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AIRCRAFT TURRETS



CHAPTER 1 @
WHY TURRETS?
DEBUT AT DUNKERQUE Q
ol hﬁirrﬁfrb'éi;}]j;e e

mber the scene. The bea%e littered with
nd discarded British equipmer nder pounding
rtillery fire and constant agria ck, men crowded
iny fishing boats, and pushed o decks of destroyers

all patrol craft.
British army was licked og the time being. But

in the sky, the RAF was stTIL NG, throwing men and
planes at the Luftwaffe’s air drma

It was on the second day battle of Dunkerque that
an RAF squadron of Rou aul “Defiants” handed Air

Marshal Goering’s boy awndaus surprise. These two-
seat British fighter p]anz.a@een action before. But today,

SOMETHING NEW HAD pDED. Fach Boulton-Paul was

1



equipped with a hydraulic-powered turret, mounting two .30
caliber machine guns!
Into the swarms of Messerschmitts, Focke-Wulffs, and Jun-
kers they flew, with turrets blazing.
What happened? That's what the Nazis were asking. After
that first encounter the score stood, GERMANS—O, VISITORS—37. m
The turret-equipped Defiants had shot down 37 enemies wi

out losing an airplane! And they had demonstrated to
world that the aircraft turret was HERE TO STAY.

POT SHOTS AT THE ENEMY Q

The PRINCIPLE of the turret is not new. King Art
his knights used it. Centuries ago, warriors realized t
tegic importance of being able to heave a spear or fir
bow from a fortress into some direction other thag stfaight
out the window.

In other words, they wanted to INCREASE THEIR ANGLE OF
FIRE. So they added a turret tower that stuck gut from the
main fort. Then they could stand in the turrekc pot
shots alopgathe wall to the left, along the wall to%hefright, or
he three-quarter circle whic the new

ets INCREASE the gunner’s LE' OF FIRE in
. Also, they furnish puwer@ed movement
et and guns against the far slipstream.

inning of World War I, ai& were used only

ation purposes and were ot ed with machine
ith the development and ad of the two-seater

rvafion plane, a single machin was mounted in the
r's cockpit. It was set on a@t post with a swivel
op so the gun could be swungg e desired direction.
hen the speed of airplanes @eased, it was impossible
the gunner to swing the gun st the terrific PRESSURE
OF THE SLIPSTREAM. So the and guns were enclosed

in a glass dome with the g ticking out through slots. As
the guns were still swung glanually, the gunner was not much

better off than before. ¥
used to swing the turrets, but

Then HYDRAULIC P
the guns were still eleys the gunner. This was a great




Martin 250 SH-3A Bow of PBM-5

Martin 250 CH-1B Upper Deck PBM-5
Martin 250 CH-2B Tail PBM-5
Grumman 150 SE-2 Upper TBF-1

Martin 250 CE-13 Upper PV-2 -
You can identify Navy turrets easily if you know how to m

read the code designations. -
Take a Grumman 150 SE-2 turret, which is installed on a\
TBF-1. First the name “Grumman’ means that the turretN

designed by the Grumman Aircraft Corporation. The numb
“150” means that the turret is armed with one .50 calib

machine gun. The first letter of the code “SE” tells ygu t
the turret is 'spherical (ball) in shape. The “E” infor
that it is electrically operated. The number “2” at the
merely a modification number. An additional lette¥, ;
“A” or “B,” denotes a further slight modification.

The following diagrams will give you a still bette 0
how to read the code designations of different Navy turrets.

Designer ’
. Number of guns
liber of guns
herical in shape
lectrically powered
JModiﬁcatiun Yrumber
SE-2 c Q
L/

umber of guns \

Caliber of guns .
Cylindrical in shape

Hydraulically powe

l f’IDdiﬁcatinn nuriber

tin 250CH-2
Designer
Number of guns

Caliber of guns
Teardrop in s
Hydraulicallyl poweted

IModi f'nK mber

Erco 250TH-2
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All the turrets the Navy uses can be broken down into three
mechanical classifications and two power-operating mechanism

classifications.
Mechanically, turrets are classified according to their shape.

First, there is the ball or spherical type on which the gunn
guns, and sight rotate about a common axis in ELEVATION 31@

ERICAL

Figure 1.—Turret shapes.

axis in AZIMUTH (horizontal). JPhé"gecond type is
turret in which the gunne ns, and the
bout a common axis in AZI while only the
sight operate in ELEVATION. h rd, a teardrop
e which is essentially a str shape with one
of frotation along the chord o reamlmed shape.
sight, and guns all move both in AziMUTH

§
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CHAPTER 2 §

ELECTRIC TURRET SYSTEMS

ELECTRICITY, THE DRIVING FORCE

When a bolt of lightning blackens a tree '§) ELEC-
TRICITY at work. Your girl combs her hair and litt sparks
crinkle t

roughWit. ELecTrICITY is working a
And umman turret whirls arou@ gives an
aerial guriig ice bead on an enemy fi AT’s elec-
tricit , too!
What tricity? If you can ansyer e, go to the

class. ANy class. \

Th of the matter is, no one r ows just exactly

HAR electricity is. But don’t let that ou. How to de-
ire

lecfficity is a subject for the d boys to argue

ab hat electricity poEs and hgW it ACTs are what should
st you in your study of electricingurret systems.
s book 1s not designed to u a course in basic or
ced electricity. Don’t get theli that you have to be
an electrical engineer to un nd electric turrets. That
certainly isn’t true. But an erstanding of electrical prin-
ciples — the commonest ones— help you a lot. What you

will be dealing with primari electrical circuits — the flow
of electrical current t Nosed channel, starting at one
point and returning to int.



ELECTRICAL SHORTHAND

Ask an electrician a question, and he’ll probably answer you
by whipping out a pencil and drawing a quick sketch or dia-
gram. In telling a technical story, diagrams are usually worth

®
e

WIRING DIAGRAM SCHEMATIC nuan&

Figure 2.—Types of diagrams.

&

(a) A

_-..|
.H

EGTED

(el

OT CONNECTED
Figure 3.—Wira®uns.

a good many thousand word get the poINT over fast
and eliminate confusion.
Therefore, before gomg farther with turret electrical

systems, here’s a shor GN n of two types of diagrams
commonly used to exp ecttical installations.
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GRUMMAN 150 SE-2 TURRET @

THE AVENGER'S STING

CHAPTER 3

A TBF g a run at 300 feet. Two thousamd yards
from an eng iser, its fish splashes into ater and
speeds e target.

And, 1 re hostile aircraft arnurbd, r@e is where
a bi can develop. A torpedo must make its
atta altitude. Getting back to er sometimes
me@ns BIGHTING back. W

hat’s ere the Grumman 150 S ret — and its

gun have a chance to PrROVE THEIR WORTH. And they
in HUNDREDS of combat missions.

e Grumman turret has pry atself to be a durable,
, and often indispensable e equipment on the
Buf™that's enough to do the
hem to land.

job if the bursts land where yod'w

&
WHAT MAKES,IT' CLICK?

The Grumman is a ball one in which you ride with
the turret in both train an on.

59



A 24-28 v. d.c. system powers both the vertical (elevation
and depression) and train (azimuth) motion of the turret.
The vertical range of 115 degrees includes the 85 degrees
can’'t develop enough torque because it has no field excitatior
elevation above the horizontal and 30 degrees below the hori-
zontal. The train motion is 360 degrees, either clockwise
counterclockwise.

ELEVATION LMIT SWiTCH
ELEVATION SEGMENT GEAR -
’

49.—Units making up Grumman 15
t drive consists of these parté
1 trol unit, L

n drive unit, ;
evation drive unit, @
levation upper limit switch,

elevation return to neutral
1 train return to neutral swi
1 contour follower switch zm
1 junction box, m
2 amplidyne motor genera its,

1 slip ring unit,
1 elevation gear se
1 azimuth or train ri ear.
Analyze each part ’1% y. Figure 49 shows you where
all these units are . Wou can refer to it as you take

up each part.

uadrant, and
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The conNTrROL UNIT, operated by a control handle, com-
pletely controls all electric motion of the turret and the firing
of the gun. It is shown in figure 50.

The master switch is on the left side of the controller box.
When the master switch points up, the switch is oON.

The action switch, located on the control grip, must be
closed before the potentiometers are energized and before the

yib'

turret can be operated. When you release this switch, the turreN

will AUTOMATICALLY return to' stowing position with the gun

pointing aft and parallel to the longitudinal axis of the shiQ

elevation.
On the control handle there’s a high speed 5witchﬁlx
a

firing trigger switch, and the action switch. At the right
bottom side of the controller box is a latch which, w

leased, permits you to tilt the controller box up to allow room
for entering and leaving the turret.

When the control handle is moved to the righ
will turn ¢
is moved

rret

e
Q ockwise in train, and when the andle
m ft, the turret will turn clockwis train.

#ll move upward, and when i
, the gun will move down moving the
e diagonally, you can get simul us train and
movement. %
of both train and elevatign o pression move-
of%the control handle
is so designed that a
m velocity of a half degre econd in either train
ation can be maintained. %I elevation speed is
approximately 12 degrees per nd normal train speed
is 20 degrees per second.

By closing the high speed you cut out a portion
of the feedback voltage &es thus giving an increased

range of speed. You c N roximately 30 degrees per
second for elevation, a%&gr&es per second for train

operation.

61
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The turret will return to neutral in train by the shgrte
path and remain there while the gun returns to neutra



Operation of the control handle actuates two sliding pointers
(contacts) on two potentiometers. One is for the TRAIN
AMPLIDYNE and one for the ELEVATION AMPLIDYNE. The

potentiometers are center tapped, thereby making it possible
to reverse the polarity of the generator output by reversing the m

control field polarity. The generator output is controlled

varying the generator control field excitation. All of thisK
accomplished through the DIRECTION and the AMOUNT ON
FLECTION of the control handle.’

Figure 50.—Control-grip move scWematic).
heffitrain and elevation turret driv rs are directly con-

cted to their respective amplid its, so their speed and

ireetion of rotation is controll the polarity and size of
output of each respective apgphidyné.

he TRAIN DRIVE UNIT is ln the gunner’s right and

irectly below the right trunpion®efid-frame. It consists of an

electric motor, gear box, a clutch. It is geared directly

to the azimuth ring gear is secured to the track and
train unit. |

What's it for? You' lﬂ_ e answer. The purpose of this
unit is to drive the et in Main operation. The schematic of

q




The purpose of this unit is to drive the turret in elevation and
depression operation, as you know. .

The unit is geared directly to the elevation gear quadrant,
which is stationary and secured to the left trunnion end-frame.

HAND CRANK CLUTCH LEVEA

DRIVE PINION

POWER DRIVE
CLUTCH LEVER

DRIVE MOTOR

Figure 51.—Train drive (schematic),
The TURRET ELEVATION DRIVE UNIT is located on t@er’s
left betweg mmunition box and the elevati ar quad-

rant. It cc @ in electric motor, hand clutch$and géar box.

chematic in figure 52.

\ :'l ' CRANK

z \\ \ ‘iﬂe\ szvm

]
L 4 \
Figure 52.—%&“ (schematic).




Now a word of caution — DO NOT ENGAGE GEARS WHEN TUR~
RET DRIVE MOTORS ARE RUNNING IN EITHER TRAIN OR
ELEVATION.

Both elevation and train drive motors are equipped with a

distinctive feature —a BRAKE SOLENOID, which stops the turret
immediately after the current is shut off.

The ELEVATION UPPER LIMIT SWITCH is a micro-switch whi\
is housed in a switch box in conjunction with another mi
switch. It is secured to the left trunnion end-frame, am&
operated by a cam which is fastened to the equipment
between the amplidyne units and the elevation gear quad

As the gun nears the zenith point or maximum elevattém, t
upper limit switch is actuated by the cam striking the ag
roller of the switch plunger. The cam depresses Ibelg ng

which closes the switch, thereby energizing the RN m
to neutral in depression relay). This places a rever tential
wi

on the control field, and the gun depresses. The gun only
depress far enough to allow the micro-switch pen again
by rolling off the cam. If you are holding the handle
in a depressed position, the gun will be eleva ain, and

the seqgi fWll be repeated.
URN TO NEUTRAL SWITCH 3LRNS), and the
accomplish
to neutral or

S is located on the gunnerw, and is secured
annel ring. This unit includés micro-switches in
They, in turn, are oper a cam wheel that

switch 1s the “B” switch, aghich governs the direction
otation in which the turret willretirn to neutral. The out-
, or “A” switch, determin hHén the RNT (return to

&

ntral in train) circuit is closed ned.
The DRNS (depression re, neutral switch) is a micro-
switch on the left trunnion -frame, in the same box as the

elevation upper limit switc

On the release of tHE acti witch, the RNTR (return to
neutral in train relay 'iz::d, provided the turret has
been moved out of sto asition. When the RNTR is ener-

&4




gized, the control of the turret is automatically removed from
the gunner, and the turret will return to stowing position in
train. The direction of return (clockwise or counterclockwise)
will be dependent upon the position of the “B” switch. The
turret will return by the SHORTEST PATH to the stowing position.

As the turret moves into stow in train, the cam wheel is
rotated by the RN pin. The DRNR (depression return t
neutral relay) is energized through the DRNS, and the gun is
returned to neutral in depression. As the gun nears the horj

tal’ pogition, the DRNS is opened
SYS 1§ opened, and power to the g
CONTOUR FOLLOWER 15 VOur SAVE

e units 1s cut off.
: FUSELAGE assistant,
contour follower 1s moun ler the barrel of the
o see what it looks hike, r¢ toffigure 53.

e box contains a two-posijgmg nicro-switch, six pairs of
contacts, and two resistors (128hms dnd 25 ohms). There are
two pivoted arms projecting tBrou@w the gun slot in the turret
dome, which ride againsigthe ur rail.

When these arms stiafg anl, they actuate the various
switches in the contour fg box. The only function of the
contour follower is to pre 1c gun from striking any part

&5

g



of the fuselage. It has no connection with the profile interrupter
circuit. ;

The juNcTiON BOX is mounted on the rear of the seat, and
incorporates four relays, five resistors, two condensers, and
necessary wiring. Also located around three sides are seven
disconnect plugs.

{

You'll find the switcH Box located on the gunner’s left, sh%
p -

der high. It has nine cables leading off, and houses both am

dyne switches, trouble light switch, gun reset, and
condensers for the amplidyne drive motors. These conden

prevent radio interference set up by commutation.

As you know by now, the AMPLIDYNE MOTOR-GEN @
UNITS (MODEL F# SAMJIN]J18A) are really the HERRT G ;
turret drive. They are horizontally mounted on th R\r’s
left between the left trunnion end-frame and the ex d clip
and shell box. The upper unit is the elevation unit, and the
lower one is the azimuth or train unit. There is one ible cable
leading to each of these amplidyne units. Each @ne, you

two variable compounding rheos ounted

NIT is placed directly unde turret, and it
e deck. It is rotated by an ped drive arm.
g includes two metal cases @ ouse the in-
nisms. The top half of the a free to rotate,

whi ttom half is stationary. Ifmcontdhs 10 rings, 10
us rs, a swivel joint for oxy ground friction
latgs. ere are two disconnect plugs on upper half of the
three on the lower half. {he lugs are for inter-

e, radio, and power c;:mnectionb7
FIRE INTERRUPTOR SWIT EMBLY is actuated by
which are made to follow hape of the surfaces to be

words, the tails, fins, and
ms are machined on a
rotating cylinder, which moye€s e turret moves. When the
turret moves to a point yhe
of the plane, the cam QN: linder press against the fire
interrupter switches, This™igstantly shuts off the fire of the
gun until the turret move

protected from your gunfire (i




HELPING THE GUNNER

When you come right down to it, the turret is just a gun
mount — a device designed to help the gunner do a better job.

So this is where you can learn about the armament character-
istics of the Grumman turret. As you already know, there is
one .50 caliber M-2 BROWNING MACHINE GUN. To supply this
gun, you have provisions for carrying 200 rounds of ammuni-
tion in an AMMUNITION BoX located just below the gun.

g

The FEED CHUTE on the left side of the gun has a built-i
“no-return” ratchet which prevents a belt of ammunition frnb

falling back into the chute.
Then there i1s an EJECTED LINK AND CASE CONTAINER.
will hold 200 links and empty cases, and it is mounted

below the gun. You can pull out a lever mounted at the. fﬂ
du

base of the container to open an ejection door so you
out the contents into a bag underneath.

A Mark 9 illuminated GUN SIGHT is standard equipment with
the Grumman turret. It’s mounted on a bracket fo d left
of where the gunner sits.

X-ray

man turret shown in figurel 54. can’t
run in the upper left of the p You can
munition box, feed chute, an ed link and
The Mark 9 gun sight is aQgs that looks

al mail box, located just to of the ejected
iner. Note that there is a ring sight nted up in the
the “bullet-resistant glass shield. s @uxiliary sight is

study this cutaway view a lttle, can get a pretty
idea of just where the variou s you have learned

are located. This also showmechanical features of
rret.

In addition to the variou ctrical devices which make up
the Grumman turret, theﬁ* ortant mechanical features.
Here are some you'll wa now about.

There’s the MOUNTIN special ring which forms an




integral part of the TBF's structure, parallel to the aircraft’s
longitudinal axis.

And there's the TRACK AND TRAIN UNIT, which consists of a
two-piece steel ring, upon which there are two machined tracks.
The weight of the turret is carried on the upper track, and the
turret is stabilized by the lower track. There are 44 holes for

Figure 54.—Grumman 150 SE-2 13

intifg the azimuth ring gear a les for mounting the

e o-neutral track pins. I
other mechanical feature is cK SPLICES located at
Q ngle of 180 degrees to ea . They couple the two
es of steel of track-and-train
icce steel ring with 44 holes

train unit. Machined into the
teeth for driving the turret

The TRAIN RING GEAR 1s a
for mounting to the track
bottom side of the steel rin

in train, 4
The U-CHANNEL R NDDLE is a circular steel ring
located just 1nside @ th track and train unit. The

68




Figure 77.
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CHAPTER 4

MARTIN 250 CE-16 AND CE-17 TURRETSk

THE PB4Y'S LINE OF DEFENSE @
Now that g/@@have become familiar with the oper of

the Grum SE-2, you will want to learn aout™@mother
commonly 8¢ agy electric turret. This is th tin 250

CE-16 a ;

This M et helps to defend the famou 2. The
16”7 i ard upper deck turret in tfe PB , and the
M Vi upper deck turret. These_twomodifications
are practically identical, so they will be @ed together.
A ter f fact, the “16” and the “17” ost the same
as theg Martin 250 CE turrets, su e CE-5, CE-7/,

~13, and CE-15.

other modifications differ ceftain armor plate
¢/cam arrangement in the p n fire interrupter,

basic electrical system is the in all of them.

Martin electric turrets are usedfin PV-1 and PV-2 and
in a number of Army planes, i ing the B-26 series, the
B-24 series, and the B-37 serie :

If you understand the Gt 0 SE-2 and the Martin
250 CE-16 and 17, you ¢ nsiler yourself an AUTHORITY

on Navy electric turrets.

EQCITI® o4& o



- WHAT MAKES THE MARTIN TICK?

As with the Grumman, the Martin CE turret drive consists
basically of a coNTROL UNIT, two AMPLIDYNES, and two

ELECTRIC MOTORS, : -
The turret obtains iis power from the airplane’s own gen-

erator. Power is taken in from a silver-plated copper coLLEcN

RING mounted on the inner side of an azimuth ring ge%
insulated bolts. Then the power goes from the ring to the mov-

ing part of the turret through brushes. From there, po
transmitted to the various individual units.

What happens when the power gives out? Fortunatélimypro-
vision has been made for this emergency. The turre @ :
operated mechanically in both train and elevatiof Jh ;
cranks for this purpose. The guns may be charg *‘and
and, as you know, a machine gun will fire nically.

INDIVIDUAL ELECTRICAL UNIT,

rest of this
chapte eylewing and remembering the man material

ing about any DISTINCTIVE F % of the Martin.
IDYNES on the Martin tyrrefgre actly the same
d on the Grumman. \
RIVE MOTORS are very simil pt that they do not
a_brake solenoid.
comes the coNTRoL UNIT. Jihi it, by means of con-
ips, permits you to move the tuffet in azimuth and to
trol the movement of the gunsﬁation.
hen the control grips ar ted powN, the guns will
ve UP, and vice versa. Wh ow'move the control handles
OCKWISE, the turret revol ockwise, and when you move
them in the opposite didrggtion, the turret will revolve the
same way. .
The Martin may be ro through 360 degrees in either
direction in azimuth. Non, it will boost the guns 85 de-

grees above horizont epress them six and a half de-
grees below horizont
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The turret will make one revolution in 18 seconds in normai
speed and in eight seconds in high speed. And that EXTRA SPEED
counts when you have a half dozen enemies swarming in on
you. :

To understand the layout and arrangement of the control
unit, look over figure 79 for a minute.

Now that you've seen figure 79, you can begin to analyze

the functions of the important parts that make it up. \

THE BIG BRAIN
This control unit is the real BRAIN, or NERVE CENTERgp.O

the Martin turret. Impulses originating from this central %
= “
— ;

AZIMUTH UNIT

]
-

BRAGKET T = .
1 : ' SCREWS
> s WION  POTENTIOMETER
y : . 0 - BMETER PINION

ED SWITCH

ACTION SWITCH

Figure 79.—C unit,
determine everything the tf¥rgt dO®% just the way vour brain
and nervous system contr 'R vements.

When you grasp the grj es of the control unit, you

TERMINAL B n\
SEGMENT G
POTENTIOMETER PIN



depress an ACTION SWITCH on each grip. These switches ener-
gize the potentiometer coils, located in the unit itself.

Now what happens? As you move the grip handles to direct
the action of the turret, they cause sliding POINTERS to pick
off voltages from the two potentiometers (one for train and
one for elevation).

The polarity and magnitude of the voltages are appli
the amplidynes, which in turn, supply power to the T,

When you want high speed, you press with your thum
HIGH SPEED BUTTON, located on the right hand grip.

If you want to talk with a fellow crew member, yo
a microphone switch on the left hand grip in the
sponding position.

How po vyou FIRE THE GUNs? First, turn the tch
(on the right of the control box) to “on.” There lector
switch beside the gun switch which permits you t%he guns
for individual or collective fire.

You can reach a trigger switch on each grip handle with
your index finger. If you set the selector s “INDIVID-
UAL,” right trigger switch fires your ri gun, and

the 1 fires the left gun. If you s elector switch
on s,” either firing trigger will fire both guns.
switches and overload circuit- ker resets are

entiometer coils,
ition booster circuit, andythe circuit.
is 2 JUNCTION BoX which seNs the CENTRAL DIs-
N point for the electrical s originating in the
ntrgl unit. It is under the gunner'ssSea
THis is what it contains. Fir, re’s the master switch,
e right side of the box. RMINAL BOARD is located in
e center of the box. It carrie ing electrical connections
the high-speed relay and VR resistors. The LINE
ONTACTOR relay i1s mounted ide the box, and next to it
are two ANTI-HUNT CAPAC elow them are four enameled
RESISTORS, which are nec for making speed adjustments
by providing a path for feedback voltage.
The HIGH-SPEED RELAY
the capacitors. l\

Also in the juncti ou’ll find the VIBRATOR INVERTER,
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whose purpose you'll learn about later in this chapter. There’s
~also a RADIO NOISE FILTER, to keep down radio interference
(similar to the one on your car), and two overload circuit
breakers to protect the amplidynes. :
The STRUCTURAL INTERRUPTER AND LIMIT SWITCHES are
electrical devices found on the Martin turret to protect your

ELEVATION DRIVE ASSEMBLY
SEGMENT GEARS

CONTROL UNIT P

o |
g
AT

TORQUE TUBE

' BRUSH
ASSEMBLY

. SRR AS SEMBLY
L_GROUND % :
AZIMUTH @&
ELEVATIO :
AZINMPLIDTNE

9
N

. —7 UNCTION BOX
re 80.—Units making up Martin 2% 'é and 17 turret.

airplane from damage, either fro own gunfire or the
motion of the guns. Exactly how, work will be explained
with schematics when you come o théquxiliary circuits a few
pages farther along. L/

The Martin also has a&gro nfire interrupter which

works similarly to the one o mman.



MECHANICAL FEATURES

Just as in the electrical units, there are a few mechanical
features of the Martin which you haven’t come across in previ-
ous discussions on the Grumman or on turrets in general.

There’'s a MOUNTING RING which comes right with the air
craft. Strictly speaking, it’s part of the airplane rather
part of the turret. The turret is mounted in this ring.

The AZIMUTH RING GEAR is the steel ring about whicl
turret revolves in azimuth. The load rollers, carrying the weig
of the turret, ride on the upper part of the track of t
Then there are guide rollers which help keep the tugret
groove by riding against the vertical track. The ri
teeth are machined into the lower sides of the steel

As far as TURRET ROLLERS are concerned, thgrﬁ 6 of

a

them — 10 load rollers, 12 guide rollers, and fo JUstable
stabilizer rollers for good measure. All of them fo parate

tracks. The stabilizer rollers keep the turret from joggling up
and down as it rotates.

il
3

The turret’s MAIN CASTING is a rotating f ich forms
the s or the turret parts. Attached feyit 1S the azimuth
i 3 by meshing with the azimuth rin@ gear, causes
the c3 rotate

TORQUE TUBE is mounted in t ing housings of

the n @asting. It transmits powgr f elevation drive

the segment gears, which and lower the guns.

ENT GEARS located on the o of each gun carriage

sh pith the small driving gears o rque tube and afford
ovement of the gun in elevation depression.

u know what the GUN CARRIAGE'is — it’s fastened to

e main casting and mounts the £

Three steel eye-bolts know ISTING LUGS are fastened

the main casting for hois turret in and out of the
airplane.

There i1s a small metal UNICATIONS AND OXYGEN JUNC-
TION BOX above the azigiuth amplidyne. This houses connec-
tions for the commufficationSesystem and the gunner’s oxygen
supply.

The turret’s swi T is a collector ring assembly
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mounted to the airplane directly below the center of the turret.
Through this come the communication and oxygen connections.

PLENTY OF ARMAMENT

You have figured out from the designation “250” that the
Martin’s WALLOP consists of Two .50 caliber machine guns. For
protection, there are two half-inch steel armor plates bolted
to the main casting in front of the gunner. :

Today, Martin turrets are equipped with the MARK 18 GUN
SIGHT, a self-computing illuminated sight which can do practi-
cally everything but cook. When this sight is added to a tur
its designation includes the letter “a” or “A.” For examp

250 CE-16A4. The sight is mounted in a cradle — aggse

main casting. It connects to the gun carriage with tie

(O
*
o

circular aluminum casting attached with trunnion pins t \
&5,

so the sight raises and depresses with the guns.
Four AMMUNITION BOXES carry 200 rounds each,_ The

Martin is equipped with an automatic FEED BOOSTER it
for each gun. ese consist of small electric moto n
mounted, ang ed with sprockets which m ith the
ammunition Be boosters are controlled by %sion
on the amunitign belt, energizing and deenergizi otors
Gun moun ters and guides, which are the gun

, permit movement of the cessary for
oresighting and for lockin un in firing

g

f the gun assembly on th turret is the
5A shock dampeners. Thése take up the recoil
s*and minimize the vibration restilting from firing.
armament feature of the is the MECHANICAL
MGELRIGGER. This 1s a pedal mou a bar above the
foot rest. It is connected to the t motor by a series of
levers, a pole rod, and a flexib This is really for
emergency use only — when you Wan fire the gun mechani-

cally in the event of power fﬂ\
" HOW THE PERATES

You will remember in the f the Grumman 150 SE-2,
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that certain auxiliary circuits help to provide smooth operation
of the turret. It's the same way with the Martin CE’s.

So you can understand the purpose and operation of these
circuits more easily, there are schematics of each of them in
the following pages.

To save time and space, abbreviations will be used 1
schematics and explanations. Here they are —

Master switch.

Line contact relay.
Amplidyne.
Control field. .

High speed.
High speed gwit

Action switc \
Feedback vo e resistor.
Turret drive mofo¥.

Amplidyne drive motor.
Anti-hu
Compou esistor.

Upp resistor.
St interrupter.
vessseene UM it switch
............. S limit switch.

You already know what nor ation means on other
ts, and it means the same the Martin. It’s when

he gunner has full control of eed and direction of the
rret’'s movements.
YOU DO THIS WHAT HAPPENS?

Close the MS,

Cu flows through the MS, energizing the

CR. LCR contacts being closed places 24 V-

tial on line 9, energizing both amp

& drive motors and putting both amp. in operd®

Close AS. Current flows through both botentiometers.

Deflect control grip as sho urrent flows frgqm a high potential to a lo¥
potential through CF's, driving turret in de

sired direction.

12




Figure 81.—MNormal operation. @

YO 3 WHAT HAPPE

Close MS
Close HSS

¢ FBVR and
parallel with

HS relay). | HS contacts close, dec
also decreasing the, resis

" series field (as show\

USE OF VIBRATOR-INVE

1 ever build a toy electric miotor 7®At least, you've
around with them. You notice , when you turn
ice, the motor is likely to b strain, but it won’t
hen you give it a spin wit finger and AROUND

IT GOES. It just needed that little ush to overcome what’s

known as STARTING FRICTION.
Part of this friction is mecha@ical " #d part of it is electrical

in origin. Once this initialk dra overcome and the motor
starts turning, most of th the friction disappears as
the momentum increases.



AZIMUTH ELEVATION
7 LIS

ET 3 36
X Hs -

BLEM

Al

, or any motor-driven equ reacts like your
ic motor on a much bigger. . The drag of friction
ow up the turret drive moturs h u first feed electric

rrent into them.

reover, a certain amount dual magnetism” —
etism which stays on after ent is turned off — re-
ains in the control field of a hd}rne Sometimes there

enough of this magnetis tivate the amphdyne suffi-
1ently so that the turret will CREEP.

Now this is where th ATOR-INVERTER comes in. Its
purpose is twofold. It helps to Tick that origindl friction drag
i he TDM. And in addition, it
eliminates the RESIDAL ETISM in the amplidynes, which
can lead to creepin \ .

How does it acco is?
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What the inverter does is change DIRECT current to ALTER-
NATING. The airplane’s generators furnish d.c. of course, and
this feeds into the primary winding of the inverter from line 9
(shown in the schematic in figure 83). A vibrator breaks and
then closes the circuit alternately to secure alternating current.
Then the current is fed through a step-down transformer

AZIMUTH
F

'v

B
&< ar*
5
F

ELEVATION
7 7

pav] L58 9
24V OO
ocC I.-OT
CF
AN

2av DC Q

Q Figure 83.—Operation of the minurier.
whos&¥econdary winding is in seri

e amplidyne control
fields. It applies to proper volta .) to the control field
of the amplidyne.

This 60-cycle a.c. in the cqnt 1d tends to stabilize genera-
tor commutation, eliminati % magnetism. By its effect
on the output of the ampli it reduces the starting friction
in the TDM.
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WHAT SHOULD HAPPEN

IF THI5 HAPPENS

YOUR TROUBLE IS

VM reading should de-
approximately
to

crease 1o
.5 wv. Proceed
teenth step.

thir-

VM reading increases.

VM reading does
change.

not

VM reading decreases to
approximately .1 v.

VM decreases to 0 v,
then off scale.

VM reading decreases

slightly.

VM reading decreases to
approximately 2 v.

VM reading decreases to
approximately 1 wv.

Wires 37 and 5 are re-
versed, feeding control
field, or wires 7 and 8
are reversed before
FBVR.

Open in wire 7 feeding
FBVR, or FBVR i3 open
above control field tap, or

g

amp. generator armature
is open, or series field is
shorted.

FBVR is open below,
control field tap, or to
much FBVR.

Turret is over-com -
ed or there is too
FBVER.

Series field is ‘one

short circuit wire ‘
5,

or faulty bruo

faulty armature.

Anti-hunt condens is
internally or externally
shorted, or rt circuit
wire is o series
field is sh on |faulty
brushes, o arma-
ture.

Not gh R.

TWELFTH STEP

8
CE}Ieﬂect control

IF THIS HAFPEN

ding should de-
approximately .5
to fourteenth

VM reading increase

VM reading do
change.

ases to

M ga de
ap imate v.

YOUR TROUBLE |5

Wires 26 and 4 are re-
ersed, or wires 17 and
18 are reversed before
FBVR,

Wire 17 open feeding
FBVR, or open in FBVR
above control field tap, or
amp. generator armature
is open, or series field is
shorted.

FBVR is open below con-
trol field tap, or there is
too much FBVR.




0 0-12 0-12
FBVR is intefnally or externally shorted.

0 0 0
CF is internally or externally shorted.

: o w (D
Not enough FBVR. \

0 0-2 0-2 \

Go back to eleventh step and check as indicated there.

Open MS and AS. Replace wire 26. Close AS. Cheffc IR
drop across CF with no deflection. Then check IR d
El. CF with full deflection to the left and then to t ;
Record checks and compare with those shown hglo

fault. >
| 26 k
O .V M oF @
5.0
WIRE #26 ON FBVR,
AND WIRE # 4
VIBRATOR UNI
Figure 97,
deflection of control Deflect ca grip Deflect control grip slow-
Q slowly to left. ly to maximum right.
¥M reads Y ¥YM reads

M
0 0to app@ 4v. 0to approximately 4 v.
These are normal voltageichecks. Continue with twelfth step
and check as indicated®
0 0-12

FBVR is internally o ally shorted.

@‘
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CHAPTER 5

HYDRAULIC TURRET SYSTEMS k

PASCAL'S PRINCIPLE @
| Some clever

French ph amed Pascal hit upon a hasic hydraulic
principle, Paggal g®alized that AN INCREASE QE,F URE ON
CONFINED LIQUID CAUSES AN @ INCREASE
IN PRESSURENTHROUGHOUT THE LIQUID. 4

ns that when you apply a Nre in pounds
h (psi) to the liquid at Dr@tjf a pipe, the

per

sa ssuge in pounds per square inchWWilllbe exerted on

e inch of the surface of th that is in contact

i uid. The shape of the pipe!other container makes
rence in the transfer of press

an see from this example tl@ possible to build up

f PAscaAL’s PRINCIPLE. But e more used to the

term FORCE when speaking of app 8.

WHY THE DISTINCTION ?

Well, the term PRESSURE always refers to the force applied
to EACH SQUARE UNIT of afe as the term FORCE is used
to designate the TOTAL LOAB applied to the TOTAL AREA.
This means that the force ston one square inch in area




is also equal to the pressure on that piston. But the force ona
piston ten square inches in area is ten times the pressure on
that piston.

It is important that you realize and remember that hydraulic
liquids are INCOMPRESSIBLE. This means that they CANNOT B
SQUEEZED into a smaller space than that originally occupied:
Thus, when you apply pressure at one end of a hydraulic
it is transmitted instantly to the other end. The transferWi§,as

quick as though you had pushed on a steel rod.

So that you can see how hydraulics work, suppose yo
a small cylinder and a large cylinder connected by &a,tuB
in figure 93. Both cylinders are full of liquid to withi rt
distance of the top. According to Pascal’s prinsiple rce
applied to each square inch of the liquid in the s %mder
1s transferred undiminished to each square inch % ce of
the liquid in the larger cylinder. Thus, the pressure lied to
a small piston pushing down on the liquid in the small cylinder

will be transferred through the liquid to a p1 g a the large
cylinder. But, since the surface area of theQldrgé piston is

greate e surface area of the small goiston, the sum of
the c§ acting on the large piston giust be’greater than
the s . iston.

ten square inches, a downm::urce of one pound
o mall piston will cause an u force of ten pounds
off theglarge piston.
Yan will notice that the term p was used in the state-
tremiendous forces by the applicaign of relatively small initial
ces. As a matter of fact, r aval aircraft make use
forces as high as 40,000 @
Now take a look at fig ¥ There you have a simple
hydraulic mechanism. It 1§ kn as the hydraulic jack.
WHAT S IT WORK?

If you push do th& handle, the oil is forced under
pressure into the lar er. How come? Well, because the
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e unit forces acting on the_sr
mstance, if the area of the pisto @ e small cylinder
is on re inch and the area of thégpiston in the large
11
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Figure 93.—Pa&scal's Phinciple.

ball check valve is so dgsi at it permits the oil to flow

only in one direction. The valve to the cylinder is forced

open, and the one betwe ump and the reservoir closes.
7

695373°—46—10



Then on the return, or UP STROKE, there is a decreased pressure
area in the pumping cylinder, allowing the pressure in the large
cylinder to seat that check valve.

However, because of the decreased pressure area in the
pumping cylinder, the check valve in the line from the reservoir

opens.
It is important here to understand WHAT opens that che\

valve.

The decreased pressure area or suction does NOT pullk
down. A decreased pressure area is Nor the existence gf 3
pulling force. IT 1S THE LACK OF A PUSHING FORCE. Therefg
the ball check is Not pulled open by decreased press
rather it is PUSHED open by the greater oil pressur

RESERVOIR

I\
on vm.vs

—— CYLINDERS

CHECK \ML\FE

SHUT-UFF

Figure 94.—Simple hydrnu.llc s

\ue to the weight

he o1l pressure in the resergoi
uid plus the atmospheric p% acting on its sut-

fafe thfough the vent lines.
n the pumping piston is i fullp position, the pro-
gdure is repeated again as man s as it is necessary to
e the large piston to its desj eight. To lower the large
pi§ton, all you do is open the s valve in the return line.
1s allows the oil a free flg < to the reservoir, and the
return spring pushes the pist§n doWn.
Now that you understan pperation of a hydraulic jack,
you can go on to invegligdfégghe various units that make up a

turret hydraulic systeg.
L And if you underst e operation and function of the
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individual units in a turret hydraulic system, then it will be
easy for you to master the operation of any particular hydraulic
turret. Just to give you a preview, here’s a list of these basic
units—

Reservoir Pressure Regulator |
Hydraulic Fluid Selector (control) Valve

Hydraulic Lines Power Actuating Units \
rump “o

WHAT THE RESERVOIR DOES
You can start with the reservoir. You know what it 1

storage tank for fluid. It serves as a tank from which the ;lb
i L/ \

FILLER CAP
o ' o 1
RADIAL FINS
_—mvosﬁﬁmg )
LSS OF FLUID
- Ty
RE M
UPPER BAFFLE
LOWER BAFFLE
| A
g =
i
- — e
'ANDPIPE -
T LINE
TO HAND PUMP T -DRIVEN PUMP

Figure 95.—Rese

1s supplied to the pumps and to aehich excess fluid forced out
of the system is returned.
~ When additional fluid is.nse in the system, either for

operating additional units lenish fluid lost through
leaks or seepage, the pump that fluid from the reser-



to function, there’s still enough fluid available for the hand
pump.

Instead of using a standpipe, some systems get the same
results by attaching the power pump outlet to the side of the
reservoir at a point above the bottom of the tank.

The FLUID RETURN LINE usually enters the reservoir at a
spot below the normal level of the fluid in the reservoir in such
a manner as to cause the least possible disturbance of the fluid.

at a tangent to the reservoir shell.

In figure 95, this is accomplished by attaching the return line O

HYDRAULIC FLUID b
o ,

This is the LIFEBLooD of the hydraulic system. It st
the reservoir and flows from there to fill the entire h
system, furnishing the basis for transmitting hydraulic powes.

There are different TyPEs of hydraulic fluids just as there
are different types of blood. Airplane systems use t 1fds—
MINERAL base and VEGETABLE base fluids
t systems use MINERAL BASE
man is brought to a first station, the

at him and say, “He looks li ‘O’ type
him a transfusion of ‘O’ type Of course
iving a “B” man “O” bloag is rous—AND

. They just don’t mix.

ER DO TWO TYPES OF HYDRA uip. If you're
a system which requires mi se fluid, don't
get/by with a vegetable base flui ven if you have a
pare tons of it.

e’'s a reason for not mixing types.

:RAL OILS DETERIORATE NAT BBER the way week-
€ rty deteriorates your bankro natural rubber pack-
ing and natural rubber hose are cted by vegetable base
fluid.

It's another story with SYNT. BBER. Mineral oil works
fine with it, but VEGETﬁBﬁ IN IT. So use this rule—
VEGETABLE OIL FOR VE (natural rubber) TUBING.

MINERAL OIL FOR MIN E (synthetic) TUBING.



How can you tell vegetable and mineral fluids apart? Aside
from container labels, there’s an easy way.

VEGETABLE FLUID IS COLORED BLUE.
MINERAL FLUID IS COLORED RED.

Just remember that red-blooded turret men prefer red min-
eral oil base fluid.

An aircraft hydraulic system, like the human body, i
pendent on fluid for LIFE. A break in the feed line 1s I
severed artery. Both the human and hydraulic systems giyé™
the ghost when life-giving fluid is allowed to drain out.

Even a little “bleeding” causes trouble. Turrets reqt
fusions, too. New fluid must be introduced into the sy§
mediately to replace bleeding losses. And, of coursg, a

in the line must be repaired at once. K\

HYDRAULIC LINES

That brings you to the lines—the arteries s—which
carry thefluid through the system.

setal tubes and rubber tubes, are joined
tors and tube fittings of m shapes and sizes.
ALLOY tubing is used ingmost®turret systems

it 1s light and pliable and yet @ enough to with-
to 1,500 psi. IS

ETIC RUBBER, along with fathsed where flexible
struction is necessary. Af ral rubber becomes
ailable in larger quantities, it m sed. And, as you'l
emgmber, that means vegetable fluid will be used, too.
a hydraulic system, variow§, packings serve to seal fluid
der pressure in the system keep air out. Wherever
e various hydraulic units ar ted to the hydraulic lines,
ou have DANGER sPOTS. Bec is is where you will have
moving parts, vibration, a rts (to get at the units), and
so on.
So you’'ll watch these gpots patticularly to guard against fluid

leaks and air getting®into hydraulic lines—two BIG HEAD-
ACHES which must \i if you're going to have smooth
hydraulic operation.
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THE HEART OF THE SYSTEM

If the hydraulic fluid is the lifeblood and the hydraulic lines
are the arteries, the hydraulic pump could be considered the
HEART of the system. )

Two types of power-driven pumps are ordinarily used in
hydraulic turret systems. They are VARIABLE DISPLACEMENT
and CONSTANT DISPLACEMENT pumps. Sometimes they're called \

variable volume and constant volume. \

The names of these two pumps give you a tip-off on how
they differ. The variable displacement type puts out at a vary-—O

ing rate, depending on the volume requirements at a

time. The constant displacement job pumps at a constant rat

its capacity and volume are fixed. S
There is another type of pump which comes with a

a HAND puMP. This is really an emergency item, and not

be considered one of the basic hydraulic units which you

_ S
TNLET PORT e ﬁ)@ INLET an
i ; ,l'.'_ 3

CHECK VALY ECK VALVES
Z 2 Bk
\\
S 8
GYLINDER
PISTON / _
TLET N OUTLET
I A PORT

Figure 96,—~Hand FUQ
% about now. In other words, thi p is designed to
O] ¥

otk when the power fails the electrically-driven
p quit on you.

It can also be used to check t ulic system when the
engines of the airplane are not ing and consequently you
have no power.

One look at figure 96 arfl tell that the hand pump
is really very simple in cd cti®m. It consists essentially of

jorts, a piston, and a handle

a cylinder having inlet and @



for operating the piston. Throw in a few necessary check valves,
packings, and seals — and that’s the works.

Here is how the pump operates.

You pull the handle toward the right, thereby moving the
piston toward the left. The liquid in front of the piston (to the
left of in the illustration) is forced out of the cylinder through
the check valve of the outlet port. Meanwhile the pist
drawing in fluid through the inlet valve to the right.
when you pull the pump handle back toward the left, the p

moves to the right. Thus, liquid is forced out of the rightfh:
end of the cylinder while more liquid is flowing into tl %

hand end. -

The check valves in the inlet ports prevent the fl e
pump from being forced back into the reservoife eck
valves in the outlet ports prevent the fluid in the &fn}m
being drawn back into the pump. {

In well-designed hand-operated pumps, the area of the piston
and the length of the handle are proportioned at you can
develop high pressures without working your@death.

The gmmplicity of construction and operati the hand
Al you to believe that there i h to worry
ay of service or maintenance? 11, you're right,
50 suppose you move alon e power driven

L ‘
VICKERS PU \ V'

ickers VARIABLE DISPLACEMENT J(or volume) pump

1§ usgfl on nearly all hydraulic t St 1s 1deally suited to
operations since it is desigfled to produce constant pres-
re at a varying volume, depend: n how much volume is

uired at a certain moment. there 1s a greater demand
r fluid in the system, the e tends to drop slightly.
his 1s where the pump g ork. It keeps the pressure up

and supplies the necessarygkolume of fluid. If pressure is off
just a fraction, then the \pump®will apply to the system just

that fraction of presswrg n ary to eliminate the deficiency.
And it does all thi &‘ICALL‘Y.

In order to under ly how a variable delivery pump
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operates, think about hydraulic pressure and the relationship

between pressure and volume. Remember that no comparison

can be made between air pressure and hydraulic pressure. Air

can be compressed in suitable containers, and the pressure so

stored can be used later. Hydraulic fluid, however, CANNOT BE

COMPRESSED. And hydraulic pressure can’t be stored, to be used

as needed. | \
In order to obtain hydraulic pressure, a DRIVING FORCE is \

needed—something to ‘“push” the fluid through the tubing.

Such a driving force is the HYDRAULIC PUMP, which creates

hydraulic pressure within the system by PUSHING the hydrauylic

fluid through the passages.
However, in order to have hydraulic pressure, there m

be a RESISTANCE of some kind. If the outlet port of tHE day-

L CYUNBER uNR - CYLINDER BLOCH K
SNAP MING

WASHER
VALVE
SPRING
L haey oL SEAL
rLUE i A
COMNECTION MADHANTG 1
CHAP FING
pur
PIUG - £ ¥PANS
- . ‘( _ BEARING WNIVERSAL ,
BEARNG , AETAIN
" SPRING
u

on
UNIVERSAL L
' Figure 97.—Vickers piston pumg.

draulj is connected to the inlet port ng tube, the
sys ed with fluid, and the pump set otlon, NO PRES-
SURE, W, CREATED. The fluid will me CIRCULATE slowly
or rap epending on the speed of the pump.

: a hydraulic motor i1s installed 1 line, and a load
e motor shaft, pressure will puild up in the lines.
7

¢ the motor with its load will ring a RESISTANCE
to the flow of fluid, while more fl being PUSHED against
it, pressure begins to form at the ere the resistance is
located and backs up toward the s@urce®®f power.

Volume is the MEASUREMENT UID FLOW. Pressure is
the AMOUNT OF POWER avai Nﬁ operating pressure has

been reached, practically no is required, except to make




the turret and contains the control handles, safety or “dead |
man’’ switches, and trigger switches.

The valve assembly consists of two four-way valves. Each
is connected to and is controlled by the motions of the control
handle.

The Clarke control valve takes the high pressure oil from
the pump and valves it selectively in one of two direction
the ELEVATION and AzIMUTH syYSTEMS. In this way, mnv%
of the control handle in any direction automatically regulates
the flow to drive the proper (elevation or azimuth) ¢
in the corresponding direction. You'll find out how
ders work a few lines farther along.

The valve housing has six ports, two on the exteri

and four on the bottom surface. The two ports ot t\eric}r

ELECTRIC CABLE TO
TRIGGER, DEAD MAN
SWITCHES —|

TRIGGER,—
PRESS IN WITH |

NOTE
TRIGGER & D
HAND GRIPS. .
TURRET OTH GUNS

Figure 100.— ke turret control valve.

8

DTe e and return lines. The four on the
cofitrolling both the horizontal and

iirret and gun carriage.

surface are for the
bottom are for the
elevation movement d
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POWER ACTUATING UNITS

You now have the hydraulic fluid being pumped through the
system and its flow directed by the selector valves to and from
a WORK UNIT, often an ACTUATING CYLINDER. But what is an
actuating cylinder 7 What does it do?

Remember—hydraulics are never used alone to operate a
mechanism. It is always necessary to use some form of mechani-
cal device to start or finish the operation. The actuating cylmder

tN=-POR T
e e—

2

is that device—the part of the hydraullc system that actually O

Figure 101.—Simple actuating cy

tion to, or actuates—the tL@uating cylinders
ilable in many shapes and j@ use their size and
t

ust fit the job to be done,

The principles behind the opdfa of all such cylinders,

however, are the same.
Figure 101 shows a sim ating cylinder that operates
in both directions by oil 5 re.Wl'he cylinder is closed at
operates a PISTON ROD on

both ends. Inside is a PIST®
one end only. Seals or pac aFe installed on the piston and

se jobs vary a great -

k’/ / ) .\



in the cylinder end around the piston rod to prevent the fluid
from leaking.

PorTs opening into each end of the cylinder allow the hy-
draulic fluid to enter and leave. These ports alternate as inlet
and outlet ports, depending on the flow to the cylinder from
the selector valve.

In the top view, fluid under pressure enters the left-

Y

port and forces the piston toward the right-hand end ok

cylinder. The motion of the piston is transmitted to a movable
object by the pIsToN ROD. As the piston moves forward j
cylinder, it pushes ahead of it (and out of the cylinder b
of the right-hand port) any fluid that is in the for
of the cylinder. This fluid is carried back to the re
the return lines.
Now, if you change the setting of the selectogpv the
pressure line becomes the return line, and vice k Then
fluid enters the forward end of the cylinder and the"piston

moves backward. As it does this, the piston es the fluid
out of the back end of the cylinder.
By vamying the DIAMETER of the PISTON, the applied to

be operated can be varied. e, actuating
ade in vanious diameters d ding on the force
lergth of the cylinder depemg the required
f movement of the part yhat i @ operated.
le-acting cylinders are SELF-BREED scause fluid from
er is returned to the reservoi ing each stroke of
iston. Therefore, all air can beffe from the cylinder
d gonnecting lines by several str the piston.
Idcidentally, a SINGLE-ACTING ing cylinder is used on
HYDRAULIC GUN CHARGER, which you'll find on some tur-
ets. This is a SPRING-RETURN ylinder. It has a single
uid port at one end of the a spring opposite. When
uid pressure is released, the forces the piston back into
position,

HYD MOTORS

In some cases, HY&K TORS are used in turrets instead
of actuating cylind hes@motors MUST BE USED when it is
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desired to obtain rotary motion. Hydraulic motors are similar

in construction to piston-type hydraulic pumps. The principal

difference between the pumps and motors is in the arrangement

of inlet and outlet valves.
A special type of control valve is used to control the direction

and speed of hydraulic motors. This valve controls the VOLUME m

of fluid as well as the direction of flow. \
A pisTON TYPE hydraulic MoTor looks exactly like the Vlckers

piston pump, illustrated for you in figure 97. \

It operates like this —
Fluid under pressure is introduced into either of thetwo

ports in the pump body depending on the setting of the contge
valve. The other port (as Wlth the actuating cylinder) bec r Q
the return port.

If the fluid flows through the motor in one dir&ti@

motor drive shaft turns one way. If the fluid flows throu

CAP-VALVE SCREW An.lurn

.

N LOWER “SPRING
| UIDE

relief valve,

5

E -. l“‘

rond)

m
= j
[ | F—
- E VWY ~
¥\ I :];' %
[ — »
e 17 11l
o 2 ALLLEES
'

Figure 102.—A bal

the other direction, the driyg s rns the oppdsite way. The

mechanical unit that is bex ’Ned turns in the same direc-
tion as the drive shaft.

695373°—46—11



AUXILIARY HYDRAULIC UNITS

Now you've gotten the word on the more fundamental units
making up a turret hydraulic system. There are other little
gismos and gadgets, not so important fundamentally, perhaps,

but helpful in a particular way to make the hydraulic opcratium

smoother and more efficient,
Take RELIEF VALVES, for example. \
They are placed in the hydraulic system to keep the présgure
from too high a level and to control it if it threatens to get o

of hand. In other words, relief valves are SAFETY VAL
Several types are used in the hydraulic systems.

ve
arranged so that it automatically opens to relieve t em

In each, case, the basic design involves a spring-loa
pressure when the fluid pressure acting on one fac® alve

the opposite face.
The relief valve closes immediately when the pressure drops
to a value less than the spring loading.
Figure 102 shows a typical BALL-TYPE RELI . It em-
p-loaded ball resting on a hard valve seat
insidg g. An adjusting screw 1is-ifista so_that the
1 e can be varied and the opé€rating limit of the

reli ve regulated.

1s enclosed in a valve bin&ng integral
i utlet bosses and a valve sedt.
y polished hardened-steel meld on the valve
by“a steel coil spring. This held between two

ingl/guides which are in the form of#metal disks and have
1. bosses which slip -insidf&ing ends. One of the

becomes sufficient to overcome the spring pressu{ to

se

ring guides bears on the ball the other is in contact

the adjusting screw in t r end of the relief valve.
he valve body is internal rgaded at its upper end to
eceive a bushing that carri ¢ adjusting screw and locknut.

An aluminum alloy dust cap encloSes the adjusting screw,

BAI{ RELIEF VALVE
The balanced-ty ENVE, as illustrated in figure 103,
has the advantage of peration because it operates with-
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out the chattering effect produced by the ball-type valve. It
operates in this manner —
Fluid from the pump enters port 4 and leaves through port

B to enter the system. In the meantime, however, some of the
fluid also goes through the metering hole C into the upper
chamber and finds its way to the spring-loaded ball D. When

the pressure reaches a predetermined value, it overcomes the \

spring E and unseats the ball D. \
As the ball unseats, the fluid rushes past metering hole C
and pressure is applied to the area of H. But, because the holeO

C is small, the hydraulic pressure reacts upward on H, mtg<s
L

TO RESERVOIR

Figure 103.—Balanced-type ra[ie@
it 1 same direction, and at the samg@ tit nseats valve G.
thi§' valve is unseated, the fluid the pump is per-
p flow freely to the reservoir the spring E over-
mes ghe oil pressure, ball D reseals #AndVspring L assists H

s. This permits the

pressure to build up in the systemfagaiit

THE ACCUMULAT%R TEM HANDY MAN

P Mgu'd think it is. It AcCUMU-

The ACCUMULATOR is j
LATES potential hydraulic pg




The accumulator stores fluid when demands of the system
are low. Then, when the capacity of the pump is insufficient to
do all the work required of it, the accumulator feeds its reserve
stock of fluid to the system units and keeps things going.

Not content with performing this valuable duty, the accumu-

pump fails to function and emergency operation of certain u

lator also serves as a SOURCE OF HYDRAULIC POWER when th m
m& y

1s n . In 1ts re time, the accumulator acts as a
i1s necessary. In its spare t th lator acts

O

OIL CHAMBER \
DIAPHRAGM — k

AIR CHAMBER Y WIRE

O GASKET
AR FiiTING
L
Figure 104.—Pressure BCCLN
@

ci#mbgr to prevent sudden surges o ressure from dam-
ingfthe system.
ually, a pressure accumulat
se in the aircraft hydraulic sy
res in the electrical system.
A spherical hydraulic-press
of the outer shell removed
cumulator is made up of forged steel hemispheres which
are screwed together to complete sphere. The halves
are separated by a rubb ragm thus forming two cham-
bers. The upper chafber 1 fluid chamber and is connected
to the fluid supply lin point close to the unit it is to oper-

serves much the same pur-
t the STORAGE BATTERY

umulator, with a section
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ate. The lower half of the accumulator is the air pressure cham-
ber and is fitted with an air valve (similar to the valve on
automobile tires) for charging the chamber with compressed

air. Air 1s pumped into the chamber at a pressure specified for
each installation, usually one-third of the system operating
pressure.
With the accumulator in the charged condition and the fluid \

chamber empty, the diaphragm is forced against the walls of \
the fluid chamber by air pressure. The introduction of fluid into

the fluid chamber causes the diaphragm to be forced towards
the walls of the air chamber. This further compresses the sai
charge and increases the pressure to that of the fluid.

When the fluid pressure in the line to which the fluid cha
ber is connected drops below the system's operating pr%s\

57 o

S

N

Z

Figure 105.—Edge-typagfilter.

the air expands the force®the Maphragm toward the fluid

chamber walls. This ror kid from the accumulator
into the system.



The accumulator again becomes charged with fluid during
periods when the demands of the system do not require the |
full output of the engine pump.

ROUNDING UP THE SABOTEURS (D

The filter (or strainer) stands guard at the reservoir to
vent any sabotage of the hydraulic fluid. Bits of metal) :

and other enemies are taken in hand and held in a concentratio
camp for ultimate disposal. |

Figure 105 illustrates an EDGE-TYPE FILTER, the
monly used in hydraulic turrets, In this filter, the foreign¥matter
is removed from the fluid when it passes between !
faces of metal disks. It is then cleaned from the df¥ks Otat- |
ing them with the handle. Cleaner blades which exténd b
each two adjacent rotating disks scrape the foreign from |
them and it drops to the bottom of the filter. These filters are |

also disassembled periodically and washed in nt.
Filters have integral bypass valves which o o Allow fluid

to pas g filter element is clogged. This n will not
occur op, 1f the filter handle i1s tur or before
each 1 the filter element is cleane larly.

ets are usually installed on th em return line,
and he ideal location for them. @ ion limitations,

may make it necessary to" 1\ em on pressure

1

CHECK V
heck valves are the Shore of the turret hydraulic
tem. They are posted thro system, ever ‘on the alert
keep the hydraulic fluid fro ring spots that are out of
bounds.
Spring-loaded ball-type valves are encountered most

frequently. The principleef ope€ration is quite easy to under-
stand. .o & -

The ball-type che is illustrated in figure 106. As |
you can see, the ball against its seat in the valve body
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by spring compression. Installed in a fluid line, the valve will
remain in the closed position until the fluid pressure acting
on the INLET side of the ball.reaches a pressure greater than
the combined spring and fluid pressure acting on the opposite
side of the ball. Then — the ball leaves its seat and fluid is
free to flow through the check valve in the direction indicated
by arrows.

IN- PORT IN-PORT

i0anonac
luooooaon
f0000C000

w Figure 106.—Ball-check v 5
oon as the fluid pressure in thQside of the ball

elow that on the OUTLET si e spring returns the
ts seat and prevents fluid fing in the opposite
on. In this way, flud press s maintained in_the
portion of the system that 1s pr@tecté@®by the check valve.

asularly important to pre-
vent the reverse flow of any fl pOUBLE ball-check valve is

used. This valve has the w as installing two separate
check valves in the line. "Tliege 15 not much chance of both




valves in the double ball-check valve being held open by foreign
particles at the same time. Thus the safety factor is doubled.

EVERYTHING AT ONCE

Now you can get down to business and tie the individual
units of the turret hydraulic system together. Figure 107 1
schematic of a real turret system — that of the Erco 250 TH

(U

Rather simple, isn’t it ? N

Note that this particular turret uses hydraulic CYLINDER
as power actuating units, both in elevation and azimuth.

=\

FILLING FLYUG
CHECK VALVE

NOii¥

A

ELECTRIC MOTOR
AND VICKERS

== HYDRAULIC
PUMP UNIT

T adaniie

J
AZIMUTH
BY-PASS VALVe
 AZIMUTH CYLINDER
Figure 107.—Schematic o ic system.
rdraulic turrets use hydraulic M as work units, particu-
ly for rotary motion. Othe ,athe units of the Erco are

mon to all hydraulic turret
It’s too bad, but to be quit
in hydraulic symbols. So facturers use one set and
another manufacturer wil up a different set that suits
him better. However, the ols shown in figure 108 are used

as much as any, and ]N] y of them will help you under-
stand most hydraulic ms.
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CHAPTER 6 H K
MARTIN 250 SH-2 TURRET

HYDRAULICS AT WORK @
No pu are acquainted with the p units of the
turref system and the auxiliary afits which improve

of the basic system, you'rgmabou¥ ready to put
er. When you do, you'll Q complete turret

system. L

you a pretty com-
ether and relate to
this turret works,
u Won't have much trouble witht"#wgother hydraulic turret.
e 250 SH-2 is mounted in #hig bow position of the PB2Y.
ry similar Martin turrets arggmsg the PBM. The Martin
-2, except that the PARKER

EVATION UNIT, which you'll about in this chapter, is
replaced by the Vickers motfr,

As the designation tell the Martin 250 SH-2 carries
two .50 caliber machine s. They protrude from the upper

half of the turret. %carrif:s 800 rounds of ammuni-
tion to feed into thesC3gmns. A one-piece, transparent plexiglas

enclosure makes up half of the turret. It houses the
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gunner, the guns, accessories, armor plate, and all the operating
mechanisms except the horizontal driving unit.

The MARTIN 250 SH-2 turret is composed of two main parts,
known as the BALL and the sADDLE. As you can see in figure
109, the ball is a sphere slightly flattened on two opposite sides.
These flat surfaces fit inside the hubs of the saddle, which is
a cyvlindrical shell with the two hubs projecting above it. In

O

ure 109.—Ball and saddle (assgmble

ion, the ball moves about the \m'med between
1zontal trunnion tubes which s rtpit. Horizontal

accomplished by the rotagi the saddle on a
ers on the saddle ride on track, which is bolted

uth to 79 degrees on
either side of the center line irplane. You can move
the guns 87 degrees abav&‘.t rizontal or depress them 33
degrees below horizontal. \

Now assume that the turf@imigs all set to operate. This means
that the hydraulic syste Q@n‘ pletely filled with fluid (it




holds six quarts) and all units are intact and in good working
order.

Be sure the turret is LOCKED before you start to get in
Otherwise, it can swing down and pin you part way in and
part way out.

Facing forward, you enter the turret through an op
in the bottom and reach up, grasping the top of the front a
plate to pull yourself aboard. Once inside, reach down on
left side and release the seat lock, allowing the seat to f
the track to its seated position.

At this point, you can take a look through th
illuminated sight to see if you're at the right height t,
you can adjust the height with the seat adjustglen e,
which you can reach with your right hand un the
seat. Q

Take a look at your pressure gauge, whieh you'l down
by your right ankle. It should read 25-30 pounds before the

turret is ready to operate.
Now unlock the elevation landing lock, h/is on the

] and side of the ball, by pulli ut the handle
and @ P. Then determine if the ut sition lock
on theVpwerge ft-hand side is in the extreme ked position.

I'he main power

4 b o operations free the turret sofl rotate.
YouNgan“turn on the juice at thi po
isdon the control panel, which TStlgcated on the upper
ig

ri d side of the turret. Whe itch goes on, a red

inflicater light shows up, both on thespanél and outside of the
junctipn box.

en you can turn on the pu@r. The control switch

Q arked on the bottom of thf@ ox. The pressure gauge

m

ould indicate that the pump uilt up from 960 to 1,000 psi.

The turret actually rota n you move the control
handles. You can’t miss th§se, e they are directly in front
of the gunner’s position turret. Moving them to right

or left will move the .tu orrespondingly in azimuth. Mov-

ing them up or down \ﬂ te or depress the guns. If you
g n move the turret in a diagonal

combine both motion
direction. The degre ation determines the speed..
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inward an equal amount until the desired neutral play or
““feel” is obtained. Now tighten the locknuts you loosened when
you started to adjust the valve. When you tighten the lock-
nuts the valve cages will be pulled- slightly, so be sure and
allow for this condition when adjusting.

If the control valve is giving trouble, check its performance
with the descriptions which follow. But once again, DON’T TRY

TO DO ToO MUCH. If it looks as if a major overhaul is require
call on the nearest overhaul point. That’s what they’re for.
Here are some common Clarke valve troubles and what

do about them —

TroUBLE : Stiffness and excessive handle load in trair‘co

CAUSE

T B

Mechanical friction occurring in

the bearings.

Remove cover D1307B. Loosen the pivo s
and actuating link sub-assembly D1405A, by
removing the screw that cla it to the
torque tube., Readjust the loc
sub-assembly back in place.

TrROUBL

e from around guide screw BPil164

Guide screw |

c

Tighten screw. 4y

Remove guide screw\?lme crush washer.
Care should be taken w replacing screw
to see that the [gui ng on the end of
the screw prope gages the hole in the

sleeve and the slot i e valve,
BLE: Excessive neutral play Q\ration control

CAUSE

Improper adjustments of elevation

cages.

CURE

D1156A on the elevating

a very definite neutral position
. Turn each cage IN the same
amo til a very definite neutral position
he wvalve should be under full
era pressure when making this adjust-

g
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TrouBLE : Excessive neutral play in train control

CAUSE CURE

Improper adjustments of train | Same as above operation with train cages.

TrouBLE: Mushy or spongy feeling in neutral positi
valve

CAUSE | | CURE

Foreign particles lodged between | Remove cages, and check for dirt. B 3
the valve plungers and the liners. | dirt, and flush with clean flui
TroUBLE: Stiffness or excessive handle load inft Dmn
control ‘
CAUSE CURE

Mechanical friction occurring | Move hand grips through
somewhere in the linkage between | with the pressure ofr. 1
hand grips and the cam shaft, of resistance is found,

e column to the bot-

that hold the shaft in a

If the trouble is not

handle shaft beari

motion down throu

tom of the wvalve, ki sure that no dirt

has worked into he moving parts.
N i

WHAT MAKES IT ELEY 7

" Parker hydraulic elevating un unted on the left-

nd gide of the Martin 250 SH- et on the horizontal and

vertigal centerline. It consists o housing which con-

ins a central spur gear faste he left turret trunnion

e, which in turn is attac the saddle. Above and

ow this gear are two racks in a horizontal plane and
meshing with the gear.

On each side of the r are pistons. These pistons are
driven by HYDRAULIC PRESSURF, regulated by the conTroL
vALVE. This makes efich ra UBLE-ACTING. Opposite ends
of the two racks aréW lhected. This provides rotation of
the ball structure to ai ns in elevation.

olfo'w the linkage
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THE ELEVATING UNIT SHOULD NOT BE REMOVED EXCEPT TO
REPLACE A DAMAGED UlN]T, and the removal should be done
only in a machine shop capable of such work.

The hydraulic swiveL JoINT fits inside the left-hand trunnion
and elevating unit. It carries the flow of three separate hy-
draulic lines from the ball to the saddlle. Two of these lines run

from the control valve to the azimuth motor, and the third is a \
drain line from the azimuth motor back to the low pressurN

side of the pump.
EXAMINE THE AZIMUTH DRIVE

The azimuth drive unit is bolted to the roller casting u
the left-hand hub on the saddle. It consists of three par

COMBINATION RACK 8 PISTON L

=
. W2
"
[ ]
s
o .F..

o)
"

w
y
I
I
i
ey
sl

SPLINED SHAFT —

Figure 113.—The Parker eleva unit.

gear box, a hydraulic mo a 90-degree manual

The main gear box compriseffa m and gear enclosed in
a housing with a small pinion e on a shaft, which meshes
with the large ring gear on turret track. At right angles
to this latter shaft is the Whrms with a spline on each end.
A seven-cylinder fixed-s m{)r connects on one end of

the worm shaft.



On the other end of the worm shaff, the 90-degree manual
drive attaches. There is a square shaft projecting from this,

CYLINDER

BEARING PIN
CYLINDER BLOCK BEARING
OIL SEAL
MOUNTING FLANGE
b SNAP RING \

\i

SPRING - OPTIONAL COUPL
C  SHAFT
BEARING BEARING UNIVERSAL
KNUCKLE SPRisG
SUB-ASSEMBLY S

Figure 114.—Cross-section of azimuth motor. \

to which may be attached a hand crank for manual mo¥ement

(from outside the turret) of the turret in azimut
Here are a few common complaints that ¢ Wlop in an |

: “WMotor not turning over or loping suffi-
ient spegd or power

AUSE

d relief valve not | Check n]m‘m P nd reset relief valve.

t pressure, or

hanism binding be- | Install new mo less vou can easily re
misalinement or other [ aline.

lving surface on connect- | Replace d arts.

#46260) due to {foreign
in oil system.

TrouBLE: Motor not turni or not developing suffi
cient speed or power

CAUSE CURE

system thoroughly—particularly pump
ressure and delivery,

Pumps or other components in sys
tem not functioning as intende
or

Incorrect motor model f
ticular circuit,

eck model number, replace with correct
s1Ze motor.
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pump is not running), check for loss of system pressure FIRsT,
then for the other possible troubles, described in the pre-
ceding list. |

turret are provided with HYDRAULIC GUN CHARGERS, which are

MEET THE CHARGERS
The two machine guns mounted in the Martin 250 SH-2 | :

mounted to the outboard side of either gun. Pressure for their

'puanooono O
LX) o ¥

.

L

Figure 115.—Hydraulic gun charger [cross-section).

operation is obtained from the turret hydraulic S@nd

of these gun chargers that makeés the

, since it maintains reserve sure to
iverted by the chargers.
LVE operates the gun charge charger

pushed down to operate ﬁz&ers, and by

i andle, the charger is held in ehe afe position
or ift the firing position.
to operate the gun charger

ontrol handles in the firing] positfen. Depress the
rough a stroke of 3§ inch. valve plunger will
in this open position. Whe valve plunger is in
e charger cylinder
the gun bolt strikes

e gun bolt is full retracte
the gun buffers, the valve plunger I automatically close,
opening the passage from the cylinder to the return
line and allowing the hydraylic er cylinder piston to return
as the fluid is discharged rM cylinder by action of the
charger spring.



A SAFETY FEATURE is incorporated in the charging system
whereby it is impossible” to fire the gun, should the firing
switch be inadvertently closed. To hold the gun safe, the con-
trol valve handle is turned counterclockwise, and then depressed.

The valve will AUTOMATICALLY close in the manner previously
described, but the hydraulic flud will remain trapped in the

line. In this way the gun will be safe until the handle is&
tated clockwise to the firing position, in which case theyfm
1s exhausted from the cylinder and the bolt returns forwa

for firing. REMEMBER, this operation is safe only wh
motor is running.
e

If, for any reason, you have taken down and rea
the charger control valve, the spring will require ad t.
_This can be done with either a hand pump or a power o ed
pump with an adjustable relief valve.

The valve should be put in the open position and &essur&
gradually increased until the valve plunger kicks out.

The spring should be adjusted by the adjusti rew, in or

out as required, until the necessary kick-eut pre reached.
FILLING AND BLEEDING

You e yourself a lot of time an ible worry if

youl@mll always remember that impro and bleeding

1S TH E OF MANY TURRET ILLS. the hydraulic

just as fatal to the proper 1on of the system

ould be if it got into your d system.
e term “bleeding” the hydraul stém is nothing more
thin FEORCING ALL AIR OUT of the s :

g, naturally enough, is filling the system with the hy-
ulic fluid. As long as this fluj an, and as long as the
et hydraulic system 1is fill apacity, with NO AIR in
system, you will find that lic turret difficulties are

very few and far between.

Filling and bleeding is aécomplished through the use of a
FILLER CAN and in the cg§e of®urrets so equipped, with the
use of the FILLER VﬁWI?! st kind of filler can is illus-

trated in figure 116 flexible hoses are about three
feet in length, and th uipped at the ends with shut-off
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valves. You can easily make a filler can out of an empty oil
can, if you need to.

The operation you are about to undertake is a one-man job,
due to the limited working space inside the turret. However,
you will have to have an assistant to hold the can for you, or if
this is not possible, you will need to attach the can to something
HIGHER than the turret to be filled. It must remain higher
AT ALL TIMES. The can should be filled with hydraulic oil,
Specification AN-VV-0-336b.

Get inside the turret through the escape hatch, and take the
flexible hose in with you, or get your assistant to pass it i

GASKET &y
AEROEQUIP

—...Qau MANIFOLD
Figure I16.——Fi|le@
the Vickers accumu-

re, will reduce the pre-
and you are ready to

you. T here is a Schrader valve lo
lator. If you remove the valve
load to zero within the accu
start your bleeding and ﬁllig

Connect the tube at theghot f the filler can to the INLET
port (% inch tube size) ILLER VALVE. Then connect

{
*
o
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the tube at the top of the filler can to the RETURN port (34 inch
tube size) of the filler valve.

Now turn the lever at the top of the filler valve to the rILL
position. Open both shut-off valves at the end of the hose
connecting with the filler valve.

Now apply a pressure of 10 to 15 psi to the superchargi
chamber of the Vickers pump. This pressure can be ap&
with an air line or with a hand pump. Check it with a r
tire gauge.

The next step 1s to operate the turret slowly to all ex @

positions until air is removed from the system. Yom ca
when this occurs by watching for bubbles in the fi

When there are no more bubbles, there is no more a he
system. Don’t forget to operate the turret sluwl}r. o run

it to the extreme limits both in azimuth and elevafion. About
one-fourth maximum speed should be tops in this 0&3’ n.
The reason why it is so important to operate the turret
slowly is that when a filling can is being used mp feed
pressure is low. Therefore, if the pump is a at too

it is likely to feed and draw aiggi e system,
eRactly what you don’t want td havé%happen.
should get all the air out o ystem in not

n ten minutes.
n the filler cap and nut,_on to the pump,
oth of your lines. \
e the turret slowly for thw tes. after the op-

erabion becomes smooth and free fro rkiness, and then turn

the pumnp off.
ase the air from the pu supercharging chamber by
oving the core of the pneumatic e located on this cham-

s cover plate. Now turn ? et power on again and

the turret for a couple offhinfites more. This replaces

the volume of air just releas the supercharging chamber
of the pump with hydraulic ~

Now turn the turret poWer

again and switch the index

lever of the filler valve t RUN position. Replace the

Schrader valve core i &rcharging chamber of the pump.

Put the dust cap bac valve and tighten it up with a
180



wrench. It is VERY IMPORTANT that no dirt or dust get into
the system.

Close both the shut-off valves which you opened previously
at the end of the hose connecting to the filler valve. Disconnect
this hose from the filler valve. Cap the two ports of the filler
valve simultaneously with the removal of the hose.

You will have to be Quick about this — otherwise you will
lose too much oil from the system. If you are careful, how-

filler tube. You will have to remove approximately eight

ever, just a tiny bit will escape. Now remove the cap from the O

ounces of oil from the filler tube to provide a space fo
correct volume of air to be applied to the accumulator.

do this by applying air to the accumulator and making s
that you don’t get too much air pressure, so that more oil ‘Wi
be displaced than you want to lose. :
Replace the cap to the filler line. Put the Schrader valve co
back in and supercharge the system by applying air pressure
to the accumulator until the low pressure gauge indi@uut
ighten

25 psi. Replace the dust cap to the Schrader valve a

it again.

Unless j i) to see what it looks like n a turret
blows up, NFUERgefiarge any hydraulic equipmep xygen,
en bottle happens to be hand iixture of

OXygen an aulic fluid creates an EX®LOSMEgEOmMbination
t off by gunfire or in many ca y hydraulic

rd hangar air line, if it is s@e — that is, a

ose such as the one foun gas station. If
rking in a hangar, you are jast about sure to see one

8d to a compressor.
se you don’t have an air lin@an use an ordinary

or automobile tire pump.

ADJUSTMENT OF ROLLERS

That just about covers ghe tion and maintenance of

the hydraulic system in th :No SH-2.
There is one mechanical ent you should know about,



however, before going on to the next turret. This is the Ap-
JUSTMENT OF THE TURRET ROLLERS.

This isn't difficult. All you need in the way of equipment
is one screwdriver and an open-end wrench.

There are three sets of rollers to consider. There's the
AZIMUTH variety, on which the turret rides in azimuth on the
saddle assembly, as it revolves around the ring track.

(O

Then there are the uP rollers placed on the undersi%‘

the saddle structure and rotating against the upper flange o

ing

ing. Finally, you have the \ers, located on the
derside of the turret and rotati athst the lower flange

f the track, or outer turret ring.
the UP or DOWN rollers ar€ too Hght, they sTICK. And
o will the turret. If they are to @se, the turret can bounce

d joggle around in a most erting manner.

Now about the adjustment. these rollers are accessible
to you and your screwdriv ¢y all have locknuts — in the
case of the azimutH and the UP Yollers, these nuts are located
above the rollers. In t rollers, they are below the
rollers. S

Loosen these lo uNw insert the screwdriver in the
slot across the top of the powN rollers) of the bolt

Figure 117.—Section shgw
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What is the RiGHT adjustment?
just have to FEEL. Not too ti

help to you.

&

L
::N quick as to what adjust-

But don’t worry. You'
ment 1s the right one af

How

ittle experimentation.



the turret operates after you adjust its rollers gives the answer.
One other thing. At least 75 percent OF YOUR ROLLERS should
be touching the outer turret ring.
You can FORGET ABOUT LUBRICATION. The rollers are self-

lubricating. You never need oil or grease on the track or outer
ring, either.

This roller adjustment is 1MPORTANT. Even if yuu've\

GSAF CAMERA
LY

GlM -
CHARGLR

PNT L RPROS E
BTATION BOK

MANLAL DRIVE
WA RO SWITCH
—

|
A LT IO
BOOSTER HMOTOR
)
A
»O INFERPHONE
LllF.F' LINE

Figure 119.—Electrical equipmentogi . Martin 250 SH-2 turret.

PaITCw

ML IO
BO0STLR MOTOR

he hydraulic system in appl ondition, the turret won'
perform smoothly if your r ¢ out of line.

STUDY. THE 'DIAGRAMS!

~ ; ,
Now to top off your tigation of the Martin 250 SH-2

t
turret, check the diag tic hydraulic system shown in figur¢

&
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118. The numbers encloséd in circles represent the part num-
bers of the various hydraulic lines and other units which you
will want to refer to in ordering replacements or in following
lists and diagrams in the Martin 250 SH-2 parts manual..
Remember that even though this Martin, turret operates
EIYDRAULICALLY, it still utilizes ELECTRICITY and a great many m
electrical units. You will see this very clearly when you look \
at figure 119, the electrical equipment diagram. Remember,
too, that it takes a little electric motor to drive the hydraulic\

pump which sends the whole hydraulic force into action! O

695373°—46—13



CHAPTER 7

ARTIN 250 CH-3 TURRET

G/~/~

WHAT IS IT?

are familiar with

ili ith the . 250 SH-2
a head start on understan @ e operation
250 CH-3. The main @ifferc between the

I shape
e tells you, the 250 CH cylindrical hy-
ulallyfoperated turret, mounting tw cal:ber machine

az
only the guns and sight can
whole turret, including the

ill recall that the CYLINDQI‘TEE differs from

the spherical turret,

HERICAL turret in just one
gr, guns, and sight rotate a mmon axis in BOTH
ath and elevation. Howeve e CYLINDRICAL turret,

ted or depressed. The
otates in AZIMUTH ONLY,

and remains in a hOl’lZOﬂEll when the guns are elevated.

The Martin 250 CH- roN u
The guns may be raised SOndegrees

pressed 20 degrees below



You will find this particular model Martin on the upper deck
position of the PB2Y Coronado. The Martin 250 CH-1 and
CH-2 are almost identical with the CH-3. They are installed

BRACKET SIGHT CAMERA TYPE N-4 SIGHT LEVER ASSEMBLY
SUPPORT
FACE ARMOR
GUSSET ’ GUN SIGHT MK IX

| BU. ORD. H&
EJECTION CHUTE SIGHT BRAC
ASSEMBL
HﬂlSﬂx

CASTING
MECHANI

CRADLE ASSEMBLY
|
CRADLE A i .

BREAST PLATE

f

SOLENOID

UPPER ACCESSORY
SUPPORT CASTING =

SEAT BACK !
INSTALLATION | §

SEAT
INSTALLATION

CTION CHUTE
ING

OWER STRUCTURE
ASSEMBLY

SUPPORT SWIVEL JOINT
ASSEMBLY

SWIVEL JOINT

Figure 120.—Mart —3 turret assembly.

in various models of em They operate in the same way,
although their rotatiog zimuth and their elevation and |

depression range are 1 @ stricted.
188




The hydraulic system in this turret is almost the same as the
one in the Martin 250 SH-2, except for a few distinctive
features. Figure 120 will give you a good idea of the Martin
250 CH-3 turret assembly and its parts.

DON'T SHOOT YOURSELF

In this type turret, it is necessary to control the movement so \
that the guns do not hit or bump any part of the structure of\
the airplane. That was not necessary in the 250 SH-2, since
its position in the bow was such that this problem would nDO
be encountered.
Remember that the 250 CH-3 is located on the UPPER D
where its guns can easily come down and bounce off or Lhro
the fuselage. \
Furthermore, you are in a position up there to shoot the
tail or the aft section of the fuselage on your own a&
if you’re not careful. :
Under the stress of combat, a gunner can hardl cted
to concentrate on shooting down enemies at the sa he

SPRING
CLEVIS
CLEVIS

LINK

ROCK ARM
SHA

Figure 121.—Structural ir@ valve,
is cotlcentrating on not shooting il section of his PB2Y.

So a couple of handy little deviceghave Been designed to keep the
guns and the bullets from doin§ a mage to the home team.

These are known as thg,sT RAL INTERRUPTER and the
PROFILE Or GUNFIRE INT U\ ou can see them in figures
121 and 122.




The STRUCTURAL INTERRUPTER is the watch dog which keeps
the guns from hitting the fuselage. As you will recall, the
lower limit of the guns’ traverse is 20 degrees below the hori-
zontal. A eam assembly meshed with the turret drive system

is so designed that when this lower limit is reached it puts the m

STRUCTURAL INTERRUPTER VALVE to work by actuating an electric
solenoid. Poppets in this valve reverse the flow of hydra&

CLAMP SCREW 'Bl——caM sHarT \
TOP CAP BUSHING -::-'ff':r ECCENTRIC BUSHNG

CONNECTION PLUG.

GPAGER CYLINDER

CoNDUIT r B
ASSEMBLY | ol 1o @

: ELASTIC STOP NUT
Figure 122.—Gun interrupter.
to the elevation motor. versal of fluid reverses
elevation motors, causing t s to lift up before they

strike any part of the fusela
The PROFILE or GUNFIRE RUPTER is interwired with the

firing mechanism of the gahs and is actuated through this same
cam assembly. This c’l* cam is fitted to a shaft which
is rotated by the ac drive piston meshing with the

azimuth gear ring of t
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valve by opening and bypassing the oil back to the reservoir.
When the pump stops, the check valve prevents the oil which
is under pressure in the accumulator from back-loading the

pump.

The azimuth mechanical control assembly includes the cylin-
der, rack, gibs, frames, shafts, and gears that convert the

hydraulic power in the turret into MECHANICAL DRIVING POWERO

THE MECHANICAL PART \ ‘m

The application of hydraulic power to the cylinder move

the piston, forcing the piston rod in or out of the cyli
The piston rod is fastened to a rack bar which slides back
a

forth on two brass strips known as GIBs, mounted on thqf\

BEVEL GEAR  SPROCKET
RACK PINION S
GIBS .

NS
Q TING NUTS HYDRAULIC AZIMUTH CYLINDER
Figure 125.—Azimuth rive,

The movement of the rack t the PINION GEAR, which is
mounted on the same shaft as @wo r gears, the BEVEL GEAR

-and the SPROCKET. N
When the turret is in e airplane, the teeth of the
sprocket mesh into a FIX riveted to the track. When



the sprocket turns, it walks around the chain, moving the turret
with it.
The assembly is such that moving the pisToN RrROD out (by

turning the control handle clockwise) moves the rack to the left, m

turning the pinion and spocket counterclockwise, and also mov-
ing the sprocket and turret clockwise along the chain.
other words, rotating the handle to the right turns the turr

to the right, and vice versa. \

The cylinder used for the AZIMUTH CONTROL unit is a do
acting, single-piston type. The cylinder is threaded into £

|‘I‘l’
DIsSC / b

BRACKET

&
altfilinum caps. A neoprene dm@ packing ring in each |
Mp prevents leaks between the caps the barrel. A portin |
h cap permits the fluid to @ erflor leave at each end of
e cylinder. '

An ARM at 90 degrees rack itself, bored for the
piston rod, is located at t
of the rack are cut to the pinion gear. A channel |
is ground on each 5i(ﬁ* ack to allow the rack to slide
along on the gibs, hosifen of the rack on the piston rod |
can be varied -by mo @ adjusting nuts and washers that
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are installed on the piston rod on either side of the rack arm.

The two flat bronze strips on which the rack slides are
fastened by means of cap screws directly to the frame, and the
cylinder is bolted through them to the frame. To get a better
idea of how the azimuth mechanical control works, take a

by two HYDRAULIC JACKS — one for each gun. Both jacks are

look at figure 125. ‘D
How about the elevation movement? This is accomplished \ \l
7.5\ O

« DUMP V,
2DUMP VALVE

b TSN

=] )

1

—l ] i}

URE LINE

URN LINE

Q SWIVEL JOINT

operated by the same two h
identical. a

These jacks are ancho \'ertical position by swivel
joints at the bottom and o of the cross-beam assemb'"

ulic lines so their action is

EOETTI® _ 4K 14



CHAPTER ¢
ERCO 250 TH-1 AND TH-2 TURRETS

THE TEARDROP
Erco 250 TH_turrets are streamlined to the apmte

considerable area aboye thgyz

, you will recall, the gunneNes with his
in BOTH AZIMUTH AND ELE . In azimuth,
ill move the guns 55 degr oward the bow
position and 80 degrees rd the tail from

guns can be elevated 55 de@rees Ibove horizontal
ressed 95 degrees below horizontal. |

ain thing which distinguishe rco from a Martin
H-2 and the CH turrets is shfipe. The hydraulic

system is made up of units you h ready learned about.
These include a VICKERS VARIABRE DISPLACEMENT PUMP and
a4 CLARKE CONTROL VALVE assemibly control handles, gun

firing TRIGGERS, and SWITCHES
The motivating power, 1 imuth and in elevation, is
provided by hydraulic cYLIN unted on PISTON rops. The
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azimuth rotation
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ture at each end.

"

Ep. That is, the cylinder area 15

iston.
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These cylinders
the same on each sid
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Figure 130.—Wiring d @ co 250 TH-1 and TH-2.



through the reflector plate, they appear to be projected out into
space. The reticel on the left which you see with your left eye is
the FIXED RETICLE. The reticle on the right side of the reflector
plate which you see with your right eye consists of a center

POSITION OF CLAMK ELEVATION UNIT SUN FILTER HOOD SIGHTING HEAD
AT [0 ELEVANON

DIPPE hich is surrounded by the si¥Wgiamond-shaped pips
arrang@l in the form of a circle. T he GYRO RETICLE or
BVABEE RETICLE.

ond-shaped pips of the
read out and close in.

gyro or movable reticle can be mgdde to
When the turret is operated, the icle — the center pipper
and six diamonds — movesgyaro he reflector plate. If you
use the Mark 18 sight pr EN gyro reticle automatically
computes the correct deflec gets hits for you. All you




INDEX

Page
Accumulator ......0v0000000. 115
trouble shooting ........... 176
Actuating cylinder ..... viaees 151
Amplidyne . .. ...ovesesivenss 14-17
maintenance ......... cvies AD
PUTPOSE . .\ivvrvnnnnunennnn 24
Angle of Are Jiiiiiviieines 2
Anti-hunt field .......... 26, 50, 53
Armament, Grumman 150
SE-2 turret ............... 69

Armament, Martin 250 CE-16

and CE~17 turret....... ... 111
Auxiliary hydraulic units. .154-158
Auxiliary reservoir ......... 175
Azimuth drive unit.......... 173

trouble shooting ......... .. 174
Ball turret, definition. ........ 59
Bleedifig vivvaicevsasis 178
Boresighting ............. 219-224

Breaks in wiring

Contour

follower, Grumman
150 SE-2 turret........... 65
Control field, purpose........
Control valves ..............

Cross-axis-excited generator.
Effective voltage

Paye

Electric turret ...... SEiasad=ok

breaks in wiring........... 55

development .............. 3

A VIEW ovsvaneiwsimaiais 54
Electrical failures, hydraulic

turret

g

.................. 211-213
Electrical symbols ...........

9
Electromotive force ........ 10
Erco 250 TH-1 and TH-2 tur-

FEL. womon oo s sy 205218
wiring diagram ........... 0
Feedback voltage circuit.. ... 315

Flux
PUTPOSE ..\ .evrrrrnennnn.
series-compensating
short-circuit-axis ... i 2
Force, definition .... .. 9135
Full normal speed @ 30
Generator, charact s (AR

Generator, cross-axis-excited.. 22

Grumman 150 SE—- ..50-104
armament ch istics... 67

armor protecfion ..M ...... 69

auxiliary®igcu Vs, AU

brake solenoid Sy -+ +r v - 64

brake solénoi eration.... 72
control-geigl” m@gvements, a

62

65

79

67

70

82

o neutral circuit.... 73

shooting procedure

n. fol. operation........ 94

0-6hm resistor operation. 96

ND operation ...... een 93

RNT operation ......... 03

UL operation ,.......... %4

Filling e soeauvs v L Ry,
Flat-compounding ........ ‘\



INDEX (Continued)

Page Page
Grumman 150 SE-2 turret (Cont.) Limit switches, Martin 250
turret drive, parts......... 60 CE-16 and CE-17 turret.... 109
UNits, @ VIEW +.evuvrnnnn. . 60 Lower limit switch, Martin 250
upper limit operation......, 78 CE-16 and CE-17 turret.. 1
A VIEW 5 siuremnrsaiim 63, 82 Mark 18 gunsight. Cheeieea
voltage checks ............ 9%  boresighting .............
wIiring d:agram ........... 104 Martin 250 CE~16 and CE~
Gun charger, hydraulics...177-181  tyrrets ..................
Gun sight, mark 18.......... 222 abbreviatigm T
boresighting .............. 224 armament ..... s
Gunfire interrupter, Martin 250 auxiliary circuits .... 2
CH=3 tarret: icivaisiaoms 189 conttol unit ,...n, ... 06
electrical umits ....! ... 106
Hand pump .............. - 143 gimit switches ... ..., . 109
Harmonizing .......... eessss 220 Jower limit switch @ o Y1
High speed compounding..... 46 mechanical features ...... . 110
High speed operation........ 41 normal operatiofee......... 112
Hydraulic elevating unit, structural int ...109, 116
Parker .........ccccnnn. 172-178 turret drive ... &F---.. .

i %—3 turret...187-193

Mart
gunh PEUPEE oo v o J189
artim 250 CH-3 turret.... 166, h system, a view... 191
181, 191 interrupter ......... 189
r actuating systems.... 151 tructural interrupter ...... 189
rouble shooting ........ 209-218 T T |1 .
view ...... R ...138, 160 riin 250 SH-2 turret..162—185
raulic turret Clark valve, trouble shoot-
check-off list .....ociicuuaa 214 B R R 169-171
development .............. ydraulic system .......... 181
electrical failures ......... OPEEAHON: o unvwmassvismaens 163
group 1 ... .iieiierinanas echanical classifications, tur-
ERONDS2 s viisRi FSERR wels i ViR e 6
mechanical failures ._.. * Mechanical failures, hydraulic
BUSEEIE v cnnmniarnnan —1 (1110 1 AR ——— NCH P |
Hydraulic units, auxiliar, 8 Metadyne ,..veinenivnnasvnenss 22

238




INDEX (Continued)

Pa_ge
Motors, hydraulic ........152-154
MPC 250 CH-5 and CH-6

fUrret s AP 195-203
power panel .......... 196
wiring diagram ........... 203

Normal speed compounding... 44

Over-compounded turret. ..... 43
Parker hydraulic elevating unit
172-178
Pascal’s principle ............ 135
Polar regions ....ccovvvasns 18-22
Potential, difference in....... 12
Potentiometer ..............10-14
Power actuating units, hydrau-
Bic Bystent ucrcusndseaes 151
Power operating mechanism
....... 6

classification, turrets

IR v e i 175
Residual magnetism ......... 11
Right hand rule..............

Page
Selector valves ...... veee..s 148
Series-compensating flux ,.... 22
Series-quadrature field ....... 26
Short-circuit-axis flux ....... 21
Speed adjustments, turret.... 40
Speed of turret..............
Structural interrupter
Martin 250 CE-~16
CE=1Y tarret ocopiaid
Martin 250 CH-3 turret.®
repairs
Symbols, electrical .........

Tear drop {h
Trouble shooting

accumulator

azimuth drive unit. .

Clark valve, Mar
SH-2 turret ... .. 4469-171
general 54

...............

and

Grumman 150 rret
con. fol. offémation....... 94
normal opesation ¥...... 84-91
9-ohm r @ pperation. 96
RN? atiol . ........ 93
RN

ane 0
Wn ......... 92
FALION v ey 94
m

UL

hydrafllicd®VvStems . ..... 209-218

Marti CE-16 and
e [ & =1 S 120
usghof voltmeter........... 120

Turre

IRCABION wcusinwomwnmanni 6
e deésignations ..... I .
C fon . .ia. s ey 4
STV 11151 {V) B 28
BIBELTIC. snunmvwnsssnssmns 7-58
riC, @ VIEW. .auuvnernas 54

Erco 250 TH-1 and TH-2.
See Erco.

Rollers, turret, adjustment..® K
Grumman 150 SE-2. See

Safety valves
Schematic diagram, definitio

--------------

Grumman,

39



INDEX (Continued)

Page
Turret (Cont.)

hydraulic. See Hydraulic.
Martin 250 CE-16 and
CE-17. See Martin.

Martin 250 CH-3. See Mar-

tin.

M.P.C. 250 CH-5 and

CH-6. See MPC.

navy, list ............ wesvn 4
parts, abbreviations ........ 70
Principle . :civinuivisin 8
rollers, adjustment ......... 181
speed adjustments ......... 40
speed ,uvvvvvanrinennnnnss. 40
Under-compounded turret .... 43
Upper limit switch, Martin
250 CE~16 and CE-~17 tur-
o - S G S A B 118
188

Page
Clarke. s vivaass 149
Control ., oienennnnssmaniney 1Y
relief ........iiiiiienninn. 154
Safety ..ccvvencennccsenans
meleckor: oo

0

Variable displacement pump. N
Vibrator-inverter, Martin 250

CE-16 and CE-17 turret...
Vickers pump
Voltage

aircraft electrical syste

bucking
checks L/

Grumman 150 S N%
Martin 250 C and
CE-17 turret .......S . 127

circuit, feedback

effective ..... ... 12-14
Voltmeter, use ble

shooting ..... . .-... 120

10

Wiring diagrdin, defffiition....

..............

OVERMNMENT PRINTING OFFICE; 1848—595%373

40





