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SUBJECT: UNIVERSAL TURRET FOR ARMORED CAR

B s et R ,1 !

1 .

- The following summary was compiled as a result of an Armament Group study of the
§ E.F.R. reports on the Armored Car Turret made by both the American and ‘Canadian
Governments’, as well as this campany’s own experience and observations. -

LR
The Armament Group considers it unfeasible to adequately irthprove or incorporate :
the items in the following summary and marked with an asterisk (¥) into the
existing basic Armored Car Turret design and bearing ring size.

Since a substantial redesign program would be required to adequately correct. the
correctable deficiencies and shortcomings, it is proposed by the Armament Group '
that a Universal Turret on a larger bearing ring (1 meter) be designed and developed |

for the Armored Car.

In addition to the features described in the proposal, this new design and deyelopmexlm
program would be conducted with cognizance of the deficiencies and shortcEmings :

cited in the summary.

F. A. Airhart '
Design Engineer
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3 : - Senior Engineer
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INTRODUCTION

1

The Armament Group presents the following proposal*for fhe design' X
and ydevelopment of a Fully Enclosed "Universal" Armament Station compatible
with the XM706 Armored Car.

The design concept of the prop<‘>sed armament statior; hgé' been studied and
provén to be feasible. Briefly, the concept is to provide a fully enclosed
continuou;ly rotating turret, which will be capable of mounting a varietx
of snmgl_l_ arms weapons packa_g?s rang‘i_lzlgﬂ.from 5.56mm mult;ple machine guns
up to a combination of 4_0mm Rapid Fire Grenade Launcher and machine gun.
Thg station will provide superior vision and human engineering consideratidns.

The Universal Stati‘on will be capable of being change.d from ore weapons
sét to another by merely "bolting on" various cradle assemblies, ammunition

boxes, feed members, sights, etc. No alteration to the basic turret/vi‘si?n

ring/hatch assembly will be required.

N
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The philosophy of operatibn of the vehicle rgtrgf;t

program is such as to require the use of a fully emc¥uysed powered

cupola mounting weapons capable of defending against attack from.
/ -

2

Sele : ! - I '

Z2% - 1ight tactical armored vehicles and infantry personnel. The power
controlled cupola replaces a more conventional manhaiiy operated’
system. To maintain a reliability level comparable to that of a

manual systém and yet provide the improved response, convenience.

~
o

o
' | b
and functional features of power controls, i?(is appare}t that\k&e
] . b

powered cupola system must be Simple and employ components of

—

| : proven reliability. : el ol

In the following pages, Cadillac Gage Company describef its proposed

concépt for a fully enclosed, powered cupola which offers the

necessary simplicity and reliability for use on the- r .

The proposed concept and Gbmponenfs are based on present state ¢f

‘the art practices and employ'systems’and materials proven in yejrs
: : L R = &

of military service. : . 0 '
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Design Features and Anticipated Design Parameters : e '

Design~¥eatures

The fully Enclosed cupola is a powered continuously rotating
' : s . PRy Bt B 3
armament station providing superior vision, fire control and pro-

tection for the gunner. Specially developed high hardness stee&

armor and eight (8) ballistically equlvalent vision blocks provxde

- g
" —_— ,,.—-—

cal .30 AP and antipersonnel grenade protection. 360° overlapping
vision provides an excellent visual surveillance capability.

Weapon recei;ers are located internally to allow sexkicing while j
cupola is in a buttoned up condition. Toxic gases and‘spént cases

and links are vented outside.

Cupola weapons are trained via a simple and reliablé‘éleCtro-hydfaulic

power control system. These power controls provide a light weight

€§’, means of providing high traverse and elevation rates as well as
. ‘Ir

smooth "fine-lay" capability. Power controls increase the cupola's

combat capability and accuracy as well as reducing gunner fatigue.

The proposed equipment has been designed to provide,.g.following
performance and design features.

A. Cupola Body & Vision Ring......Completely Enclosed, Internally
Serviced and Operated
L XA
AYTNOY s soesssssssssscsscsssssssSpecially developed high hardness
armor - cal .30 AP and anti-personnel

~ grenade protection

ViBAON . o iasnviswraenvessnvnssbO® ovarlidpping (8 vision blocks
ballistically equivalent to &rmor)

Entry or EgreSS.ccsccecsesesess.Cupola roof hatch ppening or
basket opening

o » Bearing Rlng...................Standard 1 meter ring with 39.37"
‘ A diameter bolt circle ~ |
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SHOLGHE s v s e ay v o h e s adlvey st AR LD irreduiible 7/0 deck |

Deptheeeeessescccascssssssnssea36-3/8 below rlng mounting face

LA i L] t ' ' ‘
" Weapons System ‘ ‘l
Elevation - max. ® ® ® & 0 " 0 0 0 0 0 0 I600
DepreSSion e max.o-ooo-o.oo.o.o_lso ! ¥ e
’ . . O . “ 9
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|
Wlduh.........-o--...--.-......60" in diameter sweqt area
(excluding weapons)

Cupola Assembly Dry Weight.....1800 1bs.
(less ammo, gunner & weapons) /

Basketeeseoesssescessssesassss.Lightweight, Welded Sections

S1ip RiNG.eeetecscesscsssssss..Channel capacity compatible with
VRC/12 radio system

Seat...........................Adjustable height for open drig"
closed hatch operatlon

Floor..'....-......I'.I.....-...38" dlameter

ReadY A0 s esnsosessvssasssesel200 rounds cal .50

50 rounds 40MM grenades

Spent Case & Link Ejection......Outside cupola through balLrstlcally;
protected openipgs.' ~ g

Toxic Gas CONtrol.........s....Weapons enclosed in vehicle air
pressurized boot

Prigger.cccsssnsssssassssssesssCOntrol handles mounted switches = ;
weapons armed and_selected aﬁ controlf
box. . i 9

Fire Control

Single cal .50 M-85 M.G.
cupOla--o.oo..occco.o-o-oooooo.Mzsc Sight o l-sx magnifica?ion

Cal .50 M-85 M.G./40MM

Grenade Launcher Cupola........Special Cadillac Gage sight
1X and 6X magnification in con-
junction with 40MM ranging dev1ce
to be selected By dustomer

Power CONtrolS..c.eceeccesssassss.Blectro-hydraulic

Operating pressure.............1850 psi regulated

[ TR
tie



' Flow and Pressure capabilities.3gpm @ 500 psi

Relief Valve Setting---o-.-.o¢.2350 -_': 50 pSi

danuary 13, 1969

Accumulator: C&pncity ........ g & | in3 .
Precharge....s.«+s+1350 * 25 psi :

Power Pack Cycle....... Cview sinie ot 1900 t 50 psi Off 2200 t 75 psi

Hand Pump: Displacement.; ..... 39 in3/stroke

Effort....-........37 1b/looo pSi el ui
Proof PreSSUL€...csssssescssss«3000 pei
Burst Pressure.. ees e es s e s 00000 e .4500 pSi

DOMBE s oo s e as ba s rar v alee i3 NDC, 160 abps @ 1850 pai "WIR
- suppression; 2 mf 50 VDC 200 amps . :
max. current draw 200 amps at 2250 p$if
and 2650 RPM e

‘ 2.3 gpm.@ 1850 psi

.,.'m'-». . ‘!

AZimMUth RAL€e.eeeccccececeaeeasssl mil/sec. minimum tracking speed,
90°/sec. peak, 60°/sec. continuous

Elevation Rat@..eeeceeeeeeesssss.l mil/sec. min.

tracking speed,
60°/sec. max. e

100% grade - handles hard over turret will move

25-30° grade - brake will hold
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IXL. Description frn

The following paragraphs contain detailed descriptions of the

operation of the system and its components. Referenced diagrams

g o in ;

and schematics can be found in the Appendix.

A. Cupola Bodyand Vision Ring

Thefcupola body is fabricated of specially developed high“

hardness light weight armor plate ye;ded at approximately

30 degree obliquity. This material provides effective ballistic

protection against small arms fire and anti-persotmel grenade%.'
Vision is provided by a vision ring of eight.(8’ ballistic |
vision blocks around the top of the station, so as to provide
360° overlapping vision unhindered by the weaﬁoﬂnéradle
assembiies. A large hatch is provided to allow rapid entrance
and egress of the gunner to and from outs%ﬁghspgwyehicle.‘l

B. Basket
'

The cupola basket is a welded fabrication of light weight

standard sections suspended from and rotating with the cupolai

base ring. Included in the basket are provisions for mounting
the power control components, ammo boxes, and adjustable
gunner's seat assembly and an electrical slip”ring assembﬂy.“

The electrical slip ring has sufficient power and channel

capacity to provide electrical energy for the'powér system
L L o R .

and communications for the gunner. '

-_— e ——
. .
-
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Weapons System

The cupola's main armament, a cal .50 M-85 machine gun and
secondary armament, 40MM grenade launcher are-Qgénted in a ]
ballistic cradle supported by trunnion bearings. Weapon
receivers are located inside the cradle convenient to'the‘
gunner for servicing. Ready round boxes provide a large
complem?nt of ready to fire ammunition. Spent cases and links
are ejected directly overboard through balligtie@bdors which
open automatically and only when the weapons are armed.

To#ic gas levels inside the cupola'areAkept at a minimum by
enclosing the weapon receiyers and feed chuteé {H'a boot,
pressurizing the boot with Vehicle air and forcing the toxic
gases outside the cupola through the mantq}gpquggingﬁ in'the:'

IR e, S

cradle.
(]

Electrical connections for weapon trigger solenoid and operating

power are provided in the cradle. '

Fire Control

1. Cal .50 Machine Gun Cupolas "
Provisions for mounting an M28C periscope sight or quiﬁas

lent will be provaded. This sight has a reticle compatfible

with the cal .50 round and is linked directly to the

L R

weapon cradle. . '
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RFGL/M.G. Cupolas [

I

A sighting device for the 40 high velocity grehade, suitable

for Enclosed Cupola mount, is not yet available. Therefore,
Cadillac Gage Company submits the following*4®MM sightidg '
device concepts for consideration for development: ‘
a. Compensating Linkage
{ . ,.‘,,,._'.., vy
A mechanical linkage adjusting mechanism external to
and in conjunction with an M28C Sight that could be
set to a given range, causing the grenad launcher
mji?.,‘ it
to assume the proper elevation when the sight freticle
is “zeroed".
b. Fixed Periscope and Projected Range-IndicQtor |
A fixed periscope with an azimuth reticle and a cradle
driven range indicator projecting into the field of— "
view, either by lighted range numbers on a driven
imprinted tape or a fixed range scale with a driven

pointer could be used. - . %
- . ...._"m',.. o g ‘v ‘ i

c. Sight Linkage Selector Interlocked with Weapon's
Selector (or Vice Versa)
This would be a device designed such that when it is
I

in the "machine gun" mode, the sight is driven 1l:l

with the cradle and when placed in the "grenade launcher"

L1t

Tu bty

mode, the sight would be fixed in a horizontal positgon,
; : , | B
and the range would be read directly from a cradle mounted

(elevation).indicator.
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d. Liaison with Frankford Arsenal S —— e

|

As part of the proposed research and dewelopment,

[ =
appropriate contact would be maintained with Frankford

Arsenal personnel who are aware of the 40MM R.F.G}L;

Fire Control problem and are participating‘iﬂ‘tﬁé

development of a six power sight for replacement of
e

M28C.

E.- Hydraulic Power Control System e |
T . 1

Gun and cupola power controls are very similar‘to those of
the many M-48, M-114, M-60 and M-109 vehicles currently equipped

with Cadillac Gage power gun and turret control systéms. The

r b -~y . .
. proposed system provides the same excellent target acquisition

5 ? and tracking characterlstlcs which have made the earllerlsystems
. so widely accepted. Ease of operation and simplicity of maiqe.
tenance are similarly carried over into the proposed system.f"

T ™

" These proven‘systems'are integrated into a single system

RRRRIY AP S

optimized as to performance and installation £J¥"RHe speécifig '

[
requlrements of the vehicle. The utlllzatlon of estaleshe&

~

system technlques and proven hardWare items along w1th a hlstory
. P

of successful accomplishment in oxdnance fire control~- is offered

as fundamental assurance of the ability of Cadillac-Gage to pro-

vide reliable, effective, and economicalf systemsy,for the subject i
‘ : - - z
vehicle. : : r '

Manual turret operation is accomplished through the use of a

3 L, handpump. - This fluid source réplaées the electrigally operaue&

pump and supplies oil to operate the'system otherwise in the same
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The proposed system consists of several compone#erpackages«aﬁong‘ :

'paragraphs and hydraulic circuit diagram (figure

TR A T
_4’“

fashion as in the power mode. This Fmooth; silent opcrationq}
technique is similar to that successfully employed in M-1l4 ﬁ%d:
COMMANDO cupola installations.
. t
with 9ssociated tubing and harnessing. An installation drawing
figure ) of thesg components is included in the appendix
to this proposal as is a drawing depicting fhe‘proposed inséallétioﬂl

of this system in the cupola.: The function and construction of ’”

the aforémentioned components are described in the following

. — -

l. Power Pack ,
The power paék unit servesvas a hydraulic-power—supply forx - 'l
the system. In this unit, én electric motor dériving its
power from the vehicle batteries drives a hydr;ulic pump v-f;i
which is contained within the o0il reservoir. High pressufé
oil from this pump is stored in the built-in éccéﬁglétortb :

Upon demand from the system, oil is routed through a filfer
3 t _,,".N."A S al L

system and into a pressure regulator valve. This valve
+ serves the purpose of providing a source of constant
pressuré ol te ﬁhe system. Operation of rhe motor pump
is controlled by a'builé-in pressure switch. Motor operation
is iﬁitiated when this switch senses the accumulator press@ré‘
to be at a level only slightly above regulated‘pressu:e.
Motor Opération.is commanded until'the pressqre‘has reached

design cut-off level. The pressure switch then turns the ".|;}

l ot




January 13, 1969

of the weapons. Convenient means are proVided’ for bleed}lng
'

' air from this cylinder.

4. Traverse Mechanism f

B

Azimuth control of the cupola is accomplished through the

.-

use of the traverse mechanism. In the device a high per-

formance hydraulic motor drives a conventjignal_precision,
spur gear train. The gear train terminates in an anti-

backlash pinion which in turn meshes with the cupola ring

&

gear. Provisions are made for convenient adjustment of|

4

the anti-backlash pinion preload. A spring-loaded brake

i : is used to lock the motor to prevent undesired rotation of.

14 . e s X
] ; . the cupola. The brake may be disengaged by either eleck;igal

or mechanical means when cupola operation is desired.

The ballistic ejection doors are heavily spring loaded,
- s -+—~0—- vl Vg

closed and operated by small hydraulic cylﬂnders connected

-% ot to the main hydraulic systém'through a valve.

5. Control Panel * ‘ ’ s '
Primary control of the aupola and iEg_pow;r system is ‘
accomplished through the use of the system contﬁpl_papel

convenient to the gunner. All power and weapon system

operating controls are mounted on\?his unit. These controls

|
)

3
&t

consist of a power switch to activate the power control

e e |' v

\\

system, weapons selection and arming devices and other
. )

accessory function controls. |

- : 'The preceding paragraphs have described the sever[l com?onent

items constituting the proposed cupol?’power§ysyem, Iﬂ\"
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i

the vehicle installation, these hardware itégs are inter-
connected by hydraulic tubing to make up thé completed
power contro; unit. '

Operation Mode Descriptions

Power Operation

Power control operation of the cupola is initiated by‘i

energizing the "power control on" switch. This allows

»

the system pressure switch to assume control of the

hydraulic system which causes the power Eggi”ﬁbtor pumﬁ‘
to pressurize the systém as reéuire&r' The gunner may
now control the cupola solely through the’manipulétiQn 5
of this‘control handle. : Ay

, Physical displacement of the‘handles causes the di;place—
ment of a spool type hydraulic valve allowingeflow. of . -
hydraulic fluid directly to the elevation cylinder. Gun

- depression is accomplishea simply by tilting the control

handles forward and elevation by tilting,

the hahdles 1
rearward from the spring—loaded neut#él center ‘ositio:\\
i

The rate of gun displacement is controlled by the amount

| ey , A
of angular displacement of the handles from thé&r centh
position. The rate characteristic of the handles inten-
tionally made nonlinear so that thF initia# displacement

. | : e bt i
of the handles causes only a very [low rate‘of gun movement.

This is done to allow the gun operator to control low

tracking rates without critical positioning of the handles.
'
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Traverse operation of the turret is aEcompfishcd n muqh -
//
=

the same fashion as is elevation of the gun. Ho ver, i

this case the required motion of the éandles ie in a rotary
direction such as that associéted with an, ag;gmefive steering
wheel. Squeezing of either pglm switch in the control handles
will result in release of the traverse mechanlsh magnetic
brake, the purpose of which is prevention of undesired rota-
tion of the turret. With the release of tﬂi#”ﬁrake, rotation

!

of the handle assembly causes a flow of oil to the traverse

hydgaulic motor and in consequence motion of the vehicle
cupola. Here again a nonlinear rate characteristic is‘built'
into the control spool in order to allow easy low speed
tracking control as well as extremely high slew rates in the
turret.  Direc¢tion of handle rotation from center controls
direction of turret rotation, counterclockwise hahdle rota-
tion resulting in counterclockwise turret rotation, ete.
Arming the weapons at the control box electricelly activates
the trigger switches and open the ejection doors by provjiding
hydraulic pressure™to their actuating cylinders.

=

Firing of the weapons is accompllshed by the gunner fron?l

B L L o BT

the same handles which he used to control gun and turret
motions. This is accomplished throﬁgh the depression of
either trigger switch mounted on the contrél handles.
These trigger switches are installed in suqh‘arposition as
to be conveniently available at the index finger of either

hand of the operator.

Manual Operation

In the event of electrical power failure emergency cupola

operation is maintained by placing the traverse brake lever
' |
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. i i o ke 5% Sl Gl -

A from the "power" to "Manual" position and manipulating the
™ power systems hand pump. The traverse brake is thereby

disengaged and a system hydraulic pressure is maintained
. . L L R 2 RoL sk
o ggm——

The control handles function as in the power

manually.
mode exéept for the brake and trigger switches.  The non-

powered weapon may be fired with its manuar*trigger. Ex- -

ternally powered weapons must'be cycled manually.

It is not necessary to méintain full system pressure with
the hand pump to operate the cupola in theiménuai mode.‘l
This manual mode is also used when ”quietf operation of the

cupola is desired.

Safety Devices

Ccross over relief safety devices are built into the power

system to prevent self inflicted damage to'hhowcupola K
and its equipment under certain specific conditions of |
operation. Crossovef relief valves in‘the elevétion cylindef
‘and traverse mechanism circuits, allow theftﬁfret and gun
to be driven backwards where high external loads are app}ied.
A case in point is the collision of the gun barrel with a

. : e B
tree or other obstacle. Damage to the gun, fhe turret
mechanism, or the power control system might result if

safety devices were not incorporated. = s

F. Options and Accessories

Optional Deck Clearance System

@i@ .

If the physical construction of the vehicle is such that tL

~»
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