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'I‘his Book -was prepared during 'early M1Al1 Tank® production”in -accordance with the
requxrements of the U.S. Government System Technical Support (STS) Contract DAAE07-
85-C-R022, Contract Data Item DI-S—4057.

A functional and technical deScription of the 'MlAl Tank System is provided in the
followmg pages to help the reader better understand ‘the function of the Tank and its

components.

This is the firét edition of the MlAi Tank ChoroeteriStics and Description Book.
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- 1.0 INTRODUCTION

L1 PURPOSE AND SCOPE L

The Characternstlcs and Descrlptlon (c & D) Book provides a ready and concise
description of the M1A1 Tank System and its equlpment. This book is intended for use as
a ref_erence document by tank system managers, engineers, planners, and users.

The C & D Book contains the following informetion:
a. A description of the M1Al Tank System including characteristies, funetional

block diagrams, the quantity of eaeh -major hardware item, and the drawing/
-mstanatlon family tree.

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

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

1.2 SYSTEM DEFINITION

1.2.1 General Description

The M1Al Tank is a fully tracked, 'lew;pi‘Qf'ﬂe, land combat assault weapon system
possessing armor protection, shoot-on-the-move: capability, and a high degree of
maneuverability and tactical agility. ’me four-man crew has the capability to engage the
full spectrum of enemy ground targets thh a vanety of accurate point and -area fire
weapons.

1.2.2 Functiqnal Areas

Functional flow block diagi'ems'&fbf't'he system‘illi‘xstrate the relationship between system
funetional areas and the system charactenstus and deserlptlons contained in this book.
The top level functional block dxagram shown m ﬁgure 1—1 defmes those system functional
elcnents which must be accomphshed to meet: the M1A1 tank system objectives. The
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Figure 1-1. System Level Functional Diagram



second level functional block diagram shown in figure 1-2 shows the combat operations
system function. The functional characteristies related to the. M1Al tank hardware
elements are presented in the functional diagrams of figures 1-3 through 1-7.

1.2.3 Missions

The classical offensive, defensive, and retrog'rade missions of tank combat units remain in
being now and into the foreseeable future. T'o:':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_f tank and infantry units. The improved
capabilities of infantry antitank weapons and the Advanced Attack Helicopter (AAH) to
defeat enemy tanks have freed ;thejtank from its function of being the primary antitank
system on the battlefield. The "offe_nSiye nature of the tank can, therefore, be more fully
realized since it no longer représents the primary means "of antitank defense. The M1Al
.Tank, utilized as the principal 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 capabxhty, and protected firepower.. The M1Al
Tank, complemented by other elements in the. combmed arms team, will be the decisive
element on the battlefield. -

1.2.4 Op erational Concegt ;

The M1A1 Tank will be the prmclpal element of armor whose role on the battlefield is to
defeat enemy forces, usmg firepower and movement. The role of the individual M1A1l
Tank can best be described as the principal element in the combined arms team. It is the
‘Tank that possesses, in a single system, the’ esentlal requisites for mounted combat,
whleh consist of ‘a high degree of tactical moblhty and protected firepower. Within the
combined arms concept, the M1A1 Tank will ‘normall& 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 classical role, spearheading the assault elements of
the field Army. The Tank will be employed as a member of a combined arms force which

1-3
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normally includes ~'a'rtillery, mech‘anized infantry,' "air“’defense, and aviation assets. The
Tank remains central to the combmed arms force. The primary ordnance. dehvery system
“and the combmed arms force emst primarlly to’ support the Tank inits role related to
destruction of the enemy force._ In order to dommate the battlefleld the Tank must be
able to survwe.: Surv1val of the Tank 1s predlcated on four basnc rules of tank employrnent
and design: utilize terrain, cover, and concealment . to: avoxd detection; if detected, use
mobility and agility to avoid being hit; if hit, armor protectlon must be adequate to
minimize the probability of penetration;: if penetrated the design of the tank must
inherently minimize the damage to crltlcal components and explosive stowage areas,
thereby inereasing the probability of crew survxval. W1th s pect to these four rules, the
tank platoon in the offense will use ‘the followmo' techmques of .movement: traveling,
enemy - contact unlikely, platoon moves m column of:- sectlons ‘and constant interval
between sections; travelmg overwatch, enemy contact. possnble, platoon moves in column
-of sections, variable interval (trail section keys its rate of movement on a lead section);
‘bounding overwatch, enemy contact expected, platoon uses elther alternate or successnve

bounds, one section continually overwatchmg the movement of .the other, movement
keyed to terrain. : ‘

In the defense, ‘the Tank Platoon will ‘forgan'ize-;'in de'pth‘,", employing’ three or- more
positions, preselected to optimize cover, concealment’ ~and fields of fire. The platoon
defense optlmlzes the’ mobility/agility of the M1Al Tank through attrition of enemy fire
by firing from covered posltlons, moving to and from the battlefleld positions by section
as dictated by the enemy sxtuatlon. -Engagement ranges will vary from in excess of 3000
meters to less than 1000 meters durmg the conduct of the opera_tlon. ~The objective of the
defense is the ‘total anmhllatlon of the attacker. Defense is tied to terrain only in the
sense that terrain offers cover -and: concealment to- the defender, increasing the
survivability and effectiveness of the Tank.» The hlgh levels of attrition made possrble by

the defense will: enable the defender to wrest the - lmtratlve of the offense from the
attacking foree.;_, : ‘ -

1.3 DnAmnGnﬁs'rAI,I;AhoN DOCUMENTATION

Interfaces Within the' MlAl tank desio"n are monitored and controlled by drawing

1-8 depicts the major assembly drawmgs (turret and chassns), the components, and the
subeontractor interfaces. ' o

1-10°
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2.0 SYSTEM CHARACTERISTICS

‘2.1 SALIENT FEATURES

The M1A1 Tank Ais illustrated in figures 2-1 through 2-6. Figure 2-7 depicts the external
features of the Tank The Tank-is a fu]ly tracked, armored land combat vehicle operated
- by a four-man crew conmstmg of the commander, gunner, loader, and driver.:. It is
powered by a 1500 horsepower turbme engine,; an automatic transmlsswn, and two final
drives. Transmission output is through identical left and rxght final drives to the traek
drive hub and sprocket assemblies. The governed engine speed allows a vehlcle top speed
-of 41.5 mph on: level hard surface roads ' :

The suspensioh 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. B oo

The 120mm M256 gun, mounted on a traversable turret, is used against fortifications,
-moving or statioriary 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
machmegun is skate mounted at. the loader's station and is used agamst troops and
aircraft. - The .50 caliber, M2 machmegun mounted at the Commander's Weapon Station
(CwS) is used against troops, hghtly armored vehlcles, and mrcraft

Nuclear, blologlcal and chemlcal (NBC) protectlon is. prov1ded on an 1nd1v1dua1 (ventllated
face plece ‘and protectlve overgarment) and . collectwe basxs by mamtalmng the crew
compartment above ambient pressure and by prov1dmg fxltered air. Crew proteetlon
agamst heat stress is also prov1ded by coohng the. ﬁlterd a1r and passmg lt through each
crewman's air cooled vest ' o T - '

- The NBC system uses bleed—ai'r*fromﬂ the engine which is passedi through ah‘air eyele pack
‘where it is cooled by a heat-exchanger and expansion turbine. The eooled air then goes to
the NBC composite filters where contaminants are removed. ‘The .cooled air is then
circulated to the each ecrew members ventilated face piece and air eooled vest.
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Figure 2-1. M1A1 Tank (Left Side View)

1 - Figure 2-2. M1A1 Tank (Right Side View)
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Figure 2-4. M1A1 Tank (3/4 Right Front View) -
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Figure 2-5. MIA1 Tank (Front View)
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Figure 2-6. M1A1 Tank (3/4"‘hig‘ht"liear View)
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COMMANDER'S M2 CAMMANDER'S

LOADER'S 7.62 MM 50 CAL. MACHINEGUN WEAPON STATION
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COMMANDER'S ' DRIVER'S - SMOKE GRENADE - LOADER'S HATCH
WEAPON SIGHT 5 axjAL HATCH LAUNCHER
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MACHINEGUN

TURBINE
ENGINE

(AGT-1500)
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MUZZLE REFERENCE
” SENSOR :
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’ CANNON , \@ ?, @\@ (
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‘ ENT (x1100-38)
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Figure 2-7. M1A1l 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 eapability is provided by three ABC M11 DS-2 decontamina-
tion devices (one stowed in the crew compartment and one in each turret cargo stoarage
box). ' ‘

Principal elements of the fire eontrol syste'n are as follows:
o | Gun/Tlm‘et Drive (GTD)and Sfabiiizatﬁen System ~ 
o = -iBamsnesCompu%er '(Bc)
° Gumer’s Pmnary‘Slght (GPS)
. ef- , Eu’zz'le Reference Sensor (MRS) :
. o | : commander'sGPS Extensmn (CGPSE)
0 “Thermal Imaging System {T19)
o Laser Rangefinder (LR)

o Commanders Weapon Station (CWS) Sight "
) o Cantm )
The hydraulically powered Gun/Turret Drive (G/TDS and Stabilization System prdﬁdes. for
gun stabilization in elevation and turret stabilization in azimuth. The gun elevdfion and:

depression is achieved by a hydraulic eylinder, and the gun/turret traverse is accomphshed

through a hydraulic motor and gearbox combination. Control of the system is achieved
electronically.
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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 Ballistiecs Computer (BC) permits accommodation. of changes in ammunition
and/or:ballistics 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 Referenee 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
'eolhmator mounted on the end of the gun tube. This allows the boresight position to be
adjusted : asa 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. The GPS optical relay to the commander's station provides
a full day and night vision fire control capability for the commander. A main gun backup
aiming capability is provided by the Gunner's 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.

Weld-fabricated, rolled, homogenous armor, combined with hull and turret armor
assemblies, provide frontal armor protection. The turret front and sides, including the
~ gun shield, are protected against the specified large caliber threats. Large caliber
protectibn;for the hull front is provided by an armor assembly across the entire hull width

~with high obliquity upper and lower glacis plates. Hull side protection consists of armored
_ skirts and structure. The rear hull structure and the rear grille doors give protection from
small arms fire. '
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Crew ‘and. tank survivability are enhanced by compartmentalized ’stoWﬁéé-‘“‘o‘f'“ fuel and
ammumtlon, by mlmmlzmg visual and noise’ s1gnatures, ‘and- by - nuclear hardenmg-
electronic components. Compartmentahzed stowage of fuel and ammunition reduces the
likelihood of a significant event (secondary fires or explosions) which may:‘destroy the
tank or injure thé crew. Minimizing visual and noise signatures reduces the probability of
being detected and hit by mortars, rockets, or missiles. Nuclear hardening ‘ensures that
the tank’s electronic subsystems will remain “operable*after'a nuelear "explosi'bh which will
.generate 'various effects, mcludmg- ‘shock; thermal, electromagnetlc pulse (EMP) and
transient radiation (gamma rays, neutrons, etc) R R '
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2.2 SYSTEM CHARACTERISTICS 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 Pressure

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)
Width (reduclble)
Dlmensxons

Velucle Center ‘of

- e e e em . e e e m o we e

Gravity

- - wr e w e - -

- e wm e em

———————
———————
———————
———————
———————
———————
———————
———————
———————
———————
———————

- e e e e e e i . e e e em wm . e e

(X) Longxtudmal (forward of fmal dnve centerhne) - =
) ,;.Lateral (posxtwe,'*ight on vehxcle eenterlme)

_A2) - Vertieal (above groind line)
Vehicle Frontal_ Area - -~ - == == - =e =
Vehicle Side Area

Vehicle Top Area

- eem e e s e em W e ws w s e e

2.2.2 Performanee

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

Cross-Country Speed

~ Acceleration (forward direction, time from 0 to 20 mph, dry

and level surface roads)

2-9

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.

(figures 2-8

thru 2-12)

. 126.3in.
- 52.1 in.

75.9 ft2
162 ft2

3112

23.8 hp/ton

41.5 mph

NBC on 4.0 mph
NBC off 4.1 mph
up to 30 mph

NBC on 7.1 sec
NBC off 6.8 sec
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* Figure 2-8. M1A1 Tank Dimensional Characteristies (Left Side)
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-+ Figure 2-9.- M1A1 Tank Dimensional Characteristics (Right Side)
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“. Figure 2-10. 'M1A1 Tank Dimensional. Characteristies (Top View)
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WIND SENSOR CAN BE FOLDED
DOWN AND SECURED

113.65

DL - =
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Figure 2-11. M1Al Tank Dimensional Characteristics (Front View)
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Figure 2-12; M1A1 Tank Dimensional Charaeteristics (Rear View)
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Range (constant speed of 29 mph on dry and level paved roads, ce N
without. refuelmg) - ---=--=-=-----=~------._ . NBCon279 miles
'NBC off 289 miles
Fording Depth ‘ o , P L
0 Withoutkit- -~ - - = = = = = — = -~ — = - - - 48 in.

o Withkit ---->--------------- = = == . Turret Roof
' ’ " including
R bow rwlav,e
Braking o
(V] Deceleratxon from speeds between 30 mph to maxlmum speeds ‘ N
. ondry level paved roads - - - - - - - - - Sl il A 1_3f_t/s¢”ec‘2
o Devxatlon from straight lme path (equal to or less than) - _f ‘ 6 ft in 50 ft
Obstacles , _ 7 ‘ o -
o Vertlcal step (forward du-ectlon) g . 42in.
o Trench crossing (forward direction) - - - - - - - - - - - - 9 ft width

2.2.3 Armament

MEINGUN - - - - - - - .- ---- oo ... 120mm,M25
Coax Machinegun - - = - = = = ~ = - = - - = — = - ______  7.62mm, M240
Commander's \iachmegun iR i A B - - --- - - i,.SO-,caliber, M2
Commander‘s Alternate Machinegun - - - - - AN Tt T - - .. 7.62mm, M240
Loader's Machinegun = - - - = = = - = - = - = = -- - __ - . 7.6%mm, M240
Riffe - - = == - - oo oo oo --o__-__  556mm, MIGAI

Smoke Grenade Launcher - - - - - - - - - - < I M250

- 2.2.4 Ammuﬁygiog Stowage

Main Gun (120mm, XM256) - = ~ = - = = =~ < -----s---  40rounds
Coax Machinegun (7 62mm, M240) e i T SRR | X 000rounds e
Commander‘s Vlachmegun(so cal, M2) - - ===~ - - --\-U»-”-'- - 1 000 rounck
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Loader's Machmeglm (7.62mm, M240)-— ST RS e N wre 22 1400

Crew Weapon (5.56mm, rlfle)- e B I I 210rounds
Hand Grenades (M67) "= - = = = = = = = = = = =~ = = = - === .,8grenades v

Grenades (M250, smoke grenade launcher) - - - = = ~ = = -~ = - == 2 rounds

2.2.5 Fire Control and Surveillance

Gunner's Primary Sight (GPS)

o  Dual day optics (narrow field of view) - - - - = - = - - - 6,20 at 9.5X
o  Dual day optics (wide field of view) - - - - - - - - - - - 16%at 3X
- o Close-in surveillance (unity field of view) - - - S--Z- 180at 1X
0 'nght vision optics (narrow field of \new)- -.-=s < - 2. 5° by 5 0° at 9.8X

o  Night \usmn opties (wide field of view)- = = - == = = 1 8,00 by 150 at 3X

o Sight stabilization- - -~ = - ~ = = = - = - = - - - - - - Elevation o

o Laser rangefmder rangmg capablhty = - --=-=----- 200 to 7, 980 meters
Gunner's Auxiliary Sight - - - - = = - - = = - =« - = -~ -~ ggat 8x
Emergency Firing Device i A L L ':'-' Standard M60A2-Type
'BalhstlcsComputer- f e et m e e e e ea . DlgltalSelf-Checkmg o
Gun/Turret Drive and Stabilization - - - - = - - - - - -———— -Elevation and‘ Ameuth |
Commander's Primary Weapon Sight - - - - - - - e R Optical Exterslon of GPS
Commander‘sWeaponnght---’—----'—-'"-'-_-’---'----A 20°at 3X A' -
Commander's Day Vision Periscopes ~ - - - - - -~ - - - ==~ - - § per tank, 360° at 1X _
Loader'sDayV‘monPenscope R -v‘-'-"- 360°at1X ‘
Driver's Day ‘Vision Periscopes - - - - = -~ - = - -~ - - - - 3 per tank, 120° at 1X
'Dnver's nght Vislon Perlscope (1mage intensifier) - - Seis 35° by 450 gt 1X B
2.2.6 w on
Roadwheel Stations - - - == -~ = = - = = = = - - - [P Tperside =
Torsion Bars - = - - - - - - - M= - --------- Tperside o
Shock Absorbers (modular rotary) P 3p‘er‘side
Track - - - = - - - e e e e e e e e a e oo " Double Pm—Rubber

Bushing with
Integral Pad
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2.2.7 Elgctr,ical System

Electrical Power (6 batteries, 12 volts)- - - - = = - - - - - - - - 24vde o
Electrical Capacity (battery only) - - - - - - - e S 1111 amp hours -
Alternator (chargmg system) - e e e e .- - - == -~ 650amp '
Voltage Regulator- S il e = = = = = = = - - Solid State

2.2.8 Communications

Intercom- - = == = - - =~~~ -~~~ ======-=-- AN/VIC-KV)

RadioSet - - - - -+~ = =-=- - —m— e e - - - - ———- AN/VRC-12 or
: ' AN/VRC-64 -
Security System - - - - == - - - - - - - e e - - - - - T-SEC/KY-5T -
e - . (2 units per vehicle)
2.2.9 Engine :
Type (two spool gasnﬁer/free-shaft power turbine with recuperator) AGT-1500"
Gross Horsepower- - - = = = = = = = = = - = —_—_——m == - - ‘NBC on, 1463 hp
‘ ' o at 3000 rpm
" ‘“NBC off, 1500 hp at
| . 300rpm
Gross Torque - ~ ~ = = = = = - == ==-=-----~-~----- NBCon, 2561 b ft
~ at’3000 rpm
_»."'~NBC off, 626]bft
S T A ~ at 3000 rpm
Maximum Torque - - = = = = - = = = = = = = - = - = - =~ - - NBCon, 38421t
AN | ‘ ~ at1500rpm
' NBC off, 3885 Ib ft
S TS S . A . at1500rpm
Engine OutputSpeed at Ma:iinium Tank %eed k(4_1.-'5 mph) - - - - - = | 'NBC on, 3150 rpm
s . NBCoff,350rpm
Fuel Capacity (usable) - - = = = = = = = = = = = = = « = = - - 495 gallons
- 0il Capaclty (mcludmg oil cooler and lmes)- R — \-: - 6. 25 gallons

2.2.10 'h'ansmlssmn :

Type(hydrolqnetxc—fully automatle) - === === === ~-=-= X1100-3B
Torque,Converter (TC-897 =~ - = - = = - - = = = == ==~ ==« 3Element
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Braking (two fully independent systems)

Oil Capacity (including oil coolers and lines)

2.2.11 Final Drive - -

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

2.2.12 Turret‘.

Main Gun/Coax Maehmegun

o Elevatlon lxmlt-forward (110 degrees right and left of - - -

'tank cen‘ "rhne)

tank eenterhne)

o Traverse capabrhty (in either dlrectlon)
o ‘Elevatmn trackmg rate (powered)

Elevatipn ;tra,cking rate (manual)
o 'I‘raverse_ traeking rate (powered)

o 0o oo

stablhzatlon commands)

Traverse tracking rate (silent watch control)

Traverse trackmg rate (manual

q__Elevatlon maxxmum slew rate (control handles)
:Elevatnon maxrmum slew rate (stablhzatlon commands) - -
Traverse max1mum slew rate (control handles and

Elevation tracking rate (silent wateh control) - - - - - - -
Slew rates for 1500 mil duration (silent watch control) = - -

2-18

4 Forward-and -
2 Reverse

- Hydrostatlc _ _
Pivot to Inﬁmtely )
'Vanable R

Hydrauhc and

| Mechamcal

45 gallom

46Ttol ... - -

-10 deg to +20 deg

0deg to 420 deg

360 deg
0.25 mils’/see'to
25 mlls/sec .

10 mﬂs/crank rev
0.25 mlls/sec to

" 75 mils/sec

Sor10 mlls/crank rev

400 mﬂs/sec o

7501'918/.?“,. o

| 750 mils/see

up to 75 mils/see |
up to 25 mils/sec

up to 300 mlls/sec




2.2.13 Commander's Machinegun

Elevatioh mit = = = = = = = - e o = cc e e e e - -
Traverse capability (in either direction) - - - - - - - - m === -
Traverse tracking rate (powered) - - - - - - - - - - B
Traverse tracking rate (manual)- - - - - - -_——— e o - -
Elevation ﬁ'acking rate (manual) - - - - - - - e me - -

2.2.14 Loader's Machinegun

Elevation hmlts --------- £ e e e e et e —— - -

Firepower coverage (loader's sector of responsmmty to left
of turret) ~ - - - = -~ - -~ - - R eI I

2.2.15 Nuclear, Biological, and Chemical
Minimum Cfew Compartment Pressurization (hatches closed) -

‘Gun Firing -~ - - - - - - - P Sy ULl

Mlmmum Ventllated Face Pleee Air Supply
’Commander-.----------f .......... - - -

Loader-SCFM ------------------- - =
Minimum Air Cooled Vest Alr Supply :
Commander- S m = .- = ms .o, - =S~ = -~ - —----

-10 deg to +65 deg

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

‘Variable up to

110 mils/sec

3.7 inches H,0
0.0 inches Hzo

3 standard £t5/min.
3 standard ft3/min.

- 3 standard £t3/min.

3 standard ft3/min_.

14 standard £t3/min.
14 standard {t3/min.
14 standard £t3/min.

. 14 standard ft3/min. :



- 3.0 SYSTEM DESCRIPTION

This section contéins functional and technical descriptions of the M1Al Tank hardware
elements. The tank hardware elements described herein are related to the following
subsystems: ‘- R e : e .

;Powérp‘ack -

''Suspension

" Fire Control -

-~ Armament ,
Auxilisry Automotive System
Special Equipment and Kits

© © 6 0 0 0 0 o




3.1 HULL

3.1.1:-General Description and Funetion .. = |

The M1Al Tank hull is compartmented into three basic aress cons"isting;iiquﬁ,t‘_hee;driver's,‘
station, the hull center compartment, and the engine compartment. Thé _hu‘ll provides
ballisties and environmental protection for the crew and internally stowed components;’ &
The hull also provides for proper interfacing witl} the suspension- éystem,” powerpack,
turret assembly, on-equipment-materiel (OEM), NBC system, -and;;,:eqnﬁ!;racj:ft‘br- furnished
Kkits as applicable. h'adﬁﬁon the hu]l_ is designed for _‘a‘mmunitionf stowageg mounting of
auxiliary automotive components and subsystems and NBC components. Thehull assembly
basic structural features are shown in figure 3-1. | '

INLET GRILLES

ACCESS COVER

BLOWOFF PANELS <

TOP DECK -

BAT e ' ,
BATTERIES COVERS | | e
FUEL TANK COVER . . COVER
FUEL TANK ‘ — R
BULKHEADS  HULL AMMO COMPARTMENT = S
: o . REAR -~ . :
GRILLE DOORS

HINGED
FENDER

FORWARD FUEL

COMPARTMENTS MUD FLAP -

< ~ ENGINE
FORWARD INNER »
SK IRTS 'COMPARTMENT
BULKHEAD AMMO DOORS |

BULKHEAD

Figure 3-1. Hull Structural Features
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3.1.2" ‘Hull Strueture

The hull strueture is designed to ensure crew 'survivabilit'y and provide proteetion for
interna}ly 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 aress. Armor protection -
is also provided for the hull ‘enginé 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 fuel ‘compartments, the engine
compaftrn"é'nf; 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 the engine -
compartment bulkhead on the right side of the tank and separated from the crew area by
slidin"g‘ armor do.ors. 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 in the hull bottom. ‘The hull appendages', including the skirts, engine compartment
top deck, air inlet gnlles, rear gmlle doors, and the driver's hatch complete the ‘hull
protectwe envelope. Rt el " v '

3.1.3 Hull'Electrical

The hull electrical system - consists of a power source, power control, and a distribution
system. A two-wire, isolated return electrical system 1s mcorporated and the power
ground wire is routed with’ thew correepondmg hot wire in a twisted pair to maintain
electromagnetlc compatlbmty "EMI/EMP - shleldmg on**harnesses and electrical °
components has been used'in accordance thh M1A1 EMC/EMP demgn gtndelmes. '

The véhiclé "";‘io'w‘er source consists of six 1ead acid batteries c&hnected‘in ‘a series/parallel
confxguratlon to provide a 24 vde, 300 amp hour capacity. ‘The battery system prowdes
sufficient electrical capaclty to meet the critical engine cold starting and silent wateh
' requlrem_enptsk.r -The charging. system uses a 650-amp oil-cooled alternator with a solid

state :regu]a'tor. These supply the vehicle electrical/electronic’ system power while
’ maintaining fully charged batteries _at approximately '60 percent. of the alternator-
capability. All hull electrical system components, panels, and boxes are desxgned to
operate w1th an input voltage of 18 to 30 vde. .



System reliability is maximized by using proven and estabhshed military specxﬁcatlon
components, low risk design practices, and high design safety factors. Electncal
components ‘such' as.relays, switches, wire, connectors, eireuit_ breakers, and -semi-
conductors have been standardized to achieve consistenﬂyvrt;;igh performance. . |

System maintenance is facilitated with centralization of. contrels and interfaces and

design features for fault isolation. A master warning. hght 1s located in view of the

driver. - It illuminates when a critical engine parameter malfunction or engme

compartment fire occurs. ‘Hull electrieal control and power distribution clrcmt breakers

are located on the power distribution box and networks box mthm easy access: of the
driver. . Diagnostic test comnectors are provided on all »control panels and boxes for
monitoring of interface signals to quickly isolate faults to- the assembly level mthout

removing components.

All harnesses, harness plugs, and panel receptacles are ciearly marked for' ease of .
identification.. Numeric coding of individual wires: sxmphfies tracing of cu-cmts at hlgher. .
levels of maintenance. This coding is reflected on all circuit sehematus. Y R e

A utility outlet is provided on the hull networks box for operation of & trouble hght,
speeial power tools, or the OEM food warmer. The NATO slave receptacle 1s mcorporated
to provide standard slaving capability with the M1 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 havmg
rear blackout markers and blackout: stop: lights are also _.prq'\iided.; _In addition, IR filter
lenses are provided for exchange with the headlight lenses to provide active IR
illumination. When the IR filter lenses are in use the rear lights must be disconnected. .

BATTERY CHARACTERISTICS

Quantity- - = - - = = = - 4 & Se e e m e o oo oo 6
Battery Connection - - - = - = = = = = = = =« - o = e o Series-parallel.
Capagity- = - = = = = - - = e 0 s s c e s et e s a e 300 amp hours




Voltage - - -'- .- —_——————a - - - smo s mmoe s - - - 26 to 30 vde
Output - - = = = = = = = = == - --\{,- S s 650 amps - 28 volts
L S o ‘at 2400 rpm
Coolng < - =< e et sieaoooooo OB
Oil Flow- - - - = - - - — _4 ---- .- '4;'72 -- ot - | 3 to 6 gallons/min
Weight S -';,' ce-- 7’:;,'-'_:"'.:""' - '-_~.';7:' e .‘A ,95.'11?51-?
Special Provisiomv- '- - - - - -- .‘:-'.."_ -.... - /"'K" --- - - Waterproof

TP = = = = = = = = c e = e e e S = mm e === -= - - Solid State
Voltage ~ =~ =~ = = = - = = = = = = - = = - m= = - === =~ 28 vde
OUtDUt = = = = = = = = = = = = @~ ¢ o o cCmmemo = Fleld control
WEght - - = = = << < - - - oo 6 Ibs

- weeialProvxslons; ---- - .- .-’-;-.7-'7-’ --- - -7 Si Waterplroofv.

3.1.4 Ammunition Stowage

‘Compartmentalization for main weapon ammunition is provided .in the hull. Six main
weapon: rounds are stowed in: the.hull ammunition compartment shown in figure 3-2. This
- location is. vented at the top and the bottom by blowout panels prowded in the structure
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"Figure 3-2. Hull Ammunition Stowage

of the hull. The hull main weapon rounds become accessible for transfer when the main
weapon is-over the left front fender. The hull-stowed am munition is shielded from engine
compartment heat and noise 'by a thermal and acoustical barrier on the compartment wall.
Steel~covered layers of glass cloth on the engine compartment wall provxde eomplete
coverage. Plastic liners are located next to the round warhead, along the compartment :

wall, to absorb energy and protect the surrounding structure when ammumtlon is
detonated. - ) ‘

3.1.5 Driver's Hateh

The hull includes a hateh positioned above the driver's station compartment which enables
the driver to control the vehicle in a head-out position and functions as an ‘esecapé hateh in
an emergency situation. Three unity vision periscopes are mounted in the{?di‘ivjér's hatch
for closed-hatch driving. These periscopes provide the driver with an oirerlapping field-
of-view exceeding 120 degrees forward vision.
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3.1.6 Auxiliary Equipment

- Provisions are provided within the hull for the vehicle hydraulic and electrical power
distribution system including protectlon and control devmes, battenes, and cabling. The
hydraullc ‘power distribution:system includes the main pump, reservoir, hull manifold
‘asembly, filter manifold, turret" ‘manifold assembly; auxxhary pump, ammunition <door
actuator, heat exehanger, -and: the pressure “and- return’ hoses and tubes. -The hull also
* contains the vehlcle fire extmgulsher system. A NATO type slave electrical receptacle is
- provided, whlch, for securlty purposes, is accessible from inside"the vehiele only and is
connected to the vehicle prime'power system. Provisions for towing are available at the
front and rear of the vehicle, mcludmg a towmg pintle mounted on the vehicle centerhne
at the rear of the hull.

3.1.7 g_ngine Compartment Deck, Grilles and Aecess Doors

The rear .top‘deck of the hull over the engine compartment is a removable single unit
- structu're to facilitate powerpack installation ‘and removal. ' This panel which must be
removed pnor to detachment of the top deck, allows access to the engine accessories.
~~Four - hmged mr—mlet grllle doors are provided for the coolmg swtem. Two hinged access ‘
. doors are provnded over the: a1r cleaner.

"‘§L1'.8~;jothe., , rHullAccessDoors d Covers " -

; access:plates for the final dnve/transmlaaon
“engine air plenum seal, and a bolted cover for

- the hydrauhc reservou- draxnmg

The hull also includes skirts which in conjunction with the hull side armor provide
protection against ballisties threats. * The hull skirts open on vertical hinge lines to
“provide access to the suspension components.



3.2 POWERPACK o SRR e

-3.2.1 General Description and Funetion -

_The powerpack shown in: flgure 3-3 deplcts athe AGT-1500 turbme engme, the X1100—3B_1
transmission, the. final drive, the  air. cleaner system, the scavenging blower, and the
_cooling system.. -The powerpack and -accessories ‘are desngned for edse of mamtenance and
can be removed qmckly and easﬂy. The powerpack w. ;:ghs approxlmately 8,500 pounds_
and its dimensional eharaetenstus are.119.0 inches- (length), 80 0 inches (mdth), and 47.0
inches:(height). .

Flgure 3-3.. POWerpack
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3.2.2 E_qgg_"‘ne

3.2.2.1 ériptibn and Funetion

The M1A1 'I‘ank turbme engine provides power to the transmlsslon to drive the vehiele 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 statidnai‘y heat exchanger (recuperator). Basically, the engine consistsof an air inlet
and exhaust séCfion, ‘a five stage low pressure compressor, a five stage high pressure
compressor, an accessory drive gearbox with starter, a combustor, 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 whlch includes an electrohydraulic metermg ‘device mounted on
the engine and an electronic control unit mounted in the vehicle. The engme is equipped
with a lubrlcatlng oil reservoir and has prowsxons for mountmo and drlvmg the ‘vehicle
hydraulie pump from the aceessory gearbox. Integr.al electrical “harnesses provide
circuitry for engme controls and instrumentation. - R

Figure 3-4. AGT-1500 Turbine Engine
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3.2.2.2 Engine Characteristics (NBC Off)

v power turbme
Model - - = - ~== == -e==---=-==------- AGT-1500
-Rated Shaft Horsepower at 3000 rpm- Output Speed - == ==== 1500 HP
o Length - -L_-b,— I —m = --' -- = _,‘66.75‘ir|>.> |
© Width -=---=-===2-2===2=-=---_3%0in.
"Height - - == ====«-«===- -- ----- ,'31.6m.
Dry Wenght (excluding starter and hydrauhc pump) 2 emm o 2528 lbs
Governed Maximum Output_Speed S . e :
0 InRange - ----=-=-"=~c=®“~“~@“~=«---_ 3,00043,150rpin
0 Neutral and Pivot Steer -~ - - - - - = - - :-,a-,-‘ == -f2,350-2,450 rpm
_ Mammum High Pressure Spool Speed (NH) - = = = = - ~ - = - = 43 500rpmv o
- Maximum. Low: Pressure Spool Speed (NL) .. - - - - = = - - - = - 33, 000rpm .
Maximum Power Turbine Shaft Speed (at: 3150 rpm Output) - =  23,000.rpm . e "

Idle High PressureSpoolSpeed(NH)- - ----- -.»-:-7_- - 24,400rpm-_

Idle Low Pressure Spool Speed (NL) - - NP SR %
Governed Minimum Output Speed
v o'; Low idle (neutral or in range) .
Tactwal idle and pivot steer

Oil Capacrty including 2 gal.. cooler an line eapaclty ,
(lubricating oil eonformmgv 0. MIL-L-23699 and MIL-L
AretieOfl) - = - = = - = = == - - o - -

Maximum Oil Consumptlon e B <
- Fuel Types (conforming tc to Federal speelfleatlon VV-F-800) ---- DF

Minimum Speclfle Fuel Consumptlon —-- - ; !
Transient Response (from- 1dle to 90 percent rated power)

Power Decay Rate: (from 100 pereent rated to 20"
ratedpower) © = -~ - - - ==

Exhaust Smoke (normal con’ditiolls -- = o -
Smoke Generation (cam age G - - ..v - 71‘ - sediaa
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3.2.2.3 ._Air Induction System

| The AGT-1500 engme air mductlon system uses a high effxcxency air cleaner and an
interconnecting duct providing filtered air to the engine. Figure 3-5 shows the air
mductxon system arrangement. ‘The air cleaner effectlvely fllters mcommg 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 remmmng contaminants via
barner filters. These fllters (1.e., V-packs) are fabricated of pleated paper treated with a
fire retardant.» Overall separatlon efficlency of the air cleaner is 99.8 percent when
tested mth SAE coarse test dust and 99.5 percent when tested w1th SAE fme test dust.

Figure 3-5. Air Induetion System
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The induction system is designed for 10,000 cfm of engine air flow with'1,000 efm airflow
for the scavenge exhaust system. The mlet grllles are snzed for 11, 000 cfm w1th mlmmum-
restriction. o SRR U S R

" The mterconnectmg duct is demgned to prov1de flow mto the engme bellmouth and to _‘
"mlmmlze ﬂow loss. ' ’

~ The air cleaner service alert oceurs at an air cleaner restrlctlon of 25 mches of water
(total system restrlctlon equals 30 35 mches) Velucle moblhty is not 1mpa1red at this
restriction level. The air cleaner is desngned to sustam 20 hours of operatlon when
ingesting coarse dust at a concentration of 0.025 gm/ft3 before attmmng a restriction 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

“-witha band clamp. A smgle air: cleaner and mechamcally ‘driven scavenge exhaust blower
' mmumzes complemty, space requrrements, cost, andfsermcmg. ‘This blower is mecham—

: lf-'?'cally driven by means of a: power takeoff shaft on the down stream side:o:
fan dr1ve shaft. There are three V-pack barrxer ﬁlters to servwe and no tools ar Eequlred

: \to remove or replace these elements. Baffles' ‘whlch dlrect incommg cool ai mtothevalr,

~  cleaner, also. elrmlnate contammants ‘and heated engir compartment“ 'alr rom -entering -
. the. mductlon system. Sponson mlet grr'
o entermg the mductlon system. e |

: "'-and small,arms fire ffrom

szzwxhrsm ctmL_ ten

-;'r;'lhe engme e:dmust system 1s desrgned to dlscharge exhaust gases mth a mlmmum of- 5

C o f*_reclrculatxon mto the eng'me compartm ent. : The exhaust system con31sts fa double wall'

‘(16) bolts are used to attach the exhaust duct to the engme.
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. The exhaust system also mcorporates a smoke generatmg 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. The.smoke generator is -
desngned to obtam 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 Engine Control/Electricsl System

The engme control system mcludes provxslons for startmg, overspeed and overtemperature
protection, output speed governing ‘(para. 3. 2:2.2) 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. - .=

To start the engine, the driver merely pushes the start button and within 60 seconds the
engine achieves a’ stabilized idle condition and is immediately ready for vehicle moveout
at full power. - Engme control by the driver is attained by means of a power twist grip
* which increases fuel flow to the. engine in accordance with load demand. With hands off
! operation, the minimum engine idle speed is maintained by the governor system at
epproximately 950 + 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 appro:nmately 1300 + 100 rpm during tactical
operations for peak vehicle acceleration by engagmg the tactlcal ‘idle switeh. The
governor control system also hmlts the engine maxlmum output speed to approximately
3150 rpm which corresponds to a maxlmum vehlele speed of 41.5 mph. - The governor has
rapid response and will protect the engine: agaust a sudden loss of. load at full power. The
driver has full control over the speed range between the rmmmum and maximum governed -
speeds.

The engine electrical system is demgned for mghly rellable operatlon and ease of
maintenance for both component replacement, and rapid. powerpack removal, and installa-
tion. The system operatlon features melude automated startmg clrcultry with safety
lockouts to abort the start, or to. return an operatmg engine to 1d1e when critical failures
‘are detected. Override start clrcultry is available for emergency operation. Continuous
monitoring is provided to the driver for critical operating parameters. Additional system
features include an accessible starter motor, with adequate cranking power to provide
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reliable’ engine startmg at ‘cold. temperatures, and a 650° amp alternator that- uses engme
- oil for cooling ‘and is- mounted off the resr of the transmission. Other’ hardware includes
the speedometer: sensor, pressure, temperature and level sw1tches, solen01d valves, and

associated mterconnectmg wiring.  The harnessmg uses hlgh temperature wmng and
rconnectors w1th a viton polymer blend- waterproof covermg.

Electromagnetlc Compatibility (EMC) and protection from Electromagnetlc Interference
(EMD and Electromagnetic Pulse (EMP) compatlblhty are ensured by use of a two wire

power system. All wmng is twisted shlelded and uses RFI filters, where necessary, in
aecordance w1th the M1A1 EMI/EMP desrgn gmdelmes. |

3;2.‘3 ' TranSmiSSion_

3.2.3.1 Deseription and Function

The X1100-3B hydrokmetlc transmission. shown in- figure.. 3-6 is fully automatic- and
_eonsists of a torque converter with an automatic lock-up cluteh in combmatlon with a
bfour speed planetary range package. Hydrostatleauy controlled variable ratio- dnfferentlal
steermg is. superimposed on the.outputs through combining: planetarles. ‘0il: cooled brakes
of multlple plate constructlon, integral to the transmlssmn, prowde vehlcle brakmg Oil
filtration is provided by a. dual filtration system.
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The three element high capacity torque converter multiplies the characteristic high rise
torque of the turbine engine and transmits it to the range pack. This combination of high
converter capacity and high engine torque provides the desired acceleration, steering, and
“mobility ‘characteristics. Under most operating conditions, a lock-up ecluteh 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 package, consisting of five multiple disc clutch packs and three planetary gear
sets, provides four forward and two reverse ranges (drive ratios) in a compact arrange-
ment.

The drive ratios provxded by the range package are sxzed to distribute engine power
uniformly over the vehicle speed range, maintain engme operatlon in the most efficient

speed range, and provide the sprocket torque needed for gradeabmty and tractive effort
requlrements.

Two front 'poi‘vér ‘takeoffs are provided for mounting and driving cooling:fans, and a rear
power takeoff is prov1ded for mountmg and dnvmg (with mtegral nght angle drive) the

altemator. gy

A schematie :‘ofithe major transmission components is shown in figure 3-7. . -

INPUT

CONVERTER LOCKUP CI.U'CH
o FAN DRIVE PTO'S , o
. TORQUE CONVERTER . .
LElln : : —-1:"' . SECOND RANGE CLUTCH IN .
) : FORWARD AND REVERSE MODES
R - RANGE CLUTCH SR - | STEER CROSS DRM . L

THIRD RANGE CLU ‘

- ™~ 2N /

SRR _ FIRST RANGE CLUTCH NS
FORWARD MODE CLUTCH —, 3 47 IN FORWARD AND REVERSE MODES
b 1
g reen AT, = | s _ e
' : mrreasmm.l T g8 I_[ \ T+l
ISR sake [ 1SS S make R
oty =z ol | ! L 1 PRRY
R 9z Pl P2 |
el D= RN - Y gy £y | |STEER AND DRIVE ==+
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irineei CROSS DRIVE _ 2| . rourtH xmcz/: o i Ananerany
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Figure 3-7. X1100-3B Transmission Schematic
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. Type . e = === mmee - ,-‘-.'-;- s - - Hydrokinetie, -

Model == - === -=s=s==--=“="“22-2“==-- X11008B |

O Length = - = = = = = = — = = = = = = = = - = - -=  40.8in
0 Width------cooooootToioaaooL 82000
o ‘Heiéht B e R R AL 42.4“. N
Dry Weight (including oil filter and manifold) - - - -~ - - - - - - 402bs o

Maximum Grosé Input ﬁowef (at 3000 rpm) - - e 1500hp
" Max:mum Net Input Pd%wef(at 3000 rpm) - -  --- }-‘ - 1400hp ’
Maximum NetInput Torque - - = - = = - = - - === - - - -  3250bbft
0 First - oo mm e el -~ 5881 .
Seeomd - ----------------o---- 3020 .
Third -------------- R 1901 ..
Fourth - - - - - - - e mee - -c---- 1381
Reverse-l = = - = == = = =m = e - casmeae o 8300
o Reverse-2 - - - - - R R T B NN R 2.35:1

Operating Input Speed Range - - = - = = = = - = = - - - - - -  855t03200rpm
Steer Ratios ‘ B . : : '
o First ----------- e e me e~ .- - 2383
SecONd - - - - - - - ------oo_--_-o- 152
Thid -----=--~-ca-- -——ee - - - -- 1;30:1
“------- Seme-ei-aooo-- 1184
Reverse-l - - - - - - -------_.----_- 384 .
Braking (brake apply shafts) - - - - - = -~ = ='='= - _ _ - = - 1 hydraulic and
| | B 2 mechanical
Oil Capacity = -=-----==-=o-co_---_o--  40gallons

© 0 o o

O © 0 o0 o
g
g,‘
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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 shlft governor. s1g'nal fallure. In addltlon, 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 upshlft oceurs should the normal upshift not
oceur. Downshlfts and forward/reverse shlfts are also inhibited to preclude selection of -
an incorrect gear range. )

Electrical agnals are sent to the transmission from the drlver‘s shlft/range selector to
provide the following ranges.

. Low (Automatic-First, Second, Third, and Fourth)
‘Drwe (Automatxc-Seeond, Thll‘d, and. Fourth)
Neutral

“Reverse (Automatic-First and Second)

: PlVOt Steer ‘

© ©0 0 ©:0

3.2.3.4 SteerinLand Braking

The steer 'sisteiuﬁincludes a variable disblaceiueut radial hydrostatic pump coupled to a .
radial fixed dlsplacement hydrostatlc motor, a steer differential, and a regenerative steer
Cross shaft.» “This system produces equal and opposite variations in transmission output
speed whlch provxde the vehicle with the ability to maintain a given turning radius in a-
smooth predlctable manner mdependent of soil conditions, provided vehicle speed is not
sufficlently great to cause skidout. Pivot steering can easily be accompllshed within 1.5

vehicle lengths. Maximum prOt steer rate is 7 rpm. To pivot, the driver must select the
pivot steer position.

Vehicle braking is achieved through & multiple disc brake pack on each output shaft.
Hydrauhc plstons are used to actuate these dlSCS., An entlrely separate and independent
parking- brake apply system ‘is provxded through mechamcal actuatlon of the dises with a
ball/ramp cam “The brake system not only prov;des the capablhty to decelerate at 13
ft/sec » with: httle driver effort usmg the servxce brakes but also prov1des an independent -
hydro/mechamcal backup in the event that the transrmssmn hydrauhc pressure is lost.
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3.2.4 Final Drive

3.2.4.1 Descﬁption‘and pmcﬁon-

The final drive is a coaxial planetary gear drive q)eed reducer which trarsmlts power

from the transmission to the sprocket’ hub. The’ prmclpal elements of the fmel dnve are a
bolting flange for" mountmg to the hull, a saddle and cap to support the transm_sslon, an_r
output shaft to mount and drwe the sprocket hub, a dlsconnect mput shaft, a vent, and an
oil fill system. o -

3.2.4.2  Final Drive Characteristics

- Type = = = = = = = = = - .- -—- - -- —',-_,-'- i Coamal Planetary Gear o
S L T R A P Drlve Speed Reducer
Gear Reduction (final drive input to. sprocket drive R
OULPUL) = = = = = - o e m e e e m e m el C oo o 4671:010
Input Power ~ - - - = = - - - - - - - - et 1 S R ,750;hp.at-72400 rpm
Static Input Torque (applied to mput shaft) - - - - - - - - - 30,000 1b.ft
Static Radial Load - -~ ~ - - == = - - - - e e e - oo 225, ooo Ibs
Free Spin Losses (input-speed of 2400 rpm and noloadon . -
output shaft) - - - - - - - - - - - - ___ - - 12 hp
Power Efficiency (output. excludmg free spm losses) - - - ---- 9_8‘pereent;'n-. e
Number Requu'ed ‘Per Vehicle- - - - - - - - = - ----- 2 L
Umt Welght B e - swel - - -- - - 97015_&@. =
oil Capaclty (each) Semmsee----------- S5quarts
3.2.5 Coo! !gg %

3.2.5.1 Description and Funetion

The engine and" transmxssxon oxl coolmg is aceomphshed by the prlmary and auxﬂlary_ ST *
_ cooling systems shown in: figure 3-8, The pnmary (engme and transmlsswn) cooling

system " consists of a fan, ‘fan drive system, coolmg duct, transmlssmn 011 cooler, and P

engine oil cooler. A separate transrmsswn auxxhary eoo]mg system consists of a- fan, fan.

drive system, coolmg duet, and transmlssmn auxrhary orl cooler. -The systems mamtam'
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~ PRIMARY
TRANSMISSION ..
‘'OILCOOLER -~

. ENGINE AR R - _AUXILIARY
' . JRANSMISSION:
_OILCOOLER

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 0.67 tlmes gross vehicle weight with NBC on and the amblent a1r temperature at
1259F. The fans for both systems operate at 1.732 times engme output speed exeept that
during deep water fording they are dxsengaged. The" cooler cores are 6 inches thick and
the fin spacing is varied to balance the airflow and maximize the systeih .hea"t"rejection.
The engine cooler fin spacing is 18 fins per inch and the primary tri_mszhission cooler,
whieh is mounted adjacent to the engine cooler of the primary 'cooli'ng systém, has a fin
spacing of 15 fins per inch. The denser engine cooler core 1s located dlrectly behmd the
fan to obtam a high cooler effectiveness which is reqmred for engine 011 coolmg The
prlmary transmxssmn cooler core airflow is partlally obstructed by the transmission. The
prlmary transmlssmn cooler fin density and the transmission obstructlon 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 ha"s»llv 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 th'e‘s'tatic' pressure
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drop through the cooler and optimize the system capability. The transmission auxiliary
fan drive cluteh is a spring loaded"mechanical slip cluteh that monnts inside}the fan input
housing. The eclutch friction surfaces operate dry and du-ectly engage an adapter
connected to the fan blades.:: The bearmgs in the fan are sealed and are used to support
the fan drive output and- geared shaft. Thls arrangement allows the clutch to be
incorporated in the fan drlve mthout s1gmfieantly 1ncreas1ng the dlstance between the fan
and the fan drive shaft, thereby reducmg the overall length of the ‘cooling system. - Gears
and bearings for both fan: drlves are contmuously cooled and lubncated with transmlssmn
oil. The cooling system mlet gnlles are smed for 19 700 cfm W1th minimum restnctlon
and maximum ballisties protectlon. o ’

3.2.5.2 Cooling System Characteristics

Engine Oil Cooler o

o Inlet oil temperature - - - - - - - - -~ - - R 325°F S
o Heat rejection- - - - - - - - - - - - = - - - 4,300 BTU per rnm
"o Oil pressure drop- - - - - s e- - -=s-=-=-=~-- 10psi
o0  Air pressure dvropv R el - --- 4.3in.ef,wat.e‘r
o Oilflowrate - - -~ =~ -~ - --------- - 6671bsper min
0 Oiltype = == === == == === -==---- MLL23690r
S . MILL-T808
o Au-flowrate- - - - - -v', ---- - - ":‘f --- ;‘7 -~ 17'1lbsper min
Hydrostatlcpressme - - - - - === - 5.4 -'-‘-‘ - = 400p31
o Weight --==-=-=-c-coo_-o__-____ 59bs
Transmission Pmmary 011 Cooler o | ‘ : , - )
o Inlet oxltemperatm'e-'l-:'-’ - - -’.l - ;:‘_‘v—‘; --- 300°F
) 'Inletalrtemperature-‘-'A- S e e e------- 145°F
0 Heat rejection- - - - - - = - - -:-A:‘- - - — - - - - - 6252«Bquer_ min
o Ollpressuredrop-'f-'-.-'----'-'-‘--'----_-v- 10 psi
O Airpressuredrop - - - - - - - - ===~ 33m.ofwater
o Oil flow rate - C i e : v-ﬂ--‘-”-.-’--—— 4601bspermm
o Oiltype - - - - - [P m- - -s------ MLL-2104
o  Airflow rate- - - - - - - - - - == ===--=---- 2131bsper min
o Hydrostatlc pressure - -=-=--- - - -_'- - --- -_:.4 ; v60,0psi» o
o Weight - -=-=---- - — - - - - - ===~ 65Ibs
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Transmission Auxiliary Oil Cooler e
, _lnlet oil temperature - ~ - = - = - - - - -~ - = = - - 275°F

)
o Inlet air temperature - - = = - - = = = = = = = = = = = 1450F -
‘0 ,;:_Héatrejection- e ---=-e=-d--------- T7,500BTUpermin
o Oil'pressure drop- - = Siem st e e === 15p8i
o Airpressuredrop -'~'= == === -:.o-- - - -  4.95in of water
‘o Oilflowrate - -~ - === - === -==-===-=~=-- 460lbsper min
oOiltype L i L o - _ - i - m_L_2104
‘o Airflow rate- e s e®le i -oeie-=- -~~~ 385lbspermin
'6"*‘5”""'nydrostatlc pressure e e eatn o die e a e oo - 600Dsi
. o Weight ------ R e R 73 Ibs
Cooling Fan | | -
. 0 Type ~-====-==cc-““““c“=====-= Dual or Single Stage
- | ' o Vane Axial |
o _Maxlmum input speed- - -—— - RN N - = 5,300 rpm
o Dalgn point fan speed e mee e 3,700 rpm
o Power required at dslgn pomt ------------- 21 hp
o PFPanairflow - - =~ = = == = = = = = = = - = = - = -~ 7,500 cu ft per min
o "Numberrequlredpervehlcle ------- R ‘
o Unit weight - - - - - --- T 90 1bs
2 Aux:haryl?an Drive Clutch S | |
' : Mechanical
5,300 rpm
1501b ft
9.5 1bs
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3.3 SUSPENSION

'3.3.1 Genem chrigtion and Function

" The M1A1 Tank suspensmn system shown in flgure 3-9 1s a hydrom ani al'system whlch '
- provides vehicle static and dynamie support through torsion bar. sprmf éhd dampemng of
‘terrain induced vehicle ‘oscillation by rotary. ‘hydraulic. shock absorbérs. Each side of the -
vehicle -contains the fo]lowmg major sub-asembhes, compensatmg 1d1er w1th track}‘
“adjusting link, seven roadarm statlons with dual roadwheels, tw :
support. rollers, drive - hub - and - dual sprockets, rotary shoek . absorbe.{_ jous

ounce stops‘a't‘ /
 wheel stations 1, 2, and 7; and a 25 inch wide- double-pmned rubber-bushed mtegral pad L
track. .

~ ROLLER

SPROCKET
COMPENSATING
IDLER WHEEL

ROTARY

TRACK SHOCK ABSORBER
ADJUSTING .
LINK ASSEMBLY ROADWHEEL

TRACK
Figure 3-9. Suspension System
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) The compensatmg 1dIers and track adjusting lmkages are located at the front of the tank
and are. connected to a roadarm on both sides of the vehicle. Track drive is accomphshed
f'through the track drive sprockets and hubs which are attached to the final drive
assemblies at the rear of the tank. The track is supported and ahgned between the drive
sprocket and compensatmg idler wheel by two track support rollers.

Eaeh road arm attaches to a housing assembly whieh is bolted to the hull. The weight of
the vehicle, resting on the track and roadwheel, moves the road arm upward and produces
a rotatlonal movement in the upper spindle which causes a tmstmg ‘of the torsion bars.

As shxftmg vehicle wenght moves each road arm upward, the twisting action of the torsion
bars resist the motion and produces a sprmgmg action which supports the load and, at the
same tlme, keeps  the ‘track in contact with the ground. Roadwheel positions are
identified by numbers 1 through 7 startmg with number 1 at the front of the tank and

gomg to mxmber T at the rear. ' B

3.3.2 Suspe nsion Cha_ract'eristics

Type == ~==-=======“““ 9 c2oc-«- ' Hydromechanical
Track = -========== == = - = == ======-~-  Integral Pad
Spring (seven per. snde) -, e -~ B i - Torsion Bar
‘Shock Absorber (three per side-stations 1, 2,and 7) - - - - - - - Rotary Hydraulic

- 0Oil capacity per shock absorber - - B T T T I 3 quarts
Roadwheels (seven stations per side, two wheels per station)- - - - 25 m. diameter
Roadwheel width (nominal) - - - - - - s = mm - . 5.991in.
Ground Clearance (center portlon ofhull) - ~ = == = = = = = - 19in.”
Ground Clearance (other portlons of hull)- - - - - - - e S | | R ~
Cross-Country Speed (APG Terram ProflleIV) - - - ===~ Allspeeds up to 30. mph
Track Width - = = = = = = = === == = = = = = === - -~ 25in,
Track Temsion - - - - = === ======-===-= -~ 10,000-15,000 Ibs
Rolling Resnstance - - -smss - - —— e e e e . .- - - 80-100 lbs per ton
Sprocket Pltch Diameter- - - - -’“.-;- - ---- - 26.8 in.
Length to Tread Ratio= - - < = =~ - = = = = S W |
Bounce Natural Frequeney - - - - - - - - - B © 1.16 Hertz
Pitch Natural Frequency - - - - - - - - B I 0.85 Hertz
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Roadwheel Jounce Travel 1 Rt Sl A e s ---- %7 A}
Composite Vertical Sprmg Rate-; A R Sl sy Balts
dounce Damping Force at Roadwheel

szso—sloo 1bs at 1 radian
per sec’ veloclty '

Torsion Bar Spring Rate (each statlon) e | o '460 000 m. lbs/radum ‘
Suspensmn System Weight RO CTR RS - - - sea e 22, 223 s

03-3 M [ s . S ’Y

spring system is designed to permit exterlor access to the torsmn bars from both s1des of
the tank. Thus, if a torsion bar breaks, each broken end of 4the, bar. can be pulled out. If,
there are any fragments, they will be contained in the alumnium cover tube from which
they can be removed from outside the tank.

ROADARM
ngsmc; 7 "ALUMINUM COVRR - 4 ROADARM/SHOCK ABSORBER

TUuBE . . - HOUSING

THREADED HOLE FOR
INSTALLATION AND
REMOVAL TOOL -
(BOTH ENDS) -

' BARACCESS
(BOTH ENDS)

A
<O \\\\\\\\\ N
"I"“\“\\\\\\\\\\\\\\\\\\\\\\\\\\\\ .

==
i "‘\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ '
—————
\\ ] \\\\ m_, L
g <

COVR TuBE ‘ 'f
RETAINR

TORSION BAR ~~ NuT
(NO ‘WRAPPING)

Figure 3-10. Typical Assembly Configuration - One Spring

3-24




: 3.-3:43 ‘Shock Absorbers

:'.l‘h,e;ﬁmbdular rotary hydraulic shock absorber shown in-figure 3-11 consists of two major
~elements: a rotor with two vanes that house.,damping;.valvés 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.. The shock: absorber is. assembled with four serews, and
VAf,tert installation it is held in place by the clamping force provided by the roadarm
retainer. Installation and removal of the shock assemblyirequires 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 whlch 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 cartrldge sealing and locking .in place by means of pipe threads.
Shock absorber sealing is achieved by polylmlde vane and end plate seals, all of which are
. actuated by the shock absorber oil pressure. Rotary hydrauhc shock absorbers (a total of
six) are used at roadwheel stations i, 2, and 7 on both sides of the vehicle.. Each shock

Figure 3-11." Modular Rotary Hydraulic Shock Absorber
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assembly weighs 41 pounds and is supplied with oil from a reservoir which ismmtegral
part of the suspension housing. - MIL-1-46167 engine oil is used to achieve ‘dainping as well
~as to lubricate the'bearings- of the upper roadarm spindle assembly at the shock: absorber
stations. When-oil is poured'into the fill port. located on the external face:of the housing,
it automatically floods the spindle bearings, fills the shock, and finally fﬂ]siiﬂthe?reservoir.

Each of the six shock absorber stations uses ‘approximately: three quarts of oil, 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 f111 lével. Momtormg of the oil level is
done through an external sight gage. ' : "

v3.3.5‘ Support Rollers, Roadarm and Roadwheel Assemblies =
Two support rollers per vehicle side are used to support ‘a"'n'd guide the upper- track
segment. Each support roller consists of an-11 inch diameter’ smgle steel wheel whleh is
integral with the wheel hub. The support roller housmgs ‘are ‘welded to- the hull. The

support roller assembly is shown in figure 3-12. Support rollers ‘are grease lubneated and
are sealed with lip type seals. '

- STEEL WHEEL
SUPPORT SEAL
Y , gl
% 7
.
PIN
BEARINGS
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' The suspension system includes 14 roadarm assemblies (seven roadwheel stations on each
side of the vehxcle) with built-in roadwheel camber. All roadarm assemblies contain two
needle type bearmgs on the upper spindles that mount in the torsion bar support housings.

The housmgs at statlons 1, 2, and 7 contam provisions for retentlon of the shock absorbers
and have an mteg'ral reservoir. for retaining the oil and supplying the oil to the shock
absorbers.: Al housmgs are mterchangeable right -to left. The outboard seals at all -
roadarm upper spmdle posmons are metal face type to provnde posltlve sealing and
prevent outside contamination from entering the bearings. ‘At the inboard upper spindle
positions, face type seals are also used at stations 1, 2, and 7 to seal the shoek absorber
oil. The inboard seals at all other stations, which are grease lubricated, are elastomerie
lip seals. None of the inboard seals are exposed to a dirt environment. The roadarm
lower spindles which mount the roadwheel hub assemblies shown in figure 3-13 contain

S  TRANSPARENT
L 'POLYCARBONATE
T  CAPAND

_R‘U‘BBER FILL PLUG

: .: Lo OIL
SEAL

N

Figure 3-13. Roadwheel Hub Assembly
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two tapered roller bearings and face—type seals’ and ‘are’ lubrlcated thh oﬂ. 'I‘he "
roadwheel hub' assembly, which is used to' mount the’ roadwheel at each statlon plus the
idler wheels, includes the hub, seals, bearing ad)ustment eomponents, screws, ‘and the
inboard and outboard bearmgs Thirty two roadwheels are requlred per tank, 14 stations.
providing the" ground support ‘and two stations used as eompensating idlers. The '

- roadwheels are forged alummum construction for muumum welght and contam mtegral. o

bonded rubber tires. Steel wear- plates mth pressed in studs are attached to the‘
roadwheels with washers and self-lockmg nuts. They prov:de the wear surface for eontact"
with the track eenter guides. o o ' S b ‘

3‘.‘3-’.6 ‘Com nsati "Idler'sli"l»‘raek" Adjusting Link

The compensating idlers consist of 25 inch diameter dual wheels, which are interchange-
able with and identical to the roadwheels, and are attached to pivotally meunted idler
arms. Track compensatlon under dynamic: vehicle conditions is achieved by interconnec- |
tion of the 1dler arms and the number one roadarms- by the track tension adjustmg link.
Figure 3-14 illustrates the mtereonneetmn of the 1d1er arm and number one roadarm with
the track adjusting: link. - ‘The static track tensl_on ;ad]ustment aecomphsh_ed by hand

PRESSURE RELIEF VALVE G '_ [ ME

_NO. 1 ROADARM

TRACK TENSION '
LINK ASSEMBLY

N “@ R 7

CHECK VALVE
(PREVE NT 'S OVEREXTE NSION)

‘Figure 3-14. mckmjusnng Lmk «‘
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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 pfessure has been reached for correct track tension. The escaping grease will be
plainly visible to indicate that proper tension has been achieved. After prbpér 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 éontains no guides for the track at the hub center, and 2)
the sprocket'bolt arrangement allow easy access for maintenance. Two hub and sprocket
assemblies 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 M1A1 Tank track configuration, depicted in figure 3-16, is an integral pad track with

two rubber-bushed pins per shoe and integral rubber grousers:.’ The track is 25 inches wide,

- with a piteh of 7.625 inches. Each track ‘contains 78 shoes which result in & weight of -
8,930 pounds per tank. : S

“INTEGRAL PAD TRACK = -

Figure 3-16. Track Shoe Configuration
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3.3.8 Short-Tracking

In the event of damage sustained from land mines, a short trackmg feature shown in
figure 3-17 provides the capability for operatmg the MlAl Tank in a short-track mode.
Wlth damage to as many as two forward roadwheel stations the tank could continue to
move by short—traclcmg The bas:c steps for accomphshmg short—trackmg the tank are
presented below. ‘

-1, ‘REMOVE FIRST TWO SKIRT PANELS (NOT SHOWN)
2. REMOVE BUMP STOP NO. 2 BY TAKING OUT FOUR BOLTS :
3. A. REMOVE DAMAGED COMPONENTS (WHEELS, HUBS, ETC) FROM |
NUMBER 1 ARM.
B. DISENGAGE NUMBER 1 TORSION BAR AND MOVE ROADARM UP
AGAINST BUMP STOP. RE-INSTALL TORSION BAR.
C. REMOVE NUMBER 2 -ronsmu BAR AND ROADARM COMPLETELY.

4. REVERSE NO. 3 ROADARM
'A.  REMOVE TORSION BAR. SR,
B. REVERSE ROADARM NO. 3 (MAKING IT A LEADING ARM) BY .
_.."MOVING THE VEHICLE OVER A DEPRESSION IN THE '
f”*GRotmD (mrmn FROM MINE: BLAST OR DUG BY HAND)
“AS snown ABOVE. ,
C. WITH: ROAD M AT 45° RE-INSTALL TORSION BAR.

5. WITH NO. 3 ROADARM N LEADING POSITION WRAP TRACK
AROUND ROADWHEELS AND NO. 2 SUPPORT ROLLER.
NOTE: TRACK IS TO BE SHORTEN'ED TO LENGTH REQUIRED
TO FIT AS'SHOWN.
6. USING TRACK JACKS CONNECT TRACK TOGETHER BY INSTALLING
CENTER GUIDES AND END CONNECTORS. . '
7. SHORT TRACKING IS COMPLETE MOVE TANK AS REQUIRED."

.. Figure 3-17. Short Tracking ..
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3.4 TURRET

3;4'.1‘ Giene'rai-*l'_)es:érig’ tion and'l?imcti’on -

The M1Al Tank turret ‘is cornprxsed of the followmg elements- turret structure,
associated” turret components, power dlstnbutxon system, commander's’ weapon statlon,
loader's station, gunner's statlon, ventllatlon system, mounts and feed system, fu'e control
eqmpment, and main gun 'l'he turret provxdes balhstus and environmental protection for
the ‘crew and mternany stowed components. The turret also provides for proper
- interfacing with the tank hull, NBC components, stowage of on equipment materiel (OEM)
and ammunition, accommodatlons for. -the ‘erew (commander, gunner,. and loader), and

‘mounting of fire control components. The turret structural features are shown in figure -
3-18. | |

“COMMANDER'S - -
WEAPON

STATION LOADER'S

GUNNER'S
PRIMARY

SIGHT : :TURRET

EXTERIOR -
| STOWAGE
” | RACKS

COAX MACHINE _

GUN OPENING - GRENADE

120 MM GUN

2 i ) TURRET
) BASKET

Figure 3-18. Turrét Structural Péatures
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.mé'tufre’f' structure' is designed to ensure crew survivability and provide protection for
mternally mounted equlpment agamst a broad spectrum of antitank weapons. The turret -
~armor confrguratlon .consists of a weld-fabricated rolled homogeneous armor. (RHA)
‘structure whlch 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 ammumtlon doors
and above the turret basket. The turret bustle ammumtlon compartment provides for
main gun round stowage and. occuples the portlon “of the turret ‘aft of the bustle
ammumtlon compartment doors. * . Bustle am mumtlon compartment ventmg is done
upwards by means of blowoff Plates and rearward through open ventmg (actually closed by
sheet metal covers to block dust and water) The commander’s and loader's hateh, main
. gun rotor, and armor gun shield’ complete the turret protectlve envelope.

3.4.2 Turret Basket ‘

The turret basket shown in figure 3-19 is a cireulsr aiuthihu'm"ai-'mbr"piate with a rim and
harness guide funetioning as stiffeners. The 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 electrlc and hydrauhc 11nes a ;'mounted ‘through the third, and the
hydrauhc accumulator is mounted to.a fourth. or convemence and safety, screen type
A »'door m ‘the basket floor provides access
to various components mounted on the hull ﬂoor such ‘as the hull gyro, governor, hydraulic.
components, and electrical lines. The basket structure is des1gned 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. -

guards are mstalled to protect ‘crew . members. ;

3.4.3 'Iurreit _Electrical

The turret electrlcal ~system emphasmes ease of operatlon, ease of mamtenance, proven
rehablhty, and sxgmflcant growth potentlal. It features ‘many de81gn 1mprovements over

other tank _Systems. System operatlon has been greatly s1mpl1f1ed by a thorough
mtegratlon and standardization of panels and controls.

A vehlcle master power sw1tch, m parallel w1th another at the driver's statlon, 1s provided
in the turret for added convemence and safety. The gunner and commander are provrded
with a_ separate, mdependently adjustable, control for varymg mdlcator lamp mtens1t1es.

The com mander, gunner, and loader each have a separate ad]ustable dome lamp to control
light levels for convenience and .seeurity, .
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-Figure 3-19. Turret Basket Assembly

Maintenance of the system is faciliiated by many design features which .enhance’:.:v.the._‘
ability to fault isolate and repair the system. Control, interface, and power distribution
- eireuitry, as well as all the turret circuit breakers, have been centralized into one Turret
Networks Box (TNB) located at the loader's station. Thls mtegratlon greatly reduees the
time and effort requu'ed to return a system to operatlon. Dmgnostlc test connectors are
prowded on the TNB for. momtormg of mterfaee 51gnals to isolate faults to the black box'
level. ‘A utility outlet is also provided on the TNB for ‘pobwermg a trouble- light, food
heater, ete. Warning indieators for open cireuit breakers, low battery charge, engine fire,
and the NBC system are also provided at the eOm‘mander's station for immediate
recogmtlon of possnble problems. Indicator lamp test controls are also provuied so that
f ailed indicator lamps can be 1dent1ﬁed and replaced by the erew with no loss of tlme. Al
harnesses, harness plugs, and panel receptaeles are clearly marked for easy 1dent1f1catlon. a
~Alphanumeric ‘coding’ of individual wires smphﬁes trackmg of circuits at higher eehelons
of maintenance. This coding is reflected on all cireuit schematies.
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System rellabxhty is maxlmized by utilizing proven military speciflcatlon components with

_established rehabxhty, by utihzing low risk designs, and by utilizing high design safety
factors . Most electrlcal components such as relays, switches, connectors, wire, semi-
conductors, and cxrcuxt breakers have been standardlzed to achieve ease of maintenance.

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

Major design improvements :inclu‘de 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, reliability,

mamtamabxhty, and performance characterlstles. EMI, RFI, EMP, and electrical
compatibility effects have been mimmlzed by extenslve use of RFI stueldmg on harnesses

and electrical components, by utllr_ztng‘ a two-mre power distribution system, and by

maintsining a separate turret-power bus for fire control and other sensitive circuits.

3.4.4 Hydraulic Power Supply and Distribution

The main"hydraulic system shown in figure 3-20-provides' up‘ to 50 horsepower for the
operatmg demands of the gun/turret drive system  and: the turret ammumuon door
actuatlon system. Hydraulic power is also provided to the: crew compartment bﬂge pump
and the hydrauhc assist park brake system. The total capaclty of the hydraulic system is
19 gallons; whlch mcludes the 18 .gallons in the reservoxr and 1 gallon in the lines. - A
vanable-dlsplacement,pressme-eompensated pump is mterfaced dlrectly to the turbine
engme accessm'y dnve unit. This 1,600 psig pump is electrically depressunzed ‘during the
engine. startmg eyele. Hydrauhc power }edundancy is. prowded with a one-horsepower

electric auxihary pump, to prov1de power for the gun/turret drive system durmg engine
off and emergency operations. - : : :

The turret ammunition-door actuatlon system employs a lmear actuator that is hydrauhc-'
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 smtch.A pressure compensatedv
flow control valve limits and’ eontrols the actuating speed of the. door. A cross pilot-
operated check valve is used to hydraulically lock the actuator and door. '
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An accumulator, ‘precharged with nitrogen, supplements the hydraulic flow in excess of
the system output for main gun deck 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. Self-sealing 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 conforming 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-tube
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 hydroearbon, hydraulic oil and by isolating the hydraulic reservoir from the crew
with an armored shield.

The main 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 cémponents and incorporation of erew survivability features
provide hlgh vehicle mission reliability and ease of maintenance.

Hydraulie - distribution complexity and  potential leak: points-have been reduced by
providing hull. and turret valve and manifold assemblies. The hull manifold includes: - the
bilge puinp 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 exchgr}g_eg bypass. T
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The turret manifold contains the ammo door solenoid. eontrol valves, ammo door pressure
regulation, the azimuth' power valve, -and the ‘elevation power (lmeouple) valve preuure
gage.

3.4.5 Turret Accommodations

3.4.5.1 Ammunition Stowage =

The primary objective:for ‘main weapon ammunition- etom‘ge'oompartmenteli'z“at'ion‘ shown
in figure 3-21, is:to improve crew survivability. The ‘turret bustle providee the most
logical location due to ease of venting hot gases, ease:of sealing the area from' the crew,

and accessibility of stowed ammunition to the loader. ‘There are 40 rounds of 120mm
ammunition stowed in the M1A1 Tank, all of which are compartmentalized, either in the
hull or turret bustle.. The compartmented turret bustle stows 34 rounds, 17 of which are’
ready rounds directly: asccessible to the seated loader behind a knee switeh -actuated
compartment door. The other 17 bustle rounds are also easily accessible but require that
the loader leave his seat. The remaining 6 rounds are stowed in the hull compartment.

- The bustle stowed rounds are shielded from engine and engine exhaust ‘heat by & thermal’
insulation barrier attached to the outside of the engine exhaustduet. Additional thermal
protection from the boWerpaek is' provided by the deck and grilles -a“nd"-tli,éfe_ii'* space
between the hull and turret bustle. Plastic liners ar‘e’floea‘te& ‘next to the round warhead,
-along the compartment wall, to absorb energy and- protect the surroundmg structure when
ammunition is detonated. - ' GRRRME

The stowage: of 7.62mm- and'.‘SO caliber machinegun emmiiﬁition' is'based- 'o'xi eons'idératiOn-'
- for accessibility; quantity, mterchangeabmty, and vulnerability. - The quantlty of comple-:f :

mentary weapon ammunition stowed in the'M1A1l Tank is tabulated as t‘ollows- I

‘ tlt(Rounds) e

Ammunition
7.62mm (total) S 11,400
7.62mm (ecoax ready) : 2,800
© 7.62mm (loader ready) : - 200
.50 cal. (total) o " 1,000
.50 cal. (ready) | » 100
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Stowage of 7.62mm readyi-’ammunition' for: the coax. machinegun shown in figure 3-22, is
concentrated on the lef sxde of the 120mm, M256 mam gun. The stowage space outSIde
the turret is configured to. accept 50 cahber and 7.62mm field boxes.

COAXREADY. :  MAINWEAPON —__
AMMO BOX n L ”

/ / EJECTION CHUTE

" e —— spenTCASE |
AND LINK COLLECTION BOX

Fxgure 3—22. Coax Ready Ammumtlon Stowage :

3.4.5.2 Main Gtm and Mount

The 120mm, M256, main gun shown in figure 3-23 »1s;mounted m a concentuc hydrosprmg
with a bore evacuator and thermal shrouds, and is. electnca]ly fu'ed., Stub case eJectlon
and breech operation is automatic and supplied from recoil energy. 'Ihe quick-change
. 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 smple bearmgs spanmng 29.5 mches.
The gun is joined to the recoil mechanism using an adapter p]ate whieh is bolted to the
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RQTQR BORE EVACUTATOR
KING NUT . o

MRS

GUN TUBE

 TRUNNION BEARING.. - = -~ . THERMAL.
o  SHROUDS

 Figure 3-23. 120mm, M256 Main Gun and Mount

breechring. The adapter plate provides a 2.3 minimum safety factor. Optimum *operating
pressure during the 12 inch recoil provides uniform and minimal trunnion-bearing reaction.
The trunnion bearing clearances are minimized by using pre-loaded, zero clearance,
sphencal anti-friction bushmgs. Minimum  clearance has been des1gned between the

: -trunmon bearmg and its mountmgs (mternal and external). The space required for the gun-

mount has been minimized usmg a cradle outside dxameter of 19.75 inches and a length
) w1thm the turret governed by the reeml travel plus sohd helght of the counter-recml
'Ihe eradle ms1de dlameter is des1gned to: accommodate ‘the’ sprmg with- adequate
clearance to preclude fallure to return to battery tendencies under. all envxronmental
. condrtxons. The spring has been designed to operate at 112,000 psi maximum stress, a

proven satlsfactory value for ‘achieving reliability with an antlclpated endurance ‘of 10,000 -
~ -eyeles. <The counter recoil forece, being-sufficiently high for ‘conecern with respect to

f s.»._-excesswe ishoek:loads: during return to battery, is tailored: by the counter recoil buffer to
' _~ensure tolerable shock levels. : ‘ |

‘, ‘ . The open system, graV1ty feed self—ventmg, translucent plastlc replemsher is mounted on
~_‘the turret roof and 1t is conneeted to the rec011 housmg by two hoses. It has no movmg
parts and prov1des an mstant vxsual md1cat10n of the 011 level to the crew. -
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The gun mount interfaces with the turret by attachment to a rotor, Whl

elevation on turret trunnion- bearings. The bearings are se]f-ahgmng sphencal bearmgs of
high capaclty The rotor has apertures for the coaxml weapon and telescope, nexther of

which physma]ly contact the rotor. Both are dlrecﬂy attached to the gun. mount cradle. E
The rotor also mounts a fire-control- resolver wmch*senses gun’ posmon; Rotor elevatlon 7

1 movement is limited by bump stops located on the gun mount that contac h furret. - The
gun mount provides the attachmg pomt for the elevatmg cylmder. Also, ,,oof‘mounted
tie rod can be linked to the gun mount to form a travel lock. 3

Rotor and gun mount are mstalled from ms:de the turret through the CWS opemng so that
the opemng/aperture in the turret front need be large enough only for the gun tube,

telescope, and coax machmegun thereby mcreasmg balhstlc protectlon. “The aperture
" clearance around the gun tube is sh1elded with armor platmg A water t1ght sea.l is also
- provided in the aperture to prevent leakage.

: 3,4.5.3. §econdarx Wea_m_h §xh stems .

" The eoazna]ly mounted M240 machmegun (7 62mm) flres throughout 360 degrees of
traverse and from -10 degrees to +20 degrees elevatlon. The commander's .50 -cal, M2
‘ achmegun can fn'e through 360 degrees of traverse, mdependent of turret posmon and

from -10 degrees to +65 degrees elevation. The loader's 7.62mm, M240 maclunegun 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 of the turret
.- covering a 120 degree sector. - b ‘

- “'Visibility is-.provided-;forv:the commander by an open—'hatch, 'partially-open%tmtch or use of
unity vision periscopes providing 360 de'gr..ees_- horizontal’ view." ‘The loader has all around
view when operating open hatch and his vision periscope rotates in;hi's‘hat‘ch“ftoi-proﬁde
360 degrees view from inside the tank. The loader's hateh ‘will also accept"“the""driver‘s
mght vision device for night time surveillance. The gunner has an area of v1ew via the
unity channel of the Gunner's Primary Slght GPS i in the dlrectlon of ﬁre_’ ",'I‘he gunner also
" has periscopic sights mth 16 and 6.2 degree flelds of v1ew at 3X'and . 5x, reepeenvely.

The gunner's periscope dlsplay scene is also relayed to the commander via the
commander's eyeplece extension. '
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The coax machinegun system sho,wn 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
machmegun, the machinegun mount, the ready ammunition box, the feed chute, an
ejectlon chute, the spent-case and link collection box, and the smoke tube.

COAX READY MAIN
AMMO BOX

. EJECTION
CHUTE

SPENT CASE =
AND LINK COLLECTION BOX

Figur‘_e;3-24., Coax __Mdch_i_negun System v

The machmegun mount consxsts of a cradle whlch bolts to the main gun mount and mates
w1th the ooaxlal weapon mountlng pomts. ‘The coax weapon is mounted -above and to the .
right of the mam gun. ThlS posntlon 1mproves the space usage of the turret since it is
above the Gunner's Auxmary nght and permits the left side of the turret tunnel to be
sma]ler whlle not mcreasmg the rlght s1de.

The ready am mumtlon box consists of a spnng loaded inner box msnde 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
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feed chute with an anti-roll back deviee extends from the ready box to the’ weapon feed
- tray. Ejected cases and links enter a chute and are collected in the rigid box below the

main gun. The box will hold’ apprommately 400 e]ected cases and hnks The rigid- -

construction of the box, as opposed to-a bag, prevents ]ams “due to- collapsed wa]ls, ‘and

- permits the loader to move easily and quickly to diseard the cases. and links. A clear

plastic window on the chute permits the crew to see when the box should be emptxed. A
smoke tube aids in directing toxic fumes due to firing to the outside of the turret during

firing of the machmegun ‘

Deep-water fordmg requu'es sealmg the hole for the coax maehmegun A plug is prov1ded
. for this purpose. Before mstalhng the plug, the coax machmegun must be removed.

The loader's machinegun is. skate-mounted to prov1de the loader Wlth 265 degrees of -
firepower converage at elevation angles from -35 to: +65 degrees. T

The 7.62mm ready ammunition box for the loader's machmegun is a standard 200 round
field box that is placed on a holder at the left sxde of the weapon. The ammumtlon is
pulled directly from the box by the gun and no chute is- requu'ed. An eJectlon box is
attached to the gun mount to receive ejected cases :and. links. This prevents the spent

-cartridge cases and links from accumulatmg on the turret’ roof or entering the air intake
ducts or ventilation gnlles. - ’

For closed-hatch surveillance, a turntable in the loader's hatch 'mounts a ten inch wide -
adjustable mirror periscope, whlch is mterchangeable ‘with the drwer's center vision
periscope. When seated in posmon to load the main gun, the loader can use the pemseope
for sideward and rearward surveillance mthout dlfflculty. Swmgmg his seat to the rear,
the loader can also survey the left-forward sector from a seated posmon. 'Ihe loader's ‘
periscope provides good “close-in "vision in his sector of respons1bxhty. - The loader's
~ periscope mount ‘also has the capablhty of acceptmg the dnver's mght—wsmn perlsoope,
less adapter. Night. surveillance from the loader's statlon 1s enhanced over the drlver's '
station due to the scope's higher position on the tank. For open-hatch observatlon, the
loader has the option of standmg on the turret basket floor, or the loader's seat to selecti
eye-level, name-tag hlgh, or walst-hxgh survelllance posmons.
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The eommander's .50 cahber, M2 machmegun or optional 7.62mm, M240 machinegun is
mounted extemany to: the turret and can be aimed and fired from ms:de the turret. It is
mounted to 8 rotary statxon wtnch has a hatch, wsxon penscopes, £ coupled periscope
gunszo'ht, and power and manual contro}s. The rotary weapon statxon strueture is an armor
steel castmg with a hatch opemng, attaehment Thubs for the hatch eover hmge, openings
and proteetlve covers for the six vxsxon penseopes surroundmg the hatch, and mounting
surfaces for the s;ght and the gun mount support arms. A main drive ‘gear lS attached to
the nrn of the statlon. ‘The . main gear bearings employ plas'ae baIls which have
demonstrated outstandmg performanee in’ several similar apphcatxom. 'me advantage of
these plastle balls is that they wﬂl not. shatter or damage the beanng races in ‘any 1mpact
due to gun fxre or fal]mg debrts. 'I'ne drxve gear, machined onto a bearmg raee, protrudes
through the turret mountmg hole for engagement mth the azunuth dnve gearbox whxch is
mounted on the turret roof adjacent to the weapon statlon momtmg hole. o

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 mamtamed 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 p11e fabric on the drive side.
‘The pulley surfaces in the drive ring and on the gear drive unit have attached synthetic
fabrie with short stubble bristles. This drive provides a no-slip operation. |

The rates of motion achievable with the manual drivesﬂai-"e fapproximately 10 degrees per
second in azimuth and 6 degreee per second in elevation. Forces requlred are less than 15
pounds in “azimuth and 10 pomds in elevatlon on level ground. At a 15 degree cant or
pltch angle, the reqmred force on the azimuth rmg is 30 pounds maximum. -

The smoke grenade launcher shown in figure 3-25 provides the tank with a means for
evading the enemy and/or defending against antitank, optically guided missiles. When both
.grenade launchers are fired, they produce a 120"degree smoke sereen 30 meters in front of
the tank. This wall of smoke aids in the defense against optically guided missiles and
helps evade enemy troops. The launchers, which are mounted extemally on the turret, are
aimed by rotating the turret.
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. Fxgure _'3-25).:'_ Smoke Grenadei Launcher

L Each launcher holds s1x grenades and is. mounted on the left and rlght turret s1de wall
"'t‘orward of the stowage baskets and below the top deck level. One reload complement is
stowed outside the turret. The grenades are electrlcally flred and contain the propellant
as well as smoke-producmg, red phosphorous pellets. '

3.4.5.4 ‘Cornman‘der's Weapon;uStation ,(cws)_‘ SRS P S DU Ot
\ Ma]or emphasxs has been glven to work space layout and eqmpment mtegratlon. ‘The
commander can operate seated, in any of. three standmg oosmons, and can ‘move: rapidly
between these posxtxons while mamtammg command and control. ».'I'ne resulting
7 eonflguratlon permlts a hlgh degree -of flexmlhty. -Figure . 3-26 deplcts the prlmary
N operating modes of the Commander's Weapon Station. In the. seated closed hatch position,
the cornmander ean preset hlS seat helaht at a posxtlon that allows him: to look directly
into 1) the unity vision periscopes, 2) the .50, cahber, M2 machmegun sight; and. 3)}:1eatung
forward the Com mander's GPS Extenswn (CGPSE) H1s bottom platfor'n also;! mcludes a
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- . . Figure 3-26. Commander's Station Operating Modes

convenient: flip-out footrest for comfortable leg posture. Onee initial individual settings
have been made, no seat or plét_fofm adjustments: are necessaryin order to look into any
of the optlcaldevmes All major displays and controls including the control panel, main
weapon control handle, azimuth power-machinegun: control handle, remote radio intercom
‘ swnteh,andmanual machinegun controls, possess high visual and physical acecess.
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For the standing protected open hatch position, the commander simply presets the bottom
platform to the position that allows him to observe through the opening between the hatch
‘and the top of weapon station.. This posltlon allows 360 degree vision while. simultaneously
providing overhead protecuon. For a quick transition from his seated position to the
protected open hatch posmon, the commander need only. open the hatch and. stand on the
platform while flipping the seat up and out of the way. This“ also a]lows him to view
beneath the machinegun. G

Movement to the intermediate . standing, name-méﬁgh"' po"s'ition is edually, straight-
forward. Assuming a - start from the seated postlon, _the commander fu]ly opens the
hatch, steps on a sprmg loaded fhp down. mtermedlate 'p t orm, and flips h1s seat up and
away from his legs.’ Thls pIatform, yoked to the. prekusly set larger bottom platform, is
positioned to let the 5th through 95th percentlle crewman see ]ust over the machmegm

Finally, for the hlghest standmg posmon, the commander stands on h1s folded-down seat

summary, the movement between each of these four operatmg modes can be undertaken
with no seat/platform ‘height read}ustment, thus permitting the rapld and effectlve
operation required for command and control. B

Armament-related components are des1gned and arranged to complement available turret
. space, and address the functlonal needs of the commander. ~For example, the comman-
der's weapon traverse rlng, used .as a backup manual az1muth control, and the elevation
crank are carefully sized and conﬁgured to anow accurate tracking/firing capabmty in
the manual mode. The commander's mam weapon handle, although primarily designed for
_ use while seated and usmg the GPS extensxon, can also be operated in both the protected
open and name-tag-high posltlons. This capability xncludes tracking, ranging, and firing.

The Commander's 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 full-open-hateh mode provides the greatest clarity and freedom for rapid
scanning. - A partially opened. hatch position provides much of the "fl’exibilitir"associated e
with the full-open-hatech mode -and will provide overhead armor protectlon from shrapnel i
-or small arms fire. -In the closed-hatch mode, six unity vision perlscopes are employed. A
- periscopic sight provides a three-power telescopic view that is trained on the _target by
rotating the weapon station and elevating the weapon. This instrument is coupled to the -
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commanvde_n‘s,weapon mount and provides an accurate sight {
elevation with the weapon frém -10 degrees to +65 degrees.

The commander’s .50 caliber machinegun (or optional 7.62mm.
a rotary. turntable so that the weapon: can be : aimed to an
commander's-hatch is located in the center of the turntable wi
A secondary hinge point at -_abdut the center of the h
forward after opéning_ about. 30 degrees.

rear.
This arrangement
cover, as well as the front, so that the commander, with his
‘has a slit for open vision in all directions. This partially o
- ecommander :with overhead armor protection.. Six vision periseco

armor skirt around the hatch cover provides additional protecti

for- the --wéapon, moving in

machinegun) is mounted on
The
th its principal hinge at the
teh cover allows it to tilt
lifts the rear edge of the

y azimuth position.

hj:d up in the domed cover,

ned position provides the
pes surround-the hatch; the
on from small arms fire.

The full-open hatch mode of surveillance provides the comm
and greatest flexibility for seeing in all directions. The open
provide small arms protection to sﬁoulder height. The ar
periscopes_and the hatch hinge provides small-arms protect
commander can elect to use this mode with different positio
the turret watching the. sky and«.;-qbsérving ‘through vision pel
 limited by safety or his ability to reach the controls.

When the hateh is fully elosed-and. the. hold-closed lateh i
system will raise the hatch cover-to the partially opened posi
opeh latch. position requires release of the hold-open latch an
the other hand of about 40 pounds. Closing the: hateh cover
position requires. three operations.. ‘The hold-open-latch is rele
on the hold-close lateh handle with the left hand (about 40 po
- released” mth the right hand and ‘additional downward pull.

pounds); and lastly the hold-closed lateh is rotated to the
arrives at the closed position. . -

nder with the best viewing
1atch cover at his back will
or cover over the vision
on to. elbow height. The
» from completely inside .
riscopes, up to a height as

‘opened, the equilibration
ion. Changing to the full
d a simultaneous push mth
from the partially opened -

gsed while pulling downward

d pull); the yoke latch is
is.exerted on it (about 40
tch position as the hatch

- When changing from the closed hatch to the partially openéd mode of operatioh, the

commander must raise hls head-and shoulders approxlmately t

partlally opened to full open requires another 10 to 12 inches. |
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The hateh system' includes the’ hatch cover, the hold’-closéd lateh, t"he;ayoke'fl"atch’, ‘the -
yoke, the trum‘lionequilibrator, and the 'hold;open latch: - The: hateh cover is a’ domed -
‘armor steel casting with a skirt around it, which provides additional protection to the
commander froL'n small ‘arms when operating in the partially opened mode. The hold-
closed latch is L s1mple lever with a handle that also serves for pulllng the. cover to close '
the hateh. The yoke is a steel ‘casting which acts as a lever arm between the main -

trunnion and'the- secondary axis; permitting the hatch cover: 'to remain nearly horlzontals-

when in the par’tlally open position. The primary trunmon employs torsﬂastxc and torsmn '
leaf sprmgs for equlhbratlon of the hatch cover wexght.

The trunnion has two’ features to pr’event pinning- by' small arms fire. Thé‘tube" ‘whieh
‘forms the axle can either rotate with the hatch cover or be- statlonary with the: anchor. If

a small arms projectile should penetrate the trunnion it can still rotate. A]so a thick

plastic washer is employed ‘between the anchor and the yoke so that a projectlle m that -

reglon will not lock two steel parts and prevent opemng the hatch.

The' commander's station controls shown in- figure' ’3‘-‘-2'7"’prov‘i'dﬂé the means by which the
commander can|slew, track; and position his machinegun with a minimum of effort in both
the powered and manual modes. The control simplicity also allows the ‘com"‘mand‘er to
maintain an optlimal fighting station while directing the crew. The powerjed" 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 electrical system. A permanent
magnet torque |motor drives' the ‘station in azimuth. ' This ‘type of motor provides high
torque at low speeds, fast response due to low se]f-mductance, and a hnear voltage/speedf'
characteristic. | Tachometer feedback  is utilized in the ammuth axls to’ overcome' :
frictional variations in the mechanical drive and allow smooth trackmg ‘and accurate"j
positioning of the weapon. ' The servo amphfler which generates the drlve s1g'na1 for the"-
motor is small, totally encapsulated, and multl-soureed. ' o

The amplifier i|s operated in a voltage feedback mode which results in an- oufﬁut”*motor .

speed proportlor|1ed to the input voltage The azimuth rate: mput control lS contmned in
the - thumb control handle 'whiceh is ‘conneéted to a- coil cord for ease of use by the
commander. Left or right ‘foree on the thumb controller creates a phase ‘'sensitive

electrical signal proportional to ‘the mput force. ThlS sxgnal is used to produce a
directional rate command input to the weapon station.
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CWS AZIMUTH
DRIVE MOTOR
AND GEAR LEVER

The effectiveness of the commander's machinegun is largely dependent on how guickly he
can acquire a target and continue to track it smoothly at low speed, or accurately position
his weapon on & stationary target. These requirements are met with the power-control
system v«!nie operatmg alraosi,_ without, noxse. The system can smootiﬁy track tmge&s at




tkat mxerfam w,ith the ms azixmzt%x
‘b membﬁes. The m&or is a housed
mma&_memmeter. 'i'tre upper motor

Sinee the syshem reqxﬁrea ly electrical power, it can faxmimx without the- noise aoi the
engine running or ahydraulic pump cyelizg The commander mmyanawaor target
completely independent of the turret or hull. %isymviﬁesthe other orew mmm
wzinterwpted surveillance of their aes;:eetive target areas. '

3.4.5.5 ﬁm%staﬁon

. The" wm‘bat tasks of ‘surveillance; target acq:ﬁsiﬁoa, anﬂ target engagemwz in 2 moving.
mmmmpmmmrﬁ&ﬁ% to ﬁemgn oﬂ%m gatmer‘s sﬁaﬁm. 'rm fire
control equipment, available work space, and the gunner have beeamtegrazed BM manner
that optimizes system performance requirements of high hit probability end rate of fire.
The gunner's tasks have been simplified by automating and/or combining the design of the
sight, laser rangefinder, computer, LOS stabilization, and other fire control related
devices. Some examples include the elimination of most individual subsystem power
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switches; automatiec continuous lead, and range indicators integral to the periscope display '
scene. "‘I;hi‘s, simplification a‘.nd‘integratien shown in figure 3-28 is reflected in the gunner's
interactidn with his equipment' dufing a typical target engagement. e: need only check
the selected round on the gunner’s primary sight panel, view the target ‘and its range in
the eyepleee, and manipulate the control handles. '

|

. GUNNER BENDS WRAP).
- AROUND BROW PAD
TO FIT FACE

' | COMPUTER PANEL AT
GUNNER'S ww«eoms
JIRIGHT

GUNNER LEANS INTO AND
PULLS AGAINST CHEST REST

TO HOLD TORSO SOLIDLY IN
POSITION. THIS WILL MINI-
MIZE SENSITIVITY TO VEHICLE
VIBRATIONS AND SEVERE JOLTS.

GUNNER ADJUSTS CHEST
REST AS ‘FAR REARWARD

| GUNNER ADJUSTS SEAT
- [} VERTICALLY AND HORI-
—] ZONTALLY IN CONJUNC-
[~ | TION WITH BEST CHEST
- L REST POSITION

FOOT REST

JREMOTE
INTERCOM

m NA T D

NOTE: TILT FOOT- omo
FOOT REST BUT 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’ ‘through 95th- percentlle arctie clothed crewman

to adjust his posmon relatlve to the Gunner's Prlmary Sight (GPS) “The seat, the gunner's“
station GPS - eyepxece, and the’ control handles ‘shown ‘in flgure 3-29 prov1de the most‘

comfortable body position for the task: of gunmng No seat’ read]ustments are needed to
use the Gunner's Auxiliary Sight (GAS). Although 1eft and right knee guards necessarily
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 thbrough consideration, with movement times to and frofm‘ the
gunner's station being achievable in approximately three seconds. On equipment materiel

(OEM) accessibility r2flects a convenient arrangement and protection from abuse of these

various items.

Figure 3-29. Gunner's Panel and Controls
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The adjustable chest rest, which has been proven under extended severe environment test
circumstaneces, 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 seéurityftO*allow total concentration on his -target once an
engagement has begun. For gunning on the move cross-country, the gunner's knee guards,
chest rest, control handles, 'seat_ and brow pads all becomé body positioners, restraints and .
braces necessary to maintain control bf 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 ;ihput_s, zeroing, and boresight adjustments can be made
with minimum training. 'Ihe Comvputﬂer» 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 reaéh on the GPS panel.

3.4.5.6 Loader's Station

The loader's station shown in figure 3-30: reBresents the, physicél and functional
integration of personnel and keq'i'xipment. Emphasis has been placed on minimizing the
compléxity -of work required ‘by; ‘the loader, and faecilitating his funetional tasks in the

high-mobility. environment. = The loader sits on a six po_sitidn.. 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 ldsing his balance.- The seat backrest provides
general riding comfort and can be quickly disconnected and stowed at the vvloader's_', option
if additional;elpow clearance is desired during.the loading sequence. . Bracing is provided
- for general riding conditions A_by means of :a grab-handle conveniently located on the left:
side turret interior sloping wall.
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" LOADER SAFELY- R e
.. HOLDS “LAPREADY® ~  LOADERSITSON
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BUSTLE DOOR | \,
NORMALLY
CLOSED

- . BUSTLE:DOOR
KNEE SWITCH |
 FLIPS UP WHEN|

. NOT.IN.USE

- 'Figure 3-30. Loader's Station Configuration

‘The loading sequence and time is shown in figure 3-31 and should be referred to along with
the following deseription: The accompanying time: line is within the ‘abilities of the

(Frames 1 and 2): Initially, the loader takes a semi-seated position and turns toward the
ready round bustle door, with the seat facilitating this -movement. - He then opens 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 "safe™ position when not in use.
The bustle door opens in approximately 1.0 second by sliding to the loader's 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.
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L \} - BREECH =
L) :

 DOOR IS CLOSED

—4  LOADER RAMS ROUND

AND MOVES SAFE/ARMED
HANDLE TO ARMED
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Figure 3-31. Loader's Main Gun Loading Sequence
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(Frame 3): The loader brmgs the base of the round to his right side and in a continuous
:motlon, 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 (to faclhtate round removal),
the bustle door closes. ’ ' '

“(Frame 4): The loader turns on his seat and is now in a:po'si_ti‘t‘m to load the round.

(Frame 5): The round is rammed into the chamber and the safe/arm handle is actuated to
arm the main gun. Note that the padded left shoulder guard keeps the loader away from

the breech recoil path without slowing ‘the loading sequence. This guard can be stowed

out of the way when ot m use. - He now’ faces the bustle, in pos1t10n to retrleve another
round. The padded left. knee guard protects the loader's knee from the breech - during

‘recoil, and is’easily ‘pushed back on the three round ammo rack when not in use. The knee

guard also can provide leverage when loadmg

: The previously mentioned, ready round, bustle ammumtlon compartment door is not
inoperative in the event of a power source failure. For manual operatlon the loader (or

com mander) vcan :pull,v the quick dlsconne_ct pin to fre_ethe .,door from hydrau_llc control. -
- The unpowered, semi'ready round, bustle door is acceSSible to Both loader and commander,.

requiring only the release of the lateh to. permlt ‘manual door movement to the ready" »
round area. An ammumtlon rdentlficatlon de\nce has been mcorporated to gwe visual as

well as tactile stowed round 1dent1ty

The loader's hatch shown m ﬁgure 3-32 mcorporates a 360 degree swivel mounted wide
angle- perlscope (mterchangeable Wlth the dnver's forward perlscope) and an 1mproved
hatch seal. The loader's seat and support assembly mclude two features whlch faclhtate
use of both the open: hateh. position and the hatch per:scope.

First, a fold-down adjustable seat-back platform allows the loader to stand in the best

position for using the 7.62mm, M240 machmegun or for open-hatch survellla.nce. Second,
the ad]ustable seat allows the loader to s:t facmg hlS perlscope and to- momtor his
ass1gned sector (left 31de, forward, and rear) '
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 Figure 3-32. Loader's Hateh

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 peréonnel fo 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 ("armed" or "safe").
The main controls for the AN/VRC-12 or' AN/VRC-64 radio receiver/transmitter,
including the KY-57 serambler, 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. Loader's Panel
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3.5 FIRE CONTROL

3.5.1 ;Genéral Description and:Function

The fire control system consists of all equipment which is provided for target sighting,
ranging, a‘iming, and firing the >12_0mm,¢ M256 main gun, the 7.62mm, M240 coaxial
machinegul!, the commander's .50 caliber, M2 machinegun, and the loader's 7.62mm, M240.
machinegun. The general arrangement of the major fire control components and their
- approximate configuration is shown in figure 3-34.

r" 'i,_'

WIND SENSOR ~J=m| 'COMMANDER'S WEAPON

CANT SENSOR STATION SIGHT
- COMMANDER'S GPS - '
 GUNNER'S ,EXTENSlON,
AUXILIARY

SIGHT

o MAIN GUN RESOLVER ' @ 3\ —— GUNNER'S PRIMARY
TURRETELEVATION .\ | =3/ — N /SIeH
RATEGYRO - = EERE YA S e ~ :
| a5 e g
‘GUN ELEVATiON ¥4 I-,T_r o) oot [ .
ACTUATOR AssY — W R 2L, 180
N N : V’, M il - ho’ § ( " HD T ) N B N
o f s - COMMANDER'S
AP CONTROL HANDLE
b
e N COMPUTER CONTROL
° MANUAL ELEVATION '\ PANEL, COVER OPEN
o HANDLE =~ .
“TURRET AZIMUTH GUNNER'S CONTROL
‘DRIVE ‘ASSY " HANDLES =
. | At ] )
TURRET NETWORKS =
BOX ELECTRONIC UNITS

Figure 3-34. Fire Control System Components

3-61



The primary optical sxghtmg instruments are the Gunner's Primary Slght (GPS) and. the
~ GPS extension to the commander. The GPS is mounted to the upper turret structure and
incorporates servo-positioned reticles for complete. ba]ll_stles solutions mth_.day_ ,a__nd.mght_
vision imaging. It is linked in the elevation axis with the main gun through resolver
follow-up electrical devices. The:laser rangefinder transceiver, the thermal night vision
subsystem, and. the gyro-stabilized 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 guriner also has an auxiliary sight (GAS) affixed
_-directly to the main gun mount. The commander has a three-power flxed focus penscope_
for general surveillance and for firing the weapon mounted in his. statlon.

The ballistics computation system is an accurate and. flexible digital system that
continuously controls reticle and gun offsets. It consxsts of the digital computer memory
. processor ¢ and assoclated input/output devices within an electromc unit mounted under the
. main gun: and a gunner's control panel.: A crosswind sensor 1s mounted at the rear of the
turret bustle ro ] and a pendulum statlc cant sensor is located at the turret ceiling

center, both of - Whlch are - automatlcally fed “to- the computer along with the laser
rangefmder data. . : B

The Gun/Tm'ret Drwe (G/TD) is- electrohydrauhc. Engme—on hydrauhc power 1s provxded” \
by a hydraulxc pump. m the engme compartment. ’I‘he hydrauhc fluid enters th, . turret

through a‘slipring at the turret/hu]l mterface to two' power valves m the manifold beneath
the main gun.

mounted battery, |

i 1ven hydrauhc pump. Stabxhzatlon of the turret/gun in. the azlmuth'
plane is accomphshed through gyroscoplc sensors and servocontrolled valvmg m the
- ammuth drlve gear assembly. "The. G/TD system consists prmclpally of.

An ammuth drive assembly, located dlrectly m front of the gunner. -
, The elevatlon actuator assembly, located left of the mam gun.
An electronic unit located under the main gun ,
Gyroscoplc sensors located on the: turret, gun, : and m the hull.
Gunner's and commander's main gun control handles.

o 0o 0 o ¢
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The primary function of the fire control system is to aim and fire the main gun with
accuracies to provide the speclfled hit probab:htles. Flgure 3-35 depicts the major
functional interfaces between components which are requlred to accomphsh the system's
primary funection of main gun control. This figure also prov1des ‘an overview of the fire
control system which will aid the understanding of hardware and performance.

GUNNEX'S PRIMARY SIGHT i DAY NIGHT IMAGE, RETICLE AND DISPLAYS
"_"-_"'—,V -

ELEVATION HEAD MIPEOR STABILIZATION ' | - i~ .
AZIMUTH RETICLE LOS COMPENSATION ELEVATION HEAD MIRROR POSITION COMM*N;‘W&S'GN' NG
AZIMUTH RETICLE DRIVE n
LASER RANGEFINDER ) - (EXTENSION OF GFS)
- NIGHT VISION THERMAL IMAGE - B —— 1
) 'CONTROLS AND DISPLAYS GUNNER'S MANUAL INPUTS
AUXILIARY ATMOSPHERIC TEMPERATURE . - N
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AMMUNITION TEMPERATURE RESOLVER CONTROL
TUBE WEAR TRANSF ORMER

4
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REFERENCE
COMMAND

RANGE

BATTLE RANGE
RANGE ADJUST-

ELEVATION BALLISTIC SOLUTION

DIGITAL
RETICLE CONTROL COMPUTER
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- GUNNER'S i i GUN TURRET COMMANDER'S
. HANDLE'S . GUN TURRET ) DRIVE ! GUN_TURRET RATE -HANDLES
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£ JURREY POSITION ERROR gle
S - 5le
Y]
. o C- FIRE COMMAND .
B 1
FIRE COMMAND ™~ GUN Tumse i
GUN RATE COMMANDS 4

Figure 3-35.}4 Fire vControl System Functional Diagram

Overall de31gn of the fire control system 1ncludes a substantlal amount of redundancy to
provide for surv1vab111ty and flghtablhty through alternate modes of operatlon if the
pnmary system becomes damaged durmg combat Examples of thls redundancy include:

‘o Commander can use the GPS . through ‘the GPS ‘extension if the gunner is
incapacitated. '

¢  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.

o Manual elevatlon and traverse of the main gun lf both turret power and auxﬂlary
- hydraulxc power are lost.

o Computer - controls’ pmv'ide ‘for' early operator identification and nulling of
malfunctioning inputs. o

o Manual inputs to the computer if fde’sired in li'eufof automatic.sensor ,i”np,ut's- v

o Dual controls for the gunner, to include two power control handles, two parallel
: laser buttons, two parallel palm sw1tches, and two parallel weapon trxggers.

0o - An overnde control handle at: the commander's statlon, complete w1th laser
button, palm switeh, and weapon trigger. - :

o0 A blastmg machme 1s prowded to allow main gun fu-mg with the loss of vehicle
electrical power. o ' : '

3.5.2 Gunner's Prlmary Slght (GPS)

The GPS is: comprlsed of a main’ housxng castmg and head assembly cover thh the laser _
rangefinder, eyeplece assembly, headrest assembly, ‘control ‘panel assembhes, az1muth-
mirror drive assembly with- the: servoelectromcs for- ‘the azimuth mirror drlve and gyro
reticle compensatlon electronics, narrow. fxeld of view (NFOV) ob]ectlve and relay optles'
with the filter-shutter wheel. hne-of-s1ght (LOS) cradle assembly, and the para]lel sean
thermal system as: separate: "bolt on" modular asembly. The mam housmg castmg‘
contains the wide-field-of-view (WFOV): objective ‘lenses and relay optlcs for the ‘com-
mander's GPS extension. The modular construction of the GPS facilitates both pl'OdllClbll"
ity and maintainability. - Each module can be separately manufactured and tested to
individual specification requxrements prior to mstallatlon. The laser rangefmder can be
replaced in the vehlcle without speclal tools and w1thout destroymg the. mtegrxty of the_

o presurlzed opt1cal system. Convemently located 1nlet valves permlt easy access for,

penodlc mtrogen purg'mg and chargmg of the GPS. Removal of the GPS is accomphshed
from outside the vehicle w1th the only prerequlslte belng the removal of the ballistics
cover, mounting bolts; headrest assembly, and disconnecting the commander's GPS
extension and electrical harnesses. The eyepiece and headrest assemblies ‘are inter-‘
changeable with the ones in the commander's GPS extension.
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3.5.2.1 ggtl

The—f-.

'r's Prlmary Slght (GPS) shown in flgure 3-36: provxdes a wide range of dayhght :

wsmn alternatlves. Unity power 'vision ean be used for close-in surveillance and dunng 7
slewmg operations with a fleld of v1ew .of 18 degrees horizontal. The head mlrror is
stablh' d in elevatlon and is a common element in-all GPS systems. The dayhght s1ght

has a resolutl_ n of 50 cycles/mll for hlgh contrast targets and 30 cycles/mil: for low
contrast targets. A+ 2, -6 dxopter ad]ustment 1s provxded in accordance w1th normal .-
design practlce. “The dayhght snght ‘has an -exit pupil dxameter of 6mm and a clear eyevf,

3.5.2.2 -fﬁievafi’bﬁ Head-Mirror 'Modu.l'e "(Los Systetn)

'iodule is. a key element in the lme—of-snght stabilization
system whlch contams- (1) ‘a;two axns gyro and associated capture-loop electronics,: (2)":;
drive motor, (3) multlspeed resolver, (2) de. tachometer, (5) solenoxd brake, and (6) a
unique aluminum head mirror shown in figure 3-37 Slght;‘,stablllzatlon in elevation and "’
turret stablhzatmn in azimuth (usmg signals from the. tw’j -8 'gyro) is utilized. The v_-'
aznmuthi' gyro retlcle compensatlon system essentlally a\ ut] stablhzes the reticle: and
prov1des ;erformance substantlally equal to that of a tw x1s lme-of-mght stablhzatlon
system., = ' ' e

The elevatlon ~he ad-mxrror

'I‘he two-ams gyro prov;des mertlal-grade body flxed sngnals for the head mlrror in
: elevatlon and the turret in ammuth, Elevatlon rate s1gnals from the gyro are processed in

the LOS electromcs unit to develop drwe s1gnals to the motor wmch promde a motion
counter to vehlcle motion and thus pro\nde

{ ble snght pattern in. elevatlon., szlon 1s ’
accomphshed by using a one-plece alummum mlrror w1th an optlcal quahty rephcated_r
- surface. .This mirror prov1des a surface largjh "enough to reﬂect day/mght umty, and laser
light. - Electr1cal mgnals from the resolver prov1de space stablllzed reference: s1gnals to
the gun. In the non—stablhzed emergency mode of operatlon, the head mirror is
posmonally slaved to the gun using the same resolver network.
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Figure 3-36. Gunner's Primary Sight Panel
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}3,,.5.2.3 Reticle Projector and Azimuth Drive

'Flgure 3-38 shows the overall functlonal concept of the gunner's reticle projection and
Thlsksystem converts the total azimuth ballisties solution offset
generated by the computer into an accuratelyl deﬂected retlcle in the gunner's field of

azimuth retlcle control.

view. The reticle source is located in the l‘aser’ rangefmder where the retlcle beam is
permanently alined with the laser beam. A movable dichroic beamsplitter reflects the
invisible (one mieron) laser light toward-the target and partially transmits the red reticle
light. The :rettcle beam is returned along the sdme path by a retroflector and is partially

TORQOUER

Figure 3-37. Gunner's Primary Sight Elevation Servo Assembly
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reticle drive 1s also supplied to the gun/turret drlve system to counterrotate the turret in
azimuth and maintain the retlcle on the target when az1muth offset is apphed.

- The azrmuth rettcle-drlve servo uses a - potentlometer for posmon feedback and a
tachometer for stabxhty feedback. These feedback signals are converted to dlgltal signals
in the computer and summed w1th the total az1muth offset pos1t10n The resultmg error
signal is converted to analog, amphfled, and apphed to ‘the azrmuth retlcle drive

servomotor. ~'The ' motor- drlves the carrlage holdmg the photosensors fo,- the azrmuth
mirror drive.' k : o ,

The azimut

ror-drlve servo uses an optlcal sensor for pos1tlon ,feedback and a
tachometer’f T stability feedback. Drsplacement of the dual-matched Pl otosensors by the
reticle-drive servo apphes a dlfferentxal error voltage to the ser j:otor drwmg the
beamsphtter untll the reflected beam of the hght-emlttmg dlode lS centered on the -
photosensors. ‘ Total range of angular deflectlon possrble for the retlele is+45. mlls. A

dlrect-drlve torque motor and tachometer are used to obtam hrgh accuracy and reliable
performance. S

i ! wCompensatlon (GRC) is apphed to the azxmuth mlrror-drxve to hold the
reticle on the arget when azrmuth dlsturbance vmputs beyond the bandmdth of the turret
_eontrol system are encountered. 'l‘he turret stablhzatlon spatxal posmon error 1s apphed
to the azrmuth mxrror-drlve to counterrotate the. retrcle and mamtam 1t on the target.
The gun 1s mhrblted from frrmg for azrmuth errors greater than 0.30 mxl.

3.5.2.4 Lgser-»nanggrmder :

The Laser Rangefmder (LRF). employed in the fire control system is a Neodymlum
Yttrium Aluminum Garnet (YAG) laser transmitter coupled with range receiver using a
sxhcon-avalanche diode detector. The laser.rangefinder 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. allowmg easy removal and 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 pro;ector. An outstanding
feature’ of the LRF integration into the fire control system is the absence of any controls
except the lasmg button on the handles and an armed-safe, frrst-last return loglc switch
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Figure 3-30. Laser Rangefinder

on the rangefinder. Al range sensings are entered directly into the computer. Arange o

- readout is:provided ‘in ‘both- the' commander's and gimner's: field of view, aiohg"‘-‘w'i'th a

- multiple-return: indicator. :-The LRF.makes use of: last-return logic to‘:'imp’le'rnent =

~successful ranging- through fog, dust, and smoke.. _ However, first-return logic is avaxlable .
for use in unusual. tactlcal situations.

The last-retum loglc is achleved through . the use of a dual countmg cham. i One counts
contmuously out to max1mum range (7990m), and the other resets to zero for each return

received. At the tlme the continuous counter reaches maximum range both counters‘stop
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and the time differential or range difference between counter-chains indicates "actual
last return” range. '

The rangefmder/computer interface consists of the range bmary—coded ‘decimal (BCD)
Tlines; the range-ready s:gnal, ‘the continuous monitor signal, and the built-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 dlsplays a range
ready signal to the computer which then accepts the range displayed on the BCD lines.
This range. is stored by the computer unt11 a subsequent rangmg sequence 18 completed.
The rangefinder: also contmuously' Vv1des a. go or no—go signal - to the system which
indicates that both pulse formmg etwork (PFN) ‘and. recewer detector bxas ‘are present
and that counter, logic and power supplxes are operatlonal In addltlon, as part of the

gunner—commanded sequence test upon recewmg the test command from the computer,

output was mthm lxmlts. It then transmlts a known range to the computer if the system
is functlonal. 2 - i ‘ s L

RETICLE CONTROL PANEL

o RETICLE intensity control rheostat: adjusts reticle brightness;

o Defroster ON/OFF toggle .switch: energlzes the thermostatically controlled
defroster and illuminates an indieator hght (GREEN) when the defroster is on.
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e o. Panel lights TEST pushbutton sWitch: illuminates all indicator lamps and displays

-o INDICATOR lampintensity control rheostat: adjusts indicator lamp int‘ensity "’onf
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Fire control MODE toggle switch and indicator lamps: ' selects operatmg ‘modes
of fire control system' either "MANUAL", "NORMAL" or "EMERGEN cY".

Azimuth/Elevation NORMAL MODE DRIFT controls: potentiometers used to
“null 6ut stabilization system drift. SR :

DIOPTER ad]ustment rotary mechanieal adjustment of eyeplece, used to brmg
scene and reticle images into sharp focus.

FILTER/SHUTTER/CLEAR 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; ora clear window for normal viewing conditions.

S Gun select MAIN/COAX/TRIGGER SAFE toggle sthch and- indicator lamps
switeh seleets gun (main or coax) or trigger safe (deactivates trigger circuits).
: watch in. coax pOSlthI’l also, selects coax ammunition. Indicator lamps.display
the selectlon that has been’ mtroduced into the control circuitry by the gunner.
- "Trigger safe" is always selected when turret power is first applied.

' AMMUNITION SELECT toggle switch and indicator lamps: switch selects main
gun ammunition type and indicator lamps display the selection that has been-
BEE 1ntroduced 1nto the control CII’CUItl'y by the gunner. :

MAGNIFICATION selector:  lever control,::sel_ects_ __ei:ther;;.'iv,_iqr ‘ 10 power

r Laser fn'st/last-return and safe sw1teh' Located on the laser, selects flrst or last

L .g,target range return or allows the gunner to. 1nh1b1t the laser from accidental
firing.

| ,Range and system status dlsplay Range data and system status 1nformatlon

. (READY TO FIRE, MALFUNCTION MULTIPLE LASER RETURN SYMBOLS) are
, dxsplayed on the CRT tube m the thermal system and superlmposed on the fleld
| of v1ew m front of the. eyeptece



THERMAL IMAGING CONTROL PANEL

o MODE control: S off/standby/on, energizes system.
o POLARITY switch: = - white hot/black hot, selects target
contrast. '
o 'S’ENSITIVI'.I‘Y eentrolr ' S adjusts system _recei\'rler_se:usttivity_r
o CONTRAST control: .. - rheostat adjusts level of cpntfa’s_tj
"o Statusindicator: = . indieates operatmg temperature
L e SR o aehneved and faults. B

o THERMAL MAGNIFICATION selector: ~ mechanical module to select 3. power
S I R o or 10 power magmfieatxon. '

. o FOCUS: B ~ permits focusing from 50 meters to
, S ’ EEEE mﬁmty. . S -
. o SYMBOLS: o S ad]usts 'the level of bnghtness of the
‘ S .= .. range andsystem status dxsplay in the
CRT.
: o RETICLE: , I gad]ust the level of brxghtness of the

- thermal scene reticle and polarity. -

' 3.5.2.6 Gunner's Night/ Thermal System

‘Night vision is provided by a parallel—scan Thermal Imagmg System (TIS) whlch senses’. -
_heat radiation in the 8-14" 'mieron 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 radlatlon, and
depicts the temperature profile of the scene. A dual-power optlon provides magmflca-
tions of 9.8 and 3 power with a rectangular fleld of view of 2. 5 by 5.0 degrees and 8.0 by
15 degrees, respectlvely. The effective range of ‘the TIS depends on. the temperature
contrast of the target and air but is the same for day or mght ‘operation. - The functxonal ,
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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3.5.2.7 Muzzle Reference Sensor

The Muzzle Reference Sensor (MRS), provxdes the gunner with a means for correctmg the
fire control solution to compensate for- gun tube bend. The system prowdes for semi-
automatic data insertion in the ballistics computer, allowing the gunner to measure the
magmtude of gun 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. This' procedure mtroduces a deflectlon prism into the line of .
sight and brings the MRS reticle mto view. 'lhe retlcle 1s part of the. MRS collimator
assembly located at the muzzle end of the. gun tube. For mght use, the MRS reticle is
illuminated with a trxtmm hght source. The gunner then opens and ‘powers up the
computer control panel, he then depresses the palm switeh to place the gun tube in a level
position and uses the boresight tod'gle switeh.to’ superlmpose the fire control retiele red
almmg dot: over the center of the black MRS reticle cross. When accurately centered, the
gunner actuates ‘the MRS lever to OUT posmon on the GPS, thereby updatmg the
computer bores1ght reference. .

3.5.3 Commander's _ﬁdi’S Extemion

The Commander's GPS Extensxon (CGPSE) provides the commander thhﬂ} an optical
projection of the same scene that is. wewed by the gunner 'I'ms scene, &‘cludmg .day or
night thermal scenes, also provndes the commander w1th the same retlcle,' 'range, and
system status- mfor'natxon that is v1ewed by the gunner. B :

.The GPS scene is transferred to the CGPSE through a common beamsphtte:"‘whlch is
located in the GPS. ’Ihe image is colhmated and pro;ected out of the GPS andfinto the -
CGPSE where it is rermaged in.the commander's eyepiece lmage plane Colhmated light
simplifies the. mterface and ahgnment “The optical schematic of the CGPSE is shown in
figure 3-43.and commander's station conflguratlon is 'shown in figure 3-44.

~The CGPSE has the same dual power capablhty as the GPS." The high power system has a
_ magmflcatlon of 9.5 power thh a field of view of 6.2 degrees; the wide field system has a
: magmflcatlon of 3 power and a field of _v.lew ‘of ‘16 degrees. Resolution of the 9.5 power
system is 40 cycles/mil for high contraSt /tar'gets and 25 cyecles/mil for low contrast (20'
percent) targets. The exit pupil diameter is 6mm and clear eye dis,tance\;» is 22mm, which
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' is more than adequate for plckmg up ‘and trackmg a movmg target. A..;,+ 2, -6 diopter
adjustment capability is also prowded. ’ '

3.5.4 Gunner's Auxiliar'y Sight

The Gunner's Auxiliary Sight ‘(GA'S) is a simple gun mouhted -artieula"te‘d“twe‘i-eeeepe which
operates independent of the pnmary fire control system.: It is mtended as -an unsophisti-
cated, reliable backup system with key desxgn emphasis on capablhty 'to srvive multlple
nonpenetratmg ballisties unpacts. The. GAS has a magn1f1eat1on of 8 power which results
in a field of view of 8 degrees with a clear eye distance of 25mm and an exit pupll ‘
diameter of 6mm. A + 2, -6 diopter ad]ustment capablhty is also provided. The resolution

of the GAS is 25 cycles/mll, Whl(!h is sufficient to engage targets out to the maximum

effective range of the ammunition. A 50 db attenuation of 1.06 mieron ;ase,r light is
provided for gunner's eye protection along with a neutral density filter for reducing scene

brightness. The GAS provides ballisties reticles for SABOT and HEAT ammunitiens.
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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 10° DEPR). In

the area of greatest usage, between 10° ELEV and 5° DEPR, the image rotation is
approximately 10° CW and 15° CCW, respectively. Two separate focal plane ballistics

reticles are provided (SABOT and HEAT). ‘Selection of the reticles is accomplished by the
reticle select lever. Reticle illumination is provided by light emitting diodes: The GAS
has been 'déSigned for optimization of the aperture 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:
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3.5.5 Gun/Turret Drive

The .Gun/Turret Drive (G/TD) and Stabilization Systemi"prov.ides control of . the main and.
coaxial weapons in the_stabilized (normal), non-stabilized ,(emergency)v,;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 non-stabilized (emergen'cy) mode
- provides backup. powered. operation. independent  of :stabilization system.. _sensors . and
circuits. The manual system provides gun and.turret . control, mdependent of the vehlcle
eleetrical and hydraulic power sources. - :

In the normal mode of operation, the gun is electrically'slaVed'with the stabvi'li‘zed 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 prorides the target
acquisition and retention capabilities necessary for both moving and stationary'vehicle
operatlons. Infmltely varlable and. contmuous trackmg capablhty from 0.25 to 75 mlls per
second in azmuth and’ from 0 25 to 25 mlls per second in elevatlon 1s provnded to the
gunner- and commander. At least 750 m11s ‘per second of slew capablhty from control
handle commands is prov1ded for the turret in- az1muth. An elevatlon handle command
slew rate of 400 mlls per second and a 750 mlls per second rate for azimuth and levatlon
in response to stabxhzatlon system commands 1s also prowded. Stablhzatlo_ system
commands. for these rate levels are requlred to mamtam aim retention durmg vehlcle ‘
moblhty over rough terram o evaswe maneuvers. T

The electrxcally controlled emergency rnode prowdes a hlghly rehable powere baekup
" mode for’ “handle command @erformance approachmg that of the normal mode Durmg
emergency mode’ operatlon, the GPS hea’ T irror is electrlcally slaved
azimuth and elevatlon control prov1ded du'ectly to. the turret and gun, s1°ht "also
be performed utlhzmg the Gunner's Auxmary Sight (GAS), 1ndependent of the op,__ :atlonal
capablhtles of the GPS. ' '

The normal and emergency modes contam loglc to prevent the gun from st
deck of the vehicle at gun’ angles below Zero: degrees. n the normal mode v'ffullﬂcontrol 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 allgnment (the head mirror posmon 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
: fbi"b’peration 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 mils/sec in elevation. -

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

3.5.5.1 Elevation Axis

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 funectional-block diagram«of the elevation axis. control
~system. ' ‘
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Figure 3-46. G/TD Elevation Axis Functional Block Diagram
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~In the normal ‘mode, handle ‘commands and sensor ;f:eeack'ssignals are processéﬁ,rin the
G/TD electronics to provide rate commands ‘to the elevation -eylinder under‘rfmoving -and
= stationary vehicle conditions. ‘The control system is of: the proportional: type, mcorpor-
ating integral and differential control compensation. Veloclty lag error is mmlmlzed 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 rotatefiﬂie-;égun" at an
equal and opposite rate to provide a stable gun position. Any -éinaccuracies of tihisropen-v
. -loop drive signal cause a-spatial position error to be developed.. This error is. sensed by the
gun gyro and the gun sight résolver network; which both provide drive signals to-eliminate -
the error. Differential pressure feedback (torque feedback) is used to provide additiona’l
system damp‘ing. Feedback compensation is provided to eliminate -positional errors
resulting from hydromechanical component wear, -environmental changes and tolerance
variations: - Handle ecommards from ‘the “gunner -or commander are shaped :and:summed
-with the feedback signals:logic: to provide smooth ‘tracking capability. -

In the emergency:mode, ’handleacommands:are processed 'through the handle signal shaping
network to directly control the hydraulic servomechanism. Manual control::is also
provided through the servomechanism from a hydraulic fluid handpump, acctxmulator and
lock valve system. Manual iﬁbde ‘provides 10 mils in elevation per handerank revolution at
a peak effort of less than eleven pounds. The servomechamsm contams a hydraullc flow
amplifier consisting of a. servovalve and output stage spool ‘The posmon of the output
stage spool is: electrlcally fed back to the input of the servovalve. Bias compensatlon to
- eliminate rate offset- errors in. the emergency mode is- prowded in this control loop.. The
servomechanism also contains a pilot operated four port, two posmon lock valve to"f_'

o rmmmize dnft during system off conditions and to provide a 0.1 second engagement time
- delay to prevent uncommanded trans1ent gun motxon when hydrauhc poweris -applied to‘ - '_‘"‘A
- the drlve system. Internal erossover relief valves prevent system damage in the event an .

external ob]ect is struck by ‘the gun, and a manual lock valve prevents backdrlvmg of the
manual handpump when the -elevating mechanism is .power driven. 011 cleanhness is
maintained to t"he servovalve by the self contained replaceable hydraulic filters with
bypass indicators: - The elevatmg mechanism is attached directly to the: servomechamsm
for low entrapped oil volume. This, in conjunction. w1th the nme square ineh effectlve
piston area, a double shear zero backlash gun attachment mec“hamsm, and a dual support

strut gimbal mount provides the stiff drive system necessary for the gun to respond to
elevation terrain mputs up to 10 Hz.

3-82




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. Errors in this
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. 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 is processed to eliminate
the error. Differential pressure feedback is used for increaséd damping. This approach is

, ;e,ff,e‘cftivgg in 'stabilizing the turret for input disturbances of frequencies up to approxi-
ma_tevl_yt.4tﬂz. ‘Uncompensated. errors .in this rénge_, as well as input disturbances of up to
60 Hz, are processed Vthroug_"h the derived. position channel and the Gyro Reticle

) Compensation ecircuit to. ;eposition -the reticle to maintain target- alignment.. This
esSentihliy étabilizes the vreticle and provides -the advantages obtained with the stabilized
,azimuth sight method withot_it the d,isadvantages of a two. axis sight stabilized system.
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Handle commands from the gunner or commander are processed in: the: normal and
emergency modes in a similar manner to the elevation axis. Bias compensation is

- provided by the veloecity channel in the normal ‘mode and by the servomechamsm output
spool position feedback in the emergeney mode. ' : P

‘The azimuth servomechanism houses a servovalve, flow amplifier, engage transient time -
~ delay, ‘a strain gage type differential pressure transducer, replaceable ‘hydr‘aﬁlic*-'filt'ers
-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 directly to the output stage of azimuth servomechanism to provide low entrapped :
- oil-volume and establish-a high stlffness ‘hydromechanical coupling. The gearbox de51gn is
stlffened and incorporates a single split output pinion. The gearbox assembly, w1th a ratlo o
of 640:1, houses the turret brake/clutch which is hydraullcally 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 thh the power controls de-
- -energized, but allow shppage if the turret i 1s struck by an- external obJect. The mechamcal
ground for the brake/clutch is provided in the manual traverse sectlon of the gearbox.
The detent design prevents baekdriving of turret motion through to the manual handle.
Addltlonal safety is provrded in the manual system by a separate slip. elutch on the

handerank drxve and by a hydraulic power cut-off switch that i is actuated by a lever on the' e

handerank when the handerank is grasped. The manual drive has two speeds/ratlos. ' 'Aj
640:1 ratio to provrde a response of 10 mﬂs per handcrank revolutlon on level terrain and
a 1280:1 to provide a response of 5 mils per handcrank revolutlon on sloped terram.
Because of the low frlctlon of the manual drive, and in partlcular of the hull/turret race

assembly which is-itself less than 200 pound—feet, the manual traverse peak effort is less
than 14 pounds on level ground.

3.5.5.3 Handles and Gontrols'

- The control components used in the gun/turret drive (G/TD) system are the' gunner's and
commander’s-handles, the gyros, and the electronic control unit. “'The gunner’s and
commander’s ‘handles provide identical control capabilities for the operator, me_ludmg
‘palm, trigger, and laser switches. The ‘application of hydraulic power to ‘the eontrol
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 GPS head mirror and
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gun or turret,‘to lase, or fire the main or coaxial weapon. Interlocking the palm switches
in this manner prevents inadvertentt.pumping 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's handles assemblies are identical. Linear
variable differential transformers (LVDT's) are cam driven through +90 degrees in azimuth
and bell erank driven through +30 degrees in elevationi,_'to, provide an output voltage
proportional to handle positien.- ‘The mechanisms are self centered with spring forces
selected to provide smooth and easy operation. The handle grips are shaped to
comfortably fit the hand for easy accomplishment of the requn'ed functions and to
minimize operator fatigue. ‘

Three 1dent1ea1 rate gyros are used speclfleally for the G/TD system to sense gun rate in
elevation, vehlcle pitch rate, and hull yaw rate. 'l‘urret rate is sensed by the azimuth
output of the dual axis gyro wh:ch is located in the gunner's pnmary sight.

The modularized elecetronics umt prowdes the analog processmg loglc needed to control
the elevat:on and azmmth axxs, and the power supply and regulator c1rcmts for the G/TD
system. The elevatlon and az:muth control loglc is individually contamed on two separate
printed circuit boards for ease of troubleshootmg at upper echelon mamtenance. The
power supply components, except heat sink mounted power transmtors, are eontamed ona

single prmted circuit board. . 'Ihe electronics utut has a test connector-on the front face

that provxdes connectlons to measure pertment operational condltions throughout the
G/TD system. e o

3.5.6 Beliisties Computer System

The Ballistics Computer (BC) System calculates and provides command signals represent-
ing ballistie, lead, and paraﬂggf‘qufsets for the GPS reticle projector (azim_uth) and the
‘main gun elevation. These offsets are dependent upon vehicle environment, static cant,
target slant range, tracking rates, ammunition type, -and .operational modes. - In addition,
to zeromg values. for nine main: gun and: two .coaxial weapon. round types, the GPS to main
gun azmuth and elevation ahgnment values -are selectively summed to the computed
ballisties pf;fs,_ets.v,j - The system ‘cqn;s;sts of tvh,e ballisties ecomputer which includes the
electronics unit ‘and the contro_l panel, the cant sensor, the erosswind sensor, and other
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vehicle components/systems ‘which provide computer inputs: Figure ‘3-48 depicts the.
functional relationships between the system components and other vehlcle systems/-‘ :
components. U S : : . . : :
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Figure 3-48. Ballistics Comp'utei- System F‘unetibnal*mock Dlagram 5

The BC automatically receives signals of the vehlcle's eant angle, the crosswmd veloclty,»
the range, and the tracking rate (for lead corrections). ‘These s1gna1s are eombmed with
the manual inputs such as zeroing, boresight, MRS, air- temperature, ammo temperature,
and barometrie pressure to caleulate the requlred offsets. Electromc s1gnals representmg
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,these offsets are: automatlcally fed to the approprlate dnve system (ammuth GPS reticle
dnve or elevatxon gun dnve)

_ éontinuous, automatic malfunetion detection ‘capability: is incorporated in the fire control
system to 1dent1fy to the commander if and when & gross malfunctlon has occurred in the
' 'balhstlcs computer system and other maJor components.‘ A manually m1t1ated built in test
sequence actlvely exerclses the balhstlcs computer, cant sensor, crosswind sensor, laser
‘ rangefmder, G/TD system, LOS stabllxzatlon system, data link, and the GPS reticle drlve’
E and compares ‘their’ md1v1dua1 responses toa predetermined pass/fall eriteria. Fallure
‘sourees areldentlfled'- by a number code on the ‘computer control panel for appropriate
repaiirs.*i’Manua'leoverride _capability for the automatic inputs of cant angle; crosswind
'v_e,lo_city,, lead rate, and range is provided for emergency operation. -

3561 Ballistics Computer Components

Balllstlcs Computer (BC) components shown in fxgure 349 mclude an Electromcs Umt
(EU), a Computer Control Panel (CCP), a dlgztal computer, a power supply, and mterface
circuitry. The CCP contains al.l of the controls and displays requlred to prowde manual
inputs to the computer. ‘

COMPUTER CONTROL
PANEL, COVER OPEN

F1gure3-49 " Ballis tlcs ':Cofnputer EU and ccP




The digital computer contains 16,384 words of solid‘state “eraseable programm'able read- -
only memory (EPROM). The operating program and balhstlcs coefficients -for eleven

types of rounds are included in this permanent storage area. Two mam rounds and one -

‘ecoax round are: 1mmed1ately selectable’ v1a the gunner's ammo 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 new ammo, can be accomphshed by re~-
progra'nmmg one computer board A "scratch pad" memory 1s used to store panel inputs.
Requlred power for this mernory is supphed by the vehxele battery when the computer is
installed in the tank. When vehicle. battery power is ‘l_os,tv an mternal ,_battery provides
poWer to maintain the memory. This battery is a-‘l‘ow.voltage;recharg’_eablesUnit mounted
in the computer electronies. When vehicle installed, ‘a charging circuitvwithin'-"the BC will
maintain the battery capaeity 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
data usmg the control panel. Conversmn from Enghsh system manual entry units to
meétrie can be accomphshed by removmg an mternal Jumper wire..

The digital control transformer (DCT), 'located m the LOS Electronics’ Unit, and other
interface clrcultry are orgamzed onto mdlvxdually removable ecircuit cards. : The DCT is
the interface element between the dlgxtal computer and the analog gun elevatlon servo.
The 31gnal from the gun trunmon resolver is apphed to the DCT, the requn'ed ballistics
offset is added, and the resultant output is used to - approprlately position the gun
elevation. In ammuth the compute" through a closed loop servo, posmons the reticle for
rthe proper offset, whlle smultaneously the turret system senses that retlcle motlon and
: counterdrwes to correctly posxtlon the gun/turret. e Muzzle Reference Sensor (MRS)
correctmn is used by the Balhstlcs Computer to'a tomatlcally prov1de the appropriate
bore51ght correctlons to accommodate gun tube bendmg Speclal clrcults are prov1ded in
both elevatlon and ammuth to inhibit mam ‘weapon flrmg unnl the sight ‘to: gun Domtmg
error is: wlthm pre-estabhshed hmlts- In stattonar’ _ and average cross country operations, |
the assoclated control systems are sufﬁcxently res“ nswe to’ mlmm;ze any flrmg delays |

from the lnhlblt functlon (the error hmlts are + 0.20 mﬂs in elevatlon and + 0.30 mlls in' ”
azimuth). ’ s ;

The Computer Control _Panel (CCP), shown in fj igure 3-50, is norrna]ly closed during
combat operations. It prowdes the capablhty to manually enter ballisties parameters and
_alignments and to override the automatic sensors in the Balhstlcs Computer System. The
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Figure 3-50. Computer Control Panel.

control panel is d1v1ded into four 'na]or sectlons._ a manual mput sectlon, autornatlc input
self test seetnon, boresxghtlzero section, and a keyboard/dlsplay section. -

The manual mput section. contams prowsmns to enter condltlons of air temperature,
barometnc pressure, ammo temperature, battlesxght, and ammo sub—type select. Any of
these manual mputs ‘may be used by depressmg the appropnately labeled key. The
computer wx]l acknowledge the addressmg of the particular 1tem by 1]1ummatmg the key
that was pressed and by d1splaymg the value currently stored in the computer memory for
that item. The units associated’ w:th ‘the dlsplay are those in’ cornmon use: (e.g., degrees '/
_ Fahrenhelt for- temperature) and are listed for convenience on instrustions afflxed to the
control” panel cover. After pushmg the labeled key, to change the value of the manual
mput, press:the appropriate numerlcal entries on the keyboard. '
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These entries are 1mmed1ate1y visible in the numerlc dlsplay If the new value appears

correct then the enter key 1s depressed, the manual mput lamp that was ﬂlummated goes
out, and the new- value is's stored for use in the balllstlcs solution equatlons"' Should a
totaily erroneous entry be made' e.g., ,69000 degrees ai,r; te'mperature) the of puter will

input is to be made. It ,lS 1mposs1b1e for any mcorrect entry to damage or. upk e t‘the fire

control system. A1r temperature and: pressure are mput from data prowded »locally to the
crew. Ammunltlon temperature is obse "

automatlcally sequences tests of f1re control subsystem. Should a fallure occur, the no-go

iamp ﬂlummates, the sensor lamp mvolved 1]1ummates and a numerie code is dlsplayed to
identify the *‘axlure source. Cooe mformatlon is contamed on the panel cover. At the
eompletion of a- successful test, "DASS" will appear in the dlsplay The: automatlc mputs
to the computer, crosswind, cant,.lead, and range can be addressed in the same manner as
- the manual inputs. Depressing one of these keys causes the lamp to i]lummate and thev
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

inputs. “This capability allows the fire control system to properly functlon 1n a shghtly
degraded mode in the event of a sensor fallure. N

Bore51ght1ng ‘and zeromv of the GPS in day, mght, and MRS modes to the mam gun 1s: |
accomplished by usmg controls on the GPS and the CCP., These modes are set up
automatlcally w1th selectlon of "gun" "ammo type" ‘ "day" ' "mght", or' "MRS" To;,
boresight the GPS the retlcle 1s moved by use of the up/down/left/rlght toggle on the
computer control panel unt11 1t comc1des w1th the almmg point .of the gun tube. -When a
satlsfactory lay 1s obtamed the solutlon for the sight.is. entered by depressmg the enter
button.: Zeromg is accompllshed_ in a similar ,manner,,after .depressmg the zero b,utt,o_n, by
toggling the GPS reticle to the center of _;irmpact..of,the,«gzer._oing.-r_ou_nds ;,fired for-the -
particular ammunition selected and pushing the enter button.
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3.5.6.2 Cant Sensor

The cant serisor is a simple and rugged pendulous device located on the tank ceilihg above
the gunner.. The ballistics computer contams automatle loglc to ignore the cant mput
when the vehicle is moving. The pendulum is magnetlcally dampened and a rugged

potentiometer is utilized to measure pendulum position. Figure 3-51 depicts the cant
sensor.

 Figure 3-51. Cant Sensor

3.5.6.3 Croswmd Sensor

Mounted at the center top rear of the turret bustle, the ‘Sensor measures. the crosswind
eomponent of the wind at the vehicle. The sensor is shown in figure 3-52. This rugged.?
unit and a special rubber shock mount allow flexure to the horizont_alpl‘ane ‘upon impaet
with obstacles sueh as tree limbs. This flexure prevents damage or permanent orientation

shifts to the wind sensor.

The crosswmd sensor SIgmflcantly 1mproves moving vehicle. h1t performance by measurmg
any lateral vehlcle motlon perpendlcular -to the line-of-sight to ‘the target. - This
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~ Figure 3-52. crossw_ind‘sens@i-j_ ;

lmformation is used by the computer to prowde tra]ectory correetlons to eompensate for
‘the effect of that motion.

The crosswind sensor also provides continuous self teStiﬁg'-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. In the manual self test sequence, a snnulated wind s1gna1 is mserted and the
calibration- of the wind sensor electromcs is verlfled.

3.5.7 Turret Controls

The turret control system has been thoroughly integrated and standardized to require as
few panels and controls as practical. The commander's vehxcle master power switeh, in
parallel with another switch at the driver's statlon, is provxded in the turret for ‘added

convenience and safety. The gunner and commander are provided a separate, mdepend-
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- ently adjustable control for varying indiecator 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

Emergeney aiming and firing of the main gun is possible. A poﬁer 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 elevatlon positioning of the
main gun and the commander'’s weapon is achleved by the manual controls provided. The
main gun can be manually fu'ed by utilizing the blastmg machme ‘conveniently located
. above the gunner's control handles and below the Gunner's: anary Slght.

3.5.7.2 Turret Control Panels

Turret controls are provided for the commander, gunner, and loader. The commander's
and loader's controls are contained in individual control panels while the gunner's controls
_are integrated into the Gunner's Pmmary nght. An indicator lamp test control on the
commander's panel illuminates all ]amps and dlsplays ‘when actuated.

The Loader's;P;gnel shown in figure_3—53 is ;locfat}ed ot-\, thé left turret wall by the loader's
station. ‘The panel is optimized for use by thé}ldader and contains the following switches
and indicators: f ' :

o - "GUN/TURRET DRIVE" safety sw1tch and 1nd1cator lamps: Lever locked toggle
switch whlch activates or deactwates powered gun and turret movement.

o "TURRET BLOWER" on/off switc_ii- apd vi‘nvdica'tor lamp.

o "MAIN GUN STATUS" indicatdr lamps: Display the status of the main gun firing
- eireuit either "armed" or "safe".

 The Tank Commander's Panel (TCP) shown in figure 3-53 is located on the right turret
wall, adjacent to the commander's station. It contains controls to operate the turret, the
NBC system, and the Commander's Weapon Station (CWS). The panel contains the
following controls and indicators:.
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Figure 3-53. Turret Control Panels
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. -"VEHICLE MASTER POWER" (VMP) switch and indicator-lamp: - The Driver's
“Master Panel (DMP) switch and this switch at the commander's station controls
‘vehicle power from either crew station.

| "TURRET ‘P-QWElt". switch and. indicator lamp: Controls-the turret power.
Circuitry automatieally resets to "off" with loss of Vehicle Master Power (VMP).

. "MANUAL RANGE" sw1tch. Battle s1ght push-bution inserts the preset range

»"value for the selected ammunition type. The add/drop sw:tch ad]usts ‘the battle
sight input manually.

"AUXILIARY HYDRAULIC POWER" switch and indicator lamp. Controls
‘auxiliary hydraullc power. Hydrauhc power is "on" ‘when VMP 1s "on", with the
‘ »engme "off" or mth the engme "on" and the main hydrauhc pump falled.

Smoke "GRENADES" sw1tches. Safety sw1tch arms/safes grenade firing eircuit.
Salvo 1 push button switch fires 3 grenades from the left and rlght grenade
launcher. Salvo 2 push button fires the remammg grenades. aa

W"PANEL LIGHTS" test and mtensrty control: Pushbutton allows verification that
all lamps are working. Control knob provides control of the lamp intensity.

Warning indicator lamps:

oo »ENGINE FIRE' Flashes, mdlcatmg ﬁre ll‘l engme compartment. Duphcate
" tolamp on Drlver's Instrument Panel. L

.90  LOW BATTERY CHARGE: Indicates low battery state of charge.
oo CIRCUIT BREAKER: OPEN Indlcates tripped c1rcu1t breaker in the turret.

::c’o FIRE CONTRCll’.. MALFUNCTION Indlcates a malfunctlon wlthm the fire
control system or dlsconnected connectors.

:r'"NBC MODE MAIN" sw1tch- Controls the main. NBC system. : Clrcultry

automatically comes on 10 seconds after engme start and automatically shuts off
‘after engine shut off.



~ "NBC MODE BACK-UP"™ switch:‘*Controls’the'air'recireulation ‘blower system.
“Can be-shut off by either the: NBC MAIN: ON switch or the BACK—UP OFF .
sthch S e o

"AIR TEMP" control: Knob allows variation of air temperature of the NBC

' ‘"NBC ALARM" mute- . Push’ button cancels out the NBC alarm 1mt1ated by a
' chemlcal or nuclear detector signal. : L '

~ "NBC _AL@RM'."ind:ieator lampe:

00 CHEMICAL- Turns ON when chemleal detector senses contammatlon above
' acceptable level; turns OFF when contammatron concentratlon drops below
- danger level of chemical detector. -

00 NUCLEAR: Turns ON when nuclear- detector senses contamination above
acceptable level; turns OFF when contammatlon concentratlon drops below
‘danger level of nuclear detector. o B Y

_"NBC WARNING" indicator lamps: :

oo CREW PRESS LOW: Indleates the pressure in the turret is too low to’

‘ sufflclently protect crew in NBC envu'onment- should shut off when NBC
main is ON and hatches closed, o o

00 OVER HEAT SPONSON IN. Indlcates alr temperature of NBC system into.
sponson is too hlgh and could damage system. o

oo FILTER CLOGGED: Indlcates the NBC fllters are clogged by sensmg the
S 'pressure drop across the fﬂters. :

oo OVER HEAT SPONSON OUT: Indicates temperature of air gomg 1nto NBC .
filters is too hlgh and w1ll consequently damage fllters.

3-96




3.6 ARMAMENT

3.6.1 General Descriptions and,Function

The 120mm, M256 gun shown in figure 3-54-is semi-automatie, dropbloek breech, counter-
recoil actuated and has an electrlcally operated flrmg device. The gun conslsts of a gun

tube, evacuator chamber group, breech operatmg group, breech rmg group, and
breechblock group - o

The ’gun tube is a» one piece steel forging, cold 'worked with a smooth bore for a 120mm
round. The gun tube is attached to the breech ring by mterrupted buttress threads and
locked with a tapered stud, provndmg a quxck change feature which permlts removal and
installation of the gun tube through the gun shield of the tank. This feature permits the
combmatlon gun mount, breech operatmg group, breechring group,-and breechblock group .
to. remam asa umt. A smooth surface 1mmed1ately forward of the mterrupted buttress '

: threads provxdes the bearmg surface for the gun ‘tube in the -recoil mechanism of the
combination gun, mount.

ROTOR  BORE'EVACUTATOR

MRS
JKINGNUT -/

e VR e s DN * GUN TUBE
- TRUNNION BEARING. . . THERMAL | o
~ SHROUDS

: Figure 3-54. 120mm, M256 Main Gun-and Mount . .
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The evacuator chamber group aids in removing spent propellant gases from: the’ tube
preventing the escape of these gases into the erew compartment. The annular chamfers
‘at the front and rear accommodate O-rings to eliminate:leakage of the spent’ gases. The
breech operating group actuates the breechbloek to open and close the breech and moveA
the extractors to eject the spent cartrldge cases. ‘ R .

OperatLg crank handle - ’Ihe operatmg crank handle whlch 1s separate from the gun,,
actuates the- closmg mechamsm operatmg shaft and is used to manually open the breech. .

Qperatmg crank The operatmg crank Wthh is- pmned to. the closmg mechamsm, is a:
shaft that has a crank arm and lug extensron. The lug on the arm extens1on is beveled to .

‘push the breech operatmg cam outward. It then contacts the cam surface durmg counter 7
recoﬂ to automatlcally open the breech. .

Breechblock crank < ‘The’ breechblock crank located on the center of the closmg' ‘
mechamsm, is a curved lever that has a pro;ectmg, enlarged hub with a half round, half
square bore on the lower end, and a hole on the’ upper ‘end. ‘The rear surface of the upper B
end is notched to receive the tip of the breechblock group retractor drive whieh forces
- the retractor guide and retractor rearward to withdraw the firing pin assembly into the
breechblock when. the breech is opened. ' |

Breech-closing mechamsm - The breech closing mechanism automatlcally closes the
breech by spring tension when the extractors are tripped. The mechanism is secured to
the bottom of the breech by the closmg mechanlsm bracket.

'The breech-ring group consists of the breech-rmg, closmg mechamsm bracket, extractor L
plvots, and gun tube index stud. On the rlght side and at the rear of the breech rmg a
counterbored hole contains - the firing pm plunger, helical compressxon sprlng"’v‘-:flrltlg
conductor, and sleeve retamed by the firing - plunger collar. The firmg plunger is
energized by the firing contact assembly mounted on the recoil- mechamsm when a flrmg
trigger. is depressed or the blasting machme handle is turned v1gorously. The electrical

energy is then conducted through the flrmg conductor to the breechblock: flrmg contact to
the firing pin assembly. '

The breechblock group is of the dropbloek; sliding wedge design, that slides in grooved
bearing surfaces in the breech-ring opening to open or close the breech. The breechbloek
group consists of the firing’pin assembly with related parts and breechblock. Machined
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- cam grooves (extractor paths), located on the forward portion of both sides of the breech
block acfuate the trunnions of the extractors mounted on pivot pins projecting inwart
- 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 bloek in the open poéi'tion.' ,When
the trunnions of the extractors are positioned on the trunnion seats of the breech block,
the breec__h:-_bloc_k 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 contaet, that conduets. electfical 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 into 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
inserting an eyebolt to facilitate breech block removal. The upper portlon of the frontA
face is beveled to prowde the wedgmg action needed to properly seat the cartndges in the
breech. rmg body as the breech block is being closed.

3.6.1.1° 'Maih‘ Gu’ri ‘(izofhm, M256) Characteristics

Weight. of gun (complete) -------- e e e - - - 4,1921bs

Weightofguntube - - - - - = - - - - - - - - - - - - - -~ 2592bs

Weight of breéch mechanism -~ - - - - - - - - - === ===~ 15061s

Weight of evacuator (with locking nut) T e mm o =mm =~ = = . 451Ds

Type - - --— s T-- - T -o-s - === ===~ Tank gun, smooth bore-

Breech - - -~ -------=2---=~--~-=-----<-  Sliding wedge, drop
R S .~ block counter recoil

' opening torque:

spring closing

Electric firing,
automatic, mechanically
retracted firing pin
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Length of gun assembly

(complete muzzle to rear face breeeh)‘

LengthOftube‘— it et e

Center of gravity of tube ~ -

Center of gravxty of eomplete gun- _y» ST ST T TaTT ,_4»{- -

(with bore evacuator)
Operation of fu'ingmechamsm S

Vehicle power -

Emergency power - ~ -~ - - - - - - ——— -

Guntubelife~ - ='= <% = o mmmraa L Lo e

3.6.1.2 Combination Gun Mount

© 120mm (4.724in)

56%mm (22146 in)

5300mm (20&66111,) o

- 1705mm (67.126 in.) -

1400mm (55 118 ln.) r
from rear face of breech‘ ,

uunner's and

" commander's’ eontrol

handle firing switch

o (deprssxon actuated)

.. Blasting maehme

(meehamca]ly operatéd)

.020 in. Bore elargsnient

The combination gun'mount is a concentric recoil, hydrospring, constant-distance type =~ '
that houses the 120mm gun. The ecombination gun mount supports the 120mm- gun on

trunmon bearmgs ‘installed on’ plns set ‘in the turret.

Elevation and depression of the

120mm, M256 gun is accomplished by operation of a hydraulic elevatmg mechamsm. The . .
120mm;* M256 gun mount prowdes ‘mounting surfaces for the coax maehmegun, the °
gmner's telweope, and the aux:hary firing mechanism.
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Combination Gun Mbunt Charac;teristics.,
Concentric Recoil Mechanism

Type - = - = = = = = = = = = = = - - - - ===~ Concentric hYdi‘ospriilg,
. : _ constant re¢oilrdistance

Lenéth of recoil (nominal) - - - == = = - = -« < - - 12in.
Length of recoil (maximum) - - - - - - ---- - - - 12.25in.

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

Weight
Complete installation - - - = = - - - = - - - - = = = 7307TIs
Combination mount - - = = = = = = = = = = - ~ - = - 1690 Ibs

(thhout rotor and shield, gunner's guard and assembly)

3.6.1.3 Main Gun Ammunition

The main gun ‘ammunitibn is combustible cased and has a stub base. The base weighs -
approxnmately 10 pounds and is automatleally ejected from the breech during gun recoil

cycle. Basne mam gun ammumtlon types are listed below and deseribed in subsequent
paragraphs. o

AMMﬁﬁI’l‘Ioriﬂ"’" S TARGET

3 APFSDS (Armor piereing, fm, stabxhzed, .~ Armored targets
dlscardmg sabot, tracer) el e e, -

HEAT (High explosive antitank) ' Armored targets, antitank guns
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3.6.1.3.1 Armor Piercing Fin Stabilized Discarding:'fsdBOt- Round(APFSDS‘T) B

There are two types of armor plercmg ammunition that will be used m the 120mm cannon"
as follows-

1. The 120mm APFSDS-T, M827 cartridge is a standardized Kinetic energy, ammo
defeating round which delivers a fin stabilized 38mm s;_aba_llqy.pgngtr:a‘topj?}_:'

‘2. The 120mm APFSDS-T ‘M829 cartridge is a kmetxc energy, armor deflectmg
round with an optimum penetrator (high L/D)

Figure 3-55. Armor ,Piercing‘ Fin Stabilized Discarding Sabot Round (APFSDS—T) o
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3.6.1.3.2 High Explosive Antitank Round (HEAT-T)

There are two types of high explosive ammunition that will be used in the 120mm eannon
as follows: i

1.

.The 120mm HEAT-TP-T, M831 is a standardized target practice round for multi-
- purpose use. It is a fin stabilized round using the same stick propellant system as
" is used with the MP-T round. S ‘

.The 120mm HEAT-MP-T, M830 cartridge.is a fin stabilizéd multi-purpose round.
It is a standardized system using a steel case with a rubber obturator at the stub

case mouth.

- Figure 3-56. High Explosive Antitank Round (HEAT-T).
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3.6.2 Loader's 7.62mm, M240 Machinegun

_'The 7.62mm, M240 machinegun shown in figure 3-57 is a hghtwelght, air cooled, gas-z'-“

operated, belt-fed weapon which is externally mounted at the loader's station.: The
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. Lihks:ar‘ee‘ejécted
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 ad]usted to

maintain the cyelic rate of fire when the weapon starts to malfunctlon due to- foulmg or
to other adverse conditions.

Weight N S

- 225bs
Length (over: -—--yr—b----v---—---'---v-'- | 41.3 in.
Length (barrel assembly) = - - - - - - = = <= = =% - __  24.84n,
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Type of operation = - = = = = = = = = = = =0 = oo oo Gas (variable with

three settings)
Typeof feed = - = - = - - = = - - - R " Disintegrating metallic
' o . ‘ ' link belt, M1A13
Muzzlevelocity-r e e o - ai - 2808ft/séc
Cooling - = < = = == = = = .. ____________ Air
Cyelic ra,ter offire - - -~ -« -=oom-ooo-oo- 560-980 rds/min |

3.6.3 Commander's .50 caliber, M2 Machinegun

The 7.50'éa1ibér, M2 machinegun shown in figure 3-58 is a recoil operated, belt-fed, air-
cooled weapon whlch is externally mounted at the commander's station. The ammunition
is belted usmcr a metallic disintegrating link. By properly repositioning some of the
component parts, the machmegun may be fed from either the right or left side. It is
equlpped with a M10 charger. The machinegun is a heavy barrel type des1gned for turret
installations and can be. fired using the ‘manual mode in both the commander's closed hatch
and open ‘hateh posxtlons.

Figure 3-58.- Commander's .50 Caliber, M2 Machinegun
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.50 CALIBEB.;*{ M2 ‘MACHINEGUN CHARACTERISTICS

Weigh’gfz(gun);f Sm ST Ts T m s s ====- 80bs. .. ..
Weight (barrel) - - = - = - = - = - = - - - - - = - oo | 28bs
Length (gun) - - - Rl T el e 65913i’!\-,

Length (barrel) SVE Ll 0 a & e om e E m o s D E e e e = 45.0in' s T g

Feed = = = = = = = = o - = e = - RERER T T _--.._ R Dlsmtegratmg
: metallie link belt

Cooling - - = ==~ - ---o-o-loiliollloloapt

Muzzle veloeity- - - - - - = = = === - -~ - --____ 29303050 ft/sec
Rate of fire = = = = = -~~~ - -~ - S __l______ 450-55rde/min

8

1turn in 15 in.
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3.7 AUXILIARY AUTOMOTIVE SYSTEM

3.7.1 General Deseription

The Auxiliary Automotlve System 1s 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 :vehlcle. - The
System includes  hull electrical, the fuel system, the fire protection system, crew
compartment heating, the driver's statlon, driver's panels, drwer's controls and the
Nuclear, Blologlcal, and Chemlcal (NBC) System. :

3.7.2 Fuel System

The fuel system shown in figure 3-59 provides sufflclent fuel capaclty to meet or exceed
the cruising range requlrements. ‘Four fuel tanks are located in the hull and are armor
protected to prowde for the 205 mile operatmg range. Additional fuel volume is located
in the sponson areas. All fuel cells are made from high density rotatlonally crosslinked
polyethylene. N -

The front and engine compartment fuel tanks are molded from high density, cross linked
polyethylene, and meet design requlre'nents of MIL-T-46786 for improved durability and
rellablhty. 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 mterxor bolted access panels. The sponson tanks are also constructed of
molded hlahv.densrty eross 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 vehiele. |

The sponson tanks dram, by gravrty, to the engme cornpartment tanks and do not have
separate drain promsxons The engme is not fed fuel directly from the front tanks. A
transfer system connects the front and rear tanks. During. operatxon, the ‘rear tanks are
the fuel source for engme demand. Pressurlzatxon of fuel lines mthm the crew '
compartment and assocxated hazard is reduced smce the transfer lme w1ll be actwated
only durmg non-combat operatlon when rear tank fuel levels are low. The selectlon of_
rlght or left front fuel tank and the concurrent sealmg of the nonfunctxomng tank lines is
accomphshed w1thm the fuel transfer mamfold. A smgle pos1t1ve dlsplacement pump is
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.. Fig'ure 3-59. Fuel System ‘s@ply and'-Distrihntion Schemati'c’: :

: used for transferrmg the fuel. Vulnerablhty is reduced by locatmg front tank supply lmes
below the turret basket floor line but over the suspensron components and well above the
floor. An armored channel provxdes added spall protectlon for these hnes m the crew :
compartment. Addmonally, the front tank crossover (mterconnectlon) 1s also compart— |
mentalized to keep leakage from entermg the crew area.k To reduce flre vulnerablhty of

the sponson—to-engme-compartment mterconnectlons, flame arrestors are used.
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resistant materials are used for the interconnect fittings between nonmetallic tanks. All
tubing, fittings, and in-tank accessory hardwareere corrosion resists.nt 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 automaticaliy drained from: the system during engine. operation to
reduce maintenance. Filler caps. on.the fuel tanks are designed for nonsplll slope
operatlon.. ‘Fuel tank filling may be accomplished by use of the two front and two rear
fuel filler ports. For 50 gpm and faster fil 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) optieal sensors and suppression with
Halon 1301 agent dispensed by a fast acting solenmd valve. In addmon, the crew safety is
‘enhanced by a fire detection and suppression- system for the engine compartment.
The erew 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 prop'agation before any explosion. The system - uses”'dual spectrum infrared
detectors, whlch are the most false alarm free detectors developed thus far. By sensing
the heat radnatlon and the lxght or flame flicker these sensors:

o  Will not false alarm with flashlight

o Will not false alarm with cigarettes, lig’htens, or matches

o Wil :no't‘ false alarm with sunlight

o Willnot false alarm with metallic insignia or red clothing

o Willnot false alarm with flashing lights .
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The sensors are designed to detect & cold fuel, pan fire of 18 inches diameter at a
distance of 5 féet within 1.8 to 8 milliseconds. The crew and engine compartment . fire
sensors are identical configurations. - The sensors are located so that the IR optieal 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 contammg seven pounds of
Halon 1301 fire extinguishing agent. : : ,

The fire extmguxshmg systemn fﬁhctions in two separate areas: the crew compartment and
the engine compartment, as shown in figures 3-60 and 3-61. The fire extinguishing agent
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 percent mean
concentration for five minutes established by the Army Surgeon General. |

FIRE EXTINGUISHING BOTTLE
(AUTOMATIC RELEASE)

FIRE SENSOR =

- . 2 -
MANUAL RELEASE i - e FIRE SENSOR
Figure 3-60. Crew Compartment Fire Detection/Suppression System
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' DISTRlBUTION TUBE
FIRE EXTINGUISHING FIRE SENSOR
~ BOTILE MANIFOLD ASSEMBLY DISPERSION TUBE
(AUTOMATIC RELEASE)' ] I

FIRE SENSOR

— et et g . ov— o \n—— — — — — — —

INTERIOR MANUAL - \ = FIRE EXT'NGU'SHING, DISPERSION TUBE FRE SENSOR
RELEASE BOTILE DISTRIBUTION TUBE
| (MANUAL RELEASE)
HULL AMPLIFIER . EXTERIOR MANUAL RELEASE

Flgure 3-61. Engme Compartment Fire Detectlon/Suppressmn System

The engine compartment two-shot system has _automatic detection and suppression
discharging of one bottle assembly for the first shot. If a fire rekindles, the driver can .

" release the second shot by actuating an electrical switch. In this latter case, the engine
will shut ’ddwnx 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 hu]l left side wﬂl

discharge the second shot without engine shut down. = = i

 SENSOR CHARACTERISTICS

Type _-- . ) -‘_‘ _ _‘___;___ _ » i_;_,, o ?_;,‘_ ;' -——lEh '4D-l-l'a"1-optical IR.'
Numb_er----,---;_.,-,-; ----- e 8
Spectrum (dua.l infrared) - - - - - - == == ======-==-  T7to30microns

0.8 to 1.0 microns
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'Wthll l’lold of Vlew e AL v St T 90,deg,minimum

80nsit1vity 'I'hreshold QPP A A ---— - 1, 5 ft dlameter
o : : : " cold fuel -
pan fire at 5 ft

Explosion Response Time- --- - =eaeesiToweEe 2 2 msee maximum
Input Voltage- - = - = = = = = = = = = = = - ?_- --eo=- - - 135t0195vde

Weight - = - - - = & = cmmccmeanmenneenmnn- 1. (8 Ibs max

Type - --- R sQndSta«téf
Input Voltage - L kIR S 181030 vde
Output Voltage to Sensor e aree e W n L e e 13510195 vdc

Normal Operation Current Drain = = = = = = « = = = = = - 350 miuiamps :

Valve Signal =~ = = = = = = = = = = =ew = o a'ciae <« == 10 amp for 150 msee into

~aone ohm load.

3.7.4 Crew cdrrnp;rtment Heatigg[%ntihﬂéh

Crew compartment heating is provided by a 60,000 BTU multi-fuel personnel heater. The .
~ system has the capability to operate the 174 efm heater/blower without operating the
heater itself.- This provides ventilation to the turret and driver. Figure 3-62 111ustrates::

the ducting and control of heated or unheated air from the personnel heater.
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TuReer

FORWARD ————a

Figure 3-62. Personnel Heater Airflow Paths

Inspection of figure 3-62 revealsifthat the driver has controlof three baffles. Baffle A and -
B (on the mam air duet) dtrects the heater alrflow to the turret only, the driver only, and

varymg combmatlons to both the turret and’ drlver. “The amount of ‘air the driver has
selected vuth baffles A and B then is further controlled by baffle C. Bafﬂe Cc a]lows the

driver to dlrect all” alrflow to hls feet, all to hlS head and torso, or any combmatlon
thereof. ‘ IR ’ '

v_'l‘he maxnmum airflow measured at the" drlver's statlon, w1th the personnel heater air
directed to the drlver's outlet, 1s about 70 cfm. ‘The air veloclty past the driver is over
200 feet per minute when the a1r is"directed ‘out one opemng Thus, by the proper
ad]ustment of baffles, the dnver can ‘obtain any desmed air flow and veloclty. The hot

heater exhaust plpe has been routed through the sponson to avo:d personnel contact.

3-113



'PERSONNEL HEATER CHARACTERISTICS _

Voltage =~ — - = = = = = = = 0 = = = = & = = === - = - -~ 24 vdc nominal
Current-Running (above 45°F ambient temp.) = - === == = = ~ - 15 atnps
Current-Running (below 45°Famb1ent té;i@.t --- - ‘f -- - - - Zﬂi.amps
qumwmmmmmuﬂ---«—-;-}}5-6;5:;¥~&%mMW1
Fuel Flow Rate (low heat) - — | —--- s - - - - - : - ---— = 047 bs/min
'Heat Output (h1gh);- - - ---_- v R _- _-- - - so.,-ooo-»B'rtI/nr |
Heat Output (low) -~ o ---— —-- — S - -‘- 30,’000 BTU/hr
Air Discharge Ratee"-'~ - ----- .-‘j_-‘- Foscmos s ’E‘-;' - 174cnft-[min
Weight - - - - = = = == s s = o= - SR 35 Ibs

3.7.5 Driver's Station.

The driver's station configuration as illustrated in figure:3-63 -arranges the drxver within
the established spatial envelope and locates and orients controls and- dlsplays in an
optimum relatlonshlp for both. open and closed hatch drxvmg.

'l'ne drlver's seat 1s des1gned to accomodate 5th to 95th percentlle crewmen in arctlc gear. ,

A large lever to-the left of the seat. permlts low effort open- hatch/closed-hatch seat

pOSlthl'l changes.v Seat ad;ustments are. tllustrated in flgure 3-64. Seat helght 1tse1f is
adjustable to four positions by a tab located at the lower nght of the seat. Both an upper'_
backrest and hull mounted headrest also ecan be finely adjusted for- visual alinement and

general upper . torso. comfort. The seat can be moved to the open- hatch posmon without

dlsturbmg the closed hateh. headrest setting.. An’ -adjustable  lower lumbar ~support,
controlled by a large knob on the lower left hand s1de of the seat, permits the driver.to

"dial m“ the preclse arnount of lower back support that he. desn'es In the closed hateh

position w1th the seat properly pos1tloned, the drlver then can easily - and qmckly adjust

each of the three periscopes individually to his precise visual preferences. B
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SLANT-BACK PERISCOPES

~
o "~y ~|ADJUST TO DRIVER‘S
ADJUSTABLE| e
STEERING
~ PRESET
SEAT HEIGH‘I
ADJUSTMENT|

(4 POSITIONS)

STEERING ADJUSI
HANDLE

UP-DOWN SEAT L= 2T
OPERATING ,
HANDLE &

SEAT 'HEI'GHT ,
ADJUST KNOB ‘i
(ON RIGHT SlDE)

CLOSED HATCH POSITION USING N.IGHT »VISION DEVICE VARIOUS |
ADJUSTING CONTROLS ARE SHOWN : B

Flgure 3 64. Dmver's Seat Posmons |
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Automotive related controls are designed to meet standards of simplicity, human
éompatibility, and integration. As an example, both throttle and steering controls have
been ineorporated into the T-bar, eliminating a separate acecelerator 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 hateh driving. The hand thr-ottles, utlhzmg mqtorcycle style grips, can be
operated with either hand or both, as warranted by the situation. "Push-to-talk"
pushbuttons are conveniently loeated; on the har'xd3 thrbttle hdusing' These buttons permit
the driver to key his intercom w1thout removmg ms hands from the controls. The service
brake pedal has been located in the floor area allowmg bra.kmg with either foot. The shift
selector is part of the T-bar/throttle assembly. =

Panel warning lights are provided rather th,avn_gages:for each éritieal' funetion, based on
ease of interpretation, attention getting value, and heéd,f_di-'gtfniantification used as prime
criteria for each individual decision. The panels 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 'if'elat'ed‘ displays and gages are grouped
into a smgle functional presentation. The right S1de 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 prommen_ce directly in the driver's forward
field of view.

The driVerS-daily maintenance activities 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..

'Ihe,prim_ary;‘con's;_ideration in the design. of the driver's hatch was safety and ease of
operationn Flgure 3-65 illustrates the driver's hateh opening mechanism. - The structural
design of the hatech mechanism imd the safety factors utilized in the design of the internal.
gears and mechanisms provides maximum driver protection against any possible inadver-
tent closing of the hatch wh;en-ﬁ_the driver is operating open hatch. First, the spring loaded
hateh ,s;tpp‘-;lgckf automatically holds the hatch open since. it-has been opened completely.
: Srnould,,ﬁ‘t_-hg.dg;vgygsfor any reason;not;'ppensthe hq'tg:h;«campl_etely,‘ the rotating crank handle
when neleaséd’w_ill snap into-a detent which will:lock the:-mechanism from rotating, even
when subjected to a worst case lateral load. The driver's hatch operating mechanism
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- Figure 3-65. Driver's Hatch Mechanism

allows drivers to open:the hateh in less than-4.0 seconds and close it in less than 3.0
seconds. The driver's hatch swings open to provide an unobst_ruéted view over the right
fender. Forces needed to open or close the hatch are within HFE requirements at the
specified side and forward slopes. A standard seal bonded to the hatch seals the openmg:
against water durmg ram and water fordmg operatlons.-

For closed ‘hatch’' day.- ;lision',' ‘the ten inch wide center periscope and the two seven inch
side scopes with individually adjustable ‘mirrors »a“reiloéated in the driver's hatch close to =
his- preferred head ‘position. = ‘The ‘instantaneous field of view for the center periscope is

approximately: 9 degrees vertically and“4»5f;-‘degree’s horizontally, while that forthe side’
periscopes is 9 degrees vertically and -33 degrees horizontally. Excellent’ overlapping
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. All unity vision devices contain filters to protect the
 erew's eyes fgom possible: damage'from neodymium laser light. A foot-operated washer
and handeopérated double wiper are provided to clean the ten-inch center periscope. If .
the center periseope is damaged, an adapter is provided to allow fitti'ng',the seven-inch
seope in its place. . '

-’l

&
&
\

© NOTE: SHADED AREA INDICATES OBSCURED
* VISION AT GROUND' LEVEL. g

 Figure 3-66. Driver's Unity Day Vision
- For closed-hatch night viewing, the night vision periscope, with adapter, can be quickly

removefd Afi-@_rﬁiits{stowarg,e’ §ng (imdgr loader's béeg'rt')__ and clamped in place of the center
seope. Its position facilitatgs:,.a___cotqfortable three-to-six inch eye relief for the driver,
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which provides a nominal 35 'de'gree vertical and horizontal field of view at 5 inch eye
relief. The horizontal field of v1ew can be 1ncreased to 135 degrees by turmng the entlre'”
perlscope +45 degrees. ' B T ‘ i

The hatch opening has been sized so that the driver, and other crew members ‘a5 required,
can exit the hatech under emergency situations, i.e., the vehlcle overturned in such a
manner as to prevent escape from other hatches. The drlver can exit through the hatch.
“even when the gun is immobilized directly over the hatch and fully depressed, or ‘when the
hateh must be opened and exited without removing an installed night vision periscope.

3.7.6 Driver's Panels

Driver's Master Panel (DMP) and Driver's Instrument Panel (DIP) are provided in the
- driver's station for operation of the tank and monitoring of performance. . -

-The DMP shown in flg'ure 3-67 provxdes electrlcal clrcuxtry, controls, and mdlcators for
operation of vehicle master power, engme automatlc start external lights, and aux1hary
systems (personnel heater, mght perlscope, bllge pump, and smoke generator) An engine
starter only control is mcluded to check starter performance ; engme oil or- fuel leaks, ete.

A red warning llght is prov1ded to ensure release of parkmg and serv1ce brakes before
moving of the veh:cle. . : A

The DIP also shown in flgure 3-67 prov1des v1sua1 mdlcators (lights and gages) for
monitoring of eng'me/transmlssmn parameters, fuel . status, electrical system voltage,
vehicle speed, and fire warning. Fuel pump controls are mcl_uded in conjunction 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 front tanks is necessary. Red warning lights, the
engine power turbine speed mdlcator and the vehlcle speedom eter/odometer warn the
driver of abnormal (pressure, temperature, RPM) operatlon of the engine and
transmission. A voltmeter dlsplays electmcal system voltage, and an amber indicator
~ light notifies the driver of Iow’ battery state-of-charge when the englne is not. runnmg. A
flashmg red light warns the driver of an engme compartment fire while a. second amber
hght indicates that the flrst fire extmgulsher bottle was dlscharged ‘A guarded togglek
sw1tch is prowded to shut down the engine and, ‘after a time delay, actuate a second flre .
extmgulsher bottle should the fire restart of the first bottle fail. '
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The maintenance momtor sectlon of the mstrument panel provndes malfunctlon mdlcatlons-
(LED') for 12 vehicle" functions. _These 1nd1cators allow the drwer to monitor various -

‘hull /powerpack mamtenance -required- parameters thhout access to the engme

.compartment. Should ‘a: malfunctlon oceur (1.e. ENGINE OIL-LOW) an amber mamtenance -

indicator will 1llum1nate on this panel, along thh - large MASTER CAU'I‘IO f;amber light
(located on the ALERT PANEL dlrectly in front on the drwer) for hxgh v:sual prornmence.
The MASTER CAUTION llght .can be- extmguxshed by a. reset button on “the ALERT
PANEL; however, the mdw1dua1 mamtenance mdlcator w1ll remam on untll the fault has
been corrected. Proper servxcmc 1.e., addmg engme 011 will extlngmsh the ENGINE OIL
- LOW indicator. The" large MASTER WARNING red hght, also located on the ALERT

PANEL directly in front of the drlver for h;gh vxsual prommence, illuminates simultan-

eously with any of the red warmng lights on the mstrument panel. The reset capability
for both the VIASTER .CAUTION light and the ’VIASTER WARNING llght prevents any
masking condition, should a- second fault occur prror to the flrst problem bemg cleared.
* The ALERT PANEL contains a PNL DIM: pushbutton sw1tch to'dim the ‘VIASTER CAUTION

and MASTER WARNING ‘lights. . AIthough "these” Irghts are ‘designed to come on at full’
-brightness whenever VEHICLE MASTEB_ POWER is applied, the driver may opt for a lower

brightness level during night time operations.

© 3.7.7 Driver's Controls R

The eleetrical shlft control asse'nbly prov1des a. means for the drlver to change speed :

ranges and dlrectlon of the transmxssxon output. The Shlft pattern is detented to prevent
inadvertent speed range selectlon. L ’

Two fully 1ndependent brake systems are prowded on the tank The serv1ce brake controls
the vehicle deceleratxon to the ‘maximum capabxlxty w1thm the transm1ss10n by means of a
centrally located brake pedal about the_driver's floor- and a cable- apply system to the

transmission power: brake valve. The brake pedal loca_tlon allows_ equal ,easef of use by

either foot.

The parking brake 1s apphed by foot pedal for holdmg the vehicle on slopes up to 60
percent. A hydrauhc moduldtor valve actuates a hydrauhc eylinder to provrde transmxs-
sion brake lever travel and mechamcal advantage for- parkmg brake apphcatlon. :

The service brake control system provides a return force on'the:-pedal 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 acecomplished by
twisting the bar grips, much-like a motorcycle, up to 60 degrees rotation for full throttle.
The throttle can be operated by elther one or both hands while steering. The steer handle
-position is adjustable for seat;up and 'seat-down positions by providing three steer/throttle
bar locations and a stowed position'wnich can be selected by the driver. Under normal
operating . condltlons, return sprmgs proV1de a steerlng feel and return the steer bar to the
neutral centered position. '

3.7.8 Nuclear, Biological, and Cnemiealf(NBC) System

Nuclear, biological, and chemic’alproteetionf' 1s p'rovided: on an individual basis by a
ventilated face piece (VFP) and protective overgarment. ProteCtion is 'al'so 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
controlied to protect against heat stress. -

The NBC. 'system ‘shown in figure 3-68 uses engine bleed-air.. The bleed-air is passed
through an air eyele pack where it is cooled by a heat-exchanger and an expansion turbine.
The cooled bleed-alr, goes to the NBC filters where the coritaminants are removed prior
to entering the crew compartment.: This air is routed to the ventilated face plece (VFP),
the air cooled vest (ACV), and the crew: compartment.

The NBC protectlon system is shown in f1g'ure 3—69. ngh pressure and temperature bleed ~
air from ‘the P3 _stage engine bleed port is regulated by means of a dual differential
pressure reg'ulator and shutoff valve. Durmg normal operation the regulator is set to 44 +
4 psig. Durmg low engme power. settmg operatxon with heavy hydraulic loading, a dual
differential pressure regulator is automatically set to 16 + 2 psig. The high temperature
bleed air is first: cooled by a precooler using ambient air drawn'through-the primary heat
exchanger'asv ‘@ 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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Figure 3-68. .Nuclear, Biological, and Che'rhical"(‘NBC) syste'm -

The bleed air then passes through a venturl de51gned 1o hmlt ‘the bleed. flow extracted..._
from the engine during: temperature control subsystem operatlon. The bleed air entersa -
refrigeration unit where the air is furtherco_oled,by a..»prlmary;he_at» exchanger which usesx

‘ambient air as a heat sink. Water vapor in the bleed air is -condensed in a counterflow -

' condensing heat exchanger as cold turbine discharge air further cools the humid bleed air.
The entrained water is removed in a high'pressure water extractor and'sprayed eﬁ"'the"ccld
side of the primary heat exchanger through the ‘cooling ‘air duct, enhancmg the coohng "
capacity of the prlmary heat exchanger durmcr humld amblent condltlons. ) '

The bleed air next passes through -the air cyele machine turbine section; where eh,e_rgy. is- -
- extracted from the air to drive _the ambient air fan which:loads the turbine..:The fan
induces flow through the ambient aijr sides- of ‘the heat -Texchanger and .exhausts  the
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ambient air through the precooler then overboard through the ballistic grille. . The energy
extracted from the high pressure bleed air to drive the fan and the subsequent expansion
through the turbine result in eoolmg of the bleed air. '

To 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 smun portion of bleed air is used to power the scavange jet pump-

The cooled, dehumidi’fieﬁ' air.“from the turbine and econdenser heat exchanger flowing

through the NBC filters enters the: tank distribution system where the air is directed to

the crew members' protectwe suits and to the bulk dump manifold for pressur:zatnon of
the crew compartment. - i

There are two temperature control loops meorporated mto the system, both of wlnch use

a different section of the temperature controller. The temperature control loops are
shown in block diagram form in figure 3-70.

% - oepeamwrar | J PYNAWC comsenr o onque vawe b Lygye o bameobodboe s et
—> : AL L ot-coupEmsanion |—al outPur f—al Fp PRESSURE |9 - j=—#{: cownemsER: Lop:
REFERENCE CANPLIFIER ReiAda ey [ voror e T} rommion 0] aang [ SOOE :
ANTHCE
Te rune |
1 traemesrony. |
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L . . S - : LT
- e S D"\"K" g "u.‘ﬁ" -} VARVE -
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o AL Lpl- cowpErsaTIoN f—#{ obTPUT ) Lol i j - . )
| AWPLIRIER - T NETRORK ‘srace . f - MoToR - Y cHAWBER ; posrion. |71 wram
TEWPERATURE
FONTROL

o l“
- Figure 3-70. Temperature Control Block Diagram

3-126

1)




- The anti-ice ;'temp'erature control loop, incorporating a temperature sensor and a tempera-
ture control valve, limits the minimum temperature at the sensor to approximately 43°F
(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 section.and downstream
‘ducting and to maintain a maximum efficieney in the water removal circuit. If condenser
ieing. »does;.lt)uild up, resulting in an excessive condenser pressure drop.orAP, a pneu-
matically actuatéd anti-ice servo valve automatically modulatesvthev‘anti-,iee valve untila
normal»‘condénser;AP is attained. This is an automatic protective circuit built into the
temper@ture -control logic. - The anti-ice control loop 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 coxitrol loop, the anti-ice
temperature is increased proportionally from 43°F to 80°F which increases the supply
temperature without sacrificing water removal efficieney. -

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. The selector located on the commander's panel provides a control selection
range of 43°F to 120°F. |

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. ' ‘

The tank distribution system directs air to the crew members' protective suits and also to

. the bulk dﬁmp manifold. The airflow supplied by the system is used to pressurize the crew

compartrﬁent_ slightly, thereby precluding the entry of outside air. A differential pressure
switch located in the compartment is provided to alert the crew:if loss of compartment
pressurization oceurs.
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In the event of ‘a malfunctlon that would ‘preclude operatlon of the NBC system another.
system prowdee recn‘culated filtered air ‘to'each crew: members' VFP

The crew compartment uses an: AN/VDR-Z -radiac” to detect low threshold gamma '
radiation.” One ‘DS2 decontammatmg apparatus, ABC-Mll, is stowed" between the
commander and loader, -and one is stowed in each cargo rack box. The AN/VDR—2 radlac,
mounted on the hull floor at the -driver's station, operates usmg ‘the tank- electrlcal system“*
used. Its alarm is connected to the tank intercom- system. ‘Two BA-3202 batterles are
provided for portable operation of the 'AN/VDR-2 radiae. - One -chemiecal- agent detector

kit is prov1ded to verlfy decontammatlon/purgmg (safe to unmask) e '
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3.8 SPECIAL EQUIPMENT AND KITS

'3.8.1 Communi

The commumcatlon system con51sts of the GFE Radlo Set AN/VRC—12 or AN/VRC—64 and
the Intercom Set ‘AN /VIC—I(V) Intercom control boxes are provided in each crew station
and transmitter: frequency Sel' tor box is located in the commander's: statxon Installation

of the commumcatlons system' n t p'hlcle is shown in’ flgure 3-71. '

Integratron of the commumcatlon system mto the vehlcle installation provides accessibil-
ity of controls and ease of mamtenance. The recewer/transmltter and auxmary receiver
are located in the loader's statlon readxly accessmle to the loader thus relieving the
commander of the burden to operate the radios. Each statlon within the crew
compartment except the loader sﬁstatlon has readlly accessrble intercom switches that
permit the crewman to. perform h1s normal dutxes whﬂe usmg the intercom, e.g., the
gunner's mtercom sw1tch 1s mounted on hlS foot rest Controls for the intercom are
readily acceSS1b1e at each crew statlon whlle frequency selectlon controls are provided for
the commander. An NBC alarm can be heard m the mtercom 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 theloader at the transmltter, therefore a frequency
control box1 ehmmated. The _radlo an

tennas are mounted on opposrte rear corners of the

' machmegu
problems.

incorporated into: the transmi er ,d recelver mounts. P .

3.8.2 Wat?e_rf"Fording-

The M1A1 Tank .can ford streams up,to 4 feet deep thh no other action required than to
operate w1th closed dram valves‘ '__'e drain valve. controls, located on the driver's right,
open and close the crew and engme compartment dram valves mdependently. The valve
handles are hfted to open and are retamed by latchmg levers._ The latchmg levers are
spread open to release the handles for closmg the valves.
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Figure 3-71. Communications System Installation
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Figure 3-71. Communications _System Installation (Continued)

3-131. -




‘The erew compartment has one poppet type valve located on the left forward side of the :

hull and is clos f fordmg. Dralnage in the. rnght sxde i ved by usin 3 ’*bllge pump.
" The engine eom ment has a shdmg port valve or of the hull for fast removal -

of water after fo dmg.r

3.8.3 Cold 'I‘empgature Operation

‘power souree is used to power the heaters for one hour pno ‘itehi‘clé>star ng.

3.8.4 STE’MIIFVS"5?1*&t Set e

' 3.8.4.1 Functional Descriptiqn

The Slmphfled Test Equlpment *"test set STE—MI/FVS (used-: to test der
~Abrams-and Bradley vehleles used to: support‘ the M1A1 rTank The ST
automated eleetrome test set WhICh 'eons1s of»:'a Vehxcle Test ,eter (VT

0 Instructions may be. 1ssued by 'the _testset on the alpha-hur’her'ie;_idﬁi_s» lay of the
SET COM requiring supplementary action such as connecting or disconnect
cables. Testing stops at this point until the actions are completed.
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0 -The test set may request a visual observation and response from the operator. A
- response must be made before the test will continue. - '

o At the end of the test, the test set wnll dlsplay e1ther a "No Faults Found or
' :'.,.-;'pjmdxeateafaulty condmon. o SR

g 'l‘he STE—MI/FVS' test set shown in figure 3—72 1s contamed m 7 transrt cases. 'l'wo transnt
" eases contam the electromc assembhes (VTM CIB SET COM, ete. ), the other 5 transit

cases eontam electrrcal adapters and cable assembhes for testmg the M1A1 'l‘ank
,.subsystems. - : B _ |

:3.8.5 DSESTSfmi:}Fvs Testset
©3.8.5.1 ’Functional-ne:ﬁcriptionr [

The Dlrect Support Electrrcal Systems ‘Test Set DSESTS-MI/FVS, is a’ multl-taetreal '

;vehncle system test set to- be ‘used by Direct Support mamtenance personnel for fault
~ isolation, of defectlve Line Replaceable Units (LRUs) removed from the M1A1 ‘Tank. The
M1A1l 'I‘ank system 1s automatlcally selected via electrrcal key codmg wrthm the LRU‘s.
The followmg tank LRU's can be tested by the DSESTS-MI/FVS Test Set:

: 'Turret Networks Box (TNB) :
’Lme—of-Srght Electronies Urut (LOS—EU)
‘Gun/Turret Drive Electronics Unit (GTD-EU) et e
“ Commander's Weapon Station Power Control Umt (CWS-PCU)
Computer Electronies Unit (CEU) ' S
g Computer Control Panel (CCP)
- Laser;Range Finder (LRF) .
., Hull Distribution Box (HDB)
- Driver's Instrument Panel. (DIP)
Driver's Master Panel (DMP)
'Electronic Control Unit (ECU)
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TRANSMISSION/
FIRE EXTINGUISHER

ACCESSORIES
ACCESSORIES

4| ENGINE/
¥ | STABILIZATION
.DBA ACCESSORIES

INTERFACE
ASSEMBLY:

" "SET'COMMUNICATOR

TURRET TEST. '
TEST CABLES
ACCESSORIES AND ADAPTERS

M : -
TRANSDUCER-KIT; - =) . . o NIW

o, oASSEMBLY. o o ko

*_ENGINE/STABILIZATION
- DBAACCESSORIES

CONTROLLABLE
INTERFACE b
ASSEMBLY

NATO PWR CONNECTOR

BASIC TEST EQUIPMENT

-TURRET TEST ACCESSORIES .

Figure 3-72. STE-M1/FVS Test et~ + % -

Temperature Control Unit (TCU) ** - - 7 =
Tank Commarider's Panel-(TCP) "~ =+ "

Hull Networks Box (HNB)

The DSESTS-M1/FVS Test Set is a microcomputer controlied “test” devies:

Stored - .

programs configured to support the M1A1 Tank System c trol the' seqiiénée ‘of operation,

measurement and stimulus functions, and perform ‘th

replaceable module/subassembly of an LRU.
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The DSESTS cable set includes all necessary eables 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 dlsplayed on an alphanumenc display to direet

the operator. Operator responses are momtored to assure that appropriate actions have
been taken.

3.8.5.2 Phys’ieal"nescription

The physxcal conflguratlon of the DSESTS—'VII/FVS Test Set is shown in figure 3-73. It

consists of four cases, an electromcs unit, and three other cases containing cables and
ancillary equlpment.

The eleet_ronics unit coritains all of the stimulus and rneasurement circuits on replaceable

-plug-in circuit cards. The electronics unit also “includes the operator's panel which

contains the controls mdlcators, dlsplay and mterface connectors.

An external. regulated DC power supply is requlred ‘that is adjustable form 18 to 30 volts

and capable of supplying the DSESTS-MI/FVS Test Set with a current capability of 30
amps. : : o

3.8.6 Thermal System Test Set .~

3.8.6.1 ,Flmctional Descriptien )

The Thermal System Test Set (TSTS) is a portable semi-automatic system designed for use
by .direct.:suppor,t/general, support (DS/GS) level maintenance personnel for. fault isolation
to:replaceable cards and modules of the M60 TTS and M1 Thermal Imaging System (TIS) .
units. The M1A1 TIS units tested are: ’

Power Control Unit (PCU)
Electronics Unit (EU)

Image Control Unit (ICU)
Thermal Receiver Unit (TRU)
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“ “MANUALS & ADAPTORS . - -

CABLE STOWAGE

UNIT M1 NO. 1

AND ADAPTORS

CABLE STOWAGE . . _
UNIT M1 NO. 3 :
 CABLE STOWAGE
UNIT M1 NO. 2

~ Figure 3-73. DSESTS-M1/FVS Test Set

The TSTS utilizes a microprocessor ‘and stored program routines to control the funetions.
of ‘the test set. The stored program, in conjunction with operator responses, controls the = . £
following: ' e e .

sequence of testing operations
measurements and stimulus

display messages

control and monitor panel functions

performs logic necessary to fault isolate to replaceable cards and modulés '
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The program mességes to the operator are displayed on an alphanumerie 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 adapt'erA
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 3-74.

TRU HOLDING FIXTURE

Figure 3-74. Thermal System Test Set
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