securing the guns, The gun locking device is
connected Iﬁm 2-24) with the threaded safety link

and locknut lowered to the locked position in the

yvoke recess, The nut is then tightened until the
device i8 secured in the locked position, After clean-
ing, bore gage tests, and preservation treatment,

the tompion or muzzle cover is installed and the
breech is closed.

Figure 2-32, Powder Hoist Operator's Station,
Manned

TURRET OPERATION

beoiond
=t

Fipure 2-33, Gun Train Operator's Station, Manned,
Left Side View

Hecuring the slides. Slides are secured hy ele-
vating the gun to zero degrees elevation in order to
align the securlng pin with ita gun girder socket
(fig. 2-25). By turning the respective handwheel
counterclockwise and holding the securing pin latch
down, the pin is run into {ts socket,

Securing the hoists, Each ammunition hoist must
bu stowed empty, Projectile hoists are to be stowed
with racks fully lowered and control handles at neu-
tral. Function control and shut-off valve handles are
to be positioned at HOIST PROJECTILES., Powder

hoists are to be stowed with the car fully lowered and
all doors closed,

securing the eleyvating gear. The elevating gear
ig lecked against backlash action and seaway stress
when the slide securing pin is in secured position,
Controls are secured when the gun layer stops hand-
wheel rotation at neutral position and the control

selector lever is at HAND position. The drive mo-
tor ig then stopped,

Securing the training gear, The training gear is
secured by training the turret slowly until the two
centering pins align with their holes in the upper bar-
bette, This position is zero degrees train for turrets
I and II, and 180 degrees train for turret III, Both
pins must be run out until each is tight (fig, 2-26).
This operation 1s essential to prevent seaway stress
in the roller earriage, '"brine " in the roller track,
and backlash chatter in the pinlons and training rack.
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Controls are secured when the train operator stopa
handwheel rotation at neutral position (indicated
the neutral-start indicator light belng illuminated)
and the control selector lever is at HAND position,
The drive motor is then stopped.

Securing the projectile rings. The projectile
rings are secured by operating each ring from ils
"Cease fire" position in repetive power drive cycles
unfil the centering pins and sockets align, The pins
are then run out untll each is tight (fig. 2-37).

All projectile lashings are inspected to verily
secured posttlon of each toggle link, Lashings of
expended ammunition should be tied to the coaming,

Each projectile ring control hand lever 18 secur-
ed at STOP detent position and the drive motor i2
then stopped,

Securing the parbuckling gear, The two par-
buckling gear assemblies are stopped, and the
snubbing ropes are neatly colled and hung in con-
venient locations in the projectile flats.

Securing the sights, The turret optics should
be pﬂsit]cmedTrﬁﬁjuffsnts removed when securing.

The sight setter handeranks should be at 2000 min-
utes sight angle, -500 miles deflection, The range-
finder should be positioned at zero degrees elevation :
and azimuth, and the periscopes at zero degrees Figure 2-34, Projectile Hoist Operator's Station,
arimuth, Manned

The rangefinder is secured by operating the
handerank mechanism to closé the hood door and
making sure that it latches shut.

Fach periscope is secured by seating the azi-
muth movement plunger and releasing the cover
from its open position, moving it to its closed posi-
tion, and running the wing nut tight,

Sight telescopes are secured, after wiping sight POWDER FOWDER  POWDER SECOND FIRST

objectives with lens paper, by operating the sight THAY CAR BAGS POWDERMAN  POWDERMAN
hood door mechanism to close the door tightly.

SBecuring the turret officer’s controls. The
turret officer's transfer switches, selectlve swltch,
and firing key switches are positioned as follows
when securing:

Transfer switches: All switches having an OFF
position to be positioned at OFF, all other switches
at their primary control position,

Selective switch: Polnter knob and pointer han-
dle at OFF with the stop secured,

Firing key switches: All switches at OFF posi-
tion,

Securing the sprinkling system, The air pres-
sure control valve to the sprinkling tanks 1s closed,
The system air pressure i3 relieved,

The firemaln cut-off valve in the powder handling
room I8 closed,

Securing the ventilating system, Ventilating fan Figure 2-35, Flrst and Second Powdermen Loading
sets are stopped as designated by the turret officer. Powder Car
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STOWING AMMUNITION

Ship and turret design arrangements permit two
separate routes to be utilized for moving ammunition
from the main deck outside the turret to stowed posi-
tions in the magazines and projectile flats, A sepa-
rate stowage route 1s located on each side of the
turret as shown in figure 2-28, The routes (or am-
munition lna.din%[truukg} are formed by hatch open-
ingz in each deck, each opening being located directly
below the main deck hateh,

Stowage procedure

Ship and turret arrangements for ammunition
stowage handling are similar for both routes (port
and starboard), Each route comprises an ammunl-
tion trunk outside of the turret, extending from the
maln deck to the magazine level. At the bottom of
each trunk are overhead trolley conveyor arrange-
ments that lead to, and travel around, the annular
handling space between the powder handling room
and the powder magazines, Therse are hatches inside
the turret, leading upward from the annular handling
space between the powder handling room and the pow-
der mugazines, There are hatches inside the turret,

GYPSY HEAD

leading upward from the annular handling space to
the projectile flats,

The ammunition loading trunks are accesaible
only after the turrets have been trained to predeter-
mined angles. These angles of train are: turretI,
260 degrees; turret I, 230 degrees; and turret III,
193 degrees, After the turrets are trained to these
positions, portable beams are bolted to the topa of
the pun house structures, Each portable beam sus-
pendlf a& sheave and hoisting hook directly over a
trunik,

Structural arrangements for the ammunition
stowage handling routeg are the trunks and annular
handling space, In addition, there are hatch ar-
rangements within the turret for projectile stowage
handling, These latter arrangements consist of
two round hatches in each projectile flat, Each
hateh is fitted with a hinged cover that fits flush
with the floor plates when closed. These hatches,
located In the rear part of each fixed stowage
ring, are arranged in pairs with a hateh in the
upper flat aligned directly above a hateh in the
lower flat. Both hatches in a pair are aligned
directly above the annular handling space of the mag-
azine level, Projectlles may be stowed on the norm-
ally closed hateh covers,

PROJECTILES
IN FIZED
STOWAGE AREA

PROJECTILE
LASHINGS

Flgure 2-36, Shellman Parbuckling Projectile
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Each stowage route is provided with hoist equip-
ment which includes a main deck hoist, a projectile
flat holst, and the monorail conveyor traveling holst
at the magazine lavel, The main deck hoist is elec-
tric-motor-driven with remote start-stop controls
located at the main deck hatch., The hoist motor
rotates a drum and 15 mounted on a foundation weld-
ment that is secured to the underside of the main
deck, A wire rope with swiveling hook iz led vpward
from the hoist drum through the sheave in the outer
end of the portable beam, This hoist is used for
stowing projectiles and powder into the turret,

The projectile flat hoist is electric-motor-driven
with remote start-stop controls located on the turret
foundation bulkkhead adjacent to the round projectile
flat hatch, Mounted on the projectile flat overhead,
the hoist is adjacent to and above the round hatch
opening in the floor below the holst., The holsting
chain is lead downward from the hoist through a
sheave that is secured to the floor alongside of the
round opening, From the floor sheave, the chain
is lead upward to a second sheave that is secured to
the overhead directly over the center of the round
hateh opening in the projectile flat floor, This hoist
1z used only for transferring pmﬁentiles from the
magazine level to the upper and lower flats,

Figure 2-37, Hammer Operator's Station, Manned
2-34

The monorail conveyor traveling hoist at the
bottom of the ammunition trunk is an overhead
trolley with a manually operated chaln hoist, This
hotst 13 used to transfer projectiles from the main
deck hoist to the projectile flat hoist, The hoist is
also used in transferring powder or stowing powder
in the magazines,

SCUTTLE
HANDLE

MAGALIMNE
SCUTTLE

POWDER HANDLING
RCOM SCUTTLE

Figure 2-38, Magazine and Powder Handling Room
Beuttles, Powder Handling Space

Flgure 2-39, Powder Handling Hoom Seuttie, Manned.
Powder Handling Room
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Projectiles are handled by a projectile carrier
which 1= a projectile holding yoke and base stirrup
with a wire rope sling and beckel, A two-position
carrying deeign, the carrier is used to carry pro-
jectiles in the horizontal position as well as vertical,
It i removed from each pm{ectila after the projec-
tile i= delivered in a vertical position at the bottom
of the trunk, A similar carrier iz then installed on
the projectile, and the first carrier is hoisted empty
to the main deck, Projectiles are transported in a
horizontal position through the annular handling
space, by the second carrier and the overhead trolley-
conveyor, toa position beneath the projectile flat
hatches, Projectiles are holsted in a vertical posl-

tion ‘thrné?h these hatches to the projectile flata,
SBtowing of projectiles on the inner and outer rings
is performed by parbuckling,

After the projectile has been hoisted to either
projectile flat, it mast be secured in position on
either the fixed outer ring or the rotating inner ring,
Projectiles are secured by special chain lashings.
The outer row of projectiles on the outer ring {it in-
to notches in a flange, and are chained to the flanpe.
The inner row of projectiles are secured similarly,

All securing chains are equipped with pelican-type
{aﬂteners, which permit rapid and separate unlash-
ing of the projectiles,

Powder tanks are handled by a powder tank car-
rier, which is two short lengths of wire rope joined
by a steel ring and equipped with & spring-loaded
lateh fitting on each end, The hook of the main deck
hoistafits throvgh this ring when the carrier is latch-
ed to the upper powder tank flanges, Tt is & one-
position carrying design used to carry powder tanks
in a vertical position through the ammunition loading
trunks or annular handling space,

After the powder tank has been hoisted into a
magazing, it must be secured in position, Powder
lanks are secured by stacking them horizontally in
bins (between the magazine floor and overhead}. The
tanks are held in position by their flanged and grooved
ends (which are lnterlmked}], and by vertically placed
portable battens {(which prevent the stacked tanks
from shifting), Stacking of tanks in the topmost rows
iz facilitated by powder handling cars (gravity actu-
ated) within the magazine. These cars hoist powder
bags singly, thereby enabling the stowage crew to
empty a powder tank, stack it in position, and then
fill it by hoiating the bags,
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Chapter 3
GUN ASBSEMBLIES

16-inch Gun Mark 7 Mod 0
16-inch Breech Mechanism RMark 4 Mod O
Firing Lock Mark 14 Mod &
16-inch Gas Ejector Mark 5 Med 0
i1f-inch Yoke Marvk 5 Mod O

GENERAL DESCRIPTION

The 16~-inch, 50-caliber gun assemblies (fig. 3-1)

of each turret are right, center, and left installations,

Each gun assembly consists of a 16-inch Gun M 7
Mod 0, a 16-inch Breech Mechanism Ak 4 Mod 0, a
Firing Lock Mk 14 Mod 5, a 16-inch Gas Ejector

Mk 5 Mod 0, and a I8-inch Yoke Mi 5 Mod 0. The
right and cenfer gun assemblies are identical right-
hand arrangements. The left gun differs in that the
air-line piping to the reduction valve is located at the
left sicle of the breach together with the closing valve.
The tripping levers for releasing the holding-down
linkage of the breech and for operating the closing
valve are also located at the left side of the breech,

GUN ZLIDE CYLINDER GLMN COVER SLADE

TR DM g
REAR END BRACRET

SLIDE SECURING FIN

COUMNTERREGLHL
CYLINDTRS

The gun (fig. 3-2} is a lightweight type, mounted
in an individual slide, with its own elevating gear.
The gun is chambered for a bag charge and is equip-
pod with a carrier-type bresch mechanism.

The breech mechanism (figs. 3-3 and 3-4) is of
conventional design with closure of the breech by a
breceh plug and obturator unit assembly.

Am lateh prevents opening of the gun breech,
in the case of an unnoticed misfire or hangfire when
the guns are {ired in salvo. The salvo lateh is auto-
malic and posiiive o action.

YORE RODS

I'-"EFF!EEE.I!EL:, BUFFER

o
LARRIER

-~
LOADER™S: PLATFORM BRACKET

Figure 3-1. 1B-inch Gun Mk T Moed 0 and 16-inch Slide Mk 6 Mod 0
{Operating Lever Safety Ratchet Mechanism Assembly
Mot Shown; Soc Figure 3-3)
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The firing lock ia a hand-primed wedge type with
provision for either electric or percussion firing of
the primer when the breech is completely closed.

The gas ejector is an automatic, low-pressure
air porting system which clears the bore when the
breech is opened after a round has fired. The system
also provides air for the hreech closing eylinders.

Yoke, The gun yoke is a large counterbalancing
unit, mounted on the gun shoulder, that provides
integral lug seats for the recoil cylinder plston rod
and the counterrecoil eylinder yoke rods.

Components

Each gun asgembly comprises the following
principal units and subassemblies;

Gun
Breech mechanism
Berew box liner
Breech plug and obturator unit
Operating mechanism
Firing mechanism
2alvo lateh

INER LOCKING

L INTEGRAL
RN

LINER SHOULDER

T Ce—

SCREW BOX

LIMER KEY LOCRING RING

JACGKET LINER SLIDE
KEY

Firing lock
Gas ejector

Asgembly arrangements

Each of the right, center, and left gun assem-
blies consists of the above components and each is
mounted in a separate gun slide (ch, 4). The three
gun slides are pivoted horizontally on trunnions
whose axes are in the same straight line. The com-
maon trunnion axis is above the shelf plate and for-
ward of the turret transverse centerline, {See data,
page 3-3.)

Each gun and slide assembly is located in its
cwn turret subdivision., This provides separate gun
room compartments that are isolated (by bulkheads
and hatches) from adjacent guns, the turret officer's
hooth, the sight stations, the electric deck below
the gun pits, and the powder hoist trunks,

Assembly differences

The gun asﬁsmhl‘mﬁ are virtually identical in
arrangement, | The design of the left gun differs in

that the holding down linkage trip lever and the

B HOOP G HOOR

T | OCKING RING RIFLED
ANMULAR GROOVE BORE

CROSS SECTION OF GUN AT BREECH EMD

LINER e e M8

REFERENCE
MARKS =

- BIFLING GROOVE

T T RIFLING LAME

MUZZLE AND RIFLING DETAILS

CEMFER F GRAVITY
pmeimeen AB0LE0 INCHES

REAR CYLINDEFR SLIDE CYLINDER

._.&T/

CHASE MUZZLE

Figure 3-2. lf-inch Gun Mk 7 Mod 0, General Arrangement, Details and Profile
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closing valve and the reduction valve. | The elevating Maximum width of yoke, inches, ..., .+ B6.0
serew of the left gun attaches to a bracket at the Maximum height of yoke, inches,,,..., 95,25
right side of the gun slide, Otherwise, the left gun
assembly is identical to the right and center assem- Weights
blies,

Gun, with serow box liner, Ib .. ... . 238,156
Data Gun, with rt!n:-:.rﬂing pnr!.a b...,.... 282,000

Yoke weight, 1h. Viiaens oty BhR
Weight and dimensions of the gun assemblies,

the positions of the gung in the turrets, and other Ammunition
un data are tabulated below, The data are the same
or all turret installations,

FILLIMG PLUG-Y-

168-inch AP Projectile ....... Mk 8, Mgdﬂ%
W'E'-lg'ht pmdﬂflllllii 1111 LR S0 B BN ML BE rr
Turcet pomlan Length, inches .I: ..................... T2
Hadius of ogive [wind-
Eoreaxes, et R L i EUTTELuCuER) ug shield), cale........ cevean. 9 (144 0. )
frﬂ'l]l center !I'I.E, iﬂﬂhﬁs .............. 1-3-3 15-!11'.'!-'1, H.l: PI‘DjEEHlE ....... Mk 1-3 Mﬂd 0
CGun trunnion axis {above the plane of Efuighﬁ, pn-ul_?ﬂs S e e mgg
axes of roller path rollers), inches.,, 198 SHE- T KIEACh Syn st gty 8 (164 i, )
Gun trunnion axiz (forward of turret Radius of ogive, cal....vovuus { in,
transverse centerline), inches...... P - Powder charge (service)
Humherﬂfhm FRd & Fad kit FA kA F A FEREE S E
G diensinnsg Total welght of charge, Ib.......... 650
Over-all length (muzzle to breech), Ballistics
INBRER Gy L T R v R B16.0
Maximum diameter slide cyﬂndar, Muzzle velocity, 16-inch AP
L R e e i 40.0 Projectile Mk 8 Mod 0, fpa......... 2435
DIFFERENTIAL CYLINDER = 0 _ _— AlR VALVE-Z. DIFFEREMTIAL CYLINDER

INCHCATOR ROD-5-

AR GAGEK ™

COUNTERRECOIL
CTYLIMNGER

AR-CHARGING ™
HOLE PLUGX-

ROTATIMNG. CAM
FOLLER
HREECH

OPERATING LEVEHR BREECH HANDLE

——GAS EJECTOR

YRLVE
OPERATING ALYE
LEVER LL'L‘}"---.,HHH :
: GAS EIECTOR
TRIF PLATE
AlR STRAMNER=--

FIING LOGK

AR § l:LI'.II TI0N =

VALY BLARING PLATE

CONTROL ARC

BREECH-CLOGING ==
CYLINDER YALVE

CARRIER

COUNTERBALANCE AND ™
CLOSING CYLINDER

BREECH-OPENING BUFFER

Figure 3-3. 16-inch Breech Mechanism M 4 Mod 0 - Breech Closed
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Muzzle velocity, 16-inch HC
Projectile 13 Mk 13 Mod 0, fps. . . . . 2690
Range, 16=-inch AT Projectile
M8 Mod O, vd .. . ..
Range, 1lB-inch HC Projectile
Mk13 ModD, v . . & % v &

i st ADCIRE

. 41,822

Rate of [ire, rounds per minute . . . . . . 2
Range table, 168-inch AP

Projectile Mk 8 Mod O . 0P 1457
Range table, 16-inch AP
Projectile Mk 13 Mod 0. . . OF 1100

DETAIL DESCRIPTION

{run

Type. The butli-up type gun consists of the [ol-
lowing forged steel components:

Components, The gun comprises a liner, tube,
jacket, hoops, locking rings, a liner locking ring,
and a yoke ring.

Desglpn [salures, The liner, tube, jackel, and

hoops are be-ghaped cylinders. They are assem-
bled by heating and expanding each plece bhefore

SALNVD LATCH ROLLERs—0 L

SALVD LAFCH

EHACKETS

VOIKE ———

AH SERAINER -

HINGE EUG———— _

COUNTERBALANCE ANL
CLOSING CYLIMDER SPRING-

g iy
s M-

slipping it into position over the tube, The pisces
that are united end-to-end over the tube are held to-
gether by the locking rings. The liner is nserted
into the tube, jacket, and hoop assembly from the
breech end until its shoulder engages the breech end
of the tube, A tight, single unit is formod when the
heat-expanded components cool and shrink.,. The
liney is locked in the tube by the liner locking ring,
which threads into the jacket and is screwed up tight
apainst the liner shoulder and tube, The liner lock-
_~BREECH SWITCH
- '

_ OFERATIMG LEVER
o LATCH

B  OPERATING LEVER
i RUFFER

—aLREW BOX
LiMER

T~ GAS EJECTOR
JET

———RBREECH PLUG

.-
Figure 3-4. 16 inch Breech Mechanism Mk 4 Mod 0 - Breech Open

{Operating Lever Safety Hatchet Mechanism
Assembly Not Shown; See Figure 3-3)
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ing ring prevents expansion of the gun liner toward
the screw box liner when the gun is fired. Seated in
the annular groove of the gun shoulder, the two-
piece yoke ring aitaches the yoke to the gun, The
pun profile {fig., 3-2) is a straight slide eylinder
337.0 incheg from the breach shoulder with a step-
ped and tapered chase to a straight muzzle cylinder.
The gun profile, slide cylinder, and yoke are design-
ed to facilitate gun removal from the slide and turret
(through the gun port) without dismantling the tarrel.

Ballistic data tabulation, Gun data are tabulated
below: —

Length of gun, inches ... nrns BLG, 00
Outside diameters:
Rear cylinder, inches ,...,....... 49, 00
&lide cylinder, inches ........... 24. 00
L1 AL ] B 23. 50
Liner al muzzle, inches ., ....... L 8, 46
Liner at rear, inches ,....., ... 22,10
slide cvlinder length, inches........ 337 40
Bore diameter, inches ............ 1 &, 00
Bore length, inches. . ... ... ........ BOD, 00
Powder chamber:
Choke diameter, inches ,....,.... 1 7. 50
Bore diameter, inches........... 18. 3b
Length, inches.,...c0 vovererens 105, A2 HF
Volume, cubic inches. ... . 27,000
Rifling;
R e e e 06
LENETHG Iehas, oo sl GA2. A6
Length of plating, inches ....... 630,00
Depth of grooves, inches,,........ 0, 1a
76 4T D ORIy .+ Uniform, right hand,

one turn in 25 calibers
Welght (with serew box liner), pounds, 239,156
Center of gravity, from breech, inches 280, 6

Breech methanism

Type, The breech mechaniam (fig, 3-5) is of the
rotaling plug and swinging carrier type, Screw box
liner and breech plug are segmented with stepped
screw threads,

Design 1.'&1';959;1;@. The design is the same {or
the right and center guns of each turret, The left
pun differs in the location of the levers [or releasing
the holding -down linkage and operating the closing
valve,

Compoenents. Each breech mechanism comprises
the following principal units and subassemblies:

Screw box liner
Breech plug
Ohiuraior wnit
Carrier
Carrier hinge lug and bearings
Carrier holding=-down latch
Breech opening buffer
Counterbalance and closing cylinder
Reducing valves
Conlrol valve
Alr slrainer
Breech operating mechanizm
Operating lever
Operating lever safety ratchel mechanism
assembly
Rotating cams

Firing mechanism
gulvo latch
Breech swiich
Firving lock
Gas ejector

scerew box liner, The screw box liner is an
adapter, made of nickel steel, threaded into the
breech end of the gun. Tt provides an internal step-
ped thread to receive the breech plug, The liner has
an outside diameter of 31, 2 inches with right-hand
huttreas-type male threads, 0, 50-inch pitch, [or
geating in the breech end of the gun. It is locked in
position by the lower rotating cam and control arc
and two lock screws. The rotating cam and control
arc {its into a matching recess in the liner and gun,
The internal surface of the screw box liner is divi-
ded into 15 zectors of 234 degrees each. These form
three symmetrical groups, 120 degrees cach, of five
stepped sectors; the radius of each sector in each
group decreases clockwise, The first sector is the
largest radius and is blank. The sacceoeding [our
sectors are with buttress-type female threads, with
0. 90-inch pitch.  The breech plug locks with 24 de-
grees rotation of the plug after the threads engage,
There are clearance cuts, of varying radii, in the
blank and threaded sectors of the liner. These cuts
provide clearance for the entering and withdrawing
movements of the plug, An annular groove near the
brecch end of the serew box liner forms an annular
air duct space between the liner and the gun, The
gpace ig part of the gas ejector system and is gealed
with a plastic compound to prevent loss of air. Three
holes are drilled from the air duect space through the
serew box liner., These holes are fitted with nozzles
to direcl gus ejector air forward and toward the cen-
ter of the gun bore. The face of the screw box liner
18 drilled and tapped =o that the holder for a 16-inch
Boresight MK 2MOD 0 may be mounted,

Breech plug. With the obturator unit (fig 3-6)
mounted on its forward [ace, the breach plug is
mounted to rotate on the carrier spindle, The plug
iz arranged with stepped, threaded sectors that en-
gage with the screw box liner and close the breech
of the gun. The surface of the plug is machined and
ig divided into three symmetrical groups, 120 degrees
each, of five 34 degree sectors. Each group has lour
etepped s¢rew thread sectors and a blank sector,
decreasing in radii clockwise. These groups male
with similar groups of stepped scerew thread sectors
and blank sectors in the screw box liner, and close
the hreech by 24 degreoes rotation,  The butiress-
Lype threads are right hand with 0, 90-inch piteh,

The breech plug is bored through, from front to rear,
Lo receive the carrier spindle, The plug bore, at its
forward part, forms a bearing surlace [or the carri-
er gpindle, Al its rear part, the plug bore is thread-
ed with 0, 90-inch pitch, sguare threads, These
threads mate with similar threads that form the outer
surface of the plug adjusting nal (figs, 3-3 and 3-6),
Thiz put is ar adapter that iz threaded on the ecarrier
spindle. It ig used to compensate for movement of
the gun hoop and hinge lug; it is fully described under
Padjustmente', The bearing portion of {he plug bore
i lubricated from an oil hele in the upper blank =ec-

d-0
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tor; the threaded portion is lubricated {rom an oil
hole in the plug face. The face of the plug is drilled
to receive the plug ball pin (figs. 3-6 and 3-12) and
the breech handle {fig. 3-3), and is provided with
gslots for dovetail assembly of the rotating cam
rollers,

Obturator unit, The obturator unit (fig. 3-8) is
assembled in the breech plug and earrier; it consists
of a mushroom, gas check pad, and two steel split
rings. This unit prevents the escape of gases from
the breech of the gun when it is fired. The mush-
room 18 & nickel steel forging, machined to 2 mush-
room and stem appearance. It covers the inner for-
ward face of the breech plug, with its stem extending
rearward through the plug and earrier. Between the
mushroom head and breech plug are the gas check
pad and two split rings. The gas check pad is com-
posed of alternate vulcanized layers of oil-resistant
rubber and [ber-glags cloth previously coated with
an adhesive. The pads flt the forward face of the
plug. Omne split ring is at the rear of the pad, the
other is at the lorward side; both rings serve as a
protection for the gas check pad. The mushroom is
keyed to the carrier and held tightly against the pad
v a split nut and compressed spring.  The mush-
room stem, [o the rear of the split nut, has a

payonet-type joint to which the firing lock is attached,

and it is made to receive the primer seat bushing, A
hole is bored [rom the primer seat bushing throush
the mushroom face. This hole provides for igniting
the gun charge when the firlng lock mechani=m deto-
nates the primer. When the gun is fired, the gas
check pad |8 distended by the foree of the gases of
combustion. This distention seals the gun breech
and prevents escape of the gases, Directions for
checking the thickness of the gas check pad are glven
in the Instructions section of this chapter, page 3-20.
Directions for lubrication of the pad are given in the
chapter on Lubrication.

Carrier. The carrier (figs., 3-5 and 3-6) is a
steel casling with an integral spindle at its upper
part on which the breech plug is pivoted. The car-
rier 18 mounted on the hinge lug, which is bolted Lo
the gun shoulder. The bhreech plug is mounted to
rotaite on the earrier, which also provides a Milerum
point for the operating lever o rotate the plug. The
firing lock operating bar, the firing mechanism, and
spring rod brackets of the counterbalance assembly

3-8
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are all mounted on the carrier. The integral hollow
spindle of the earrier, fitted with a bronze bushing
ab its forward end, forms the plug bearing.

Carrier hinge lug and bearings. The cast steel
carrier hinge Jug (Tigs. 4-5 and 3-1) provides two
hinge projections for the carrier hinge pin, a lug for
the closing lateh lever, and a lug at either side for
the closing valve. The hinge Iug, shaped to fit the
gun shoulder, is centered in position by a cover plate
retained dowel and is bolted Lo the bottom of the gun
shoulder. The two lugs for the carrier hinge bear-
ings are provided with adjustable eccentric bushings.
Inside the eccentric bushings, between the bushings
and the hinge pin, are roller bearings which are re-
talned by the hinge pin, nut, and carrier. The hinge
pin fits the carrier and rotates with it in the hinge
lug bearing,

Carrier holding-down latch. The holding-down
lateh (figs. 3-T and 3-8) Ls a stifl leg or togele be-
tween the hinge lug and the carrier; it locks the car-
rier down in a breech open position, A crank ex-
tends through the spring rod bracketls and the carrier
to act as a pivol pin for one lever of the stiff leg. It
in keyed to that lever so that the crank, when de-
pressed, pulls the boldineg-down latch past center
and collapses it. While the breech is opening, the
hinge spring straightens the holding-down latch and
brings il past center to its locked position to secure
the breech in an open position. To close the breech,
the latch operating crank (or lever) is depressed by
foot from the gun loader®s platiorm,

Breech opening lmffer. The breech opening
buffer (fig. 4-9) is mounted on the recoil eylinder
piston rod, below the breech. It contacts an integral
raised pad of the carrier to buff the last 14 degrees
of carrier opening rotation, The buffer is of the
piston and cylinder type with three throttling grooves
in the cylinder wall, An expansion chamber in the
filier cap allows for the volume of liguid displaced
by the piston rod, which extends through a Garlock
type packing and packing glapd. When the breech is
closed, the piston i8 returned to the released posi-
tion by a spiral spring.

Counterbalance and cloging cylinder. The coun-
terbalance and closing cvilinder (fir. ¥-3) is a dual
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arrangement for balancing the weight of the hreech
asgsembly in opening and for swinging the carrier up-
ward in closing the breech, It is a spring and pneu-
matic type mechanism. The closing eylinder bracket
i= mounted on the yoke and provides bearings for the
journals of oseillating bearings., These bearings per-
mit osclillation of the assembly in opening and closing
the breech, and provide spring seats and caps for the
cloging cylinders, Each air cylinder serews into its
ogeillating bearing., With the piston and spring, the
air eylinder extends through the spring to the spring
rod brackets and attaches to the carrier. The spring
compresses between the oscillating bearing on one
end, and a ball bearing washer within the spring ad-
justing nut at its other end. The spring i8 adjusted
on bt}t%ri eylinders so that their combined action will
prevent the breech down swing from heing stopped
with damaging shock, and yet allow the holding -down
latch to secure the breech in the open position,

The air supply for operating this mechanism
gomes from the air supply of the gas ejector system,
The gas ejector air pressure, from 150 to 200
pounds per square inch, is reduced to approximately
40 pounds per square inch by an adjustable air redoc-
tion valve, The desired air pressure for normal
closing action is obtained by adjustment of a square-
headed 2crew at the top of the reduction valve. The
piping, at the outlet side of the reduction valve, di-
rects the reduced air pressure to the closing conirol

/

YOKE

HINGE LUG
YALVE HANDLE
HIMGE BRACKET PIN

BREECH CLOSING VALVE

UPPER LATCH LEVER
LATCH LEVER PIN
LOWER LATCH LEVER

CARRIER HINGE BRACKET

LATCH SPRING

CLOSING VALVE
COMNNECTING BAR

Figure 3-7. Hinge Lug, Holding-down Latch and Closing Controls, General Arrangement

CARRIER

valve. The control valve ports air to the breech
¢loging cylinders and is operated manually to open.
When the control valve is opened, breech closing
movement is started.

E%duchag valve, The adjustable reduction valve,
installed in this breech closure system, is a commer-
cial product, either Mason or Foster type. Each is
described below:

Mason type. The Mason type air reducing valve
(fig. 9-11) 155 pilot valve controlled. The pilot valve,
controlled by reduced gas ejector air pressure, is
spring-held against a diaphragm, As the diaphragm
is moved against the pressure of an adjusting spring
by the reduced air pressure, it moves the pilot valve
with it.,, The pilot valve controls the opening of the
main valve by porting gas ejector ailr pressure
through an air passage in the valve body to the stem
of the piston. The piston, forced up by the gas ob-
jector air pressure, contacts the spring loaded main
valve to unseat it and thus permit a flow reduced air
pressure to the breech closing valve, Pressure in
the outlet air pipe enters the chamber beneath the
diaphragm, through an air port in the valve body, and
controls the pilot valve. In action, the valves, the
diaphragm, and the piston are constantly in motlon,
seating and unseating; thus the air pressure that is
ported from the reducing valve is delivered to the
breech closing valve at a pressure that is regulated
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by the setting of the adjusting screw, The piston is
prevented from chattering by an integral dashpot
arrangement. This valve assembly and the Foster
valve are both 3/4 inch reducing valves with mnion
connections to the air pipes, and beth are securad to
the face of the yoke by pipe clips.

Foster type. The Foster valve is used alternately
a8 a reducing valve for the closing cylinder system.
It functions, as does the Mason valve, to control air
pressure. It consists of a valve, controlled by a
spring-loaded diaphragm, between cloging cylinder
pressure and atmospheric pressure.  The main valve
is a faced plunger, spring-held against a funnel-
shaped piece that extends through the valve port and
connects to the diaphragm. The main valve operat-
ing piece extends through the diaphragm. It is held
apaingt the main valve by spring pressure and moved
away [rom the main valve by ported closing cylinder
pressure to allow the main valve to close. The
amount of air pressure depends upon the spring
pressure behind the diaphragm and is adjustable by
a spring pressure adjusting screw on top of the valve,

Control valve, The rotary type breech-closing
eylinder control valve (fig. 3-10) is manually opened

valve is located so that it can be operated simulta-
necusly with the trip lever of the holding-down latch.
The control valve is bolted to the hinge lug.

Air strainer., The air line piping, at the inlet
side of the reduction valve, is equipped with an air
strainer. This insures filtered air in the breech
operating air line.

Breech operating devices. The breech mecha-
nism has operaling devices for manually rotating
the plug in opening. Olher devices interlock the
breech against opening until the gun has fired. Still
other elements provide firing lock action which
parallels the hreech opening and closing movements.
A deseription of the breech operating devices
follows:

Operating lever, The steel breech-operating
lever is pivoted on the side of the carrier (fig. 3-12).
Motion of the operating lever about its pivot point
moves the connecting rod to rotate the breech plug
through 29 degrees. The operating lever contacls a
rawhide bumper at the end of its opening swing. In
closing, the swing of the operating lever is stopped
by a buffer in the salvo latch bracket. The oper-
ating lever is secured in the salvo latch (when the

by a lever on the hinge lug, adjacent to the holding-
down latch trip lever, The valve is aulomalically
cloged when the carrier reaches the breech closed
position. The actuating foot lever of the control

breech is closed) by a spring-plunger type beveled
catch in the lever handle.

Operating lever safety ratchet mechanism

ROTATING CAM AND CONTROL ARC MUSHRCOOM
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REDULCTION
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assembly. This assembly prevents the manual
breech operating lever from reversing direction in
the event il has not been fully latched during the
breech closing vperation, The assembly is com-
posed of two subasgemblies: the pawl and bracket
assembly mounted on the operating lever, and the
safely ratchet and ratchet bracket plate assembly
mounted on the carrvier. The pawl (attached to the
operating lever) rides aver the ratchet teeth
(attached to the carrier) when the breech plug is
opening. When the plug is fully retracted, the pawl
returns to the neutral position. During the closing
operation, the pawl engages the ratchet teeth,
When the breech is fully closed and the handle in
the latched position, the pawl swings [ree to the
neutral position.

Cnnnm hl‘lE rm-:l

Thf- np&ratmg laver cﬂnnectm{_f
from the lever pﬁruf point) to a ;:rlug 5|+1n in the breech
plug rear face, The connecting rod is joined to the
operating lever by a pin,  The breech plug end of

the connecting rod has split socket bronze bearing
into which the ball of the plug pin is fitted. This
forms a universal-type joint between the breech
Plug and connecting rod,

Plug pin. The plug pin is a solid, cylindrical
piece of Fstcﬂl with a ball-like knob dL its outer end,
The ball of l.h.e plug pin is [itted to, and secured in,
the split socket bronze bearing of the connecting rod,
The stem of the plug pin fits into the outer face of
the breech plug. The plug pin is secured by a lock-
ing pin that passes horizontally through the plug pin
stem and screws into the breech plug.

Wecfg‘e retracting lever catch. The wedge re-
tracting lever catch {tlg, 3-14) is fastened to the
breech mechanism operating lever. It connects the
operating lever to the firing mechanigm.
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Rotating cams. When the breech is closed, plog
and carrier swinging motion is changed to plug rota-
tion by cam rollers {on the plug) in contact with sta-
tionary cams (on the breech). The stationary upper
and lower cams, attached to the breech, are called
rotating cams. The upper cams (fig., 3-12), se-
cured to the screw box liner by two bolls, is further
held by the lower salvo latch bracket, which [its info
an undercut in the side of the cam [lange, The lower
cam (fig. 3-8) is fitted into a recess cut in the gun
and gcrew box liner; it is secured with four bolts.

The upper and lower brackets [or the cam rollers
fit into dovetail slots (fig. 3-6) in the rear face of
the breech plug and are each secured by a balt, The
rollers (fig, 3-12) are pin-mounted on the brackets,

After the plug has been completely rotated to
open, = control are retains the plug in its rotated
position. The control are, an integral part of the
lower cam, is made on a radius about the carrier
hinge center. With the breech closed, the control
arc projects through the carrier.
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The cams and ¢am rollers are carefully set at
manulaciure, Because of the exact position re-
guirements, they are not provided with adjustment,

Firing mechanism, The firing mechanism (fig.
3-14} iz a mechanical linkage between the [iring
loek and the breech operating lever. During breech
opening movement, the firing mechanism acts to
gject the empty primer case. The breech operating
lever is connected to the wedpge retracling lever by
the wedge relracting lever catch, The crank shafl
of the wedge retracting lever extends through the
pivot end of the operating lever to the crank-
cperated erosshead. The crosshead slides in a
vertical slot in the carrier. The crosshead is con-
nected to the {iring leck operating bar by a bearing
block that is attached to the crosshead and slotted
to the loclk operating bar. This mechanism changes
the rotation of the wedge retracting lever to vertical
movement of the crosshead and lateral movement of
the lock operating bar. The crosshead and the lock
gperating bar are retained in position by the bear-
ing plate. A groove, machined in the bearing plate,
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Figl.;i'f 3-12. Breech Opening Mechanism, General Arrangement
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receives the lock operating bar. In cpening Lhe
breech, rotation of the wedge retracting lever causes

the lock operating bar to retract the fiving lock wedge

and gject the used primer. In the case of 2 misfire,
the wedge retracting lever can be unlatched and ro-
tated indapendently of the breech operating lever to
retract the wedge without openlng the breech. Also,
the [iring lock can be removed without apening the
breech.

The salvo lateh is an automatic latehing device
which prevents opening the breech of a loaded pun,
The salvo latch (fig. 3-13) prevents lifting of the
operaling lever latch when the breech is closed,
Gun recoil operates Lhe salve latch to release the
lever latch.

A lower salvo lateh bracket is mounted on tha
gun, The salve lateh lever shaft, with the salve
lateh lever cam at its upper end, extends from the
lower latch bracket to the upper salvo latch bracket.
The latch lever cam is positioned so that it conlacts
4 cam roller mounted on a bracket on the left air
bottle of the counterrecoil system. When the gun
recoils, the cam roller moves aside the latel
lever cam and rotates the lateh lever shalt to dis-
Place the latch locking arm. Displacement of the
lateh locking arm allows the salvo latch cateh (not
visible in fig. 3-13) to rise and prevent the lateh
locking arm from returning to the lock position.
The latch locking arm, attached to the lower end of
the latch lever shaft, is positioned in the way of an
integral lug of the aperating lever latch; the lug
prevents lilting of the lever latch. When the latch
locking arm is held in its displaced position by the
latech cateh, the operating lever latch can be raised
and the operating lever meoved. When the gperating
lever is raised, it compresses the spring of the
latch catch and allows the lateh locking arm to be
repositioned over the latch catch and in the way of
the lug of the operating lever latch,

A deliberate act is required to defeat the purpose
of the salvo latch. The operating lever cannot be
released to open the breech until the gun has re-
coiled, Howewver, if the latching arm is moved
aside, the oparating lever latch remains unlocked
until it is lifted {0 release the operating lever. This
action depresses the latch catch and reseis the
mechanism. The latch locking arm can be secured
in its unlocked position for drill purposes by secur-
ing the lateh locking pin in hole B in the lower salvo
lateh brackel, Immediately after drill, the latch
locking pin must be removed from hole B and re-
turned to the turret officer's booth,

The galvo latch caution plate is [astened to the
gun at the left side of the lower salvo lateh bracket.
It reads:

CAUTION

SCREW PIN IN HOLE "B" FOR
DRILL ONLY. AT ALL OTHER
TIMES IT MUST BE KEEPT IN
TURRET OFFICER'S BOOTH.

Integral with the lower salvo latch bracket is the
cvlinder and expansion chamber of the operating le-
ver buffer. The buffer is of the plunger type and is
filled with recoil cylinder [luid. The buffer is fillad
to the level of the filling plug and, with the plug in
place, contains sufficient air for operation.

Breach switeh, Limit Switch MK 6 MOD 1 is
mounted on the breech face of the gun as shown on
figures 3-1 and 3-13, This microswitch is closed
when the breech operating lever is latched, When
closed, the breech switch, with closed blade con-
tacts and with the recoil switch in baitery position
{ch. 4], retracts the gun captain's ready swiich
conlrol solenoid and permits the switch to be moved
lo the READY position. It also illuminates a
BREECH CLOBED indicator light adjacent to the gun
captain's panel. The breech awitch is part of Ready
Light Circuit IR, described in chapter 15.
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Figure 3=13. PRreech Mechanism Salve Latch
Firing lock

The firing lock, as shown in figures 3-15 and
d=16, fires the primer to ignite the powder charge
in the gun., Normally, the primer is fired elec-
trically; however the firing lock design provides
for percussion liring in emergency. The [iring
Ioek is mounted on a bavoneti=type joint at the breech
end of the mushroom stem. The receiver, the main
structural component of the lock, contains a wedge
that slides back and forth to close or open the recess
in which the primer is seated, This wedge, operated
by the firing mechanism, is connected to the breech
firing mechanism by a spring lateh in the end of the
lock operating bar. The receiver has a catch that
refaing the primer after it is inserted and anexiractor
thiaf ejects the primer case after firing. The wedge
containg an insulated firing pin which carries the
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elactric current to the primer bridge for firing. For
poreussion firing, a hammer, [iring spring, and
cocking lever attached to the wedge delivers a blow
to the same firing pin that is used for electric fir-
g,

For safety, the firing lock is constructed so that
the primer cannot be Tired elther electrically or by
percussion until both the breech and the lock are
fully closed. The clearance to be maintained between
the firing lock and the carrier ig gpiven in the instruc-
tiong section of this chapter, page 3-20,

Components. The Firing Lock MK 14 MOD 5 con-
sists of the following components:
Receiver
Wedge

Firinzg pin aszembly
Cocking lever

Hammer

Contact piece

Hammer guide block
Primer retaining cateh
Extractor and extractor cam
Extractor stop screw

Receiver, The receiver (fig, 3-13), approximate-
Iv rectangular in shape, is milled out to receive the
wedpe.  Secured to the breech mechanism by means
of a bayonat-type joint on the end of the mushroom
stem, the receiver is prevemted from rotating by the
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lock operating bar, which is connected to the wedge.
The receiver is drilled for the extractor pin and the
necessary clearances are milled for the exiractor,
There is a slot on one side of the receiver into which
a lug on the hammer slides. This lug prevents the
nammer from being pulled back for percussion {iring
after the wedge has started to retract.

Wedge, The wedge (figs. 3-17 and §-18), the
operating component of the firing lock, slides in the
recelver when it i actuated by the lock operating
bar of the hreech firing mechanism., A yoke on the
end of the operating bar straddles the wadge and 1=
secured to it by a pin. The opening in the wedge
through which this pin passes is clongated to provide
for the movement of the mushroom stem at the time
of firing. Lost motion between the wedge and the
operating bar is taken up by a spring and plunger,

The wedge stop screw (fig. 3-15) projects through
the receiver into a slot in the wedge to prevent the
wedge from being entirely withdrawn from the re-
celver,

The wedge face plate (fig. 3-17) is made of hard-
ened steel with a hole through which the end of the
firing pin passes, The face plate i dovetailed in
the wedge., The center part of the face plate 18 insu-
lated to prevont o short circuit in the firing syastem
should the firing pin point come in contiact with the
face plate, The face plate takes the thrust of the
primer when it is fired.

Firi in assembly, The firing pin assembly
{Iig,T"iSF Es held In position in the wedge by means
of the firing pin bushing, a small steel sleeve thread-
ed into the wedge where it bears against a shoulder

RECEIVER
-
s

COMNTACT ASSEMELY CUL‘,{I."illlli LEVER

WEDGE STOP
SCREW

,
X

: TORSION WASHER
TORSION WASHER SCHEW

Figure 3-15, Firing Lock Mk 14 Mod & -
Electrieal Firing Position, Left Side

on the firing pin sleeve, A small spring which sur-
rounds the firing pin sleeve returng the pin to its
narmal position after firing,

The assembly of the firing pin, firing pin insula-
tion sleeve, and firing pin sleeve are completely
assembled during manufacture and are supplied only
as a complete unit,

Cocking lever, The cocking lever (fig., 3-15) piv-
otg on its axte, which is supported between two lugs
that extend from the wedge, Incorporated within the
cocking lever 18 a torsion spring that tends to move
the lever toward the logk, One end of this spring
engages a recess in its housing in the cocking lever,
while the other end is engaged by a hole in the tor-
gion washer, which functions as a bearing for the
lever as well as a cover for the spring housing,

The cocking lever lug is on the right side of the
cocking lever and extends toward the face of the
wedge, Thia lug acts as a latch to engage the hammer
catch when the hammer is pulled back for percussion
firing, The cocking lever lug is of such a length that,
when the cocking lever ig in the normal (uncocked)
poaition, it bears against the wedge and transmits
any accidental hlow directly to the wedge instead of
through the hammer and firing pin.

Hammer, The hammer is pivoted on an axle
(fig. 3-17) supported by the same two lugs on the
wedge a8 is the cocking lever., A spring-operated
hammer catch is fitted in the himmer and projects
from the right side. This catch is engaged by the
latch on the cocking lever and rides on it when the
cocking lever is pulled back by the lanyard for per-
cussgion firing, When the lever has been pulled back

RECENER

COCKING LEVER

T,
'L_:'/
by

ACCOMPLISHED

OROSLTS

EXTRACTOR PN

! 1 _ ETOP PLATE

HAMMER

it . J\MEDEE

COCKING LEVER AXLE

Fipure 3-16, Firing Lock Mk 14 Mod § -
lectrical Firing Position, Right Side
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far enough, the hammer catch i3 released; the firing
spring l{[%g. 3~18) acts through the hammer thrust

in to force the hammer to strike the firing pin sharp-
¥. When the lanyard is released, the cocking lever
moves forward under its spring action, and the latch
again engages the hammer catch,

Contact plece, The forward end of the contact
plece rests upon the firing pin when the firing lock
is closed. The contact piece ig housed in, but ingu-
lated from, the upper end of the hammer, At the
rear of the contact piece 18 a provision for quick
positive connection of the electric firing cable.

Hammer giféﬁe__plqpk_. The hammer guide block
ig fitted into the front face of the receiver on the
side with the slot, This block iz aligned with the
alot to allow the hammer to be cocked only when the
wedge 18 fully closed,

Primer retaining catch. The primer retainin
cateh (fig, 9-18) LH“E. separately agsemblad unit bglt-
ed to the recelver. The unit consists of a housing,
the catch, a cateh retaining spring, and a guide serew
that limits the outward movement of the catch, As
the primer i pushed into position in the mushroom
atem, the rim of the case first seats in a recess in
the rear face of the extractor and then pushes the
extractor forward until the rear of the primer has
passed the primer retaining catch, The cateh then
moves down behind the primer to hold it in place un-
til the wedge closes, The tapered cut on the wedge
then completes the priming operation by pushing the
primar case home, The wadge comes up against a
stop plate, secured to the inner face of the receiver,
to prevent the wedge overrunning and coming into

FIRING PIMN STOP CATCH PRIMER
SCREW SPRING HETACT'I!EE
T
CABLE TERMINAL 3‘-'% MUSHROOM
s
’Iﬂai% STEM
\7 N -.Jﬂ'rm/%
R ) — .
Q Sz
T B e PRIMER
HAMMER 2
CATCH
et U :
EEL.GEHRING %j‘l‘. m.r:r.r.mi EITRA[:TF?E
SPRING ‘W
2o
{[m [ STOP FPLATE
HAMMER RN ¥

FIRING SPRING

HAMMER THRUST PIMN

LOCK OPERATING BAR

ELECTRICAL FIRING POSITION

Figure 3-18,

a-14

CONTACT PIECE

FIRING PIN

WEDGE FACEPLATE

COCKING - LEVER

HAMMER

HAMMER AXLE

e

=~ HAMMER THRUST PIN

Figure §-17. Wedge - Cocked Positlion, Left Side

contact with the primer retaining catch housing.

Extractor and extractor cam (figs. 3-19 and
3-20). The extractor and extractor cam are both
pivoted on the extractor pin which passes through
the receiver. The extractor cam is actuated by a

FIRING PIN  FIRING PIN WASHER FIRING FIN FIRIMNG
BUSHING ELEEVE SEAT P SEAT
INSULATOR
FIRING PIN

INSULATION
) : - INSULATION
SLEEVE %&t r WASHER
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. Namd e N CONTACT
] Hﬁ\ﬁﬁtﬁ?‘ﬂ:%’rﬁﬁ PIECE

I

KRGS

=
o

e

INSULATION WASHERS
CONTACT ASSEMBLY

Firing Lock - Elecirical Firing Position, Right Bide;
Firing Pin Assembly; Contact Asaembly
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lug on the wedge face plate to operate the extractor.
Fitted between the wedpge and the mushroom stem,
the arms of the extractor engage the primer case on
two =ides. When the wedge is retracted, the lug on
the wedge strikes the extractor cam; this causes the
extractor to move to the rear, push the primer re-
taining catech out of the way, and extract the primer
cage, A torsion spring returns the extractor cam to
itg original position,

Extractor stop screw, The extractor stop screw
(fig. 3-20) limits the movement of the extractor,

Safet Liances. The following safety features
are incluoded in Firing Lock Mk 14 Mod 5:

1. The primer cannot be fired either by electric-

Ity or by percussion until the breech 1s completely
cloged,

FRIMER
RETAINIMNG

.-____'r:r'll'l::H HOUSING
CATCH '

EXTRACTOR - STOP SCREW
e

Tl

—-]
WEDGE | H
STEE .-

TEATRALTOR CAN
SCREW FRAE TR

g8

-\.\_

| i

| e
o~ 1 o

1

recever” T I S cror e

Figure 3-19. Firing Lock Mk 14 Mod 5 -
Wedge Removed

CONTACT ASSEMBLY WEDGE FACE PLATE

EXTRACTOR

COCKING P

LEVER

e,

| S

PRIMER

EXTRACTOR
STOP

EXTRACTOR

|
WEDGE / \ CJJ EXTRACTOR CAM

Figure 3-20, Firing Lock, Right Side,
dectional View - Wedge Closed

2. As the wedse is opened, lug on the hammer
engages in a4 milled recess in the receiver to lift the
hammer 8o as to break contact and prevent electric
firing.

3. The same lug also prevents the hammer from
being drawn back for percussion firing except when
the wadge ig cloged.

4, A stop plate is secured to the receiver to pre-
vent the wedge from over-riding and hitting the prim-
er retaining cateh housing.

6. A pin, screwed into the carrier and fitted
against the recelver, prevents the firing lock from
being turned in the wrong direction during disassem-
bly or when the lock is belng disengaged from the
operating bar.

6. An arc plate secured to the face of the carrier
prevents the lock from being turned until the wedge
is retracted. It also prevents the wedge from being
closed until the lock is in its proper poaition,

T. If the pin that locks the operating bar to the
wedge I8 dise ed, the arc plate on the carrier
automatically withdraws the wedge from the firing
pogition. This prevents jamming and puts the wedge
in the safe position so that the gun cannot be fired.

8. When the lock iz in the closed position with
the wedge dizsengaped from the operating bar, and the
breech mechanism is open, the wadge is prevented
from closing b; a shoulder on the end of the breech
maochanism in front of the wedge,

Gas ejector

18-inch Gas Ejector Mk 5 Mod 0 (fig, 3-21) 18 an
automatic, low-pressure, alr porting system. Itlis
composed of an assembled alr Hne with valves and a
connection to an automatically opened valve mounted
on each gun breech, The purpose of the gas ejector
iz to expel powder gases and burning fragments
through the gun muzzle to clean the bore without foul-
ing the gun room compartment., When the breech
plug is opened, an attached trip plate automatically
opens the gas ejector valve to direct jets of com-
pressed air into the gun bore through orifices in the
screw box, The valve is held open by a detent until
closed manually,

The gas ejector delivers the ship's compressed
air supply to the main and auxiliary gas ejector sys-
tems and furnishes the air supply for the breech clos-
ing system. Air, at 150 to 200 pounds per square
inch pressure, is brought into the turret through the
central column and iz stored in five relay tanks lo-
eated on the projectile handling decks, ¥rom the
tanks, air is piped to swivel joints below the right
glide trunnion of each gun. From the awivel joints at
each gun, the air passes through pipe lines and an ex-
pansion 8::-111t to the gas ejector valve at the breech of
the gun (fig. 3-21),

A 1-1/2-inch gate valve, below and adjacent to
the swivel joints, permits local cut off of the gas
ejector supply.

From a T -fitting below the gun pocket pan deck
a gecond alir line extends upward to two storage tanks
at the rear of the turret officer's booth, Air lines
from these tanks deliver air to each gun room £ a
manually operated auxiliary gas ejector system
that is used in case of a gystem fajlure,

=15
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The auxillary ejector, a hose [{tted with a brass
nozzle, is stowed overhead at the gun captain's sta-
tion, adjacent to the breech,

Gas ejector valve, The valve unit (fig. 3-22} is
a poppet type, arranged for semi-automatic opera-
tion, The valve i3 similarly located on each gun
breech., The position of the valve in the valve port
of the sg¢rew box Uner 1 oriented for correct trip-
ping by & cam bearing pin that seats in a8 reamed hole
in the face of the liner. The valve cam is deslgned
s0 that contact with the trip plate rotates the cam
through an arc of 00 degrees. This ralses and holds
the poppet in open detent position, until a lanyard
pull returns the cam and permits spring closure and
air cut-off.

Alr demand, Gas ejector air-supply pressure
and air consumption data are:

System pressure, average

gogtalned, pEl L e e 176
Free alr demand:

Eachgun, cuft persecond ........... 14.56

Each gun cu ft per round, ...... SEUSIL R |

Auxiliary gas ejector syatems have substantially
greater free air demand., With either system, the
bore clearing performance is Improved and the air
demand is decreased when the turret iz cloged and
the ventilating fans are on.

FXPAMSION JOINT SLEEVE

GAS EIECTOR VALVE

ANMULAR AIR GROOVE

SCREW BOX LINER
AlR ORIFICE

FIPE TO
REDUCING VALVE

GAS EJECTOR YALVE

TRIP PLATE SCREW BOX LINER

Yoke

16-inch yoke Mk 5 Mod 0 (fig. 3-1) is a large,
cast steel, counterbalancing unit. It mounts on the
gun shoulder and provides Integral lug seats for the
recoll evlinder piston rod and the counterrecoil eyl-
inder yoke rods,

The yoke i mounted on the gun shoulder and se-
cured to it with the yoke ring, This ring, made in
semicircular halves, seats in an annular groove in
the gun shoulder and engages a shoulder in the yoke
bore. The yoke and yoke ring are locked to each
other and to the gun shoulder by a yoke locking ring
that i= threaded into the forward face of the yoke and
secured by a lock plate. The gun Is prevented from
rotating in the yoke bore by a key that is centered in
the bottom of the bore and in the gun shoulder,

The yoite contour provides clearance spaces or
attachment lugs for the breech mechaniam and for
elements of the gun slide, Two pockets in the top
center of the yoke provide for lead balance weights.
Below the pockets are two horizontally bored holes
which recelve the yoke rods of the counterrecoll cyl-
inders, At either side of the yoke top are spaces for
clearance of the counterrecoll cylinders, A slot at
ihe top, forward part of the yoke receives the nut of
the yoke locking device, At the bottom of the yoke,

a large integral lug houses the end of the recoll cyl-
inder piston rod, The lower section of the yoke is

EXPANSION JOINT BRACKET

JOINTS

SUPPDRT
BRACKET

SUPPORT
ERACKET

GATE
VALVE

GLAND

FIFE TO

EXPANSION JOINT RELAY TAMKS

STUFFING BOX AND BEARING

EXPANSION JOINT

PLUNGER

EXPANSION JOINT BRACKET

Filzure 3-21. 16-inch Gas Ejector System Mk 6 Mod 0, General Arrangement
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cut away rearward from the recoil piston rod seat Lo
provide clearance for the carrier hinge lug and the
breech opening buffer, The gas ejector air line is
housed in a slot east in the right side of the voke,

ODPERATION
General

The guns can be [ired sither electrically or by
percussion, Gun operation consists of a series of
manually initiated breech mechanism, gun, and gas
ejector actions. Loading operations are performed
at the LOAD position (five-degree elevation), after
which the gun ig laid on target either automatically
or through gun layer's handwheel motion, The se-
guence of gun {iring operations, starting with the gun
ready to fire and continuing through one complete
evele, is described helow, In addition, instructions
on replacing & misfired primer, percussion firing,
and non-firing operation are also included.

Firing operation

RHeady to fire, The gun is ready to fire {fig. 3-23)
after: (I) the salva latch locking pin is not in hole
"B, (2) the yoke locking device is released, (3) the
primer 1s inserted inlo the {iring lock receiver,

SCREW BOX WOZZILE A LA
LINER AR GROOVE
BREECH:

PLUIG

|
|
\ W@

ﬁ
\“ VALYE

FLUMGER

FLATE DETEMT SPRING

BEARING PIN AN

TRIP QPENM / \.,'l

PLUNGER

Fipure 3-22. Gas Ejector Valve

(4) the projectile and six powder bags are rammed,
(3] the breech is closed and latched, (6) the gpun is
on target.

Gun recoil and counterrecoil action, Upon firing
(fig. 3-23A) the ignited powder causes the projectile
to leave the bore and the gun to recoll, Recoil energy
is expended (fig., 3-23B) in the recoil cylinder by
forcing hydraulie fluid throvgh the piston ports
against the obstructing action of the throttling rods,
The recoll action compressee air in the counterre-
coil system. The hydropneumatic counterrecoil
mechanism (fig. 3-23C) returns the gun back to
batiery (as explained in ch. 4). The buffing action
of the recoil cylinder, shown on figure 3-23D,
ocours during the last part of the couplerreconil move-
ment,

Balvo latch acluation, The salve latch lever cam
(fig. W-23E) is rotated clockwise by gun recoil. This
movement rotates the locking arm to release the
operating lever latch, permitling reopening of Lthe
breech for a new cycle of operation, I misfire
occurs, it is evident by the locked position of the
galvo latch arm and, therefore, the operating lever
cangol be actualed Lo open the breech,

Breach opening. To open the breech for inifial
round loading only, the salvo latch locking arm is
manually thrust aside and the operating lever latch
ig lifted., The releasged lever 15 then pulled rearward
and down {fig, 3-23F)., Motion of the breech operat-
ing lever rotates the plug to unlock and retract it and
openg the breech, Opening rotation of the plug opens
the gas ejector valve (fig, 3-23G). The valve poris
compressed air through the sun bore.,  As the plug
swings open and the operating lever swings downward,
the crankshaft, actuated by operating lever movement,
rotates in a clogckwise direction (fig, 3-23H). This
lowers the cross-head and, therelore, the lock oper-
ator bar to retract the lring lock wedge. As shown
in figure 3-231, when the wedge is retracted, the
lug on the wedee strikes the extracior cam, This
acticn causes the extractor to move Lo the rear,
pushing the primer retaining catch out of the way
and extracting the spent primer.

In casge of misfire, the wadge is retracted, with-
out opening the breech, by unlatching the wedge re-
tracting Llever Irom the breech operaling lever [[iga,
4-23G and 3-23H),

During breech opening, the carrier-mounted plug
swings Lo Lhe rear and down, throuwgh a vertical arc,
compressing the counferbalancing gprings. The
breech-apening buffer, during final movement, re-
tards and =tops the carrier. The holding-down latch
then moves into a stiff-leg position and secures the
fully opened carrier,

During this time, compressed aiv [rom Lhe gas
ejectior svsiem has been entering the fun powdsr cham-
er and bore through three holes in the screw box
liner (fig. 3-23J). The gun captain wipes the mush-
room wilh his special sleeve and verifies that the bore
is clear (fig, 3-23K}, He then depresses the bore
clear switch momeniarily, and manually shuts off the
gas ejecting air supply by tripping the walve closing
cam (fig. 3-23L).

3-17
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Gun loading. The projectile cradle and spanning
tray are lowered to the gun loading position, The
spanning tray enters the open gun breech. The pro-
jectile is rammed, rammer retracted, and then the
powder charge is rammed (flgs. 3-23M and 5-23N).
Then the cradle and tray are withdrawn. During this
period, the primerman, using a special tool, inserts
a primer into the receiver of the firing lock {fig.
3-230).

Breech closing, With the gun loaded, the holding-
down latch s foot operated to release the carrier
(fig. 3-23P). The foot lever of the closing valve is
agperated at the same time to open the valve and port
air pressure to the closing cvlinder, as shown in fig-
ure 3-236. The carrier and plug swing up under
gpring load and air pressure. A guide aligns the cam
rollers with the rotating cam. As the plug's [orward
thread contacts the stop thread of the screw box, the
cams cause rotation and locking of the plug to close
the breech. In this final movement the operating
lever is actuated, by plug rotation of its pivotl, to
swing upward until it is almost to its lateh, The oper-
ating lever is then lateched by hand {fig. 3-23R), The
cherating lever salety ratchet mechanism acts to
prevent the operating lever from reversing its direc-
tion in the event it has not bean fully latched during
the breech closing operation. In conjunction with
plug rotation, the crank shait is rotated to raise the
wedge back into firing position.

Replacing misfired primer. 1In the case of misfire,
the deflcient primer can be removed withoot opening
the gun breech. The primer is extracted by unlatch=-
ing the wedge retracting lever from the operating
lever and pulling it down {{ig. 3-238). A new primer

d=1T4A

ig inserted; the lock is closed; the wedge refracting
lever ig re-latched; and firing is repeated,

Porcussion firing, In the event of casualty to the
gun-firing electrical circuit, the loaded gun can be
fired by percussion. A hammer, contact piece, and
cocking lever attached to the wedpe (fig. 3-23T) func-
Lion to deliver & blow to the firing pin, This is
accomplished by drawing back the cocking lever by
means of a lanyard. The cocking lever pulls the
hammer back with it until a catch on the cocking
laver releases the hammer. As the hammer is
drawn back, the hammer spring i& compressed,

When the hammer is released, this epring drives it
forward making the contact piece sirike the firing pin,
which Lransmils the blow to the primer to [ire the gun.

Non=firing operation

For a non=-Iiring breech operation the procedure is
as [ollows: The firing lock is mounted in pogition
only ii a drill is planned, and is never mounled dur-
ing maintenance. The slide securing pin is retracted
and the gun elevated to its loading position of five
degrees. When the breech is to be opened for a drill
or for maintenance the salvo latch locking pin should
be in hole "B'", as directed by the salvo latch caution
plate., However, the latch locking arm can be man-
ually thrust aside to unlock the operating lever lateh
cich time the breech is opened. The breech is
opened and closed in the same manner as described
previously., Upeon securing from drill or completion
of maintenance, the salvo latch locking pin must be
removed from hole "R and returned o the turret
officer's pooth. The gun is refurned to five degrees
clevation and the slide securing pin is run into ils seat.
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Figure 3-23, 16-inch Gun Assemblies. Gun Ready for Firing.
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™ RECOIL PISTON ROD

Figure 3-23A., 16-inch Gun Assemblies, Firing Gun Recoiling.
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Figure 3-23B. 16-inch Gun Assemblies.
Gun Recoiling Action,
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Figure 3-23E,
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OPERATING LEVER LATCH
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Figure 3-23F. 16-inch Gun Assemblics.
Breech Opening. Manual Operation,
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BREECH SWITCH-—_ - TRIP PLATE

VALVE

rARUAL WEDGE
RETRACTING LEVER

Figure 3=-23G. l6-inch Gun Assemblies. Breech Opening. Plug Rotation.
(Operating Lever Salety Ratchet Mechanism Assembly
Mot Shown; See Figure 3-3)
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QOFERATING LEVER
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Figure 3-23H. 16-inch Gun Assemblies. Breech
Dpening Ejecting Primer,

pAMUAL WEDGE
RETRACTING LEVER CRAMNK SHAFT CROSSHEAD

Figure 3-231. 16-inch Gun Assemblies, Breech
Opening, Extractor Cam biotion,

Figure 3-23J. 16-inch Gun Assemblies,
Gas Ejector Action, Breech Open,
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GUN CAPTAIN'S

SLEEVE -.

M MUSHROOM

Figure 3-23K, 16-inch Gun Mk 6 Mod 1. Wiping Mushroom and Inspecting Gun Bore,
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VALVE CLOSING CAM

| _)Il. \ i

Figure 3-23L. 16-inch Gun Assemblies,
Closing Gas Ejector Valve Manually,

Figure 3-23M. 16-inch Gun Assemblies. Projectile Ramming Action.
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1o=<inch Gun Assemblies,

Figure 3-23N.
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FRIMER FIRIMG LOCK
ASSEMBLY
BREECH
FPLLIG

CLOSE| MG
VALVE
LEVER

PRIMER INSERTING
TOOL (8-Z-931)

HOLDING DOWHN LATCH RELEASE LEVER
Figure 3-2310.

16-inch Gun Assemblies,
Breech Open. Inserting Primer.

Figure 3-23P. 10-inch Gun Assemblies.
Breech Closing Action,
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Figure 3-23Q.

16-inch Gun Assemblies,
Bresch Closing Cylinder Action,

LK DPERATING BAR

Flrure 3-23H.
Final Breech Closing Action,

18-ineh Gun Assemblies

Dz,

IN3TRUCTIONS
General maintenance

The guns, breech mechanisms, firing locks, gas
e¢jector systems, and yokes of each turret assembly
are to be operated and maintained in accordance with
the regulations of the Bureau of Ordnance Manual, the
directions on the inatruction plates of the assemblies,
and the specific instructions in this chapter. Inspec-
tion, lubrication, and preservation are discuased in
the followling paragraphs.
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FnaEectim. Each assembly should always be in-
Bpec efore operating to make sure that there are
no tools, rags, or other obstructions that will foul the
actions. Test operation of the breech to verify normal
actions -of the breech, firing mechanism, and gas ejec-
tor, After firing, inspect and record the liner posi-
tion at the muzzle, Check the clearance between the
liner and screw box liner and record 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, Obaerve the instructions
in the Boreau of Ordnance Manual as to maintenance
of oil film on all bright work. Use canvas muzzle
covers to prevent water from entering the gun bores
when the tompions are unshipped. See the instrue-
tions of chapter 18 for alternative lubrieants and for
general information concerning lubrication,

Preservation and service care

Gun, Instructions for preservation and eare of
all elems=nts of the gun barrel are prescribed in the
revised edition of the Bureau of Ordnance Manual,
chapter 3, These include specific directions and
information applicable to these particular guns. Dis-
cussed thoroughly are care of the exterior surfaces,
the bore, and the chamber and data in regard to cop-
pering, constrictions, deformations, and other items
wileh affect the accuracy, life, or ballistic charac-
terigtics of the barrel. In addition to the instructions
of the Ordnance Manual, the following should be
observed:

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

firing, The gun hore should be swabbed clean and
rinsed immediately after firing, and it should then
be gaged and lapped, If necessary, to remove copper
deposits or constrictiona,

Gun maintenance materials, Approved materials:
unauthorized materials, Experience has shown cor-
taln materials to be adapted for certain jobs in the
care and preservation of gun assemblies, Other
materials, found Injurious to 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: Preservative oll O 5. T98%, Navy Symbol
2110, and Navy S8ymbol 2135, Unauthorized: Heavy
0il or grease; organic ofls.

Wash for pun bore after firing, Approved: Soda
solution Tone pound laundry =oda to one gallon boiling
fresh water}); or riflebore cleaner 0.8, 1426; or
Diezel oil, T-0-2; or light mineral oil, Navy Symbol
2110; or caustic soda solution (three ounces caustic

s0da to ona pallon boiling {resh water)., Unauthorized:

Solutions made with salt water; or kerosene, gaso-
line, or carbon tetrachloride,

Gun bore rinse afier cleaning. Approved: Fresh
water, Unauthorized: Salt water.
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bore. Approved: Pumice and oll paste (equal parts
by volume of powdered pumice stone and Hght machine
oild: in severe cases, standard issue wire brush; as
last resort, emery, used sparingly. Unauthorized:
Sandpaper or harsh abrasives.

Material for removing “smoke rings"or discolora-
Uop from gun bore. Approved: Wiping with oil scaked
rag. Unauthorized: All abrasives and detergent or
caustic solulions.

Coating for breech mechanism brighl work.
Approved: Light mineral oil, Navy Symuol 2110,
Unauthorized: Heavy oil or grease, organic oils.

Solvent [ur cleaning firing lock. Approved: Alco-
hol. Unauthorized: Kerosene, gasoline, carbon tetra-
chloride, caustic or soda solulions.

Lubricant for firipg lock after cleaning. Approved:

Light mineral oil, Navy Symbol 2110, Unauthorized:
Greases, heavy oils, organic oils.

Material for detection of ajr leaks i ejecior
gystem. Approved: Light oil or lquid scap. Un-
authorized: Heavy ol]l or salt water.

Lubricant ior gas check pad. Approved: Molyb-
denum disuliide, MIL-L-T868 {Aer). See the chapler
on Lubrication fo. the method of application. Un-
authorized: Ofl lubricanis 14-L-14 (Ord} and MIL-L-
16785, or mixtures ol while lead and tallow.

Tools andaccesgories. Tools used innormal care
and preservation of gun assemblies include standard
igsue tools and suppiies, as well as tools designedfor
specificapplications. Tools for normaluse Include him -
mers, scrawdrivers, standard wrench sets, and supplics
such as toweling, common sponges, wire brushes, and
oil stones. Boregages,bore lapping heads,and bristie
bore sponges are designed for specificuses. Eachship
i supplied with a sufficlent number of such tools of the
proper size. Useof standard issue Lools and supplies
depends upon the discretionof the officer in charge.
Special purpose tools must be used for no purpose other
thanthat for which they were intended. Design identities
and refercence drawings of alltools andaccessorles are
given inchapler 19,

Bore lappinghead, The bore lapping head ({ig. J-24)
is used for cleaning the bore and rifling of themn., The
tonl consisls of four segments mountedonsprings In a
eircular block. Emery cloth is attached to the segmenls
for cleaning (he lands of the bore. Inordertoclean both
the grooves and the lands, molten lead is poured through
the openings inthe bore lapping head when the head {8 in-
gerted in the gunbore. Thegun barrelacts as a mold for
the molien lead. Afler thelead cools andhardens, the
bore lapping head is pushed through the bore. The lead
eleansthe riflingas it spirals through Lhe bore.

The bristle bore sponge
{fig. 3-25) is usedin all cleaning, swabbing, and oil-
ing operations performed on the gun bore, The tool
lg a solid, cylindrically shaped, hardwood block with
many rows of short, stiif bristles arranged around
its circumference. At each end of the tool, eyebolts
are provided for attachment of the ropes used in pull-
ing the bore sponge through the gun.

Bore gage. The bore gage ([1E. 3-26 18 passed
through the gun bore 1o test for constrictions. Itisa
cast sieel [rame with two fixed-diameter, machined
steel cylinders attached at either end. The bore gage
has provision for attachment of the ropes used in pull-

Ing it through the gun.

Wire brushes. Wirebrushesaretobe used malnly
on the exterior surfaces of the gun, Insevere cases of
copper deposit in the bore, the wire brush may be used
sparingly, but only by experienced personnel.

reech mechanism, Thebreech mechanism is to
be maintained clean at all times and must be free
from gummed oil, paint, and foreign matter. The
gerew box liner and the breech plug threads are to be
oiled daily with light mineral oil, Navy Symbol 2110,
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Figure 3-24, Use of Bore I.%ping Head in the
Care and Preservation of Gun Assemblies

Figure 3-25, Use of Bristle Bore gponge in the
Care and Preservation of Gun Assemblies
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Figure 3-28, Use of Bore Gage in the Care and
Preservation of Gun Assemblies
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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 [rom front to rear. The normal
thickness of 2 pad is 1. 759 + . 020 inches, measured
= . 000
through the thickest cross section, but this dimension
tends to inerease as the pad is used in service. The
maximuim sale thickness of the pad, measured as
ahove, is 1,81 inches, Tse of a pad wilh a greater
thickness will pull the mushroom forward, thus bind-
ing the [iring lock and causing misfires. Pads
ghould be lubricated with molybdenum disulfide, as
described in the chaplter on Lubrication. The split
parts of the split rings must be 90 degrees apart at
all times, The counterbalance springs and closing
cylinder assembly should be disassembled annually
and repacked with a special lubriecant. The counter-
balance springs should be in such adjustment that the
carrier does not rebound when il contacts the opening
buffer. For proper breech closure, the air closing
pressure must be maintained as deseribed in the ad-
justment of the Mason and Foster valves. The open-
ing buffer and the operating lever are {illad {(and
replenished) only with standard recotl eylinder lguid,
NAVORD OF 1914, Buffers are to be {illed with the
gun at 0 degrees elevation, The operating lever salety
ratchet mechanism assembly should be vheerved to
engure proper function, All components of the breech
must be [Tequently inspected [or undue wear, galling,
distortion, fracture, or corrosion. The condition of
these components must be verified before [iring,
The breech assemblies are Lo be exercised daily,

Firing loek, The firing lock requires the same
careful lubrication and rust-preventive maintenance
as prescribed for the breech mechanism. DBefore
fring, the lock is to be washed in alcohol and lul-
ricated.

When the [iring lock ig mounted on the mushroom
stein, the ¢learance between the lower portion of
the flring lock wedpe and the rear face of Lhe carrier
should be between 0. 130 and Q. 197 inch. A clearance
less than 0, 130 inch may indicate thal excessive
expansion of the pas check pad has cansed the mush-
room stem to be pulled forward. This condition will
bind the firing lock, thus causing misfires.

Gas ejector. Care of the gas ejector system in-
volves maintenance of Lhe valves, swivel joints,
pipe connections, and telescoping parts. Freedom
from leakage at the minimum operating pressure of
150 pounds per square inch is required. To check
for leaks, apply a very light cil at frequent, regulay
intervals Lo 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
serew the collar up tight., I the gas ejector valve
leaks, remove it and disassemble. Lap the poppet
and seat, using a {ine compound, and wash in
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aleohol before reassembling,  The stufling box gland
of the telescoping joinl requires occasional resetling
as wear develops. Replacement and adjustment of
packing is apparent [rom the design details. I
leakage of [he seal between the gun and screw box
liner develops, repack with O 1162 as prescribed
by drawing B-¥-854,

Heductlon valves. The reducing valve of the
hreech closing system, when cperating properly,
can be adjusted to completely cut off the air supply.
I the reducing valve is causing loss of air supply,
or otherwise operating improperly, the valve should
he tested. If necessary, it should be repaired or
replaced. New Mason valves and those in service
are disassembled and lubrieated with oil, Navy
Symbol 1042, belore belng placed in service, and
every six months thereaiter. The Foster valve has
a rubber diaphrazm that must be protected from oil.

Operating and maintenance instructions

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

Preparation for firing. Perform the following
operations in the order given below,

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

2. Check the reecoil 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 bulfer and the ocperating lever bufier.

4, Perform '"Before operating'” lubrication for
breach mechanism and slide.

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

8. Check the gas ¢jector and breech closing alr
supply.

T. Wipe down all bright work.

A. Wash the firing lock in alcobol and lubricate
in aceordance with instructions of the Bureau of
Opdnance Manual. Rotate the liring lock 90 degrees
to mount on the mushroom stem bayonet joint.

Lateh the wedge to the operatling bar,

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

10, Operate the breech mechanism through two

closing ancd opening cyeles to verify normal opera-
tion of the assembly,

11. Bemove the tompion.
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13. Wipe the excess oil from the gun chamber
and bore and from the plug threads.

13. Inspect the obturator unit for scratehes and
misalignment,

14, Cheek lubrication of the gas check pad.
Lubricate with molybdenum disulfide, MIL-L-TH66
(Aer), as described in the chapter on Lubrication.

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

Preparation for drill, Preparation for drill
should include a routing check as described above.
Berew the salvo lateh locking serew into hole B.

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

Securing gun assembly after firing. Immediately

after [iring, secure ihe yoke locking device and per-
form the following procedure:

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

2. Pass the bore gage. I the bore gage will not
pass, wire brushes of slandard issue may be used to
remove suflleient copper to permil 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.

4-20A/B
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d. Reomove all copper 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 permitied
only where the bore gapge will not pass, and then only
enough to allow passage.

4, Coat the entire surface of the bore and cham-
ber with light mineral oil immediately after cleaning
and passing the bore gage, Apply with clean toweling
wrapped around & bristle bore sponge. Refer to the
liat of materials approved for this purpose.

0. Disconnect the wedge from the operator bar
and rotate the firing lock 80 degrees to remove from
the mushroom stem.

t. Disassemble and clean the firing lock. Wash
all electrical contacts in alecohol to remove grease.
Before agssembling, give all parts a coat of light min-
eral oil to prevent rust, BStow the firins lock,

T. Install the tompion or muzzle cover,

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

8, Inspect the breech opening buffer and the op-
erating lever buffer; replenish liquid If necessary.

10, Clese the breech, depress the gun to 0 degrees
elevation, and engage the slide securing divice,

Firing, misfires, Misfires are usually caused
by & break in the electrical firing cireuit, " The weak-
est part of the electrical firing circuit is the primer,
To avoid misfires, primers must be handled care
fully to avoid breakage of the platinum, electrical
contact bridge. If the platinum bridge is broken,
electrical firing is impessible.

Firing lock. To avoid misfires, the firing lock
must be parfectly clean at all times, Wash the firing
logk with alechol at frequent, regular intervals.
After cleaning, lubricate with light mineral oil. The
firing lock should be mounted only during action or
during drill periods, At all other times, the firing
lock should be carefully stowad in the turret.

Ereech balancing spring. The breech mechanism
must never be operated with the breech balancing
spring disconnected, Operation under such conditions
could wreck the assembly.

Buffer fluid, The carrier opening buffer and the
operatineg lever buffer are desigpned to use standard
recoil cylinder fluid. OIll, water, or other liquids
must not be substituted, nor the recoil cylinder fluid
diluted,

Closing pressure. The adjustment of the reduc-
tion valve must not exceed the pressure setting indi-
cated on page 3-22. Higher pressure will resull in
greater cloging speed and prevent latching of the
operating lever.

Bore maintenance, The use of emery, wire
bruzhes, or other abrasives to clean the bore must
be limited to experienced personnel, Excessive re-
moval of chromium plating and steel must be avoid-

ed. Refer to page 3-19 for a List of atandard tools
and accessories,

Backing out precautions

Damage to mushrooms {requently occurs while

backing out a drill projectile. This damage occurs
because a buffer of insufficient diameter is used be -
tween the projectile and the mushroom, Use of too
small a buffer will permit the projectile to transmit

i blow to the side of the mushroom rather than to its
center, This can regult in 2 bent mushroom stem,
and the possibility of a "blow-back" is introduced,
The seriousness of a bent mushroom stem is empha-
sized by the fact that it is not always easily seen and
it may not cavse mallunction of the breech mechanism,
To prevent a blow-back and posgible injury to person-
nel, proper methods of backing out drill projectiles
ahould be observed, Whenever practicable, the guns
should be trained fore and aft for a loading drill.

The purpose of this is to reduce the possibility of the
projectile unseating due to the roll of the ship before
the cradle and spanning tray are in position, The

projectile can be backed out by the methods deseribed
below:

1. With the complete dummy powder charge re-
muaining in the chamber, the gun is elevated to unseat
the drill projectile. The dummy powder charge will
reduce the travel 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 also be backed out further by in-
serting a buffer and elevating the gun.

4, The alternative approved method of backing
out & projectile is elevation of the gun with a buffer
in the powder chamber, The buffer should be eylin-
drical and solidly formed of woven ropes, covered
with canvas, The diameter of the completed buffer
should he at least as great as a powder bag so that it
will spread the shock over the entire face of the mush-
TO0,

Adjustments

General, Components of the gun, bresch mecha-
nism, pas ejector, yoke, and firing lock are of fixed
arrangement, as indicated by the design details and
general arrangement drawings. These components,
precigely fitted at initial assembly, are not adjustable
pxcept for the following units,

Breech carrier hinge adjustment. The eccentric
bearing bushing and locking screw arrangement, to-
goether with the hinge pin and bearing, are illustrated
in fipura 3-27. The axes of the breech plug and screw
box liner are brought into accurate alignment by ro-
tating the eccentric bushing, This adjustment is
correcily made at assembly in the Naval Gun Factory
and should not be altered unless there is positive in-
dication of galling and selzing in the serew box and
breech plug threads, Determine the degree of adjust-
ment required 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. Remove the locking
screw and rotate the eccentric bushings as necessary
with the spanner wrench provided for this purpose,
and repeat the procedure of opening and closing the
breceh, When this adjustment is completed, the
cloging air pressure must be readjusted to reduce the
speed of breech closure.

Breech counterbalance springs adjustment, The
counterbalance springs are adjusted to balance the

breech assembly when it 15 opened. The adjustment
is such that when the breech is normally opened, it
will swing down and latch without a jarring stop or
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or rebound, The adjustment is made by removing
the set serews from Lthe adjusting nuts and elther
tightening or loosening the nuts. When the above

justment is achieved, the set screws are replaced
te 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
tug would move either forward or rearward together
with the hoop to which it is mounted. Movement of
the hinge lug would cause a similar displacement of
the breech plug. The hinge luz movement is com-
pensated for by rotating the adjusting nut {described
in the previous paragraphs, "Breech plug" and
"Carrler”™), Adjustment can be made, with the
breech mechanism open or closed, as follows:

1. Remove the locking clamp (figs. 3-5 and 3-6)
from the carrier,

2. Secrew the adjusting nut in (or out) as needed,
te correctly position the breech plug.

3. Replace the locking clamp on the carrier.

4, Lightly paint the screw box threads with a
mixture of two paris tallow and one part white lead.
Open and close the breech several times,

5. Hepeat the adjustment procedure until all in-
dications of galling or seizing, in the screw box and
breech plug threads, have been removed,

Air reduction valve, breech cloging adjustment,
The air system assembly is equipped with either a
Mason or a Foster reduction valve. These valves
provide for adjustment of the air pressure delivarad
to the foot-operated breech cloging valw . Both
valve designs are adjusted by means of a square
head adjusting screw at the top of the valve. The
initial adjustment at the Naval Gun Factory, which
i2 the desired serviece adjustment, is one that as-
dured breech closure and convenient manual latching
of the operating lever, With a clean breech assem-
bly, having properly aligned plug and screw box, the
breech should close properly with 40 pounds per
gguare inch alr pressure, In addition, the counter-

LOCKING SCREW

ECCENTRIC BUSHING

@/

HINGE PIM BEARING

Figure 3-27, Breech Mechanism Carrier
Hinge Adjustment
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balance springs must be correctly arliuated and the
carrier plug bearing and thread well lubricated.

Erratic breech closure, when the air pressure
ig correctly adjusted at 40 pounds per square inch
indicates misalignment, faully lubrication or both.
The plug bearing mast be properly lubricated to per-
mit relatively free axial movement. Excessive
friction and gummead lubricant will retard breech
closure and prevent latching of the operating lever.
The cam rollers musat rotate freely when they con-
tact the rotating cams. If the breech closure is
erratie, il must not be corrected by increasing the
air pressure,

Hydraulic buffer stuffing box adjustment. Adjust-
ment of the stuffing bozes to prevent leakage should
never be so tight that it prevents or slows down the
spring return of the plunger. I such tight adjust -
ment 15 necessary to prevent leakage, a new packing
should be installed,

Alrline swivel joinl adjustment, Swivel joints seal
againal leakage by pressure distention of the preformed
packing, To stop leakage, slightly adjust the collar;
never screw the collar tizid.

Air line felescoping joint stuffing box adjustment.
The slufiing box gland requires occasional resetting
as wedr develops. Painl the joint wilth Light il and
tighten the gland until all leaks disappear.

Firing lock cocking lever torslon spring, With-
in Lthe cocking lever a torsion spring tends to move
the cocking lever toward the lock, The tension on
the cocking lever torsion spring may be adjusted by
turning the torsion washer in the direction of an
arrow thal is stamped on it. Initial selting is with
the zero mark on the washer in alignment with the
index line that is seribed on the wadge.

DISASSEEMBLY AND ASSEMBLY

General instructions

Disassembly and assembly of guns and gun yokes
is normally performed by personnel familiar with
the procedure and equipped with standard and special
tools required for the job. The following paragraphs
eontain instructions for regunning and for removal
af the yoke, Included are instructions for the dis-
assembly and assembly of the breech machanism and
ons ejector syatem which might not be readily appar-
ent after an examination of the equipment and general
arrangement and detail drawings.

Reference plans, Information referring to turret
structural arrangements, methods for dismantling
and removing major components of the gun assem-
hlies, and for installing gun equipment is given in

BuShip Plans BB616 7204 2A, and BEG16 ZT2042F,

Hegunninge 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
voke design and provisions made to free it from the
gun ghoulder should be studied as a necessary pre-
liminary to these 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, prease
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hales have been provided for the periodic injection
of grease into the overbored area, to prevent such
corroeion, These greasing holes should be used to
inject penetrating oil at the time of regunning, if dif-
IIEEH_}' is ercountered in removing the gun from the
yoke.

Preparation for unycking and sliding gun out of
turret.

1. Prepare a plan for the deck layout of the re-
gunning rig that will clear all parts of the ship and
all deck Installationa,

4. Prepare a plan for suitable shoring under the
location for the regpunning rig. Install the shoring,

3. Lay timbers on deck as a foundation for the
regunning rig. The top of the timbers must be in a
plane precisely parallel to the center line of the gun,

4, Layout, drill, and tap the underside of the
turret roof for the yole supports,

2, Remove the projectile cradle and spanning

tray, cradle fulecrums, and cradle operating cylinder.

Remove the cradle pump expansion tank,
6. Remove the upper powder trunk door.

7. Remove the breech plug, carrier hinge lug,
and complete operating asse:gﬁly.

8. Elevate the gun to about 30 degrees and re-
move the gun cover and wiping ring.

. Depreas the gun to 0 degrees and insert the
slide securing pin,

10, Bleed the counterrecoll air pressure.

11, Disconnect the recoil piston and the counter-
recoil voke roda, A speclal spanner wrench 8-%-915
-0 iz provided for removal of the yoke rod lock nuts.

12. Clear the gun port gas seal from behind the
face plate. There must be enough clearance to per-
mit rigging an oak timber inside the pun port, above
the slide, to act as a toggle. Or, remove some
scarf holts from the turret roof directly behind the
gun and secure a pad eye there.

13. Secure a pun ¢lamp or wse wire rope lashing
and shackle for pulling the gun out of battery,

Unyoking.

1. Pull the gun out of battery to position for rig-
ging the yoke supports. Rods must be inserted in the
vake as the gun comes back, because there is not
sufficient room to insert them when the gun reaches
the unyoking position,

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

d. Rig the gun for pulling out.
4. Case loose the yoke locking ring.

5. Pull the pun forward until the yoke ring can
be removed,

8. Remove the yoke ring. This ring is in halves,

The lower half is comparatively easy to remove,

Remove the securing bolts, jack the half ring out of
rabbet, and drop the lower hali, The upper half can-
not be jacked entirely clear, It must be rotated 180
degrees until it can be dropped. Jacking bolts and
small eye holts are used in this operation,

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

8. Remove the yoke key,

8. 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 rig on supporting timbers,

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

d. Adjust the rails laterally until they center on
the gun and are precisely parallel with the gun. This
ig the most important part of the procedure, If the
rails are not exactly parallel with the gun, the gun
will jam repeatedly in leaving or entering the slide.

4, Place a cradle with a large radius on deck be-
hind the rails, Place a cradle with a amall radiug at
the rear of the rails.

B, Pull the gun out until the machined surface
protrudes beyond the front of the eradle and the gun
1i:_rcc::h iz at the mid-point of the first or second slide

iner,

6., Turn up the 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 means
that the cradle has begun to take the load, Itis a
very slow process to turn up the vertical jacking bolts
by hauling & wrench with a pipe extension on the han-
dle. The jacking is easier and faster when the largest
gize impact wrench iz used,

7. Continue hauling the gun out until the breech
;15 in the next to last, or the fifth from the rear, slide
iner,

8, Tnstall the rear cradle on the rails and jack up
until the thin fecler will pass at the bottom between
the breech end of the gun and the =lide liner,

8, Continue pulling the gun out until it is clear of
the slide and ready for Ufting,

Installing new g};g Lift the old gun clear and
place the new gun In the cradles, in the same po-
gition as the old gun. Hecure the gun clamp to the
gun, Lead siripping should be packed between gun
clamp and the gun,

1. Rig the gun for pulling in.

2, FPull the new gun up close to the slide and
check with a straight edge to determine whether the

gun will enter, If the gun will not enter, use the jack-
ing bolts as necessary. If adjustment of the horizon-

tal jacking bolts is necessary, the rails must be kept
parallel with thelr original position,

d. Puall the new gun into the slide until the second
alide liner is entered. Slack down on the vertical jack
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bolts of the rear cradle. When the cradle is loose,
drop it to the rear of the ralls,

4, Continue pulling the gun in until the key is
cloze enough ta the front of the slide to permit align-
ment.

3. Rig a jack under the lower side of the gun
clamp; jack until the kev alipns with the keyway,

6. Continue pulling the gun in until the fifth slide
liner is entered,

7. Slack down on the vertleal Jacking bolts of the
front eradle, It may be necessary to bring the rear
cradle to the front and again take up the weight of the
muzzle, I this is done, packing should be placed be-
tween the gun and the cradle, As an alternative, a
crane can be used to take a strain under the muzzle
end of the gun. Failure Lo do one or the other in
cold weather may cause fatlure of part of the rig.

A heavy strain is needed to start the gun moving from
this very muzzle-heavy position.

8. Continue pulling the gun in until the yoke key
and yoke ring can be installed. The rails are now
no longer needed and can be removed.

B, Unthread the yoke locking ring and pull it for-
ward, clear of the yoke ring rabbet,

10, Install the yoke ring and the kevy.

11, Continve pulling the gun in until it i3 in posi-
tion in the yoke.

12. Secure the yoke locking ring. Remowe the
forward yoke supports.

13. Rig for hauling the gun back to battery.

14. Haul the gun back to battery. The gun may
be hard te start in motion in cold weather., If neces-
sary, rig a jack between the projectile eradel shelf
and the yole to start the gun's forward motion. This
iz done to minimize the strain on the hauling out rig,

Note: With the recoil and counterrecoil rods dis-
connected, there is no dashpot to cushion the gun's
forward motion., Pieces of soft wood should be used
between the yvoke and slide to avoid metal to metal
contact,

13. Hemove the yoke supporis,
Breech mechanism

Weight tabulation, To facilitate handling of the
breesch mechanism, a table of weights for prineipal
parts is listed below:

Screw box liner, poundS. . ..ovvveunns o 1470
1: adar TR LT S Tl o e S R kS 454
Carrier, pounds . .. .oovevunen. e i |
P POOREE- - e i e e 1403
Counterbalance and closing

evlinder asgembly, pounds .,....... .. 248
Mughyoom, pounds: (. raeesesres 223

Disassembly., The following paragraphs contain
instructions pertaining to the dismantling of the
breech mechanism, To do this, the gun must be at

) degrees elevation with the slide securing pin seated
and the voke locking device connected.
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1. With the breech closed, remove the bearing
plate and disassemble the firing mechanism.

2. Open the breech and remove the mushroom
nut and spring.

3. Lift the mushroom from the plug and remove
the gazs check pad and split rings.

4. Close the hreech.
9. ERemove and drain the breech opening buffer,

6. Remove the counterbalance and closing cvlin-
der asgemblies, When opening the breech after re-
moving the counterbalance springs, support eribbing
and rigping must be placed for lowering the carrier
and plug.

T. Rotate the plug until the threads are fully
disengaged from the screw box liner threads. Dis-
connect the operating lever connecting rod {rom the
plug pin, Lower the carrier and plug with appropri-
ate tackle.

A. Remove the following parts in sequence: The
salvo latch proup (rom the breech and slide. The
breech handie. The gas ejector plate, The upper
rotating cam. The cam and roller brackets and rﬂll—
ers. The breech operating lever connecting rod and
pawl and bracket subassembly from the oparating
lever. The operating lever.

f. Remove the breech plug.
10, Remove the holding-down Latch.

11, Rig shoring to support the carrier in the open
position. Remove the carrier hinge pin bearings and
the hinge pin, Remove the carrier.

12, Remove the hinge lug from the gun shoulder.
13, Bemove the lower rotating cam.

Assembly. For assembling the breech mecha-
nism, proceed as follows:

1., Plaee the lower rotating cam in position and
secura.

2. Mount the hinge lug on the gun shoulder and
bolt tight,

3. Rig shoring to support the earrier in open
position, Assemble the carrier and hinge pin with
approximate adjustment of the eccentric bearing.

4, Assemble the holding-down latch.

5. Mount the breech plug on the carrier, taking
care to align the plug with the control are,

G. Assomble the following parls in sequence;
The breech eperating lever. The connecting rod and
pawl and bracket subassembly to the operating lever.
The cam roller brackets and rellers. The upper
rotating cam. The gas ejector trip plate. The
breech handle. The salvo lateh group to the breech
and slide,

T. Haise the carrier with appropriate block and
tackle, Engage the plug in the screw box liner.

8. Assemble the counterbalance and closing cvl-
inder components,
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89, Mount the breech opening buffer and fill to the
proper level,

10. Open the breech.

11. Assemble the gas check pad and split ringa
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 bearing plate,

The assembly operation i= completed with the
adjustment of the carrier hinge eccentric bearings,
the counterbalance springa, and the air reduction
valve.

Firing lock
Disassembly and assembly, Disaszembly of the

firing lock is apparent by inspection. Assembly must
be performed in a definite order.

To assemble Firing 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 apring on their ghaft through the receiver.

2, Insert the {iring pin assemhbly and the firing
pin sapring in the wedge.

4, Place the firing spring in its hole in the
wedge, and then place the hammer thrust pin in po-
aition.

8. Mount the hammer on its axle, and assemble
the hammer catch with its spring In the hammer,

gecure them in pogition with the hammer catch screw,

8. 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 torslon washer colncide
with the similar mark on the wedge, When the
spring tenzion ie adjusted, secure the torglon washer
with the torsion screw.

7. Blide the wedge into the receiver and tighten
the wedge stop Screw.

Mason valve

Disassembly, Disassemble the Mason valve in
accordance with the following instructions: use draw-
ing 50266 as a reference:

1. Hemove the valve from the breech,

2. Back off the adjusting serew (using Socket
wrench 50266-20) until all tension is removed from
the spring.

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

4., Unscrew spring case from the body of the
valve; remove the diaphragm spring, diaphragm, and
diaphragm bution,

5. Unscrew the pilol valve {auxiliary valve) seat,
using a socket wrench, If necessary, tap lightly with
a hammer to loosen

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

T. Screw the threaded lifting bolt (502668-18) into
the top of the main valve, Remove the main valve
(50266-11) and the spring (50268-14),

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

0. Unscrew the dashpot eylinder (50266-12) from
the dashpot,

Assembly, The Mason valve is assembled as

———m

followsa:

1. Inmert the dashpot piston into the dashpot
eylinder,

2. Place the dashpot piston into the valve body
and tighten the dashpot.

3. Assemble the main valve and spring.
4, Place the pilot valve in the seat.

5, Insert spring (50286-7) and tighten nut
(p02668-17).

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

7. Assemble spring button (50286-2}, spring
(60266-3), diaphragm button (50266-5), and diaphragm
in the spring case and screw onto the valve body over
the pilot valve,

Foster valve

Disagsembly and assembly. For disassembly and
assembly of the Foster valve, refer todrawingl79766.
When disassembling this valve, it is Important to re-
lieve the tension on the adjusting spring and to remove

the diaphragm before removing the main valve assem-
hly.
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Chapter 4

SLIDES

16-inch Blide 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 functions
A5 4 Fun-supporting structure, a gun recoll 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 position,
The slide %vnts on its integral trunnions in vertical
rotation. The right and center slides are identical
aszemblies; the left slide differs in that the loader's
platform bracket and alide securing device are mount-
ed in the left rear end bracket, and the elesating screw
pivot pin is mounted in the right rear end bracket,

TRUISMIEMN

SLIDE

LOWER SHIELD PLATE BRACKET

JADER'S PLATFORM HRAGKET

RECOIL SYSTEM EXFANSIIN TANK -~
REAR END BRACKE e
.-"'- u k! -~
L COUNTEREECOIL
- CYLINDERS
SLIDE SECURING PN~ o
WiOIE E i
Figure 4-1.

16-inch Deck Lug Mk T Mod 0 15 a bearing block
and roller bearing assembly that provides for frie-
tionless elevating movement of the slide and gun,
Each deck lug iz arranged with a bearing block and
roller bearing assembly on either side of each slide.
The deck lugs are virtually identical assemblies;
minor structural differences are described later in
thia chapter.

The deck lugs are located at the front of the tur-
ret, within the gun house structure, The commaon
axis of the radial bearings is in 8 line, 11 feet for-
ward of the turret transverse centerline, parallel to

16-inch Gun Mk T Mod O, and 16-inch Slide Mk 6 Mod 0

(Operating Lever Salety Ratchet Mechanism Assembly
' Mol Shown: See Figure 3-3)
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and 16, 5 feat above the axes of the rollers of the roll-
er path. Turret structural supports for the lugs are
spaced to locate the slides and their guns as follows:
Theo axis of the center gun bore ia on the turret cen-
terline. The axes of the right and left gun bores are
paraliel to that of the center gun and are each spaced
122 inches from it.

Components. The main component of each slide
is a large steel forging with integral trunnions that
rest in the deck lug bearings, Attached to this forg-
ing Is a hydravlic-type recoil brake, a hydropneu-
matic-type counterrecoll system, and the rear end
brackets, Other parts attached to the glide structure
are the loader's platform, a crlindrical gun cover,
the upper and lower shield plates, a yoke locking
device, and a slide securing mechanizm.

Degign 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 horizontal displacement by the rigidity of the
gun girder weldment, and by bearing retalners that
provide nonadjustable spacing of the bearings of each
lug. The bearing retalner deslgn ties the two trun-
nion bearings together through the integral structure
af the slide and its trunnions,

Design differences

The three deck lug assemblles of a turret arve
?irtuallf' identical, The two deck lugs for the out-
i

extend further forward than do the inner bearing
blocks. This i8 necessary to provide for the differ-
ence in shape between the straight, flat turret face
plate and the annular gun girder, which forms the
outer structural bulkhead within the barbette, In
addition, the flat-plate thrust bearings of the outer
bearing blocks are rotated to the rear and upward in
thelr assembly positions, Both the bearing blocks
and bearing assemblies of the deck lug for the center
aglide are identical,

Access arrangements

Apcess to the deck lug bearings is provided for
by parallel divisional bulkheads that are formed b
the gun girder boxes, and by turret subdivision bu
heads, The two ouier trunnion bearings are acces-
gible through the sight station compartments, The
remaining trunnion bearings are accessible through
the space between the parallel divislonal bulkheads,
These spaces may be reached from the electric deck.

DETAIL DESCRIPTION
Deck lug

The three deck lugs in each turret are mounted
in a transverse row within the gun house structure
at the front of the turret,

Each deck lug consists of two trunnion bearings.
The common axis for all six trunnion 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 roller bearing assemblies
and two flat thrust plate hearings arranged with a

board slides differ in that the outer bearing blocks bearing block and bearing for each trunnion on either
BALAMCING DEPRESSION CIFFERENTIAL YOKE LI
WEIGHTS BUFFER CYLINDER ROD COVER
YORE LOCKING SLIDE PLUNGER UFPFER SHIELD GLUN
DEVICE LINERS COVER FLATE
SRR -/;f -
. _.':.-" ;.-' .-'_ .-_.-. .“-. .- :
At s .._,.-.. N L
H"’” "7"5 i %w m«:ﬂ- R x%\xm }

A
Bk
il

I

|

rl :
'::" _:..' o .-"'-'"I"'__.-'i"_"_.

|_|,- t@c@\ T L L

\ ik Sl g e

3 .

e
- RECQIL SYSTEM YORE RECOIL \ WIFING
YOKE FISTON ROD LOCKING RING CYLIMDER SLIDE GUN TRUBMION RING

Figure 4-2, 16-inch Gun Mk 7 Mod 0 and Slide Mk 6 Mod 0, General Arrangement, Sectional View
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side of the pun slide, The deck lugs are rigidly se-
cured beneath heavy caps that are bolted to the bear-
ing blocks of the gun girder weldment,

Deslgn features. The turret structural design

for gun girders and deck lug seats ties the trunnion
bearings together without the use of transverse tie
rods, The radial trunnion bearings are of friction-
less design., Their rings, rollers, and cages are of
noncorrosive materials or are chromium plated. All
elements of the six bearing assemblies are fully en-
closed and sealed with lnbricant retaining devices.

Components, Each trunnion bearing of the deck
lug is an assembly of the following parts:

Radial roller hearing
Thrust plate
Bearing retainer
Outer bearing seat
Cover plate

Trunnion bearing assembly (fig. 4-4].

Radial roller bearing. The radial roller bearing

unit of each deck Iug consiste 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 outer diameter, 5.8 inches wide across the
inner ring, and the roller axes form & circular path
25. 00 inches in diameter. The rollers are solid
true cylinders; each is 3, 5 inches long and 2. 5 inches
in diameter. They are made of special roller bear-
ing steel and are chromium plated. The rollers are
equally spaced, loosely fitted in the recesses of the
bronze cage, and retained by the riveted assemblage

DOUTER BEARIMG SEAT

GREASE MANIFOLD BLOCK ':',."'P

GREASE PLUG Sl
HHH‘M. . -"Hh :

S HTEE

COVER PLATE—  F &

BEARING {:necf”ff ]J

IMNER RIMG i" _‘._...?j
St bﬁ

BEARING FcET-!nlNF_rtfjI f;": 3 ‘?/,f
R ///f

B I Tk

: i g

DRAIN PLUG ™ Y / e

W\

THRUST PLATE—" RN \ ,\sLmE GUN
R TRUNNION

3 \ \DUTER RING

ROLLER BEARING

Figure 4-3, Deck Lug Mk T Mod 0, Gun Mk T Mod 0,
and Slide Mk & Maod 0, Sectional View

GREASE MANIFOLD BELOCK CaF DUTER BEARING SEAT

GREASE OUTER
FITTINGS RING
GREASE ROLLER
PLUG CAGE
GREASE oy 53 INNER

TUBES X, 0 (S AT RING

COVER BEARING
PLATE RETAIMER
HOLES FOR / ROLLER
IACK SCREW cROLLER
GUMN GIRDER

WELDMENT THRUST PLATE SLIDE TRUNMION

Figure 4-4, Deck Lug and Trunnion Bearing
Assembly, General Arrangement

of that unit. The inner and outer rings are special
steel, precision ground to provide concentric cylin-
drical races for the rollers, The inner ring seating
area is a 3-degree tapered bore that provides a fixed
wedged seat on a matching collar of the retainer.

The outer ring is also fixed {(cannot rotate) in its seat
and is described in & following paragraph.

Thrust plate. The bronge thrust plate is secured

biy four bolts on the inner side of each gun trunnion
block., Centered beneath the trunnion, the plate forms
a 120-depree thrust bearing lubricated thrust surface
for the side face of the gun slide. The plate has a
system of radial grease grooves to distribute lubri-
cant from four grease fittings, With the two bearing
plate surfaces parallel to the side face of the slide,
the thrust clearance hetween the slide and each plate
is 0,002 inch. The thrust bearlng and bearing block
design includes provision for maintaining this thrust
¢ learance, Excessive slide thrust clearance, caused
by a gun girder spread, can be corrected by install-
ing oversize thrust plates. The installation is made
without disturbing the radial bearing assemblies.

The bearing block seats for the thrust plates are
milled to permit undersized plates to be dropped and
new plates to be raised and bolted. This operation
can be performed in the limited space beneath the
glide.
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Bearing retainer, The bearing retainer 1s a cir-
cular plate with an integral evlindrical collar that fits
over the slide trunnlon.  The eollar forms the inner
ring seat and 15 machined with a 3-degree tapered
slope to mateh the seat taper of the inner roller race.
The inner ring seat of the bearing retainer also pro-
vides a shoulder against which the inner ring is
wedged. The retainer is secured Lo the end face of
the trunnion with 12 equally spaced bolts that lock
when seated. The diameter of the slide trunnion hear-
Ing surfaces is 18. 5 inches. The assembled bearines
and retainers, when fully seated on the trunnions,
space the two deck lug radial bearings 73,0 inches
apart from center to center.

Citer bearing seat, The outer bearing seal is a
flanged ring, 31,5 inches in diameter. It is secured
to the bearing block and cap by eight equally spaced
olts. 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 sesl,
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 proove with shellac. The out-
er [lance of the seat is arranged with 12 equally
spaced holes that are tapped for the cover plate bolis.
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 plale. The cover plate is a large reces-
sed disc with a machined integral bolt ilange that
seals agalnst the outer bearing seal. Completely en-
closing the trunnion and bearing, the cover plate pro-
vides a lubricant retaining cover with filling and
drain plugs lor servicing the bearing. There are two
accurately machined anmular rings within the cover
plate and integral with it. These annular rings pro-
vide J60-degree contact with the bearing cuter 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.

slude (fig. 4-5)

General arrangement (fig. 4-6). The gun slide
forging 16 the structural foundation for the other
components of the slide. The enlire 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 (it 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 &8-inch reciprocating movement (maxdmun pos-
sible stroke). This recoil-counterrecoil motion is
controlled by the recoil brake and counterrecoil sys-
tem of the glide. The gun is held in battery by the
counterrecoil system.

The slide is elevated and depressod through the
elevating screw mounted in the bottom of the slide
rear end bracket, This nonrotating serew is elevated
or depressoed 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 wiy of two hydraulie

4-4

buffers for cach slide; one on the left and one on the
right gun girder in the gun pocket. Depression move-
ment is buffed by a hydraolic buller 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 adjacent gun girder. A yole locking
device (fig. 4-2) locks the gun yoke ta 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

Itear end brackets

Loader's platform

alide securing device

Recoil switch and blade contacts

Slide forging. The gun slide 1s a large steel forg-
ing bored to receive the slide eylinder of the gun. The
slide forging, weighing 56, 000 pounds, {2 the major
component of the slide assembly. Large trunnions,
integral with the slide forging, extend horizontally on
gither side of it. The common axis of the trunnions
forms a straight borizontal 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 liners at the forward end and bwo at the rear.
Each liner is 10, 0 inches wide with a finished diame-
ter of 49,03 inches. (The diameter of the slide cvl-
inder of the pun is 48, 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 hore to receive the
gun slide cylinder key. This keyway is milled through
the liners and the entire lenpth of the slide bore, The
outer surface of the slide has machined seats [or at-
taching the counterrecoll eylinder mounting brackets
and for mounting the recoil eylinder,

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 cvlindrical
weldment of 0. 50-ineh 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 plales, 24 equally spaced bolts, and &
gasket, A wiping ring at the forward end of the gun
covar 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 recoll system. The recoil system
(Fig. 4-T) is a hydraulic tlorottling device that acts
with the counterreceoil system to lmit recoil move-
ment. The recoil system alse acts as a buffer when
the pun is returned to battery position by the counter -
recoll mechanlsn.
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Components, The recoil mechanism consists of
the Tollowing components:

Recoil cylinder

Cylinder head

Cylinder nut

Piaton, piston rod, and piston ring

Dlaton v packing, gland, and nuts
8 T ac mn nu
Recﬂoﬂliqu‘l Emn‘ﬁﬁign ay:’atem
Buffer

General arrangement. The recoll cylinder is
secured by two straps to the bottom of the slide; the
piston rod is secured to the yoke (fig. 4-7). The
axis of the pigton rod is parallel to the gun bore axis
and 43, 0 inches vertically below it, Three expan-
sion tanks are mounted on the bottom of the slide,
forward of the recoil cylinder. The tanks are con-
nected to the recoll eylinder by a system of pipes
that forms a closed svstem for expansion of recoil
liquid, The recoil system is the same in all slide

FILLING CAP

SLIOE
COVER>-_

T 3 ; i
ey ! T
.
BLFEDER ' 3"-_'
" e Y !

VALVE —R——

LECHJED VALVE —W

FFERENTIAL CYLINGER
LHJUD-FILLING PIPE

COUMTERRECOIL CYLINDEH

SGAFETY GAGE-F

{_,DFF‘I"-“EESII.'.IH BUFFER
TORE LOCKING DEVICE

l._._.-""a [eF| EREMTEAL Ly LINDER
e LIQUIDE INDICATOR ROD—5-

_ = BALANCING WEICHTS

COUMTERRECOIL
- PRESSURE GAGE — K-
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Figure 4-5, 18-inch Gun Mk 7 Mod  and 16-inch Slide Mk & Mod 0 Assembled
(Operating Lever Safety Ralchet Mechanism Assembly
Mol 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 Lo
buff the return-to-battery of the gun.

Hecoll eylinder. 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 slide to keep the units in alignment. The
cylinder is a cylindrical, nickel steel forging, 75, 25
inches long, bored for the recoil piston and piston
rod. A packing gland nut seals the rear end of the
eylinder around the piston rod. The forward end of
the c¢ylinder 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 recoll eylinder and forms the dash-
pot for counterrecoil buffing by the recoil piston

lupger. A bronze bushing at the cylinder end of the

ead forms the bearing surface for the piston plunger,
The cylinder head is secured to the recoil eylinder
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
pizton rod and threads onto the recoll cylnder,
When the nut s tightened, it compresses the packing

gland and packing to seal the recoil liguid in the re-
coll evlinder,

Piaston and piston rod, and piston ring, The inte-
gral pision, plston rod, and lfirﬂ'nn plun%er aAre ma-
chined from one piece of nickel steel. The piston is

threaded for assembly of the bearing-bronze plston

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

Throttling rods. Three throttling rods, secured
in the cylinder and cylinder head, pass through holes
in the piston. The varving-diameter rods (fig, 4-T)
are spaced at 120 degrees and are aligned parallel
to the recoil eylinder axig. The rods, of variable
diameter, provide a graduated fiow uf’ liguid through
the piston holes during the recoil stroke to cause a
gradual checking of the recoil motion,

Piston rod packing, gland, and nuts. Coll pack-
ing around the piston rod is compréssed in the rear
end of the recoil eylinder by a packing gland and the
cylinder nut to prevent loss of recoll liquid {rom the
¢ylinder. The piston rod is threaded and is atiached
to the gun yoke with two piston rod nuts. The nuts

thread onto the piston rod and both lock and center
the piston rod in the yoke,

Recoil liguid egansmn system. The expansion
tanks and pipe m old system Keep the recoil cylin-
der full of liguid and permit the liguid to expand when
It heats up during [iring. Three tanks, secured by
atraps and bolts to the bottom of the slide, are con-
nected to each other and to the recoil evlinder head
by a pipe manifold syatem. The system is located

on the bottom of the slide, forward and above the
recoil eylinder,

Buffer, The forward end of the piston rod is a
dashpof plunger that operates in conjunction with the
dashpot of the cylinder head to buff the last one-third
of counterrecoil movement, The plung::!r has four
variable-depth, longitudinal grooves that gradually

restrict the flow of liguid from the dashpot as the gun
returns to battery.
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VALVE [ EA&’-’.GIL I,n' CYLINDER SHIELDY PLATE
—_— = il —— i
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DEPRESSION REAR Er'-lﬁlj
BUFFER E!H.".CHETIII K
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MR-CHARGING  COUNTERRECOIL REAR END  \eoUNTERRECOIL LIQUID-CHARGING PIPE TRUMMNION
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Figure 4-8, 16-inch Slide Mk 6 Mod 0, General Arrangement, Plan View
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SLIDES

Counterrecoil system. The counterrecoil system
(fig, 4-8) Is a hydropneumatic gun recuperator that
consists of two air bottles {or counterrecoil cylin-
ders), two plungers and thelr packings, and a differ-
ential cylinder unit. A plunger yoke, yoke rods,
gagea, valves, and other parts, including a remov-
able cover, complete the assembly. The system
abgorbs part of the energy at gun recoil to return the
gun to battery. The entire assembly is located on
top of the slide, as shown In figure 4-6, The axes
of the two cylinders are parallel, 43,0 inches apart,
and 32, 5 inches above the gun centerline, The differ-
ential cylinder is centered between the counterrecoil
cylinders, 38,0 inches above the gun centerline, In
their installed arrangement in the slide, the chambers
of the counterrecoil cylinders are each charged with
air to an initial preasure of 1550 pounds per square
inch. This stored energy is sufficient to hold ‘%he gun
in battery at any angle of elevation, Recoil action
builds up air pressure in the chambers to a peak of
approximately 2150 pounds per square inch (at maxi-
mum receil}, and this stored energy thrusts the gun
back into battery with sufficient force, at the end of
the stroke, to reguire buffing by the recoil piston
plunger. The differential cylinder unit varies liguid
pressure on the plunger packings as the air pressure
varies to seal in the high air pressures at all times,

Components, The counterrecoll mechanism con-
eists of the following components:

Counterrecoil eylinders
Plungers

Plunger packing
Differential evlinder

Alr pressure gage

Plunger yoke and yvoke rods

Counterrecoil cylinders. A pair of counterrecoil
cylindeTs, with a plunger in each :vlinder comprise
the counterrecoil eylinder assembly (fig. 4-8). The
air chambers of both eylinders are comected to the

YORE
B

SLIDE LINER

CYLINDER NUT SLIDE LINER DIL GROOVES

RECOIL CYLINDER

air side of the differential eylinder by ptpi.n%. Pipes
connect the liguid side of the differential cylinder
with the plunger packing seats at the forward ends of
the two cylinders. The differential cylinder is so
constructed that the pressure of the liguid is alwa
greater than the cylinder air pressure, Distende

by the lﬁuid pregsure, the packings provide an air-
tipht seal for the cylinder and plunger assembly, The
plungers slide in and out of the open, forward end of
the counterrecoil cylinders when the gun recoils and
counterrecoils.

Plungers. The plungers are cylindrical monel
metal Torgings. Each plunger is a hollow cylinder
open at the rear and closed at the forward end, as-
sembled as shown in figure 4-8. The outer surface
of the plunger iz hi 1:;r finished so that it will alide
eagily through the plunger packing without disturbing
the hlg:h-pressure seal of the plunger packing,

Plunger packing, The plunger packing (flg. 4-8)
ia an asgembly of preformed-composition, chevron-
tvpe packing rings, These rings are assembled in
the bore at the forward end of the counterrecoil cyl-
inder., There are 12 chevron packing rings in this
assembly, with 6 rings on either side of a steel ring
called the plunger packing follower. The entire
assemblage is seated and retained against a shoulder
in the bore by a gland., The follower is connected by
a drilled passage and pipe line to the oil chamber of
the differential eylinder.

Differential cvlinder, The differential unit is a

cylinder with a floating plston. The cylinder chamber
iz divided by the piston into air and liguid chambers,
One chamber iz connected by pipe lines to the air
chambers of the counterrecoil cylinders so that it is
always charged with the same (varying) pressure that
is present in the counterrecoil cylinders, The other
chamhber is filled with oil and is connected by pipe
linea to the plunger packing seats. The area of the
piston in the oil chamber i2 approximately 156 percent
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less than the area in the air side because of the pis-
ton rod, which passes through a stuffing box to the
atmoaphere. This results in greater pressure on the
lguid side to distend the chevron packing rings, If
there is leakage In the system, it will be oil and not
air, Lt—".altﬂﬁe ig indicated by the amount that the in-
dicator rod (fig. 4-6) attached to the end of the dif-
ferential piston rod protrudes at the breech, Under
no condition should the indicator rod be allowed to
p roject beyond the rear [ace of the yoke; when it
does, the liguid in the differential cylinder must be
replenished, A liguid pressure safety gage (P) (figs.
-9 and 11) is located on top of the differential cylin-
der; a pipe line connects it to the liquid side of the
cylinder sothat the liguid pressure on the plunger
packing is indicated at all times. This gage is in-
stalled with a special safety feature which prevents
loss of liquid in the event of gage rupture, The mount-
ing conzists of a plate with a screw thread gage seat
bolted over a cavity in the differential cvlinder forg-
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 liguid before
the system is charged,

Air pressure gage. The counterrecoil eylinders
are each provided with a gage (fig. 4-1) mounted on
the breech end of the cylinder, An adjacent name-
plate designates the ﬁrge as "Air Gage-K." This
gage is connected with the cylinder air chamber by

;
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DIFFERENTIAL PISTON
AND PISTON RCD

DIFFERENTIAL PISTON
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a drilled lead provided with a valve designated "Air
Valve-2." This valve, normally closed and covered
by a cap plug, is opened only to obiain a reading on
the air gage or when replenishing the alr pressure,
Filter screens areinstalled in the leads connecting the
gage and valve withthe cylinder air chamber as a salety
device to reduce the danger of explosion in the event oil
leaks into the air eylinder. * Normal air pressura inthe
system is 1550 pounds per square inch. The pressure
should not be permitied to go above 17 pounds per square
inchnor below 1400 pounds per square inch with the gun at
battery. This information is included on the instruction
plate, adjacent to the valve, on the rear face of the yoke,
Plunger yoke and yoke rods, The counterrecail plun-
gers are connected to the gun yoke through the dunger
yoke and two voke rods [fig.4-8), The plunger yoke has
integral yoke shoes which siide on the plunger yoke
guide rails. These rails are mounted lengthwise and
piraliel fo each other, on the top of the slide, belween
the counterrecoil eylinders. 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, Theentireagsemblage is
housed beneatha plunger cover that consists of formed
steel plates and [langed frames in a riveted and spot weld-
edassembly that isbolted to the slide, Portable sections
may be removed [or inspection and maintepance.
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SLIDES

Yoke locking device. The yoke locking device {fig. 4-12)
ig located on top of the slide and is centered hetween Lhe
counterrecoil eylinders. Thedevice is secured in a soat
that iz aligned withanotched lug on top of the yoke. The
device is composed of a safety link, knurled nut, anda
link pin, Inits locked position, the safety link, with ils nut
swung down behind the notehed lug of the gun yoke, secures
the gun inbattery. The safety link is strong enoupgh to hold
the gun In battery, with the counter recoil eylinders emply,
at any angle of elevation. The safety link will fail, without
any other casualty, if the gun is fired before stowing the
deviee.

Buffers. In addition to the mechanical avtomalic
elevation and depression Limit stops described in chaptar
5, each slide is provided with hydraulic elevation and de-
pression buffers. These buffers provide positive limits
at a 45-degree angle of elevatlon [or all turrets anda 2-
degree angle of depression for turrets Land I, Limit of
depression for turret II is 0 degrees elevation,

There are wo elevatlion buflers for each =lide,
Theze are mounted on the left and right gun sirders,
cach at the same level aliove the gun pocket floor,
The elevation stops ave mounted on the boitom of the
slide rear end brackels,

The depression buffer (fig, 4-12) is bolted on top
of the =lide. Its housing is integral with the yoke
locking device bracket, The steel depression stop is
holied to the underside of the turret roof in the way
of the buiier,

Both the elevation and deprezsion buffers are of
a self-contained, hydraulic-type, s=pring-return de-
gign, Both have ball check valves {o ensure gquick

BTN
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BLEERER
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return of the piston [ellowing its release,

Rear end bracketa, The rear end brackets (fig,
4-13) are mounted at the rear of the gun slide, one
on the left and one on the right side., They are simi-
lar righl and left castings and are bolted to machined
geats in Lhe slide. The bracketz are designed 5o that
either a slide securing device and a cantilever loader's
platiorm bracket or the elevatling screw pin can be
mounted te them, When assembled, the symmetrical
design and arrangement of the rear end brackets adapt
any slide to right, center, or left gun position of any
one of the three gun turrets, The right and center
guns are arranged with the platicrm bracket and slide
gpcuring device assembled to the right rear end brack-
et. The elevaling screw pin is mounted in the left
vear end brackel. This arrangement is reversed for
the left gun, Elevation steps are located on the bot-
tom of each bracket,

LDﬂ{Eui’_a—: platform, The leader's platform ex-
tends rearward Irom the gun breech and spans the
gun pocket, The platlorm 1s an inlegral pare of the
cantilever loader's platform bracket, which is attach-
ed 1o the rear end bracket, as shown in figure 4-1.
The bracket is a steel casting. The arrangement
illustrated is for the left gun; for the right and center
puns the bracket is attached Lo the righl rear end
hracket, '

{Slide securing device. The shde securing device
(fig. 4-13} is a handwheel-operated screw and pin
assemblage for stowing the gun slide at 0 degrees
gun elevation, A tapered steel pin in the rear end

brackel seats in a tapered =zocket in the adjacent gun
rircder.

When seated, the pin relieves the elevating
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Figure 4-9, Counterrecoil System Air Charging and Liquid Devices
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serew and nut assembly [rom deacd load stresses, A
securing pin latch locks the device when the pin is
either fully seated or fully retracted. A second sock-
et in the gun girder is aligned with the pin whan the
gun is at 20 degrees elevation. This is used o se-
cure the slide when the portable air charging pipe is
installed for replenishing the recuperator air charge
(fig. 4-9). Bteps and hand grips in the gun girder
give access to the securing device., The device can
be reached from the gun pocket [oor when the gun is
at either sccuring position.

Recoil switch and blade contacts. A lever-
actuated recoil switch and a set of blade contacts are
mounted on each gun slide as shown in figure 4-10,
The switch is a two-circuit switch that is normally
apen when the gun is in battery and normally aloged
during recoil. In the normally open position Lhe
switeh i5 part of a circuit containing the slide con-
tacts and the breech ¢losed switch; in the normally

closed position the switch is connected {o the coil
circuit of the recoll relay, Relay Mk 5 Mod 1, and

o the GUN IN RECOIL indicator lights circuit. The
blade contacts are in series with the breech switch
(zh. 3) and are closed when the gun is in battery.
When closed, they energize a solenoid to unlock and
permit the posliioning of the gun captain's ready
gwitch to READY and illuminate a BREECH CLOSED
indicator light. When the gun leaves battery in re-
coil, the recoil switch closes, thus switching from
one circuvil o the other as described agbove. This
action de-energizes the gun captain®s ready switch
solenoid and lluminates the recoil indicator lights.
The sequence of events is so arranged that the recoil
swilch openg the circuit containing the breech closed
switch before the slide contacts can open, thus etimi-
nating any pogsible arcing of the slide contacts. The
recoil switch and blade contacts are part of the inter-
lack portion of Ready Light circuit 1R (ch. 13).

YORE

RECOIL SWITCH

Figure 4-10, Recoil Switch and Blade Contacts
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SLIDES

OPERATION
dlide operation when gun is fired.

Slide operation is controlled at all times by its
self-contained recoll and counterrecoil systems, Be-
fore the gun is to be fired, the recoil system must
be filled and the counterrecoil eylinders 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 liguid in back of the recoil piston is throt-
tled through the holes in the piston at a rate that is
regulated by the varying diameter of the throttling
rods, At the same time, the plungers are drawn to
the rear within the counterrecoil cylinders. The in-
ftial high air pressure within these cylinders is rais-
ed by compression to 4 maximum pressure of 2150
pounds per square inch., The recoil is stopped with-
in 48 inches ?;J,-’S -second) by the combined actions of
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Figure 4-11. Counterrecoil Svstem Differential
Cylinder Safety Gage, Sectional View
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Figure 4-12. Depression Buffer and Yoke-Locking
Device, Sectional View

the recoil and counterrecoll systems, The stored
energy in the recuperator (counterrecoil cylinders)
thrusts the gun back toward battery position, Return
flow of liquid arcund the throttling rods buffs the
counterreceil to some extent; however, the major
buffing action is provided by the recoil piston plung-
er. During the last 16 inches of return to battery
movement, the recoil piston plunger displaces liguid
from the dashpot in the remif-r:ﬂmder head. The
liguid is forced from the dashpot through four grooves
of variable depth in the plunger and through the fine
clearance between the plunger and the eylinder head
bushing. This action slows the return-to-batter
movemesent and brings the oscillating gun assemhlg* to
a gentle stop as the gun reaches its battery position,

INSTRUCTIONS

rm——

The importance of proper care and frequent thor-
ough inspection of the slides and deck lugs cannot be
overstressed, Indifferent servicing 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 for
maintenance of slides and deck lugs in the Bureau of
Ordnance Manual, chapter V, the instructions on the
instruction plates attached to the various assemblies,
and the specilic directions that follow in this chapter,

The slide agsembly, particularly the hydropneu-
matic counterrecoil system, requires periodic exer-
cise to keep it in pood operating condition, Exercige
serves the extremely important function of exercis-
ing the plunger packing chevrons, deflating and again
distending them, This prevents their taking a perma-
nent set or seizing. By keeping them pliant, their
sealing ecapacity is retained,

To prevent unnecessary wear and conseguent
needless mechanical failure, keep all elements of the
slide properly lubricated at all times. See the "Lu-
brication"” paragraph following and the lubrication
charts provided,

To prevent formation of rust or corrosion, all
metal surfaces of the slide should have a preserva-
tive coating at all times. This coating may be paint
or an cil film or other lubricant. Renew paint on
painted surfaces whenever the coating is scratched,
damaged, or deterlorated, Keep all bright work
coated with a film of light oil except for the counter-
recoil plungers, which should not be coated, Perform
all lubrication as prescribed so that no bearing sur-
face will be left unprotected,

Lubrication. Lubricate the deck lug, the slide,
and all slide-mounted units according to the [requency
and with the lubricants specified on the lubrication
charts provided., Lubrication of the trunnion radial
bearing is primarily for preservation. Keep the
vaids of the bearing and coverplate full of the corro-
sion inhibiting prease specified. Check the adequacy
of lubricant at fiequent intervals and cbserve the
condition of the lubricant seals,

Gage the losa of lubricant from the bearings by
regular cleaning and inspection of the bearing block
surfaces, Observe whether an excesgive quantity of
grease has dripped [rom the bearings. Scepage that
exceeds normal grease loss from the bearings indi-
cates that lubricant must be replaced without delay,
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SLIDES

Always lubricate the gun slide liner, the plunger
voke, and plunger yoke guide rails before and after
firing., Do not use exceseive amounts of grease; re-
move all spilled or exuding prease. Check the vari-
ous parts for galling after firing. Refer to chapter
1B for information on the subatitution of lubricants.

Routine preparation for {iri When preparing

the slide assembly Tor Tiving, per'ft:rm the following
checks and operations:

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

3. Read and record the alr pressure indicated
on the counterrecoil air pregsure gage. Recharge
if at or below the minimum prescribed (1400 pounds
per square inch),

d. Measure and record the projection of the
counterrecoil system indicator rod 8, Replenish
liquid if necessary.

4, Retract and latch the pin of the slide securing
device,
9. See that the recoil system liguid is at the

proper level with the gun at 0 degrees elevation. Re-
plenish, If necessary, until liquid appears at thecap
plug on the expansion line,

6. Disconnect and stow the voke locking device,

T. 8ce that there is enough liquid in the elevating
and depression slop bulfers,

#. Make certain that the plunger covers are se-
cure.

Instructions for stowing the slide after Ikrat:r&g.

Perform The Tollowing checks and operations affer
firing:

1. Connect the yvoke locking device and draw it
up tight,

2., Read and record the indicated air pressure
on the counterrecoil eylinder air gage. Compare
with previous reading. If an unusual logs is noted,
determine and correct the cause,

3. Measure and record the projectim of the
counterrecoll system indicator rod 8, If a loss= of oil
pecurred during firing, determine the eause, correct
it, and recharge the system with both oil and air.

4., Make an external inspection of the recoil 8ys-
tem for evidence of loss of ligquid.

. Perform the recoil cylinder alkalinity tests
prescribed by MIL-G-18694.

6. Hemowve the plunger covers and examine the
plungers, yoke shoes, and guide rails for galling or
other indications of misalignment,
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Figure 4-13, Slide Rear End Brackets, Slide Securing Device and Elevating Berew Pin, Sectional View

4-11



OP 789

= 16 INCH THREE GUN TURRETS

7. Inspect the differential ¢¥11nder leads, the
gage, and the gage safety block for leakage.

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

8. HReplenish the alide liner lubricant and check
the gun cover wiping ring,

General slide servicing instructions

The following instructions must be strictly ob-
served to avoid casualtlies to personnel or equipment.

~ Hecoll liguid, Newver charge the recoil system
with any other [quid than that prescribed by OF 1914,
latest revision, When filling, strain through a fine
mesh Ecreen {at least 120 wires to the square inch,
finer if possible), Whenever the system is drained,
[ollow the instructions given in MIL-G-18694 as to

care, preservation, and test.

Recuperator differential lguid. Wever charge Lhe
differential cylinder with any Tiguid other than ice
machine oll, Mavy Symbol 2075, Replenish when nec-
essary to mairtain Indicator rod 8 flush with the rear
face of the indicator rear end bracket located on the
counterrecoil cylinder., Always check the pogition of
indicator rod 8 before firing the gun.

Alr pressure, Never let the counterrecoil air
pressure fall below the minimum of 1400 pounds per
.’-_'!.TlEtI‘E inch except when making prescribed tests,
Always check the air pressure before firing the gun,
Hecharge to 1550 pounds per sguare inch if below the
safe minimum,

Recoll system liquid level. Maintain liguid level
in the recoil system at the level of the cap plugs in
the expansion line with the gun at 0 degrees elevation,
Alwaya check before {iring the gun., If low, fill as
directed under servicing instructions.,

Racoll system valves and pluga, The drain valve,
cylinder head plug, and cap plug must be securely
seated at all times except when servicing the unit,

Always see that they are properly secured and tight
after the mechanism has been serviced.

Hecuperator valves and plugs. Keep all air and
liguid valves and plugs Hght at all times except when
performing necessary service to the mechanism, Air
valve cap Z must be securely seated except when read-
ing the air pressure, Always check the tightness of
all valves and plugs before firing the gun,

Care of the recuperator plunger, Never wipe the

plungers with dirty, greasy, or harash rags, These
highly finished cvlindrical surfaces must be f[ree
from scars and scratches; they do not require a film
of oil, Keep the plunger covers latched in place at
all times except when inspecting or servicing the unit,

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

Legibility of instruction plates, Do not deface,
alter, or paint over the name and instruction plates:
they must be kept clearly lagible,

Tools and accegsories, dpeclal tools, spanner
wrenches, open end wrenches, portable liguid and
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air charging pipe lines and fittings, and a liquid
charging pump are provided for servicing the slide
assembly, These tools and accessories, and no oth-
ard, are to be used when working on the equipment,

Servicing instructions for slide recoil and counter-
recoll svatems

Servicing the recoil system. When filling or

draining the recoll system, perform the operations
Histed below:

Fillig routine,

1. Prepare an adeguate gquantity of recoil liguid
in accordance with MIL-G-18684. Use no other liguid.

2, Bee that the yoke locking device is connected,
and that the slide securing pin is seated with the gun
at 0 degrees elevation,

4. Connect the standard funnel and filling hose
ta the filling and drain valve,

4, Bupport the funnel above the lovel of the cap
plug aperture,

5, Hemove one cap plug from the expansion line
manifold.

6. Open the filling and drain valve,

T. Run liguid into the funnel until it flows from
the cap plug ﬂpeninﬁ, The last portion must be run
in slowly to allow the recoil cylinder dashpot to fill,

B. Close the filling and drain vaive,

9., Remove hose and replace cap.

10, Replace the cap plug.

Draining routine.

1. Connect the yoke locking device and secure
the slide at 0 degrees elevation,

2. Connect the {illing hose to the filling and
drain valve,

4. Provide adequate containers on the gun pock-
et floor to catch the Lguid,

4, Remove one cap plug from the expansion line
manifold.

3. Open the drain valve and run the liquld into
the containers,

Reeofl piston rod packing replacement. Worn
recoil plston rod packings that can not be set up
enough to stop leakage must be replaced with new
packings of the specification 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 =2lide securing pin.

3. Uncouple the voke locking device,

4. Bleed the counterrecoil air presgure, (Do
not completely exhaust the aa:.r*:a'ce:rrt.]jT
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5. Jack the gun out of battery (approximately
12 inches),

6. Backpoiithe cylinder nut with gpanner wrench.
7. Slide the packing gland out,
4, Remove the split rings of worn packings.

8. Carefully clean the packing seat.

10, Position the new packing (OS 687) around the
piston rod in the packing =eat,

11, Install the packing gland and reseat the cyl-
inder nut,

12, Tack the gun back into battery position: couple
the yoke locking device and run the nut up tight.

13, Fill the recoll system as outlined above,
14, Retract the slide securing pin,

1%5. Bring the gun to 20 degrees elevation and re-
charge the counterrecoil air system to the reguired
air pressure,

Servicing the counterrecoil system, The mecha-
nisms ol this system are provided with aspecial port-
able pipe and pump facilities and with permanently
located high-pressure air-line arrangements (in the
gun pocket, turret pan floor) for the purpose of re-
plenishing air and liguid and to permit service tests,
All openings, valves, and gages are precisely desig-
nated by nameplates and the parts labeled have cross-
reference instructions and diagrams compiled on
drawing 232180, For convenlent reference, the
diagrams, servicing connections, and accessories
are shown in figure 4-0, and the instructions are re-
peated below, These instructions are apecific rou-
tines, both for initial charging of ligquid and air, and
for subsequent replenishment of one or both,

Part identity. The labeled parts and their aym-
bols are:

1. On turret structure

Air supplyvalve: « « « « « &+ « &
Air supply connection . . « . . .
Ade e 0 0 e e e
Blegder valve . . . . . . .

et e f e i

2. On each mechanizm

AODRRLES. o e ol oo
Liguid valve , . _ . . . .
Liguid filling hole . . . . .
Air charging hole , . . . .
150 s e R
Safetygage . . . . . . .
Indicator rod , ’

wmEMeEN

Instruction plates. Instruction plates, secured
to thé Tear face ol the yoke, ecarry 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
ATR PRESSURE IN THE COUNTERRECOIL
SYSTEM., THE AIR PRESSURE READING
I3 OBTAINED BY QOPENING 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 BHOULD AIR PRESBURE BE
ALLOWED TO DROP BELOW 1400 POUNDS,
OR RISE ABOVE 1700 POUNDE ON AIR
GAGE -K-, DO NOT ATTEMPT TO RE-
PLENISH OR BLEED THE AIR SYSTEM
WITHOUT CONSULTING ORDNANCE DRAW -
ING NO. 232180,

INSTRUCTION PLATE
LIQUID INDICATOR

THE AMOUNT OF PROJECTION OF LIQUID
INDICATOR -8- BEYOND THE REAR FACE
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 CYLINDER,
DO NOT REMOVE LIQUID VALVE CAP -W-,
LIQUID FILLING HOLE PLUG -Y-, NOR
ATTEMPT TO REPLENISH THE LIQUID IN
THE DIFFERENTIAL CYLINDER WITHOUT
gﬁﬂgguﬁﬁ ORDNANCE DRAWING NO,
180,

The servicing inatructions and warnings quoted
from drawing 232190 are:

WARNING

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

COUNTERRECOIL SYSTEM

THE COUNTERRECOIL SYSTEM IS LOCATED ON
TOP OF THE SLIDE AND COMNSISTS 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 SYSTEM 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 APPROXIMATELY 1-1/2
GALLONS. WHEN THE AIR AND LIQUID SYSTEMS
ARE BOTH EMPTY, THE LIQUID SYSTEM MUST
BE FILLED FIRS3T,

LIQUID SYSTEM

TO FILL WHEN BOTH AIR AND LIQUID S8YSTEMS:
ARE EMPTY:

1. SET GUNS TO FIVE DEGREES ELEVATION,
2. DISASSEMBLE SAFETY GAGE PLATE.

3. DISASSEMBLE SAFETY GAGE LEATHER
DIAPHRAGM,

4, REMOVE PLUG FROM LIQUID FILLING
HOLE -¥-,

5. REMOVE CAP FROM LIQUID VALVE -W-
AND BACK OFF VALVE STEM 3 TURNS,

. OPEN BLEEDER VALVE -H-.

7. SECURE LIQUID PUMP TO LOADER'S
PLATFORM.

B, CONNECT LIQUID PORTARBLE PIPE FROM
LIQUID PUMP TO LIQUID FILLING HOLE -Y-.

5. PUMP LIQUID INTO SYSTEM,

10, CLOSE BLEEDER VALVE -R- WHEN
LIQUID' APPEARS AT THE VALVE,

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

12, REPLACE LEATHER DIAPHRAGM, PRESS-
ING IT FIRMLY AGAINST IT3 SEAT.

13, ASSEMBLE SAFETY GAGE PLATE,

14, REMOVE SAFETY GAGE FILLING CAP
AND GASKET,

15, WITH EMALL ROD, PUSH DOWN SAFETY
GAGE PLUNGER AS FAR AS IT WILL G0O: HOLD-
ING PLUNGER DOWN, FILL SLOWLY WITH LIQ-
UID THE SPACE ABOVE THE LEATHER DIA-
PHRAGM. THE SAFETY GAGE PLUNGER SHOULD
BE WORKED UP AND DOWN DURING FILLING TO
MARE SURE ALL THE AIR HAS PASSED OUT OF
THE SAFETY GAGE, (THE SAFETY GAGE HOLDS
ABOUT 2 OFS OF THE SAME LIQUID USED IM
THE LIQUID SYSTEM. )

16, WHEN THE LIQUID IN THE SAFETY GAGE
I3 FLUSH WITH THE FILLING CAP HOLE, RE-
PLACE FILLING CAP AND GASBKET.

17. CONTINUE TO PUMP LIQUID INTO 3Y3-
TEM UNTIL LIQUID INDICATOR ROD -5- I8

FLUSH WITH REAR FACE OF THE REAR END
BRACKET,

18, SCREW IN LIQUID VALVE -W- FIRMLY
AGAINEBT ITS BEAT AND REPLACE VALVE CAP.
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19, DISCONNECT LIQUID PORTABLE PIFE
l-‘gﬂ'M LIQUID PUMP AND LIQUID FILLING
HOLE -Y-,

20, REPLACE PLUG IN LIQUID FILLING
HOLE -%-,

T3 REPLENISH UNDER AIR PRESSURE

NOTE: DUE TO LUBRICATION OF COUNTER-
RECOIL PLUNGER, DIFFERENTIAL
PISTON AND PISTON ROD, THE LIQ-
UID WILL IN TIME NEED REPLEHN -
ISHING, THIS REPLENISHING 3HOULD
BE DONE BEFORE THE LIQUID
INDICATOR ROD -5- PROJECTS FLUSH
WITH THE REAR FACE OF THE YOKE.

21, SET GUNS TO FIVE DEGREESELEVATION,

22, REMOVE PLUG FROM LIQUID FILLING
HOLE -¥-,

£3. PERFORM OPERATIONS 6, 7.8.9, 10, 5, 17,
18, 19, and 20.

SAFETY GAGE P

THERE 18 A SBAFETY GAGE LOCATED ON THE TOPR
ON EACH DIFFERENTIAL CYLINDER, THE SAFETY
GAGE SHOWS THE LIQUID PRESSURE ON THE 8YS-
TEM AT ALL TIMES, IF THE GAGE IS BROKEN OFF
OR DAMAGED, THE LEATHER DIAPHRAGM PRE-
VENTS THE IMMEDIATE LOSS OF LIQUID FROM THE
SYSTEM. THE SPACE ABOVE THE LEATHER DIA-
PHRAGM CANNOT BE FILLED IF AIR PRESSURE IS
ON THE SYSTEM. THE FOLLOWING CONDITIONS
MAY CAUSE THE SAFETY GAGE TQ CEASE FUNC-
TIONING:

A, LOSS OF LIQUID FROM ABOVE THE
LEATHER DIAPHRAGM.

B. THE EKD OF THE INDICATOR ROD -§-
HAS BEEN ALLOWED TO EXTEND BE-
YOND THE REAR FACE OF THE YOKE,
DUE TO LOSS OF LIQUID FROM THE
COUNTERRECOIL SYSTEM.

C. INSUFFICIENT AIR PRESSURE ON THE
SYSTEDM.
D. DEFECTIVE SAFETY GAGE,
TO FILL OR REPLENISH
SAFETY GAGE P
24. BLEED AIR SYSTEM (OPERATIONS 27 AND 2%)

25. PERFORM OPERATIONS 14, 15, AND 18,

AIR BYSTEM
TO CHARGE WHEN EMPTY
CAUTION: MAKE SURE YOKE LOCKING DEVICE

HAS BEEN CONNECTED AND LIQUID
3YSTEM HAS BEEN FILLED,

26. ELEVATE GUNS TO 20 DEGREES ELEVATION.

AT, REMOVE PLUG FROM AlR CHARGING HOLE
-X-.

28, CONNECT PORTABLE AIR PIPE FROM AIR

sUPPLY CONNECTION -U- TO AIR CHARGING

HOLE -X-.
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29, REMOVE CADP FROM AIH CHARGING VALVE
-Z- AND BACK OFF VALVE STEM 3 TUHRNS.

40, OPEN AIR BUPPLY VALVE -¥V-VERYSLOWLY
AND CHARGE TO 500 POUNDS PER SQUARE INCIH
AS INDICATED ON AIR GAGE -E-.

31, CLOSE AIR VALVES =V= AND =Z=_

32. BLEED PRESSURE FROM PORTABLE AIR
PIPE AT BLEEDER VALVE IN AIR SUPPLY VALVE
V- AND DISCONNECT AT AIR CHARGING HOLE -X-.

33. OPEN AIR VALVE -Z- VERY SLOWLY AND
EXAMINE ESCAPING AIR AND AIR CHARGING HOLE
=¥- TO DETECT THE PRESENCE QOF OIL,

- 34, IF NO OIL 1S DETECTED IN OFERATION 33,
PROCEED AS FOLLOWS:

A, RECONNECT PORTARLE AIR PIPE TO AIR
CHARGING HOLE -X-.

B, CHARGE BYSTEM VERY SLOWLY UMNTIL
AIR GAGE -E- INDICATES A PRESSURE OF 1700
POUNDS PER SQUARE INCH. ALLOW THIS PRES-
SURE TO STAND FOR SEVERAL HOURS, THEN
BLEED TO SERVICE PRESSURE OF 1550 POUNDS
PER SQUARE INCH.

C. CLOSE AIR VALVES -V- AND -%-, AND RE-
PLACE CAP ON AIR VALVE -2-,

0. BLEED PRESSURE FROM PORTABLE AIR
PIPE AT BLEEDER VALVE IN AIR SUPPLY VALVE
-V-, DISCONNECT AIR PIPE AT BOTH ENDS AND
REPLACE PLUGS IN AIR CHARGING HOLE -X- AND
AIR SUPPLY COMNECTION -T-,

33. IF OIL IS DETECTED IN QPERATION 33, RE-
FPEAT OQFPERATIONS 28 TD 33, USING A PRESSURE
OF 800 POUNDS PER SQUARE INCH.

3B, IF OIL IS PRESENT AFTER OFPERATIONS
33 AND 35, PROCEED AS FOLLOWS:

A, DRAIN LIQUID SYSTEM, DISASSEMBLE AND
EXAMINE COUNTERRECOIL AND DIFFERENTIAL
CYLINDER PACKINGS,

B, DISASSEMBLE ALL PARTS OF AIR SYSTEM
AS ARE NECESSARY TO INSURE REMOVAL OF ALL
OI1..

., REASSEMELE AMND PERVFOHEM OPERATIONS
1 TO 20,

D PERFORM OPERATIONS 26 TO 36,

TO REPLENISH

WHEN AIR PRESSURE ON GAGE -E- DE-
NOTES 1400 POUNDS PER SQUARE INCH
OR LESS, THE ATR SYSTEM SHOULD BE
REPLENRISHED,

CAUTION: MAKE SURE YOKE LOCKING DEVICE
I8 CONNECTED.

37. CHECK AIR SUPPLY LINE BY OPENING AIR
VALVE -¥V- AND CHECK PRESSURE ON LINE BY
AIR GAGE - T-.

38. CLOSE AIR VALVE -V- AND BLEED PRES-
SURE OFF AIR GAGE -T- BY BLEEDER VALVE IN
AIR VALVE -V-.

NOTE:

39, PERFORM OPERATIONS 26 TD 25 AND 34BTOD

TO OBTAIN READING OF AIR PRESSURE ON
SYSTEM

NOTE: THE AIR PRE3SURE IN THE SYSTEMSHOULD
BE CHECEED DAILY AND THE PRESSURE
SHOULD BE KEPT AT THE SERVICE PRES-
SURE OF 1550 POUNDS PER SQUARE INCH
ON AIR GAGE -K-

40, MAEKE SURE AIR CHARGING HOLE PLUG -X-

IS TIGHT IN ITS SEAT. -~

4l. OPEN AIR VALVE -Z- ONE TURN.

42. READ PRESSURE ON AIR GAGE -E-.

43. CLOSE AIR VALVE -Z-.

44, BACK OFF AIR CHARGING HOLE PLUG -X-
TO BLEED PRESSURE OFF AIR GAGE -K-; THEN
RETIGHTEN AIR CHARGING HOLE PLUG -X-,

General note

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

2. Caugtion: In clesingair or liguid valves, use
proper tool with no extension. Excessive [orce on valve
may damage valve parts or seaf.

1.  Cawtion: Alr valves should be opened very
slowly, to prevent possibile explosion or damage to
air gage.

4, In no caseshouldthe counterrecoil system be
charped with air if 0il is inthe air portion of the counter-
recoil system. This would resull inan explosive mixture
of air 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.

Counterreecoil plunger packing replacement, Worn
counterrecoll plunger packing must be replacedtopre-
vent formation ol an explosive oil orair mixture, andto
prevent loss of air or oil.

Packing gpecifications, The plunger packing is a
chevron-type preformed composition packing ring
identified by Ordnance S8pecilication T749.

Packing replacement rautine. For plunger packing
replacement routine. see "Counterrecoll plunger and
piacking assembly and disassembly," this chapter.

Routine tests of the slide

General instructions. The slide assembly, and
particularly the hydropneumatic counterrecoil mecha-
nism, requires freqguent inspection and regular exer-
cise tests in order to assure normal performance
when the gan is [ired. Thege tests and inspections are
reguired by instructions conlained in the Bureau of
Ordnance Manual, Such tests furnish exercise for the
plungers and differential chevrons, de{lecting and dis-
fending them, thus preventing their (aking a set or
geizing the plungers. By keeping the packings piiant,
their sealing capacity is retained, Daily, monthiy,
and overhaul tests and inspections are separately
listied below,

Daily inspection. Daily and immediately after fir-
ing, inspect the counterreccil system for evidence of
air or liquid leakage. Obhserve carefully the exposed
eylindrical surface of cach recoperator plunger. Pro-
cecd a5 follows:

L. See that the yoke locking device is connected
gnd that the puf ls drawn tiphltagalinst the shoulder of the
yoke,

2. Read and record the recuperator sysiem pres-
gures ag indicated on both the safety gage and the air
pressure gages, If air pregsure has dropped Lo 1400
pounds per square inch or below, recharge the system.

3. Measure and record the protrusion of indleator
rod 8. i rod end projects near or heyond the rearface
of the yoke, replenish the liguid.

Fonthly test, Once monthly after completing the
inspection prescribed above, perform the following
tesl routine:
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CAUTION: Do not elevate the gun after alr has
been bled irom the counterrecoil syatem 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
f'grl!uader, This will stop the gun but the inertia of
the counterrecoil plunger may be sufficient to shear
or damage the locking pin.

1, Check the lavel of the recoil aystem liguid
with the min at 0 degrees elevation. Replenish if
necessary until liguid flows {rom the cap plug vent.

2. Disconnect the yoke locking device, elevate
the pun to 20 degrees elevation, secure the slide and
perform the following counterrecoil exerciae,

* Connect the portable air-charging plpe between U
and X, Verify that bleeder valve V i5 clogad., Open
alr valve ¥ three turns, Bleed air at V until the gun
8lide= out of battery, Close hleeder in valve V and
open zir=-supply valve until gun returns o battery,
Repeat the exercise two more times and give {inal
charge in accordance with routine outlined under
"Daily Inspection, " Retract the slide securing pin.

3. Depress the gun to loading position, Connect
the voke locking device and perform the following
differential piston exercise, Remove plug ¥ and
valve cap W, Connect the portable liqi(ui& filling pipe
to ¥ and place the lower end in a bracket. Open valve
W and bleed off the ligquid until indicator rod 5 i3 one
inch from the rear face of the yoke, Mount the liquid
charging pump with oil-pressure gage installed in the
line, and restore the liguid. Repeat the exerclae two
more times and give the final charge in accordance
with the routine outlined under "Daily inspection, ™
* The 45-degree-elevation position shown in figure
d-8 and the portable pipe indicated for that position
are not intended {for the sliding out exerciges. The
arrangement shown for 45 degrees elevation is for
purpose of service operation in order to get an unhal-
anced gun assembly back into battery after losing air
charge. Under such conditions the elevating gear
must not be used to raise the gun to the 20-degree
air-charging position.

4, With the liguid pump connected as above, and
with the yvoke locking device connected, bleed the
counterrecoil alr charge to zero, Pump liguid until
the differential piston moves beyond its fully charged
position, and until the liguid pressure gage (safety
gage) reading Indicates 1000 pounds per sguare inch.
Observe that the plunger packings hold this pressure.
Then recharge the alr pressure to 1550 pounds per
square inch, Bleed liguid until the indicator rod 8
is at normal full-charge position, Secura the counter-
recoil system and mount.

Owerhaul inspection, Supplement the above inspec-
tiong and tests by overhaul inspection of the counter-
recoil system at intervals designated by the Bureau
of Ordnance Manual. Perform the disassembly at the
home yard with the assistance of the vard force. The
procedure is as follows:

1. Open the counterrecoil and differential eylin-
ders,

2. Examine the condition of packings, glands,
liners, followers, packing seats, wiplng rings,
working sarfaces, and eylinder walls,

HOTE: Extreme care shall be exercised to

prevent [oreign malter entering air passages. It is
nol necessary (o remove filter screens.

3. Clean out the cylinders and note the amount
4-16

of sediment present in each, I the amount 1s_|.m—
usually large, forward samples (properly designated)
to the Bureau of Ordnance.

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

3. Renew all parts which are in an unsatisfactory
condition and reassemble the mechanism. Use Naval
Cun Factory chevrons only.

Adjustments

Adjustments are to be performed by personnel
familiar with the procedure and only when found to
be necessary, Mon-adjustable unils include the deck
lug radial bearing and the gun slide with all its com-
ponents including the slide forging, the gun cover,
the slide liners and wiping ring, the yoke locking de-
vice, the bulfers, the rear end brackets and loader's
platform, and the slide securing device. Adjust-
mants pertaining to the gun assembly, which includes
the breech mechanism and gas ejector, are covered
in chapter 3. Adjustable 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 designed

for fixed nonadjustable arrangement. The deck lug
thrust plates are installed with a thrust clearance of
0. 002 inch between the slide and each of the two
plates, Check the thrust clearance, and if the clear-
ance is excessive, correct by installing oversized
Elhraust plates. This operation ig described on page

DISASSEMBLY AND ASSEMBLY
-':]ene I'E!.' 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 special tools required for the
job at hand, Reassembly and reinstallation of com-
ponents is facilitated by precise fitting of the parts
at the tima of initial installation at the Naval Gun
Factory, Design is such that once this inltial fitting
is made, a minimum of adjustment or {itting is nec-
aasary on subsequent reassembly, When disassem-
bling or assembling components of the slide, refer
to applicable general arrangement and detail design
drawings for information not readily apparent from
an examination of the agsembly or from the instruc-
tlons,

Counterrecoil plunger packing replacement.
Deféciive chevron packing rings or ofher componenta
of the plunger packings should be removed and re-
azsembled as prescribed below, In these operations
the plunger rear liner and plunger bearing must not
be withdrawn., If the rear liner is to be removed
(for replacement of the bearing or other reason) the
counterrecoil eylinder must be disassembied intact
from the slide and the plunger must be withdrawn
before disassembling the packing. The operations
‘which follow should be performed preferably with
the gun at 0 degrees elevation, If the operations are
performed at 20 degrees elevation (access iz more
convenient at this position), extreme care must be
e xercised to prevent the plunger from slipping into
the cylinder, To disassemble and assemble the
plunger packing refer to (see paragraph 4C 085321)
drawings 232376 and 236064, Proceed as follows:

1. Secure the yoke locking device,
2. BSeat the slide securing pin in its socket.
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3. Remove the plunger cover.

4, 3ecure C-clamps to the guide rails just to the
rear of the plunger yoke.

9. Remove alr valve cap Z and plug X,

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

NOTE: It is not necessary to draln the liguid
from the differential cylinder, The position of the
packing lead is such that only the liquld in the pack-
ing will be lost,

7. Remove the locking pin from the yoke, one
plunger only.

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

8, 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 sufficlently t0 remove the gland,

11. Refer to drawing 236064, 8lide the plunger
rearward sufficiently to assemble the comnecting rod
(236064-4) and the rail fixture (236064-2), with the
eye nut {236064-7) on the forward end of the comect-
ing rod, and with the stop rod (236084-8) and nut
geated in the rail fixture, Attach a sheave to the
yoke (use eye bolt in the plunger yoke seat]). Reeve
4 line through the sheave and attach to the eye nut,
dnub the line at the projectile hoist cradle.

12. Blide the plunger into the eylinder until the
stop rod contacts the eylinder face,

13, Remove packing elements 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
r!i:d and replace with new packing chevrons and
gland,

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

18, Install the packing in the cylinder and secure
the gland, Do not move the plunger,

20, BRemove rail fixture, connecting rod, sheave,
and line, Support the Qlungur forward end until it is
geated 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 "Servicing the
counterracoil syatem™ of this chapter,

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

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

16-inch Elevating Receiver Rogulator Mark 10 Mod ©

GENERAL DESCRIPTION

The gun elevating equipments installed in each
turret are three independent elevating gear assem-
blies, Thew are designated 16-inch Elevating Gear
Mk 5 Mod O for the right gun, 16-inch Elevating Gear
Mk 5 Mod 1 for the center gun, and 16-inch Eleva-
ting Gear Mic 5 Mod 2 for the left gun. The three
assemblies are ldentically powered and controlled
and differ only as to position and arrangement of com-
ponents. A typlecal elevating gear installation is il-
lustrated in figure 5-1.

The elevating gear assemblies control amd oper-
ate the gun laying movements of the three gun slides,
These assemblies elevate and depress the guns
through 47-degree arco in turrets I and ITI, and 45-
degree arcs in turret TI, The arcs are limited by
stops at 45 degrees elevation In all turrets, at 2
degrees depression in turreis I and ITI, and zero
degrees depression in turret II.

16-inch Elevating Gear Mk 5 is an electric-hy-
draulic machine with an elevating -screw and oscil-
lating -bearing type of final drive. The independent
selector for each gun permits selection of control of
gun laying from a remote control station or hand con-
trol of gun laylng from a local pointer’s statlon. The
method of gun elevation control is selected by the
gun layer by positioning a control selector that is
mounted on the bulkhead adjacent to his station, Au-
lomatic positioning of the gun at five degrees eleva-
tion for loading and return of the gun to automatic
control is provided by a switeh at the gun captain's
station.

Each elevating gear comprises a power drive,
an elevating serew and oscillating bearing, and con-
trol mechaniams which include 16-inch Recelver-
Regulator Mk 10 Mod 0. Component locations (fig,
5-1) are similar for the three turret assemhlies; all
are lecated forward and below the respective gun
pockets, in the pan floor and electric deck spaces,
except fnr certain controls., The motor controllars
are located in the upper projectile handling deck
machinery space, The ON-OFF push-button control
is at the gun layer's station.

The power drive is an electrically driven hydrau-
lic transmission that drives the elevating screw
through the oscillating bearing to elevate and depress
the gun at mazimum average rate of 12 degrees per
second. The arrangement of the mechanical com-
ponents of the elevating gear with respect to the
power drive iz shown in figure 5-2.

In automatic control, the receiver-regulator
receives gun elevation order electrically from the
remote control atation, Aectual gun elevation is
automatically transmitted to the receiver-regulator

through a mechanical response gear. A difference
between elevation order and actual elevation results
in movement of the A-end tilting box (fig. 5-2),
through a hydraulic control valve and the servo pis-
ton, The amount of tilt, determined by the gun posi-
tion "error, " regulates the speed of the B-end as it
drives the elevating acrew, '"Follow-up" control is
provided by shafting and gearing that feed B-end re-
aponse back to the recelver-regulator and to the A-
end tilting box to return it to neutral, Control is
entiraly automatic; no action by turret personnel is
reguired,

In hand control, the gun layer's handwheels are
mechanically connected (through shafts, gears, and
a cluteh) to a hydraulie directional valve, which ports
servo pressure to the servo piston, Movement of
the handwheels moves the A-end tilting box through
the directional valve and the servo piston, The B-
end elevates or depresses the gun at a rate corre-
sponding to the direction and speed of handwheel mo-
tion. Response is mechanically fed back to the A-end
tilting box to return it to neutral, Because of this
follow-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 receiver-regulator controls hydraulic flow to the
servo cylinder to bring the gun automatically to five
deprees elevation for loading,

T

identical, wilh the exception of some hydraulic pipes
and the positions of certain parts. In the center gun
installation, the eleetric motor is located fayther
away from the A-end. The response gear shafting
iz rearranged to conform o the offset-from-center
ingtallation of the center-gun elevating gear,

The right- and center-gun Elevaﬂngﬂgears are

The left-gun elevating gear differs {rom the right
and center installations 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 to conform to this mounting. The
arrangement of the response gear is similar to that
of the right gun,

Elevating gear data,

Gun movement limits

Maximum elevation, deg, . ... ...ccverenn. 45
Maxirmmum depression, deg . .. ... cecueus -2
Maximum depression (turret I}, deg..... 4]
Loading position, deg...oovvvivvnvns hiw i

Speed, maximum gun laying, deg per sec .12

B-1
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Power drive Auxillary pumps
Mator to Eand couplings
Components. The components of each elevating - Hydraulic pump {ﬂ.-aunli??
geal power drive are; Hydraulic motor (B-end)
B-end coupling
Electric motor Servo and supercharge filters
Controiler Servo and supercharge relief valves
Speed reducer Expangion tank

CSIGHT POINTER'S STATION

" OSCILLATING BEARIMG
ELEVATING GEAR 8.END
ELEVATION INDICATOR
GUN LAYER'S STATION

ELEVATING GEAR AEND
ELEVATICHN
RECEIVER-REGULATOR

ELECTRIC MOTOR

Figure 5-1, 16-inch Elovating Gear Mk § Mod 0, General Arrangement
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ELEVATING SCHREW

e [CTLCR LI — 5

LUBRICATING FUMP FOR
ELEVATING SCREW

ELEVATION INDICATOR

P TRAIN ANGLE INPUT

FOR ROLLER PATH
COMPENSATOR

\ RESPONSE SHAFT

RESPONSE TO REGULATOR

FRICTION CLUTCH=—"" |

_I'-.F

ks NEUTRAL RETURN
y |l STROKE INDICATOR
1 <M ‘ — SERVO CONTROL VALVE
-

2HEh, -
i | CONSTANT HORSEFOWER
MEUTRAL INTERLOCK EWITCH/ *-'“-‘-\...-'{-: *‘f- E i

FRESSURE MEASURING PISTON

———— DIRECTIONAL ¥ALVE

MOTE: ARROWS INDICATE
DIRECTION OF ROTATION
T ELEVATE GUM

SERVD PISTON

i ..-'-. {1 Ay .-. il SERY ANEE'

N il ) T SUPERCHARGE
\ = .-.-. Bea | I LI _._'_.___.__.-—'—"_'-F PLUMPS
1% (o _ 1:.5%- oy SPEED REDUCER

AEMD TILTING BOA ELECTRIC MOTOR

Figure 5-2. 18-inch Elevating Gear Mk § Mod 0, Schematic Arrangement
53
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Electiric motor, The electric motor s a squirrel-
cage induction type, It is mounted on a structural
foundation (flg, 5-1) that raises It slightly above the
electric deck. The motor has its output shaft at the
forward end, with direct drive coupling to the speed
reducer {fig, 5-3).

Motor data,
Type |, . ., . . . .=quirrel cage, inductHon
Design features, | | waterproof, fan cool-

ing, horizontally mount-

ed, reduction gear drive
ol T ) TP o T e
Revolutions per minute, synchronows . 1800

Revolutions per minute, full load |, ., . 1950
Rotation {viewed at fan end) . counterclockwise
dpeedelass , .., ., . . . . . . . .constant
Woltage. o ooy et o or e s w4
Amperes, fullload ., ... .. .. . 818
Amperes, locked rotor, ., ., ., . . . . 000, 0
Phases W " i C N i F i W ¥ B ¥ ¥ 3
2 et T e T o e P el Al S S AT
Amblent temperature, C , , , A

Torgue clags | normal, low stafrt‘;ng carrent
Weight (including speed reducer, 1), . 1880

Manufacturer . , . . . . .Reliance Electric

Engineering Co,

Manufacturer's deslgnation . . . . .Type AA

o1 e R S SR S R 17,
AUXILIARY PUMF GEAR ALUXILIARY
PUMP

SHAFT

TO
SUPERCHARGE
FILTER

T
SERYD FILTER

INTAKE
FROM
TANK

SERVD FUMP

SUPERCHARGE PUMP

AUXILIARY FUMP MOUNTING PLATE
VENT AND FILL PLUG

ACCESS COVER

FPINION GEAR
DRIVEN SHAFT

Controller, Each electric motor is powered and
controlled through an across-the-line magnetic-type
controller, Each controller contains a main contac-
tor, overload relays, reset relays, and & ha.nd-nilw
erated eircult breaker, The controller is controlled
from a master push button at the gun layer's station,
Thiz switeh iz normally open and is closed by press-
ing the 8TART-EMERG push button. The switeh is
npened by pressing the STOP push button,

Controller data.

Type. . . . across the lne magnetic starter
Horsepower rating full load . . ., . . . 60
Protection
Overload . . . . . . . . . . thermal type
Adjustable range, amps, , , ., . . B0-9%
Normal setting, amps . . . . . . . B0
Short circult, circuilt breaker, amps, . 675
Under Voltage
Drop-cut voltage . . . « « « & + « « 44
Sealipgvoltage, . . . . : . . . . . 3
Shock rating, . . « + « & o5 2 1w o 0O
Walght:Ihg & - isi sy s g s 1
Manufacture ., , ., . . . .Cutler - Hammer
Drawltg . . . . « « « « « s +» « 366736

Speed reducer. The speed reducer {fig, 5-3) is
driven by the electrie motor and iz bolted directly
to the motor case by means of an integral flange

ELECTRIC MOTOR SHAFT
ELECTRIC MOTOR HOUSIKG

SPEED REDUCER
MOUNTING FLANGE

e LOCKRNUT

DRIVEN GEAR

SPEED REDUCER HOUSING

SPEED REDUCER COVER

RETAINER COVER QIL RETAINER PACKING

Figure 6-3, Bpeed Reducer Assembly, Cutaway View

o4
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of the speed reducer housing, The pinion gear, di-
rectly driven by the electric motor, drives hoth the
driven shaft (output shaft for the A-end pump) and
the auxiliary pump shaft for the serve and super-

charge pumps,

Speed reducer data.

Type . . . « enclosed spur gear train
ﬂutput shaft {raﬁu 3,342 to 1. 00),

rpm : 500
Auxlllary ahaft (ratio 2,085 to 1, 00),

B L e e e e e e iy B35
Rotation (viewed from output end);

Output shaft . . . ., . . .counterclockwise

Auxiliary shaft . .counterclockwise
Labrication , . . » D11 bath
Manufacturer . Horthern Pump Com él
Drawing . . S . : &"H

The speed reducer illustrated in figure 5-3 is for the
right- or center-gun elevating gear. The speed re-
ducer for the left pun i= rotated 180 degrees.

Auxiliary pumps, The auxiliary pumps {fig, 5-3)
are bolted on the speed reducer houging., They are
arranged as a tandem-driven assemblage of function-
ally independent pumps. Both are rotary-gear-type
pumps of identical design but of different capacities,
The larger one is a servo pump that supplies the

LINE FiN

COMNECTING Pin

CYLIMDER
EMD BELL
Cap

LINK PIN BUSHING /I STRORING

LI,

SERVD PISTON HOUSING

FISTOMN BUSHING

SEMIO PISTON SPACER

STROKIMNG SLI0E

DISCHARGE TG
LEVER ELPANSION TAMEK

SERYC PISTON

sarvo piston housing (fig. 5-4). The other is a super-
charge pump that supplies hydraulic fluid to the main
gsystem relief valves and replenishing valves located
in the valve block attached to the A-end valve plate,

Servo pump, The intake of the gervo pump {fig,
§-3] 15 connected to the main aystem ﬂ-up[ﬁy tank.
The pump discharges through a duplex filier into the
control selector and stroking systems, Pump capac-
ity 12 11, 5 gallons per minute at approximately 400
pounds per sguare inch pressure,

Supercharge pump. The intake of the supercharge
pump Fﬂg. E—EJ connects Lo the main saystem supply
tank through a2 common connection with the servo
pump, The supercharge pump discharges through &
duplex filter into the main system relief valves and
replenishing valves, The valve block for these valves
Iz mounted on the A-end valve plate. Pump capacity
Is &.5 gallons per minute at approximately 50 pounds
per square inch preasure,

Motor to A-end couplings. The connecting drive
shaft, betweon the ocufput shaft of the speed reduc-
er to the main shaft of the A-end, is couplad to these
unite by flexible couplings. These couplings are
commerecial units which provide floating compensa-
tion for slight misalignment, Each is an assembly
of splined hubs, which seat on respective shaft
endz, and flanged sleeves which enclose the hubs.

10 CONTROL THANSFER VALVE-
SERVO PRESSLURE OR DRAIN

SETSCREWY

BUSHIMG

RETAINER
SERVOPISTON \
GUIDE ROD: AND INLET FOR
END CAF SERVO PRESSURE

Figure 5-4, Servo Piston Asgembly, Cutaway View
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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 lubrieation for the gearing,

Hydraulie pump (A-end}. The A-end is a type K,

variable-displacement hydraulic pump of modified
commercial design, It {3 mounted on a foundation
weldment of the electric deck with its input shaft
tonnected to the driven shaft of the speed reducer,
FProper alignment of these ghafts ia provided by the
apecial gear-type coupling deseribed in the previous
paragraph,

Pressure and tank . In addftion to
the pipe comnections 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 mechanizm back to the expansion
tank. The servo pump (delivers servo pressure to
the control box mechanism) and the supercharge
pump (delivers supercharge pressure to the valye
block of the A-ond valve plate) are supplied with
fluid through a common connection with the expan-
gion tank, The A-end and B-end and the A-and and
expansion tank are interconnected by flanged fittings
fI:rIi' fluid eirculation, which aids in cooling the mech-
anigm,

The pipes indicated above are connected by {langed
fittings that are bolted in position,

Case, A square, oiltight case encloges the A-end,
The case assembly consists of valve plate, case
head, servo piston assembly, control box meechan-
ism, trunnion cap, trunnion bearing assembly, and
retainer. A storage tank for hydraulie 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 recelver-regulator is mounted on sim-
ilar foundation weldments adjacent to the A-end.

The general arrangement of parts within the A-end
case 1s the same as the training gear A-end shown
in figure 6-6.

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 i3 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 shait is supported by a ball bearing in the valve
plate, The splined end of the main shaft is similarly
supporited by a ball bearing in the case head,

The open center of the eylinder 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 shaft by a nut, {2 held against
the valve plate bf a epring which backs up againat a
[lange on the main shaft. The cylinder barrel con-
tains nine cylinder borea, which are of the same
diameter throughout the length of piston travel. They

Ea,Eer sharply at the end to a small cylinder port out-
AEL,

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 di=-
charged by the pistons presses apainst the ends of
the cylinder bores and forces the barral azaingt the
valve plate to reduce internal leakage betwesn har-
rel and valve plate, This sealing effect increases
as hydraulic pressure in the system increases,

5-8

A drilled 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 conneet the nine pistons
with the socket ring, Each connecting rod has two
ball-gshaped 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 obtaln 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 Iubrication 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 retained in its socket by
a socket cap, socket cap nut, and socket cap nut lock.
The socket cap is aplit to facilitate installation and
removal. The socket ring has two ball bearing as-
semblies, one at the back and the other at the piston
slde of the socket ring, Two slots, located about the
center of the socket ring and 180 degrees apart,
carry the mainshaft 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 yolke, 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 socket ring with relation to the main shaft, chang-
ing the length of piston stroke from zero to masmum,

The tilting box is a trunnion-mounted casting
located inside the A-end case. i 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 of the A-end case and connects
with the servo stroking piston, A shaft extends verti-
cally from the tilting box trunnion and connects with
the follow-up mechanism mounted on top of the A-end.
The function of the follow-up {8 described on page
9-13 of this chapter.

Valve plate, The valve plate ig 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, callad valved-
plate ports, through which hydraulic liguid flows
when power 18 being transmitted. These ports con-
nect with the power transmiszssion pipes between the
A~ and B-ends,

Between the valve ports are flat surfaces called
lands. As the cylinder barrel rotates, the cylinder
bores pass In succession over the lands. The lands
are pogitioned so that they coincide with the end-of-
gtroke of each of the nine reciprocating pistons;
there is no pumping action when the cylinder bores
pasg over the Iands. 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 valyes, Each main valve g connectad 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 rellef by-pass valve,

When power is being transmitted, a small amount
of hydraulie fluid is constantly being lost from the
main system, Hydraulic {iuid is purposely directed
from the ¢ylinders to the socket caps for lubrieation
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: this replacemoent 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 valves operate through differential
loading of pressure and intake (return from the B-end
end), The pressure is ported through cutout and pilot
valves, Positioned by servo pump pressure, the cuot-
out valve ports main system high pressure to the top
of the main valve in the high-pressure line, The top
of the other main valve i8 now opened to low-pressure
return, Centered by & spring at each end, the pilot
valve moves only when main system pressure exceeds
1850 pounds per sguare 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-
gure into the low-pregssure side, Hydraulie fluid,
delivered by the supercharge pump, enters the main

gyatem through the main valve opened to low-pressure
return.

A-end data,

Driven speed, revolutions per

milwibe-, ..o oo 500
0Oil temperatures , , .

Normal operating range, ¥ . . . 120to 176

Maxitoum permitted, F. i e 185
Displacement, cubic inches . 134, 82

Manufacturer, . Morthern I':‘uﬁp.ﬂumpany
Manufacturers designation, size, .frame 7043
Drawing | L R . ag8458

Servo piston assembly. The servo piston assem-
bly (Tig, 59-4) Is a high-pressure plsten and cylinder
agsembly, flange-mounted on the side of the A-end
cagse, This assembly acts to change the poaltion of
the A-end tilting box to vary the volume delivered by
the A-end to the B-end, The servo piston agsembly
is deseribed in full detail on page 5-11 of this chapter,

Follow-up control. The follow-up control consists
of response s g Irom the cscillating bearing to
the elevation indicator, the receiver repulator, and
the control box mechaniam, The follow-up mecha-
nism. The follow-up mechanism (flg. 5-6) within
the control box consists of a follow-up response gear,
g oontrol socrew, and a control nut, This mechanism
uses B-ond 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-
draullc motor of modified commercial design. It is
mounted on & foundation weldment of the pan floor,
with its drive shaft coupled to the adjacent oscillating
bearing that it drives.

FPressure and tank connections. In addition to
the pipe connections of the maln system, the B-end
agsembly has circulating and servo pressure connec-
tions. The servo pump delivers servo pressure to
the vaive block of the B-end valve plate, There is
also a gervo préessure conmection between this valve
block and the A-end valve agsempbly. The A-end and
B-end unita, and the A-end and expansion tank are

interconnected by flanged fittings for fluid cireulation,
which cools the mechanism,

Case, The valve plate and angle box of the B-ond
are enclosed within a square case. Case, valve plate,
and le box are bolted together to form an oiltight
asgembly 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 ahaft only in dimensions. An inter-shaft disec is
located in the main-shaft bearing recess formed in
the valve plate, This disc compensates for any end-
play that results from allowable tolerances in the
manufacture of other parts.

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

Angle hox, The angle box, in which the socket
ring rofates, 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 makeg one revolutlon, The socket ring
rotated In radial-thrust roller bearings.

vﬂ%]:ﬁ- Eiﬂtﬁ' The valve plate forms one end-plate
cover for the B-end, The vgl?e plate contains hydrau-

lie liguld passages (zemiannular valve plate ports)
which connect with the two power trangmission pipes
from the A-end, The valye plate also holds the ball
hearing assembly in which one end of the main shaft
rotates, The cylinder barrel is held against the valve

late by a spri hich backs up against a flange on
the main ahliﬁ,ngf?ﬂmulin Ligu d:'llﬁ drawn into, or

discharged from each eylinder through the two semi-

anmular valve plate ports which connect with the two
power transmission pipes,

bﬁaflas, The B-end valve plate Includes a relief
valye b?r—%aas arrangement}, a power-off valve, and
two replenishing valves,

Relief bypass valve, The B-end relief bypass
valve ({1, 51—335 is a pressure safety relief valve to
relieve the system in event of servo pressure failure
while the gun is mnvuﬁ. If servo pressure fails, the
spring-loaded power-off valve will close both main
transmission pipes: any overhauling will build up ex-
cessive pressure in the B-end. The BE-end relief
valve is adjusted to relieve at a pressure slightly
above the A-end pilot valve adjustment.

Power-off yalye. The power-off valve is a EPI}DI'
type shuitle 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 agalnst a set-
tling of the gun sllde, The power-off valve i3 moved
to operating poaition under servo pressure, This
pressure i3 ported to the power-off valve through the
adjacent power-off control valve that is positioned by
a solenold. In its operating position, the power-off
valve poris servo pressure to the cutoff valve of the
A-end valve plate assembly.

8-
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Figure 5-5. Elevating Gear Osclllating Bearing, Sectional Views
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Replenishing valves, The B-end replenishing
valvea are plunger type with drilled leads from each
valve connecting to the valve plaie porta, The re-
plenishing valves dellver hydraulic liguid to the low-
presaure side of the main ayatem, The valves are
located on the rear face of the B-end valve plate,

B-and data_,

Speed (maximum), rpm, . . . . . . 500
Torqueload. . . v v v s o 0 o v
Mormal, rated, ft-1b . , . . . . . 2000
Maximum, rated, ft-Ib . . . . . . 2200
il temperatures

B-end coupling. The B-end output shaft is
coupled to the ogeillating bearing by a short drive
shaft, The B-end shaft is splined and fits into a
gplined female hub of the drive ghaft. The other end
of the drive shaft 13 a splined male fitting and 13 se-
eured in the drive pinion gear of the oseillating bear-
ing.

Servo and suparcharge filters. The duplex fliters
used in both the servo and supercharge systems are
of modified commercial design., They keep the hy-
draulie flnid free of 2olld matter which would damage
the system, Each filiter assembly consists of two
sumps, each sump containing a disc-type filter car-

Normal operating range, F . . . 12010 175 tridge. A dual valve, controlled by selector handie,
Maximum permitted, F. . . . . 185 permits the use of either or both of the sumps,

Displacement, cuble inches. . .7, 134, 82

Manufacturer ., , . Northern Pump Gump-:mg Servo and supercharge relief valves, ‘The servo

Manufacturer's designation, slze, .frame 714 and supercharge rellef valves, connected to the dis-

Drawing i e 268459 charge lines of the servo and supercharge filters,
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are mounted in a common valve block near the A-end.
They are apring-operated, plunger-type, safety
relief valves, The valves open and l:ipu.aa eXCess
pressure flow to the expansion tank when the servo
and supercharge discharge lines are overloaded, The
servo relief valve 1s farthest from the valve block
mounting plate and the supercharge relief valve is
nearest the mounting plate.

Expansion tank, The 28, b-gallon expansion tank
for each clevafing gear a&aemi;%i is a vented type
with gravity feed connection to the serve and super-
charge pumps. Return lines lead to the tank from the
A-ond, the B-end, and the servo and supeércharge
relief valves., Located at the highest polnt of the hy-
draulic system, the tank body is box-ghaped, 30.0
inches high, 20,0 inches wide, and 10,0 inches deep,.
It is equipped with a cover, high- and low-level try-
cocks, filler cap, and an oil strainer inslde the tank.
The tank dissipates heat from the oil returned by the
recirculating system,

Oscillating bearing assembly

The oscillating bearing (fig. 5-5) {8 an enclosed
elevating-nut pindon-drive-type asaemhliy. The
drive pinlon engages the drive gear, which is keyed
to the elevating nut. The elevating screw Is threaded
through the elevating nut and iz attached to the gun
slide with a pivot pin. The elevating screw is fixed
and cannot rotate. The elevating nut i rotated by
the drive pinion, and causes vertical movement of
the elevating screw to elevate or depress the gun,

The trunnion-pivoted oscillating bearing (flg, 5-
35) is aligned with the B-end with the axis of the
alavating screw offset 21. 0 inches from the vertical
plane of the gun bore axis, The trunnion bearing
blocks of the bearing form a foundatlon weldment
above the pan floor in the forward part of the gun
pockets,

Components, The oscillating bearing assembly
comprises the Tollowing:

Bearing and elevating nut
Elevating screw

0Oil shield

Laubrication pump
Lubrication tank

Bearing and elevating nut, The oacillating bear-
ing assembly {8 enclosed within a hollow cast steel
bleck with integral trunnions (fig. 5-5), The oscil-
lating bearing houses roller-type thrust bearings at
each end that seat in the upper and lower adjusting
nuts. The oscillating bearing trunnion adjacent to
the B-end is bored to recelve the drive pinion with
its two tapered radial bearings. The drive pinion
and drive gear are also enclosed within the bearing
housing, together with the elevating nut,

The drive gear 1s keyed to the radially split ele-
vating nut. The two halves of the elevating mat lock
together for rotation but have adjustable axial motion
to eliminate end play of the elevating screw, The
lower half of the elevating nut is driven by the con-
centrically mounted drive gear, which 8 meahed
with the drive pinion, as shown in figure §-5. These
parts are adjusted by means of adjusting nuta that
thread into the top and bottom ends of the bearing
housing.

Elevating screw, The elevating screw has a
7.75-Inch outslde diameter with right-hand double
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threads of 1, 50-inch pitch, It is 153 inches long
overall, with 133 inches threaded, and with a lead
of 3 inches, The elevating screw is secured to A
rear end bracket (fig., 5-38) of the gun slide by a
bronze plvot pin at {ts upper end (chapter 4).

Oil shield, A eylindrical oil shield {fig. 5-3) fits
around the elevating serew and iz attached to the up-
per adjusting nut by 10 screws. The adjusting nut
has 20 ﬂqu;ﬁ].r spaced and threaded holes to permit
the oil shield and the lubrication pump oil lead to be
attached in approximately the same position with any
setting of the adjusting nut,

Three wiper elements within the oil shield are
threaded to mesh with the elevating screw, The wiper
elements are secured to and rotate with the elevating
nut to remove ofl from the emerging elevating screw
threads. The otl drains downward through the hear-
ing assembly to a eylindrical screw cover bolted to
a flange of the lower adjusting nut, Oil drains from
the cover into the screw pocket,

Lubricatio The lubricaticn pump (figs.
5-5 and 5- iz an independent unit mounted on the
electric deck adjacent to the gun layer's station
immediately below the elevating screw pocket and
lubrication tank. The pump provides circulating
lubrication for the elevating screw and oscillating
bearing assembly., The pump is a rolary gear-type
unit, attached to and driven by a horizontally mounted
1/4-horsepower electric motor at the rate of 600
revolutions per minute, Pump delivery, at the rate
of 3 gallons per minute under an operating pressure
of 50 pounds per square inch, is controlled by &
spring-loaded rellel valve,

Lubrieation tank, The lubrication tank (elevating
serew pocket) 1s a flanged steel assembly attached
to the underside of the pan floor that extends down-
ward to the electric deck, as shown in figure 5-37,
In addition to furnishing storage for the Jubricant,
the tank weldment also forms a pocket for the éle-
vating screw. An oll pipe connects the tank storage
space with the inlet of the pump. The pressure out-
let of the pump is comnected by an oil pipe to a [itting
in the oil shield.

Elevating gear controls

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

Slart-stop control

Power-drive transmission control
Control selector

Servo stroking system

Control gear hand gear

Control gg:r response gear
Control mechanism
Recoiver-regulator

Start-stop control. Each elevating gear power
drive is stmt‘tluﬂ and stopped through its electric-
power motor controller (described on page 5-4).

The cantroller is remotely operated by two push but-
tons adjacent to the gun layer's station, One push

button s labeled START-EMERG and the other STOP,

Prasalng the START-EMERG button closes a
normally open, three-pole switch and enargizos the
coll of the maln contactor to connect power to the

electric motor, Holding contacts on the relays kKeep
the power circuit closed when the START-EMERG
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button is released until the STOP button s pressed,

In the event of a power failure, the main contactor
opens and remains open untll the START -EMERG
button is depressed. An overlodd relay opens the
circuit when current demand is too great, The main
contactor may be kept closed to keep the electric
motor running in an emergency by holding the START -
EMERG button closed. The electric motor is stopped
by pressing the STOP button.

Tranamission controls, The transmission con-
trols are the A-end control mechanisms and hydrau-
lic-svstem devices that position the A-end tilting hox
and control the main system hydraulic pressure,
They are:

Hand control elements

Auntomatic control elements

Loading control elements

Controt scvew’} Centering mechanism

Hand coptral elements, The elemonts of the hand
control aystem are:

1. Control selector

2, Bervo stroking syatem

4. Control gear hand gear

4, Control gear response gear

5. Control hox mechani=sm

The units function together so that, when the con-
trol aelector is moved to HAND, the gun is elevated
or depressed by manually turning the handwheeols,

The response gear and the control box devices pro-
vide follow-up control and limit stop control,

Auvtomatic conirol elements, The elements of
the automatic control system are:

Control selector

Servo stroking sysiem

: B

2.

4. Receiver-regulator

4, Control gear response gear
5.

Control hox mechanism

The unita function together so that, when the con-
trol salactor ig moved to AUTO, the gun is automati-
eally elevated or depressed in response to electrical
signala from a remote station., The control gear
response gear provides follow-up control and limit
stop control as in hand control, However, the limit
stop function is supplementary to an automatie limit
stop device of the recelver-regulator,

j The elements of the
loading control system are:

Gun captain's switch

. Control selector
Servo stroking system
Recelver-regulator

Control gear response gear

& ;o fa B2

Control box mechanism

Loading control is automatic control action by
the receiver-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 capiain's switch is turped to SBATE.

Control screw centering mechanism, A control
screw cenfering mechanism prevents shifting from
hand control to automatic control except when the
hand control screw and the servo pilot valve are in
neutral, The mechanism also keeps the control
gerew and the gervo pilot valve in neutral while the
gun Is operating in automatic control,

Control selector, The control selector (fig, 5-15)
is a manually positioned hydraulic valve mounted on
the bulkhead adjacent to the gun layer's station., The
gelecior permits the gun 13¥Er to malect the method
of control desired, The selector valve block includes

a related hydraulic valve called the synehro failure
valve. The synchro failure valve is normally open

to allow pervao preasure flow to the control selector
valve, If the synchro %un order slgnal fails, the
valve automatically acts to hlock servo pressure {low
to the control selector valve, When this happens, the
aynchro failure valve shifts control away from the
receiver-regulator to the gun layer's handwheels
without movemeant of the selector valve lever,

The control selector includes a aynchro power
indicator light (fig, 5-19%) illuminated whenever the
alectric gun order signal is available for automatic
gun elevation conirol, Should the synchro power
fail, the indicator light goes out,

An emergency button {fig. 5-19) is provided on
the control selector to permit selector movement if
the gun captain's ready switeh cireunit fails while the
pun is in LOAD contrel. The emergency button is
d‘lgjengaged by the emergency button release (fig, 5-
15 ).

‘Hervo stroking system, The servo stroking sys-
tem is composed of:

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

4. The duplex filtera in the discharge line of the
gervo control system.

4. A servo control system relief valve,

&, The servo piston housing and piston {fig. 5-4)
and the connecting arm to the A-end tilting box.

6. Stroking piston control valve.
6. Hydraulic control valves.

The system responds to hand and electrical gun
elevation order gignals by forcing the heavy A-end
tilting box away [rom the neutral stroke position.
System pressure is supplied by the servo pump, The
pump, filters, and relief valves are described on
page 5-5 of thia chapter, Other elements of the sys-
tem are described in the following paragraphs,

Servo plston housing, The servo piston housing
assembly (fig, b-4) 1s a high-pressure piston and
cylinder unit flange-mounted on the side of the A-
end case. The piston moves the A-end tilting box
through a connecting lever in response to hand or
automatic gun elevation orders.
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The assembly consists of a servo piston, a pis-
ton guide rod and end cap, a plston housing, an eénd
bell cap, a stroking lever, a link, and a tube, The
arrangement of the components 15 shown In figure
B-4, The piston is hollow for moat of ita length,
with the piston guide rod Inserted in the piston at one
end and the stroking slide threaded into the other end.
Servo system pressure is ported at one end or the
other to move the A-end tilting box away [rom lts
neutral stroke position. Piston movements are con-
trolled by the receiver-regulator in AUTO and LOAD,
and by the serve control valve in HAND.

Stroking piston } The stroking pis-
ton control valve, located at the receiver-regulator,
i a valve block arrangement of the spool-type valves.
The valve block (fig, 5-31) acts as a restriction in
lines 12 and 13 to the loading transier valve V13, The
larger spool-type valve PCV1 is servo pressure posi-
tioned and is controlled by two adjustable needle
valves PCN. The smaller spool-type valve PCV2 is
spring-loaded to port back-up pressure, controlled
by an adjustable screw PCS, through line 83 to the
expansion fank, The stroking plston control valve
block eliminates roughness in the automatic load
eyele which is caused by Intermittent functioning of
the constant horgepower mechaniam,

Hydraulic control valves, Movement of the servo
piston is automatically controlled within the power
drive hydraulic system by the following interrelated
valves,

Power-off valve VIN, The power-off valve VIN,
located in the B-cend valve plate, is a two-position,
spool-type valve that opens or blocks the main hy-
draulic system lines between the A- and B-ends, It
is spring-operated to block the main system lines
when power fails or is shut ofi. With power on,
servo pressure moves the valve to open the main
system lines and to port servo pressure to the cut-
out valve V12N and the servo supply culoff valve V232,

Power-off control valve V4N, The power-off
cont¥al valve VAN, Tocated in the A-end valve block,
i o two-position, spool-type valve that poris or
blocks the flow of servo pressure to the powar-off
valve VIN. The valve 18 spring-operated to block
the flow of servo pressure to the power-off valve
V1N and port this pressure 1o drain. When electric
power is on, the valve Is solenoid-positioned to port
servo pressure to the power-off valve VIN.

Servo ss.lgpzhr cutoff valve V22, The servo supply
cutofl valve V22, located in the A-end control box,

is a two-position, pressure- and spring-operaled
piston that opens or blocks the flow of servo prossure
to the servo control valve V23, The cutoff valve V22
i& apring-operated to hlock the flow of servo pressure
to the servo control valve V23 when the power-off
valve VIN ia closed, The cutolf valve V22 is posi-
tioned against the pressure of its spring by a flow of
servo pressure that is ported to it when the power-
off valve VIN is open,

Servo control vql%}_{d The scrvo control valve
v2d located in the A- end control box is a spring-
and linkage-operated, plunger-type valve that opens
or blocks the flow of servo pressure to the constant
horsepower valve V8. The control valve V23 s
apring-operated to block the flow of servo pressure
from the servo supply cutoll valve V22 to the con-
stant horsepower valve VB when the controls are at
neutral, The control valve V23 is positioned by link-
age (actuated by movement. of the handwheels) to port
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linkage {actuated by movement of the handwheels)
K puﬂvﬂéem pressure to the constant horsepower
valve g

Constant horsepower yalve V6, The constant
horsepower valve VG located in the A-end conlrol
box ia a linkage-operated, plunger-type valve that
opens or blocks the flow of servo pressure from the
servo control valve V23 to the directlonal valve VBA.
The valve is connected by linkage to the pressure
measuring piston P6, When V6 is lifted slightly, it
blocks servo pressure from the servo control valve
V23, and ports servo pressure from the direclional
valve VEBA to the outer chamber of the servo piston,
When V6 is lifted to its lmit, it blocks servo pres-
sure {rom V23, and ports servo pressure from VOA
to the inner chamber of the servo piston,

Constant horsepower :sij.-.l.n valve V6B, The con-
atant horsepower cut-in valve VBB is a spool-type
valve mechanieally connected to the constant horse-
power valve V8. In AUTO control, the cut-in valve
ports servo pressure to shift the transfer accelera-
tion limiting valve TALV and the control transfer
valve V3B to transfer control of the servo piston
from the receiver-regulator to the constant horse-
power deviee of the servo stroking syvstem,

Directional valye ¥Y0A. The directional valve
VBA located in the A-end control box is a linkage -
operated, plunger-type valve that directs the flow
of servo pressure from the constant horsepower
valve VO to either of the two chambers of the servo
piston, The valve is connected by linkage attached
to a sector gear that engages a gear on the tilting
box shaft. When V84 is lifted, it directs the flow of
servo pressure through the constant horsepower
valve VO to the inner chamber of the servo plston,
When VBA is depressed, it directs the flow of servo
pressure through V6 1o the outer chamber of the
Servo plsvon,

Culout vaive V12N, The cutout valve V12N locat-
ed in e A-end relief valve block 1= a spring-operat-
od, spool-type valve thal opens or blocks paaaa.{;es
from the main system hydraclic lines to drain the
A-end cnse, The cutout valve V12N iz moved against
its spring pressure by servo pressure which is ported
from the power-off valve VIN when the electric motor
iz running and the elevating handwheel Is at rest.
Vi2N is apring-positioned to open the top chambers
of the relief valves VIN and V10N to drain to the A-
end case when electric power falls or is shut-off.

Pilot valve ¥11IN. The pilot valve V11N located
in the A-end relief valve block is a spring-centered,
spool-type valve that moves only when main system
pressure s excessively high in either end chamber.
The cutout valye V12N, moved by servo pressure,
ports main system pressure to either the left or
right chamber of the pilot valve V11N, depending
upon the direction of gun movement. Main system
pressure is also ported to the top chamber of either
the VON or V10N rellef valve, depending upon the
direction of gun movement. When the gun is ele-
vating, if main system pressure is excessively high,
the pllot valve V11N is forced to the right to connect
the top of the relief valve VAN to the low-pressure
ling of the main system. baln system high pressure
lifts VON and bypagsses into the main system return
until the high pressure drops to normal.

NM&EEH_M. The relief yalves
VIN and V10N, located in the A-end relief valve
block, are spring-loaded, plunger-iype valves that
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function in dual capacities as replenishing valves
operating under supercharge pressure and as relief
bypass valvea. In both capacities the relief valves

M and V10N operate through differential loading
of presaure and suction ported through the cutout
valve V12N and the pllot valve V1IN, V9N 1s the
relief bypass valve during elevation and V10N i=s the
relief bypass valve during depreasion,

Check valve V13N, The check valve V13N, locat-
ed in the A-end relief valve block, is a spring-loaded,
ball-check=type valve that regulates the flow of super-
charge pressure to the top chambers of the relief
valves VON and V10N, NWormal leakage in the hydrau-
lc system will cause maln 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 V37, The shuttle valve V27, located
in the A-end relief valve block, is a directional-flow,
apoal-type valve that is an element of the constant
horsepower device., Shuttle walve V27 is free to move
to either end of ita sleave porting main system high
predsure to either end chamber of the pilot valve
VilN, depending upon the direction of gun movement
or the pressure measuring piston P8 of the conatant
horaepower device, which 18 forced down and there-

by lifte the congtant horsepower valve VB through
attached linkage,

Replenishing valves ViN., The replenishing
valves VN, located In the B-end valve plate, are
spring-loaded, plunger-type, suction-operated valves,
They are unseated b{ low pressure Iin the main ay=-
tem return valve plate port and connect the return
ling to the B-end case, When main system return
pressure i3 normal, VN is geated by its spring.

Weutral return valye V14N, The neutral return
valve VI4N located In the neutral return device is a
apring-loaded, cam-positioned, plunger-type valve
that ports or blocks the flow of servo pressure to the
chambers of the servo piston, Movement of the neu-
tral return lever 30 degrees either side of neutral
rotates the attached cam, positioning the neutral re-
turn valve V14N so that if connects the chambers of
the gervo piston. Rotation of the lever bevond 30
degrees returns the tilting box to neutral, With the
neutral return lever at neutral, V14N i= positioned
to block servo pressure and disconnect the chambers
of the servo piston,

Control gear hand gear, The contrel gear hand
gear for each gun layer is a pedestal bracket hand-
wheel drive with bevel gear and shaft assembly ar-
ramgred for hand control of the elevating gear. Lo-
cated as shown in fipure 5-1, the mechanism is
arranged with its output shaft coupled through a fric-
tion eloteh to a limit stop and geared to a differential
follow-up mechanism, A mechanical lnkage from
the differential serew converte handwheel motion to
vialve movement to produce 2,5 degrees of gun eleva-
tion movement for one full turn of the handwheesls,
Handwheel control elements {rom the friction ¢lutch
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 pear, The direction and
dpesd of B-end rotation is transmifted from the B-end
upper regponse drive bracket to the A-end eontrol box
mechanism by a ayatem of bevel gears and ashafta (fig.
5-2). The B-end response drive is coupled to a re-
sponse input shaft that drives the differential screw

of a follow-up mechanism. The response drive for

the right and left guns is straight shafting from the

respective gun pockets to the electric deck spaces,

The responsge drive for the center gun {8 composed

of vertical and horizontal shafting to accommodate

Ehe uéi’set location of the center-gun elevaling-gear
-end,

Control box mechanism, Servo stroking control
ig actuated through a case-enclosed transmission
control box mechanism (fig. 5-8), mounted on top of
the A-end caze, The interior arrangement of inter-
connected and related components of the control box
I shown in figure 5-8, These components are the
mechanical, electrical, and hydraulic units described
in the following paragraphs.

Friction clutch, Assembled between the hand-
wheel input ahaft and the limit stop screw is a clutch
unit, It is a friction-type clutch that is engaged by
spring pressure and disengaged by hydranlic pressure,
The clutch is engaged when the control selector lever
ia pogitioned at HAND, The clutch is disengaged
when the lever i3 positioned at AUTO or LOAD, and
whenever the constant horsepower mechanism asaumes
control,

Limit stop, The limit stop is a screw and travel-
ing nut device, arranged in the control drive as shown
in figure 5-6. The adjustable limit stops are posi-
fioned to decelerate and stop gun movement within
turret limits of pun elevation and depression {total of
47 degrees in turrets I and ITT; total of 45 degrees in
turret IT),

Follow-up control mechanism, The follow-up
device {flg, 5-8) Iz a diferentlal screw and nut gear
mechanlsm that operates the control valve units
through a linkage attached te a trunnion at one end of
the control scraw, The screw (and valve linkage)
displacement 18 a differential movement, Tt is deriv-
ed from handwheel rotation of the differential nut,
which turns the control screw, and from B-end re-
sponse rotation of the serew, which turns the serew
in the opposite direction. Response input to the
gcrew 1s through a quill drive. In cperation, the
follow-up mechanism is an auvtomatic 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 produce a
graded deceleration of the valve gear, servo stroking
control, and gun,

Control linkage, The link attached at one end to
the trunnion of the {ollow-up control mechanism is
pivoted at ils opposite end and in & cam groove of a
control cam. Cam movement of the link combines
with control serew movement of the link to provide
differential stroking of the servo contirol valve VZ3
attached near the mid-point of the link,. Cam rota-
tion is equivalent to the angle of the A-end tilting box
because the cam i3 driven by gearing from the tilting
box ghafl. The arrangements of the control link,
control valve, cam, and associated parts of the valve

block assembly are shown in the schematic diagrama,
fipures 5-24 to 5-30, inclusive,

Valve block assembly, Tilting box stroking is con-
trolled by a servo syatem valve block composed of
three mechanically operated, plunger type valves and
two pressure-and-spring-aciuated pletons, The valves
are designated: servo control valve V23, directional
valve ViA, and constant horsepower valve VG, The
automatic pistons are designated: pressure measuring
piston P8 and servo supply cutout valve V232,
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The walve block asaembly is shown schemationlly in
figures 5-23 to 5-28, inclusive,

Constant horsepower mechanism. The maximum
horsepower taken [rom the electric motor is limited
by the constant horsepower mechanism. This mecha~
nism is 2 mechanical and hydraulic arrangement that
acts automatically under overload conditions to re-
turn the tilting box toward neutral, The constant
horsepower mechanlam momentarily takes control
if the combination of hydraulic preasure and stroke
of the A-end causes an Input horsepower to the A-end
in axcess of the desired limit, The mechanical com-
ponents of the unit include; a control cam and a con-
atant horsepower cam (fig. 5-6) mounted on a shaft
within the control box; a cam follower roller, mount-
ad on the pressure measuring piston P8 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 control valve linkage, The pres-
sure measuring piston is connected to the conatant
horsepower valve VO by a crosslink that has a center
point fulerum. This arrangement operates with tilt-
Ing box movement to vary the position of the pressure-
measuring -piston outer sleeve and the control valve
in accordance with the predetermined cam values.

Anti-overhauling device. The constanl horse-
power mechanism prevenis overhauling of the trans-
mission by back pressure under conditions of unbal-
anced 1 on the elevating serew, such a8 gun re-
coil, The constant horsepower mechanism takes
over as an anti-overhauling control to move the A-
end tilting box toward neutral,

MNeutral return device. The neutral return device
provides for manual refurn of the A-end tilting box
to neutral, should there be an electric power fallure
{or the power be shut off) while the tilting box is in
a stroke position. The device is a hand lever unil
located on top of the A-end control case. A spur
gear on the lower end of its vertical shaft meshas
with a sector gear that engages a gear on the tilting
box shaft. A cam on the neutral return device shaft
operates the neutral refurn valve V14N, Thirty
degrees movement of the neutral return lever, either
side of neutral, operates the valve to allow the serve
piston to be moved [reely. More than 30 degrees
movement of the neutral return lever rotates the
gear shaft and returns the tilting box to neutral,

Neutral startil::g device, The electric-motor
starfing-circult interlock switch 13 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 position, the switch is open and the main
electric motor cannot be started. The neutral return
device must be used to restore the tilting box to neu-
tral and thereby clogae the starting circuit,

Cradle and spanning tray interlock solenold, The
cradie and ap'ﬂ.rming tray Interlock solenold, located
in the electric motor controller, actuates an inter-
lock switeh which is connected in series with the
servo and tilting box neutral interlock switches.

The solenoid is actuated by a micro switch that is
mounted on a bracket attached to the hoist ¢radle
fulecrum. The micro switch plunger extends upward
to contact & plece that is mounted on the eradle. The
relationship of the micro switch plunger and Its con-
tact piece ia such that when the cradle and spanning
tray are gpanned or partially spanned, the miero
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awitch plunger 1s extended and the solencld Is ener-
glzed, The interlock solenold assembly prevents
gun elevating movement when the eradle and a

tray are in a spanned or partially spanned position.
Recelver-regulator

A 16-inch Receiver-Regulator Mk 10 Mod 0 is
the control instrumeni for avtomatic operation of
the elevatlng gear, An electric-hydraulic instru-
ment, encloged In a square-shaped case (figs, 5-8
and 5-10), it is located on the electric deck between
the electric motor and the A-end (fig. 5-7).

Tha receiver-regulator functiona when the con-
trol selector lever is positioned at AUTO or LOAD,
In these control selections, servo-system stroking
prassure I8 ported to the stroking cylinder in re-
sponge to gun orders or automatic loading orders
that are received electrically In the receiver-regu-
lator. In both of these control selectlons (AUTO
and LOAD), the hand control gervo-gtroking valve
gear is bypassed,

Components., Each receiver-regulator consists

of the fo TﬁMnﬁi:umpunentﬁ, all of which are en-
closed within the instrument case,

Flne and coarse control aynchros
Roller path and erosion correction input
Elevation response gear

Stroke response gear

Loading cam

Limit stop valve and adjusting cam
Stabilizing valve

Automatic stroking valvae
aynchronizing valves

Laading pllot and transfer valves
Loading control linkage

Pressure regulator valve
Stabllizing piston and linkage
Amplifier piston and linkage
Hydraulie vibrator

The arrangement of the above electrical, hydrau-

lic, and mechanical components of the receiver-regu-
lator is shown schematically in figure 5-30

Recalver-regulator instrument.

Fine and coarse control synchros. Gun eleva-
tion orders are transmlitfed to the receiver-regulator
by synchro circuits. The rotors of the generators
and receivers of both the fine (38-speed) and coarse
{2 -speed) synchros gﬂg 5-13) are connected in par-
allel to a lf’a?-vult, O-cycle, single-phase, alter-
nating-current supply., Both the fine and coarse
gynchros are bearing-mounted so that the stators of
the synchroa can be rotated by corrected mechanical
regponse, elevation response, and stroke response.
This rotation is accomplished ‘n% a aystem of shafts,
gears, and gear differentials, The two synchros
and their gear train assembly are located in the
? nchro n:;-.mpartmem of the recelver-regulator

ig. 5-11).

The rotor of the coarse synchro positions the
aynchronizing pilot valve V15 and the synchronizing
valve V3A through the synchronizing linkage desig-
nated 14, The rotor of the fine synchro positions
the amplifier linkage designated L{ and its attach-
ed valvea ([ig. Euﬂﬁe
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Roller path and erosio Ir . Correc-
tions for reller path inclination and for erosion
are combined in differential gearing in the elevation
indicator (chapter 13). The combined correction is
tranamitted by a shaft from the indicator that is con-
pled to the correction input shaft (fig. 5-13) of the
recelver-regulator, Inside the receiver-regulator,
the correction is combined in a differential gear with

Beend responsge; the output of the differential posi-
tions the stators of the coarse and {ine aynchros,

Elevation response gear, The elevation response
gear 8. B-11, E—IE '?EE:] §-13) drives one input
gear of the differential that rotates the stators of the

coarse and flne synchros through a pgear traln
assembly within the receiver-regulator case,

III“-:‘-‘-\'I—-H'"-,_\_ ! oy \ : i :
5 TR \ R CORRECTION INPUT
T
ELEVATION HEND STROKE RESPONSE
RECEIVER-REGULATOR RESPOMSE INPUT

Figure 6-7, 16-inch Elevation Receiver-Regulator Mk 10 Mod 0, General Arrangement
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From the B-end, elevation response is simultane-
ougly transmitted through the upper response drive
bracket to the elevation indicator and by a shaft and
an adjustable eoupling to the receiver-regulator. In
the receiver-regulator, the B-end response rotates
the loading cam and combines with roller path and
erosion correction input to rotate the stators of the
coarse and fine synchros. The combined B-end and
atroke rea;::rnaﬂ inputs position the limit stop valve
V34 through gear sector F and the limit stop adjust-
ment cam,

Stroke response gear. A-end stroke response
is transnn'ﬁe‘?ﬂ%ﬁ‘g_e receiver-regulator {rom the
neutral return device by a system of shafts and gears,
In the receiver-regulator, stroke response is com-
bined with B-end response through differential gear-
ing to position the limit stop valve V34 through gear
sector F and the limit stop adjustment cam. Stroke
response represents gun elevating speed; it is com-
bined with B-end {fun position) response to make the
limit stop valve V34 operate sooner at high speeds
tilﬂ.l'tl it does at low speeds as the gun approaches its
Limit.

Loading cam. The loading cam Is rotated by the
B-cnid T‘Eﬁe ovation response through a gear traln; il is

geared directly, without correction input, 8¢ that
the gun loading position is always the same, The
loading pilot valve V12 is positioned by the loading
cam through a cam follower and erank arrangement.
Smooth deceleration and stnpplnﬁr at the lond poaition
are provided by the cam, which i3 adjustable for gun
loading position,

Limit stop valve V34, The limit stop valve V34
(flg 5= 'B'i L] EE‘L‘:‘EH‘EFE & valve block at the bottom of

the receiver-regulator valve compartment. Paositioned

IRCUIT Blb6 CIRCUIT B13 - TO CIRCUIT B1E TO
10 DOMT SUMP FLIMP MAIN AR WARY
£kl rLHJHh MOTOR CONTROLLER TRANGFER: SWITGH

AT

COVER TD: YALYE :
COMPAETMENT -

Figure §-8, Elevation Receiver-Regulator
Mk 10 Mod 0, Front View
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by a cam follower and linkage from the limit stop
adjusting cam, V34 shifts eervoe pressure flow to
and drain from the servo piston P2 to decelerate and
stop the gun at its preset limit,

Limit stng n%*uati cam. The limit stop adjust-
ing cam . a= ] iﬂﬂ&fﬂd in the synechro compart -
ment of the receiver-regulator. The limit stop mech-
anism has two eloments of data in its input. These
are the position of the 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 required for smooth, even stop-
ping at all speeds at a definite stop pesition, the
stroke response is added to the gun response in a
gear differential within the receiver-regulator case,
The output of the differential turns the limit stop ad-
justing cam (fig. 5-12).

Stabilizing valve V1. The stabilizing valve Vi,
Iacam_'_ﬂﬂm 1E=‘va""l‘“‘ﬁ1ve oek at the bottom of the receiv-
er-regulator (fig. 5-9), acts with the stabilizing pis-
ton P71 to prevent overtravel of the gun (B-end),
which would result in oscillation about the elevation
order signal, Positioned by the stabilizing linkage
L2, the stabilizing valve V1 directs receiver-regu-
latar control pressure to one end or the other of the
gtabilizing piston P1. Movement of P1 positions the
amplifier piston P3 and the amplifier linkage L1 and
algo moves the stabilizing valve V1 back to its origi-
nal position,

Automatic stroking valve V2, The automatic
stroking valve V2 is Emated adjacent to the stabiliz-
ing valve V1, as shown in figure 5-8. Positioned by
the stabilizing linkage L2, the avtomatic stroki

valve V2 ports servo pressure flow to and drain from
the servo platon through the limit stop valve Vi4,

Synchronizing valve V3A and synchronizing pliot
valve V15. The synchronizing valve V3A and the
synchronizing pilot valve V15 are located in the valve
block at the upper part of the receiver-regulator
valve compartment (fig. 5-8). The rotor of the
course synchro actuates the synchronizing linkage L4
that positions these two valves, V15 ports servo
pragsure to V3A, which directs the servo pressure
to the fine synchro valve V3 as long as gun position
ig within four degrees of gun elevation order.
then controls servo piston movement through the
amplifier piston P3, stabilizing linkage L2, and auto-
matic stroking valve V2, When gun position is more
than four degrees away from gun elevation order, V3A
cuis off servo pressure to V3 and ports servec pres-
sure directly to P3 to drive the gun at full speed to-
ward its synchronized position.

Loading pilot valve V12 and loading transfer valve
ﬂﬂ?"[’lﬁ."ﬁ%ﬂiﬂﬁﬁt valve V12 {IE:!. 5-9) and tHe
Toading transfer valve V13 are located in the valve
block in the center of the recelver-regulator valve
compartment, Together with the loading interiock
valve Vid, these valves act to drive the gun at full
speed toward the LOAD position, decclerate it, and
stop it there, The loading transfer valve V13 is po-
aitioned by servo pressure ported to it from the load-
ing interlock valve V44, The loading pilot valve Vig,
positioned by the loading control linkage LJ, ports
servo pressure through the loading transfer valve
V13 to the amplifier platon P3,

Loading contral linkage L3, The loading control
linkage L4 I8 located In the valve compartment af
the receiver-regulator (fig. 5-8). Actuated by rota-
tion of the loading cam, the linkage positions the
loading pilot valve V12,
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Pressure regulator V18, The pressure regulator

valve VIY is [ocated in the valve block at the upper

art of the receiver-regulator valve compartment

fig. 5-9). Servo pressure, ported to it at a pressure
of npgruﬂmately 3450 pounds per gguare inch, ig re-
duced to a control pressure of approximately 135
pounds per square inch. Conirol pressure is ported
Ehm;%h the stabillzing valve V1 to the stabilizing pis-
0 i

Stabilizing piston P1, The stabilizing plston P1
iz located in the valve Dlock in the lower right side

of the recelver-regulator valve compartment (fig. 5-9).
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This piston acts to change the pivot point in the sta-
bilizing linkage L2, thereby 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 stabilizing valve V1 repulates the
porting of receiver-regulator control pressure to the
chambers of the stabilizing piston P1,

Stabilizing 1i e La. The stabilizing linkage
L2 (fig, 5-9} mechanically connects the stabilizing
valve V1 and awtomatic stroking valve V2 with the
stabilizing piston P1 and the amplifier piston P3.
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Figure 5-0. Elevation Receiver-Regulator Mk 10 Med 0, Valve Compartment
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Amplifier piston P3, The amplifier piston P3
{fig. 5-9] 18 moved in fine synchro control by servo
pressure ported to it by the fine synchro valve V3,
Amplifying V3 movement, the piaston acts through the
amplifier linkage L1 to return V3 to neutral, P3
acts through the stabilizing linkage L2 to position the
auntomatic 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 L1, The amplifier linkage L1
(fig.” 5-U) inferconnects the fine synchro rotor shaft,
the fine synchro valve V3, and the amplifier piston
P3. Synchro rotor movement acts through Ll to
move V3, Amplifiving movement of P3 acts back
through L1 to return V3 to its original position,

Hydraulic vibrator {fig, 5-14), The hydraulic
vibrator, Iocaled in the center of the valve compart-
ment, runs on servo pressure a8 a double-acting,
two-cylinder reciprocating engine, The device oscil-
lates the ampllfiurnftstﬂn P3 through an amplitude of
a few thousandths of an inch at about 60 cyeles per
second to prevent static friction in the valves and

linkages.

Control selector. The gun elevating control se-
lector [fig. 5-157 15 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 o The gun layer's station and is provided with
a readily acceasible selector laver, The lever is
positioned by the gun layer to the desired method of
control, indicated on the lever position dial plate by

CORRECTHON INPUT STROKE RESPONSE

GEAR BOX

B-END RESFONSE

CHECKEING AL

Figure 65-10. Elevation Receiver-Regulator
Mk 10 Mod 0, Rear View
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the selecior lever, The control selector valve V4,
the loading valve V43, and the loading interlock
valve V44 are positioned in the control selector
vialve block by rotation of the selector Ilever, 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 12 Iocated in The control selector unit, as
shown schematically in figure 5-30. Servo pressure
ia admitted to the valve block through the loading
position valve V14, From this point, the servo pres-
sure passes through the synchro failure valve V11 to
the center section of the contral selector valve V4
and to the left end of the latching valve V45, From
the center section of the contral selector valve V4,
gervo preagure is ported to the transfer acceleration
Hmiting valve TALV, to the control transfer valve
V3B, and to the handwheel clutch, When the selector
levar is at AUTO, the control selector valve Va ports
servo preassure out of the control selector valve block
via port number 10 (fig. 5-15). If there ig a failure
of synchro power, a spring forces the synchro fail-
ure valve V11 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,

Emergency button and button release, The emer-
genty Dution on the conirol selecior (1ig. §5-15) is
used by the gun layer to return control to AUTO from
LOAD, if the gun captain's ready switch cireuit (fig.
5-30) fails while the gun i3 in LOAD control. To
digengage the emergency button, the button release
(fig. 5-15) is depressed.

Selector interlock piston P4f. The selector inter-
lock piston, Iocafed within 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 BAFE position. The selactor interlock pis-
ton iz positioned by =ervo prezsure poried to it by
the loading position valve V14,

Synehro failure solenoid, valve, and latching
valve. The synchro failure solenold 33, the synchro
failure valve W11, and the synchro failure latching
valve V45 are all enclosed within the control selector
unit, The synchro failure valve transfers control
auntomatically to the gun layer's handwheels in the
event of a failure of synchro power. Should synchro
power fail, the synchro fallure solenoid 83 is de-
energized and a spring forces the synchro failure
valve V11 to the right to cut off servo pressure
to the automatic control elements. If the synchro
power is restored, the control remalins with the
gun laver's handwheels 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 i= located within the conirol selector unit,
The loading position valve V14 iz moved to posi-
tion by a valve operating arm, which is connected
to both the loading position valve V14 and the load
dolenoid 31 at the upper end of the arm, When
the load solenoid 81 is energized, the loading posi-
tion walve V14 moves to the right to port servo
pressure directly to the loading transfer valve V13,
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I.ﬂa.ﬂiili Interlock valve V44, The loading inter-
lock valve g loca within the control selector
unit. This valve is a sleeve that i= moved back and
forth in the block by the selector lever. The load
position valve V14 is moved back and forth inside Vid
by the action of the lpad 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-
fer valve V13, The arrangement provides gun layer
selection of LOAD and AUTO control Ehiruljuthe Eun
captain's circuit fail,

Loading valve V43, The loading valve V43 ig lo-
cated within the confrol selector unit. Movement of
the selector lever positions the loading valve V43
through a gear and gear rack arrangement, The gear

CORRECTION  IMPUT

TEST SYNOHRD
MOLMTING

CHECRING DI E Tt e—— e

H-EMND:RESPONSE S

i e g

e e e

rack (fig, 5-30) butts up against the loading valve

V43 and moves it to the left when the selector lever

iz moved from the AUTO to the LOAD position, This
permits the gun to be brought to the load position by
the selector leverwhen synchre power is notavailable,

Solenoids, The load and automatic solencids are
both Tecaled within the control selector unit,

Load sclencid. The load solenoid 81, connected
to the vilve operating arm, i energized when the
gun captain’s switch is moved to the SBAFE position,
When the load solencid hasg been energized, it moves
the operating arm so that the loading position valve
V14 is moved to the left, This porte servo pressure
to the loading transfer valve V13, The solenoid is
gﬁﬂ E?'gimd by moving the gun captain's switeh to

STROKE HESPOMNSE

FOLLOWER

_,,a-’"f CRAMK SHAFT

CAM FOLLOWER

MICROMETER
ADJLETMENT

LOADIMG  TAM

Figure 5-11, Elevation Receiver -Regulator Mk 10 Mod 0, Rear View - Back Plate Removed
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Automatic solenoid. The automatic solenoid 82
is connected 1o the lower end of the valve operating
arm. With the selector lever at AUTO, the solenold
is energized when the gun captain's switch s moved
to READY, When the automatic solenoid 32 is ener-
gizged, It moves the operating arm 5o that the loading
position valve V14 1s moved to the right to port servo
pressure to the receiver-regulator avtomatic control
elements.

STROKE 36-5PEED CORRECTION
RESPONSE SYNCHRO SHAFT INPLIT
= ~
pie
£ GPEED
SYNCHRD SHAFT-S
LOADING CAM

FOLLOWER SHAFT

LIMIT STOP i
AOSGETING |.-:|.l.rr1'\ s
&

ELEWATION SToH

DEFPRESSION STOF

Figure 5-12. Elevation Receiver-Regulator Mk 10
Mod 0, Gear Train Assembly, Front View
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Figure 6-13, Elevation Receiver-Regulator Mk 10
Mod 0 Gear Train Assembly, Side View
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Control transfer valve V3B, The control transfer
valve VaB (Iig. o-16]), locdted near the servo piston
P2, transfers elevation control of the gun from the
gun layer's handwheels to the receiver-regulator,
When servo pressure is ported to the control transfer
valve from the control selector unit, the control trans-
fer valve iz moved tothe right againat spri regsure,
This connects the avtomatic stroking valve in the
receiver-regulator tothe servopiston P2 through VIR,

Transler acceleration limiting valve TALV, The
transfer acceleralion Imiting valve TALY (I1g. 5-18),
located neay the A-end, prevents excessive gun ele-
vation speeds when shifting from AUTO to HAND. In
AUTO, servo pressure is ported to the transfer accel-
eration limiting valve TALV from the control selector
unit to hold the valve open against its spring, When
the seleclor lever i3 moved from AUTO to HAND, the
unbalanced valve TALV, bound againat the slde wall
by servo pregsure, closes partly and restricts flow
in the line to the outside of P2, As soon as the gun
gynchronizes with the handwheels, V23 cuts off ser-
vo pressure to TALV, which then is moved by ita
spring to remove the restriction in the line to the
servo piston.

Sump tapk, The sump tank (fig, 5-19) forms the
base on which the receiver-regulator is mounted,

The tank is a rectangular, box-like weldment with
internal arrangements for two floats, a valve, a mer-
cury switch, and a hydraulic pipe manifold, There

is & removable inspection cover on ane side of the
tank and six flanged ports for hydraulic pipes on the
opposite side of the tank, A drain plug Is provided

in the bottom of the tank, The sump tank 18 a recep-
tacle for hydraulie fluid leakage and drainage from
the receiver-regulator valve block.

Sump pump. The sump pump (fig. 5-20) is a
separate motor-pump set, 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 oil is pumped
back to the expansion tank. Under normal operation,
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figure 5-14, Elevation Receiver-Regulator Mk 10
Mod 0 Hydraulie Vibrator
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the sump pump runs whenever the main electric mo-
tor is running. The capacity of the pump is greater
than the normal drainage into the sump tank: therefore,
part of the ofl is recirculated back to the sump tank.
Whenever the oil level drops too low, the float-oper-
ated sump pump valve V40 opens and permits the

pump discharge to return to the sump tank to assure
adequate supply to the pump at all times.

If the sump pump unit iz not used for several days,
oil may gradually i1l the sump tank, Should the oil
level get abnormally high, the float-operated mercury
swiltch actuates a magnetic switeh in the sump pump
eontrol unit and thereby starts the pump. The F’ump
lowers the oil level until the float switch cuts off the
pump motor cireuit, Should the float switch fail, the
pump may be run by closing the sump pump emergency
switch,

If the sump pump should fail, the sump tank will
bo completely filled, Sump tank check valve V41
will eloge, sealing the synchro compartment, and
Ernuaure whll build up in the valve compartment,

hen the pressure reaches eight pounds per square
fnch, the discharge oll will be forced through t
block valve to the expansion tank,

Sump pump contraller. The sump pump controller
(flgs, 5..'35 and - & mounted on the bulkhead at the

EYNCHRD. POWER
INDICATOR LIGHT

BUTTON RELEASE

LINE &l
TO DRAIN

GUN LAYER'S - .
EMERGERCY BUTTON

LINE 10 T CON FROL
TRANSFER VALVE

LINE 13 TO ELEVATIOM
RECEIWER-REGULATOR

GUN LAYER™S CMERGENCY

electric deck, near the training gear A-end. It con-
g2isls of a standard-type controller case, inside of
which ig a shock-maunted switch panel, a line switch,
a control transformer, and necessary interlocks. The
controller contains four separate circuits which oper-
ate the sump pump motors of the elevating gears for
the right gun, the center gun, the left gun, and the
I.Lﬂi:'lﬂ training gear, Each circuit Is compiete in it-
self,

When the electric motor of any one of the elevating
gear power drives Is started, the corresponding mag-
netic awiteh in the sump pump controller closes a
eircult to the sump pump for that power drive, Each
magretic switch has two solenoids that are joined to-
gether mechanically and are connected to the contact
mechanism. One solenoid is for 440 volts and the
other is for 110 valts: either solenoid IS capahle of
closing the switch, While the power drive is operal-
ing, the 440-volt solenoid is energlzed from one phase
of the main controller; therefore, the sump pump op-
erates whenever its power drive s operating,

If the power drive is not operating and fluld ledk-
age [ills the sump tank, a float-operated mercury
switch (fig. 5-19) closes 2 110-volt circuit and
therelyy closes the magnetic switch by energizing
the 110-volt solenoid. The 110-volt power i= supplied
by a transformer in the controller unit case,

SELECTOR LEVER
(I HAND)

CIRCUIT GEF TO
GUN CAPTAIN'S
REALDY SWITCH

\r.ﬂ‘u::uﬂ GEPTO

RECENVER-REGULATOR

LIME V2 TO ELEWATION
RECEWER-REGULATOR

LIME 50 T ELEVATION
RECEIVER-REGULATOR

Figure 5-15. Elevatlon Receiver-Regulator Mk 10 Mad 0 Selector and Synchro Failure Valve
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OPERATION
General - hand and avtomatic control
In normal HAND operation, the gun order signal

ia rec&iva:i in the elevation indicator. The gun

er observes the E.r- order signal, indicated by the
pointers in the elevation 1ndicatnr, and compares
that signal with the position of the gun. I there iz a
"matching error” in the pointers, the gun layer oper-
ates his handwheels in a direction and at a speed cal-
culated to "mateh polntersg, ™

In AUTO operation, the recelver-regulator re-
celves the same gun order signal as that recelved by
the elevation indicator. By comparing the gun order
signal with & mechanical indieation of the gun posi-
tion, the receiver-regulator continually measures
“matching error, " The recelver-regulator measures
the error by electrical and machanieal deviees and
acts on the servo stroking piston to reduce the error,
In AUTO, the receiver-regulator replaces the pun
layar's fimetion of visually checking the error and

manually contrelling the gition in order o
""match pointers, " . a2

Starting

Perform the following operations when starting
the alectric motdr:

1. Piace the controller eircult-breaker lever at

2. Place the gun layer's control selector lever
it HANT,

3. Prass the START-EMERG button,

CIRCUIT IR TO HE 10 TG
GUN CAFTAIN S {'EINTFGE, SELECTOR
INCICATOR LIGHT

LINE 60 TO DRAIN

LINE 4G TOQ
SERWO-PISTON

LINE 30 TO
TRARSFER ACCLLERATION
LIMITING VALVE

Stopping

When stopping the slevating gear, perform the
following operations:

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

2. DBring the gun to the desired angle of eleva-
tion and stop handwheel rotation,

3. Press the ETOP button,
Hand control, serve operation

For serva operation in hand nuntrul the _Lgun Iny-
er's selector lover ls positioned a.t 0 start
the power drive, the START-EMERG pruEh button
must be depressed when the A-end tilting box is at
the neutral poaition,

Controils neutral, With the er drive electric
motGr runnis elevati andwheels at rest,
the following conditions exist (fig. 5-23):

1. The A-end tilting box is at neutral (zero tilt);
no hydraulic fuid i being pumped, and there Is no
pressure in the main hydranlic ¥ines betweon the A-
and B-ands,

2, The power-off control valve V4N iz held by
itz golenoid against spring action,

3. Hydraulle fluid is delivered by the servo
pump {at serveo pressure} through ports in the
power-off control valve V4N to the left of the
power-off vialve V1IN,

LEHE 3I (9] LINE 20 10 LINE 11 TQ
HECENVER- AEND
LDHJH’DL Bﬂi REGULATOR CONTROL HO!

\
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LINE 21 T
RECEIVER-
REGULATOR

LINE 41 TO
SERVG PISTON

Figure 5-16, Elevation Recelver-Regulator Mk 10 Mod 0 Centrol Transfer Valve
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4, Forced to the right by servo pressure, VIN
opens the main hydraulic lines from the A-end to the
B-end.

5. Movement to the right ViN alao connects ser-
vo pressure to the cutout valve V12N and to the servo
supply cutout valve V22, V1IN is moved apalnst its
gpring to open passages from the main hydraulic lines
to the tope of the A-end relief valves VAN and V10K,
V22 is forced down against its spring to admit servo
pressure from another line to the servo control valve
V23, where the pressure is bilocked,

6. Bervo pressure from the servo pump ported
directly to the directional valve VEA iz blocked by
that valve in its neutral position,

. Bupercharge pressure Iz maintained to the A-
end relief vaive block (check valve V13NM) by the super-
charge pump to keep the main system [illed with
hvdraulic fluid,

Normal control, elevating, With the power drive
in cperalion (controls nentral, as shown in figure 6-
23}, the gun iz elevated by turning the handwheels up
and toward the operator. The following actions oceur:

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

CIRCUIT 1R To

GUN CAPTAIN'S

— ——READY BWITCH

. l _ LiKE 10 T0
, = Nk - CONTROL SELEETOR

Figure 5-17. Elevation Receiver-Regulator Mi 10
Mod 0 Pressure-operated Indicator Switch

2. Through a linkage, pivoted in & slot In the con-
trol cam, the trunnion Iifts the servo control valve
V23, Thig 1;';;n::l:"t:!y, servo pressure through grooves in
the constant horsepower valve VB through V3B to the
inside of the servo piston. The hydraulic fluid on the
outside of the piston drains through V3B to TALYV to
V6 to V23 to tank,

3. Bervo pressure moves the serve piston and,
through it, the A-end tilting box. Tilting box move-
ment is transmitted mechanleally through the sector
gear to the control cam,

4, A-end pumping action drives the B-end ta ale-
vaie the gun, The control cam moves V23 through
the trunnion linkage to block further hydrawlic flow
Le the servo piston, B-end response acts on the trun-
nion through the differential; trunnion displacement
rapgresents the difference between handwheel input and

B-ond response. At a constant handwheel speed, the
servo piston, A-end tilting box, control cam, and
trunnfon remain in a state of equilibrium with servo
control valve V23 blocking flow to the servo piston,

5., Imcrease in handwheel speed cauges an in-
creage in A-end tilt through further movement of
the =zervo piston,

6. Decrease in handwheel speed combines with
B-end response to move the trunnion in the opposite
direction, This forces V23 down and reverses the
prezsure and drain connections to the servo platon to
drive the A-end tilting box back toward the neutral
position,

LIME 10 TO HANDWHEEL LINE 20 TO
CLUTCH RELEASE PISTON — TRANSFER
WALVE

LINE 30 T A-EN(E
CONTROL BOX

pos
il

LIME 11 TO ! S e
TRAMSFER YALVE | E

A Yy
LIETT
ACUUSTIMG SCREW
H TTAND LOCKIMG NUT

Figure §-18, Elevatlon Receiver-Hegulator Mk 10
Tod 0 Transfer Aceeleration Limiting Valve
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7. Main system high pressure i8 ported through

pilot valve V11N and cutout valve V12N to the top of
relief valve VON to hold the valve closed. If main
system pressure rises too high, V11N is forced to

ihe right to connect the top of VON to the low-pres-
sure side of the main line. Svslem high pressure
then lifts VON and bypasses into the main system re-
turn until the high pressure has dropped to normal,

8. MNormal leakage will cause the main system
return pressure to drop below the setting of the check

valve V13N, When this occurs, the system is replen-
ished by the supercharge pump through V13N,

Constant horsepower control, elevating, I the
combination of A-end astroke and main system high
prassure requires the electric motor to deliver more
thian the desired horsepower, the constant horse-
power device takes control {fig. 5-26). When this
oeours:

1, System high pressure from the shuttle valve
V2T acts on the measuring piston PG to force it down.
Through a link, the piston lifts the constant horse-
power valve VG,

2. In lts new position, V& blocks servo pressure
from V22 and V23, 3Bervo pressure is ported through
the directional valve VEA, V6, TALV, and V3B to
outside of the servo piston to drive it back toward its
neutral position, The inside of the sexrvo piston is
open to drain through V3B, V6, and VGA,

3. Movement of the A-end toward neutral turns
the control cam, which changes the position of the
outer =leeve of P8, When the horsepower demand
has dropped to normal, the positions of P8 and its
taiuter aleave act to move V& back to its normal posi-

o,

MERCURY PIFE
SWITCH MAMIFOLD

MERCURY SWiTCH
FLOAT

3 .-_ ; ¥ : ..' ] i -' - A >
SLME e ¥ _FLOAT FOR
; VAN SR,  SUMP VALVE

LINE 12 FROM LIME 21 FROM LINE 13 FROM
SELECTOR TRANSFER E}LLEETLEIH
VALYE VALVE VALVE
LINE 63 TO LINE &0 FROM LINE 20 T
EXPANSICN SELECTOR TRANSFER
TAMK VALYE VALVE

Figure 5-19, Elevation Receiver-Regulator Mk 10
Mod O Sump Tank, Top View
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Figure 5-20, Elevation Recelver-Regulator Mk 10
Mod 0 Sump Pump

Filgure 5-21, Elevation Receiver-Regulator
Sump Pump Control Unit
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Normal control, depressing, With the power
drive In operation (confrels neutral, as shown in fig-
ure 5-23), the gun is depressed by turning the hand-
wheels down and away from the operator, The follow-
ing actions occur;

1. Handwheel motion is transmitted through the
friction clutch and differential (fig. 5-27) to the trun-
nion to move it downward.

2. 'Through a linkage, pivoted in a slot in the con-
trol cam, the trunnion pushes the servo control valve
V23 down, This ports servo pressure around the con-
stant horsepower valve VG through TALV and V3B to
the out=ide of the servo piston, The inside of the
gervo piston 1= opened to drain through V3B and other
ports in V& and V23,

d. Servo pressure moves the servo piston and
through it, the A-end tilting box, Tilting box move-
ment is tranamitted 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 hrough
the trunnion linkage to block further hydraulic flow
to the servo piston. B-end response acts on the trun-
nion through the differential; trunnion displacement
represents the difference between handwheel input
and B-end response. At a constant handwhesl apeed,
the servo piston, A-end tilting box, control cam, and
trunnion remain in a state of equilibrium, with servo
control valve V23 blocking flow to the servo plston,

9. Increasge in handwheel speed causes an in-
croase in A-end tilt through further movement of the
SeTvo piston,

B, Decrease in handwheel speed combines with
B-gnd response to move the trunnion in the opposite
direction, This forces V23 up and reverses the pres-
sure and drain connections to the servo piston to
drive the A-end tilting box back toward the neutral
position,

T. Main svastem high pressure is ported through
pilot valve V1IN and cutout valve V13N to the top of
relief valve V10 to hold the valve closed. If main
Bystem pregsure rises too high, V11N is forced to
the left to connect the top of V10 to the low-pressure
glde of the main line, BSystem high pressure then
lifts V10N and bypasses Into the maln saystem return
until the high pressure has dropped to normal,

#, Mormal leakage will causge the main system
return pressure to drop below the setting of the check
valve V13N, When this cccurs, the system is replen-
ished by the supercharge pump through V13N,

Constant horsepower control, depressing. If the
combinalion of A-end stroke and maln system high
pressure requires the electric motor to deliver more
than the desired horsepower, the constant horse-
power device takes control (fig, 5-28). When this

GUCurs:

1, Bystem high pressure from the shuttle valve
V27 acts on the measuring piston P8 to force it down,
Through a link, the plston lifts the constant horse-
powar valve Vi,

2. Inits new position, V& blocks servo preasure
from V22 and V23, Servo pressure is ported through
the directional valve VA, V6 and V3B to the inaide
of the servo piston to drive it back toward its neutral

position, The outside of the servo piston is open to
drain through V3B, TALV, V6 and VA,

Limit stop control, If handwheel motion is con-
tinued In one directiom until the gun 18 approachin
its positive stop the limit stop in the control mech-

anism stops the handwheels (fig. 5-29). When this
O0CUTE:

1. B-eond response acts directly on the trunnion
to return it to neutral,

2, Trunnlon movement shifts the servo control
valve Vi3 to port servo preggure around VE to the
aervo piston to return the A-end tilting box to neutral,

5001 10-W0LT
TRANSFORMER

AAONOLT COILS

HOVOLTS COILS Ok
INTERLOCK

LINE SWITCH

;‘ ELEWATION
. HIGHT GUN

ELENATION
LEFT GUN

COMNTACT
PCINT S

ELEYATION
GENTER GUN TRAIN

Figure 5-22, Elevation Receiver-Ragulator,
Sump Control Unit, Door Open
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Power-off, The solenoid of the power-off control
valve VAN 15 in the circuit of the electric motor con-
troller, If the 3TOP push bulton 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 gpring 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-oend and "“freezes" the
gun in elevation,

3. In its power-off position, VIN ports trapped
servo pressure {from the cutout valve V12N to drain
through the B-end case, V12N is then moved by its
apring to port the spaces above relief valves VON and

10N to drain through the throttle valve VT, This
allows system ]11%h ressure to bleed to drain through
the pilot valve V11N, the cutout valve V12N, and the
gpacea above VIN and V10N,

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

Recelver-regulator control, servo operation (fig.
2 =]

With the iﬂwer transmission operating, the selec-
tor lever at AUTO, and with the gun synehronized

with a stationary signal, hydraulic circuit conditions
are as follows:

L. Servo pressure is delivered through the power
off control valve V4N and the power-off valve VIiN to
thel cuiﬁﬁ valve V12N and the serve supply cutout
valve :

2, BServo pressure is delivered directly from the
servo pump o the directional valve VBA and from the
pump through V22 to the servo control valve V23,

3. Bervo pressure from the servo pump is deliv-
ered through the synchro failure valve V11 and the
control selector valve V4 to the following:

The {rietion cluteh to disengage the handwheels,
The transfer acceleration limiting valye TALV
Lo position it against spring aetion for AUTO
operation,

The control transfer valve V3B to open the pas-
gage from the limit stop valve V34 to the servo

piston.

4, Wilh the gun between its limits, servo pres-
sure is delivered through the limit stop valve V34
to the following:

To the loading control valve V12, whereo it is
blocked,

To the automatic stroking valve V2, where it is
blocked,

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

To the pressure regulator valve V19, where it
is reduced to control pressure and delivered to
the stabilizing valve Vi,

§5-26

To the fine synehro valye V3 through the syn-
chronizing pilot valve V15 and the synchronizing
valve V3A, V3 is centered and blocks servo
pressure between its lands,

4., 8ervo pressure is delivered through the load-
lnf position valve V14 and the loading interlock valve
V44 to one end of the loading transfer valve V13,
Thig positions V13 so thatri%mnnecl'.ﬂ port of V3 to
corregponding ports of the amplifying piston P3,

Fundamental {{ine synchro) &ummatii; cnnl:rnn:ﬂ.

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

1. The synchro rotor turng an amount corres-
ponding to the "error" between actual elevation and
elevation order, Its motion is transmitted through
the amplifier iinkn%e L1 to move the fine synchro
valve V3 to the right,

2. 8ervo pressure between the lands of V3 i=
ported through the loading transfer valve V13 to the
right end of amplifier piston P3,

3. Servo pressure forces P23 to the left a dis-
tance corresponding to, hul greater than, the move-
ment of V3. This movement iz transmitted back
through L1 to return V3 to neutral. At the same
time, the motion of P3 is transmitted through the
stabilizing linkage L2 to the stabilizing valva V1 and
the automatic stroking valve V2,

4, The stabillzing valve V1 ports control pres-
sure from V19 to the stabilizing piston P1. This
cauges P1 to move to the left and change the pivot
of L3 to modify the action of P3 on V2, Without
this action, the entire system would overtravel
and then oscillate about the Input gun elevation
order signal. This action makes the automatic
stroking valve V2 move an amount that will limit 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 piston through V3B,

f. B-end response is combined with roller path
and erozion correction input in a differential; the
differential drives the stator of the fine synchro E,
Overtravel of the servo piston would result in a re-
versal of the synchro rotor and regulator valve ac-
tiong; this i= prevented by the stabilizing action of
V1 and P1, which operate in conjunction with B-end
response to bring the gun smoothly into synchroniza-
tion and to hold it there,

Coarae (Z2-gpead) synchro control, Because the
fine (3§-specd] synchro E has Identical positions 10
degrees of elevation apart, the gun position could
agree with the synehro and still be 10 degrees away
from the pun elevation order signal, The coarse
(2-speed) synchro prevents this, Its rotor is turned
electrically an amount equal to the difference between
actual gun elevation and gun elevation order. When
this difference is more than four degrees:

1. The rotor of synchro D has turned far enough
to move {through the synchronizing linkage L4) the
gynchronizing pilot valve V15 to port servo pressura
to the end of the synchronizing valve V3A,



VALVE AND PISTON SYMBOLS

ViN
V3B
Iﬁidﬂ
VaN
I|‘|'ﬁ
VEA
VEB
VAN
VION
V11N
V12N
V13N
V14N
Ve2
V23
VT
V27
cvV
GV
TALY
PD
P2
F6&
PL8

F

ELECTRICAL SYMBOL

o/

MECHANICAL SYMBOLS

CZ
c3

TO PORT 60 SELECTOR VALVE
TO PORT 63 RECEIVER-REGULATOR
TO PORT 20 RECEIVER-REGULATOR
TO PORT 21 RECEIVER-REGULATOR B=
TO PORT 50 SELECTOR VALVE mmmmmm
TO PORT 10 SELECTOR VALVE 'S iy
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POWER OFF VALVE

CONTROL TRANSFER VALVE

POWER OFF CONTROL VALVE
REPLENISHING VALVE

CONSTANT HP VALVE

DIRECTIONAL VALVE

CONSTANT HORSEPOWER CUT.IN VALVE
RELIEF VALVE

RELIEF VALVE

PILOT VALVE

CUT-OUT VALVE

CHECK VALVE

NEUTRAL RETURN VALVE

SERVO SUPPLY CUT-QUT VALVE \@
SERVO CONTROL VALVE

EBEEE SERVD PRESSURE
B CIRCULATING PRESSURE
/ g SN SUPERCHARGE PRESSURE

EXPANSION B DRAIN SYSTEM

NEUTRAL RETURN
TANK

DEVICE

THROTTLE VALVE - B-END RESPONSE

SHUTTLE VALVE

CHECK VALVE

GATE VALVE .
TRANSFER ACCELERATION LIMITING VALVE
DRAIN PORTS

SERVO PISTON

PRESSURE MEASURING PISTON

CLUTCH OPERATING PISTON
FILTERS

SERVO NEUTRAL INTERLOCK SWITCH

CONSTANT HP CAM

NEUTRAL INTERLOCK SWITCH CAM
ELEVATION

INDICATOR

SECTOR
GEAR

+ TRUNNION

fle—— DIFFERENTIAL

po LIMIT STOP
»7 + FRICTION

=
—
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/  HANDWHEELS
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ELEVATION RESPONSE
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SERVDO FUMP

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

YALVE AND PISTON SYMBOLS

VIN POWER OFF VALVE

v3i8 CONTROL TRANSFER VALYE

VAN POWER OFF CONTROL VALVE

V5N REPLENISHING VALVE

v  CONSTANT HP VALVE

VbA DIRECTIONAL VALVE

V6B CONSTANT HORSEPOWER CUT.IN VALVE

VON RELIEF VALVE
YiON RELIEF VALVE
VIIN PILOT VALVE

VIZN CUT-OUT VALVE

VI3N CHECK VALVE

V1aN NEUTRAL RETURN WALVE
vaz SERVO SUPPLY CUT-QUT VALVE
V3 SERVO CONTROL VALVE

VT THROTTLE VALVE
V27 SHUTTLE VALVE

CV  CHECK VALVE
GV  GATE vALVE

TALY TRANSFER ACCELERATION LIMITING VALVE

PO DRAIN PORTS

P2 SERVO PISTON

P6 PRESSURE MEASURING PISTON
P18 CLUTCH OPERATING PISTON

F FILTERS

ELECTRICAL SYMEOL

57 SERVDC NEUTRAL INTERLOCK SWITCH

MECHANICAL SYMBOLS

C2 CONSTANT MP CAM
C3 NEUTRAL INTERLOCK SWITCH CAM

EXPANSION
TANK

TO PORT 60 SELECTOR VALVE

TO PORT 63 RECEIVER-REGULATOR = -
TO PORT 20 RECEIVER-REGULATOR- |

|H

| L
TO PORT 21 RECEIVER-REGULATOR: | ———— -
TO PORT 50 SELECTOR VALVE —— | ——{0 O] _ﬁ: e P
=53 U

TO PORT 10 SELECTOR VALVE

£ ey’

¥

P2
| R

F/ AUXILIARY
RELIEF
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i
SUPERCHARGE PUMP/ /
SERVO PLIMP

1]

4
| i ELEVATING
B-END RESPONSE . SN
e : / 5
.
S . - i B-EN
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L . VAN -
[ . st | = T o
N PN ) VIN - PO
l"I._
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a s X  ELEVATION
_ Efj R "% o CONTROLBOX}{ Il . INDICATOR
TALY ol .3
] ¥Mllvas \ 57 |
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TRUNNION '

— DIFFERENTIAL
| __LIMIT STOP

FRICTION 1
CLUTCH

vaz

SERVO PISTON HOUSING

ELEVATION RESPONSE

TO RECEIVER-REGULATOR - :

Figure 5-24, Elevating Gear Transmission Control Diagram,

Power Off
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VALVE AND PISTON SYMBOLS D ; : B SERVO PRESSURE
VIN POWER OFF VALVE : |

V3B CONTROL TRANSFER VALVE ,% e

VAN POWER OFF CONTROL VALVE EUrR | .

VSN REPLENISHING VALVE RS ORAIN SYSTEM

V6  CONSTANT HP VALVE L \ B MAIN SYSTEM HIGH FRESSURE

V6A DIRECTIONAL VALVE \; MEVERLAETIRN . EXPANSION BN MAIN SYSTEM RETURN \
V6B CONSTANT HORSEPOWER CUTIN VALVE . i F |
VON RELIEF VALVE j
v1ON RELIEF VALVE
V1IN PILOT VALVE -
V12N CUT-OUT VALVE
V13N CHECK VALVE ﬁ
V14N NEUTRAL RETURN VALVE
V22 SERVO SUPPLY CUT-OUT VALVE w
¥23 SERVO CONTROL VALVE _
VT  THROTTLE VALVE
V27 SHUTTLE VALVE \ s BEND RESPONSE ~
GV CHECK VALVE , : .

GV  GATE VALVE - -

TALV TRANSFER ACCELERATION LIMITING VALVE

PD  DRAIN PORTS

P2 SERVO PISTON
F& PRESSURE MEASURING PISTON

ELEVATING
SCREW

-
-

=0
'__11.1'.

T
g e

PIE CLUTCH OPERATING PISTON e
F FILTERS . om=i T SN
ELECTRICAL SYMBOL VN "il'l |
57  SERVO NEUTRAL INTERLOCK SWITCH e
MECHANICAL SYMBOLS
C2 CONSTANT HP CAM
C3 NEUTRAL INTERLOCK SWITCH CAM
CONTROL BOX F#&FEE%EE
0 PORT 60 SELECTOR VALVE s | | | = i 2 P - !
0 PORT 63 RECEIVER-REGULATOR - ' I e A S - ' LTEFE?HHML
0 PORT 20 RECEIVER-REGULATOR M ¥ '- - A | T—— | I
ﬂ FGHT 21 HE(:EI'”ER‘EEGULATER' h——.—_-—_‘- . —— . ko 2 o 3 it A ]
O PORT 50 SELECTOR VALVE T Sl O jewsiemsmmn -= mn i o | : s . Fass -
0 PORT 10 SELECTOR VALVE T i sy | B s B B el el a6 S
W / HANDWHEELS
RELIEF i
VALVES
ELEVATION RESPONSE
TG RECEIVER-REGULATOR -
SERVO PUMP
Figure 5-25. Elevating Gear Tranamission Control Diagram,
Gun Elevating, Selector at HAND
=26E /F
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VALVE AND PISTON SYMBOLS

VIN POWER OFF VALVE

ViB CONTROL TRANSFER VALVE
VaN POWER OFF CONTROL VALVE
VoN REPLENISHING VALVE

V& CONSTANT HP VALVE

VoA DIRECTIONAL VALVE

veE CONSTANT HORSEPOWER CUT-IN VALVE
VAN RELIEF VALVE

VION RELIEF VALVE

VIIN PILOT VALVE

VIZN CUT-DUT VALVE

ViaN CHECK VALVE

14N NEUTRAL RETURN VALYE

V22 SERYD SUPPLY CUT-OUT VALYE
V23 SERVG CONTROL VALVE
THROTTLE VALVE

V27 SHUTTLE VALVE

Cv CHECK YALVE

1 GATE VALVE

TALY TRANSFER ACCELERATICN LIMITING VALVE
PD DRAIN PORTS

F2  SERVD PISTON

Fa PRESSURE MEASURING PI%.[N
CLUTCH OPERATING PISTON

: 5-__| ERS

‘-
=af [

[ |_ ;"_"'l"-'-"'l..l'l!lL ‘-‘-:""'i‘t'rll
57 SERVD NEUTRAL INTERLOCK SWITCH

MECHANICAL SYMBOLS
- CONSTANT HF CAM
C3 NEUTRAL INTERLOCK SWITCH CAM

TO PORT 60 SELECTOR VALVE
TO PORT 63 RECEIVER-REGULATOR
TO PORT 20 RECEIVER REGULATOR W
TO PORT 21 RECEIVER-REGULATOR I
TO PORT 50 SELECTOR VALVE
TO PORT 10 SELECTOR VALVE

¥

SUPERCHARGE FUMP’
SERVO PUMP

}“ &= % % NEUTRAL RETURN
% 4N DEVICE
A £ %
-~ VBN ._
s .:-‘E‘"} '-,':\I Wy \

nEprEegerorr | EETTECETEELE

AUXILIARY
RELIEF
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\EEH\FG PISTON HOUSING

' \1,,. EXPANSION
TANK
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-

R SERVO PRESSURE

R CIRCULATING PRESSURE
N 5L PERCHARGE PRESSURE
W ORAIN SYSTEM

B VAN SYSTEM HIGH PRESSURE

B MAIN SYSTEM RETURN

CONTROL BOX

V27 VION

SECTOR
GEAR

ELEVATION RESPONSE

Figu

10 RECEIVER-REGULATOR ~

ELEVATING
B:END RESPONSE SCREW
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ELEVATION
INDICATOR
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I
e

TRUNNION
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re 5-268, Elevating Gear Transmission Control Diagram,

Gun Elevating, Belector at HAND, Constant Horsepower Control
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B SERVO PRESSURE

B CIRCULATING PRESSURE
S 1PERCHARGE PRESSURE
RN DRAIN SYSTEM

VALVE AND PISTON SYMBOLS

VIN POWER OFF VALVE
V3B CONTROL TRANSFER VALVE
vaN POWER OFF CONTROL VALVE

:g” Eéi‘gﬁ’iﬁ’{“ﬂﬁ ﬁgg \ SN AN SYSTEM HIGH PRESSURE i
SHAIN SYSTEM RETURN =
V6A DIRECTIONAL VALVE NEUTRAL RETURN [ [\ exeansion i il -

V6B CONSTANT HORSEPOWER CUT-IN VALVE
VOGN RELIEF VALVE

V10N RELIEF VALVE

V1IN PILOT VALVE

V12N CUT-OUT VALVE

V13N CHECK VALVE

V14N NEUTRAL RETURN VALVE

y22 SERVO SUPPLY CUT-QUT VALVE \‘f@‘

V23 SERYO CONTROL VALVE A

v27 SHUTTLE VALVE \ | -
OV CHECK VALVE
GY  GATE VALVE . :
TALY TRANSFER ACCELERATION LIMITING YALVE
PD  DRAIN PORTS

P2  SERVD PISTON

P65  PRESSURE MEASURING PISTON

P18 CLUTCH OPERATING PISTON

F FILTERS

ELECTRICAL SYMBOL
S7  SERVO NEUTRAL INTERLOCK SWITCH

MECHANICAL SYMBOLS

G2  CONSTANT HF CAM
€3  NEUTRAL INTERLOCK SWITCH CAM

ELEVATION
INDICATOR

CONTROL BOX

SECTOR ..
GEAR
C2 ¥ I:,_.%
Lbs
TO PORT 50 SELECTOR VALVE 23 Nda B
TO PORT 63 RECEIVER-REGULATOR - | mete gf X S,
- Py ! T DIFFERENTIAL )

10 PORT 20 RECEIVER REGULATOR m8 12 ¢ LIMIT STOP r |
TO PORT 21 RECEIVER-REGULATOR 1% Seesmmesomemmes . .. | 3 _ | +
TO PORT 50 SELECTOR VALVE Swmses - E. ESE= . . 5

oy
-“r

= =g
TO PORT 10 SELECTOR VALVE von vz7 B vion

''''''''
¥ =

AUXILIARY
RELIEF

ELEVATION RESPONSE
¥ TO RECEIVER-REGULATOR

REEH?-{} FISTON HOUSING

SUPERCHARGE PUMP
SERVO PUMP’

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

VIN POWER OFF VALVE

V38 CONTROL TRANSFER VALVE
VAN POWER OFF CONTROL VALVE
v5N REPLENISHING VALVE

Vé CONSTANT HP VALVE

vEA DIRECTIONAL VALVE

V6B CONSTANT HORSEPOWER CUT-IN VALVE
vaN RELIEF VALVE

VION RELIEF VALVE

VIiIN PILOT VALVE

VIZN CUT-OUT VALVE

V13N CHECK VALVE

V14N NEUTRAL RETURN VALVE

V22 SERVD SUPPLY CUT-CUT VALVE
V23 SERVO CONTROL VALVE

VT THROTTLE VALVE

V27 SHUTTLE VALVE

Cv CHECK VALVE

GY GATE VALVE

TALV TRANSFER ACCELERATION LIMITING VALVE
PO DRAIMN PORTS

FZ2 SERVYO PISTON

25 PRESSURE MEASURING PISTON
P18 CLUTCH OPERATING PISTON

F FILTERS

ELECTRICAL SYMBOL
57 SERVD NEUTRAL INTERLOCK SWITCH

MECHANICAL SYMBOLS
CZ CONSTANT HP CAM
C3 NEUTRAL INTERLOCK SWITCH CAM

TO PORT 60 SELECTOR VALVE
TO PORT 63 RECEIVER-REGULATOR
T0 PORT 20 RECEIVER-REGULATOR BRI
TO PORT 21 RECEIVER-REGULATOR -
10 PORT 50 SELECTOR VALVE &EmE
TO PORT 10 SELECTOR VALVE ==

F—
F

MOTOR

T —

SUPERCHARGE PUMP'

s SERVO PRESSURE

W CIRCULATING PRESSURE
R SUPERCHARGE PRESSURE
EER DRAIN SYSTEM

B MAIN SYSTEM HIGH PRESSURE
B MAIN SYSTEM RETURN

:; :;'%.E _.-'
\ NEUTRAL RETURN

DEVICE

EXPANSION
TANK

\
\.

ELEVATING
SCREW

B-END RESPONSE
""I.' =

CONTROL BOX
c3

SECTOR
EAR

.1

—TRUNNION
DIFFERENTIAL

5 LIMIT STOP
iy o FRICTION

HANDWHEELS

AUXILIARY : :' 35 "
RELIEF i =
VALVES

[l
e
. g P
- —.-.-—.I_-_ ....-. ——.—-...-. . ”

ELEVATION RESPONSE
TC RECEIVER-REGULATOR -

SERVO PISTON HOUSING

SERVO PUMP

Figure 5-28, Elevating Gear Transmission Control Diagram,
Gun Depressing, Constant Horsepower Control
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VALVE AND PISTON SYMBOLS / S SERVO PRESSURE . )
VIN POWER OFF VALVE % / G CIRCULATING PRESSU P
V3B CONTROL TRANSFER VALVE { WM SUPERCHARGE PRESSURE =

vdN POWER OFF CONTROL VALVE e e

VSN REFLENISHING VALVE s MAIN SYSTEM HIGH PRESSURE

V6  CONSTANT HP VALVE EXPANSION = MAIN SYSTEM RETURN

V6A DIRECTIONAL VALVE PN

V6B CONSTANT HORSEPOWER CUT-IN VALVE
VGN RELIEF VALVE

V1ON RELIEF VALVE

V1IN PILOT VALVE

V12N CUT-OUT VALVE

V13N CHECK VALVE

V14N NEUTRAL RETURN VALVE
V22 SERVO SUPPLY CUT-OUT VALVE W

V23 SERVO CONTROL VALVE

VT  THROTTLE VALVE
V27 SHUTTLE VALVE N
€V CHECK VALVE \_~

GV  GATE VALVE .
TALV TRANSFER ACCELERATION LIMITING VALVE
PO DRAIN PORTS

P2 SERVO PISTON

PE  PRESSURE MEASURING PISTON

P18 CLUTCH OPERATING PISTON

F FILTERS

ELECTRICAL SYMBOL
57  SERVO NEUTRAL INTERLOCK SWITCH

MECHANICAL SYMBOLS

CZ CONSTANT HP CAM
C3 NEUTRAL INTERLOCK SWITCH CAM

NEUTRAL RETURN /
DEVICE

' S ELEVATING
B-END RESPONSE , SCREW

i e

5
—re—

E— -
.1' ) )L _{BEN

VaN

V1N V&N
D PD

ELEVATION

[HTHCIL BOX INDICATOR

SECTOR
GEAR c3

V3B c2

TRUNNION

7O PORT 60 SELECTOR VALY E |1 o

70 PORT 63 RECEIVER-REGULATOR ‘ i o !
TO PORT 20 RECEIVER-REGULATOR m8 4 "V6A L___LIMIT STOP |
70 PORT 21 RECEIVER-REGULATOR ™= Bl " Feane,
70 PORT 50 SELECTOR VALVE e 99 | i CLUTCH
10 PORFI SELECIORNNLNE NESSE F i o TR von v27f  viON [ - =3 5
vidn POl

o
o
L
e
B
I

[ V13Npe | | i
Wi V1IN ﬁ
!

F/ AUXILIARY A-END e
REUEE l h : ¥ 5 B

HANDWHEELS

e

VALYES %

g V12N I

/ ﬂ .il : =5
MOTOR | pp B

e R R R N E momoEomoEEE =B

ELEVATION RESPONSE
I TO RECEIVER-REGULATOR

SERVO PISTON HOUSING

|

SUPERCHARGE PUMP
SERVO PUMP

Figure 5-29. Elevating Gear Transmission Control Diagram.
" Gun Depressing, Limit Stop Control
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VALVE AND PISTON SYMBOLS

BTARILITING VALYE Y2l SERNYO CONTROL VALYE

POWER OFF VALVE WT  THROTTLE WALVE

AUTOMATIC STROCING WALVE POVE STROKING PIRTON CONTROL VALVE
FINE SvMOHEG VALVE PCY2 STROKING PISTON CONTROL WALVE
BYNUHAONIZING YALVE PCN STROKING PP T0N CONTROL NEETILE
GONTRDL TRANSFER VALVE VALVES

CONTROL SELECTOR VALVE PES  STHOHING PISTOM CONTROL VALYE

FOWER OFF CONTROL YALVE VET
REFLENIRHING VALYE Wil
COMNETANT P WALYE Wil
BIRECTICNAL WALYVE i wid

COPNATANT HORSEPOWES CUT IN VALVE Wi

RELIFF VALVE (i
RLLIEF ALY av
SYNCHRD FAILURE YALVE ALY
PILDT VALY

LOmDaNG FLOT YALVE pr)
CLTOUT WALYE 7l
LIADING TRAMSFER WALVE oy
fHECK WALVE P
LEOARIENG POSITION YALVE ~h
HEUTHAL RETURN YALYE Pl
SYRCHRONIZING PILDT YALVE Adg
PRESELIRE ACGULATOR WALYE F

EERYD SUPILY CLT-OLUT MalvE

SHUTTLE walLvE

LIMIT ET0P VALVE

LOAING YALVE

LOADH MG INTERLOCK VALVE

CYMOHED FAILURE LATCHING WAL VE

UHECK WALVE

GATE WALVE

TRANSFER ACTTLERATHIN
LINITING YALWE

DRAIN PORTS

STAHILGNG PR TOMN

SERVD PISTOM

AMPLIFIER FISTON

PEESSURE MEASURING FISTO

CLUTCH CPERATIG PISTUN

EELECTCR INTEHLOCDK PISTON

FILTERS

ELECIRICAL SyMBdLs

JAPEED SYNCHRD 54
IGSMEED SYNCHAD th
TEET EYMCHHO 56
LOAD SO ENGID &1

AUTE SOLENOID
EYRCHED FAILURE S00ENOID

MERCLRY SwWiTE

SUMP PUMP FLOAT 3WFTCH

GUMN CAPTRING READY SWITCH

HERWT MNELITRAL INTERLOCK
SWeiTCH

MECHANICAL SYMHIOLS

SONSTANT HP CAM 8
MELITRAL INTFRLOGH SRITCH L2
CAM L:‘.
L

AMPLIFHR LINEAGE
STABLIZING LiINKAGE
LOAENG COMNTHIL LINEAGE
SYRCHROKITING LINEAGE

RECEWER-REGULATON

J-'|1'I
5"'HI.‘.'"IR':I

I‘"_

|
LIMIT STOR
ADUSTMENT

| SVNCHED
,_..I}'HP!HTH-FH- | COPARTRENT

COARSE :
ShermD A

ﬂllill‘l"“ Cam

DRAECTIGN HFUT

EEEER CERVD PRESSUSAE

= HEGULATOR COWTROL PRESSURAE
N CIRCULATING PRESSURE

N G UPERCHARGE PRESSURE

S ORAlN EYSTOM

STRGRE RESPONSE

AN SYSTEM HAGH PRESSURL
BT AN SYSTEM RETURM
NOTE CONTROLS M ALTD, SYSTEM SYNCHRCMIZED 0OM

STATHONARY SiiAl ARROWS INDICATE DIRECTRN
FOR INCREASING ELEVATION iW AUTO CONTROL,

‘Dmaﬂ-i il rmy  ELEVATING
B-END _RESPONGE P

THPANSION
TANR — mfl)

SUMP PUMP=""
SUMP PUMP MOTOR #

TROHING PISTOM
1IHI'I. 'ﬂ%‘l‘f BLOCH

..m =TI —-:::-_—_@-Trr:jﬂ :

LoS)

(SUMP PUMP FAILURLY

ELEVATIOMN
IHDICATOR

CONTROL 800

IL]
m

! rrynmion

..-'r BIFFERENTEIAL
LIMIT STOP
FRECTION
CLUTCH

HANTWHEELS

TS

SUPTECHARGL PUNP

8 1

7
EERWD FISTON HOUSING

SERYD PUMEF

Flgure 5-30. 16-inch Elevaiing Oear Hydraulle System,
Schematic Diagram
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ELEVATING GEAR

2. Acted upon by servo pressure and L4, V3A
moves to eut off servo pressure to the fine synchro
valve V3, At the same time, V3A ports servo pres-
sure to the amplifier piston P3 through the loading
tranafer valve V13,

3. Acted upon by servo pressure for the full
length of its travel, P3 operates the automatic strok-
ing valve V2 through the stabllizing linkage L2, Ser-
vo pressure s ported by V2 to the servo piston to

force the A-end tilting box to it maximum displace-
ment,

4, The gun is driven at full speed toward syn-

chronization. B-end response turns the stator of
synchro D,

9, As soon as the gun position i3 within four
degrees of gun elevation order, V15 and V3A move
to restore control to the fine synchro E,

Limit stop operation, The limit stop device has
gun position and gun speed as the two elements of
data in its input. The gun position is obtained from
the elevation response input, but gun position alone
iz not enough for smooth, even stopping from all
gpeeds at a definite position of rest, The speed of
the gun is obtained from the stroke response input,

which is used as the speed input to the limit stop
device,

The stroke response is added to the elevation re-
sponse through a differential gear in the receiver-

regulator case, The output of the differential turns
the limit stop adjusting cam., A cam foflower and

linkage positions the limit stop valve V34 at the prop-
er alavation angle to cut off servo pressure to V2

and the servo piston, Because of the differential in-
put, the limit stop begins to function farther from the

stop position when the gun i8 moving fast than when

it is moving slowly, This results in nearly uniform
deceleration and a definite position of stop, regard-

less of the speed al which the gun approaches the stop
position,

gu_a_.gmmatic Ioading operation, When in AUTO, the
gun can be brought to its loading position automati-
cally either by turning the gun captain’s ready switch
to SAFE or by shifting the selector lever to LOAD,
The positions of the loading position valve V14 and
the loading interlock valve Vd4 in AUTO are shown
in figure 5-30.

When the gun captain's ready switch ia turned to
SAFE, the load solencid 81 iz energized to pull the
loading position valve V14 to the left {fig. 5-30),
This ports servo pressure to the right end of the
lcading transfer valve V13 and eonnects the left end
of V13 to drain.

Alternately, when the selector lever is moved to
LOAD, the loading interlock valve V44 is mechani-
cally moved to the right (fig. 5-30), This alsa ports
servo pressure to the right end of V13 and connects
the left end of V13 to draln,

In either method, servo pressure forces V13 to
the left to block the ports from the fine synchro
valve V3 to the amplifier piston P3 and to open the
ports from the loading pilot valve V12 to P3,

The position of the loading pilot valve V12 is con-
trolled by the loading cam through & cam follower
and crank arrangement., The loading control linkage
1.3 is connected to the amplifier piston P3 in the same
way as the amplifier linkage L1, Therefore, when
the loading transfer valve V13 moves to the left, P3
follows the loading crank in the same manner that it
follows the svnchro crank when V13 s to the right,
The loading cam is geared directly to the elevation
responge; consequently, the automatie loading posi-
tion remainsg the same regardless of the mechanical
correction input,

The shape of the loading cam is such that the gun
will decelerate smoothly and come to rest when the
cam follower reaches the bottom of the loading cam
dotent,

dynchronizing aceeleration control. Acceleration
of the power drive is limited by the synchronizing
aceeleration control device (fig. 5-13) when the gun
is either going to its loading position or 1s matching
with the gun order signal in coarse synchro control.
The device prevents operation of the constant horse -
power device,

The amplifier piston P83 moves to its extreme

gtroke in load or coarse synchro control, Tts motion
is used to operate the limit stop valve V34 to restrict

the porting of servo pressure to the servo piston P2,

The limit stop valve has a gpring arrangement so
that the limit stop may function whenever necessary,
regardless of the position of P3. Adjusting screws
C and D are set so that V34 is not moved by the ordi-
nary movement of P3 in following a signal. One of
these screws, located in an extension of P3, contacts
the striking arm E when P3 moves rapidly to either
extreme position, The striking arm is geared to
gear sector F {fig. 5-12), which moves V34 through
a linkage (fiz. 5-30).

Transfer accaleration Ii_miliug ::m:trnl:r When
the control selector is shifted from AUTO to HAND

with the gun position not in correspondence with the
handwheel position:

1. Servo control valve V23 ports servo pressure
either through Vo and V3B to the outside of the servo
piston P2 {gun depressing) or through V6, TALV, and
V3B to the inside of P2 (gun elevating),

2, Bervo pressure is removed from the top of
TALV, Acted on by ite spring, TALV tends to shift
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 VIB-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 AUTO, the control selector unit transfers itself
to HAND control without movement of the control
zselector lever, When synchro power is restored,
control remalins in HAND until the selector lever is
moved to HAND and then back to AUTO. This pre-
vents the gun from moving without warning when
svnchro power iz restored,

If synchro power fails:

1. Selencid 53 iz de-energized.

2, Synchro failure valve V11 is moved to the
right by its spring. This cuts off servo pressure
te ¥4 and to the space behind V45,

d. With no servo pressure from V4 to the hand-
wheel cluteh to the control transfer valve VB, and
to TALY, the system automatically shifts to HAND
contral,

4, Synchro fallure latching valve V45 15 moved
to the left by its spring, This aligns the ports of
V45 with the lands of V4 so that servo pressure is
ilocked at V4 when synchro power is restored, leav-
ing the gun in HAND control.

After synchro power is restored, movement of
the selector lever to HAND forces V45 to the right
to port serve pressure behind V45 to hold it in that
position, Shifting the lever to AUTO then ports ser-
vo pressure through V4 to V3B, TALV, and the hand-

wheel clutch to restore the system in automatic oper-
atiomn.

Gun captain's ready circuit failure. If the gun
captain's ready cireuit 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 ready
awitch at SAFE (gun at loading position, selector
lever at AUTO), the selector lever is locked at AUTO
by the selector interlock piaton P46,

The selector lever is unlocked by depressing the
emergency button on the selector valve unit. This
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shifte the valve operating arm to the AUTO position
and releases the selector lever by venting the pres-
sure hehind P46 to drain, Control of LOAD and
AUTO then rests with the gun layer through opera-
tion of the selector lever, Coniral is restored to the
gun captain's safety switch by depressing the emer-
gency bulton release on the selector valve unit.

INSTRUCTIONS

General instructions

The gun elevating power drive assemblies are to
b operated and maintained, including periodic exer-
cise, 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 little
trouble, if properly maintained. Periodic inspec-
tion of the equipment will help prolong its life and
effectiveness. In many instances, a visuoal inspec-
tion will suffice, It is not recommended that any
part of the equipment be disassembled for inspection
anly. The visual inspection should cover the follow-
ing itemaea:

1. Alignment of shafting

2, Eleptric and hydraulic connactions
3. Fluld-level gages

4, Lubrication

The equipment should be exercised daily in all
types of control to assure good performance. Errat-
ic operation should be investigated to make sure it
is not the beginning of serious troubie,

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 iz at HAND, the
pun pits are clear, and operating personnel are in
safe positions.

2. Before shifting to AUTO control, make sure
that the synchro receivers are energized and that gun
pogition iz in approximate agreement with gun order,

3. The gun layer must remain at his station
whenever the equipment is in operation. Ie must
be prepared to stop the equipment immediately if
ANy eEmergency arises,
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4, Shift the control selector lever to HAND be-
for shutting off the power drive electric motor,

5. Before operating the equipment, check the
fluid level at the expansion tanks to make sure that
there is sufficient hydraulic fluid in the system, As

g further precaution, check the fluid level immediate-

ly after the electric motor has been started and at
intervals thereafter., If there is an appreciable drop
of fluld level between checks, the supply must be re-
plenished,

6. Make sure that the equipment i2 functioning

preperly when shifting from one type of control to
another,

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

1. Helease and completely withdraw the slide
securing pin {chapter 4).

2. Perform the "Before cperating” lubrication.

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

4, Verify that the filters are clear.

9. Make sure that the tilting box is at neutral.

6. Positlon the control selector lever at HAND,

The electric motor may now be started, by pres-
ging the 3ITART-EMERG button,

Before operating under load:

1. Run the motor until the hydraulic fluid ia at
normal operating temperature,

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

3. Slowly turn the gun layer's handwheels.

4, See that the elevating screw lubricating sya-
tem is pumping oil,

5, Operate to both limits of gun movement; see

that the limit stop control and all buffers function
correctly,

Shifting to automatic control, To place a gun in
automatic control:

1. Start the electric motor {observing all nor-
mal precautions) with the control selector lever at
HAND. i

2. Verify that the receiver-regulator 1s receiv-
ing a signal. This will be indicated by the synchro

power indicating light in the control selector valve
block,

3. Put the gun captain'as awitch at READY,

4, Match pointers

5. Move the control selector lever to AUTO,

General servicing instructions

Buffer fluld, The fluid to be used in the elevation
and depression stop buffers is that designated as
51F23 (Ord). The buffers should be checked for re-

plenishment once & month, at which time they should
be inzpected a= Iollows:

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

2. Chacl the condition of the plunger packings.

3, Verify the tightness of the buffer housing
securing bolts,

4, Verify the alignment of the plungers and
gtope.

Hydraulic oil. The power transmission [lnid to
be used in the hydraulic system is that designated
as H1F21 (Ord}). When the hydraulic system is ini-
tially filled, and when replenishing, the fluid should
be poured through a fine mesh wire strainer of at
least 200 wires to the inch. Cheesecloth or rags
must not be used as a strainer, MNew hydraulic assem-
blies should be drained after 1% hours {or less) of ap-
eration, The hydraulic system should then be thor-

oughly flushed with new 51F21 (Ord) and refilled with
fresh fluid. A test inspection and analysis of an

ail sample from each system should be performed
moanthly, If there s any evidence ol sludge, water,

or acidity, the syatem must be drained, flushed with
new 51F21 (Ord), and refilled with fresh fluid,

Filling the hydraulic system, To fill the hydrau-

e

lic system:

1. Disconnect the coupling between the speed re-
ducer and the A-end shaft, so that the gpeed reducer
and supercharge pump may be run without operating
the &-end,

2. Cloge the control box drain valve.

3, Fill the A-end and B-end housings. First,
remove the filler cap of the expansion fank and
continue pouring fluid into the tank until the level
remaing constant at the high-lavel trycoclk,
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Loosen the 1/4-inch pipe plugs in the sides of the
B-end valve plate, Btart the electric motor and allow
it to run for a few seconds, atop the motor, and re-
peat the atarting procedure several times. Check
the fluid level continuously at the low-level trycock

of the expansion tank, Add fluid to the tank as need-
ed to maintain the fluid level, while the fluld is bheing

pumpead into the main hpdraulie lines by the super-
charge pump, Continue the filling and the start-stop
procedure until the fluid (free of alr) flows out of the
1/4-inch pipe plugs.

4. Connect the eoupling between the speed reduc-
er and the A-end; the unit is ready to operate,

5. After the limit stops have been adjusted, open
the control box drain valve, When the valve is

cpened, 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-
coclk,

Maintenance care. When pipe fittings, flanges,
or other units of the h!.rdmulm system are disconnect-
ed and open, keep the openings covered to prevent
the entrance of forelgn matter. Do not remove such
protection until immediately prior to reassembly,
For complete instructiona for care and maintenance
of the hydraulic system, =zee chapter 17,

Transmission tests and inspections, The hydrau-

lic system is to be serviced after initial installation
as follows:

1. After the first week of operation, tighten all
pipe and shaft connections and bolts.

2, After the firat month of gervice, or 15 hours
of operation, drain the system, flush with new fluid,
and refill. This operation is essential to remove
any foreiga matter resulting from initial run-in of
the new or overhauled equipment,

3. Check and clean the oil filters,

4., Drain and replace the oil in the reduction
gear, gear boxes, and lubricating oil reservolrs,

Refer to chapter 17 for detailed instructions,

Lubrication, All valve gear and the rotating

groups of the A-end and B-end are lubricated by hy-
draulic fluid, This fluld Includes a rust inhibitor to

preserve the enclosed parts from corrosion, Tt is
therefore important that the fluid be checked freqguent-
Iy to make certain that it is elean and free of water,
Other parts of the elevating gear require application
of lubricants at the locations and at the periods speci-
fied by the lubrication charts. The elevating screw
lubricant should 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 = fine
mesh wire strainer. Cheek the lubricating oil level
before operating the elevating gear., Verify the lubri-
cating oil flow, at the screened filling plug in the os-
cillating hearing oil ghield, immediately after start-
ing the motor, This precaution is important because
pump airlock or line stoppage (or beth) can Interrupt
proper circulation,

Berve and supercharge pressures. The servo
pressure should be between 300 and 400 pounds per
sqguare inch, and the supercharge pressure between
80 and 70 pounds per square inch, If the prassures
are not within the desired ranges, make adjustments
at the servo and supercharge rellef valves, The ser-
¥0 pressure is adjusted at the relief valve [arthest
[rom the mounting plate. Remove the valve cap,
loosen the locknut, and screw in the adjusting screw
to increase the pressure or screw oul to decrease
the pressure.

The supercharge pressure is adjusted in a similar
manner on the relief valve nearest the mounting plate,
To check the supercharge pressure or the pressure
in elther of the main tranamission pipes, connect
gages Lo the 1/4-inch pipe plugs in the sides of the

B-end valve plate, The servo pressure should be
checked in the line between the filter and the servo

flange connection on the A-end control box,

Operating trgumh}_e_g i a.g‘nﬂﬂ-iﬁ

Locating and correcting elevalion gear trouble
requires a thorough understanding of the equipment
desecribed in this chapter, There should be no excep-
tion to the rele that;

CASUALTY CORRECTION 18 NEVER TO BE
ATTEMPTED BY ANYOKRE NOT COMPLETE-
LY FAMILIAR WITH THE. EQUIPMENT

The causes of various troubles which may oceur in
the elevating gear are given in the paragraphs below.
The trouble analyeis is in a sequence that avolds ex-
tensive disassembly until the more common causes
have been eliminated as the source of trouble.

Motor does not start., If the electric motor fails
to atart when the START-EMERG button is pressed,
checlt the following possibilities:

1. Check position of tilting box., I the A end
tilting box is in stroke position, the neutral interlock

switch will be in an open position. The starting cir-
cuit cannot be closed until the tilting hox 15 on neu -
tral. The neutral return lever Is manually operated
Lo return the tilting box to neutral.
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&, Check the controller, circuit breaker, and
fuses. If the cireuit breaker is tripped, remember
that the circuit breaker is provided a= a protection
for the equipment. Investigate all possibilities of
short circuit or overload. The 10-ampere fuse in
the starting line may be burned out.

Elcvation slow, excessive oscillation and neise,
If the elevating pear operates sluggishly, or if there
ig excessive oscillation and noise, check the following
possibilities:

1. Vibration and shock of gun fire may have
caunsed the replenishing vaives 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 gprings should be inspected
for dead coils, and the valve seats should be checked
for scores at regular periods,

Hrive inoperaiive, control pressure fatlure. I
the power drive is inoperative, check the servo pres-
gure in the oil line between the filter and the flanpe
connection on the A-end contrel 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 cauded
by the servo relief valve being stuck open. Disassem-
ble the valve and inspeet.

3. A failure of servo pressure may be cacsed by
a damaged servo pump, a sheared auxiliary shaft, or
a broken or leaking pipe line. Loosen the flange fif-
ting on the discharge line and gperate the motor for
just a couple of seconds, If the pump and shaft are
undamaged, there should De fluid discharge, Check
the pipe lines and connections for indications of leak-
age,

Drive inoperative, main system pressure failure,
The starting point for trouble diagnosis of the main
fystem 1a to verly the supercharge pressure,

I, 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
iz below normal, Check the plpe 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-
tor for just a couple of seconds, Proper function of
the pump and drive shaft will produce fluid discharge,

3. Check the mair relief valves for sticking.
Foreign matter or scoring may have jammed the
valves., The valves should be inspected for dirt and
seoring at regular periods. I the trouble iz 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 hetween
the unita 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
Inspact the pump or motor that is found to be the
source of trouble.

8. If the malfunction is such that the A-end has
a helow-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 cavsed by lifting of a relief valve,
by a scored valve plate, or by the eylinder barrel of

either the A-end or B-end lifting off the valve plate.
The valves should be inapected for dirt and scoring

at regular periods, Disassemble and ingpect 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, di=sconnect the interexpansion line
between the unite, The source of trouble may be
determined by watching the fluid flow from the units,

A peored valve plate In either unit will be indicated
by an excessive amount of flow, Excessive flow

will sometimes be caused by a scorad piston. If the
eylinder barrel in either unit is lifting off, a sudden
gurge of fluid will appear in the line from the faulty
unit. Should these conditions exist, dissemble and
inapect 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 [ollow-
ing poasible sources of troubles:

1, Check the response shafting from the B-end.
Verify that the shafting = connected properly and
there iz a minimum of backlash in the gears and
shafts, Any lost motion or backlash in the gearing
or shafting will seriously affect operation, Slugglah-
ness in response to the handwheels and failure of the
BE-end to stand atill are aymtoms of lost motion. Check
the handwheels and shafting connections to the A-end
input ghaft for lost motion, Care should be taken not
to fit the parts too tightly when removing lost motion,
Too tight a fit could cause & binding action that I= a=
detrimental to proper function as lost motion,

2, Chack the expansicn line connection {rom
the A-end control box to the expansion tank, and
eheck the control box plping, gears, and linkages.
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Remove the control box cover (the A-end may be
run with the control hox cover removed) and exam -
ine the piping for oil leaks, Inspect all linkages and
gears for lost motion. Make repaivs wherever an
oil leak is discovered. When correcting lost motion

in the linkages and gears, take care that the parts
are not fitted too tightly, This will cause a binding
action that is as detrimental to proper functlon as
lo=t motion,

4. Check the differential serew for lost motion,
If the differential screw has any lost motion, it may

be talkten up by loosening the second locknut on the

adjusting nut until all of the lost motion in the eon-
trol screw has disappeared, Take ecare not to fit the

parts too tightly. This will cause a binding action

that is as detrimental to proper function as lost
motion,

4, Check for air in the stroking piston or main
lines, Loosen the loweat vent plug in the system nnd
allow the air to escape, When [luid appears at the
vent, tighten the plug., Repeat the process for suc-
cessively higher vent plugs. Verify the level in the
expansion tank,

3. Check for lost motion in the receiver-regula-
tor gearing, linkage, and conneecting wire couplings,
Take care not to fit the partg too tightly, Smooth
operdtion without either binding or lost motion I3 re-
guired,

B, Check the fine synchro valve V3 for sticky or
rough operation,

7. Check the servo and supercharge filters. The

filters should be cleaned and inspected at regular
periods,

8. Check the servo pressure at the automatic
atroking valve V2,

89, Check the hydraulle vibrator for correct
crankshaft rotation speed, which should be about

3600 revolutions per minute,

Rough operation. If the operation of the gun is

rough in automatic control, check the following
poasible source of trouble:

1. Check the hydraulic vibrator, The hydraulic
vibrator i used to vibrate the amplifier piston P3

through a very small amplitude to eliminate atatic
friction in the control linkages 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 adjustment is correct, the vibrator crankahaft
will rotate at about 3600 revolutions per minute,

The vibrator should be adjusted to rotate fast enough
=0 that rough operation is eliminated or reduced to a
minimum. The amplitude {or displacement) of the

n-33

vibrator is adjusted by varying the length of the
crank arm (fig. 5-14), A amall cil-deflecting cover
must be removed {rom 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 before atlempting to
run the equipment, The cover screws act as plugs
for oil passages in the block, Before adjusting the
crank arm, measure the total travel of the pistons
with a steel scale, The measurement is best made

with the power off and by rotating the erank by hand;
it furnishes a base dimension from which the adjust-
ment iz made,

‘To adjust, locsen the crank adjustment clamp
serews and tighten them just enough to permit a light
tap to move the crank along its slot, Measure the
distance and adjust as desired, Beveral trials may
be necessary before the proper combination of fre-
quency and amplitude is obtained.

Refer to page §5-31 "Oscillation about a station-
ary signal, ' for additional possibilities for rough
aoperation of the gun,

Excessive "matching" errvor in automatic, There
should be no appreciable "matching” error when the
signal iz stationary and the recelver-regulator is
properly lined up.

If a receiver-regulator 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 sefting, To do this would change both the load
and limit-stop settings, and repeated corrections
would result in trouble, Investigate to find the real
ecause for the error,

If the "matching' error in following a signal is
high, it is usually caused by:

1. Low servo pressure at the automatic strok-
ing valve V2, Check and clean the {ilter when servo
preasure is found to be legs than normal,

2. High speed of the hydraulic vibrator erank-
ghaft, Correct erankshaft speed is 3800 revolutions
per minute, Check the hydraulic vibrater in accord-
ance with the routine outlined under "Rough opera-
tion, ™

If the "matching” error In following a signal is
ciaused by slip, some possible causes are:

1. A loose clamping screw in the response shaft
coupling, A loose clamp at the adjustable shaft cou-

pling would prevent elevation response from posi-
tioning the svynchro statora,
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2. A valve connecting wire that slides in its link-
age clamp, Inspect all valves in the recelver-regu-
lator valve compariment that are connected 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 1s subjected to the
most severe 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 confrel 1s shiffed to AUTO, check the following
posaible sources of trouble:

1. Check the synchros for torque, The synchro
torgue will be very low if there is an open stator lead,
When checked b I:;‘znm the synchro crank will seem
"soft" instead u%' rigid in tryving to maintain corre-
spondence, Check all connections, if a synehro is
not as strong as it should be, If all connections are
tight and the indications astill show synchro 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 sticky valves.
Gun runs away when shifted from AUTO to HAND,

If thie gun runs away when shilted [rom AUTO to
HARD, check the followlng possible sources of trouble;

1, Cheek the friction elutch throwout piston; it
may be stuck, This condition ia indicated by proper
functlioning of the trangfor acceleration limiting valve
TALV with failure of the gun layer's handwheels to
engage and move freely. The source of trouble is
removed by disassembling and cleaning the clutch
piston.

2, Check the handwheels for jamming, This is
indlcated by proper functioning of the transfer accel-
eration limiting valye TALV coupled with inability to
turn the gun layer's handwheela in either direction.
To correct this trouble, disassemble and inspect the
handwheel and control screw mechanism,

3. Check the clutch and the elutch throwout
gpring for improper functioning or damage, This
condition is indicated when the transfer acceleration
limiting valve TALV {5 functioning properly but the
handwheel ciuich does not engage, It ls more apt to
oceur when the transfer to HAND control is made
while the gun ia moving at high speed. To correct
this trouble, disassemble and inspect the clutch and
spring. HReplace damaged parts.

4, Check the adjustment of the transfer accelera-
tion limiting valve TALVY, Indications are that the
valve is out of adjustiment when the handwheels en -
gage, but have little or no effect on the control of the
gun., To adjust the valve, remove the oil retainer at
the bottom of the valve (fig. 5-18). The adjusting
gcerew and locking mut are now accessible, Loosen
the locking nut to turn the adjusting screw. The po-
sition of the adjusting screw determines the amount
of pregsure restriction in line 30 when the pun is in
AUTO. As the screw is turned out of the block, the
restriction increases and acceleration is lowered.
The adjusting screw must not be turned out further
than is abhsolutely necessary. It 12 poasible to adjust
the valve so that line 30 iz completely closed., This
condition must bhe prevented hecause neither the hand-
wheels nor the hand stops would function,

Erratic operation. If the gun elevation movement

1= erratlc, check The following posaible sources of
trouble,

1. Check the flat spring in the flexible drive of
the aynchro crank assembly,

2, Check the synchros for an open stator or ro-
tor lead. Hepair or replace the synchro.

4. Verify that the hydraulic vibrator is operating,
If the hydraulic vibrator is inoperative, it should be
replaced as a whole unit.

L1 linkage vibration. If the amplifier linkage Ll
has a tendency to vibrate at high frequency, particu-
Iarly when the oil is cold, add a small weight at the
top of the linkage, The amount of welght added must
be kept to a2 minimum,

Control selector troubles.

Repgulator does not respond to gun captaln's
swifch. I the Tecelver-regulator does not respond

fo the gun captaln's switch, check the following possi-
ble scurces of troubla:

1. Pressg the emergency button release. If there
1= still no response to the gun captain®s switch, trans-
fer to HAND control,

2, Check the control selector solenoids. To
check the solenoids, the control selector cover muat
be removed. If the solencids do not operate, short-
circuit the switch in the selector valve, Next, check
icr loose connections or broken wires, Connect a
lamp or voltmeter across each solenoid, If this
e heck shows that there is voltage across a solenoid
and it does not operate, replace the solanold.

d. If the solenoids oparate properly, remove the
cover from the valve compartment of the receiver=-
regulator and loosen the tube fittings at the right and
left ends of the loading transfer valve V13, If oil
appears at the right fitting when the gun captain's
sawitch is moved to BAFE but does not appear at the
left fitting when the switch is moved to READY, the
logding position valve V14 should be set farther into
the selector valve block, If the oll flow conditions
are reversed, adjust the loading position valve V1d
farther out of the selector valve block, When the ad-
justment is correct, oil flow at the right fitting (when
the gun captain's switch is on SAFE) should be about
equal to oil flow at the left fitting (when the gun cap-
tain's switch is on READY).

Return of synchro power puts gun in AUTO. Ifa

return of s*_'mc;hrh power (after failure} auiumaticnll}f
puts the gun in AUTO, check the following posaible
gource of trouble:

The latching valve V45 falls to move all the way
to the left when synchro power is lost. The most prob-
able rl?aﬁnnfiur ’Echht: i= di_;t. The dir;cf may be ciiagr{!d
awa rnin synchro power off and repeate
mnvﬁianFthe cnn%-rul Ee!{gctﬂr ]E!‘I.fer hetween H&D :mg
AUTO, If this operation falls, check the adjustment
of the selector valve V4. If the trouble persists after
the selector valve V4 is properly adjusted, it will be

necesgary to disassemble the valve block to correct
the trouble,

Gun does not respond to selector LOAD position,

If tlie 7in does nol respond to the control selector,
L:}ADE osition, check %he following possible source
of trouble:

5-33



OoP Tg5

16 INCH THREE GUN TURRETS

If the loading transier valve V13 does not move
to the right, the loa valve V43 is not correctly
adfusted, If the tranafer 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 gelector is moved to
E.!':.H—ED or AUTO. If 'um!Eu'E‘n“sta s in LOAD when the
selector lever i8 moved fo D or AUTO, the
spring may not be moving the loading interlock valve
Vdd to the left, This binding may be due to dirt, or
it may be due to mechanical interferonce or mizalign-
ment,

L L

The equipment Is adjusted and checked for satis-
factory operalion at the time of installation, Adjust-
ments thereafter should be in accordance with the
following instructions:

Adjuatment of elevating screw. Lost motion at
the Juncture of the elevaling screw and slide is not
removable by adjustment, The elevating screw pivet
pin and the pin bearing are not adjustable,

Adjustment of elevating unit., Lost motion hetwean
the elevaling nut and (he r-.-%evaﬂng screw threads may
be removed by adjustment,

To adfust the elevating nut:

1. Disconneect the lubricating oil line from the
oil ahield.

Z. Remove the ten securing bolts of the oil
shield. Hemove the oil shield.

3._ ‘Turn the upper adjusting nut in the necessary
direction using spanner wrench number B-Z-856-8.

The lower adjusting mut of the oscillating bearing
asgsembly 15 adjusted in a similar manner,

Adjustment of limit stopa, The limit stops must
be adjusied to control the limlitz of gun elevation move-
mrent,

To adjust the elevating gear limit stops:
1. Remove the cover plata,

2. Loosgen the lock cap set acrews of both limit
stops; disengage the lock caps,

4. Position the limit stops at the extreme ends
of the Berew to permit unrestricted movement of the
traveling nut,

4. Position the control selector lever at HAND,

5. Btart the power drive.

6. Depress the gun to the desired angle of max -
mum depreasion.

7. Btop the power drive,

8. Disconnect the coupling between the A-end
regponse shaft and the B-end response shafting,

9. Disconnect the elevation response coupling to
the receiver-regulator,
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10, Disconnect the elevation response coupling
to the elevation indicator,

11, Loosen the lock eap setscrew of the limit
atop nearest the handwheels; disengage the lock cap
from the limit stop.

12, Mowve the limif stop until it makes contact
with the travelling nut; engage the lock cap.

13. Blowly turn the handwheels to back the trav-
eling nut three threads away from the limit stop,

14, Dise e the lock cap and move the limit
atop 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 stepa 8, 8, and 10,

16, Blowly turn the handwheels to engage the
traveling nut with the limit stop just set; turn the
handwheels until the frietion eluteh slips.

17. 8lowly turn the handwheels in the opposite
direction 1.8 turns: this operation resets the servo
control valye V23 in its approximate neutral position,

18. 3tart the power drive,

18, Elevate the gun to the desired angle of maxi-
mum elevation,

20, Stop the power drive, Adjust the elevatlon
limit stop away from the handwheels), Repeat the

adjustment procedure of operations 8 through 17, in-
clealve,

21. Replace the cover plate,

STROKE RESPONSE STOHP

STR LIMIT STOP CAM
GHAFTING WET

FOLLOWER

MICROMETER
LIMIT STOF /’ LOCKING ADIUSTING
ADJUSTING CAM SCREW SCREW

Figure 5-31. Elevation Recelver-Regulator Mk 10
Mod 0, Limit Stop Cover Removed
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Adjustment of handwheel friction clutch, The
spring-engaged friction eluteh between the handwheels
and the limit stop screw must be adjusted when it alips
and does not transmit the desired torque for hand op-

eration of the elevating gear,

To increase the {riction of the elutch:

1. Remove the cover plate,

2. Tighten the three cap screws,

3. Replace the cover plata,

Adjustment of A-end pilot valve for syatem high-
pressure reliel, The piﬂiﬂ valve Spring %ur each
glde (Tig. 5-32) must be adjusted separately to con-
irel the two main valves,

To adjust the pilot valve springs:

1. Remowve the valve cap.

2. Loosen the locknut.

3. Turn the valve epring adjusting serew in to

raise the pregsure setting; turn the valve spring ad-

justing screw out {0 lower the preggure setting. The
pilot valve should unload each main valve at 1850

pounds per square inch pressure,

4. Tighten the locknut after the valve apring is
adjusted.

6. Replace the valve cap.

Adjustment of congstant horsepower deviee, The
oons ioTsepower device musg be adjusted to Hmit

PILOT YALVE MAIN pILOT
SPRING VALVE CAP VALVE
Ay A o

Npal

N

SPRING GUIDE

the maximum horsepower tiken from the electric
motor (fig. 5-33),

To adfust the constant horsepower device:

1., Remove the cover from the control box,

&, Turn the adjusting gcrew 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 electric motor input to the A-end at approx-
imately 108 horsepower,

ﬁgEﬂtMEnt of B-end valve plate relief valve., The
B-¢h ﬁﬁmgmm pres-
sure-operated safety relief valve, must be adjusted

to bypasas fluid in the B-end should servo pressure

failure close the power-off valve V1IN,
To adjust the B-end valve plate reliaf valve:
1. Hemove the relief valve cap,

Z. Turn the valve spring adjusting nut in to raise
the pressure setting; turn the valve apring adjusting
nut out to lower the pressure setting.

4. Replace the valve cap.

The B-end relief valve should relleve at a
ﬂlt{;ht]g higher pressure than the A-end pilot
valve,

ADJUSTING

PILOT
SCREW

RETAINER YALVE CAP

o
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Figure 5-32, Elevating Gear Main System Relief Valve Adjustment, Sectional View
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Adjustment of synchronizing acceleration control
device, The synchronizing acceleration control 18
adjusted to remove rough gun operation caused by
operation of the constant horsepower device while
the gun iz moving to the loading position or in coarse
aynchro control,

To adjust the synchronizing acceleration control
device:

1. Btart the power drive,
2. Positlon the contrel selector lever at AUTO,

3. Remove the cover from the receiver-regula-
tor valve compartment (flg. 5-9).

4, Operate the gun into the elevation and depres-
gion limit stops. Measure the travel of the limit
stop valve V34 while the ia resting at each stop.
Check the travel of the Vid for equal travel to each
side, approximately 7/32 inch.

B. Loosen locknuts of adjusting screws A and B,

6, Back off adfusting screws A and B until they
are flush with their supporis C and D,

y
travel,

Place amplifier piston P3 in the center of its

arm E with gear sector I

8. Engage striki
r% 1z approximately halfway

g0 that striking arm
between C and D,

SERVO CONTROL VALVE V23

0, Set adjusting serews A and B s0 that V34 is
moved approximately 5/32 inch when P3 is at its
extreme travel,

This adjustment will produce a movement of V34
that is less than that required for limit stop opera-
tion. If adjusting screws A and B are set to produce
travel equal to the limit stop travel, the gun will
come to a halt,

10. Operate the gun to and from load position;
obseryve the gun movement, If the movement of the
pun s "jumpy" during acceleration; perform step 11,

11. Turn in the adjusting screws A and B until
the "Jjump" is eliminated, or until the loading and
aynchronizing 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 cyele, Before pro-

ceedlng as helow check the selector valve for correct
a.djuaﬁmnt {described on page 5-40). Reler to draw-

ing 387191,

To adjust the stroking plston control valve:
1, BStart the power drive.
2. Move the gun to 4100 minutes,

SERYO BUPFLY CUT-DUT VALVE V22

CONSTANT HORSEFOWER VALVE V& & EJMMJH“M{ SPRING
e x1 Ry
b A -’-!‘_’jﬂ-_‘,_,_.
':::I ! S——
T : %
)
Ak i
7 /’;ﬂ;ﬁ 7 CONSTANT HORSEPOWER
P, i .

TN

CONSTAMT HORSEPFOWER
FUSH ROD

i
—

CUTIN VALVE
ADJUSTING SCREW

PRESSURE-MEASLIRING PISTON SPRING P&

Figure 6-33; Elevating Gear Constant Horsepower Adjustment, Sectional View
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J. Have a gun order signal of 4100 minutes trans-
mitted to the receiver-regulator,

4, Move the control selector lever to AUTO.,

5. Operate the gun through the automatic load
¢vele several times and check the number of times
the tr:unstnnt horzepower valve or the relief valve op-
Brates.,

6. Remove valve cap 387104-T and loosen lock-
nut 12-Z-38-59,

7. 8ecrew in adjusting screw 387103 -8 until the
gun moves smoothly to its load poaition. If the
adjusting acrew i screwed in too far, the atroke
response will move slowly part way and will jump
before the end of stroke iz reached,

8. Operate the gun through the automatie load
evele from various angles of elevation., If all op-
erations are smooth, the adjustment is correct.

a, Tiﬁ'htc-n locknut 12-Z-38-69 and replace valve
cap 387194-7,

RELIEF VALVE CAP

ADJUSTING NUT

REPLENISHING VALVE T

FOWER—DOFF YALYE

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,

Adjustment of gun elevation order 1ndicaﬂ|&_‘5 dial,
The gun elevalion order Indicaiing dial m & ad=-

justed to provide an elevation position reference,

To adjust the gun elevation order indicating dial:

1. Disconnect the elevation response shaft cou-
pling at the receiver-regulator.

2, Disconnect the stroke response shaft coupling
al the receiver-regulator.

3. Move the control selector lever to HAND,

4. Btart the power drive,

9. Operate the gun to the desired angle of ele-
vating limit stop. Jtop the power drive.

8. Rotate the elevation response shaft counter-
clockwise until checking dial indicates desired limit
atop angle of elevated gun,

BALL

RELIEF WALYE

REPLEMISHING VALYE

A NS 3 X
B NN\ e N\ T
: 3 W e, .-"'-\. .\.H:."'!_ '\-\H - % -, o i .'\ 5

Figure 5-34, Elevating Gear B-end Relief Valve Adjustment, Sectlonal View
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T. Hotate the stroke response shaft clockwise

until the puter atop cam moves the eam follower to
its limit, Thiz operation should move the limit atop

valve V34 approximately 9/32 inch to the right.

8., Connect the stroke response shaft coupling to
the receiver-regulator. If it 18 neceasary to move
the receiver-regulator shaft In order to engage the
coupling, the shaft must be moved clockwise =20 as
not to change the adjustment of Va4,

9. Hotate the elevation response shaft clockwise
until the checking dial indicates the desired llmit
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

fts limit, This operatlon should move the limit stop
valve V34 appromimately 9/32 inch to the left,

11, Hotate the elevation response shaft counter-
clockwise until checking dial reads 2300 minutes,

12. Turn the adjusting screw 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 erankshaft, Secure the loading cam.

13. Rotate the elevatlon responge shaft untll check-
Elrlng -:iizial reading ig the same as that of the elevation in-
1eator.

14. Connect the elevation response shaft coupling
at the receiver-regulator,

Adjustment of linkages L1, L2, and L3, The am-
plifier linkage L1, positioned E?“fffe Iine {36 -speed)
aynchro is attached to the flne synchro valve V3, to
the amplifier piston P3, and to the top of the stablli-
zing linkage L2.

The stabilizing linkage L2 interconnects the sta-
bilizing walve V1 and automatic stroking valve V2
with t;m stabilizing piston P1 and the amplifier pis-
ton P43,

The loading valve linkage L3, actuated by the

{?félmg cam, is attached to the loading pilot valve

These linkages must be adjusted at a2 mechanical
zero as follows:

1. Start the power drive.

%. Position the gun at 2300 minute elevation,
Stop the drive,

4. Have a gun elevation order of 2300 minutes
tranzmitted.

4. Position the amplifier piston P3 so that it is
at the center of its travel.

5. Position the amplifier linkage L1 so that it
iz parallel with the valve block. Secure the {ine
gynchro E crank arm wire to the top of the amplifier
linkage L1,

fi. Position the synchronizing valve V3A so that
it is at the center of ita travel.

T. Posltion the coarse synchro linkage paraliel
to the valve block of the synchronizing va%‘ire ViA
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and the aynchronizing pilot valve V15. Secure the
coarse synchro D crank arm wire to the bottom of
the valve linkage.

8. Poaition the stabilizing linkage L2 so that it
|s parallel with the center valve block.

B, Adjust the connecting wire of the automatic
gtroking valve V2 so that the end of the automatic
stroking valve V2 is flush with the end of its sleeve,

10, Poaition the loading valve linkage L3 parallel
with the ¢enter valve block and secure the adjustment,

Adjustment of synchroniz ilot valve V14§,
The ynchronizing pllot valve , actuated Dy the
eparge synchro, must be adjusted to control the ac-
tion of the amplifier piston F3.

To zero the valve blocks hydraulically and to
adjust the synechronizing pilot valve V15:

1. With the control selector lever at HAND,
start the power drive,

2, Position the
admit hydraulic flui

4. Adjust the synchronlzing pilot valve V156 s0
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, Miust the fine synchro valve V3 5o that the
amplifier linkage L1 is parallel to the yalve block
and the amplifier piston P3 iz centered.

n captain’e switech at READY:
to the receiver-regulator,

5. Adjust the stabilizing valve V1 so that the
stabilizing lnkage L2 is parallel to the valve block,

f. Move the pun captain's switech to SATE. Ad-
just the loading pilot valve ¥12 =o that the amplifier
piston P3 is centered. The amplifier piston should
not move when the gun captain's switeh i3 moved
from SAFE to READY or from READY to SAFE,

T. Position the gun and the gun order signal to
3300 minutes,
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B, Operate the handwheela slowly 50 that the gun
moves from 3000 minutes to 3600 minutea,

0. Observe the position of the fine (36-speed)
synchro crank arm when the coarse (2-apeed) syn-
chro relinguishes control to the fine synchro valve
V3. (The amplifier piston P8 will move from lts ex-
treme positlon at this point, )

10. Ad;ust V1§ toward its clevis if the larger an-
gle of the fine (36-zpeed) aynchro crank arm occurs
during the outstroke of V15. Adjust V15 away from
Its clevis if the larger angle occurs during the in-
atroke of V15,

11. Repeat operation 10 until the erank arm angles
are equal,

Adjustment of automatic stroking valve V2 and
stabIlizing valve Vi, & putomatic siroking valve
V2 and the stabilizing valve V1, both positloned by
the stabliizing linkage L2, must be adjusted to pre-
vent gun oscillation.

The automatic stroking valve V2 and stabilizing
valve V1 are adjusted as followrs:

1. Move the control selector lever to HAND,
2, 8Btart the power drive.

3. Position the gun and the gun order signal at
3 300 minutes: move the pun captain'e awitch to
READY. Move the selector lever to AUTO, Because
the adjustment of the automatic str valve V2 has
been only approximate, the gun will probably move
off the 2ignal aa much as 1% minutes.

4, Loosen the connecting wire of the avtomatic
stroking valve V2 =o that the valve may be reposi-
tioned in its sleeve.

5., Adjust the automatic stroking valve V2 until
the gun ia within three minutes of the gun order sig-
nal, I V2 is not eguipped with an adjusting clevis,
m:%l-:a E.rhf necessary adjustment with the stabilizing
valve V1,

Adjustment for synchro electrical mera, The
synchrog must be set to the input gun order signal
by setting the synchro cranks at the proper poaltions
on the rotor shaft,

To adjust for synchro electrical zero, proceed
as follows:

1., Disconnect the elevation response shaflt 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,

B, Have a gun elevation order signal of 2000
minutes transmitted to the recelver-regulator,

¥. Have a gun order signal for increasing gun
elevation transmitted; cbeerve directlon of synchro
rotation. The fine I{Eﬂ—ﬂgeed} synchro should rotate
clockwise: the coarse (2-speed) synchro ghould ro-
tate counterclockwise.
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8, Have the gun order signal returned to 2000
minutes,

%, Install the crank of the coarse (2-gpeed) syn-
chro with the crank arm near vertical and the crank
below the synehro shaft.

10. Rotate the elevation responge shaft until the
crank of the coarse synchro is vertical and below the
aynchro shaft,

11, Install the fine (36-speed) synchro crank as-
sembly with the crank arm above the synchro shaft
and as near vertical as possible,

1%3. 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 plate 180 degrees, any one of the three po-
sitions may be used), Later-model receiver-regula-
fors are equipped with geared crank drives for great-
er selectivity,

13. Hotate the elevation response shaft until the
fine (36-speed) synchro crank is exactly vertical,
Permit 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,

Heplacement installation of receiver-~-regulator;
initial seftings and adjustments, The procedure for
synehrondzing and aligning the elements of the re-
celver-regulator, when installing the instrument, is
described helow., The installation should be periorm-
ed only by personnel familiar with the instrument de-
sign.

Check the hydraulic piping with the schematic

plping diagram on drawing 319585, Note particular-
Iy the direction of all check valves,

Checlk the wiring by having a gun order signal
transmitted to the receiver-regulator for increasing
elevation, The fine (36-speed) synchro should rotate

clockwise, and the coarse (2-speed) synchro should
rotate counterelockwise,

Proceed as follows:

1., Couple the correction input shaft,

2. Rotate the elevation response input shaft
counterclockwize until the checking dial reads the
desired stop angle for elevated gun.

4. Rotate the stroke response input shaft clock-
wize until the outer stop cam moves the cam follower
to its extreme position. This should move the limit
stop valve V34 about 8/32 inch to the right.

4, Couple the stroke response input shaft, If it
ia necessary to move the recelver-regulator shaft
to engage the coupling, rotate the shaft clockwise
20 that the travel of the limit stop walve V34 is
not reduced. Note that position of the adjusting
screw In the stroke gear box, [If it is not readily
accegaible, rotate the receiver-regulator shaft
clockwise until the adjusting screw may he reached.

9. Rotate the elevation response input shaft
clockwige until the checking dial indicates the deair-
ad limit stop angle for a depressed gun,
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6. Move the inner stop cam by use of the inside
micrometer adjustment (fig. 5-11) until the cam
follower reaches its extreme posgition. The Himit
stop valve V34 should move to the leit about 532
inch,

7. Rotate the elevation response shaft counter-
clockwise until the checking dial reading is 2300
mimites,

8. Adjust the loading cam until the cam follower
is in the cam detent and is in line with the center of
the follower crank shaft. Secure the adjustment,

9, Rotate the elevation response input shaft un-
til the checking dial reading is the same as the me-
chanical angle reader in the elevation indicator.

i0, Couple the elevation response input shaft.

11. Adjust the elevation response input shaft so
that the checking dial and the elevation indicator
readings correspond,

After coupleting the foregoing sequence of adjust-
ments, make the following selector valve check:

1. Move the econtrol selector lever to HAND,
2, B8tart the power drive,
3. Move the gun to 2300 minutes.

4. Have a gun order signal of 2500 minutes
transmitted to the receiver-regulator,

5. Admit hydraulic fluid to the receiver-regula-
tor.

§. Maove the gun captain's switch to SAFE; the
gtabillzing linkage L2 should be parallel o 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 preﬂmlnari adjustments have now
been completed. Place the gun in AUTO control as
follows:

1. Move the gun order signal to 3300 minutes,

2. Move the gun to 3300 minutes in HAND con-
trol.

3. Poszition the pun 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 L1 should be wertical.

5. Move the selector lever to AUTO; the gun
ahould not move any appreciable amount. If the gun
moves off the signal and does not come to rest at
once, return the selector lever to HAND immediate-
v,

Assuming that conditions are normal, the gun is
now under control of the aynchro signal,

For the final Umit-stop adjustments (fig. 5-31),
proceed as follows;
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1. Move the gun order signal slowly to the desir-
elevation limit-stop angle. The gun should come to
regt before the desired angle is reached.

Z, "Walk" the gun slowly to the desired position
by means of the micrometer adjustment on the stroke
response input, Secure the ing screw, One com-
plete turn of the adjusting screw changes the limit-
stop adjustment by approximately 356 minutea, Clock-
wise rotation of the adjusting serew moves the limit
stop position up,

d. Move the gun order signal to the desired de-
pression limit-stop angle. The gun should come to
rest before this angle is reached,

4. "Walk" the gun slowiy to the desired position
by means of the micrometer adjustment on the limit-
stop cam. It may be necessary to turn the electric
motor off in order to reach the limilt stop, In such
cases geveral trials may be required. One complets
turn of the adjusting screw changes the limit-stop
setting by approximately 180 minutes, Clockwise
rotation of the adjusting screw moves the limit-stop
position down., For example, if the 1imit stop has
brought the gun to rest at 2060 minutes, one complete
turn clockwise of the adjusting screw would move the
stop position to approximately 1900 minutes.

For the final load positlon adjustments, proceed
as follows:

1. Move the pun order signal to 2300 minutes
with the gun in AUTO control,

2. Poszition the 1|g,'u:r'1 captain's switch on SAFE,
The gun will probably move a few mimutes, If the
movement is excessive, return the selector lever to
HAND and check the loading valve and linkapge,

4. "Walk" the gun slowly to the desired loading
position by means of the micrometer adjustment on
the loading cam, One turn of the adjusting screw
changes the leading position approximately 100 min-
utes, Clockwise rotation of the adjusting screw low-
ers the adjusting screw,

DISASEEMBLY AND ASSEMBLY

Disazsembly and assembly of the elevating gear
equipment should be performed by personnel familiar
with the equipment and procedure and ﬂ-?lﬂ]]pﬂd with
the standard and speecial tools required for the job.
Ingtructions applylng to major components presume
removal fTom installed positions to a convenient loca-
tion for dizassembly, Instructions applying to hydrau-
lic mechanisms presume draining of the system and
removal of external pipe lines, Assembly procedures
are omitted if they are the exact reversal of disassem-
bly coperations, The equipment drawings and {lluatra-
tions should be studied carefully before starting oper-
ations,

Dizassembly of the spead redah-_*,_g_x:

EBefore disassembling the electric-motor speed
reducer, study drawing 268473,

Proceed as followa:

1, Remowve the securlng bolts from the servo and
supercharge pump assembly, Remove the pump
assembly from its mounting {lange on the speed-reduc-
8T Fear case cover,

4. Hemove the retainer cover carefully; do not
damage the oll seal,

3. Hemove the gear case cover from the speed
reducer housing.

4. Hemove the main driven gear, the auxiliary
pump gear, and the pinion gear, together with their
attached shafts,

Disassembly of the A-end pump

The instructions in this paragraph give the se-
gquence of disassembly of 4 complete A-end, In many
ceged, complete disassembly of an A-end IS not nec-
ezsary, It i3 advisable to analyze the trouble and
study drawings 268458 and 288461 of the assembly
carefully before starting to disagsemble the unit.

Proceed as follows:

1. Disconnect all the plping to the relief valve
assembly.

2. Remove the rellef valve assembly after first
removing the six Allen serews in the back of the re-
Hef valve assembly.

4. 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 drive shaft down. Wooden
supporta gshould be placed under the front end plate,
Care muat be taken to prevent the weight of the A-end
from resting on the control houging or servo cylinder
houging, It is not essential to 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 from the A-end housing
studs and 1lift out the studs,

8. Remove the valve plate, locknut, and lock
washer,

7. Hemove the bearing from the drive ghaft.

8. Remove the evlinder barrel from the drive
ghall and pistons. When removing the cylinder bar-
rel, care must be taken to hold the connecting rods
g0 that the pistons will not bump into each other or
into other parts of the pump unit, This must be done
in order to prevent damage when the pistons are
freed by the removal of the eylinder barrel,

#i. Remove the cylinder barrel keys and spring,
The inner assembly of all parts that are attached to
the drive shafl, including the bearings, may now be
lifted out of the A-end case as one assembly,

1{, The tilting box cannot be removed from the
housing until the control box and servo piston assem-
bly have been removed. It is not necessary to remove
the tilting box from the housing to remove the thrust
bearing race. The tilting box has three 1/2-inch 13
NC thread holes, tapped in the underside. These
holes are threaded for jackscrews, used for removing
the thrust bearing.

Remowal and disassembly of the servo piston

Before removing the servo piston, study drawings
268466 and 268545,
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Proceed as Tollows:

i, Reomove the access cover, the machine bolt,
and the two pipe plugs from the servo cylinder.

2. Center the servo piston and remove the con-
necting pin by driving it down.

3. BRemove the holts that secure the servo cylin-
der to the A-end case, and remove the servo eylinder
As a complete assembly,

4, Remove the cylinder end cap and the cylinder
end cap and guide rod,

§. Remove the servo piston by first unscrewing
it from the stroking slide,

Disassembly and assembly of the control mechanism

Before disassembling the control mechanism,
= tudy drawing 268468 carefully,

The valves, valve plungers, valve sleeves, con-
trol serews, gears, and related parta must be han-
dled with utmost care in disassembly or assembly,

Proceed ag follows:
1. Remove control case cover plate.
4. Uncouple the handwheel Input,

3. Remove from the control case, as a unit, the
housing containing the limit stops and friction clutch.
Digasgembly of this wnit is apparent from the draw-

ing,

4, Hemove the differential control serew and
connecting linkage.

5. Disconnect and remove the valve block assem-
bly. Disassembly of this unit s apparent from draw-
ing 268470,

When the control mechanism 1s assembled, keep
all looseness in the lHnkages and hacklash in the gears
At & minimum to avoid lost motlon, When ol sepls
are agsembied on shafts, extreme care must be taken
nat to crack or streteh t';'.e oll seals, TUse a gheet of
thin brass as a thimble to start the aeal over the end
of the shaft,

Disassembly and assembly of supercharge and servo

[:I:UIT_IPE

Disaasembly of the two pumps is similar, Both
pumps can be removed from the speed reducer hous-
ing as a unit, if desired. Study drawing 268463 care-
fully hefore disassembling.

To disagsemble:

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 over and remove the mountin
plate, the Hner plate, and the supercharge pump cyl-
indar,

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 1/18 inch
until the key in the drive shaft touches the bearing
Eiate. Care must be taken =0 that the key does not

it the bearing plate and damage it, Ralse the shaft
and put a shim under the gear equal to the amount
that 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 s
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 unlegs they can be turned freely by hand.

Digassembly and assembly of the B-end

Before dizassembling the B-end, study drawings
208459 and 268462 carefully,

To digassemble the B-end:
1. Remove the mounting flange and the oil seal,

2. Tip the pump on end, with the drive shaft
pointing down.

1. Remowe 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.

. Remove the drive shaft from the bearing,

. Remove the eylinder 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 eylinder barrel keys and sll:ring.
The inner asdembly of all parts that are attached to

the drive shaft, Including the bearing, may now be
removed from the B-end case In one assembly.

The B-end s 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 aynehros can be removed and replaced with-
out disassembling the gear train or removing them
from the ease, To remove and replace the (sme (36-
gapeed) 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 sieeve of the loading pilot
ralve V12 to the left in order to clear the assembly.

s t? Remove the coupling piece from the synchro
shatt.

4. Remove the screws that hold the drive gear
to the stator., Held the gear so that it doea not drop
down into the recelver-regulator.

5. Remove the back cover plate,
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6. Hemove the checking dlal and test synchro
mounting,

7. Remowe the synchro brush holder.
8. HRemove the synchro retainer,
9. Remove the synchro,

10, Insert the new synchro, A 8-inch piece of
tubing placed over the synchro shaft will aid in guid-
ing the synchro into place. The aynchro should fit
Yery anuglz in iis bearing. A= a result, some diffi-
cully may be experienced in ingerting the synchro if
it doea not enter the bearing squarely, If the synchro
resists inserting, {ake it out and start over. Do not
force the synehro,

11. Replace the synchro retainer.

12, Replace the synchro brush holder.

13. HReplace the checking dial and test synchro
mounting .

14, Replace the back cover.

13, Replace the stator drive gear and tighten the
holding screws,

16, Heplace the coupling plece on the synchro
shaft,

17. Replace the synchro crank assembly,
18, Connect the crank to the amplifier linkage,

18, Check all the adjustments of linkages and
valves of the receiver-regulator,

The same procedure is followed to remove and
replace the coarse (2-speed) synehro, except first
break input shaft couplings and remove large gear-
compartment cover,

Removal and replacement of valves in the receiver-
regulator

All the valves are matched with respective sleeves;
therefore, whenever replacements are made, both the
valve stem and the sleeve must be replaced. The
pieces are marked with sertal numbers, and the stem
must be assembled so that its number 1= on the same
end of the assembly as the sleeve number, The num-
bers must corregpond, 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 emergency,
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-
tlons in the "Trouble analysis' section of this chapter,

Beplacement limiis 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 %lmra&e:'s in the controls
ghould be ground 0, 001 inch under the diameter of
the bore in the valve sleeves, The edgpes should be
gharp, but without bures,

All replacement sleeves for the valves in the con-
trol should have the hole ground and lapped with the
port openingg sharp, but without burra,
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