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l.0 INTRODUCTION 

1,1PuRPos%ANDsc0PE 

The Characteristics and Description (C dc D) Book provides a ready and concise 
description of the MlAl Tank @tern and its equipment. ‘Ihis book is intended for use as 
a reference document by tank~system managers, engineers, planners, and users. _ 

: 

‘Ihe C dc D Book contains the following information: 

a-. A description of the MlAl Tank System including characteristics, functional 
block diagrams, the quantity of each.- major hardware item, and the drawing/ 
.in&allation family tree. 

b. A narrative functional description of each major hardware item. 

c. A photograph or silhouette of each major hardware item& 

l3SfSI'BMDlWIW'ION -. ._ 

1.2.1 General Description ’ ;; -. 
., ; : ,- 

The MlAl Tank is a fully tracked, iow+rofile, land combat 8s58ult weapon system 
possessing armor protection, shoot+xHhe-inove-l capability, and ‘a high degree of 
maneuverability and tactical agility. .‘Ihe four-man crew has the capability to engage the ,. : 
fUl spectrum of enemy 

W=W-= 

I 1.2.2 Functional Areas 

ground targets with a-variety of accurate point and -area fire 

i. ,. 

Functional flow block. diagrams-for-~the systein~illustrate the’relationship between system 

functional areas and the system- characteristics and descriptions contained in this book. 
The top level functional block ‘dittgrain shown infiie i-1 defines those system functional : 
elcnents which must be accom&ishcd to me& the MlAl --tank system objectives. The 

‘. 
.I I. 



. . 

. . 

-Figure l-l. System Level hctional Diagram 



second level functional block diagram shown in figure l-2 shows the combat operations 

system function. The functional characteristics related to the. Ml Al tank hardware 
elements are presented in.the fuuctional diagrams of figures l-3 through l-7. 

1.2.3 Missions 

. 

The classical offensive, defensive, and retrograde missions of tank combat units remain in 
being now and into the foreseeable future. To capitalize on the effectiveness of tank 
units and to optimize the results of their deployment, the traditional factors of Mission, 
Enemy, Terrain, and Troops (METT) available must be considered in organizing the forces 
for combat. The commander uses the combined arms team concept and will habitually 
organize his forces by cross-attachment of the tank and infantry units. The improved 
capabilities of infantry antitank weapons and the Advanced Attack Helicopter (AAH) to 
defeat enemy tanks have freed ,the- tank from its function of being the primary antitank 
system on the battlefield. ‘Ihe offensive nature of the tank can, therefore, be more fully 
realized since it no longer represents the primary means of antitank defense. The Ml Al 
Tank, utilized as the princip’al element in the combined arms team, will possess in a single 
system the essential requisites‘ for mounted combat which consist of a high degree of 
tactical mobility, shoot-on-the&move capability, and protected firepower., ‘Ihe Ml Al 
Tank, complemented by other elements in the combined arms team, wilI be the decisive 
element on the battlefield. 1 

1.2.4 Operational Concept 

4 

The MlAl Tankwill be the principal.element of armor whose role on the battlefield is to 
defeat enemy forces, using: firepower’ and move,ment. The role of the individual MlAl 
Tank can best be described as the principal elemept in the combined arms team. It is the 
Tank that possesses, in a single system, the;essen&l requisites for mounted combat, 
which con&f of a high degree of tactical mobility and protected firepower. Within the 
combined arms concept, the:MlAl Tank will normally be employed as a member of a team 
of four tanks called a platoon ‘which performs as an entity under the command of a 
platoon leader assisted by a platoon sergeant. 

In the offense, The Tank will retain its classicalrole, spearheading f,he assault elements of 
the field Army. The Tank will be employed asa. member of a combined arms force which 
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normally includes -artillery, mechanized infantry, .aiWdefense, and aviation assets. The ..I, 
Tank remains cent&l to the combined ‘&is force. The primary ordnance delivery system , 
and the combined .arms force exist &m&ily: to support the Tank in its role related to 
destruction of, <he $nemy f&e; in orderl,.to domiti&e the bdttlefield, the Tank must be 
able to survive;: ‘Survival ofl the- Tank is predicated on four b&c rules of tank employment . 
and design: utili%& ‘terrain, cover, and c?oiieeiilment~.to:atioid: detection; if detected, use 3 
mobility and agility to avoid being hit; if hit, armor protection must ‘be adequate to 
minimize the probability of, penetration;- if penetrated; the. d&ign of the tank must 
inherently minimize the damage to crit:i&al -components a$d explosive stowage areas, 
thereby increasing the probability of cre’w.&rvi&, .-Wiih resbect to these four rules, the i- :.; :.. 
tank platoon in the offense will use the -following techniqu& of Imovement: traveling, . . . . 
enemy contact unlikely, platoon moves in Wlumn 06: ‘sections ‘and constant interval 
between sections; traveling overwatch, enemy contact $ossit&, pl$oon moves in column ._ 
of sections, variable interval (trail section keys its rate of movement on a lead section); 
bounding overwatch, enemy contact expe&d;‘platoon ties either alternate or Five 
bounds, one section continually ovtiF~wat&ing the moveme& of the other, inovement 
keyed to terrain. . -  

._ I^ 

. 

In the defepe, the Tank Platoon tiill organize in depth, empi#ng thr& or more 
positions, pieselected to optimize cover;. concealm:ent,. and fields of fire. The platoon ._ 
defense opti,p&es,ihe. tiobility/agility of the MlAl Tank through gttrition of enemy fire < 
by.firing from covered posit@ns, moving to and from the battlefield positions by section ., 
as dictated :by th~~~~exierny -si&tion,. Engagement ,ranges will .$ary from in excess of 3000 
meters to l&s thq:1,4lOO rriete& d&ing the conduct of ,the ope&tion. The objective of the 
defense is the:: tot& .an&hWtion of the attacker. Def&@e i$ tied to terrain only in the 
sense that terrain’ o&s. cover -and: concealment to thk defender, increasing the 
survivability and effectiveness of the T@k. The high ilevee of attrition made possible by ._ L . . . 
the defense will.: enable the defender. to wrest tke -ini&ive of the offense from the 
attacking force. ’ 

: 

I.3 DRAWI~G/INS&LLA%‘iON DOfXJ&ENTATION 
:., 

. . ,- 
Interfaces $ith!n the’ Ml’ Al tank design are monitored and controlled by drawing 
documentatibri; ,’ %ie .M&Ii ..Ta&System &awing/installation family treL shown in figure : 
l-8 depicts the major assembly drawings (turret and chas$s), the components, and the 
subcontractor interfaces. 

: 
” 

._ ‘. 

e 





2.0 SYSTEM CHARACTERISTES 

2.1 SALIENT FEATURES 

The MlAl Tank is illustrated in figures 2-l through 2-6. Figure 2~7 depicts the external 
features of the Tank. The Tank,is a fully tracked, armored, land combat vehicle operated 
by a four-man crew consisting of the commander, gunner, loader< and driver. It is 
powered by a 1500 horsepower turbine enginej an automatic transmission, and two final 
drives. Transmission output is through identical left and right final drives to the track 
drive hub und sprocket assemblies. The governed engine speed allows a vehicle top speed 
of 41.5 mph-on level hard surface roads. 

.: 

The suspension system with seven roadarms and torsion bars per side, is selectively 
damped to provide tank mobility over cross-country terrain at speeds up to 30 miles per 
hour. 

The 120mm, M256 gun, mounted on a traversable turret, is used against fortifications, 
moving or stationary armored vehicles, and enemy troops. 

The secondary weapons consist of two 7.62mm, M240 machineguns and a .50 caliber? M2 
machinegun; -One 7.62mm, M240 machinegun is coaxially mounted on the,right side of the 
main gun mount and is intended for use against troop targets. The other 7.62mm, M240 
machinegun is skate mounted at the loader’s station and is used against troops and 
aircraft. The ..50 caliber, M2 machinegun mounted at the Commander% Weapon Station 
(CWS) is used against troops, lightly armored-v&&les’,~ and .&craft. 

-.. 

Nuclear., biologi&li and chemitial (NBC) prote.ction is provide&on an individual (ventilated _ 
face pie& and protective overgarment) and .collective -basis ,by ‘maintaining the crew 
compartment above ambient pressure and by providing filtered air. Crew protection 
against heat stress is also provided by cooling ,the filterd -air and passing it- through each 
crewman’s air cooled vest. ‘, -. 

The NBC system uses bleed-air from the engine which is passed through an air cycle pack 
where it is cooled by a heat-exchanger and expansion turbine. The cooled air then goes to 
the NBC composite filters where contaminants are removed. The .cooled air is then 
circulated to the each crew -membersventilated face piece and air. cooled vest. 
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Figure 2-l. Ml Al Tank (Left Side View) 

..’ . . .  

.’ ‘! ; : .  .  .  .  

Figure 2-2,. MlAl Tank (Right Side View) 
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Figure 2-3. MlAl Tank (3/4 Left Front View) 
:.- .I ./ 

Figure 2-4. Ml& ‘$I& (3/4 Right Front View)- _ 
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.: . . 
Figure k MIA1 Tank (Front Vi&w) 

Figure 2-6. MlAl T&k (3/4 I&k Rear ‘view> 



COMMANDER’S M2 CAMMANDER’S 
LOADER’S 7.62 MM WEAPON STATION 

COMMANDER’S OR&R+. sr&M C/RENADE 
WEAPON SiGHT 

LOAD>5 HATCH 
COAX ,AL HATCH LAUNCHER 

GUNNER’S 
I 

M240 7.62 MM 
,nm...n\, ClPllT . I MACHINEGUN 

I1 I 

WIND.SENSOR 

MUZZLE REFERENCE 

/ SENSOR 

LB-1 

PAD 

TURBINE 
ENGINE 
(AGT-1500) 

IN. IN ItbKAL GUNNER’S 
TRACK AUXILIARY 

SIGHT 12O’MM 
CANNON 

HYDRO-MECHAN T.RAdSMISSlON 
(Xl 100-38) 

, .  
:  

.’ :  

Figure 24. MlAl Tank External Features 

.’ 
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An AN/VDR-2 radiac is located in the crew compartment to detect low threshold gamma 
radiation. Decontamination capability is provided by three ABC Ml1 DS-2 decontaniina- 
tion devices (one stowed ‘in the crew compartment and one in each turret cargo stowage 
box). 

-*in$&?al elements of the fire control system are as follows: 

0 &m-et Drive (G’ID) and Stabilixation Systeti 
. 

9 Laser ‘~e5inder ;(I.&) : 

The hydraulically powered Gun/‘&ret Drive (G/TD) and Stabilization System provides for 
gun stabilization in elevation and turret stabilization in azimuth. The gun elevation and’ 
depression is achieved by-a hydraulic cylinder, and the gun/turret traverse is accomplished 
through a hydraulic motor and gearbox combination. Control of the system is achieved 
electronically. 



The Line of Sight (LOS) System and Gunner’s Primary Sight (GPS) together provide for line 
of sight.stabilization in elevation and reticle stabilization in azimuth. 

The digital Rallistics Computer. (BC) permits accommodation. of changes in ammunition 
and/orballisti.~ data. It also provides for automatic selection of multiple lead filters so 
accurate lead. corrections can be determined for .moving targets. In addition, although 
functioning of the fire, control system is continuously ,monitored by-the computer, the 
computer performs fire control system built-in test functions by direct interrogation to 
determine the malfunctioning element. Fire control electronic, units are grouped and 
mounted in one rack for ready access and ease of maintenance. 

The fire control system Gunner’s Primary Sight (GPS) provides line-of-sight stabilization 
in elevation, thereby achieving main gun aim retention to ensure hit probabilities that 
meet system requirements. 

The Muzzle Reference Sensor is incorporated into the fire control system by an optical 
wedge in the GPS which permits the optical axis of the GPS to align to the reticle 
collimator mounted on the end of the gun tube. ‘ihis allows the boresight position to be 
adjusted as a function of gun tube bend. 

-Optical requirements of the fire control system are improved by integrating the laser into 
the GPS. The.primary aiming reticle and laser beam are combined in the laser transceiver 
to ensure‘accurate alignment. ‘ihe GPS optical relay to the com.mander% station provides 
a fuIl day and night vision fire control capability for the commander.’ A main gun backup 
aiming capability is provided by the Gunners Auxiliary Sight (GAS). 

Human factors have been optimized in the design of crew stations. Simple controls are 
grouped so that crew operations are performed at maximum efficiency. 

4 

Weld-fabricated, rolled, homogenous armor, combined with hull and turret armor 
assemblies, provide frontal armor protection. ‘Ihe turret. front and sides, including the 
gun shield, are protected against the specified large caliber threats. Large caliber 
protection. for the hull front is provided by anarmor assembly across the entire huIl width 
with high obliquity upper and lower glacis plates. Hull side protection consists of armored 
skirts and structure. ‘Ihe rear hull structure and the rear grille doors give protection from 
small arms fire. 

2-7 



Crews -and. tank survivability are : enhanced by compartmentalized stowage :-‘of fuel and 
ammunition, by minimizing visual and noise signatures; ::and’ by nu&ar hardening- 
electronic components. Compartmentalized stowage of fuel and ammunition.reduces the 
likelihood of a significant event-‘(secondary fires or e&losions) -which may,-.destroy the 
tank or injure,‘the :&ew. Minimizing visual: and noise..signatur& reduces the.,probWility of 
being detected and hit by, mortars, -rockets, -or missiles. Nuclear hardening ‘ensures. that. 
the tank’s electronic subsystems will remain.operable-aftera nuclear explosfon which will 
generate ,-various effects, inclridin~ shock;- thermal9 electromagnetic pulse: (EMP) and 
transient radiation .(gamma rays, neutrons, etc). ‘. . 

. . 

.; . 
c 

’ 

. , .  ‘. 

I . , .  ‘_ 

.  
:  , (  ? 

, : .  / ,_ : : - ,  ;  

..‘, -  

I .  

., 

. . ~.... 

-., .; .._ 

. 
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2.2 SYSTEM CHARACTmmCs SUMMARY 

2.2.1 Physical Characteristics 

Weight, Combat Loaded (less kits) - - - - - - - - - - - - - - - 
Ground Clearance (center portion of hull structure) - - - - - - - 
Ground Clearance (other portions of hull structure) - - - - - - - 
Ground&-we ---------------------- 

Height (ground to turret roof) :~ - - - - - - - - - - - - - - - 
Maximum Tank Height (overall) - - - - - - - - - - - - - - - - 
Maximum Tank Height (reducible overall) - - -. - - - - - - - - 
Length (overall main weapon forward) - - - - - - - - - - - - - 
Length (overall main weapon rearward) - -- - - - - - - - - - - 
Width (overall) .a _ - i - - -’ - - i -- - - - i. _ - - - - - - 
Width (r&u&&) - - _ - - - - - - - - - - ‘- - - - - - - - 

:’ 
Dime&gm - - - _ - - - - i L-~ - - - - - - .-‘- - - - - I - 

Vehicle .Ce+ir df Gravity 
fi) ,ItongitudinaL(forward of final$rive centerline),, T - 
(Y) &teral @ositiveiright on vehi& centerline),. I ‘7 

.- 
(23 .~~rti~~(a~~~groundlinej. ,.1’, _ - - - - L -. 

Vehicle Frontal Apea - - - - - - - - - - L: - - - .- - - A - - 
Vehicle Side &ea - - - - - - - - - - - - - - _ - - - _ _ _ 

-. .,.. 
V&&aleTop&ea - - - - - - - - - -.- i - -.- - - - - _ _ 

2.2.2 Performance 

Gross Horsepower-to-Weight Ratio (combat loaded tank) - - - - - 
Maximum Forward Speed (hard level surface) - -- - - - - - - - 
Sustained Speed (60 percent grade) - - - - - - -. - - - - - - - 

Cm-&u&y-& -------------_---___ 

Acceleration (forward direction, time from 0 to 20 mph, dry 
~dlevelq-faceroa&) ---------------A--. 

2-6 

63.2 tons 
19 in. 
17 in. 
14.0 psi 

96 in. 
113.6 in. 
103.5 in. 

386.94 in. 
355.64 in. 
144 in. 
137 in. 

126.3 in. 

1,2 in. 
52.1 in. 
75.9 ft2 

162 ft2 
‘311 rt2 

23.8 hp/ton 
41.5 mph 
NBC on 4.0 mph 
NBC off 4.1 mph 
up to 30 rirph 

NBC on 7.1 set 
NBC off 6.8 set 



l - 
,. 

: 

e. 

r 

.  

‘_ 

7 F&&Z-8. MlAl Tank Dimensional Characteristics (Left Side) 

c 
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-* .. Pie 240; MlAl Tank DimensionaLChar~ct~&iti~ (T’. View) , 
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.WIND SENSOR CAN BE FOLDED 
r DOWN AND SECURED 

I . 

‘_- 

I / A 1 

17:oo 1930 

I I I I 

Figure 3-11. Ml Al Tank DimenqionaLCharacteristics (Frofit View) 
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Range (constant speed of 29 mph on dry and level paved roads, 
without refueling) - _ - - - - - - - _ - - - _ _ - - - - NBC on 279 miles : 

,NBC.off 289 miles 
Fording lkpth, 

0 Without kit- - - _ - - - - _ - - - - _ - - - - - - - - - 48 in. 
0 With kit - - _ _ - - _ - - - - - - - - - - - - - - - - Turret Roof 

including 
:I bow wave : 

Rrakii 

0 Deceleration from speeds between 30 mph to maximum speeds ,. 
on dry l&e1 paved roads - - - - - - - - - - 7 .- - - - - - 13 ft/sec2 

0 Deviation from straight line path (equal to or less than). - - - 6 ft in 50 ft : 

Obstacles 
0 ‘Vertical step (forward direction) - - - - 1 - - - - - - - - .42 in. 
0 Trench crossing (forward direction) - - - - - - - - - -‘.- - .. 9 ft width 

2.2.3 -*&Gent 
., 

>f&nGm ------------------------.--- 126mm, M256. 
Coax 1\Ia&inegun - - - - - - - - - - - - - - - - - - - - y -- - 7.62km, M240 
Comm~&f~ >j&hinegun - - i - - - - - - - - - - - - - - - - _ ‘, .SO:caliber, M2 
Commander’s Alternate Machinegun - - - - - - - - - - - - -. - -..- 

\ : 7.62mm, M240 
h&r’s >ja&in&gun - - - - - - - - - - - - - - - - - .- - - - i 7.62mm, M240 
Rifle - - .i - - - - - - --- - - - - - -.- _ - - - - _ _ _ _ _ 5.56mm, M16A1 
Smoke Grenade Launcher - - - - - - - - - - - - - - 1 - - - - - M250 

2.2.4 Ammunition Stowage _a . . ..- 

Main Gm (120m& xii256 ) - - - - - - - - -. - - - - - - -, - - - 40 rounds 
Coax Xachinegun (7.62mm,M240) - - - - - - - '- - - - - - - - - 
CommanderVs.~~Y~&h&un (.SO Cal, M2 ) - - - - - - - - - - - -’ - .- 

10,000 rounds 
1,000 rounds 

:- 
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I,oa&& Machinegun (7.62mm, MS&) i - _ -, -- i. - ‘L -. i. L ‘L - 2 -’ . .’ l&O && 

mew WeapOn (&5&nmj’rim) i i i - i - i. - - - - - 1 - - - - L - ‘. 
21 o .y&&: c ” 

Hand Gr&&(M&)“‘.i ‘- - - - - - - - - - - - - - - - - y - - - ., 8 gretidy 
Grenades (M250, smoke grenade launcher) - - - - - - - - - - - - - 24rti&- ., 

/ . i, 

2.2.5 Fire Coritr&i’and surveillance : 
..-;. 

Gunner’s P&~‘~ght (GPS) 
0 Dual day optics (narrow,field of view) - - - - - - - - - - 6.2O at 9.5X 
0 Dualdayoptics(widefieldofview) - - - - - - - - - - - 16Oat 3X ’ 
0 +e+ ave&&’ (&t$ & of d&w). - _ -; L. L A I - 180 :at IX ‘“1 -‘. 

,O .Night 4sion optics (narrow field of view) - - - - - - - - 2.5ii .by’$T06 a$ 9.8X 
0 Ni@i ti&on opt& (w~&‘fi&jdof &w) - i ‘- - L - i i -‘.“’ 1 8.Oi-bi i& & ‘& 

0 Sightstabilization------------------- &mtion 

0 Laser rangefinder ranging capability - - - - - - - - - 2 200 to 7,980 me&&. -’ 
Gmn&s A&Ii&$ &@t - - - - -- - - - - - - i i - .- - - ,-i Lm i 80 ,&t..&: 1 ‘-,- 
Emergency Firing Device - - 1 - - - - - - - - - -” - 1 L - i - S&&$ $f&Om-‘Q$& 
-tics Computer - - - - - - - A - - - - - - - - - - - - - - Drgit&Self-(&&@* 

Gmmret Drive ad. St&ifiimtion - - - - - - - - - - - - - - - ~evation..&~‘&i&h~ c 
Commander% Primary Weapon Sight - - - - - - - - - - - - - - - Optical IQ&n&~ of GPS 
Commar$&*~ W&*n Sit- - - - - - - - - - - 7 - - - - - - - 200 at 3X ,. .. y..- 
Comm&$er’s Day :yision Periscopes - - - - -< - - - 7 - - - L - -’ 6 per ta&“t69!.at w 

: ’ 
Lo&& D&~V&~ Per-p - - - - r - - - - - - - - -. - - - 36OO’at 1X ‘. 
Drive&DayVi&nPeriscopes - - - - - - - - - - - -..- - - - i.. 3per~&,&~a~lX 

Driver’s Nigfrt vision Periscope (image intensifier) - - - - - - - - - 
, 

350 by i5o at iX 

2.2.6 Susg~ensiort’ -” 

I5rpe -- -- - - -.i,, - - - -- - - - - - - - - - - - - &&o&i&.&~.‘ 

&&&eelStatiom - - - -.- - - - - - - - - - - - - - - - - - Tpersi&.... - 

Hushing with 
Integral Pad 
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2.2.7 Electrical System 

Electrical Power (6 batteries, 12 volts)- - - - - - - - - - - - - - 24 vdc 
Electrical Capacity (battery only) - - - - - - - - - - - - - - - - : 300 amp hours 
&term&r (ch.&ing system) - - - - .- - - - - - - - - - - - - - 650 amp 
Voltage Reg&tor- - - - - - - - - - - - - - - - - - - - - - - S&d State 

2.2.6 Communications 

htemm- - -- i. - - - - - - - - - - - y - - - - - - - - - - - +@IC-l(\0 
bdio$& -----~--------------.------ AN/vRC-l2or- 

AN/vRc-64 
Ming sJrstem - - -- - - - - - - - - - - - - - - - - - - - - TaEC/Ky-57 

(2 units per vehicle) 

2.2.9 Engine 

Type (two spool g&ifier/free+mft power turbine with recuperator) ACT-1500 
~Horsepower- - - - L - - - - - - - - - - - -.- - - - - - mCon,1463hp 

at 3000 rpm : ! 
N&off, 1500 hp at 
3050 rpm ‘. 

G-T&p- 1 - - - - - 11 - -‘. - - - --- - - - - - - - - &&‘2561bft 

at’3000 rpm 
. NBC off, 2626 lb ft 

at 3000 rpm 
M&m&T& - - - - - - - - - - - - - - - - - - - -.- - -, ~Con,3~2~ft 

,, at ;500 rpm 
tic off, 3885 lb ft -_ 
at 1500 rpm 

Engine Output’&eed at Maximum Tank Speed (41;s mph) - .- :- - - - NBC on, 3150 rpm 
1.: ‘., 

NBC off, 3150 rpm 
pUelcepaCi~y(usabie)- - - -‘- - - - --- -.- - - - - - i’- -‘,- 495 gallons 
Oil Capacity (including oil cooler and lines) - - - - .- - - - - - -. - 6.25 gallons ;:.-: 

2.2.10 Transinission 

Type (hydrokinetic-fully automatic) -. - - - -’ - 5 - - - - -. -’ .- - .- QlOO-3B 
TorqueConverter(TC-897)------------------- 3Element 

J 
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-am&&on Ranges - - - - - - - -, - - - - - - - - - - - - - 

: 

Steering (integral’steer/throttle T-Bar control) - - - - - - - Y’ i - 
TurningRadius------------------------ 

Braking (two fully independent-systems) - - - - - - - - , - - - - - 

Oil Capacity &&jing oil coolers and lines) - - - - - A - ‘- - - - 

2.2.11 Final Drive . . 
.  . .  

Type - .  ._ - . - -  , : .  -i, , f .  -  -  -  -  i -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  

Gear Reduction Ratio (final drive input to sprocket drive output- - - 

2.2.12 Turret .’ P. 
’ 

Main Gitn/C& Machinegun .: . . 
0 Elevation,Bmit-forward (110 degrees right and left of - - - 

tank* cent&ine) .,::: -.; ,. 
? ElevationBmit-rearward (70 degrees right and left. of - - - ,I ~. I 

tank centerline) i .: ..: 
0 Traverse &&bility (in either direction) - - - -. - - - - - 
0 ‘EJevaion’&king rate (powered) - - - - - - - - - - - - 

_. 
6 ElevatiOn’ tracking rate (manual) i - - - - - - - - - - - 
0 Traverse tracking rate’(powered) - - - - - - - - - - - - 

0 Traverse trdking rate (manual - - - - - - i - - - - - - ‘. 
0 Elevation~maximum slew rate (conttrol handles) - - - -’ - - : .-. _.. 
0 Elevation maximum slew rate (stabilization commands) - - 
0 Traverse’ m’aximum slew rate (&ontrol handles and 

&&i~tion -mm=&) - - - - - - - - 1 - - L - L -- - 

0 Traverse tracking rate (silent watch control) - - - - - - - 
0 Elevation tracking rate (silent watch control) - - - - - - - 
0 Slew rates for 1500 mil duration (silent watch cdntrol) i - - 

J 
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4. Fo&& &d. ‘. 

2 Reverse. 
Hydrostatic , 
Pivot to Infinitely 
vz&&le,: ‘. 

j ,_: 

Hydraulic.>and . ._. 
Mechanical 
45gallons ‘: 

. _._ .; ._ 
f 

&(A. plane;a;y 

Gear Drive . 
4.67 to 1 _ ‘: ~- ., . : 

-10 deg to ,+20 deg 

0 deg to.+26;deg 

360 deg 
6.25 mils/sec to 
25 mils/sec (. \ - .., _ .’ 
10 milsjcrank rev 
0.25 m&/see to 
75 mils/sec 
5 or lO..mils/crank rev 
400 ‘mils jsec 
750 m&/see 

:. 
750 mils/sec 
up to W.mils/sec . 
up to 25 mils/sec 
Up to’300 &s/see .’ 



2.2.13 Commander’s Machinegun 

Elevation~mit------------------------ -10 deg to +65 deg 

Traverse capability (in either direction) - - - - - - - - - - - - - 
Traverse tracking rate (powered) - - - - - - - - - - - - - - - - 

360 deg 
Variable up to 
400 mils/sec 
Variable up to 
178 mils/sec 
Variable up to 
110 mils/sec 

Traverse tracking rate (manual)- - - - - - - - - - - - - - - - - 

Elevationtrackingrate(manua1) ---------------- 
1 

2.2.14 Loader’s Machinegun 

Elevation limits- - - - - - - - - - - - - - - - - - - - - - - - 

Firepower coverage (loader% sector of responsibility to left 
of-&) ---- -------------------- 

2.2.15 Nuclear, Biological, and Chemical 

Minimum Crew Compartment Pressurization (hatches closed) 
Normal------------------,--------- 
GunFiring ------------------------- 

Controllable Temperature 
.I.@$ ----------------.----’ ------- 
Low --------------------------- 

Minimum Ventilated Face Piece Air Supply 
mm,ma&r- -. - - - - - - - - - - - - - - - - - - -’ -i - - - 
Driver----------------------.----- 
Goner-------------------------i- 
LoaderSCFM------------------- ----- 

Minimum Air Cooled Vest Air Supply 
Commander--,--------------------,---- 
Driver---.-------;---------------- 
Gunner--------------------------- 
Loader--------------------------- 
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,-35 deg to +65 deg 

265 deg 

3.7 inches H20 

0.0 inches H20 

80 OF 
65 OF 

3 standard ft3/min. 
3 standard ft3/min. 
3 standard ft3/min. 
3 standard ft3/min. 

14 standard ft3/m&. 
14 standard ft3/min. 
14 standard ft3/min. 
14 standard ft3/min. 

. 



3.0 SYSI’EM DESCRPTION 

This section contains functional and technical’~descriptions of the Ml Al Tank hardware 
elements. The tank hardware elements described herein are related to the following 
subsJist&& i 

: 

0 .HUll ., 

0 Powerpack 
‘- 0‘ 3uspension 

0 Turret 
0 Pire Control 
0 Armament 
0 AuxiHary Automotive System 
o SpecialEquipment andKits 

. 

i 



3.1 HULL 

361.1 :-General Description and..Function :. : I 

‘, .’ : ._~ : >.‘., . 

The MlAl Tank hull is compartmented into three basic areas collsisting-lof.-the-,driver’s 
station, the hull center compartment, and the engine compartment. The hull provides 
ballistics and environmental protection for the crew and internally stow,4 components. 
The hull also provides for proper interfacing with the suspension -system, ,powerpack, 
turret assembly, on-equipment-materiel (OEM), NBC system, and. contra&or furnished~ 
kits as applicable. In addition the hull is designed for ammunition stowage, mounting of 

auxiliary automotive components and subsystems and NBC components. ‘Ihe. huJl assembly * 

basic structural features are shown in figure 3-l. 
.,: 

,.;> 
n 

IN LET GRILLES 

ACCESS COVER /h 

FUEL TANK 
BULKHEADS 

HINGED 
FENDER 

FI IFl TANK IA\/FD 

FUEL TANK 
/ COVER 

FORWARD FUEL 
COMPARTMENTS 

h GRILLE DOORS 

Figure 3-l. Hull Structural Features 
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3.i.2” Hull Structure 

The hull structure is des@ied to ensure crew survivability and :provide protection for 
internally mounted.,equipment. against a broad spectrum of antitank- weapons. The hull 
armor configuration consists of a weld-fabricated rolled homogeneous armor (RHA) 
structure with armor protecting the front and sides of the crew areas. Armor protection 
is &o”pro&ded for the hull engine compartment and NBC components. Fuel and main, 
weapon ammunition are separated from the crew in armored compartments. Fuel is 
isolated from the crew- in three. areas; the, forward fuei compartments, the engine 
comp&&nt, and aft in the sponsons’ The hull ammunition compartment is an armored 
enclosure’ which is used for’ main gun round stowage. It is located aft of <Ihe engine 
compartment bulkhead on the right -side of the tank and separated from the crew area by 
sliding armor doors. Two blowoff plates in the top deck and an open baffled area through 
the right sponson provide upward venting. Downward venting is through two blowoff 
plates & the huli bottom. T’?ie hull appendages, including the,skirts, engine compartment 
top deck, dr .inlet grilles, ‘rear -grille do&, and the driver’s hatch complete the hull 
protective envelope. ” . 

3.X.3 HuRBlectiical 

The hull electrical system consists of a poker source, power control, and a distribution 
system. A two-wire, isolated return electrical system is incorporated and the power 
groti8 Cire ‘is iouted with ‘the: corresponding hot wire in a twisted pair to maintain 
elect&&&etic compa~&i&. EMI/EMP ‘- shieRi&g ‘:’ on ” harnesses and electrical 
components has been used-in accordance with:MUU EMC/EMP design guidelines. 

., :’ .’ :. . . ,;.:.,., 

The vehicle power source co&its ‘of six iead acid batteries connected in -a series/parallel 
configuration ‘to provide a 24 vdc, 300 amp hour capacity. The battery system provides 
sufficient electrical capacity to meet the critical engine cold starting and silent watch 
requirements. The charging, system uses a 65O-amp oil-cooled alternator with a solid < 
state regulator. These supply the vehicle electrical/electronic~ system power .while 
maintaining fully charged batteries at approximately 60 percent. of the alternator 
capability. AR hull electrical system components, .panels, and boxes are designed to 
operate :wjth an input voltage -of 18 to 30 vdc. 

: 
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System reliability is maximized- by using proven and established military spe$fi,ytion 
components, low risk design .practices, and high design safety factors. Iiiectrical 
components such as relays, switches, wire, connectors, circuit breakers, and semi- 
condu&ors have been standariized to achieve consistently :high performance. 

.:, 
‘irystem maintenance is facilitated with centralization of ,,oontrols and interfaces and 
design features for fault isolat@m. A master warning,.light is located in view of the 
driver. It illuminates when a critical engine parameter malfunction or engine 
compartment fire occurs. HuIl electrical control and power distribution circ@t breakers 
are located on the power distribution box and networks box within easy accessof the 
driver. Hiagnostic test connectors are provided on all -,control panels and,,boxes for 

f 

monitoring of, interface signals to quickly. isolate faults to the assembly. level .,tithout 
removing components. li .’ _’ 

. . ., .I 
All harnesses, harness plugs, and panel receptacles are clearly marked for-. ease of ., .‘.,. 
identification.. .Numeric coding of individual wires simplifies tracing of $rcuits at higher. 
levels of maintenance. This coding is reflected on all circuit schematics. ,’ _. ,. S’s, 

.? 

A utility outlet is provided on the hull networks box for operation of a, trouble light, 
special power tools, or the OEM food warmer. The NATO slave receptacle is incor@orated 

.(.. .._ 

to provide standard slaving capability with the Ml series tank,. /’ 

The vehicle is equipped with: two vibration isolated headlights having high and low beam 
filaments and two front, blackout markers. Two composite tail light/stop light-units having 
rear blackout markers and -blackout: stoplights are, also provided.. In addition,-.IR filter 
lenses are provided for exchange with’ the headlight lenses to provide active IR 
illumination., When the IR f@ter lenses are in use the rear lightsmust be disconnected.. 

BATTRRY ClIARACTRRISTICS 
,. (’ .’ .: * . . ‘, ‘..&.. 

m ,- - - - -‘- -‘:- - - - 2 - -.- -.r- - - T - - - - 4 -’ - Military& 6TN.(l&&& 
* 

Quantity---------------------------’6 ‘z,, 

,( 

&tt~C~e&ion -, - - - - - - - - - - - - - - - -. i-c.- -, &fiawa&, 

-city- - - - - - - - - - - - - - - - - - - - - - _. _ _ _ 3OOampho~ 
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v&qpOutput------ ----------------- 24 vdc 

Weight ,,,,,-,~~,~,,-,,,--------~-- 426.h (71 lb each) 

ALTRRNATOR CHARACTRRISTICS~ 

Vdw - - - - - - - - e - - - - - - - - - - - - - - - - -. 26to3Ovdc 

outprt ----; ------. ----. *---------- 650 amps - 28 volts 
at 2400 rpm 

coolirrg ---------.-- AC ---.- T’-------- ojl 

aFl#jw ---------------- i-i ----- ~-- 3 to 6 gallons/min 

w&bJght -i--.----i& -----.- - ------” 95Ibs’ . 
: 

Waterproof 

RRGULATGR CHARACTR~~S 

mt -.e -” - - - - -,‘w ?-- - - - -.‘- - - -.--- 7 -~ ~&d~~~ 
1 

:. 

‘Raight:--------,------------------, 6-, 

~cialprOvisiolrs---------------------- W&-p& 

3.1.4 Ammunition Stowage . 

.Compar~mtitalization for main.-weapon a&munition @ provide in *e hqlL Six main 
weapons rou@s ark stowed in- the. hu.lJ ammunition .compartment shorn in figure 3-2. This 
location is vented at the top and the -bottom .-by blowout panels provided in the structure 
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*Figure 3-2. Hull Ammunition Stowage 

of the hull. lIie ,huli main weapon rounds become accessible for transfer When the main 
weapon is -over the left front fender. The h&stowed am munition is shielded from engine 

compartment heat and noise by a thermal and acoustical barrier on the compartment waIL 
Steel-covered ‘layers of glass cloth on the engine compartment wall provide complete 
coverage. Plastic liners are located next to the round warhead, along the compartment 
wall, to absorb energy -and protect the surrounding structure when ammunition is 
detonated. -. 

3.1.5 Driver’s Hatch 

The hull includesa .hatch positioned above the driver’s station compartment- which enables 
the driver to control the- vehicle in a-head-out -position and-function5 as anescape: hatch in 
an emergency. situation. Three unity vision periscopes are-mounted ‘in the~.driver% hatch 
for closed-hatch driving. These periscopes provide the driver with an overlapping field- 
of-view exceeding 120 degrees forward vision. 

34 



3.1.6 Auxiliary Equipment 

Provisions are provided within ‘the hull for the vehicle hydraulic and .electrical power 
distribution system including protection and control devices, batteries, and cabling. The 
hydraulic power distributions sy&ein includes the main pump, reservoir, hull manifold 
assembly, filter manifold, turret manifold assembly,. auxiliary pump, ammunition i door 
actuator, heat exchanger, and the pressure &id return hoses and tubes. The hull also 
contains the vehicle fire extinguisher system. A NATO type slave eleWi&l receptacle is 
provided, which, for &irity purposes, 5s accessible from’%side’: thevehicle ,only and is 
connected to the vehicle prime power system. Provisions for towing are available at the 
front and rear of the vehicle, including a towing pintle mounted on the vehicle centerline 
at the rear of the hull. 

3.1.7 Engine Compartment Deck, Grilles and Access Doors 

The rear top deck of the huR over the engine compartment is a removable single unit 
structure to facilitate powerpack itlstallation and removal. ‘This panel which must be 
removed prior to detachment of the top deck, allows access to the engine accessories. 
Pour hi-d air-inlet griile’d&s are provided for the cooling :system. Two hinged access 
doors are provided over the air cleaner. 

., i .I .,.’ -. : ,,_ ii :,>: CT. ,,” c -. _. 
.. ‘3.x.6 .-r-Hull AC-~ D&&,~&~o& .’ ’ ‘:,,i,. 

: .‘? “i., ., .:‘4”. . ~. . . .:;;. 
_+. : ., :.::;... .‘_ 1, .: 

me y &&*& also~igm+&2& &&&*ng ae&&& &d,~mvemt bolted access 
. . . i. ‘_. 

cOv&s over the. ~o~~~~~~~~~~p~~n~~:~g~ Coveers ov& the battery compartment, .’ .:. 
bOlteC’ikx+$nerS. on ~~~f~w~~~fisel-~‘krllrheads,,‘two forward,and two rear hinged ,;: .+, 
balli&i&;, proteqted’fuel~‘fill ~v&:an ac&sVdo&for the right sponson- stowage box, .- 
NBC CqVerS, , il. l?tdted a&e&-. tZoij&ti.~ for :ule%forward fuel‘ tank crmer pipe; &ding : :’ -L I D .;:;.,; ‘.. I .._, :** -- 
amm&tion cdmpartment.&ors; :tv$bo$t&l .a$&ss p&&s ,f or the final drive/transmission 
interface; .a bolted in&ec,t+po$f.or..the engine air plenum,,,e&and a bolted cover for ,.I. : I 

P the hydraulic reservoir d&i& ‘. ?j 
~ I 

3.1.9 Sir& .:: ., I 

The hull also includes skirts .which in conjunction, with the hull &de armor provide 
protection against ballistics t&eats. ’ The h& ,skirts open on vertical hinge lines to 
provide access to the suspension components. 
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3.2 POWBRPACK 

3.&l General Description and..Function _ 
‘i.’ ,,, i: . . . 

The powerpack shown in; figure .3-3 ,depictg:t& AGT-1500. $url>ine engine, -the’%%100-3B 
Qansmission, the final Qrive, the .,@r, ,@eqner system,: the’ qzavenging b@wer; and the 
cooling syste$. The,pow+rp.ack a@ .aq?essories are de&g+ for, e&e-,of mai&enance and 
eq be removed qqickly gd e@ly. The .powqpack .,&$$s approximately 8,500 pounds 
and its diF.ensional chgr~~teristics qre :WYO inches-(length), 80.0 inches (width), ‘and 47.0 
inchesjheight).. j ,j ::.. I 

: : 3  3 . -,‘-. . -,‘-. :. ., :. ., 

Pi%ure 3-3. powerpack Pi%ure 3-3. powerpack , , 

__ ^ .: __ ^ .: ..: ..: 
3-8 3-8 



3.2.2 Engine 

3.2.2.1 description and Function .‘. 

The Ml Al Tank turbine e@ine. provides power to the transmksion to .d$ive the vehicle and 
the transmission mounted accessories. The -AGT-1500 turbine engine shown> in figure 3-4 
is a free shaft power turbine engine with a two-spool gasifier and a cross-counterflow 
type stationary heat exchanger (recuperator). Basically, the -engine consistsof an air inlet 
and ‘exhaust section, -a five- stage low pressure- compressor, a five stage high pressure 
compressor,’ an accessory drive gearbox with starter, a eombustor, a single stage high- 
pressure turbine, a single stage low pressure turbine, a two stage power turbine, a 
recuperator, and an output shaft and reduction gearbox.: The engine also consists of a -fuel 
management subsystem which includes an electrohydraulic metering device mounted on 
the engine and an electronic control unit mounted in the vehicle. The engine fs equipped 
with a lubricating oil reservoir and has provisions for mounting and driving the ,vehicle 
hydraulic pump from the accessory gearbox. I Integral -electrical harnesses provide 
circuitry for en@ne controls and instrumentatioti. 

Figure 3-4. AGT-1500 Turbine Engine 



3.2.2.2 E@ne Characteristics (NRC Gff) :-, .I .-, 

Isrpe - - - - - - - - - - - - - - - - - - - - - -_ - - - - -,Tby i3330: @f&r/ 

por0e.r turbine 
~ml - - - - - - 0, - - - - - - - - - - - - - .,,- - - - - - AGT-1500, 

Rated Shaft Horsepower at 3000 rpm.Gutput Speed. ,- -.. - - - - - 1500 HP .; 

Dimensions 
0 Lengh - - -.- - - - - - y - - - - - -. y - - - Y - 66.?51in. ., 

0 Wie, - - - - - - - - - -,, -, - - - -, - - - - - - - 390 it.. _. 

0 Height ,- - -,- - - - - - -.- - - - --.-:- --y,- - - 31.6in. 

Dry Weight (excluding starter.and hydraulia pump), - - .- - - -. - 2528.&s. 1 ~ 
GovernedMaximum Gutput Speed .’ 

0 km - - - - - - - .‘_.- - - - -.- y ,-,- - - - 3,000+,150 rpm 
I 

0 Neutral and Pivot Steer - - - -- - - - j- - - - -. - - - 2,3&2&O rpm 

Maximum High Pressure,Spqol.Speed(NH);.- - - - - - - - - - - 43,.509 rpm 
Maximum: Low Pressure Spool Spqed(NIJ -. - - - - - - .-. - - - - !33,Olh~rpm : 
Maximum ‘Power Turbine Shaft Speed (at3150 rpm Gutput), _. -, - - 23 OOO.rpm ., 
IdleHighPressureSpoolSpeed(NII)- - - - - - - - - -)-,- - - 24?00 rpm 
Idle Low Pressure Spool Speed (NL) - - .- - - - - -.~J-:---:-.~-’ - - p,S~i&& : . . . . . ‘. I. : -,-c 
Governed Minimum OutputSpeed 

,- 
~. ‘..-, 

0 Law i&e (neutrrp1 or in Mmge) 1 -_ .;. - - -:,L{:- -, - &i -+.,- 
‘\ ;.- :’ .- 

0 -Tactical,idle and pivot steer.-:- =:-,‘-. - :- - -. :y,:.-: -,‘,-.I -- - 
Gil Capacity in&ding 2 gal+kpler a&l+ .+,a;city.~, zI ,:.:~‘].~.:~ .. 

(kyatitti~ oil conftimirig~td;, MIL-L-23699 and MWL-?668 . . 
- - 0 0 0, 0’ - 0 0 0 i 0 0 -. 0. 0 .‘2. a..,- -0. ;L- 0 i 0 . . ‘: ‘. . . 

M&mum Ofi Corrsum’ption : ‘..-: - - - ,,- < L - i ,.;Li __ L - - .- - 

Fuel Types (conformi= to P&al Spe*fi+tion .VV-P-606). i I -. - -. .~, 

Minimum Spi&fie -Puel Cpn&niption -: - - - -. .- - - -1 - ’ .L. .+ - ~:9;4%K01bsper hp-hr 
Transient R&on& (from idle to.90 p&nt rat&&r)’ .:-. - - - : .‘:4+&&~ ;- 
Power D&y:Rgte..(from iO0 par,cent &ed.tp 29,wr*~nt : 

rated power) . 
‘:., ::., 

o--.0 0 0 0 0 0 0.0 ; 0 i..‘. - - L-, - - -- .: _ 5.6 $,j* 

&&a~tSm&e(norm~~@tions) 
: ., ._ .: . ..’ ‘., 

i. A-L -‘. - ;-L.:-.,‘- - - - No .Visible Smoke 
Smoke .Generation ($$&fl&) , ,.: - - -. - - -- - _- - - - - - - - Int+al Part of : &parrstI&i+&tem 



3.2.2.3 Air Induction System 

The AGT-1500 engine air induction system uses a high efficiency air cleaner and an 
interconnecting duct providing filtered air to the engine. Figure 3-5 shows the air 
induction system arrangement. The air cleaner effectively filters incoming air in two 
stages. The first or primary stage inertial filters remove the bulk of the largest entrained 
contaminants via a vortex tube panel. The nonmetallic vortex tubes are treated with a 
fire retardant. The secondary stage filtration removes the .remaining contamina& via 
barrier filters. These filters (i.e., V-packs~ are fabricated of pleated paper treated with a 
fire retardant. Overall separation efficiency of the air cleaner is 99.8 percent when 
tested withSAE coarse test dust and 99.5 percent when tested with SAE fine test dust. 

me 3-L ,Air hdUcti0n System 



The induction system is designed for 10,000 cfm of engine &flow &i,f166zefm’airflow 
for the scavenge exhaust system. The inlet grilles are sized for 11,000 cfm with minimum 
restriction. 

.’ : -. 
.- ,_ : : ,’ 

The interconne&ing ducts is designed to. provide flow into the engine balim&th &d to : 
minimize flow loss. 

. . ,’ 

The -air cleaner service alert Occurs at an air cleaner restriction of 25 inches of water 
(total system ‘r&triction e&Is 30.35 inches). Vehi& mobility is not imp&r& at this 
restriction level. ihe a& cleaner is d&signed to -sustain .2d hours of ‘&e&on when 

--. 
ingesting ‘cc&e dust ‘at a -&&e&ation of ‘6.02 5 gni/ft3 %efdre attaining’ a r&tric& of 
25 inches of water. 

The induction system is designed with the minimum number of connections to minimize 
leakage. The only connections between the filters and the engine are the V-pack barrier 
filter seals and the engine inlet seal, which is a circular dacron-reinforced rubber seal 
With a band..clampi A.ngle air :cleanercarid--mschani~a’~y driven scav&ge-exhaust blower 
minimizes c~$&xity,~~ s&&e. -requirements; &+..atidservicing. This blower ‘is mechani- /._. 

,- tally d&en-by inea& if a power, takeoff shaft &n the dotin stream,,side: Of .&&ft : cooling 
fan drive shaft. %here are three &a&barrier filtiars to service and-no t& &&uired ,. 
to rem&e. or replace ‘th&‘&ements. _. &ffl& &ich &r&t in&ming c&i .$r(i& the air ,.,.’ ., 
cleaner, also, c#ininata c+ntami&ts ~&l&at&3 engine. &m@tment ’ &~frijm~~~nt~ring 
-the. inductionsysteni~. .S&n&q’inlet gr@sY~&vant -@ap& and sm@ arms‘f’ire from 
entering tha indu&ion. system:- 

.:. _..I ‘, = 
~I .-. :2.,. I” ., i .. i ,-. 

; .’ ‘,. 
_I 3.2.2.4 Exhaust/Snioke Ghnerating Sy -~ &em .. ._ 

.,.. .. 
: 

. . The e&k ‘,exhau+ system {‘is designed. to :discharge: exhaust gases with .:a minimum of ’ .“ 
reci&lationinto. the.‘enginb compartment. ‘The exhaust&em cOnsists :df~:a .d&b& wall :,. :‘ :. 
insulated du&t from, .the 6ngine to the rear of -the vehicl& The: inside. and &i&d&~walls Of .’ 
the exhaust duct are, fabric&ted- from aluminized -steel th,:pr&nt ~c&&& .’ A ceramic 
f&r insulatidn is us& toi &event ‘the &,&ide~ <f .the duet .irOm exceeding .3oOp@~- Sixteen ., -. .:, .. .^’ ; .: 
‘(16) bolts are u&d to at&h theexhaust duct to the engine, 

_. i : 

‘. 
.. 

. d’ .:.~ 
.. 

. . 
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The exhaust. system also incorporates a smoke generating system. Fuel is vaporized in the 
exhaust duct by spraying fuel into the rear section of the duct;. the fuel will condense 
when exhausted to the ambient air and create the smoke cover. ‘I&-smoke generator is 
design&,to obtain maximum smoke emission with the use of minimum fuel flow. The . 
smoke- generating system is also designed- to avoid fuel flow when the engine is not running 
to prevent the possibility of fires and prevent the fuel nozzles from becoming clogged. 

3.2.2.5 Erginc~ControVElectrical Svstem 

The engine control system includes provisions .for starting, over&x@ and overtemperature 
protection, output speed governing’(para. 3.212.2) for normal idle, tactical idle, maximum 
speed, and engine shutoff.. The electronic fuel management system automatically 
provides the proper fuel flow for starting based on the engine temperature, thereby 
resulting in high starting reliability under all operational conditions. 

P 

To start.the engine, the driver merely pushes the start button’and within 60 seconds the 
engine .achieves 8 stabilized idle condition and is immediately ready for vehicle moveout 
at full: power. Engine control by, the ‘driver is attained ‘by means of a power twist grip 
which increasesfuel flow to the engine in accordances with load demand& With hands off 
operation, the minimum engine idle speed. is maintained by the governor system at 
approximately 950 2 50 rpm. This minimum idle speed will sustain a minimum vehicle 
speed of approximately 2.5 mph. The driver also has the option of increasing this 
minimum hands off governed speed to approximately 1300 2 100 rpm during tactical 
operations for peak vehicle acceleration- by engaging the tactical idle switch. The : 
governor control- system al& limits the engine- maximum. output &ed to approximately 
3150 rpm which corresponds to a ma&mum ,vehi& speed of. 41.5 -mph. The governor has 
rapid response and will protect the engine agaii&a sudden lomjof load at full power. The 
driver has full control over the speed’ range bet&n the m@Gmum and maximum governed _’ 
sped* 

‘. 

The engine electrical system is designed, Ifor highly reliable operation and ease of 

* maintenance for both component replacement, and rapid .powerpack removal, and installa- 
tion. The system operation. features includd automated, starting circuitry with safety 
lockouts to abort the start, or &return an operating engine to:idle when critical failures 
are detected. -Override start circuitry is available for emergency dperation. Continuous 
monitoring is provided to the driver for critical operating parameters. Additional system 
features inalude an accessible starter motor, with adequate cranking power to provide 

3-13. 



reliable~ engine st&ing at cold .temper’citure$, : hnd ti- 650’ amp alternator $& “&& engine 
oil for cooling-tid is moUnted off the’-re& of ihe. transmissitin. Other‘hard&&e iniludes 
the speedometei = sensor, pressure,. temper&W& and l&e1 stitches, solenoid Wives, arid 
associated interconnecting wiring. The harnessing u$eS high tetiperatiire .wiring ‘and 
donnectdrs with a vitOn wlirner blend -Waterproof cov&rin& 

:., ‘. 
‘_ _ .I .-. 

Ele&romagnetie Compatibility (EMC) and protection from Electromagnetic Interference 
(EMI) and El ec romagnetic t Pulse (EMI?) compatibilitj? a& ensured by Use @f a .twq @re 
power system. All wiring is twisted .shielded and uses PFI filters, .where necessary, in 
&co~dan& with the Ml& EI6I-MP design guidelines. .. :. 1 

3i2.3 Transmission : : 
,’ -. 

3.2.3.1 Description and Function 
; ‘_ 

The X1100-3B hydrokinetic ..transmission shown in figure 3-6 is fully.. automatic- and 
consists of a torque. converter with an ,abtomatic lock-up clutch in combination with a 
four speed planetary’ range package., Hydrostaticfly controlled variable- ratio- differential 
steering is -superimposed on. the .o#puts through combining’ planetaries. Oil: c~o.oled brakes 
of multiple plate .co,nstruction, .integral to the transmission, provide vehicle braking: Oil 
filtration is provided by a dual. filtration.system. : 



The three element high capacity torque converter multiplies ,t&e characteristic high rise 
torque of the turbine engine and transmits it to the range pack. This combination of high 
converter &@Mity. and high engine torque provides the desired acceleration, steering, -and 
mobility ch(lracteristics. Under most operating conditions, a lock-up clutch is 
automatically engaged to bypass- the converter and provide direct mechanical transmission 
of power. ‘The -ability to operate more efficiently in lock up under a greater percentage of 
conditions is a result of the high torque provided by the turbine engine. 

The range packwe, consisting of five multiple disc clutch pa&q and thrqe planetary gear 
sets, provides. four forward and. two reverse ranges (drive ratios) in a compact arrange- 
ment. . .‘. 

The drive ratios provided by the range package are sized to distribute engine power 
uniformly over the vehicle speed range, ma&in ‘engine operation in the most efficient 
speed ree, apd provide the sprocket torque needed for gradeability and tractive effort 
requirements 

Two front power takeorfs are provided for mounting and driving cooling ‘fans, arid a rear 
power takeoff -is provided for uioOmting and drive (with integral right angle drive) the 
alternator;. -‘. . 

A schemattc @f-the major transmission -components is shown in figure 34. _. 

-1 

TORQUE CONVERTER 

SECOND RANGE 
FORWARD AND R 

CLUTCH IN 

-.. 
EVE#SE MODES 

THIRO RANGE CLUTCH 
STEERCROSS DIM ‘. 

FIRST RANGE CLUTCH 
FORWARD MODE CLUTCH IN FOFzWARO AND REVERSE htOOES 

‘..Y - 

‘- ., 

FAN DllVE PI05 

f: 1 fi I RRAKE 

Et ANDORIVE ’ 1, 
IMINING 
&NETARY 

A- ALTERNATOR PTO 

Figure 3-7. X1100-3B Transmission Schematic 
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3.2.3.2 TrarrsmissionGharacteristi~ : ,- . . . 
: 

1 Tspe ,--.-------------,---------- ,~H*&&, 

FuUyAut~atic 
.._ .: :.. 

Mo&bJ ---i ‘-“““.“‘- --,--- --,--- X1100=3B. 
Dimensions : 

0 Length -----------------‘----- 40.8in. 
.O -Width - - - - - - .i - - - - -0 - - ‘L & L - - - - - - 62.0 ill:’ 
0 &i&t - - - - -.- - - - - - -‘- - -‘- - - - - - - 4%4’i& 

Dry Weight (including oil filter and manifold) - - - - - - - - - - 4402Ibs : 

Maximum Gros$InputPower(at-3OOOrpm) - - - - - - - - - - - 1sOOhp 
Maximum NetIngn$Powe~(at3000rpm)- - -.- - - - - - - - - ‘14odhp 
Mamum Net Input Torque - - - - - - - - - y - - - ‘- - - - 3250Ibft 
Drive Baths 

-0 FM.. ‘.“y --; - ,L-- :-: ‘;-“““- 5.88r1 
0 Segoncj .- - -,,- - - - - - - L - - - T - - - - - - - 3.02$- I 
0 qy-&j --------------,f,,,,,, lo6Ozl. . 
0 Fourth ---------------------- .1.28d 
0 Reverse-l-r-------‘--‘------,---- - ‘8.306.. ” 
0 Reverse-2---------------------- 2.35zl 

OperatingInputSpe&&ge- - - - i - +A - - - - - - - - - 855to3200rpm 
Steer Ratios . 

0 First -----.----------------- 2.34ti 
0 second - - i’- - -, - - - - -1- - - - - - - - - - - 1.526 
0 T&d -AA-------c-----.--i--, ,+()a 

0 Fourth --:‘-----k~---i,i ---_--- 1.19d 
0 Reverse-l-----------------,---- 3.51.~ 1 
0 Reverse-2 L - - - - - - ti - - k - - - - - i L - - - l.386 

Br&&g(br&eapplg’sh&) - - - - - - -. - -:-‘- - - - - - - .’ ihy&amc&. 
2mechanical~ 

, 

OilCapacity - - -. - .-‘,- - - - - - - - - - - -.- i - - - 4ogaIIons 

: 
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3.2.3.3 Controls/Modes 

The transmission control system is designed to provide protection-from.overspeed caused 
by multiple downshifts, through provision of a backup signal from the lock-up governor, in 
the event of a shift governor signal failure. In addition, inhibited upshift points in both 
forward and reverse are set at a speed higher than the normal upshift but lower than the 
engine governed speed to ensure that a forced upshift occurs should the normal upshift not 
occur. Downshifts and forward/reverse shifts are also inhibited to preclude selection of 
an incorrect gear range. 

Electrical signals are sent to the transmission from the driver’s shift/range selector to 
provide the following ranges. 

0 ILow (Automatic-First, Second, Third, and Fourth) 
0 Drive (Automatic-Second, Third, and>Pourth) 
0 Neutral 
0 ,Reverse’ (Automatic-First and Second) 
0 Pi&t Steer 

3.2.3.4 Steering and Rraking 
_. 

: 

i 

The steer system includes a variable displacement radial hydrostatic pump coupled to a 
radial fixed displacement hydrostatic motor, a steer differential, and a regenerative steer 
cross shaft... This system produces equal and opposite variations in transmission output 
speed which provide the vehicle with the ability to maintain a given turning- radius in a 
smooth predidfabie manner independent of soil conditions, provided vehicle speed is not 
sufficiently great to cause skidout. Pivot steering can easily be accompRshed within 1.5 
vehicle lengths. Maximum pivot steer rate is 7 rpm. To pivot, the driver must select the 
pivot steer position. 

Vehicle braking is achieved through a multipJe disc brake pa?k on each output shaft. I. 
Hydra& pistons are used to a&ate .these discs., An entirely separate and independent 
parking brake apply system .is proeded .through mechanical. actuation of the discs with a 
ball/ramp cam. .. The brake system not only provides the capability to decelerate at 13 
ft/sec%,. with little driver effort using the service-brakes but also providesan independent 
hydro/mecharji backup in the event that the transmission hydraulic pressure is lost. 

. 
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3.2.4 Final Drive 

3.2.4.1 Description-and Function ‘_ . . 
. ‘. 

The final drive is a -coaxial planetary gear drive speed-reducer which transmits power 
from the transmission to,the-sprocket hub. ‘~The~p&icipalelements of the fin& drive are a. i 
bolting flange for:mountingto the hull, a saddle and 

.~. ; .,- 
cap to support the transmission, an. 

output shaft to mount and drive the sprocket hub, .a disi?onnect -input shaft, a vent; .and an .% 
oil fill system. 

3.2.4.2 Final Drive Characteristics , 
.’ ,. 

m _--_--------------------- &~~P&net~yGe~ * 

Drive Speed Reducer 
Gear Reduction (final drive input to sprocket drive ” ’ output) L - - - - - - a - - - - - - - - - - - - - - - - 4;67 to 1.6 
Input power - - - - - - - - - - - - - - F. - - - 7 -, -. - - y ?50,hp.at-2400 rpm 

Static Input Torque (applied to input shaft) - - - - - - - - - - 39,009 lb:f-t .. 
St&ic&didLmd - - - - - -.- - - - - - - - - .- - - - - 225,000 ibs 
Free Spin Losses (input. speed of 2400 rpm and no load on .’ 

outputsh&t) ---------------------- i2hP’ ;- ’ 
Power Efficiency (output excluding free spin losses) - - - - - - - 
Number Re@med’p& V&i&- - - i - - - - A - - - - - - i - 

98,percent . ,~ .' 
2 -~ ,. 

Unit Weight‘ L -. - - - L -' - A '- - - - - - - - - -. .- '- l - _ 
-;..- - . . 

970 lbeach 

O~Ca~citg(ea&) ‘----------.----,----- 5.5qUaa& .- 
_ 

3.2.5 Cooling Sy&em 

3.2.5.1 Description and Function 

.’ 

P 

The engine and trsnsmission oil c%oling is’ accomplished- ‘by the primary and auxiliary 
cooling systems shown. in figure ‘3-8. The primary (engine &d transm$sionj. cooling 
system consists of. a fan, fan drive system, coolk duct, transmission oil cooler,, and 
engine oil cooler. A separate transmission auxiIiary cooling system consists of a fan, fan 

: 
drive system, ~coolingduct, and transmission auxiliary oil cooler. ‘lhe systems .maintain 

+ 



,.. 

PRIMARY 

Figure 3-8. Cooling System 

the oil temperatures within acceptable limits under extreme climatic and operating 
conditions. The cooling systems are designed to provide adequate cooling at. a tractive 
effort of 6.67 times gross vehicle weight with NBC on and the ambient air temperature at 
125OF. -The fans for both systems operate at 1.732 times engine output speed, except that 
during deep water fording they are disengaged. The cooler cores are 6 inches thick and 
the fin spacing is varied to balance the airflow and maximize the system heat rejection. 
The engine cooler fin spacing is 13 fins per inch and the primary transmission cooler, 
which is mounted. adjacent to the engine cooler of the primary cooling system, has a fin 

spacing of 15 fins per inch. The denser engine cooler core is located directly behind the 
fan to obtain a high cooler effectiveness which is required for engine oil cooling. The 
primary transmission cooler core airflow is partially obstructed by the transmission. The 
primary’,transmission cooler fin density and the transmission obstruction results in an 
airflow restriction equivalent to the engine cooler and therefore balances the airflow 
from the fan through both coolers. The transmission auxiliary cooler has 11 fins per inch 
and is smaller than the combined area of the engine and primary transmission oil coolers. 
The transmission auxiliary cooler fin spacing is opened up to reduce the static pressure 
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drop through the cooier and‘-aptimike tha system capability. The transmission .auxiliary 
fan driveelutch is a spring loaded mechanical slip clutch that mounts inside-the fan input 
housing. The clutch friction surfaces operate dry and directly engage an adapter 
connected to the fan blades. ” The. bearings in the fan are sealed and are used to support 
the fan drive output and-- geared. shaft. This arrangement. allows the clutch to be : 
incorporated in the fandrive $ithout significantly &&sing the distance between the fan 
and the fan drive shaft, thereby reducing the overall length of the cooling system. Gears 
and bearings for both fan drives.& continuously cooled and lubricated with transmission 
oil. The cooling system i&t grilles are s&d for 19,700 cfm with minimum restriction 
and maximum ballistics protection. 

. 
‘.- .’ 

3.2.5.2 Cooling System Characteristics ‘. _’ 

Engine Oil Cooler- 
0 I&toiltemperature.------------------ 325OF 

0 Heat rejection- - - - - - - - - -, - - - - - - - - - - 4,300 BTU per min 
0 O~pr~~e&op- - - - - - - - - - - - - - -'- - - - lO.psi 
0 Air pressure &op - - - - - - L - - - - - - - - - - - 4.3 in. of water 
0 O~flowr&e - - -.- - - - - - - - - - - - - - - - _ 66.7.lbs~per min 
0 oiltype, - “‘T’ ------ - -- - -- --.-- MIL-s23699:or 

ML-L-7808 
0 Airflowrate- - - - - - - - - -.- - - - - - - - - - - 177 lbs per min 
0 Hy&o&aticprame - - - I- - - - - - - - - -'- - - - 400 psi 
0 Weight - - - - - - T - - - - - - - - - - - - - - - 59 Ibs 

Transmission Primary Oil Cooler 
0 I&to~temp&at~e - - - - - - - - - - -.- - - - - - 309ol? : 
0 met & tempe&& - - - - - - - - - - - - - - - - - 1450F ‘- 
0 Heatrejection------;------------- 6,252 BTU per min 
0 Oiipree&op- - - - - - - - --- - - - - - - - - _ 

10 psi . . 

0 A~p@~~e&op --y-------B-w-B-s- 3.3 in. of water 
0 Oflflowrate i-----------,,,,,,,- 460 U+ per min 

OHtype’ -----. ------’ ----------- MIL-L-21.64 0 

4 

* 

0 .Airflowrate-----------‘--,------- 213 l@ per min 
0 Hy&&&ic pwswe - - - - - - - - - - - - - - -,- - 690 psi 
0 Weight ----‘------------_--_-_ 65 Ibs 
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TransmissionAuxiliargOilCooler 
0 ~eto~temperatupe- - - iv - - - - - - - - - - - - 275oF 

0 Inletairtemperat~e--------------,-- ., 1459 

.O H~t~j~ti~- _ - - - - - - - - A - - - - - - - - - 7,500 BTU per min 

0 ‘ok’pi&ufhe *op- - A + .- ,- -.-,-i -.- - - - ..-- - - - .15pgi 

0. -&pr~e.&op :“L: - - - - - ,--;.,----‘- - - - - - 4.95 in. of ,water 
:./ 

0” “&‘fiow&e 2‘ -.‘.- - -.- i - - - A - - - - -.- - - - 460 lbs per min 
o~-o~tope -.:i - - - - -,- - -,- - L - - - - - - -; - MIL-L-2104 

” 0 Airflow rate- _ - i _ ‘L :- A _ _ - _ ,‘-- - - - - - - - - 385 lbs permin 
6” .Hpdt&&iapve -- - - _ -:;L - _ A:, - _ - - _ - _ .~.6OOpsi 

0 0 W&i&t -~------‘,-------------- 73lbs - 

cooring Fan 

P 0 Tspe ,,,,,,,,,,,-,,,,I,---- morSi+eStage 

Vane Axial 

0 M~muminpttspeed--.,--------------- 5,300 rpm 
0 Designpohtfmspeed - - - - - - - - - - - - - - - 3,700 rpti 

0 Powerrequiredatdesignpoint- - - - - - - - - - - - - 21 hp 

0 pa airflaw - - - - - - - - - - - - - - - - - - - - - 7,500 cu ft per min 
0 Numherrequired,pervehi&- - - - - - - - - - -.- - - 2 

0 **unit weigirt - - - - - - ,r[,-w - - - - - - - - - - - - - 90 lhs ._ 
: _: ,. , Adliarg'kan Fve Clutch; .. .: '. 

o- .Tgpe., y--yr ---. ;..---.--T--:, ----- Mechanical _i 
0 "f;sa(iri@*'-input sped - - - - - - - i.-, L - .,- , '- . - - - - 5,3dO rpm 

,j 0 ~-M&~.*tic t&e - - ;- ,y;-.-*~.+~:-,T - - - - - - - WA 15olbft ,. _. _..~ 4 ,. .,, 0-l: yeight '- - a y~',~j'_- - ~QL;p-+ - - - -_- ; - - 9.5&s 
,. :> ..' 2. ' ,<'.- _. :-'.,' ': '.,. ,, :,. : ..- 

. . :; .L* _ ' : '::. 
:, ,: . . . ., .: ., .: $5 

9 
. :-~ 
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3.3 SUSPENSION 

3.3.1 General Description and Function 
. 

‘ihe MlAl Tank suspension system shown in figure 3~9 is a hydr~~~+nic~ system which 
provides’ irehicle static and dynamic .support throGh torsion +r-~sp@n&:&d dampening of 
-terrain ,indueed vehicle oscillatiqn by rotary hydraulic. shock absorb@&. Each side of the 1 
vehicle contains the .foIlowing major sub-assemblies; compe.nsa@ idler with t+ck’ , .,.-, -’ 
adjustizig link, seven roadarm .stations .with dual .roadwheels, twp s@gle -wheel track . *;- -2 ‘z 
support rollers, driye -hub and ,dual sprockets, rotary shock. @sorbe@, jounce stops. at 
wheel stations 1, 2, and 7; and a 25 inch wide double-pinned rubber-&usped integral pad \* 

track. 
..’ 

.  .  

1. 

C OMPE NSATI NG 
IDLER WHE,EL 

LI NK ASSEMBLY 

TRACK 

Pigure 3-9. Suspension @stem 
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- The &npensating idIers and track adjusting linkages are located at the front of the tank 
and are.connedt&I to a roadarm on both sides of the vehicle. Track drive is accomplished 

r+ 
-. through the track drive sprockets and hubs which are attached to the final drive 

wemblies at the rear of the tank. The track is supported and aligned between the drive 
sprocket and compensating idler wheel by two track support rollers. 

Each road arm attaches to a housing assembly which is bolted to the hulL The weight of 
the vehicle, resting on the track and roadwheel, moves the road arm upward and produces 
a rotational movement in the upper spindle which causes a twisting ‘of the torsion bars. 
As shifting vehi&ie weight. moves each road arm upward, the twisting action of the torsion 
bars resist the motion and produces a springing .action which supports the load and, at the 
same time, keeps the. track in contact with the ground. Roadwheel positions are 
identified by numbers 1 through 7 starting with number 1 at the front of the tank and 
going to number 7 at the’ rear. ‘, 

.: : 

3.3.2 Suspension Characteristics 

m ----,,,-,,,,,,~,,-,,-,,-,, ;Hy&om&&c& 
mqak -,-T-.~--------------------- Integral Pad 
spring(sevenper.&&) - - - - - - - - - - - - - - -, - - - - - Torsion Bar 
Shock Absorber (three per side-stations 1; 2, and 7) - - - - - - - Rotary Hydraulic 
~capacityper&dca~or~r- -.- - - - - - - - - - - - - -. 

Roadwheels (seven stations per’ side, two wheels per station)- - - - 
&&wheelti&h(nomiql)- - 7 - - - -.,- -; - - - - - - - - - . 
Ground Clearance (center portion of hull) - -. - -. - - - - - - - 
Ground Clearance (other p;OrtitiOof hull)- 1 - - - - - -, - - - - 
Cross-Country Speed(APG Terrain Pro&Iv) - - - - - - - - - 

. 

3 quarts 
25 in. diameter 
5.99 in. 
19 in. 
17in.. 
All speeds up to 30.mph 
.25 in. 
1~0,000-15,000 lbs 
80-100 lbs per ton 
26.8 in. 
1.61 
1.16 Hertz 
0.85 Hertz 



I 

1. ,16,266.-lbs per in. ‘. 
Jounce Damping Force at &adwheel - - - - :- - - - - - - - - 

. ‘. .i, 2, 
:’ .’ “> 2 62.56~6!00 lbs at 3, radian 

T&n & Q&g Rate ‘&a& station) - - - ‘i - 2 i - -’ - i - - 
per set ‘velocity 
.4s’bfooo c&‘l~Q.~im 

Suspension f&stem Weight - - -.- - --- - - - - L-, - i”-’ & .- 22;$2;i ‘I& .’ / 1 

3.3.3 springs. c: -i. . . _, .,__ ,’ ,; 

.T ., I:. ,, ..l.. .t .,,... ,. 
The Ml Al Tank ,,spr#sy&em consists of .J+ high- hardness. steel torsior$$rsand, &v&s 
with. integral retainers ,that )seal the covers,,,l 

“‘-J..: i.:. ‘- y- 
Fipq 399 i$t+= a !y&pl.assembly -, : ,, -, 

configuration for one spring.. The aluminum, tubu$r cover protects. the _t~@on;~ bar and ,. ,:*a.. ‘_ ..<+ >..,. 2,; :“ -, _’ r. 
spline areas from bilge contamination and because~ of the ,mj@mnical protection,. negates i ,‘ .‘I 
the need for the usual protective tape wrapping. .* ; The body,,& corrosion prote.&ed:with a: I .c ., ,/_ . . ,‘. .i 
polyurethane varnish and the splines are covered with grease, before installation, The * 

i ,, :. I :’ :.r ,’ 
spring system is designed to permit exterior access to the torsion bars from both sides of 
the tank. Thus, if a torsion bar breaks, each broken end of the .bar can be, pulled out. ‘y-,:.. ;‘ If > .: 
there are any fragments, they will be contained in the ah&&m cover tube from’“which 
they can be removed from outside the tank? ,. ,. 

ALUMINUM COVER ROADARM/SHOCK ABSORB& -’ 
HOUSING ‘: ” .I\- 

(BOTH ENDS.) 

Figure 3-10. Typical Assembly Confiiation - One Spring 



P 

3.3-A shoe Absorbers 
.‘.I 

-The: modular rotary hydraulic ,shock absorber shown in-figure 3-11 consists. of two major 
elements: a rotor with two vanes that house. damping valves and seals,, and a stator with 
vanes -and seals that complete- the pressure chambers. The rotor is actuated by splines 
located-on the upper roadarm spindle. The stator is held stationary by a key that reacts 
against -the suspension housing. 7he shock absorber is assembled with four screws, and 
after installation it is held in place by the clamping.--force provided by the roadarm 
retainer. Installation and removal of the shock assemblyi requires no tools once it has 
been exposed by removal of the roadarm assemblies. Damping characteristics are 
controlled by four jounce valves and two rebound valves,. all of, which are relief type 
valves. The relief valves consist of cartridge assemblies that are set for proper cracking 
pressure before installation into the rotor. Each cartridge assembly is then threaded.into 
the rotor vane, achieving cartridge sealing and locking .in. place by .means of pipe threads. 
5hock~ absorber sealing is achieved- by ..‘. polyimide vane and end plate seals, all of which are 
actuated,-by -the shock absorber oil pressure. Rotary hydraulic shock absorbers (a total of 
six) are used at roadwheel stations 1, 2, and 7 on both sides .of the vehicle.. Each shock 

.  .  

Figure 3-11, Modular Rotary -Hydraulic. ShqckAbsorber 



assembly weighs 41 pounds and is supplied with oil from a resen+ -~~h~~h,~~~.~~.~te@l 
part of the suspension housing. MlIAA6167 engine oil is used to achieve damping as well 
& to‘ lubricate ‘the i bearings of ‘the upper roadarm Srpindle assembly at, the shockabsorber 
stations, Whenoil is poured$nto the.fill port. located on the external face:of thehousing, 
it .automatically floods the spindle bearings, fills the shock, .and finally fills’thereservoir. 
Each of the six shock ‘absorber, stations uses approximately three quarts of oi& of; Which 
1.5 quarts are located: in the reservoir.: The .design is such that overfill ,is impossible 
because the .fill port- establishes the maximum, fill level. Monitoring .of ‘,the oil level is 
done throughan external sight @ge. .’ 

.: 

3.3.5 Support Rollers, Roadarm and Roadwheel Assemblies 0 * 
. . 

‘hvo support rollers per vehicle side are used to support and guide the upper :‘.track 
segment. Radh SuppOrt roller. Consists of an11 inch diameter Single steel 03heel whieh’is 
integral with the wheel .hub. The support roller housings are welded to -the.h&L The 
support-roller assembly is-shown in figure 3-12. .Support rollers-are greaselubricated and 
are sealed with liptype seals. ’ 

d 

4 

* 



The s@ension system includes 14 roadarm assemblies (seven roadwheel stations on each 
side of the vehicle) with b@lt-in roadwheel camber. All roadaym assemblies contain two 
needle type bearings on the upper spindles that mount in the torsion bar support housings. 

w 

‘J’he hous$ngs at .stations 1, 2, and 7 contaii provisions for retention of the shock absorbers 
and have..-’ integral reservoir for retaining the oil and supplying the oil to the shock 
absorbers.: AIJ housings are interchangeable right to left. The outboard seals at all 
roadarm upper spindle positions are metal face type to provide positive sealing and 
prevent outside contamination from entering the bearings. ,At thy, in+ard upper spindle. 
positions, -face type seals are also used at stations 1, 2, and 7 to seal the shock absorber 
oiL The inboard seals at all other stations, which are grease lubricated, are elastomeric 
lip seals. None of the inboard seals are exposed to a dirt environment. The roadarm 

0 lower spindles which mount the roadwheel hub gssemblies shown in fiie 3-13 contain 

TRANSPARENT .-. 

:’ SEAL 

Figure 3-13. Roadwheel Hub Assembly 
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two tap&red roller. bearings- and face-type seals ’ and are ~“lubricated ‘&ti ‘.ofli The .1 
roadwheel. hub 1 assembly; which is used to’ mount the ‘~&&h&i at each: station plus the 
idler wheels,: ‘includes the hub, seals; be&.ng adjustment -components; &ews, ,a& the 
inboard and outboard bearings. Thirty two roadwheels are required per tank, 14 stations. 
providing the ground &p&t and two &&ic$M &ea G &m&n&&& T i&e&- ‘& 

roadkheels are ‘forged aitiminum construction for ‘minimum wei@ht and contain ‘integral 
bonded rubber. tires. Steel wear plates v&h pressed in studs .are attached.-&.- the 
roadwheels with washers and self-locking nuts. They provide-the wear surface for contact 
with the- track center guides. ‘. ~’ ; .- 

The compensating’%llers consist of 25 inch diameter dual wheels, which ‘are &e&a&- 
able with and identical to- the roadwheels, and are attached to pivotally mounted -idler 
arms. Track compensation under dynaniic vehicle conditions is achieved by.interconnec- 
tion of the idler~l&ns’and~the number one.,roadarms.-by .the track tension adjusting link. : 
Figure 3-14 i&&rates-the ‘interconnection of the idler a& and number one roadarm with 
the track acIju&in$- l&‘- The static trahk tension adjust&ent is accomplished by hand 

PRESSURE.R;LIEF VALVE e 
r 

- \ AH-Y I 

-NO. 1 ROADARM. - 
m .:.1: \ &i-TRACK TENSION 

LINK ASSEMBLY 

/ u GREASE FITTING A- I 

! : 
,\: I I : VffK /-)m I CHECK VALVE 

(PREVENT’S OVEREXTENSiON) 



pumping grease into the link. A standard grease gun, which ,is part of. the vehicle on 
equipment materiel (OEM), is used to accomplish this task. A pressure relief type valve is 
incorporated as part of the track adjusting link. This valve automatically opens when the 
proper pressure has been reached for correct track tension. The escaping grease will be 
plainly visible to indicate that proper tension has been achieved. After proper tension is 
achieved, the link is mechanically locked. 

3.3.7 Hub and Sprocket Assembly 

The hub and sprocket assembly shown in figure 3-15 consists of one -steel hub and two 
sprockets. The hub contains large holes for dirt relief. The two steel sprockets are bolted 
to the hub to form the complete assembly. Two features of the tank hub and sprocket 
designs are notable: 1) the hub contains no guides for the track at the hub center, and 2) 
the sprocket bolt arrangement allow easy access for maintenance. Two hub and sprocket 
wemblies are required per tank and they interface with the final drive to transmit 
powerpack propulsion force to the tank tracks. 

Figure 3-15. Track Drive Hub and Sprocket 
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The Mlu Tank track- &onfie&ion, depicted in fi&re-346, i& an integral$&d track-with 
two rubber-bushed pins p& shoe and intee& itibber @o&&s;’ The track G %S’in&~ wide,. 
with a pit&i of, 7.625 inches. Each track ‘contains 78 -Sho& -Which result in ip Wireight of 
8,930 pounds p&r tank; 

INTEGRAL-PAD TRACK 

Figure 3-16. Track Shae Configuration 



33.8 short-Tra* 

In the event of .damage swtained from land mines, a *rt:- tracking. fea!ure shown in 
figure 3-17 provides the capability for operating the Mlkl~%nk in a short-track mode. 
With damage to as many, as two forward roadwheel stations the- tank could continue to :’ . . . 
move by,.shorHracking. The basic steps .for accomplishing short-tracking the tank are 
pesented below. .- 

. 1 . REMOVE FIRST TWO SRIRT PANELS (NOT SHOWN) 
^ a. REMOVE BU&iP STOP NO. 2 By TARING OUT ?OUR BOLTS 

3. A. REMOVE DAMAGED COMPOtiN’IB (WHEELS, HUBS, ETC) PROM 

NUMBER 1 ARM. 
B. DISENGAGE NUMBER 1 TORSION BAR AND MOVE ROADARM UP 

AGAINST BUMP STOP. RR-INSTALL TORSION BAR. 

C. REMOVE NUMBER 2 TORSIONB.AIi AND ROADARM COMPLETELY. 
.:.- 

c 

. 

:. ;. 

‘. 

,_ 

4, REVERSE N0.,3ZOADARM ’ _ 

A. REMOVE titiI6~ BAR. 

B. REP* .iioA~~iinr tie; ~-(MA~G rr A pAbmG ARM) BY ..: -L 
MkNG:TfiE VEHICLE OVER +?%ESSION IN THE 

~ROtJND’(Ek~RJ’ROM MINE:BLA& OR DUG BY HAND) 

As s*owi+$ii ’ 

C. WlTI@C@tiA~~ AT 45’, RE-IkSTALL TORSION BAR. 
i ‘. 

5. WITH NO. 3 ROADARF.IN LEAPING POSXFION WRAP TRACK _: 

AROUND ROADWBEEiB ANti NO. 2 SUPPORT ROLLER. 

mrE: mick Is TO BE SHORTENED To LENGTH REQUIRED * 
To Ffl ASSHOWN. 

6. USRiG TitkK J~XkCONNECF TRACK TOGETHER BY INSTALLING 

CENTER GUIDES @InEND CONNKCI’ORS. 

7. SHORT TRACKING% &&PLl&MOVE TANK AS REQUIRED. 



: 
3.4.1‘ G&neraLDe$c&tiok ahd Function : 

,- ,. 

:  I ,  

* ._ 
‘., 

The Mid Tank turkt ’ is. knprised of’ the following. elements: turiki:. ktiidlcture, 
8ssocht& turret cotipon&tb, power distribiutkk kysteh; cbmmander’s - ~~e&kstation, __. ,: ,‘. 
loader’s station, gunner% stationj ventilation system, mounts and feed q&e&fire oont~ol 
equ!pment, and main gun.. The turret ptivides ball&tics and .environmental protection for 
the brew and intern@& .&owed cqmpo&&. Thel .!qet also provides for proper 
interfacing with the tank .hu&. B&C bomjjonents, @owage of’-on equipment materiel -(OEM) ,- -; 
and ammunition, accommodatiorrs foe. the:, crew. (commander,: gunner, and loader), and 
mounting of fire control$ompone&. 7% turret structural feat&s are shown in :. 
348. : - 

IEAD 

COAX MACHINE 
GUN OPENING 

7 ILAUNCHER 

120 MMGUN 



.’ 

The turret structure .is designed. to- ensure crew survivability and provide protection for 
internally. mounted equipment against 8 broad spectrum of antitank weapons. The turret 
armor’~&nfiguration C-&&sts of a weld-fabricated rolled homogeneous armor (RHA) 
structure which.protects the front and. side of the crew areas and the turret bustle. The 
turret crew area-comprises that part of the turret forward of the bustle ammunition doors 
and above the turret basket. ‘lhe turret bustle ammunition compartment.-provides for 
main gun round stowage and occupies’ the portion of the turret .aft,-,‘of the bustle 
ammunition, compartment doors. 

-./ ._a 
Bustle ammunition compartment venting is done 

upwards by means of blowoff plates and rearward through open venting (actually closed by 
sheet. met&covers to block dust and water). ,, The commander% and loader’s hatch, main 
gun rotor, and armor. gun shield complete the turret protective envelope. 

‘. : 
3.4.2 Turret Basket _. . . _, .._ 
The turret basket shown in figure 3-19 is a circular aiuminum~Farmor’~plate with a rim and 
harness guide functioning as stiffeners. ‘lhe floor. hangs from five posts, four of which 
serve dual functions: the commander’s seat mounts off .one.‘post, the loader’s seat mounts 
off another, the electric and hydraulic lines are. mounted ‘through the third, and the 
hydraulic accumulator is mounted to a fourth. ‘- I& convenience and safety, screen type 
guards are install&d to protect &ew members. ‘. -A door- in ‘the basket floor provides access 
to various components mounted on the .huR floor such-as the, hull gyro, governor, hydraulic, ~ 

components, and electrical lines. ‘Ihe basket structure L designed to provide spall 
protection with minimum weight and maximum stiffness* Stops are mounted in the hull to 
prevent excessive deflections and stresses from large dynamic loads, such as those 
resulting from.a ballistics impact or a collision. 

. -  _ 
.  

3.4.3 Wret ~Rlectrical 

The turret electrical system emphasizes ease of operation,, ease of maintenance, proven 

Y reliability, and significant growth potential. It features many design improvements over 
other tank systems. System operation has been greatly simplified by a thorough 
integration and st.andardization of panels and controls. 

l 

A vehicle master power switch, in parallel with another at the driver’s station, is provided 
in the turret for added convenience and safety. ‘Ihe gunner and commander are provided 
with a. separatei independently adjustable, control for varying indicator lamp intensities. 
‘lhe commander,- gunner, and loader each have a separate adjustable dome -lamp to control 
light levels for convenience andsecurity. 
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Figure 349. Turret Basket Assembly 

Maintenance of the system is facilitated by many design. -features which- enhance- the 
ability to fault isolate and repair the system. Control, interface, and power distribution 
circuitry, as well as all the turret circuit breakers, have been centralized into.one Turret 
Networks Box (TNB) located at the loader’s station. This integration greatly red&es the 
time and effort required to return a system to operation. Diagnostic test connect& are 
provided on the TNB ‘for monitoring of interface signals to isolate faults to the.bl&&x 
level. ‘A utility outlet is also provided on the Tl+% for .powering a trouble-light, food 
heater, etc. Warning indicators for open circuit breakers, low battery charge, engine fire, 
and the NBC system are also provided at the commander% station for immediate 
recognition of possible problems. Indicator lamp test controls are also provided so that 
failed indicator lamps can be identified and replaced by the crew with no loss of t&e. All 
harnesses, harness plugs, and panel receptacles are. &early marked for easy identifiaation. 
Alphanumeric coding’ of Individual wires simplifies tracking of &rcuits at higher e&h&&s 
of maintenance. This coding is reflected on all circuit schematics. 
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8ystem reliability is maximized, by utilizing proven military specification components with 
established reliability, by uti&ing low risk desip, and by utilizing high design safety 
factors. Most electrical ,components such as relays, switches, connectors, wire, ‘semi- 
conductors, and circuit breakem have been standardized to achieve ease of maintenance. 

*stem growth potential is addressed by providing a minimum of ten percent spare pins in 
all major electrical coMectors, by allocating-space inside panels and. boxes for extra 
components; and by operating the system at approximately 60qercent power capacity. 

Major design improvements include the hull/turret slipring which provides filtered air, 
hydraulic power, and electrical power between the hull and turret. A drum~type slipring 
has been-selected over a larger platter-type on the basis of cost; producibility, reliabiliQ,, 
maintainability; and performance characteristics. .: EMl, RX&’ EMP, and electrical 
compatibility effects have been minimized by extensive use of RFI shielding on harnesses 
and electrical components, by utilixing a two-wire power distribution s&em, and by 
maintaining a separate turret-power bus for fire control and other sensitive circuits. 

3.4.4 Hydraulic Power Supply and Di&ribution 

The main hydraulic system shown in figure 3-20.;providesup to 50 horsepower for the 
operating: demands of the:&n/turret drive system and- the turret ammunition door 
actuation.system., Hydraulic pov$er is also provided to the crew !compartment biie -pump 
and the hydraulic.assist park brake system. The total capacity of the hydraulic system is -) 
19’gaRo~;‘which includes th$! ,13 :galIons in the reservoir and 1 gallon in the Lines. A 
variable-displaoeme~r~~~~~~ated pump is interfaced directly to. the turbine 
engine accessory-drive unit. Thii $600 psig pump is electrically depressurized ‘during the 
engine startingcycle. Hydraulic’ ~wer?edundancy is provided with- a one-horsepower 
electric auxiliary bump, to provide power for the’.gun/turret d@ve system during engine 

r 
off and emergency operation&. .’ 

._ 

t 
‘Ihe turret ammunition-door actuatSonls)stem empLoys a linear actuator that is hydraulic- 
ally decelerated :at each end of the door travel. The. controls include a solenoid operated 
directional--valve: that is actuated by the loader’s knee, switch.A pressure compensated 
flow control?valve limits and$%sols the actuating speed of the door. A cross pilot- 
operated check valve is used to hydraulically lock the actuator and &or. 

: ,! 
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An accumulator, .precharged with nitrogen, supplements the hydraulic flow in excess of 
the system output for main gun fleck clearance during rapid turret traversing. 

A filter manifold and reservoir located in the hull are fully integrated with vehicle layout 
and are readily accessible for ease of maintenance. Filter elements require service only- 
when self-contained differential pressure indicators pop out to visually alert the crew of a 
maintenance requirement. Selfsea@g quick disconnects are used for easy uncoupling of 
hydraulic lines for component servicing or engine removal. Tubing for the system is 
stainless steel, MIL-T-8808. (a high performance tubing), Stainless steel ferrules are 

* 
brazed on tubes and flareless type fittings .eonforming to. military specifications are 
employed to. provide for reliable, leak-tight, hydraulic connections. Swaged fittings are 
used in hard to reach, non serviceable areas. 

* \ 

Thermal stability of the system is maintained with the use of a simple finned-&be 
crossflow heat exchanger which-is integrated with the vehicle cooling system. 

Added crew survivability is provided with the use of, -MIL~H-46170, fire resistant, . 
synthetic hydrocarbon, hydraulic oil and by isolating the hydraulic reservoir from the crew 
with an armored shield. 

The ma& and, auxiliary hydraulic systems -provide the Gun/Turret -Drive (G/TD) and 
control systems with adequate, power for all mission and .emergency operations. The 
selection and arrangement of components and incorporation of crew survivability features 
provide high vehicle mission reliability and ease of maintenance. 

Hydraulic-;distribution complexity and potential leak. points have been reduced by 
providing hull and.. turret valve: and-manifold assemblies. The .hull manifold: ,includes: the 
bilge pump control valve, the bilge pump flow/speed control, the~auxiliary system pressure 
control switch, the main pump case drain flow sensor, the main pump cooling bypass, and 
the heat exchanger bypass. ‘...., 

_i 
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The turret knifold contairrs the ammo .doOr; solenoid Icontrol valves, am.mo:d&rpree 

regulation, the aximuth power valve, and--the“elevation”p~,uver (uncouple)valve- ‘p-ure 

SW- 

3.4.5 Turret Accommodations . 

3i4.5.1 Ammunition Stowage 

The primary objective-for main weapon ammunition stowagecompartmentali@tion shotin 
in figure ~3-21, is-to- improve ‘crew survivability. The -turret -bustle provides the most 
logical location due to ease of venting hot gases,.ease:of sealing the area from the crevv, + 

and accessibility of stowed ammunition to the .loader. :-There are 40 .rounds of. 120mm 
ammunition stowed in the MlAl Tank, all of which are compartmentalized, either in the * 
hu3l or turret bustle.. The eompartmented -turret bustle stows 34 roun&, 17 .of nihioh are 
ready rounds directly: accessible to the seated loader behind a knee switch -actuated 
compartment door. The other 17 bustle rounds are also easily accessible but require that 
the 1oaderJeave his seat; The remaining 6 rounds are s&W in. the hull compartment. 

‘/ 

The bustle stowed rounds are-shielded from engine and engine exhaust heat by a ‘thermal 
insulation barrier attached, to the outside of the engine exhaust duet. Additional thermal 
protection from the powerpack is’ protided by- the ~deck and grilles .arrd the- a@ space 
between thehull and turret ,bustle. Plastic liners are-located.next to the round tiarhead, 
along the compartm-ent wall, to absorb energy andcprotect- the surround@g st&tiW when 
ammunition is detonated. 

The stowage: of 7.62mm and- ;50 caliber machinegun am mWtion is based on’ comideration 
for accessibility;quantity, interchangeability, and vulnerability. The quantity.$f @ample- 
mentary,weapon ammunition stowed in the.MlAl Tank is tabulated as follows: 

t 

Ammunition (W&) .- ;. 

-* 
7.62mm (total) 11,400 
7.62 m.m (coax ready) 2,800 
7.62mm (loader ready) 200 
.50 Cal. (total) 1,000 
.50 cal. (ready) 100 

\. 
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Stowage of 7.62mm ready! ammunition ~for the coax machinegun shown in fiie 3-22, is ‘. . . .c- 
concentrated on the. left side of the 12$&m, M256 main gun. The stowage. &ace outside ^ 
the turret is configured to$&ept .50 caliber and 7.62mm field boxes. .j ,I j 

,:: 
i, H 

COAXRiiDY : i MAIN WEAPON 

AMMO BOX 

I 

j 1’ .. , 

Pi&re 3-22.” Coax Ready Ammunition Stowage 

3.4.5.2 Main bun and Mount 

The 120mm, M256, main gun shown in fiire 3-23 i&mounted ina concentric hydrospring 
recoil mechanism, has a smooth bore- tube, and has a slidiug’ wedge breech. It’b’ e&ped 
with a bore evacuator and thermal shrouds, and is electrically fired. Stub ::c.ase ,ejection 
and breech operation is automatic and supplied from recoil energy. ‘Ihe quick+hange 
feature eases replacement of ,the tube. The, ,Muzzle.. Reference Sensor (MRS) is bolted on 
the gun muzzle and requires no modification to the government furnished gun tube. 

.’ 
Gun support and alignment is maintained by two -simple bearings spanning 29.5 inches. 

The gun is joined to the recoil mechanism using anadapter plate which is bolted to ,the 
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. 

r 

YCUTATOR MRS 
\ 

\ I 
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TRUNNION. BEARI NG I: THERE?\AL. 
SHROUDS 

Figure 3-23120mm, M256.Main Gun and Mount ii .._. ,a” 

breechring. The adapter plate provides a 2.3 minimum safety faittor. Optimum operating 
pressure during the 12 inch recoil provides uniform and minimal trunnion-bearing reaction. 
‘Ihe trunnion bearing clearances are minimized by using :pre-loaded, zero clearance, 
spherical anti-friction bushings. Minimum clearance has been designed between the .I. 
trunnion bearing and its mountings (internal and external). The space required for the gun _ 
mount:has.‘been .minimized using a ‘cradle outside diameter of 19;75 inches and a length 
within the’ turret governed- .by the recoil travel plus solid height of the counter*ecoil. 

spl’ing. ‘.’ ‘. 
1 .I . - 

The., icradle inside .diameter,- is designed to accommodate;-: the spring with adequate 
clearance to preclude failure to return to battery tendencies under all -environmental 
conditions. The spring has been designed to operate at 112,000 psi maximum stress, a 
proven ‘satisfactory value for .achieving reliability with an anticipated endurance .of -10,000 
cycles, i-The :counter recoil force; being sufficiently high for ‘concern with respect to 

P : . . . . excessive,shock-loads during re;turn to battery, is tailored<by ‘the counter recoil buffer to 
.ensure tolerable shock- ~levels; : .’ .: ‘I 

: .- ;.,.. ;_ L 
* The open system, gravity feed, self-venting, translucent plastic replenisher is mounted on .,, ” 

the turret roof’and it is conne&ed to the redoil housing by two hoses. .“ :. ,,, It has no. moving 
parts and provides an instant visual indication of, the oil level to the crew. 

~_ il : ,’ 
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The gun mount interfaces with the turret by attachment to a rotor, whi$-$$vots in 
elevation on turret trunnionbearings. The bearings are-self-aligning spherici bearings of 
high capacity. The rotor has apertures’ for the coa$atrweapon and telescope;‘n&,ther of .. 
which physically contact, the rotor. Both are dire&y attached to the gun mount cradle. 
The’ rotor also mounts a >fire-control -resolver which-senses ,m’ position. Rbtor -elevation 
movement is limited by bump, stops located on the gup m,o@ that contact$e,t$vet. .’ The . 
gun mount provides the attaching point for the- elevating cylinder.. &$.a r&of mounted 
tie rod can be linked to the gun mount to form a travel lock. 

. . . . 
Rotor and gun mount are installed from “@i&de the turret through the CWS opening so that I 
the opening/aper$ure in the turret front need be large enough only for the gun tube, 
telescope, and coax machinegun, thereby increasing ballistic protection. ‘Ihe ‘aperture 
clearance around the gun’ tube is shielded with armor plating 

_1 
A water tight seal is also 

provided in the. aperture to prevent leakage... 

. 

,. 

3.4.5.3 Secondary Weapon Systems 

: 

. The coaxial@ mounted M240 machinegun (?.6?mm),.. fires throughout 3.60 degrees of 
traverse and from -lO degrees to +20 degrees’ e$&ation. 

i 1. 
The commander~.,Y~6 cal, M2 

‘machinegun can fire through 360 degrees of traverse, independent of turret positi.on, and 
from -10 degrees to +65 degrees elevation. The loader’s .?.62mm, M240 machinegun is 
skate mounted on a rail to provide a 265 degree field of’ fire coverage to the left of the 
turret from -35 to +65 degrees. elevation. Smoke grenades.are fired forward’bf the turret 
covering a~l20,degree sector..- L . . . -/ .’ : 

,/ : ~, ‘. 

-. Visibility is provided-,for the commander by an open-hatch, partially-opanhatch oruse of 
unity vision periscopes providing 360. d@rees ~horizontal, view. The- loader has all around 
view when operating open.hatch and his vision periscope:“rotates inhis hatch8toprotide 1) 
360 degrees view from inside the tank. The loader’s hatch will also accept. the -driver’s 
night vision device for night time surveillance. The gunner-has an area of view via the .,. 
unity channel of the Gunner’s Primary Sit GG in the directiou of fire. :’ ‘S&e gunner also 

i 
: .‘., 

h&s periscopic sights with 16 and 6.2 degree fie& of view at 3.$a&d s;j’& respectively. ,_ ~< 
The gunner’s periscope display scene ‘is also &yea .to the commander’ via the 
commander% eyepiece extension. 

. 
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The-coax m,achinegun system shown in figure 3-24 is mounted on the main gun mount and 

moves in elevation and depression with the main gun. The system includes the 7.62mm 
machinegun, the machinegun mount, the ready ammunition box, the feed chute, an 
ejection chute, the spent-case and link collection box, and the smoke tube. 

COAX READY 
AMMO BOX 

FEED 
CHUTE / ’ 

7 
v 

EJECTION 
CHUTE 

.,SPENTCASE 
AND LINK COLkCilON BOX 

Figure 3-24. Coax ~achinegun.System 

P 

& 

The machinegun mount consists of a cradle which bolts to the main gun mount and mates 
with the co@al weapon mounting points. The coax weapon is -mounted above and to the 
right of the ma@ gun. This position improves the space usage of the turret since it is 
above the Gunner’s Auxiliary Sight ,&d permits the left side of the turret tunnel to be 
smaller while not increasing the right side. 

The ready ammunition box consists of a spring loaded inner box ineide- an outer box. The 
outer box is attached to the left side of the main gun mount for easy access by the loader. 
Total ready ammunition capacity is 2,800 rounds. The spring loaded inner box raises the 
coax ammunition as the machinegun is fired to reduce ammunition belt pull force. A rigid 



feed chute. with an anti-roll bai?k device extends -from- the. ready bog to the’ weatin feed 
tray. Ejected -c&e&.and links enter a chuteand are collected-in the rigid box below the 
main ,gun. The box frill hold- approximately ,4uO ejeicted cases and links.:- ?%e rigid. 
construction of the- box, as opposed to-a bag, prevents jatis’.due to -collapsed- ‘walls, and 
permits the loader to move easily and quickly to discard the cases. and links. A clear 
plastic window on the chute permits the crew to se&! when the box should be emptied. A 
smoke tube aids in directing toxic fumes due to firing to the outside of the turret during 
firing of the machinegun. 

,. 
Deep-water fording ie@&s.sealing the hole for the ~e machineguu. A plug is provided 
for this purpose. Before installing the plug, the coax machinegun must be removed. 

* 

The loader’s machinegun is. .skate-mounted to provide,’ the ,ioader with 265 degrees of m 

firepower converage at elevation angles from 735 to ‘+65 degrees. 

‘Ihe 7.62mm ready ammunition box for the loader% ..ma&hi,negun is a standard 200 round 
field box that is placed on a holder. at the ; left ,side of the wea&m.. .,J’he ammunition’ is 
pulled directly from the box by the ‘gun and no chute is\ required. An ejection box is 
attached to the gun mount to receive ejected cases ,,&.d.Sinks. This prevents the spent 
cartridge cases and links from accum~ul&ng on .the turret)roof .or entering the ‘air intake 
ducts or ventilation grilles. 

For closed-hatch surveillance, a turntable in the loader’s hatch mounts a ten inch wide 
adjustable mirror periscope, which is interchangeable with the driver% center vision 

._ 
periscope. When seated in position to’ load the ‘main gun, the loader can use the periscope 
for sideward and rearward surveillance without difficulty. Swinging his seat to the rear, 
the loader can &o survey the left-forward sector from a’seated position. The loa&& 
periscope provides good close-in vision in. his se&or of responsibility. The &a&r% 
periscope mount also has the capability’of accepting the &iv&s night-vision periscope, ? 

less adapter. Night. surveillance from the loader’s station is enhanced over the driver’s 
station due to. the scope’s higher position on the tank. For open-hatch observation, ‘the * 

loader has the option of standing on the turret basket floor, or the loader’s seat to select 
eye-level, name-tag high; or waist-high surveillance positions. 

, 
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The commander% .50 caliber, M2 machinegun or optional 7.62mm, M240 machinegun is . ’ 
mounted externally to the turret -&can be aimed and. fved from. inside, the turret. It is . ,: ^ 
mbunted ‘fo, .a rotary st+on. which ‘has a hatch,. vision -periscopes, a coupled periscope 
gunsight, and poker and manual controls. The rotaryweapon station sti&ture is an armor 
steel &ting with a &h *ning, attachment, .hubs for the hatch, cover hinge, openings 
and p?otecjiie coveri for the six vision periscopes surrounding the hat&h, end mounting 
surf&es ‘for the -‘sight and .the gun mount support’. arms. 
the rim of.. the station. 

A &in drive ,gear is attached to 
:‘I’he’~main gear bearings employ plastic balls which have 

demonstrated outstanding perforinanee inlseveral similar applications. The advantage of 
these. plastic ballsis.that. they win-not shatter or damage the bearing r&es in any impact’ 
due to gun fire or falJini ‘debris; The d&e gear, machined onto a bearing race, protrudes 
through the turret mounting~hole’for engagement with the’,azimuth d&e,gea@ox which is 
mounted on the turret .pof +ljac+ to the Weapon station mounting hole. . . \ ” / ‘. 

The commander’s azimuth drive system consists of an electric motor, a gear shifter to 
select either power or manual operation, and pulleys for coupling the gear unit to the 
manual drive ring. The manual drive ring is approximately 29 inches in diameter and 
rotates concentrically with the weapon station at a ratio of ten to one. It is maintained in 
position by four rollers which are mounted to the turret roof. It is coupled to the azimuth 

drive gear with a reinforced belt, drive .that has a synthetic ‘pile fabric on the drive side. 
The pulley surfaces in the drive ring and on the gear drive unit have attached synthetic 
fabric with short stubble bristles. This drive provides a noslip operation. 

The rates of motion achievable with the manual drives are &proximately 10 degrees per 
second in azimuth and 6 degrees per second in elevation. Forces required are less than 15 

pounds in azimuth. and 10 dounds in elevation on- level ground. At a 15 degree cant or 

pitch angle, the required force on.the azimuth ring is 30 pounds maximum. 

4 The smoke grenade launcher shown in figure .3-25 provides the tank with a mesns for 
evading the enemy and/or defending against antitank, optically guided missiles. when both 

* grenade launchers are fired, they produce a 120 degree smoke screen 30 meters in front of 
the tank. This wall of smoke aids in the defense against opticaIly guided missiles and 
helps evade enemy, troops. The launchers;-which are mounted externally on the turret, are 
aimed by rotating the turret. 
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Figure 3-25. Smokk. Grenade. Launcher ‘..,%, . . 

.’ 
- .  :  .  .  .  

Each launcher holds six grenades and is mounted on the ;left and. right-turret ,side wall ,i 
forward of the stowage baskets and below -the top deck level.. One reload~~complement is 
stowed outside the turret: The,grenades are electri@ly fired and contain thqpropellant 3; .. . 
as well as smoke-producing, red phosphorous pellets. 

3.454 Commander% WeaponBation (CWS) 1 .: ; I : . $: .. , 
_’ , ..-: ;.’ : i- : L 

Major em@asis. ,h& beengiven to work space layout and, equipment, integration. The 
commander can operate .&ted, in any of; three standing, &positions, -and. can -move, rapidly : ./ : 
between these positions while maintaining command and control. The resulting 
configuration permits a high degree .of .flexibility. Figge .3-26 depicts the primary * 
operating modes of the Commander% Weapon Station. In the-seated closed hat&-position, 
the commander can &&t his &at height at a posifiog;TFt a&ws .him-<to.,lc&: directly -c 
into 1) the unity vision periscopes, 2) @e .$.O, caliber, M2, machin- sig& and.,&lesning 
forward, the Command& GPS Extension (CGPSE). His bottom platform also:includes a 

‘. y,‘I ;,.. ‘. ‘! 
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so CAL. ’ k -~~“LOOK-U~‘I ik+iciiiNEGUN ’ ,/- 1. 

;. ‘,GPS EXTENSION ’ 

f 
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I 

SEAT BiCK FLIti’ 
.DOWN FC+ 
WAIST-HIGH OPEN 
HATS!. POSITION 

INTERMEDIATE 
PLATFORM (FOR, 
‘NAME-TAG-HIGH 

: 

MAIN PLATFORM 
(FOR PROTECTED. OPEN 
HATCH POSITION) 

Q Pipe 3-26.. Cqmma+er*s Statjon 0peratiw:Modes 

..; : ,. 

P convenient~ fl@ut footrest for cqmfqrtable- leg,pgsture. Once,,iuitial individual settings 
have .bey .rnade, no seat or pbtform adjustments +re necessary: in order to look into any 
of the q@al devices. ” ., All major displays and cqntrols including the control, panel, main 
weapon...qor@gl handle, azimuth power machipeguq- control handle, remote radio intercom 
switch, &d.manual machinegun controls, possess high.visual and. physical access. .- 
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For the standing protected open hatch9o&ion, the commander simply presets the bottom 
platform to the position that ctnows him to.observe through the opening between the hatch 
and the top of weapon,station. This position allows 360 degree vision while simultaneously 
providing overhead protec$ion. For a .q&k transition from his seated position to the 
protected open hatch position, the commander need c&y. open the hatchand.,stand on the 
plafform while flipping the seat up and out of the way, 
beneath the ma&ii. ‘. ‘. 

This also allows. him to view 
.’ : .’ 

Movement to the intermediate standing, nam,e-tag-high position is equalIy straight- 
forward. Assuming a start from the seated po&tio& the .commander fully opens the 1-1 ,I.. , 
hatch, steps on a spring loaded flip down.i~t~rmediate-.~~~~f~m, and flips his seat up and 
away from his legs.- This pIatform, yoked to: the pr&io&ly set larger bottom platform, is 
positioned to let the 5th. through 95th percentile crewman .see just over the machinegun. 

Finally, for the highest standing positionr-t~e.,oommandeer stands on his folded-down seat 
back for unobstructed ‘maximum open -hat;ch visibility over his external weapon. In . . 
summary, the movement between each &these four operating modes .can be undertaken 
with no seat/platform -height readjustment, thus permitting the rapid and effective 
operation required for command and control;. 

Armament-related ,eomponentse areI designed .and arranged to. complement available turret 
space, and address the funcuonaLnee& of the commander. For example, -the comman- 
der’s weapon traverse ring, used ss :a backup manti, atimuth control, and the elevation 
crank are carefully sized and configured to allow accurate tracking/firing capability in 
the manual mode; .The eom.mander$main weapon han&;: &hough primarily designed for 
use while seated and’ using the GPS extension, can .also .be operated in both the protected _ 
open and name-tag-high positions. ‘I?& oapability includes tracking, ranging, andfiring. 

.The Commander% Weapon Station (CWS) provides the commander with versatile modes of 
surveillance. He has 360 degrees of vision horizontally in all modes without rotating the 
station. The-cfull-ogen-hatch. mode provides. the greatest’ clarity and freedom’ for rapid 
scanning. A partially ,opened- hatch’ position’ provides much of. the flexibility &&iated 
with the full+pen-hatch,mode end will provide overhead armor protection,‘from sh&nel 
or small,arms’:fire. ,ln the closed-hatch mode; six unity vision periscopes are employed. A’. 
periscopic sight pr&des a three-power telestiopic view that .is trained on the target by 
rotating the weapon station and elevating the weapon. ‘Ibis instrument is coupled to the 

r 

r 



commander’s weapon mount and provides an accurate sight or the weapon, moving in 
elevation with the weapon from -10 degrees to +65 degrees. 

e 

The commander% .50 caliber machinegun (or optional 7.62mm machincgun) is mounted on 
a rotary ‘turntable so that the weapon can be aimed to ar y azimuth position. The 
commander’s ,hatch is located in the center of the turntable with its principal hinge at the 
rear. A -secondary hinge point at about the center of the ha.tch cover allows it to tilt 
forward after opening about 30 degrees. This arrangement lifts the rear edge of the 
cover, as well as the front, so that the commander, with his head up in the domed cover, 
has a slit for open vision in all directions. This partially opened position provides the 
commander. with overhead armor protection.. Six vision perisco ?es surround-the hatch, the 
armor skirt around the hatch cover provides additional protecti from small arms fire. 

The full-pen hatch mode of surveillance- provides the comm der withy the best viewing 
and greatest flexibility for seeing in all directions. The open tch cover at his back will 
provide small arms protection to shoulder height. The over the vision 
periscopes. and the hatch hinge provides small-arms protectIon to. elbow height. The 
comman$ier can elect to use this .,mode with different positio 
the turret watching the sky and -observing through vision- pe] 
limited by safety or his ability to reach the controls. 

5, from completely inside 
scopes, up. to a height as 

When the- hatch is fully closed,. and the- hold-closed latch ia 
system will raise the hatch- cover to the partially opened posi 
open latch.:q@on requires release of the hold-open latch an 
the other -hand of about 40 pounds. Closing the: hatch cover 
position requ@s, three operations. -The hold-open ,latch is relea 
on the. hold+lose -latch handle. with the left hand, (about .40 -po 
released. with the right hand and ‘additional downward pulL 
pounds); and lastly the hold-closed latch is rotated to the L 
arrives at. the closed position. ; 

When. changing. from the closed hatch to the partially open 

commander. must raise hi head. and, shoulders approximately:, 1 
partially-opened to full open. requires another. 10 to 12.inches. 
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The hatch system kcludes 4he- hatch cover, the hold-closed latch, the yoke”latch, ‘the 
yoke, the trunnion equilibrator, and the .hold+pen latch.. The ‘hatch cover is a domed 
armor steel casting with a skirt around ,it, which provides additional protection to the 
commander fro ln ‘small .arms when operating in the partially opened’ mode. -The hold- 
closed latch is B 
the hatch. Th k 

:simple lever- with a handle that also serves for pulling the. cover to close 
yoke is a “steel’ casting which acts as a; lever. arm bet\iveen the main 

truilnion and the’ secondary axis, permitting the hatch cover to remain n&rJy horizontal- 
when in the-partially open position. The primary trunnion employs torsilastic and torsion 
leaf springsfor equilibration of the hatch cover weight. 

: . 

The trunnion~has ‘two features to prevent pinning. by small arms fire. * 
1. 

The. tube ’ Which 
forms the axle can either rotate’ with the hutch cover or be station&y with the anchor. If, 
a small arms piojectile should penetrate the trunnion it can still rotate. 

J.. . 
Also a thick F 

plastic washer $s employed ‘between the anchor and the- yoke so that a projectile’ in that 
I region will not lock two steel parts and prevent-opening the ,hatch. I 

The commander% station c&trols shown in: figure 3-27 .‘pro\iide the means by which the 
commander can slew, track; and,position hii machinegun with a minimum of effort in both 
the powered and manual modes: The control simplicity also allows the commander to 
maintain an optimal fighting station while- directing the crew. The powered system -is 
basically a rate servo system that utilizes a unique method of controlling the input rate. 
The system- is electrically-powered by the 28 volt vehicle- elect&al system: A’&rmanent 
magnet torque motor drives the station in- azimuth. This- type of motor provides high 
torque at low speeds, ,f ast response due 40. low self-inductance, and a linear volt&&/speed 
characteristic. Tachometer feedback is utilized in the> azimuth’ axis to overcome 
frictional variapns in the mechanical drive and allow smooth trackbig i and accurate- 
positioning of the weapon. The servo amplifier which generates the drive- sigrial f& the 
motor is small, totally-encapsulated,‘and ‘multisource& * 

/ ? 
The amplifier is operated in a voltage feedback mode which ‘results in ‘&- ou~~uf’mot& 
speed proportioned to the input voltage. The azimuth rate.input control is contained in 

the. thumb conkol hkklle : which is connected. to a;coil cord for ease of”.&e: ‘by the 
commander: I!eft. ‘or right force on. the. thumb con&&r~ creates a -p&se ‘s&&ive 

I 
_- 

electrical signal proportional to- the input force; 
. . ms -.&gn& & us& to &uce a- _. 

directional rate command.input to the weapon station. 
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switches, .automatic continuous lead, and range indicators integral to the periscope display 
scene. This simplification and integration shown in figure 3-28 is reflected in the gunner% 
interaction with his equipment -during a typical target engagement, M;.IF$ need only check 
the selected round on the ,mnner% primary sight panel, view the target -and its range in 
the eyepiece, and manipulate the control handles. 

AROUND BROW PAD 

GUNNER ADJUSTS CHEST1 I7 
x . 
l COMPUTER PANEL AT 

-s-w-- =. GUNNER’S IMMEDIATE 
1 RIGHT 

REST:& FAR REARWARb 
AS.!S: CPMFORTABLE GUNNER LEANS INTO AND 

PiliLS AGAINST CHEST REST 
TO HOLD TORSO SOLIDLY IN 
POSITION. THIS WILL MINI- 
MIZE SENSITIVITY TO VEHICLE 
yi!RAilONS ANti SEVERE JOLTS. 

: : 

FOOT REST x 

NOTE: TILT F6Oi~ONTO 
FOOT RESiiiUT NOT 
ON REMOTE INTER- 
COMM: SWITCH 

Figure 3-28. Gunner’s Target Acquisition 
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The gunner’s seat controls allow the 5th’ thro‘ugh 95th p&&ntiie arctic Clothed &Wman 
to adjust his position relative -to the Gunner’s’ Primary Sight -(CPS). The seat; the gunner’s 
station GPS ,eyepi’ece, and, the-’ control handles shown ‘in figure -3-29 prdvide. the ’ most. 
comf6rtabl& body position for the task. Of gunning. Nb s&at- readjustments ard needed to 
use the Gunner’s Auxiliary Sight (GAS). Althdugh left -and ‘right knee guards nec&&ily 
limit the amount of knee and foot space, the left knee can be moved to the right to obtain 
additional room for use of .the manual elevation hand pump. In addition, vehicle ingress 
and egress has received thorough consideration, with movement times to and from the 
gunner’s station being achievable in approximately three seconds. On equipment material 
(OEM) accessibility rsflects a convenient arrangement and protection from abuse of these 
various items.- * 

Figure 3-29. Gunner’s Panel and Controls 



The adjustable chest rest, which has been proven under extended severe environment test 
circumstances, plays a significant role in the steadying of the gunner’s upper torso during 
high mobility operations. This guard folds out of the way when not in use. The formable 
wrap-around. GPS browpad prevents head movement under these conditions. The 
aforementioned left and right knee guards .protect the gunner’s arms and legs providing 
the gunner with psychological security-to’allow total concentration on his-target once an 
engagement has begun. For gunning on the move crosscountry, the gunner% knee guards, 
chest .rest, cbntrol handles, seat and brow pads -all become body positioners, restraints and 
braces necessary to maintain control of the gun and keep the eye steady in the sight. 

The Ballistics Computer and its control panel have been designed for simplicity and ease 
of operation. Self tests, manual inputs, zeroing, and boresight adjustments can be made 
with minimum training. The Computer Control Panel (CCP) allows for both zeroing of the 
muzzle reference- system and selection of subtypes of. ammunition within a general 
ammunition type e.g. APFSDS M827, APFSDS M829. All controls that are typically used 
in a nominal target engagement have been. placed in easy reach on the GPS panel. 

9 

3.4.5.6 Loader’s Station 

The loader% station shown in figure 3730 : represents the: physical and functional 
integration of personnel and equipment. Emphasis has been placed on minimizing the 
complexity of work required by the loader, and facilitating his functional tasks in the 
high-mobility .environment. The. loader sits on a six position seat that has vertical 
adjustment capability, allowing him mobility and access to ready. rounds stowed in the 
bustle, and to the main gun breech. His three-point stance is the key to his ability to 
withstand severe vehicle motions without losing his balance. ‘J’he seat backrest provides 
general riding comfort and can be quickly disconnected and stowed at the loaderi option 
if additional elbow clearance is desired during .the loading sequence. Bracing is provided 
for general riding conditions -by means of a grab handle conveniently located .on the left. 
side turret interior sloping wall. 

4 
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LOADER SAFELY 
HOLDS - LAP READY ’ 
ROtiNDSASGUN 

LOADER SITS ON 
SEAT.WH~CH FAciLlikTEs _-.; 

IS FIRED TURNING TO .LOAD 

‘lPigure 3-30. Loader’s StationConfiguration 
.:. 

‘Ihe loadingsecjuence and ‘time is shown in figure’,3-31 and should be referred to ahxig with 
the following description; The accompanying time line is within the abilities of the 
loader. 

(Frames 1 and. 2): hWally, the loader takes a semi-seated position and turns toward the 
ready .mund bustle door,. with the seat facilitating-this -movement. -.He--then -&ens’ the 
bustle door. by -applying pressure. to the large knee paddle switch- mounted -just. below. the 
turret race ring. The paddle can swing up and lock in a %afen, position when not’ in use.. 
The bustle door opens in approximately 1.0 second by sliding to the-loader% left, revealing 
17 ready rounds. The loader reaches into the compartment, releases the holding tab with 
his thumb, and extracts the round with his right hand. 

c 
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OPENS AMMUNmON 
rMPAR?MENT DOOR 
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0 3 
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.’ 

0 5 - 

,. DOQR ii CLOSED 
‘LOADER RAMS ROUND 
AND MOVES SAFE/ARME 
‘HANDLE TO .ARMED 
(UP) P.OSIT.ION 

/ 

Figure 3-31. Loader’s Main Gun Loading Sequence 
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(Frame 3): Th$%ader..br,ings the base of the round to his right side and in a -continuous 
motion,.-turns toward the, main gun. This turning movement draws .his knee away from the 
knee switch in a natural manner. After a, two second: delay&o facilitate -round ,removal), - 
the bustle door closes. 

(Frame 4):. Th .i d -t e. oa er urns on his -seat and is now in a position to load the round. 

.,‘. 
(Frame 5): Th e round is rammed into the chamber -a&the. safe/&n handle- is actuated to 
arm the main gun. Note that the padded left shofider guard keeps the loader away from 
the breech recoil path without slowing the loading sequene.c This guard cau be stowed 
out of the way when ‘not in use. He now- faces the bustle, -in position to retrieve another 
round. The padded-ieftknee guard. protects the ldader’s knee from the br&ch during 
recoil, and is easily-@ished back on the thre@ round -ammo rack. when not in I&. The knee 
guard also can provide leverage when l&ding. 

. . . 
The previously mentioned, ready round, bustle ammunition compartment “or is not 
inoperative in the event of a power source failure. For- manual operation the loader (or 
commander) can ‘pull- the quick disconn&t ‘pin to free the ‘door from hydraulic control. 
The unpowered, semiready round, bustle door is accessible to both loader and commander, 

\ requiring only the r&&e of the latch to .parmit manual door. movement to the ready’ 
round area. An ammunition identification .devi‘ce has :baen. incorporated to give visual as 
well as tactile stowed round identity. “, 

The loader% hatch shown in figure 3-32 incorpor& a 366degree swivel mounted wide 
angle periscope (interchangeable’ with the drivc&_ f&ward periscope) and an improved 
hatch seal. -‘&&loader% seat and support assbmbly ini?lude-t&o features which facilitate .,- 
use of both the open hatch-position and the.. hatch per&c&. 

” 

First, a fold-down adjustable seat-back platform sll&s the loader to stand :in the best 
position for using the 7.62mm, M240 ma&&gun or for~~pen-h&h swvei&m&~“~cond, 

the adjustable seat allows the ‘loader to sit facing h&-periscope and to monitor his 
assigned sector (ieft si&, f&ward, and rear): ,: 

c 

L 

* 



Figure 3-32. Loader’s Hatch 

The loader’s panel shown in figure 3-33 is located to the left of the loader where it can be 
easily reached by the loader and viewed by both the loader and the commander. The 
gun/turret drive control locks out turret and gun -stabilization hydraulics preventing 
powered turret movement relative to the hull and gun elevation movement. Placing the 
gun/turret drive control in the manual position allows the loader to safely remove main 
gun ammunition from the hull racks and allows maintenance personnel to work safely on 
turret systems with powered movements of the gun and turret disabled. Two indicators on 
the loader’s panel show the condition of the main gun firing circuit (%rmedlf or “safe7$ 
The main controls for the AN/VRC-12 or AN/VRC-64 radio receiver/transmitter, 
including the KY-57 scrambler, are located for operation by the loader. An elevation 
decoupler circuit is provided for use when clearing a jammed coax machingun. This 
circuit is activated when the loader places the G/TD control switch in the uncoupled 
position. If below zero degrees elevation, the gun will automatically move to the zero 
degree elevation level and will be decoupled from the stabilized sight during servicing of 
the coax machinegun. 
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Figure 3-33. Lo+derk-Panel 
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3.5 FIRE CONTROL 

3.5.1 -General Description and. Fun&ion 

The fire control system consists of all equipment which. is provided for target sighting, 
ranging,- aiming, and firing the -l?Omm,, M256 .main gUnj the ?.62mm, M240 coaxial 
machinegq the..commander’s .50 caliber, M2 machinegun, and-the loader’s ?.62mm, M240 
machinegun; The general arrangement of the major fire control components and .their 
appro*mate-configuration is shown in figure 3-34. 

~OhMANDER’S WEAPON 
STATIO)tSIGHT 

TURRET ELEVATtON 
RATE -pYRO 

.u GUNNER’S 
AUXI MARY 

SIGHT 

MAIN GUN RESOLVER 
t 

GUN ELEVAT;ON. 
ACTU+TOR ASS? \ 

-GUNNER’S PRIMARY 

\ 

COMPUTEi .CONTROL 
PANEL, ‘COVER OPEN 

:RET AZIMUTH -GUNNER’S CONTROL 
’ HANDLES 

\ 
CONTROL HANDLE 

TURRET N’ETWORKS v -c-f’ .~ 

BOX ELECTRONIC hilii 

Figure 3-34. Fire Control System Components 
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The primary optical sighting instruments are the Gunner’s Primary Sigi#@!S), @r$d. the -/ 
GPS extension to the commander. The GPS is mounted to the upper turret structure and 
incorporates .servo-positioned retitles for complete ballistiessolutions tivithday-a&d. night. 
vision imaging. It is linked in the elevation axis with the’ main gun through resolver 

follow-up eleCtrical devices. The- laser rangefinder trans&eiver, the thermal-night vision 
subsystem, and the gyrmtabilixed line-of-sight platform are integrated- within the GPS 
The sight -is ballistically protected with armor steel doors, over the objective opening, and 
are operable-from inside -the turret. The gunner also h&z an auxiliary’sight (GAS) affixed 
directly to the main gun mount. The commander ,has a three-power fixed focus periscope .- .i 
for general surveillance and for firing the weapon mounted in his station. 

:‘. 

The ballistics computation system is an accurate and;..flexible digital system that i\ z -2.i : 
continuously controls reticle and gun offsets. It consists-of. the digital computer memory . ,. ‘.. 
processor and associated input/output devices within an &&ronic unit-mqmted under the 
main gur&&’ g&&s control panel, A ,er-wind sensor is mounted at the rear of the i 
turret bustle. r&..and .a,- pendulum statih &ant sensor. :is located at the turret ceiling ,:. 7:; 
center, both of. ~w.hii?h are ~automatically -.fed::to;. the. computer along with the laser 
rangefinder data. 

I 
: ..-:. ‘. : ., ,. .: 

: . : 
The- Gun/Turret Drive :(G/TD) is ele&ohydrau&z. Engine& hydraulic power is.prov&d 
by a -hydraulic pump, in the engine compartment. c~ hydraulic .fluid enters the, turret 
through aslipring at the turret/hull interface -to two power valves-in the m,anif& beneath 
the main gun. P+gine-off, hydraulic power ‘is provided through the slip,ring by a hull- 
mounted battery%iven hydraulic pump. 5 I St.abili&ion of the turret/gun in. the exiniuth 
plane is ac&npl&hed. throue;ri.-@roscopie .sensors and servoeontrolled v&&g- in the 
azimuth drive gear assembly. The G/TD system consists principally of: 

.’ 

0 An azimuth drive assembly, lo&ted directly in fr$nt of the gunner. 
0 The ‘elevation actuator assembly, located leffof the main.gun. .:. .. t 

0 An electronic unit located under the main gun. 
0 Gyr&copic sensors lo&ted on the turret,. gun, and .in the hull. * 
0 Gunner% and commander’s main gun control handles~ 

-. 

: ,: ,. __. 



The. primary function of the fire control system is to aim and fire the main gun with 
accuracies to provide the specified hit probabilities. Figure 3-35 depicts the major 
ftictiku&interfaces between components which are required to accomplish the system’s 
primary function of main gun control. This figure also provides an overview of the fire 
control system which will aid the understanding of hardware and performance. 

GUNNWS III8 
wAllON liEA MIRI 
L?lMuTl4 RETICLE LO 

AMY SIGHT DAY NIGH1 IMAGL, RtTlCLf AND DISRAYS 
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5 COMPENSATION ElEVAllON HEAD MIRROIL POSt,lON c-rs SIGHllNC 
ULE DRIVE 

I 

DfVlCE 
;EFINDER (EXlENSlON Cx GPS) 

MUZZLE 
REFERENCE 
COMMAND 

BATTLE RANGE 
RANGE ADJUST 

RANGE 
r 

ELEVATION M~LISTIC SOLUTION 
IEllCU CONTROL DlGllll 

COMrnR 

WND 
StNSOR 

I 

RANGE 
CO-D # 

or.- 
2 

I GUN WE COMMANDS 

Figure 3-35. Fire Control System Functional Diagram 

Overall &sign of the fire co&o1 system includes a substantial amount of redundancy to 
provide. for survivability &d ‘&&ability through alternate modes of operation if the 
primary syst&p becomes darnaged during combat. Examples of this redundancy include: 

0 Commander can use the GPS .through the GPS-~ext&x$on if the gunner is 
incapacitated. 

0 Gunner’s Auxiliary Sight can be used if the GPS becomes inoperable. 
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o GPS directly slaved to the main gun in elevation-if the stabilization system. fails. 

0 Manuals elevation and traverse of- the main gun if both turret power and a+iliary 
hydraulic &w&r are lost. I 

-,. 
0 Computer--controls providk .fbr k early ciparator identification and nulling -of : 

malfunctioning inputs. 

0 Manual inputs to the computer if desired in lieu of autbmatic sensor ,@puts. 

0 Dual controls for the gunner, to include two power control handles; ‘two- parallel 
laser: buttons, tworpa+lel palm-switches, and. two,parallel we&n triggers..: + -. 

: 
0 An override eontr& handle at ‘the commander%. station, completa. with laser 

button, palm switch; and ‘weapon trigger. * 
-. ) 

0 A blasting machine is provided to. allow main gun firing with the lc@ of vehicle 
electrical power. 

3.5.2 Gunner’s Primary Sit (GPS) ‘1. ,~ .. 
‘ 

The GPS is.&rnprksd of a’ main housing casting &d hatid ,sssembly cover with the..laser 
rangefinder, eyepiece assembly, headrest assembly, con&l -panel assemblies; azimuth .1 

-. mirror drive assembly with the $ervoel~ctronics forthe-.azimuth mirror drive’ -and gyro 
reticle compensation electronics, narrow.field of view (NFOV) objective. and. relay optics : 
with the filtershutter wheel, line-of-sight (LOS) era&e. assembly, and the parallel scan 
thermal system as separate- “bolt on” modular assembly. The main -housing @sting 
contains the wide-field-of-view (WFOV) objective lenses”and relay optic& for the :tim- ,. _ 
mander’s GPS extension. The modular con&r&i& of the GPS facilitates-both. producibil- 
ity and maintainability. Each module can be separately manufactured and tested to 
individual specification re&iraments prior to installation. The laser rangefinder can be 
replaced in the vehicle without special tools and without destroying the integrity $of the 
pressurized optical system. Conveniktly located. inlet valves. permit easy access. for -._ 
periodic nitrogen purging and charging of the GPS. Removal ,of the GPS is accomplished 
from outside the’ vehicle with the only prerequisite being the removal of the ballistics 
cover, mounting bolts;. headrest .assembly, and discomieeting the command&s GPS 
extension and xAectrical ,harnessas. The eyepiece and headrest assembues are inter- 
changeable with the ones in the commander’s GPS extension. 

.: ; 
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3.5.2.1. Optics 

The~@xi$$$s Primary Sight (GPS&shown in figure 3-36lprovides a wide range of daylight 
vision alternatives. Unity poker- vi&n can ,be used for close-in surveillance and during 
slewi,ng operations with a f&l-.qf view,,of 18 degrees horizontal. The head mirror is 
stab&& in elevation and is a .&nmon element in all GPS systems. The daylight sight 
provid&‘a dual power’ capability. A wide angle mode for* area surveillance and a high 
magnif&ation.mode for target.identifica&n and gun laying; The high magnification mode ,.: : 
has-a ma@ifi5ation of 9.5 power and field of view of 6.2 ‘degrees. The wide angle mode 
has a m’agn$ficatiq of 3 power ‘and a field of, vie,? of 16 degrees. The high power sight. 
has a r&,&uti& of 50 cycles/mil- for high contrast targets and 30 cycles/mil. for low 
contrast-tar&s. A + 2, - 6 diopter adjustment -is provided in accordance with, normal 
design practice; The daylight sight has an exit pupil diameter of 6mm and a clear eye 
distanc$‘Gf 2.5mm. . t .’ ._ : 

.;. 
3.5.2.2: Elevation Head-Mirror Module (LOS sys tern) 

,-- ,: .- .: ,1 
The elevation~~h&$l-mirror :m&dule is .a.’ key:. element in the ;line$fsight stabilization 
system ,tihi&.~ Contains: (1). :a : two axi s gyrO- and. associated c&t&-loop- electronics;. (2) 
drive motor, (3) multispeed resolver, (4) d.e. tachometer,, (5). ;s,ol&oid brake, and (6) a 
unique aluminum head mirror shown ‘in figure 3-37. ~‘Sightstabilization in elevation and 
turret stabazation in azimuth’ (using signals from th&:.&&$isgyro) is utilized. The F;‘,& .- 
azimuth--gyro reticle compensation system essentially -azimuth stabilizes the reticle,. and . . .’ 
provid@ performance substantially equal to that of .a tw&$cisi line-of-sight stabilization 
system. : -’ 

:/ 

c 

The two-axis ‘gyro provides inertialgrade body fixed--signals -for the head mirror in 
elevation and the turret in azimuth. -Elevation rate signals frdm: the gyro are pr&essed in 
the LOS eltictronics unit td develop. ,drive Si&ls~ to:thq. motor which provide a motion .,: 
counter to &hide motion and ‘thus’ pr&ide~.~a ,&able sight. pattern in elevation; vision is 

R accomplished- by using a onepiece &m&n& mirror with an -!optical :quality replicated .,z :,’ 
surface. This mirror provides aysurfaca larg$ enough to reflect day/night, unity, a&laser 
light. Electrical signals from, th& r&olver -@Ovid@ space stabilized reference signals to 
the gun. In the non-stabilized emergency mode of operation, the head mirror is 
positionally slaved to the gun using the same resolver network. 



4 

Figure 3-36. Gunner’s Primary Sight Panel 

t 



3.5.2.3 Reticle Projector and Azimuth Drive . 

Figure 3-38 shows the overall functional koncept of the gunner’s reticle projection and 
azimuth reticle qontro& _ :pis system converts the total azimuth ballistics solution offset 
generated by the computer mto an accurately deflected reticle in the gunner’s field of 
view. The- retkle so&e is located in the &&er rangefinder where the. reticle beam is 
permanently alined with the laser beam. A, .movable dichroic beamsplitter reflects the 

” 
invisible (one micron) laser light toward-the target and partially transmits the red reticle 
light. Fe reti.+e beam is returned along the same path by a retroflector and is partially 

Figure 3-37. Gunner’s Primary Sight Elevation Servo Assembly 
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reticle drive is also supplied to the gun/turret drive system to counterrotate the turret in 
azimuth and maintain the reticle on the target when azimuth- off&et-is applied. 1 : ,’ 

.; .:a 
The azimuth reticle-drive servo uses a potentiometer ‘for :position IfeedbacK and a 
tachometer for stability feedback. These feedback signals are converted to digital signals -._ 
in the computer and. summed with the total azimuth offset, position. The resulting error _. 
signal is converted to analog, ’ amplified, and applied to :. the azimuth reticle drive 
servomotor. The motor drives. the carriage holding the ‘photosensors .for the azimuth 
mirror drive.. .._ ,. :, . . . . .~ ~ ‘. 

:’ -:..-., .,.-_ -_ 
The azimuth n&o&rive servo uses an optical sensor .;for position’:feedba&k and a : 
tachometer f$stability fee&a&+ Displacement -of the dual-matche&photo&nsors by the 
reticle-drive ..servo applies a differential error. -voltage to the se$+iotor driving the 
beamsplitter: until the reflected beam of the light-emitting diode is yeentered on the- 
photosensors. -,Total range of angular ‘deflection possible for the. reticle is 445 .mils. A 
direct-drive torque motor and tachometer are used to obtain high aoouraky and reliable 
performance.. 

: 
.- 

Gyro Retic~~.‘_:Compensation -(GRCl is applied to. the azimuth mirror-drive to hold the ; -., 
reticle on “the,:ta&t when azimuth distu&n+ inputs-beyond the bandwidth of the turret 
control system are encountered.- The’. turret &bilization spatial position error &applied . 
to the azimuth mirror-drive to’coun~errotate the I reticle and maintain .it .‘on the., target. 
‘Ihe gun is inhibited from firing for azimuth errors .greater than 0.3&nil. ‘:,I .-I .: _. 

3.5.2.4 Las& Rangefiider ‘. s’ .. 
_, :.. ,,’ 

The Laser Rangefinder (LRF) employed in the fire control system is a Neodymium ._ : 
Yttrium Aluminum Garnet (YAG) laser transmitter coupled with range receiver using ‘a 
silicon-avalanche diode detector. The. laserrangefinder shown in figure 3-39 is a separate 
bolt-on module to the gunner’s sight. It is -hermetically sealed as is the interface on the 
Gunners -Primary Sight (GPS) thus allowing easy removaland replacement-with the GPS 
installed in the- tank. It ‘is dry nitrogen purged and employs purge valves conveniently 
located for easy access purging within the tank without need ‘of special tools. The LRF, 
once attached to the GPS, also serves as the GPS reticle projector. An outstanding 
feature’of the, LRMntegration into the fire control system is the absence of any controls 
except the &sing button on the handles and. an armed-safe; first&t return logic switch 

3-69 



1R .  

Figure 3-39. Laser Ran&finder 

on the rangefiider. -. AR range sensings are entered directly into the computer. A ran&e ’ 
readout is provided in both the commander’s and gunner’s’field of view, along with a 
multiple-return indicator. The LRF: ,makes use .of- last-return logic to implement 
successful ranging through fog, dust, .and smoke.- However, first-return logic is available 
for use in unusuaLtactical situations. 

The last-return logic is achieved through the use -of a dual counting chain.. One counts 
continuously out to maximum range (7990m), and the other resets to zero for each return 

,: 
received. At the’time the continuous counter reaches maximum range both cow-&rs’stop 



and the time differential or range di-fference between counter-chains indicates factual 

last return” range. 
. . 

The rangefinder /computer interface consists of the range binary-coded. decimal (BCD) 
lines, the range-ready signaLthe continuous monitor signal,. and the .&It-in test (BITE) 
command .and response. When -the laser “fire!’ signal is given,. the laser emits a pulse and 
measures the .time from laser fire to received-return and the LRF logic displays a range 
ready signal to the computer which then accepts the range displayed on the BCD lines. 
This range is stored by the computer until a subsequent, ranging sequence is. completed. 
The rangefinder also coutinuously: .:provides a.-@ or no-go’ signal to the .gstem which 
indicates that both pulse forming network (PFN) -and. receiver detector. bias .are present 
and that counter, logic and p’owei.&upplies are operational. ._. In addition,‘.& part of the 
gunner-com.+anded sequence. test, upon receiving the test command-, from; the computer, 
the LRF 5:runs.:. through its own internal :?e.st-.-verifying that the counterchains are _’ .^ 
functionirig,::power supplies. are up and within limits, and previous. transmitted energy ; ‘. ^ 
output was,:within limits. It- then- transmits a kno.wn range to the .computer if the system 
is functional. *.‘, ‘_ .-; . 

.,. 
Should a LRF :fault .occur, the commander can enter “battle range”,and enter any change 
to battle, range. by means of the toggle switch and- the eyepiece. range- readout or the _, 
gunner can e$ter ‘the estimated.range similarly on. the computer -4ontrol panel. ,.I . . : ;z.. I_, . . _’ 
3.5.2.5 GPS &&ols and Displ&~~-: -- .: _t 

.: ,. 

The GPS eo&ol~ and indicators ..shown in figure:‘;3.-40. are .fun@tionally :arranged on the C’S, ,5<‘. 
face of the gunners panel. to facilitate their .utiligationby’ the gunner. _ ,.: <.y,. .., The following is a 
listing of the controls and displays and a brief~~~~~~?n’ottheir functions: .’ 

,. i :. 
..’ 

RETICLE CONTROL PANEL ‘~;i; -‘- 1 : ., : ~.~ 
.. ,._:- .~ _... ‘. I 

0 RETICLE intensity control rheostat: adjusts reticle brightness. 

0 Defroster ON/OFF toggle. switch: energizes the thermostatically controlled 
defroster and illuminates an in&cat&light (GREEN) when the defroster is on. 
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FIRE cON+ROL PANEL 
;.,. _.... .., _ 

,~ 1.., _: ; 

o Panel lights TRST pushbutton switch: illuminates all indicator lamps aud .&plays. 
when -actuated. 

: .’ 
0. INDICATOR Jamp:; intensity control. rheostat: adjusts indicator lamp inter&~ on 

the,G?S. ,,. 
‘_ ._ 

F&e 3.40. G.pnner’s Panel 



P 

0 Fire control MODE toggle switch and indicator lamps: selects operating ,modes 
of fire control system: either “MANUAL”, “NORMAL” or “EMERGENCY’*. 

-, ._ .. 

0 Azimuth/Elevation NORMAL MODE DRIFT controls: potentiometers used to 
null cut stsbilization system drift; , 

0 DIOPTER adjustment: rotary mechanical adjustment of eyepiece, used to bring 
scene and reticle images into sharp focus. 

‘1 . 

0 FILTER/SHUTTER/CLRAR selector: rotary mechanical knob, positions a neutral 
density filter. to reduce scene brightness, or a shutter to block out the. day scene, , :_ . 
for thermal system operation; ‘W’a.clear window for normal viewing conditions. 

0 2 Gun select MAIN/COAX]TRIGGRR SAFE- toggle switch arid. indicator &&:~ 

switch selects gun (main or coax) or trigger safe (deactivates trigger circuits). 
Switch in-. coax position .also,selects coax ammunition. ._ ; _: Indicator lamps display 
the selection that-has been’introduced into the control circuitry by the gunner. 
‘*Trigger safe” is always selected when turret power is first applied. .-, : ,..,; .,Y> : : 

.: :,“..‘.‘:- i ; . ...:~~.-~,.,~ 
0 AMMUNiTION SELECT t&&switch and indicator lamps: switch selects main 

gun ammunition type and indicator lamps display the selection that has been 
‘- introduced:(into the:control circuitry by the gunner. _, < .:. .: _ : 

_’ * ;. ., .I . . i : es. .:: ‘l..-.. >‘.Z’ 

0 MAGNIFICATION selector: lever control,: I selects. ej%er.. 3 ,., or 13 power :. : ,> ; /’ 
magnification. 

; ::. ., “. . . . 

:-,. i. : ‘:I ; ‘“_ : 
0 Laser first/last:return~and safe switch:,.,!Located on the .laser, selects first or last : ‘5” .:: ;’ :.,, -’ 

-target. range .: return or. allows the gunner to inhibit ‘the laser from accidental 
firing., ’ ; -- .,’ : -. 

: : 
0 .Range and... system status .display - Range pata and syste.m status information .,,. \ 

(READYTO FIRE, MALFUNCTION, .MU.LTIPLE LASER RETURN SYMHOLS)‘are 
displayed. on the .CRT ‘tube in..the thermalsystem and superimposed.,on the field 
of view in front of the,eyepiece, : ..,- .-’ I _’ 

._: , i . . 

* 
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THERMAL,IMAGING -CONTROL PANEL 
-. 

o MODE control: 

o POLARITY switch: 

: 

off/standby/on, energizes system; 

white hot/black hot, selects target .- 
contrast. 

o SENSITIVITY controL adjusts system receiver sensitivity 

o CONTRAST control: 

0 Status indicator: 

kvel of contrast. rheostat adjusts 1~. -- -- - -_-__ - 

indicates operating temperatti 
achieved and faults. 

o THERMAL MAGNIFICATION selector: 
A 

mechanical module to select 3power 
or 10 power magnification. 

o FOCUS: permits focusing froni 59 meters to 
infinity. 

o SYMBOLS: 

:o RETICLE: 

I of brizhtness of adjusts the level __ ---~------. the 
,range and system status display. in the 
CRT. ‘. 

adjust.. the level of brightness :of. the 
thermal scene reticle and p&&y. 

3.5.2.8 Gunneks Night/ Thermal System 
_; 

Night vision is provided by a parallelscan Thermal Imaging System (TIS) ,which senses’. 
heat radiation in the 8-14.‘micron range.. The temperature ‘distribution- in the- ‘scene is 
displayed as a visible scene from a CRT which can be viewed through the ‘GPS/CGPSE 
eyepiece. The system relies primarily on emitted rather ‘than reflected radiation, and F 

depicts the temperature profile of the scene. A dual-power 7 option provides magnif ica- 
tions of 9.8.and.. 3 power with a rectangular’field of view of 2.5 by 5.0 degrees and 8.0 by 1) 
15 degrees,-- respectively, The effective range of ‘the TIS depends on. the temperature 
contrast of, the target and air but is the same for day or night operation. The functional 
elements that comprise the: TIS when interfaced with the GPS elements are 

., 
shown in 

figure 3-41 and the major components are shown in figure 3-42. 
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Figure 3-42. Thermat ima&g ‘System Major Components 
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3.5.2.7 Muzzle Reference Sensor 
,. 

The Muzzle Reference Sensor. (MRS), provides-the gunner with a means for correcting the 
fire control solution to &pen&e- for gun tube- bend. The system provides for semi- 
automatic data insertion in the ballistics computer, allowing the gunner to measure the 
magnitude-of &n tube bend and the computer to correct for it. 

_ . . -. 

To use the MRS, the gunner selects the 10 power day ,channel :and actuates- the-’ MRS lever 
to IN position on the GPS. ‘ihis’ procedure introduces a’ defiection prism into the line of 
sight and brings the. MRS reticle into view. .‘I’he ‘reticle-% part of the MIPS collimator _ 
assembly located at the muzzle end of, the gun tube. [ For ‘night use, the MRS reticle is 
illuminated with a tritium light source. _i ‘?‘&t gunner then opens and powers up the 
computer control panel, he then depresses the.‘paIm. switch to place the gun tube in a level 
position and uses- the. boresight toggle siivithh. to superimpose the fire control reticle red 
aiming~dot {over? the center of .the black MRS reticle cross. When accurately centered, the .- 
gunner .actuates.. the MRS- lever to OUT ..position on. the GPS, thereby updating the 
computer boresight reference. 

3.5.3 Commander% GPS Extension , 
‘_ 

. . ‘: 

The Commander’s’ : GPS Extension (CGPSE) provides the .commander with. an .optical ; . 
projection of: the same scene that. is. vietied: by the gunner. This scene, ir$uding :day or -.‘. 
night thermal scenes; ‘also provides the commander .with the. same reti&; range, and _ : 
system statusinformation that is viewed by the gunner. . ‘. :- 

The GPS scene. is-transferred to the CGPSE through a common beamsplitt&.&hich-,is 
located in the GPS: ‘&e image is collimated and projected out ‘of. the .GPS &l:‘into the 
CGPSE where, it is reimaged in .the commander’s eyepiece image plane. Collimated light I. : 
simplifies the interface and alignment. ..The .optical schematic of the CGPSE.is shown in v 
figure.3,;43.-and commander% station configuration is sho& in figure 3-44. 

. . 

The ‘CGPSE has the -same -dual power. capability as the GPS.. ‘Ihe high power system has a 
a 

. 
magnification of 9.5 power’$th a field of view of 6.2 degrees; the wide field system has a ., 
magnification of 3 power tid a -field of vievir .of’ll.degrees. Resolution of the 9.5 power 
system is 40 cycles/mil for high contrast targets and 25 cycles/mil for low contrast (20 
percent) targets. .The exit pupil diameter is. 6mm and, clear eye distance is 22mm, which 

1 
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-i-j\ GUNNER’S 
,,,,J SIGHT 

Figure 3-44. Commander’s ‘Station Sights ” _, .‘-.Z. i . 

is more than adequate fbr pick@g up and tracking a moving target. ._ A?+ 2, -6 diopter 
adjustment capability is also .provided. 

3.5.4 Gunner% Auxiliary sight 

The Gunner’s Auxiliary Sight ‘(GAS) is a simple gun mounted ,articulated telescope which 
operates independent of the primary fiie control system. It is intended.,as an unsophisti- 
cated, reliable backup system with key design emphasis on capsbility’to. survive multiple :i 
nonpenetrating ballistics impacts. The ,GAS has a magnification of 8 power which results 
in a field of view of 8 degrees with a clear eye distance of 25mm and an exit pupil 
diameter of 6mm. A + 2, -6 diopter adjustment capability is also provided. The resolution 
of the GAS is 25 cycles/&l, which is sufficient to-engage targets out, to the maximum 
effective range of the ammunition. A’ 50 db attenuation of 1.06 micron laser light is 
provided for gunner’s eye protection along with a neutral density filter for reducing scene 
brightness. The GAS provides ballistics retitles for SABOT and HEAT ammunitions. 



P 

The GAS shown in figure 3-45 is mounted coaxially with main gun. It utilizes an. 
articulating joint to reduce eyepiece movement when the main gun is elevated or 
depressed. With the eyepiece hanger and the rotary articulating joint, image.rotation is 
minimized- at, the extremes of travel (24’ CW at 20’ ELEV and 24’ CCW at IO0 DEPR). In 
the area of greatest usage, between 10’ SLEV and 5’ DEP;R, the image rotation is 
approximately loo CW and 15’ CCW, respectively. Two separates focal plane ballistics 
retitles are provided (SABOT and HEAT). ‘Selection of the retitles is accomplished by the 
reticle select lever. Reticle illumination is provided by light e’mitting diodes; The GAS 
has been -designed for optimization of the apertirre through the frontal armor. The 
entrance pupil is located at a point 25 inches forward of the front optical element. 

Figure- 3-45. Gunner’s Auxiliary Sight; 



3.5.5 Gun/Turret Drive : -. ‘+ 

The Gun/Turret Drive.(G/TD) land Stabilization System,.provides control of. the main and 
coaxial weapons in the stabilized (normal), nonstabilized (emergency), and.. manual modes 
of operation. The ‘stabilized (normal) mode is the, ‘mode of operation .which is used 
normally for- all gun’and turret control functions. The nonstabilized (emergency) mode 
provides backup. pqwered : operation independent of ,.stabilization system. sensors and . 
circuits. The. manual system provides gun and. turret .control, independent of the vehicle 
electrical and hydraulic power sources. 

In the normal mode of operation; the gun is electrically slaved with the stabilized head- 
mirror in the GPS and the turret is stabilized in azimuth. This approach, in conjunction 
with the gyro reticle compensation described in paragraph 3.5.2.3 provides the target 
a&uisition and retention capabilities necessary for both moving and stationary vehicle 
operations. Jnfinitely variable and continuous tracking. capability from Of25 ‘to 75mils per : 
second in azimuth and -from .0.25 to 25 mils per stiond- in elevation is Iprovided ‘to the 
gunner and cqmmander. At least 750 mils per second of slew capabil& fro-m-‘.t$&rol 
handle comma&s is provided for the turret in *azimuth.. An klevatiqn handle ,command 
slew rate of 400 mils per second and a 750 mils per see&d rate for azimuth and:elevation 
in response to .stabilization system ‘&or&&& is aI&-.providad. 

.: ‘. 
Stabilizati&-&tern 

commands- for these -rate: levels are required -.to maintain -aim retention during’vehicle 
mobility &er rough terrain or evasive maneuvers. ‘,. ‘:--.-- 

^- 
i 

.’ 

The electrically controlled emergency mode! provides a highly reliable. powered,backup 
mode for handle command performance approaching. that of the normal, &de.;:Dusing _...I 
emergency mode ..bperation, the GPS h@d .%&r& is ‘&lq&$ly slaved..tc%:t& g&z,- With c 
azimuth and’-c?Jevati& control provided-directly to the turret and gun, sigh&g may -also 
be performed- utilizing the-&nner% Auxiliary’ Sight. (GAS), independent “f th&$p&tional 
capabilities of-t& GPS. : : :,.” -. . _‘. : .’ 
The normal and emergency: mpdes contain logicto. prevent \the gun from striking:@ rear 
deck of the vehicle at gun.angles below .zero degrees: In the normal mode .f~@ &&trol is 
provided to the GPS head mirror to allow target tracking below zero degrees even though 
the gun may be elevated to clear the rear deck. ,Firing is inhibited during this condition 
Until the gun automatically returns to its proper alignment (the head mirror position plus 
any elevation ballistics. correction offset) when the - turret..or gun moves out of the 
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interference zone. In the normal and emergency modes hydraulic power is normally 
supplied by an engine driven pump. For “engine off” conditions hydraulic power is supplied 
for operation in these modes by an electric motor driven auxiliary hydraulic pump which 
enables the G/TD system to provide frequent full handle command slew capabilities in 
azimuth or elevation ,and sustained target tracking capabilities of 30 mils/sec in azimuth 
or 16 m&/see in elevation. 

The manual controls design concept utilizes a direct gear drive for azimuth control and a 
hydraulic fluid handpump. for elevation control. 

P 3.5.5.1. Elevation Azii 

9 Mechanical stops in the gun mount limit the gun travel in the elevation axis to 20 degrees 
elevation and 10 degrees depression with respect to a horizontal turret plane. A hydraulic 
cylinder is used to drive the gun in either direction and/or to hold the gun in the proper 
position. Figure 3-46 depicts a functionalblock diagram 0; the elevation azis control 
system. 

I 

Figure 3-46. G/TD Elevation Axis Functional Block Diagram 

3-81 



b t;he normal .-mode, han&e t;comman& a&-:sensor Se&back signals are processed in &he 
G/I’D electronics to provide ; rate. commands “to the ela&tion -x$linder under: :mav‘ing and 

.. stationary vehicle conditions. -The control -system is of the Tproporttonal -type, ‘incorpor- 
ating integral and .differentia-l control compe:nsation; -Ve’locity -lag error. is minirriizecl by 
using an open-loop .,pitch rate input generated ‘by the -turret gyro. During cross’country 
operations, turret pitch rate is sensed by the turret gyro and used to rotate-the gun at an 
equal and opposite .rate to provide a stable gun position. Any -inaccuracies of this open- 
loop drive signal:cause a spatial-position error Xo -be .developed. ‘niis error is .sensed by the 
gun gyro and the gun sight resolver network,. tihich’:both .provide drive signal& to’eliminate 
the error. Differential pressure feedback (torque feedback) is used to provide additional 
system damping. Feedback compensation is provided to eliminate. @c@tional &rrors 
resulting from hydromechanical component wear, environmental changes and tolerance 
variations; EIandle ::commarids- fro-m ,the gunner. or commander .are shaped andsummed 

.~with -the feedback signals .logic: to -provide sm.ooth.tracjking eapab:llity. 
: :- 

In the .emergency mode; handle commands are .processed through &he -hand~~si~al,~s~aping 
network to directly control. the hydraulic servomechanism. Manual control 3s also 
provided. through. the servomechanism from a. hydraulic. fluid. hand@ump, accumulator and 
lock valve’ ‘system. Manual m&e pr.ovides 10 .mi% in elevation per handcrank revolution at 
a peak efftirt of-ie& ban ‘eleven -pounds. The servomechanism contains a hyd&lic flow 
amplifier consisting of a. servovalve and output stage spool. ,The position of the output 
stage spool ‘is electrically fed back to *the input of the servovalve. Bias compensation to- 
eliminate rat& offset- errors in the emergency mode is -.provided in ‘this control loop. ‘fhe 

.. -.:,. 
servomechanism also contains a pilot operated,‘ four.. port,. . t$~o position l&k valve tq ,. 
mini&ze drift d,uGng system ,off -conditions and to pr0vide.a Q-3 sac&d eGagem&nt time : .:, 
delay to prevent un$&nanded transient- gun- motion when ihydraulic power is applied to 
the drive system. I’ ‘Internal crossover relief valves’prevent. &r&m damage in the event an” ._.__ 
external object ..is struck by the ,gun, and .a manual lock valve -prevents bgckdriving of the 
manual handpump when the elevating medhanism .is .power driven. Oil cleanliness ‘is 
majntained to the servqvalve by the self contained replaceable .hydrau& -fgters with 
bypass indicators. The elevat’ii m,eehanism ,is -a&ached directly to .the servomedhanism 
for low entrapped oil volume. This, in conjunction wRlx the nine square inch ,effective 
piston area, a double .shear zero -backlash gun attachment m&&an&m, and a dual support 
strut gimbal mount provides the stiff drive system necessary far the .gnn. to .reqand to 
elevation terrain inputs up to 10 Hz. 

. 

t 
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3.5.5.2 Azimuth Axis 

The azimuth gearbox assembly provides control of the turret throughout 360 degrees of 
travel in the normal, emergency, and manual modes ;of operation. Figure .3-47 is a 
functional block diagram of the azimuth axis. As in the elevation axis, handle and 
stabilization ,sensor commands are processed in the normal -mode through a. proportional 
controller incorporating integral and differential control compensation. Yaw rate is 
sensed to counter rotate the. turret to maintain a spatial position reference. Rrrors in this 

Figure 3-47. ..G/TD Azimuth Axis Functional Block Diagram 

counter rotation are sensed by the azimuth portion of the dual axis gyro mounted on the 
GPS head mirror drive and a command signal is generated that js processed to eliminate 
the error. Differential pressure feedback is used for increased damping. This approach is 
effective in stabilizing the turret for input disturbances of frequencies up to approxi- = 
mately,4 Rx. Uncompensated errors in this range, as well as input disturbances of up to 
60 II& are processed through the derived position channel and the Gyro Reticle 
Compensation circuit to reposition the reticle to maintain target- alignment. ‘ihis 
essentially stabilizes the reticle and provides the advantages obtained with the stabilized 
azimuth sight method without the disadvantages of a two. axis sight stabilized system. 
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Handle commands from the gunner or commander are processed. in the.%ormal and 
emergency modes in a similar manner to the elevation axis. Bias compensation is 
provided by the’ velocity channel in the. normal -mode and by the servomechanism- output 
spocl position feedback in the emergency mode. 

.The azimuth servomechanism houses a servovalve, flow amplifier, engage transient time 
delay, a strain gages type ‘differential pressure transducer; replaceable hydraulic filters 
‘With bypass’indicators, a-pilot operated crossover relief valve for motor bypass;-.and keep 
full anticavitators. A bent axis axial piston 0.95 cu. in. per rev. hydraulic motor is 
coupled diiectly to .the output stage of azimuth servomechanism to provide low entrapped 
oil-volume and establish a high’ stiffnesshydromechanical coupling. -Ihe gearbox design is 
stiffened and incorporates a single split output pinion. The gearbox assembly, ‘with a’ratio 
of 640:1, houses the turret .brake/clutch which is hydraulic& released when’ the power 
controls are energized and is spring actuated when the power controls are not in use. The 
brake/clutch prevents turret slippage during hull maneuvers with the power controls de- 
-energized, but allow slippage if the turret is struck.by an external object.: The mechanical 
ground for the brake/clutch is provided in the manual traverse ‘section. of the gear&x. 
The detent design prevents backdriving of turret motion through to the manual handle. 
Additional safety is provided in the manual system by a separate slip . clutch on the 
handcrank drive and by a hydraulic power cutoff switch -that is actuated by a lever on the 
handcrank when the; handcrank is grasped. ‘Ihe manual drive has two speeds/ratios. ’ A- . . 
64O:l ratio to provide a response of 10 mi& per handcrank revolution on level terrain and 
a 128O:l to provide a response of 5 mils per handcrank revolution on sloped terrain. 
Because of the low friction of the manual drive, and in particular of-the hull/turret race 
assembly which is .itself less than 260 pound-feet, .the &&al traverse-- peak effort is less 
than 14 pounds on level ground. 

,. 

8.5.5.8 Handles and Controls .‘) 

The control components used in the gun/turret drive (G/TD) system are- the~guimer~ and 
commander%handles, the gyros, and the electronic control unit; -. The gunner?s and 
commander’s handles provide identical control capabilities for the operator, mcludii 
palm, trigger,‘ and, laser switches. The application of hydraulic power to the control 
system is provided- by energizing -one of the system palm switches, which in turn applies 
power to actuate the turret power valve. ‘On the gunner’s “dual handles, either .the left -or 

right or both palm switches must be squeezed in order to move the GP8. head mirror and 
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gun or turret,: to .-&se, or fire the main. or coaxial weapon. Interlocking the palm switches 
in this manner prevents inadvertent. bumping of the control handles causing undesired 
results. The palm switch ‘on the commander’s -single grip joy stick type control handle 
provides the same function as for the gunner, as well as initiating the override capability 
for taking control of the main or coaxial weapon. Except for the grip and grip attaching 
mechanism, both the commander’s and gunner% handles assemblies are identical. Linear 
variable differential transformers (LVDT’S) are cam driven through 290 degrees in azimuth 
and bell crank driven through 230 .degrees in elevation. to provide an output voltage 
proportional to handle position. The mechanisms are self centered with spring forces 
selected to provide smooth and easy operation.. ‘lhe handle grips are shaped to 
comfortably fit the hand for easy accomplishment of the required functions and to .,, 

. minimize operator fatigue. . 

Three identical rate gyros are ‘used specifically for the G/TD ,system to sense gun rate in 
elevation, vehicle pitch rate, and hull yaw rate. Turret rate’ ,is -sensed by the azimuth 
output of the dual axis gyro which is located in the gunner% primary sight. 

l’he modularized electronics unit provides the, analog processing logic needed to Control 
the elevation and azimuth ax@, and the power’ supply and regulator circuits Ifor the G/TD 
system. The elevation and azimuth control logic is individually contained on two separate 
printed circuit boards for ease:of troubleshooting at upper echelon maintenance. The 
power supply..qomponents, ex&t heat sink mounted power transistors;are contained on a 
single pi@ted circuit board. . ..The electronics unit has a test conne&tor : on the front face 
that provides connections to measure pertinent .operatiopal conditiok throughout the 
G/TD system. .- . . . ; -_ 

/..,: 

3.5.6 Ba&tics Computer System 

The Ballistics Computer (BC) System calculates and provides command signals represent- 
ing ballistic,. lead, ., and parallax--offsets for the GPS reticle .projector (azimuth) and the 
main gun elevation. These offsets are dependent upon vehii?le environment, static cant, 
target ~s.@nt range, tracking,rates,., -ammunition type, and . . operational modes. .“_. In addition, 
to zero&. values. for nine main gunand two -coaxial, weapon round:; types, the GPS to main 
gun ,azim,uth -and elevation alignment values. are. selectively summed to the .computed 
ballistics, offsets.. The system consists of the ballistics computer which includes the 
electronics unit and the control panel, the cant sensor, the crosswind sensor, and other 
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vehicle components/systems which provide ~coniputer inputs; Figure -3-48’ depitits the- 
functional relationships between the system. components ‘iirid other -vehicle- systems/- 
componenti 

: 
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Figure 348. Ballistics Computer System Functional R&k Diagram ’ 
:.. / 

I 
The BC automatically-receives signals of the vehicles cant angle; the crosswind velocity, 
the range, and the- tracking rate (for lead correction& Thek.sig&ls are combined, with 
the manual inputs such. as zeroing, boresight, MRS, air-temperature, ammo temperature, 
and barometric pressure to calculate the required offsets. Electronic signals representing 
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these offsets are automatically fed to the’ appropriate drive system (azimuth GPS reticle 

drive or elevation gun drive). .) : / 

Continuous, automatic malfunction detection capability is incorporated in the fire control 
system to identify to thez,commander if and when a gross malfunction has occurred in the . . 
b&tics computer system and other major components. 4 manually initiated built in test ,i : ” 
sequence actively exercises the ballistics computer, cant sensor, crosswind sensor, laser 
rangefinder,. G/TD system, LOS stabilization’ system, data link, and the GPS reticle drive 

and compares their individual responses to a predetermined pass/fail criteria. Failure 
sources are identified. by a number &de on the computer control panel for appropriate 

repairs. -,Manual override. capability for the automatic inputs of cant angle, crosswind 
velocity, lead rate, and range is provided for emergency operation. 

3.5.6.1. Ballistics Computer Components 

Ballistics Computer (BQ components shown in figure 3-49 inblude an Electronics Unit 
(EU), a Computer Control Panel (CCP>, a digital computer, a power supply, and interface 

circuitry. ‘Ihe CCP contains all of the controls and displays required to provide manual 
inputs to the computer. ,’ 

.’ Figure.3-49:-- Ba&tics Computer EU and CCP 
,::p .1 ,, ., : 



The digital computer contains, 16,384 words of solid--stat$.ieraseable programmable read- 
only memory (EPROM). The operating program and bailisties coefficients *f& eleven 
types of rounds are included in this permanent storage area. Two main rounds. and one 
.coax round are immediately &lectable ‘via the gunner% a&o and weapon select control, 
while the remainder are useable by means of ‘a manual entry’ .of a- sub-type via the . ,.. _. .: 
computer control panel. Other changes, such as nek ammo, can be accomplished by re- . >,. -., 
programming one computer board. ‘A “scratch padl?’ memory is used to stora panel inputs. . ,. 
Required power for this memory is supplied by the vehiqte’ battery when the, computer is 
installed in the tank. When vehicle. battery, ,pow.er is lost, an internal. battery provides 
power to maintain the memory. This battery is a, low .voltage. rechargeable.;unit mounted 
in the computer electronics. When vehicle installed, ‘:a charging circuit within -the BC will * 

maintain the battery capacity for longer than 5.years. An inadvertent loss of both BC .. 
internal battery power and tank battery power would only require reentry ‘of the manual Is 
data using the control panel. Conversion from English system manual entry units to ,, 
m&de can be accomplished by removing an internal jumper wire. 

-. 
The digital control transformer (DCT), located in the LOS Electronics vnit,. and other 
interface circuitry are organized onto individually removable circuit cards. The DCT is 
the interface element between the digital computer and the analog gun elevation servo. 
The signal ftom the gun trunnion -resolver is applied to the DCT, the required ballistics 
offset is added, and the resultant output is used to appropriately position the gun 
elevation. In azimuth the computer, through a closed loop servo, positions the reticle for 
the proper offset, while. $multaneously the turret. ,system senses that‘ rtiticle motion and :, J .;, 
counterdrives to correctly~.position the gunjturret. “ ‘.I%& Muzzle Reference Sensor (MRS) 
correction is used by the Ballistics Computer to’ a&matical.ly provide .:tbe appropriate 
boresight corre!?tions to acdommodate gun tube ben$ng. -Special circuits are’ phided in 
both elevation and .a@@h to inhibit mam,;weapon firing until the’ sight to. gun pointing ,. 
error is <within pre-estabiished limits. In stationaky and &age cross country operations, ,. 
the associated c&&i systems ara suffi$dntJy r&&&e to minimize any ‘,firing delays * 

from the inhibit’ functiok (the e&or Iin& ar,e,~;) .&2d’&ls -in &vatio~ ‘md’i a.30 n& in’ 
azimuth). 9 

‘ihe Computer Control / Panel iCCP), shown in figure 3-50, is normally closed during 
combat operations. It provides the capability to manually enter ballistics parameters and 
alignments and to override the automatic sensors in the Ballistics Computer System. The 
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-. Pi -3-W. Computer Control Panel j 

control panel is divided into four major sections: a manual in@ut section,, automatic input 
self test section, boresight/zero section, and a keyboard/display section. 

The manual input section contains provisions to ,enter conditions of air temperature, 
barometric pressure, ammo temperature, battlesight, and ammo s&-type select. Any of 
these manual in@ts may be . . used by depressing the appropriately labeled key. The 
computer will acknowledge the addressing of the particular item by illuminating the key 
that was bresseed.&d by displaying the value currently stored in the corllputer memory for 
that.item. The units, associated’ with ‘ihe display are those in:common use (e.g., de&ees 
l?ahrex$eit ‘for- temperature)-and are listed for convenience. on instructions affixed’ to the 
control ~panel cover. After pushhi& the-labeled key, to change ihe v&lue of the manual 
input, pressthe appropriate ntimGrica1 entries on the keyboard. 
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‘These entries are immediately visible in the numeric display:- If the new value appears 
correct then the enter ‘k&is -depressed, the man& &put lamp that was Qluminated goes (,. 
out, and the new ,value::,.is istored for use in the balli&s solution equations.‘. Should a 
totally erroneous entry. be made .(e.g., _ s;OOO degrees a? temperature) the..&mputer will ,!. 
not accept the input and the a&$ated..manuaXnput key,wilLflash indicatmgthat another : 
input is to be made,’ It,‘is -impo&ble for”,‘any incorretit -&try to- damage or--ups& the fire 
control system. Air .temperature ‘and. pressure are input. :frorn;data provide&lo&ally to the _ 
crew. Ammunition,,.temperat?ipe is observed./from ’ a &ermometer d@’ lotiated to the : . . 
commander% right ‘which is: measured from”a.@+et -btitJe. mounted sensor~@id:.manually .1 ;:, :. : 
entered in the computer.: Special provisions are made to ‘en&a ~eparate:.~~~~l~,:range for . . :-. 
each ammo sub-type:.and to’ select a secondary’ level ammo sub-type, e:g;;- ai- particular 

: 1; -. 
type of SABOT ammunition{ . . i._ ,- ,::. ^ ’ . . . - : :j 
The fire control system ,seif test is initiated.by pressing the test key on: the’&ntrol panel . : 
-while engaging the gunner’s or commander!s palm switch:, 

.y.:-.,. 
As long &:. this switch is 

-,. 
pressed, all the jights on the panel are illum&ed forlamp check. Release&the switch 
automatically sequences tests of fire-co&rot subsystem. Should a failure o&r; the no-go 
lamp i-lluminates, the sensor lamp involved illuminates and a numeric code is displayed to -. 
tdentify the failure source.’ Code information is contained on the panel cover. At the 
completion of a succe&fultest, YPASW will appear in the display. The automatic inputs 
to the computer, crosswind,’ can&-lead, and range can be addressed in the same manner as 
the manual inputs. Depressing one of these keys causes the lamp to illuminate and the 
particular sensor is ignored by- the computer: ’ 

-, 
The value of the sensor output may be 

changed manually. Fixed entries can then be made in the same manner as for manual .1 
inputs. This capab&y all&s the fire control system to properly function m‘a .sRghtiy 
degraded mode in the event of a. sensor f&lure. 

.: :: . ; 

;‘. .- 
Boresighting :‘and zeroink of the GPS in day, ,.night,. and MRS modes to the‘~maingun is 
accomplished by using ‘contiols on the ‘GPS and the CCP.‘ These modes’ are -set up f 

. . . . . . . 
automatically with seletition of ‘gun”, “8mmo type;? “day”, *bight”,. or “M RS”.. To: - 
boresight the GPS, the reticle is moved by use of the up/down/left/right toggle on the 
computer ‘control. panei until it coincides with the aiming point -of the gun tube. 

, . . 
,’ When a ), , 

satisfactory. lay is obtained, the solution for the sight. is entered by depressing the enter. : _ 
button. Zeroing is accomplished in a similar .manner? -after depressing the zero button+ by 
toggling the GPS reticle to the center of -impact- of the..zeroing rounds fired -for -the- 
particular ammunition selected and pushing the enter button. 
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3.5&t cant sensor 

The cant sensor is a simple arid rugged pendulovs device located on the tank ceiling above 
the gunner.. The ballistics computer cont& automatic logic to ignore, the cant input 
when the vehicle is moving. The pendulum -is magnetically -dampened and a rugged 
potentiometer’ is- ‘utilized to measure pen$ulum position. Figure 3-51 depicts the cant . . 
-. 

‘, .’ 
3.5.6.3 Crosswind Sensor 

.Fii 3751.. pt-Sensor 
2 

I 

,1 -:- 
Mounted at the center top rear of the turret bustle, the, sensor measures, the crosswind, 
component of the wind at the vehicle. The sensor is sQowi in fiie 3-52. This rugged: 
unit and a &e&al rubber shock mount allow flexure to the horizontal plane upon impact 
with-obstacles such as tree limbs. This flexure prevents damage or’ permanent orientation 
shifts to the wind sensor. 

The crosswind sensor significantly improves moving vehicle -hit :performance by measuring 
any lateral vehicle motion perpendicular -to the line-ofsight to the. >target. This r 
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Figure 3-52. Crosswind Se&or ‘. 

3nformation is used bqi- the computer to @ovi& trajectory corrections to- compensate, for 
the effect of that motion. 

The crosswind sensor also provides’continuous self testing of its power supply voltages and 
analog output stage circuits. Any- failures are automatically indicated .to the commander 
by the illumination of the fire control no-go indicator in the sights and on,the control 

’ panel. h -the manual self test s&ence, a simulated wind signal is inserted and the 
calibrationlof ‘the wind sensor electronics is verified. f 

3.5.7 Met Controls 

The turret control system has been thoroughly integrated and standardized to require aS 
few panels and controls as practical. The commander,% vehicle master power switch, in 
parallel with another switch at the driver’s station, is provided i& the turret for added 
convenience- riird safety. The gunner and commarider are provided a separate, mdepend- 



.ently adjustable control for varying indicator lamp intensities. In addition, each crew 
position, and an additional position above the coax machinegun, has a-separate adjustable 
dome lamp to control light levels for convenience and security. 

3.5.7.1 Emergency Firing Components ’ 

c 

9 

Emergency aiming and firing of the main gun is possible. A power switch, is located on the 
gunner’s auxiliary sight control panel. When the switch is energized; power is supplied to 
the GAS. to illuminate the reticle for night use. Azimuth and. elevation positioning of the 
main gun and- the commander’s weapon is achieved by the ,manual controls provided. ‘Ihe 
main gun can be manually fiied by utilizing the blasting machine conveniently located : : 
above the gunner’s control handles and below the Gunner’s Primary Sight. 

3.5.7.2 Turret Control Panels 

Turret controls are provided for the commander, gunner, and loader. The commander’s 
and loader% controls are contained in individual -control panels while the gunner’s controls 
are integrated into the Gunner% Primary Sight. An indicator lamp test control on the 

.:*- .- .’ .‘. 
commander% panel illuminates all lamps-and-displays -when actuated. 

The Loader’s Panel shown in figure 3-53 is located on the left turret wall by the loader’s 
station. The panel is optimized for use by. theloader and contains the following switches 
and indicators: .., 

0 “GUN/TURRET DRIVE1 safety switch and indicator lamps: Lever locked toggle 
switch which activates or dea&ivates powered gun and turret movement. 

0 VURRET BLOWER” on/off switch and indicator lamp. 

0 “MAIN GUN STATUS” indicator lamps: .-Display the status of the main gun firing 
circuit either “armed” or %afeY 

The Tank Commander’s Panel (TCP) shown in figure 3-53 is located on the right turret 
wall, adjacent to the commander% station. It contains controls to operate the turret, the 
NBC system, and the Commander% Weapon Station (CWS). The panel contains the 
following controls and indicators:. 



,_ 
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._ 
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Fgure 3-53. T&ret Control Panels 



o wVEHICLE MASTER POWER” (VMP) switch and indicator lamp: ‘ihe Driver’s 
.-Master-..Panel (DMP) switch and this switch at the commander’s station controls 
vehicle power from .either crew station. 

-0 -“TURRET POWER”. -switch and. indicator lamp: Controls <the turret power. 
Circuitry automatically resets to “off” with loss of Vehicle Master Power (VMP). 

0 “MANUAL RANGE” switch: Battle sight push+dtton inserts the preset range 
value for the selected ammunition type, ‘Ihe add/drop switch adjusts ,the battle 
sight input manually. 

b 

4 

0 “AUXILIARY HYDRAULIC POWER” switch. and indicator lamp. Controls 
auxiliary hydraulic power. Hydraulic power is “on”‘when VMP is‘ “on”, with the 
engme “off” or with the engine %nw and the main hydraulic pump failed. 

- . .. 
0 Smoke “GRENADES” switches: Safety -&itch: ar~&kfis grenade -fi&g circuit. 

Salvo 1 push button switch fires 3 grenades from the left and right grenade 
‘. l&n&&;; .alvo 2 ~&h'butt&f~es e&, r&fiahbg &n&s,: : 

-. .s - .I. _' : 

-0 “PANEL LIGHT9 test and intensity controls Pushbutton aIlowsverification that 
all lamps are working. Control knob provides control of the lamp intensity. 

:. : _. ‘. *.- _-_ 

0 Warning indicator lamps: 

> ; ! I- ” ,‘; y-:’ -; :,cce’“,- : .: : ‘- 

,oo...; ENGINE FIRE: ‘. Flashes, indicating. fire. in engine ,compartment. .‘~iiL .., ,<:. 1 - Y” : i. pp on.)&;e&&tm&&nt $& .’ ‘, 
Duplicate 

.: ,’ . 

., .: 

.~ ..oo .LOW. BATTERY .CHARGE: Indicates 1o.w batterystate. of charge. :.;: 
_ .  .  : : . .  :  I .  : .  

oo CIRCUIT BREAKER OPEN; Indicates tripped circuit breaker in the turret. 

. . 
oo FIRE CONTROL MALFUNCTION: Indicates a malfunction within the fire .’ 

controi system or disconnected connectors. 

--:.:. ;. : ; 
0 ‘-“NBC. MODE MAIN!; switch: ,Q@roi . . the. main NBC system.. Circuitry 

automatically comes on-i0 seconds after engine start and automatically shuts off 
after engine shut off. 
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0 

“NBC MODE- BACK-UP” switch:- Controls Zhe :-air -recirculation blower: system. 
Can be shut off by either the NBC MAIN .-ON, switch or the- BA.CIkUP OFF 
switch. z:‘, > 

“‘AIR TEMP” control: Knob- allows’ variation. ‘of: air’ ‘temperature.’ of: the NBC 

MAIN system. ‘. 

0 “NBC ALARM& mute: Push “button cancels out the. N-BC alarm initiated by a 
chemical or nuclear detector signal. -’ 

_’ 

‘.I 
~ 

0 “NBC ALARM” indicator lamps: 4 

. . 

oo CHEMICAL: Turns ON when chemical detector senses contamination above b 
acceptable level; turns OFF when contamination concentration drops below 
‘d-anger level of chemicaldetector; 

oo NUCLEAR: Turns ON when nu$ear -detector senses contamination above 
acceptable level; turns OFF when contamination concentration drops below 
danger level of nuclear detector. 

~ ..: : 
0 “NBC WARNING’* indicator lamps: 

00 CREW PRESS LOW: Indicates the pressure in the turret is too low to 
. . . 

suffi&ently protect crew in NBC environment; should shut off. when NBC 
main is ON and hatches closed; . . 

oo OVER. HEAT SPGNSON IN: Indicates &r.temperature of NBC system. into i 

sponson is too high and could damage system. 
4 

oo -FILTER’ CLOGGED: Indicates the NBC filters are clogged by sensing the 
.’ 

pr&sGre drop across the filters. : . . 

oo OVER HEAT SPONSON OUT: Indicates temperature of air going into NBC 
filtersis too high and will consequently damage filters. 

. . 
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3.6 ARMAMENT 

3.6.1 General Descriptions and Function 

The 126mm, M256 gun shown in figure 3-54 is .semi-automatic, -dropblock breech, counter 
recoil actuated and has an electrically operated firing device. The- gun consists of a gun 
tube, evacuator, chamber group, breech operating group, breech ring group, and 
breechblock group. 

‘Ihe gun tube is a one piece steel forging, cold worked, with a ‘smooth bore for a l20mm 
b round. The gun tube is attached to the breech ring by interrupted buttress threads and 

lo&ked with a tapered stud, ‘providing a quick change feature which permits removal and 

* installation of the gun tube. through the gun shield of the tank. This feature- permits the 
combination gun mount, breech operating group, breechring group, ,and breechblock group 
to. remain .as a unit. A smooth surface jmmediately .forward of the interrupted buttress 
threads provides the bearing surface for the &n. tube in the recoil mechanism of the .’ 
combination gun mount. 

_: 

-, 

MRS 

- 

GUN TUBE 
TRLjNNlON BEARING THERMAL 

SHROUDS . 

~ Figure 3-54. -126mm, M256 Main Gun-and Mount 
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The evacuator chamber group aids‘ in removing spent propellant gases fr6.m: th% tube.’ i _ 
preventing the escape of these gases into the crew compartment. ‘Ihe annular chamfers 
at the fr.ont and rear accommodate O-rings to eliminate leakage of the.spentgases. The ,. .I. 
breech operating group actuates the breechblock to open and close the breech and move 
the extractors to- eject- the spent cartridge cases. - : . . 

:. : 
Operating crank handle - The operating crank handle which is separate from’the gun, : I.. 
actuates the &sing mechanism- operating shaft and is used’ to manuaIly open. the breech, 

Operating crank - ._ ‘I’%, operating crank, .which, is pinned to .tha closing. mechanism, .is a I _: 
shaft that has a crank, arm; and. lug extension. Th? lug on tha arm extension,is beveled to . : 
push the breach operating 6am outward. It then contacts .,the cam surface. during counter 

+ 

recoil to automatically open the’breech. 

Breechblock crank ‘- --‘Ihe breechblock’ crank, lo&at& on _ the center of ,‘the Closing 
mechanism, is a curled: lever ‘that has a projebting, &iarged, .hub with a half rbund; ‘half 
square. bore on the lotier c&d, and a hijle on the upper ‘end. “The rear &fa&of the *per 
end is notched to receive the tip of the breechblock group retractor drive” whi& forces 

- the retractor guide and retractor rearward to withdraw the firing pin assembly into the 
breechblock when the breech is opened. 

. 

- 

ESreech+losing mechanism - The breech closing mechanism automatically cl&es the 
breech by spring tension when the extractors are tripped. The mechanism is s&ir$l to i 
the bottom of the breech by the closing mechanism bracket. .. ,. 

‘Ihe breedh-ring group. consists of the breech-ring, clos& mechanism bracket, ‘;extradtor 
piv&sj and.- gun tube index stud. On the ‘right side and at the rear of t+ br&&ing a 
counterbored hole contains ,.the firing pin plunger, helical ~cornpressi~n.~~‘s&$g~ firing ,.. 
conductor, and sleeve retained by the firing plunger collar. Then fii$ng ‘~P;luiig+ is 
energized by the firing contact assembly mounted on the recoil mechanism when a firing 
trigger: is depressed or the blasting mabhine’handle is turned vigorously. tie electrical 
energy is then conducted through the fiiing ‘conductor to the breechbl&k firing &%tact to 

._ 
the firing pin assembly. 

The breechblock group is of the dropblock, sliding wedge design, that slides in grooved 
bearing surfaces in the breech-ing opening to open or close the breech. The breechblock 
group consists of the firing? pin assembly with: related’@arts” and, breechblock. Machined 
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cam grooves (extractor paths), located on the forward portion of both sides of the breech 
block actuate the trunnions of the extractors mounted on pivot pins projecting inward 
from the left and right sides of the breech ring. Flat surfaces (trunnion seats) are 
provided at the end of each path for locking the breech block in the open position. When 
the trunnions of the extractors are positioned on the trunnion seats of the breech block, 
the breech-block cannot be closed until the extractors are tripped. The electric firing pin 
assembly with firing pin spring is secured by a retainer assembly at the center of the 
breech. block: rear. The contact; that conducts electrical energy to the firing pin,. is 
housed in a hole, perpendicular to the firing pin, in the right side of the breech block. The 
retractor driver, which is actuated by the breech block operating crank as the breech 

opens, ,- forces. the retractor guide and retractor rearward, withdrawing. - the firing pin. ,.. 
assembly *mto- the breech block. The breech block has a concave surface at the top for 
ease of loading a round. A tapped hole in the center of the concave surface is used for I 
inserting an eyebolt to facilitate breech block removal. The upper. portion of the front 
face is beveled to provide the wedging action needed to properly seat the cartridges in the 
breech rjng body .ez.the breech block is being closed. 

.‘; 

3.6.1.1 “Main dun~(120mm, M256) Characteristics 

Weight of I&n(cc$plete)-. - - - - - - - 2. - - - - - - - - - - 4,192 lbs 

Weightofgun tube - - - - - .- - -.- - - - --- - - - - - - - 2,592 lbs 

Weight of bred& mechanism - - - - - - - - - - - - - - d - - . 1,506 lbs 

Weight of ev&uator (with locking nut) 7 ._- - - - - - - .- .-- - - - \ 45 lbs .~ 
. . ” 

Type T,-yy-~---7 .--, - .-,-_ ------, _____ Tank gun; smooth bore- 
. 

Beech -I.- - y - - - - - - w-y.. - - _ -.- - _ _ _ - _ - _.- Sliding wedge, drop 
block counter recoil 
opening 3orque. 
spring closing 

Fbingme&a&m- - - -.- - - - - - _ - - _ _ _ _- _ _ _ - Electric firing, 
automatic, mechanically 
retracted firing pin 
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C&br -.- - - - - - ii - - - - ,-i - - - - - i - -. L - -~ - 120mm [4.$24 ikj 
. _: 

Lengthofgun~emb~y~ - - - -‘- - i - - - A --.L - - - - -.- 
(complete, muz+ to rear face breech) 

5625’mm (221.46 in.) . . ,- :.. 

. . 
Le@h of tube - - - - - - - - ‘- - - - - - - ‘- A -_ - - - L - I 53OOmm @O&66 ifi;). 

.. : L. 
Ceplter of @&fy of tub -- -. -d. ‘- - - - - - -. i...i - - .-’ A -. - 1705mm (67.xi6 in;) 

J ‘- .-.. : from. mu&e end ;. . 
-, 

GenterofgravHyof compk$egun- - - - - - - - - -.- ,-.- .- :, 1400mm (F&If6 @I.) 
(with bore evacutitor) ’ from -reti face of breech 

Operation of firing k&a&n 
.:: _. 

_’ :.. 

me combimtim w I m&tit is a con&tric r&l, hy~~~~irig,-:~~~t~t;;di~~~e ‘Q&C .’ ’ 

that houses te 12Omm gun. The combination gun mount supports the 120mm gun on 
pmh, &a&@& T&&&d on pins- set. .in the turret. Elevation &nd depression tif. ,the ” 
12Omm, M256 gun is accomplished by operation of a hydraulic elevating mechanism. The : - 
120mm;‘ M256 .gtm : rik&t provides mounting surface6 for the‘ coax machine&m, the ” L 
gunner% telesc&; a&he. auxiliary firing mechanism. 

I .1 ‘. ._ .’ 
- :, .- 
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Combination Gun Mount Characteristics. 

Cpncentric Recoil Mechan@m 

Tlype----------------------- Concentric hydrospring, 
constant recoil distance 

Length of recoil (nominal) - - - - - - - - - - - - - - 12in. 

Length of’&c& (m&mum)- - ,- 2 - - - - - - - - - - 12.25 in. 

Oil capacity of recoil mechanism and replenisher - - - - 8.2 gallons 

Weight 

Complete installation - - - - - - - - - - - _ - - - - 7307'ltis 

Combination mount - - - - - - - - - - - - - - - ,-- -. 
(without rotor and shield, gunner’s guard and assembly) *’ 

i690 lbs 
,, _. ., 

‘c ,, . 
shield - - - - - - _ _ _ - _ - - _; iTm”i ..i, A - - _ . - 7oolbs 

R&or - - - - - - - - - - -;.1: - - - - - - - i. - - 725bs 
: ._-. 

3.6.1.3 Main Gun Ammunition .,“’ _’ 

.i 

The main gun .ammunition is combustible cased and has a -stub base. The base weighs 
approximately 10 pounds and is ,automatii;?ally ejected from- the breech during gun recoil _i .., 
cycle. Basic .maiii gun .ammunition,types are listed below and. described in subsequent 
paragraphs. ” ‘. *. . . ,’ 

: 

AMMU’RIlTOti ‘- TARGET 

APFSDS (Armor piercing, fin, stabilized, 
discarding sabot, tracer). -’ (- 

. .. Armored targets 
,‘: : I, -_ .’ . : 

HEAT (High explosive antitank) Armored targets, antitank guns 



3.6.1.3.1 Armor Piercing Fin Stabilized D&cardhg’&bot- io& (A&&‘$ t “’ ‘,: .’ .. 

There are two types of armor pier&g ammunition that wm be u&d & thle.’ lZOm&‘~&& 
as follows: 

_. 

1. 
:,. ._ .. 

The 12Omm APFSDST, WI827 cartridge is a standardized kinetic energy, ammo 

defeating rowd .which delivers a f@ #abiliqd 38mm. staballoy penetrator. : 

2. The 120mq. AP.FSDS-T, M829 cartridge & a &in@ic energy,. arm~~~~$ie.cting 
round with ,‘$timirn penetrator (high L/D). 

, . . . . 

a : .;. _- ;_. :i I’ ,i.... .: ,( ,-. -, ,_ _ . ..- 

F . 

._ 

r 

?. 

: 

Figure 3-55. Armor Piercing’ Fin Stabilized Discarding Mot Round (~PI%i&$) : 

j 
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. 
3.6.1.3.2 High Ezplosive Antitank Round (HEAT-T) .. 

There are two types of high explosive-ammunition that will be used in the 120mm cannon 
as followsi ’ 

1. The 120mm HEAT-TP-T, M-831 js a standardized target practice round for multi- 
purpose use. It is a fii stabilized round using the same stick propellant system as 
.is used .with the MP-T round. 

: 

Y 
2. ‘,The 120mm HEAT-MP-T, M830 cartridge .is a fin stabilized multi-purpose round. 

It is a standardized system using a steel case with a rubber obturator. at. the stub 
case mouth. 

.a ._ 

_. ., 
: . . 

,’ 7  
-_ . . 

.: 
. .’ _  

., ; 

:. 

’ 

Figure 3-56. High Explosive Antitank Round (HEAT-T) :. 



3.6.2 Loader% ?.62mm, I4240 Machinegun : T : .,.-. . . ..- “: ._. ._ ,... . 

The 7.62mm, M240 machinegun shown in figure .3-5’7 is a lightweight, :air cooled;‘~gas--~ 
operated, belt-fed weapon which is externally mounted at the loader’s station.* ‘Ihe 
weapon fires from the open-bolt position and is fed from the left side. The ammunition is 
belted using the-,M13 disintegrating link. The ‘weapon- employs a spring-loaded ejector 
which ejects fired cases through. a port in the bottom: of the receiver. Links-are ‘ejected 
out of a port in the opposite side of the receiver from the direction ~of feed. .-A gas 
regulator is provided under the forward part of the barrel which may be adjusted to 
maintain the eyclic’ .rate of, fir& when the weapon- starts’ .to :‘malfunction due: to foulii or 
to other adverse-eondit-ions. ‘. ;- _ 

:.;, i: ; , 

. 

--Figure 3-57. Loader’s 7:662mm, M240 Machinegun 
_’ ‘. 

‘-*. 4 
7. SZmm, M246 %IACHINEGIJN CHARACTERISTICS ~j ,: 

. . 
Weight - - - i - -2: - - - i - *- .- - - - - - - - - _ - - 

# 
22.5 lbs 

bnga(overall)- - - - - - - - - - - - - - - i - - - - - 41.3 in. 

Length (bafiel assembly) i - A - - - - - - - ‘- L 1 ii - ‘- .a 24.8 in. 



Gas (variable with 
three settings) 

Qpeoffeed _‘-- _ - _ - - - - - - - - - - - - - - - - - =htegratingmet&& 
link belt, MlA13 

Muzzle velocity- - - - - - - - - - - - - - - - - - - - - 2808 ft/sec 

cooling--;---------------------- & 

cyclic rate of fire - - - - - - - - - - -. - - - - - - - - 560-980 rds/min 

3.6.3 Commander’s .50 caliber, M2 Machinegun 

The .50 caliber, M2 machinegun shown in figure 3-58 is a recoil operated, belt-fed, air- 
$t cooled weapon which is externally mounted at the commander’s station. The ammunition 

is belted using a metallic disintegrating link. By properly repositioning some of the 
component parts, the machinegun may be fed from either the right or left side. ‘It is . 
equipped with a Ml0 charger. The machinegun is a heavy barrel type designed for turret 
installations and can be fired using the manual mode in both the commander’s closed hatch 
and open hatch positions. 

Figure 3-58: Commander% .50 Caliber, M2 Machinegun 
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.50 CALIBER;:MZ:MACHINEGUN CHARACTERISTICS- .. / 

Weighti(gun)i- - - -‘- - .y - - - - - - - - - - '-7 - - - - - 

.:/ .,_. 
L : . . -j h 

lfleight (barrel) _ _ -,. - - _ - - - - - - - - - - - - - - - - - 

. 

Length (gun) - - _ -- - - _ - - - - - - - - - - - - - - - - - 
. 

_. :. . ;:: 

co&ng - _-- - i i - - -.- - - - - 1 - - - - - - L i’- - 
.’ , \ 

,. -, ~_ .- 
-. ,..: ‘, ‘,. 

8OIbs;..... 

28 Ibs 
” .: 

65,1$ in. 

45.0‘ ki. ,: .’ 

* 

A. 

Muzzle v&o&y- - - - - - - i - - i - - - i‘ i..,- - ‘- i .- - - , $9$0.23050 t/&j 
:. 

Rateoff& -------,------.-‘--.~-,--,,, 450 -.5s5 r&/&i / 

Numberoflandsandgrooves------------------ 8 
-.-_ -, -, _ 
-R&$ (right+@ tyFt)- - - - - - - - - - - - - - - - - - - 1 turn iy15 in. 

_:I :L. ? . . _ .. .” ,.., 
: I. ;..’ -,.: -: i 

.’ ,.: ::. -’ : ‘. _ ..’ . . i : : 
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3.7”AUxIIJlAEY AUTOlUOTrVE SYS.F’EM 

3.7.1 General Description 

The Auxiliary Automotive’ System is defined as -those tank hardware elements not directly 
mounted on or -installed with the powerpack (except for alternator, starter, and power- 
pack electrical) but are necessary to the: operation of the powerpack and vehicle. ‘Ihe 
gystem ineludeS’ hull electrical, the. fuel system, the fire protection system, crew 
compartment heating, the driver’s station, driver’s panels, driver’s controls, and the 
Nuclear; Biological, ,and ChemicaJ (NBC) System. 

3.7.2’ Fuel system 

The fuel sysiem shown in figure 3-59 provides sufficient fuel capacity to meet or exceed 
the cruising- range requirements. -Four fuel tanks are located in the hull and are armor 
protected to provide for the 205 mile operating range. Additional fuel volume is located 
in the sponson areas. All fuel cells are made from high density rotationally crosslinked 
polyethylene. 

The front and -engine compartment fuel tanks are molded from’high density, cross linked 
polyethylene, and meet design requirements of MIL-T-46786 for improved durability and 
reliability. The front tanks and distribution system are compartmentalized to protect the 
crew. The tanks are covered with ceramic insulation material and nested in the front 
glacis, -with ‘interior bolted access ‘panels. The sponson tanks are also constructed of 
molded high density cross linked polyethylene and surrounded by light armor to meet the 
requirements for small arms protection. Both engine compartment fuel tanks have 
drainports that are accessible from. the outside of the vehicle. ._ _ _ 

The sponson tanks drain, by-.gravjty, to the engme compartment ,tanks and do not have 
separate- drain -provisions. The engine is not kd fuel directly from the front tanks. A 
transfer system connects the front and rear tanks. During. operation, the -rear tanks are 
the fuel source for engine demand. Pre~~ization of .fuel lines within .the crew: 
compartqerk and, associated hazard .is reduced since the tranifer. line will be activate? 
only during non-combat operation when rear tank fuel levels are low. The selection of : 
right or left ‘fcont fuel t&nk ‘and the concurrekt sealing of the nonfunctio@ng tank lines is 
accomplished within the fuel transfer manifold. A single positive displacement-pump is ‘. 
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GENERATOR SYSTEM (2) 

VALVE RACK PRESSURE 

Q.D. COUPLING 
12273123 

12288306 
r.r..r.c-F tltMCNl 

12288303 (2) 
11602061 
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SPONSON 
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12285599 

12288893 .: 

I I 
VALVE, MANUAL 
SHUTOFF TO RIGHT 
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1228S600 

PUMP; INTANK 

SWITCH, FUEL 

ANK 

LEFT REAR FUEL TANK 
) 112284268 RI& REAR FUEL TANK 

u 12284183 

: Figure 3-59. Fuel System Supply and Distribution Schematic 

used for transferring the .fuei. Vulnerability is reduced by locating front tank supply lines 
below the turret basket floor line but o&r the suspension components and well above the 
floor. An armored channel provides added Gall protection for these lines in the crew 

compartment. Additionally, the ,front tank &ossov& (inttirconnection) ‘is -a@o ‘compart- 
mentalized to ke@,leakage from entering the crew area. To reduce fire vulnerability of 
the sponson-to-enghie~ompartment interconhections, flame arrestors‘ are used. Fire 

i 

I 
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resi&nt materials are used for the interconnect fittings between-nonmetallic tanks. All 
tubing, fittings, and in-tank accessory hardware are corrosion resistant and conform to 
military- specifications. Thermal insulation .isolates the .engine. compartment. tanks from 
direct exposure to radiated engine heat. ., 

Conditioning of the fuel in the fuel/water separator unit includes the removal of 
contaminants as well as water. In order to extend the life of the fuel/water separator 
elements, a primary fuel filter is provided to extract large particles from the fuel. The 
coalesced water is automaticagy .drained from the system during engine operation to 
reduce maintenance. Filler caps. on the fuel tanks are designed .for nonspa slope 
operation. Fuel tank filling may be accomplished by use .of the two front and two rear 
fuel filler ports. For 50 gpm and faster fill rate, all four. fill ports are used. 

3.7.3 Fire Protection System 

Crew protection is provided by a fully automatic fire detection and suppression system. 
Fire detection is accomplished- with Infrared (IR) optical sensors and suppression with 
Halon 1301 agent dispensed by a fast acting solenoid valve. In addition,Ure crew safety is 
-enhanced by a fire detection and suppression system for the engine compartment. 

The crew compartment fire detection system will respond to an .explosive type fire within 
2 milliseconds. The fire suppression system will, within-100 milliseconds, extinguish the 
flame propagation before any explosion. The system uses,- dual spectrum infrared 
detectors,, which are the most false alarm free detectors developed thus far: Ry sensing 
the heat radiation and the light .or flame flicker these sensors: : 

0 Will not false alarm with flashlight 

0 Will not false alarm with cigarettes, lighters, or matches 

0 WiR not false alarm with sunlight 

0 Will not false alarm with metallic insignii or red clothing 

0 Willnot false alarm with flashing lights 
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‘Ihe, sensor8 ar& ,w .to h-t l .-cold fuel, @an f&e’- of 13 inches -diameter at- a . 

distance of 5 feet withk I.5 to 6 mM&conds. The ‘crew- and’ engine comp&tmentfire 
sensors are identical e~figumtions. ‘I$e. sensors aklocated so that the-IR optical field 
of view encompasses and monitors all crew member areas and the engine compartment 
continuously. The fire suppression subsystem contains-rapid-acting solenoid dispersion 
valves used With:three nonshatterable receiver. bottles, each- containirg seven pounds of 
Halon’l301 fire ‘extinguishing agent. - ‘. : 

. . ; 

The fire. extinguishing system functions in two~separateareas: I the crew compartment and 
the’ &ghe compdment, as shchn in rf&ures 3-60 and 3-61. The fire extiii&shing went 
can also be manually released by the driver. ‘The distribution of the Halon 1301 agent in 
the crew compartment, after discharge does not exceed the guideline of, 6 ‘wrcent mean 
concentration for five minutes established by the Army Surgeon General. .:: 

:  

FIRE EXtlNGi)lSHING er!tiE 
(AUlOMATlC’RELEfSE) 

FIRE SEiJSOR~ : 

r ---7 
t 

--7 
I 

--- 

I 
I 
1. . 

-ss- 

\  

I , - -  -:-.zlc----+A- 

JUAL RELEASE f- FIRE SENSOn 
FIRE SENSOR . . . . ., 

Figure 3-60. Crew Compartment Fire Detection/Suppression System -1. 



DISTRIBUTK)N TUBE 
FIRE EXTMGU ISHING 

BotnE MAN IFOLD ASSEMBLY DISPERSlON TUBE 
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INTEROR MANUAL 
RELEASE 

(MANUAL RELEASE) 
DISTRIBUTK)N TUBE 

HULL AiPLIF IER _ EXTERIOR ~NuAL RELEGATE ,. 

Pie 3-61. Engine Compartment Fire Detection/Suppression System 
i ,i- ._ . . 

The engine compartment twoshot system has automatic detection and suppression 
discharging of one- bottle assembly for. the first shot. If a fire rekindles, the driver can 
r&case the .se&md shct by actuating an electrical switch.. In this latter case, the engine 
will-shut down and a built in time delay subsequently discharges’the second bottle. In 
addition, a manual discharge for. the engine compartment first shot is provided for the 
driver at his station. A vehicle external handle mounted on the hull left side will 
disehmge the second shot without engine shut do& ‘_ . . ‘. ‘.. ’ -. 

SBkSORCHARACTERISTICS- 
, 1, - 

qypgj -2 -‘- - - - - - -‘- - - A L - i .-. - - - - - - - - Dual optical IR 

Number----------.---------- ______ 6 

Spectrum (&al infrared) -, - - - - - - - - - i - - - - - - - f 7 to 30 microns 
0.8 to 1.0 microns 
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mtkaM&dof\new - - - - - - - - - - - - - -:- - -,-,-, F. -9Odegmkimum 
: . . ., ~ :. 

.- 
&mitivity -mre&old - - i -: - -- - - ‘;- - - ‘L - -.. - .- .-‘.-i - - - 1.5’ ft diameter dold fuel ‘_i. 

: 
pan fire at 5 ft 

AMPLIPIHH CHARACTEHISTIC~ : * 
. 

output voltege to mr ‘i - -- - ‘- - - - ‘k - i - - - ‘-- - 13.5 to 19.5 v& 
.’ . “, ‘. : 

Normal Operation Current Drain - - - - - - - - - - - - - 350 miIIiamps 

V&J&Signal - .i’- .i- - - 0 0 - A~.. - - - - -.A T -‘- 10 amp for 150 msec into 
a- one ohm.. load.. > . . 

,,.,’ ,. :, 
Weight .-i- .-. -. - - - - y - ,- - -.- .-.,- - 0, - - -,:- -- - S.@max. 

.: ..‘, 
3.7.4 Crew Compartment Heatina/Ventihtion . . . :. ; .- :,: .r _- ,_ 

Crew compartment heating is provided by a 60,000 BTU multi-fuel peryqneI;,&FterW The 
c 

._.. 
system has the capability to operate the 174 ofm heater/blower with& .kper&kg the 
heater itself.- TMs provides ventilation to .the turret and driver. Figure 3-62 .iliustrates 4 

the duct@ and control of heated & unheated air from the personnel heater. 
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* 

AIRFLOW PATljS 

1.’ 

~JRRET 
.., 

: 
Piire 3-62.’ Personnel Heater Airflow .Paths ’ 

., . ..- j ‘. * 

Inspection of fire 3-62 reveals: that the driver has i?ontrol~of &ree baffles. baffle A and 
B (on the-main air .duct) directs the heater airflow to the turret only, the driver only, and 
varying’ kombihations to both .the turret and’ driver. The amount. of. air the driver has 
selected’&h&%ffles A and I& then is further &&rolled by baffle C. : Baffle C allows the 
driver to dkect all ‘airflow to his feet, all to- his head and’ torso, or any combination 
thereof; -’ 

The m&mum airflow measured at the driver% station, with the personnel- heater air 
directed to--the’ driver’s outlet, .is about 70 cfm. The air vel&itJi past the driver is over 
200 -feet per minute when the air- is” directed ‘out one opening. Ti’hus, by the proper 
adjustment %f ‘baffles, the driver’ can obtain any desired air flow .and velocity. .‘lhe hot .I ‘. 
heater exhaust pipe has been routed through- tksponson to avoid personnel contact. 
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PERSONNEL BEATER CHARACTERISTICS 

Voltage -----------,------.----------- 

: :. 

24 vdc nominal .-- 
: 

Current-Running (above 45’F ambient temp.; ,j;r. - ‘7: :-’ ..~i - - - - - 15 amps 

Current-Running (below .4S°F ambient t&p.: [ -- + - - - - -: - - i 20 amps 
: 1 

fielFlowR&e(highheat): 6 A -,-.- - 4 -.F..- -,:- i - - -:- i .085 lbs/min 

Heatmtput(high) ,-, - - - i-e -. - - .:- -- - - - - - - -,f - - 
: 

Heat-mtput(low) r ,- .- - -.-;- - -.- .- :- - - - - - - - - - - 

fi l&charge Ratei,.- - ,- - - ,i .- - - - A - - - -. - - - - .- - 
_.. 

80,000. BTU/hr 
c 

SO.,000 BTWhr 

174 cu ft/min 

351bs 

3.7.5 Driver’s Station. 

The .driver’s station configuration. as ‘illust.rated -in -figure: 3-63,.arranges the driver, withii 
the established spatial envelope and locates and orients controls and displays in an 
optimum relationship for bothopen and closed hatch driving.. .’ 

.- 
The driver’s seat is designed toaccomodate 5th to -95th percentile crewmen in arctic gear. 
A large lever to::the left .of the seat. permits 10,w effort open- ~hatch/close&atch seat 
position changes.,, Seat .adjustments are. illustrated in figure. 3-64. Seat height itself is .‘. : 
adjustable to four positions by a tab located at the lower right -of the seat. Both an upper : 
backrest and hull mounted headrest also can be finely adjusted for visual alinement and 
generai’ upper -torso: comfort.. The seat can be moved to the open- hatch. ,positionw@hout : 
disturbing the- closed .hatch headrest setting.. An adjustable lower lumbar support, 
controRed by a large. knob .on the lower left hand side. of the seat, permits the driverto -, 
“dial inn the precise amount of lower back support that he ‘desires. In the closed ,hatch ,‘. 
position with the seat .properly positioned, ,.the driver, then can easily and quickly adjust 
each of the three periscopes individually to his precise visual preferences. 

3-114. 



,f, . . . ; 
Figure 3-63; Driver’s St&n Arrangekent 

‘, _ . . 
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BACK gRlSCOPES 
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Figure 3-64. Driver’s Seat Positions 
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Automotive related controls are designed to meet standards of simplicity, human 
compatibility, and integration. As an example, both throttle and steering controls have 
been incorporated into the T-bar, eliminating a separate accelerator pedal and thus 
providing more foot space. This T-bar/throttle assembly is adjustable from a stowed 
position to three positions in order to allow a natural hand and forearm position in both 
open and closed hatch driving. ‘lhe hand throttles, utilizing motorcycle style grips, can be 
operated with either hand or both, as warranted by the situation. “Push-to-talk” 
pushbuttons are conveniently located: on the hand’-throttle housing. These buttons permit 
the driver to, key his intercom without removing his hands from the controls. The service 
brake pedal has been located in the floor area allowing braking with either foot. ‘lhe shift 
selector is part of the T-bar/throttle assembly. . 

Panel warning lights are provided rather than gages for each critical function, based on 
ease of interpretation, attention getting value; and need for quantification used as prime 
criteria for each individual decision. The pane& have been positioned sufficiently high in 
the station to provide good visual access to critical instruments and indicators in either 
closed or open-hatch driving modes. Automotive related displays and gages are grouped 
into a single functional presentation. ‘Ihe right sides master panel is also configured in a 
functional format for open/closed-hatch accessibility and readibility. The master warning 
and master caution lights are given special prominence directly in the driver% forward 
field of view. 

The driver’s daily maintenanceactivities are made easier through the use of built-in-test- 
equipment and visual indicators. This reduces the time to perform daily crew checks of 
crew compartment filters, fluid levels, and. fire extinguisher readiness. ’ 

. 
The primary consideration In ~the design ,of the driver% hatch was safety and ease of 
operation.. Pigure 3-65 illustrates the driver’s hatch opening mechanism. The structural 
design of .the hatch mechanism and the safety factors utilized inthe -design of the internal. 
gears and mechanisms provides maximum driver protection against any possible inadver- 
tent closh@of the hatch whenthe driver is operating open hatch. First, the spring loaded 
hatch stop .lock- automatically. holds .the hatch .open since. it has been opened completely. 
Should+$e driver--for any reason.not open. the hqtch- completely, the rotating crank handle 
when released will snap into -a detent which will lock the-mechanism from rotating, even 
when subjected- to a worst case lateral load. ‘Ihe driver% hatch- operating mechanism 
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‘. Pisure 3-65. Driver’s Hatch Mechanism 1 
._ . . ‘.. 

t 

c 

allows drivers to open-thehatch in less--than4.0 ,seconds and’ close it in less than 3.0 
seconds. The driver’s hatch swings open to provide an unobstructed view over the right 
fender. Forces needed.to open.or close the hatch are within HPE- requirements at the 
specified side and forward slopes. A standard seal bonded to ,the-hatch seals the opening 
against water during rain and.tiater fording operations.. ‘- ’ 

,. .’ ,-’ 

For closed hatch’ day‘ vision; the ten inch wide center periscope and the two Seven’in~h 
side scopes with individually adjustable ,mirrors are located in the driver’s hatch close to 
his preferred head ‘position. The Instantaneous field of view--for the center peristiope is 
approximately 9 degrees vertically and 45 ‘degrees horizontally, while that ;for the. side 
periscopes is 9-‘degrees vertically and 33 degrees horizontally. Excellent( overlaying 
fields of view are attained with minimum head motion. The driver’s horizontal vision 
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envelope is. shown in figure 3-66. A&unity vision devices. contain filters. to., protect the 
crew% eyes from possible damage from neodymium laser light. A foot-operated- washer 
and hand-operated double wiper are provided to clean the ten-inch center .periscope. If 
the center periscope is damaged, an adapter is provided to allow fitting the seven-inch 
scope in its place. 

. 

NOTE: SlidED AREA INDICATES OBSCURED 
VISION AT,GROUND, LEVEL. 

Fig& 3-66. Driver’s Unity Day-vision 

For closed-hat& night viewing, the night, vision ‘periscope, with adapter,. ,can be quickly 
removed .from-its stowage box- (under loader’s seat) and clamRed in place of the center 
scope. Its position facilitates .a @mfortable three-tosix inch,:eye. relief for the driver, 
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which provides ‘a nominal .$5 degree vertical- and horizontal field of view at -5~~inch eye 
relief. The, horizontal field of view can be.increased td 135‘degrees by turning the entire. 
periscope 2 45.degrees. :- 

The hatch opening has been sized so that the driver, and other crew members as’recjuired, 

can exit the hatch under emergency situations, i.e., the vehicle overturned in such a 
manner as to prevent escape from other hatches. The driver can exitthrough the hatch. 
even when the gun‘is immobilized directly over the hatch and fully depressed, or when the 
hatch must be opened and exited without removing an installed night vision periscope. 

3-7.6 Driver’s Panels 

Driver% Master Panel (DMP) and Driver’s Instrument Panel (DIP) are provided in the 
driver’s station for operation of the tankand monitoring of performance, 

The DMP shown in figure 3-67 provides electrical circuitry, controls, and indicators for 
operation of vehicle master power, engine automatic .&&,-external lights, and auxiliary 
systems (personnel heater, night periscope? bilge pump, and smoke generator). An engine 
starter only control is included to,check starter performance, engine oil or f&l leaks, etc. 
A red warning ‘light is provided to ,ensure release of parking and service brakes before 
moving of the.vehicle; 

., : 

The DIP also shown in figure 3-67 provides- visual indicators (lights and gages) for 
monitoring of engine/transmission parameters, fuel,. status, electrical system voltage, 
vehicle speed, and fire warning. Fuel pump controls are included in conjundtion with the 
fuel gage. An amber indicator light notifies the driver that. the rear fuel tanks are low on 
fuel and transfer from one of the two frent tanks is necessary. Red warning lights, the 
engine power turbine speed indicator apd the vehicle speedometer/odometer warn the 
driver of abnormal (pressure, temperature; RPM) operation of the engine and f 

transmission. A voltmeter displays electrical, system .voltage, and an amber indicator 
light notifies the driver of lo&‘battery~sfate-of-tiharge whenthe engine is-not running. A t 
flashing red light warns the driver of an engine compartment fiie while a second amber 
light. indicates that the first fire extinguisher bottle &discharged. ’ A guarded toggle 
switch is provided to shut .down the engine and,‘after a time delay, actuate a second fire 
extinguisher bottle should the fire restart ok the first bottle fail. 

. ..’ 
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Figure 3-67. .Driverk. Panels i 
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The maintenance monitor section of the’instrument panel provides malfunction indications .- 
(LED’S) for 12 vehicle functions. These ‘indicators allow .the driver to monitor various 
hull/powerpack maintenance required. parameters without access to : the. engine 
compartment. Should a malfunction occur (i.e. ENGINE’ OI$LOW).an amber inaintenance 
indicator will illuminate,-on this panel, -along ‘with ,a large MASTER CAUTlGN amber light 
(located on the ALERT.PANRL-directly in front .on thedriver) for- high visual ~prominence. 
The MASTER CA&ON light <:can be. extinguished .,-by a.. reset button bn ‘the ALERT .- 
PANEL; however, the individual maintenance indicatorwill remain on until the fault has 
been corrected. Prop&servicing, i.e., adding engine oili will’extinguish .the,‘ENGINE OIL ‘... 
- LOW indicator. The large MASTER’ WARNING red light; .Bl%o located. on the ALERT 
PANEL directly in front of the driver for high visual-prominence, illuminates simultan- ‘li ,. / 
eously with any of the red warning lights on the instrument*panel. The reset capability 
for both the MASTER CAUTION light and. the MASTER WARNING light prevents any 
masking condition, should. a second fault;&cur prior to : the first problem being cleared. 
The ALERT PANEL contains a -PNL DIMpushbutton switch to-dim the MASTER CAUTION - .: .‘, I 
and MASTER WARNING lights. :4lthough .these, lights are .designed to come on at full 
brightness whenever VEHICLE MASTER POWER is applied, the driver may opt for a lower ,‘. , 
brightness level during night time operations. 

3.7.7 Driver’s Controls z .c 

The electrical shift. control assembly provides a. means for the driver to Ghange speed _’ 
ranges and direction of the transmission output. %he shift ‘pattern is detented to prevent 

.. 
inadvertent speed range selection. _, _.-’ :. 

. 

Two fully independent brake systems are provided on the’tank. The service brake controls 
the vehicle deceleration to the maximum capability within the transmission by means of a .: 
centrally located brake. pedal abo.ut the. .driver% flo.or and 8 cable- apply system. to the 
transmission power ibrake valve. The brake pedal location allows equal :kaie of use by 
either foot. .; c 

The parking brake is applied by foot pedal for holding the vehicle on slopes up to 60 
percent. A hydraulic modulator valve actuates a hydraulic cylinder to provide transmis- 
sion brake lever travel and mechanical advantage for parking-brake application. 

? 

The service brake control system provides a’return for@ on thepedal for brake feel and a 
smooth braking action. An independent parking brake control system is provided which 
may be used- as an emergency brake system if the service>brake control system fails. 
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An integrated steer/throttle control is provided. This unique combination eliminates floor 
mounted controls and provides for improved driver response in both open and closed hatch 
modes of operation. The steering and throttle are both adjustable for 5th to 95th 
percentile crew members, a feature not normally provided in combat vehicles. Intercom 
buttons are provided for use. by either thumb without removing the hands from the 
integrated steer/throttle control. 

The steering. control provides infinitely variable steer commands to the transmission by 
turning the steer/throttle bar up to 25 degrees from center. Throttling is accomplished by 
twisting the bar grips, much--like a motorcycle, up to 60 degrees rotation for full throttle. 
The throttle can be operated by either one or both hands while steering. The steer handle 
position is adjustable for sea&p and seat-down positions by providing three steer/throttle 
bar locations and a stowed position -which can be selected by the driver. Under normal 
operating conditions, return springs provide a- steering feel and ‘return the steer bar to the 
neutral centered position. 

3.7.8 Nuclear, Biological, and Chemical (NBC) System ___~ 

Nuclear, biological, and chemical. protection is provided on an ‘individual basis by a 
ventilated face piece (VFP) and protective overgarment. Protection is &o provided on a 
collective basis by maintaining the crew compartment above ambient pressure-through the 
use of crew compartment seals and filtered air. The temperature of the filtered air is 
controlled to protect against heat stress. 

’ 

The NBC system. shown in figure. 3-68. uses engine bleed+ir. The bleed&r is passed 
#rough an air cycle pack where it is cooled by a heat-exchanger and an expansion turbine. 
The cooled :bleed-air, goes to- the NBC filters where the contaminants are removed prior 
to entering the-crew comparfWnt..- This -air .is routed to the ventilated ,face piece (VPP), 
the air cooled vest (AC%, and the crew-compartment. . ,: 

P 

The NBC protection system is shown in figure 3-69.. High pressure and temperature bleed 
air from the .P3. stage engine. .bleed port ‘is regulated by means of a dual differential 
pressure reg$&or and shutoff valve. During normal operation. the regulator is set to 44 f. 
4 psig. During low engine power setting operation with heavy hydraulic loading, a dual 
differential pressure regulator is automatically set to 16 + 2 psig. ‘ihe high temperature 
bleed air is first cooled by a precooler using a’mbient air drawn:through-the primary heat 
exchanger as a--heat sink. The bleed air ‘then enters a pressure regulating. and shutoff 
valve, where it is regulated to 35 + 2 psig for engine settings above tactical idle. 
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TURRET COMPONENTS 
: 

GUNNER \iFP&ACV\ +WANDERVFP&ACV 

COOL BLEED AIR. / HEAT I’ / 1 
‘FAN 

LINE EXCHANGER EXPANSION TURBINE 

Figure 3-68. Nuclear, Biological, and Chemical (NBC) System 

The bleed.. air then passes through a venturi designed .to ljmit -the bleed flow-. extracted 
from the engine during. temperature control subsystem operation. The bleed air enters a 
refrigeration unit where the air is further.cooled:by a.primaryheat exchanger which uses 
ambient air as a heat sink. Water vapor in the bleed air is condensed in a counterflow 
condensing~heat exchanger as cold turbine discharge a& further cools ‘the humid bleed air. 
The entrained water is removed in a high pressure water.extractor and’sprayed on the cold 
side of the primary heat exchanger through the cooling .air duct, enhancing the cooling 
capacity of the primary-heat exchanger during humid ambient c’onditions. 

The bleed air. next passes through the air cycle machine turbine section, where. energy is. 
extracted from -the air to drive the ambient. air fan .which-Soads the turbine. -The fan 
induces flow through the ambient air sides of the heat ‘exchanger and ‘exhausts the 



SPONSON 

Figure 3-69. NBC Protection System 
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ambient air through the precooler then overboard through the ballistic grille. ‘Ihe energy 
extracted from the high pressure bleed air to drive the fan and the irubsequent expansion 
through the turbine result in cooling of the bleed air. 

‘l’b avoid contamination- of the heat exchanger and erosion of the fan, the outside air is 
filtered by an inertial-type particle separator located at the ambient air inlet to the 
sponson area. A small portion of bleed air is used to power the scavange jet pump.. 

The cooled, dehumidified air fram the turbine and condenser heat exchanger flowing 
through the NBC $ilt&s antersthe tank distribution. system where the air is directed to 
the crew members) .protective suits and to the bulk. dump manifold for pressurization of 

Ed a- 

the crew compartment;- 
1 

There are two temperature. control loops incorporated int6 the system, both of which use 
a different section of the, temperature controller. The temp&ature control loops are 
shown in block diagram form in figure 3-70. 

Figure 3-70. Temperature Control J3lock Diagram 
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The anti-ice temperature control loop, .incorporating a temperature sensor and a tempera- ,, 
ture control valve, limits the minimum- temperature at the sensor to approximately 430F 
(the control set point) by adding moderate temperature air, at the turbine discharge. The 
main purpose of this loop is to prevent icing in the condenser sectionand, downstream 
ducting and to maintain a maximum efficiency in the water removal circuit. If condenser 
icing does. build up, resulting -in an excessive condenser pressure drop orAl?, a pneu- 
matically actuated anti-ice servo valve automatically modulates the anti-ice .valve until a 
normal- condenser AP is attained. This is an automatic protective -circuit built into the 
temperature control logic. The anti-ice control locip also -responds to signals from the 
temperature selector when -more heating is -required during cold day operation. When 

80°F to 120’F is selected for the NBC filter inlet temperature control loop, the anti-ice 
temperature is increased proportionally from 43’F to 80°F which increases the supply 
temperature without sacrificing water removal efficiency. 

The NBC ‘filter inlet temperature control loop allows the crew to set the NBC filter inlet 
temperature (and thus the temperature to the crew members’ suits). This control loop 
which provides reheat during humid conditions and comfort for the crew members, 
incorporates a temperature sensor, a temperature control valve, and a temperature 
selector. ‘Ihe selector located on the commander% panel provides a control selection 
range of 43’F to 12O’F. 

3 

The NBC filters are supported by the support assembly. A differential pressure switch is 
used to detect an excessive differential pressure across the filters, indicating a need for 
replacement. The support assembly incorporates a double seal with the annulus between 
the seals vented to the air cycle machine compartment which is at a lower pressure, 
relative to the filter inlet air supply duct (and the compartment air pressure); therefore 
any leaks in the manifold/filter seals are exhausted and never enter the crew compart- 
ment. 

7 

The tank distribution system directs air to the crew members’ protective suits and also to 
the bulk dump manifold. The airflow supplied by the system is used to pressurize the crew 
compartment slightly, thereby precluding the entry of outside air. A differential pressure 
switch located in the compartment is provided to alert the crewif lo& of compartment 
pressurization occurs. 
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In the event of a i&lftiction that w@uld pr&tide operati’ijn of Ithe’NB6 @sWiii&jther 
system provides-r&irculated filteked.air to each- crew -menibers!-VPP. ; ^’ 

The crew compartment u&s an AN/VDRi2 radiac’ to. detect loti thr&h6ld .gamma 
radidtion; One. ,.DS2 ,decohtaminating tipp&ratus; ABC-Mll, is stowed betsee& the 
commander &d,load&r, and one iS stowed in each cargo -r‘a&k bdx. The ANj\jDR-2 rXdia‘c, 
motited on the hull floor at the.driver% statidn, oper;alteS u&&the- tank el&trical q&em 
used. Its dtirn ti conne&ed to’ the tank’ intercom %$&tern;., ‘TWO BA-3202‘batteries tie 
provided for- portable operation of the AWVDR-2 radiac. &e -chemical : Bgent detector 
kit is provided’to verify decc$ntatiination/pur@ing (safe to uiimask). 

5 
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The communication~s&em consists of the CFE Radio Set AN/VRC-12 or AN/VRC-64 and _ 
the Intercom Set-‘AN-/VIC-l(V). Intercom control boxes are provided in each crew station 
and transmitter fre&.iency selector.- box is located in the commander’s station. Installation 
of the communi&ations system$y the vehicl‘e. is shown in figure 3-71. I : 

., 
Integration of the communication &tern into the vehicle installation provides accessibil- 
ity of controls and ease of maintenance. The. receiver/transmitter and auxiliary receiver 
are located in Ithe loader&. station readily .accessible to the loader thus relieving the * -~ -, 
commander of the bUrden to operate the radios. Each station within the crew 
compartment except the loader%‘: station has readily ac’cessible intercom switches. that 
permit the crewman to perform, his*normal duties while -using the intercom, e.g., the 
gunner’s intercom switch is .mount&d. on his .foot-. rest.‘.. Controls for the intercom are 
readily accessible at each crew station while-frequency selection controls are provided for 
the commander. An NBC -al&&&~ ‘be ~heard -in- the intercom !system in the event of an 
NBC attack. The alarm can be muted by a pushbutton on the commander’s panel. 
Frequency changes can be made .by, $he- loader at the transmitter, therefore~ a frequency 
control box-ia&iminated. Theradio antennas are mounted.:on opposite rear corners of the ._ 2 : ;: : :-, 
turret bus~t$providing maxim@-separation ‘to minimitie radio frequency transmitting 
interference j&d elirninatingpi~ysical..‘interferences. with th&. .load&s or commander’s 
machinegu& $heradio transmitting -antenna&&s..are ., shielded to minimize EMI/EMC 
problems. i ?Radio cables :.a&! r&ted- throughchanne~, ,where feasible -for additional .j .:-.,I ‘I<. .- ‘. 
shielding toensure system $ompatibility. ~.‘Provisions have beenincluded for installation of -; .- i: , _ ,. i:,. 3 .‘..- 
two T-SEC<RX-87 security: unit$ in the-: commander% station;- and related amplifiers are 
incorporated’& the transmitter and receiver.;mounts. 1 ’ : :- 

,. 
3.8.2 Wat& ‘Fording -,, ,- ’ / 

P . . 
The Ml Al< Tank ican ford- streams up, to 4 feet deep with no -other action -required than to 4 
operate with closed drain,vaIves..~:%he drain valve controls, located on the driver’s right, 
open and close the crew and. engine compartm-ent drain valves independently. The valve 
handles are lifted to open and are retained by:-latching’levers. . The lat;ching levers are i 
spread open to release the handles for closing the valves. 

: 

. . 
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Figure 3-71. Communications System Installation 
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Figure 3-71. Commtiications System Installation (Contiriued) 
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-The crew compartment .has one poppet type valve located on the left forward side-of the -The crew compartment .has one poppet type valve located on the left forward side-of the 
hull and is closed for fording. : Dr&.nage in theright side+ removed by using: a:,.bilge pump. hull and is closed for fording. : D&age in theright side+ removed by using: a:,.bilge pump. 
The engine c&@r@ent has ‘.a slidingrport. v~~~:,--~~~~~~i~~‘~~f -the hull.for:fast removal The engine c&@r@ent has ‘.a slidingrport. v~~~:,--~~~~~~i~~‘~~f -the hull.for:fast removal ! - .; ! - .; 
of water after.‘fordii of water after.‘fordii ’ ’ 

( “:--,.~, ;.-I, ( “:--,.~, ;.-I, ,- _- -, ,- _- -, _ ..:.--‘$,:.%,,.k _ ..:.--‘$,:.%,,.k _ -:: _ -:: ._ .: ._ .: 
: :.:‘;I: : :.:‘;I: ,. ,. _ .. _ .. .,, .,, -_ -_ i i 

.,. .,. 1 .- 1 .- .‘. .‘. 
3.8.3 Cold Temperature Operation 3.8.3 Cold Temperature Operation L 1 ,;‘I: :..‘;. ‘. -, .- .-;: ..:: L 1 ,;‘I: :..‘;. ‘. -, .- .-;: ..:: 

,- :- ,- :- :. :. ..: . . ..: . . .:-. .:-. . . . . .I’ .- . .I’ .- . ‘. -.__; ,‘..- ‘. -.__; ,‘..- 
The MlAl T&k-,has‘ the capability.‘.of starting-.$&&l &m*ates down .to &5oF without The MlAl T&k-,has‘ the capability.‘.of starting-.$&&l &m*ates down .to &5oF without . . . .- . . . .- : . .._ .%. .: I : . .._ .%. .: I 
external aids. ’ I&$&v&, all cc& ~~.~,pe~~~~~.-dpe~~~i?~~~~~~~~~~~ced with external aids. ’ I&$&v&, all cc& ~~.~,pe~~~~~.-dpe~~~i?~~~~~~~~~~~ced with theaddition theaddition of a of a 
f@ fine heat+;;:,. ‘hgn- ~~t$$f&&ter,; E~~~~~t~~~~~~~~~~~i~~~d’, e~evaf~$,f$rvo valve f@ fine heat+;;:,. ‘hgn- ~~t$$f&&ter,; E~~~~~t~~~~~~~~~~~i~~~d’, e~evaf~$,f$rvo valve 
&.&ter. &.&ter. -’ .-.., -:;:; ;:‘ : -’ .-.., -:;:; ;:‘ : ; .’ :;I_:, :--,,I, -.1’:..:;‘-.:.:i:~. .y ~-.. 1 ; .’ :;I_:, :--,,I, -.1’:..:;‘-.:.:i:~. .y ~-.. 1 

,. .:. ,. .:. 
I” .-_::.I I” .-_::.I 

: .\. : .\. _, ;.‘... _, ;.‘... i. ..;.:-’ i. ..;.:-’ , I , I .,_ ..: .,_ ..: -i -i .‘- .‘- /‘Y. /‘Y. 
vehicle operation between the -temperatures of -30% &$%&o,F is pos&ie~&n external vehicle operation between the -temperatures of -30% &$%&o,F is pos&ie~&n external 
power source is used to power,the.heaters .for one hour prior to..veh&sta&ng. : power source is used to power,the.heaters .for one hour prior to..veh&sta&ng. : 

,.: ,.: I. I. ., ..I ., ..I . . . . / / ,.. “I ,.. “I 

3.3.4 STE-Ml/PI&e& Set .;. .. ,.., 3.3.4 STE-Ml/PI&e& Set .;. .. ,.., 
.; .; ,-. ,-. 

,,. . .- ,,. . .- ::,. ::,. 

3.8.4.1 Functional Description 

equipment ?s used’ by ~maintenance$er@nnel, at Orgar&&tion& Level. Ma&t&&&e. to .’ ‘. . :’ _ .‘. 
checkout the functional -ioperation of .‘the.:;various veh&le -systems, ‘-and to~@j&&hoot”~ ‘i .: :‘.. ..: . . . ..y. . 
malfunctioning subsystems;~ ~The!$TR$I&!S will fault $&ate $0 a mal.f&t$$ng~~,Line 
Replaceable Unit (LRU)$ri thin the-“Tank. The STE-M 1 &@&rf or ms an’ autom@&$elf- 

test whenever power is .turned ..ON, with additional; &$@$&q or i&&&$~@,~~~$ting -; 1. ;’ ,:‘.. :: .-: j .,-: ...c’:;>.;;y._., . . 
available upon request. -$he test set is also used for p&form~ee&sting to %@rm$&the .f 
overall vehicle readiness;,, During automatic testing; the following may occur: 

.I “. ’ :: 
-_ “’ f: _ 

--‘.[e;ii.: ,. .%-;‘; 
-;, ;, . 1 ,‘..,,- ,” ,-. _- . . -.. : ,,.z ., .), 

0 Instructions may be: issued by the test set on- the alpha-numeric:.disb@y .of. the *_,.. . 
SET COM requiring .supplementary action such as connecting or dis&&&ting 
cables. Testing stops at this point until the actions are completed. 

: .- .: ..,- 
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o The test set may request a visual observation and response from the operator. A 
response must be made before the:test will continue. 

: ‘. 
i 6 At the end of the testi- the test -set. will diilay -either a “No Paults Found or : 

.i@ititi a’fadty cc$ditiotji .I.. .: ‘. 
-’ 

t.e.la~,~~i~~-~~cription- _ _ .: ‘; : ..... .. : .- ., :. .: 

-._ : 
The STE-!k&&test sit -kho& in f&e 3%i is conttin&. in 7 km&t .&es. ..Two transit _ i 
cases contain the: electronic assembiies (VTM, CIB, SET- COM; etc.); the other 5 transit 1 

B. ..’ cases contain electrical ,adapters. and cable assemblies for testing the MlAl -Tank :. ‘. 
subsysteins.~ .:. .. :’ 

3 
3 3.8.5 DSESWMljFVS Ted Set : 

3.8.5.1 Functional Description ’ 

The Direct Support lElectrical-. Systems Test Set,, DSESTS-MZ/l?VSi is a j multi-tactical : 
vehicle system. ; test set to .be .used by Direct Support maintenance personnel. for fault ,.-. 
isolation; of,~&$ive Line Replaceable Units (LRUs) removed from the Ml Al Tank. The I 
Ml Al Tankjsystem is automatically selected via electricalkey coding within the LRUls. 
The followingtank LRU*s can.be tested by the DSESTS-Ml/FVS Test Set: 

3 

Turret Networks Box -(TN;Bl.~ .- I’ -_ .A 
Line-of-Sight Electronics Unit (LOS-EU) 
Gun/Turret Drive Electronics Unit (GTD-EU) . 
Commander’s Weapon Station Power.Control Unity (CWS-PCU) .- 1 -. ’ - 
Computer Electronics Unit (CEU) 1 

Computer Control.Panel (CCP) 
LaserRange Finder-&RPI ” i ., : _. 

IIuil Distribution Box .(HDB) 
. . ., Driver% Instrument,.Pancl~(DIP) 

Driver’s Master Panel (DMP) 
Electronic Control Unit (ECU) 
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TRANSMISSIONS 
FIRE EXTINGUISHER 
ACCESSORIES 

CONTROLLABLE 
INTERFACE 

p PVVR CONNECTOR 

SET 
COMMUNICATOR 

BASIC TEST EQUIPMENT METER - 

ENGINE/STABILIZATION 
DSA ACCESSORIES -: . . . .’ -. ..: 2: ,;. .- :..q ~‘i’I’::;,.-~,-,~‘.’ / -3: ~. 

_ _, . . .’ ->. ..;x.: .ri.Z. __^ _ 

I,. ,.... 

TURRET TEST ACCESSORIES 

Tmk Com maridgf’5 jp~?~l.(“fcp) -;, : , .‘, : .: ”  ‘.: ’ -  : ,.-* 

Hull Networks BOX (HNB) 
. :‘, :..: . :,. ;...‘>’ 

:I ..-I- c . . ‘-’ :..+.: ,: 4 
me DSEST&Ml/FVS Test Set is a microcomputer &b&&d’ ’ i&c &&i&&i i ,.e Stored 
programs configured to support the Ml Al. Tank System ~~~~~~~ Abe: se~~~n~~-~~ :~~~ration, 

i 
‘measurement and stimulus functions, and perform tli6’ ~te&~o&c to -iioia{$f&& to a 
replaceable module/subassembly of an LRU. 

._ : : . . .,.... ’ ., ,. ’ 
I.. _: ./. -,_ .,.<p . . -. . . 

3-194 



The DSES’I’6 cable set includes all necessary cables for interconnecting each of the LRU’s 
to be tested. The DSESTS provides power and stimuli to the LRU and measures signals 
and responses. The results of the measurements are compared with stored limits and 
determined to be acceptable or unacceptable. Unacceptable measurements result in a 
displayed failure message. Acceptable measurements result in allowing the test sequence. 
to continue, or can result in the end of a test with no faults found. Where operator 
actions are required, stored messages are displayed on an alphanumeric display to direct 
the operator. Operator responses are monitored to assure that appropriate actions have 
been taken. 

3.8.5.2 Physical Description 

3 The physical.configur&ion of the DSESTS-Ml/PVS Test Set is shown in figure 3-73. It 
consists of .-four .cases, an eIe&ronics unit, and three other cases containing cables and 
ancillary equipment. 

The ele&tronics unit contains all of the stimulus and measurement circuits on replaceable 
plug-in circuit cards. The electronics unit also includes the operator’s panel which 
contains the controls. indicato&display, and interface connectors; I_-: . . ,- 
An external regulated DC power supply is required that is adjustable form 18 to 30 volts .:_ 
and capable of ,supplying thk :DSl%Yl’S-Ml/FVS Test Set with a current capability of 30 :: 
amps. ‘/. < 

3.8.6 Thermal System Test.Set .: .’ . . 

3.8.6.1 Functional Description 
._.. ‘, 

The Thermal System Test Set (TSTS) is a portable semi-automatic system designed for use 
by .direct support/general support (DS/GS) level ,maintenance .personnel for. fault ,isolation 

I to: replaceable wds and, modules. of the M60 ITS and M-l ,ThermaI Imaging System (TIS) 
units. The MlAl TIS units tested are: 

7 
Power Control Unit (PCU) 
Electronics Unit (EU) 
Image Control Unit (ICU) 
Thermal Receiver Unit (TRU) 

.’ 
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-  

\ . .  : . .  

-. +AANUALS-~~ ADAPTORS 

.  .  

OPERATOR INTERFACE UNIT 

.. 

CABLE STOWAGE 
UNIT Ml NO. 1 /.. ., 

ELECTRONIC ASSEMBLY 
AND ADAPTORS 

CABLE STOWAGE 
UNIT Ml NO. 3 

CABLE STOWA 
UNIT Ml NO. 2 

., 

Figure 3-73. DSESTS-Ml/FIB Test Set 

ThB’ TSTS utilizes a microprocessor and stored pro&am “routines to control the .fuhctions 
of- the test set. The stored program, in con$mction with operator responses,’ tiontrols the 
following: : ,. 

0 sequence of testing operations 
0 measurements and stimulus 

\ 
. . 

0 display messages 
0 control and monitor panel functions 
0 perfork logic necessary to fault isolate to replaceable cards and modules 



The program messages to the operator are displayed on an alphanumeric display and the 
operator uses the controls on the TSTS front panel to provide the necessary responses. 

Included in the test set is an ‘accessory case which contains the required unique adapter 
tools and test cables to perform- the individual unit tests. The test set also includes a 
holding fixture and portable collimator to perform the required diagnostic routines. 

The TSTS is shown in figure 3-?4. 

TEST CONTROLLER 

TRU HOLDING FiXTURE 

Figure 3-74. Thermal System Test Set 
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