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Preface

SININET: Advanced Technology for the Mastery or War Fighting

SIP*L T, an advanced reseach project spxonsord by the Defense Advanced Resarch Projects Agency
i DARPA) in piusiership web dwe United States Army. Currenitly in its third yewr. the goal of he progr I nIs to
develop the technology to build a Large-scale network of interactive comabat simulatots. This simulated b~tetield
%ill provide. for the first time. an opportuity for fuly-manned platoon-, company-. and bandioilevel uts to fight
force-on-force engagements against an opposing mwit of similar composition Furthermore. it does so in the context
of a joint. combined anrms environent with the complete range commaind and control ahd combat service support
elements essential to actual military operations. All of the elements that can affect die outcome of a battle amt
reprsented in this engagement. with victory likely to go to tha unit which is able to plan. orchestrate. and execute
their combined-antis battle operations better tha their opponent. Whatever the outcome, combat units will benefit
from this opportunty to practice collective. combined arms. joint awr fighting sklls a a fraction of the cost of an
equivalent exercise in the field.

While simulators to date have been showni to be effective for traitiing specific military skills. their high costs
have made it impossible to buy enough simnulators to fully vrain the force. Futrther. because of the absence of a
techniology to link them together. tdey have not been a factor in collective, combined arms. joint training. SIM.NET-
addresses both of these problems by aiming its research at three high payoff areas:

" Better and cheaper collective training for combined arms. joint war fighting skills

* A teitbed for doctrine and wcticiAevelopment and assessmient in full combined amis joint setting

" A "simulate before you build" development model

These payoffs are achievable because of reent breakthough.- in several core technologiesw' hch been applied
to the SINvOtT program:

" Hligh speed microprocessors

" Parallel and distributed multiprocessing

* Local area and long haul networking

" Hybrid depth buffer graphics

* special effects tedinology

" Uniqu fabuication techmis

Those uedrologies. q*pie in the context of "slective fielity" and "rapid prototypirg" design philosophies.
have enabled SIMNET developm ent to proceed 31 an' unprecedented pace. resulting in the fieldinS of the firmt
production uniti at Fort Knox. KY just thiree years into the development cycle.

In addition to the basict rumoI applications, work is underway to apply SIMNET tectinolog) to the area of
combat develinxment to ahl in the definition and acquisition of weapon systems. This is made possible because of
tie lom cc* of the srntdatou. te case wh wich they can be modified. and the ability to network themi to test the
empoinea of a proposed weapon system in the tactical context in which it %ill be used. i.e.. wishn the contevt of
the combit*d armis setting,

Wor on-5uB1tOW is being camied out by co-couawors Bolt Beranek and Newman. Inc. tBB%'i and
Nmpwomca~Inc. Pereptronics is responsible for training analysis. overall system specification. and the phy sical

uti and JIB5N is responible for the data communtication and computer-baWeduistribuated simulation and the
compater iniag genratio ICIGi subsy stems. Thet prOjec isa3 total team effort

DARPA is the DoD agency chartered with advancing the state of the an in military tectinolog' b% sponingffl~
inniovaive. high nsk.hgh payoff research and development.
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1. Introduction

The SIMNET Ml uak simulation is a nal-time simulation of the Ml Abrams main battle an thamns on a

MASSCOMP 5600 wokstdaon. It was developed in 1985-1986 at BBN Laboratories for use op the SIMNET Ml

tank simulator. Written entirely in the C language. the simulation was designed to be portable 4o other 68020-based

systems by miinmizmg the utilization o sm depende eares. The imulation is clocked in real-time at 15 Hz

in lockstep y m with the SIMI1Q 7 Computer Image Generation (CIG) system manufactured by Delta

Graphics. Inc.

The MI simulation ioftware development tam consisted of the following BBN individuals: James Chung.

Dave Epstein, John Monisom Brian O'Toole, Alan Dickes. and Carol Chiang. In addition, the following BBN

individuals made significant coaributions to the simulation and should therefore be wknowledged: An Pope. Dan

Van Hook. Joe Marks. Jerry Burckfiel. Bruce Murray. Bruce Johnson, Maureen Saffi. and Duncan Miller. The

individuals outside of BBN who made significant contributions to this effort are too numerous to name here. but

nevertheless warrant our appr iaion. Of these. Col. Gary Bloedom. USA (Ret.) deserves special mention for his

efforts and uidance. without which the project could not have been successful. The dedicated efforts and hard

work of everyone involved to produce this simulation merits a well-deserved commendation.

1.1 Design Philosophy

Tie design of the simulation was based on a cme philosophy of the following principles:

1. All models should be based on engineering first principles to the extent that they emumae as much as
possible the behavior of their real-world counaparts.

2. All models should only emulate d behavior of their systems to the murmum level of detail required
to achieve a level of fidelity that is perceived by the user as realistic and acceptable for selective-

delity mitint

3. Itr-model commtmicaw dould be kept to a minimum and should only contain informaton that is
actually tvunue in the eal world. To ensure that this informaton control is maintained, models
hul cndy communicae via a Iimasa-pm sg mechinism such as epi~t external subroutine calls,rmser than by ac e s system-wides lobal variables.

These principles were followed a much as possible in th design of this simulalon
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1.2 Perforince Validation

in order for the simulation to be effective in training tasks, it must be successful in reproducing te

environment of the Ml Abram tank at a level of fidelity that permits the crew to perform their specified tasks under

the same workload and time comumrints that they would experience in the actual vehicle. In addition, the vehicle

simulation mus be stictly constrained to the performance limitaons of the Ml to avoid the negative namiung that

would result if the caw became accitaoined to a capability provided by the simulator but not by the actual vehicle

(e.g. a maximum sleed of 70 mph rather than 45 mph. a fuel tan that never ran dry, unlimited ammunition, or a

main gum that always killed an opponent tank no matter where the round hit). Hence, achieving a high level of

fielity wa given maxitum importance &i modeling functions of tactical significance, such as the hull arid turret

dynamics. controls and display sequencing and timing. and the ballistics characteristics. "Perfornmance validation

turs became a critical element in the simulation development.

For the hull dymamics simulation development. the primary source of dats was the TOTPERF simulation

developed by the Land Systems Division of General Dynamics for the development of the actual MI. TOTPERF is

not a real-timte simulation; it is a very detailed F1orsiu-based batch-mode simulation that models steady-state and

transient performance characteristics of the Ml hull for a given set of initial conditions. TOTPERF provided a

baseline to which we couild match the performn-- ,e results of the SIMNET hull dynamics simulation.

For the controls and display simulation software. the primary documentation utilized were the MlI Operator~s

Manuals ONh 9-2330-255- 10) published in 1981 by the Department of the Army.

The bufliewsinulsom was vabdmud agit the official Firing Tables for the 105mm M468 Cantion

(FT-1I05-A-3) pulished in 1979 by the Deptirtment of the Army.

In addition, AD of *As docuimentation wa supplemented with field experimentation at the Armor Center at

Port Knot to colet da n actuad Ml , shides ad to bold discusasions with Armor Center staff. It should be noted

thm t me3 nUr a od safud i opsadon and assistance provided by the Armor Center staff was an absolutely

crticial elemen in doe icessuN development of this simulation. The feediack provided by the Armor Center staff

rnolnn the fthad *A mutmpmut machw for performnance verifction of the simulation.
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2. Hull Simulation

2.1 Engine Dynamics

The MI Abrams mair battle Man is powered by the AGT-1500 turbine engine manufactured by AVCQ

Lycomiig: Corpotation of Stamford. Cr. This powerpack provides all power to both drive the vehicle and powers

all ransmission mounted accessories. The AGT-1500 is a fiee shaft power turbine engine with a two spool gasifier

and a cross counte rfiow stationary beat exchanger.'

2.1.1 Torque/Speed Prole

In simulating any powerpack. the key characteristic is its steady-state torque speed profile. The basic

* assumption here is that the engine's-dynamic behavior basically Moows its steady-state engine map as long as the

inpuits fall within the acceptable operating schedule of the engine and do not fluctuate so rapid) in time as to cause

tansient effects.

For this model, the steady-state engine map was parametered using a least-squares approximation to

generate a function which produced torque as a function of engine speed and power setting based on the

performance specifications of the AGT.1500 as published by AVCO. Figure 2-1 shows the manufacturer's engine

map based on horsepower. and figure 2-2 shows the same data after parameterization using torque as the dependent

variable. The linear regression analysis ievealed that the engine's torque-speed characteristic was basically linear,

aid could be closely fit using the function.

TE - (5178.615 -O.54588-NE)PS

where TEra Engine Output Torque (ft-lbs)
NE - Engine Speed (RPM)
PS.a Power Setting (0.0- 1.0)

The AGT-IS00 ha a governor coinrol system to limit the engine speed to between 900 and 3100 rpm. It is

beig imulated as a propoirdonal gain convofler that adjuats t power setting when the engine is out of range based

on the speed error betwPeet the engine speed Wi the governor sespoint limit.

3
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AGT-1500 Torque Profile
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FIgure 2.2: ACT.. ISM0 Torque-Speed Engine Map



2.1.2 Fuel Consumption

schedule acts to keep the engine out of its low-efficimncy regions the actual variaii in specific fuel consumption

2.2 Transmission

The Detroit Diesel/Allison X I 100.B hydrokintetic transmission is fulY atomataC and cons~ists Of 3 torque

functions for the vehicle

2.2.1 Torque Converter

0 rp ifthevd~de i s~nar. Te I~w cnve uss tis Wed iffrenialto advantage by acting as a Inear

mulipler f te iputtmW1w *W adain w tngeof to1. be ortueconverter hence is modeled with the
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From this aluiatihip, on can we dim when the vehicle is stationary, die torque converter generates its

highes tee aildpcuima foa of!.2. As the vehicle aeceeuesthe toqu IWCOMMee output shafk speeds UP to

evomafY match die speed of th WPM daft hmm the ngine. dAmin which dte the multiplier do steadily

towards 1.0. When parity in die input and outpu seeds is adieved at approximately 1300 rpm. an Afitomatic

lock-up dlutch engages wbich mochaunically couples the two abaft togther to bypas dhe tonqun convener and its

asocated efficiency loss, In this mode, tie engie delivers power directly to the rnge gearbox. If. however, the

vehicle slows to the point that dhe torque coviverte input shaft spe drops below 1300 rpm. die lock-up clutch

disenigages to prevent the engmn from stalling and again enbling the torque convene futn .

2.2.2 Range Garbo%

The range gearbox provides four forward and two reverse drive ratios in addition to niutrW and pivot steer

The drive ratios awe as follows:

FORWARD-1: 3,877:1
FORWARD-2: 3.021:1
FORWARD-3: 1.891:1
FORWARD.A: 1.278:1
REVERSE-I: 8.305:1
REVERSE-2: 2.354:1

Thesw drive raut we steed to distribute engine power unifornly over die vehicle speed range, maintai

engine operation in the most efficient speed ruige. ard provide dhe sprocket torque needed for gradeabd ir) arid

traclive effort uequiusments.3 The ar--sw ission utomatically shifts pers based on die torque convener input speed

which is driven by the angine. When tha speed climbs shove aproximately 2800 Mpm. the uwnission performs

-n upshift to the a blghe par if aue is aval"l. Ina FOR WARD4, aince then is no higher gear available. die

Uarnamission remanas In fourt ad cm achieve a speed higher thai 2300 rpmn. If the tank continues to accelerate

beyond the maimumt governed engine speed of 3100 rpm. die tnisson can drive the engine into an overspeed

condlition. This will illuminate a red wauing lamp.an the driver's contol paniel.

Similarly, the vansmission will auomatically downshift to die next lower par if. while the torque convener is

lokd up, the enown qped is fa rmd below 1600 rpm. If no lower pear is avivable. the engine will not stal

becatie the lockotip chisola will disengage allowing the torque conver to accomtmodate the speed differrential.

The truimmission select levr hans five positions. DRIVE. LOW. REVERSE. NEUrMAL aid PIVOT STEER.

Each of these position enable a set of allowabl pear% which the range gearbox ma safelx enter. DRIVE. (or

7
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tostanice. activates gars M. F3. ad 74. To add F1 for heavy baggin or hill-climbinS. die LOW position must be

selected. Liewise. REVERSE activane RI md t, d NEVTRAL decomles the ftef Mad in"q~ Convener

from the nom of the drivetraut PIVOT STEER is a ipesia pea that couples the left ad ritht output shafts to only

rouae mn opposite thramoss during a pvot steer. PIVOT STEER must only be oanere whe the vehicle is

stationary or transmission dantage will restilt. isabling tie vehicle.

2.2.3 Steering

The diffrenua steering system prodieces equal ad opposite vaiations itransmission output speed which

provide dhe vehicle with the ability to mwain a given w=4in radius to a smnootha predictable manner. provided

vehicle speed a not mafftcieady p"t to cautse skidot.' The specificatioum on t X1 100-313 indicate the Molowing

steer ratios for each of t range gets:
FORWARD-i: 2.34:14 FORWARD-2: C~52:1
FOR WARD-3: 1.30:1
FORWARD-4: 1.19:1
REVERSE-1: 3.51:1
REVERSE-2: 1.38:1

To simulate the differential steting, an analysis was performed to determine the maximutm incremental

change to sprocket speed (NS) acitived during a amimum turn a the maximum speed allowed by the transmission

for echt of the range gears that would result in the above steer ratios. The figures tt resulted from each gear aM

fel very close together at about NS a 48.54 rpm. Therefore, the simulation models dhe differential steering

copability of the vehicle by scali n i flysee apinst te Meing bar angle to torn 6he vehicle at the appropriate

seer"i ras. Mae followig table andmane die ue rt dat resuilt from Ns a 48.84 rpm:

GEAR ND ND*+Ns ND-NS Steer Ratio

Fl 122.67 171.51 73.83 2.32
F2 238.64 217.48 189.D 1.31
73 381.24 430.08 332.40 1.29
M 564.11 612.95 315.27 1.19
RI1 86.81- 135.64 37.97 3.57
12 306.2 355.10 257.42 1.38
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2.2.4 Braking

The braking system on the MlI consists of a hydraulically actuated multiple disk brake pack on each output

shaft of the trusmission. The simulaton applies approximately 76000 ft-lbs of brake torque when the ser~c brake

is fully applied, which slows the 60 ton vehicle a a maximumn deceleration rate of 14 ftWC (stefigure 2-3). This is

the published specification for the maximum braking capability of the Mi. The matching slopes of the velocity

profiles for the SDMET MI tanik and the published specification indicatec eqivalent deceleation rates. MTe slight

offset im the profiles is due to the fact that the simulation wa intitialized it slightly below the nominal 45.0 mph

maximum speed and therefore is insignificant.)
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2.3 Final Drive

The Anal dlve is a coaxial ptaneuur pw drive speed ducr which tnmms power fom th transussion to

the sprocket hub.3 The simulaion scales .l torques mad speeds usmitted acwm tn &a m both irections

by the final drive Far rao of 4.3:1.

2.4 Drive Sprocket

The drive sprocket is the device that tranmfomas the anpw speed and torque from the final drive and delivers

them to the track in the forn of a linear speed and tractive force. The radius of the sprocket hub (measured to be

13.2 inches or 1. 1 ft) serves as a linm scale factor in the conversion from angular to linear parameters.

2.5 Tracks

In the simulation, the tracks serve a multiple role. Fiust. they compute the support plane on which the vehicle

orients itself with rsspect to the teain beneath it. Second. they interact with the soil and the earth's Pravitational

field to compute the loading on the drivetrain and the slippage that may result due to insufficient traction. Third. the

trcks teract with the suspension systemn to model the dynamic effects when the vehicle encounters sudden

chanes a the mink Fbafly. th uack model paonms a collsim deteio check to prevent the vehicle from

driving through obstahs gd a boms AMd ther vehldes in the terrain database. Each of these roles we discussed

in geae detall below.

2.5.1 Supporl Plane Computation

Tin Units COmpute d ppmn plme a which th vehicle orients itself on the twain by extractng the

devarn of ins s oppn pa s. r suntan poyp.. bts e m by the SDMNET Cmputer Ima Generation

(CI) pspns ambl umm wich stores all s miv formation. The unit nomnual of this mppout plane determines the

*m" t uIMncle a it ft on t rmnain. A dMiled decption of the appon plane comptation algolithn

Moms In Sea n 2.9.
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2.S.2 Soil and Gravity Interaction

11w Joad an dnvemm de to rviky ad drag born he soil is compued each frume by the tack model.

Mw grvsatem load s computed by moliplying the weight of the tank 120.000 Ibs) by the sine of the Ach of the

suppor plane. The drag force has two compomems: A consam fore which must be overcome in order for the tank

to move when it is sautionary. and a component force that increases with velocity. These forces are obviously a

function of the sol type. In the SWNQT amai database, dam me severe] different types of soils specified:

SOILC1C25W. Had packed soil
SOIL.C1050. Soft packed sod
SOILWATER: Pium rivebed (Fonlable)
SOl.UIX Soft- seiverbed (Unfaclable)
SOIL.ROAD: Paved roadway

RCI stands for "rod-cone index", a stadard by which the soil is characterized in terms of its softness and

ability to support a tracked vehicle. The higher the index, the harder the soil. The simulaton allows the vehicle to

reach its maximum speed of 45 mph only on roads and RC12.30 soil types. If the tank anempts to cross an

unfordable river, it will encounter the SOILMUCK terrain type. which will effectively bog it down to the extent

that dhe vehicle will be stuck and immobilized.

2.5.3 Suspension

The smphmsion dn ie MI is a bydromechanicai system which provides vehicle static and dynamic support

msIb tnion br spup and dampeing of Wrama induced vehicle oscillation by rotary hydraulic shock

ata br. 6 For die uhulao i m perue suipenmon systems were modelled. two linear systems (one for each

track) to accommodate vetical movement, d one togaoml system to accommodate die pitch mode of the vehicle

(see figure 2-4).

The sspemio acts to provide compliance between the terrain support plane and the vehicle support plane.

• I pSmut Mk so oom ad rock mcoddesly when t encoumte bumps and other disconinuities in the

MMeW 1mi dmn ofg bevy I r- aS up duria a sudden acceleraton. and.rock due to recoil effects when

T n supe e is inplmn ma with ad oder filts with approprate awurd frequencies and damping

mIS. The bowa nmmd frequencies have been set to 0.56 hz with a damping ratio of 0.2. The torsional natural

-Myque ' bs ben o o 0.32 ha with a domp rado of 0.3.
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2.6 Drivetrain Integration Cycle

The basic drive-ain inapiom cypleb ume o. ma ch nto compmdwe am of Oe dnvemain. The/

backward pas Am 1 0, ulsd loads at dn vaNima IMPS aloM dwe driveuttaakiag into accoum

pravity, dra. ad braking loads. Oece dat is dw fowad pass poweam the drivetmuin by taking the

engine power m am of f ig dwdUar tV m i S it *Mgh the vaious multiplications and divisions of

all the components discuead ediier. An iesm o osCd at the Anal dive inegrues the difference between the

power and load mque d sad s asapi he efeesd aWegme moment of inetia to compute the new speed of

the dnveu umg the rosadoml oqav= ofNewom's 2" Lw:.

where Tp a Power Toqe
TL a Torque
I = AggeSate Moment of Inerda
Ca amsunar "ine speed

This can be expressed alternatively as:

dw a .(Tp- TL)dr

Imegming both sides of th equab.. yiek:

WaJ(Tp-Lidl

which is the basis of our d&ivgtro impdrom cycle.

In addition to the ma or located at the &l drive, there as a secondary integrator built into the engine

saimulation. 71siuwmlor becoms active ady whom Ur enge is physically uncoupled from the rs of the

dreuin (i.e, when the tse averner is active while dhe vehicle is stationary or moving slowly.) Tlbs secondary

inerator desumines di -1cn speed vaiaions of dio a m ia state independently fm the est of the

d*weai. When the k b0 0 0 tob'ypms* suwe W wener, however, the engine becomes phtsicall)

lockod to e ma of die dlveraim Iks xed . 6n deummied by the mtin integrator in conjunction with the other

mpo s. Rpm 2-5 diagrams tis two ms kegpuio. cycle for the components in the drivmin simulation.

13
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Side View

Rear View

Pigw. 2-4: SUuPezrno Model Schematic'

14
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POWER CYCLE (FORWARD PASS) fk
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2.7 Performance Validation

The drivetrain simulation was validated from the standpoint of both transient and steady.state perf' nnance.

The results of this validation against the TOTPERF specification am presented here.

2.7.1 Transient Performance

The baseline used to verfy the nomimnal ansiem peformmance of the model was a full-dvtole acceleration

from a statonary positin to maxiumm speed. Variatons c initial conditions include:

" Direction (fowwud. vwhne)

" Soil Type (RCIMO. RC1050. ROAD. WATER. MUCK)

* Grade (0%. 10%. 20%., 30%. 40%. 50%)

TOTPERF transient data for un under these initial conditions were available to provide a baseline with

which to tune the dnvetrain simplaion. Figues 2-6 aid 2.7 display these companson results.

2.7.2 Stead .state Performance

The steady-stmae validation for the deivevain simulation focused pimarily on the areas of maximun steady-

state speed and fuel consumption of the vehicle at various grades ranging from -20%' to 50% slopes. Figures 2-8 and

2-9 show these results along with the TOTPERF specifications.

16
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Forward Acceleration Profile Ml Abrams (RCI-20. 096 slope)
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Reverse Acceleration Profile MI Abrams (RCI-2S0. 0% slope)
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Steady-iaste Hill Climbint PezffOZ5Dcc MI AbTam& (RCI-25O)
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Maximum Fuel Consumption Rates. Full Throttle, RCI-250
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2.8 Terrain Processing

2A I Digital Terrain

he aim om rI s a ww "loM li mml Ipt" (2S0 h mr 20 mrs) of ruta ie objm.polypns a weU

a bounding voloes born * CO symem eve37 dms; (Aout evewy two, d one-half seconds). The ise of the

p andtch NOW tudat ft med Md m iM P s &fON *A do vhile could uavel in a Vven

time. In Older for Ite simltimo to d ie pUN" ad oduio of fti vlid, on ie sin it aus

compute a geomenc support le m die polgm. The Suppon pm is denved sg the 'bigwheel

lgo dt" in wicb the elevain of I vldedyig swi s compseed at the left frot corer. * si front cornr.

and the mmedioe uar of Oe veoile. Tne dae pims define a umque suppon pmm toat sets the orientation of

the vehicle.

The procedure to deemine di devadon (z) M a bisrary (x.y) coordiname is opumsed using a two-step

approach. The first stop is a s o pomm which is perommed when the local ernain patch as received. This

preprocessing generates a lU of polygse which Migh cover the poisE in question. gady weducng the computation

in the second step. i moo d mp demaIne1 whic polyons acUally cover the point. and of these, which

actually provide suppolt hr l t. NO die 9 &a sp Mut which needs to be preprocessed only once for each

terram patch, the secod Mp I- am m be pedrfn e v" fame.

The CG sy te m A Uni.a omut ad v oplmr polygou. M sze ad omieatioo of the polygons

cat differ. althouh dfy m ie l ,mmi patch specifications. A local Krain patch is a

ware 20SOme a ad i. M ai o asmat pyn Every Ver of a teain polygon falls on a

splar 125 meter Vid. dho li ft - sould be oidme spares or triangles. In addition to train polySons,

there an also a variety of ob c plyIgo wich p1- uods. uves. bridges, etc. These we again tluce or four

idod. thogh do venue of da pdlypmad W m m amuli fal on the tegular 125 meter rd. Finally. the

m alo 4s volmw (boys. w miI p tmtap. ls lstc. Sounding volumes

a Ib aided l6 _lsumid by a plyglnl foptim and a heiftr. Like object polygons. they ame ot

m amd todaise 125 mm ip2

n , .. . | II ' - m l l l l l l -I l



RIft No. 6323 BuN Laboratmors iawp.raed

2.8.2 Preprocessing Digital Terrain

The procasut mudeusses dim th local wamin Patch can be divkide tuo four aiag 'nary ,60ctels.

eah125 maps on a Ade. Each bucke cosn a pome to die polygos and botuidng volumet *at cover it.

JUE: die A 1e ot piygit md hamvs -gom anMay of polygos and an arry of bounding

voumues.

I. lniahn to amy of bw*c to NULL paine
2. Fed ier lower left came of Ihewahi patch. The coordinates of die bucket am baed on ths local

3. For each bounding volumne: copy die bounding volume into a local ay of boundmg volumes. figure
out wni buckat(s) it beonp im ad place a poimer to tfe bounding volume in dose bucket(s.

4. For eacb polygon: copy iepolygon into a local array of polygons. figure out which bucket(s) the
polygon belongs in. aid place a poiuer to she polygon in those buckests).

Frgure 2.1o: kuupl Tesi Patc

Cuili do .zmplemii puc in Apom 2-10: polygon 1-6u toas polypow. 7.10 an object
peygnsmdin a ssmi). ad 11 & 12 an bveS. (petup buildings). b. dm cme. ie lower left

_ p 0 p oly" 1.2, sad bvd 11; dt lo e in odm uc tait pokners to
ip $ gu s d 1y 12; *9 p h I -- csN € Wmen to poiwlygon 4.7. 8. ad 9. Tbe upper

s n WuNkdIsA. 11s im pa r 0 Polygo 9. im IMMOU so polygon S. 6. and 10.

21
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2JL3 Point hi ion Chock .

This algoonm is wsed by the Adri 66646i *ti 41~I to desnmkz upudnr or aw a specific polygon

covers a specific W. -

!M. W ,()IJmO , M ay vmI s whic q s edes of de polygon, an aray of pois which

an ft L O,,os of ft pmao, ad t sW r ofvomss (uad edges) in th polySoo.

QM : l is TRUE at FA - l befi o poin s ht she pljO
1. ProjctftW bt * % ' o t p~gos into to x) pln. Ths is done

ineuiy by ipoamthpezavd * ii- otadivmit.

2. Defte a vector tat rq w hte s Ibe m Ut Al s mid vmnies ofthe polygon.
. Deumm a vetor do opman a seme between the frst vertex of the polygon and the point

4. Find On saia of On con product of the two vectors.

S. Repeat step 2 thov g 4 fowrmh edge of die polygon. If the signs of every cms product are the same
(ignoring cross products of 2o). the the pont lits i the polygon. Othetise. the point must be
outside the polygon.

C C

A A

D <

E E

fppre 241: Point Inclusion luple

Coinder *a example in Agve 2-11. "16 five Med polygpo (with venues A-E) is bei* tested
apit two p S 0 md 1. On the b&ds of the two tm shown above. point 0 seems to be m the
poly!@ bec.. die ff06 prodact bOm both AO to AS and ham 80 to DC sweep in a
P NsMLe be issue. R . & I wo tt conclusivuly prove*0 poin I is not inside
doh p md h m ts l csse ast b a Al toD swaps a .o

pu o t3
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211.4 Calculating The Elovation at an Arbitrary (x~y) Point

rth tuk is to Icoft -Ohe m. Or ZrvuI. a 404jay (xy) location on she locil umin patch.

Inpu: the (xy) location at which to Mind 1he evasio.

Output *elevation. Nose d passently, do Wowea elvalon at ane (xy) locatio is ,eanmwd. Ins the future,

dos man wol have to be modified to handle badges 1Ws vwN nque afts thez vsam to dommme the best

(cosest) uupoa polygon. ass jut dW W01MO.

1. Usmg the lower left =Mrm of* Isea b" W po*h vIwane which gaW bucket the (zxy) loato
fall in. Tbea for each bouagf nabme mipelten O Me patticular bucke poim so

2. if the edg Dom od =k L a -1 for t p*gm or heal bm s been calculated yu. tn compute

themeac segsttbez~

5. If: is inthe polygonthen ap must be pepuiclrto eachohrso p mutequal zero:

.0.

Zggp VP + Y..P)0

j1,U

6 Sea die boomu ofdiese deltons d rm it.
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2.9 Hull Kinematics

The coosawyhs used in Kiemtics ma: ,

I. World Coordinates (me flow 2e42) bo Y WAS Posms North. te X aus amt ue Z axi Up
(pal to. but in o1*9 Of pgfily).. The odi is x A bed poi n die errain.
cunely the lower Iet "*a o do e datbase. World coorhates we rueful for describing
position wad oriehtation relativ os- a 1ti is the most heavily aed coordinate system.

zY

SN

SS

Fipre 2.12: World Coordinates

2. Hall coordinates (fse film 2-13): ie Y ads point Obiou te front of die bull. the X ms tbotish
thdie ng of th bul. ddte Zms ogb de top of the u. The oigin is at pou level with the
botom of tie uac in the middle ofie vehicle. TU Z axis vector is umdly almos very close to the

nit normal at die tik's politice cn die uewin. but it may vary silitly due to the msupension model.
Hull codeass m coevenam f r dscrilbing position aid orientaton relatve to the vehicle's hull.
The CIO system rSes on bull coordinates = a basis for computing all display views.

Some of d key vaiMble used in Kim tics we:
I. worM to hull im a 3x3 matrix which otmes born wrld orisamton coovdinaes to but ofemation

S. halltw. wd rotames from bull oenmation coordinates to world onentaton coordinates:
it is 111 ivse aid iu of worid.to hiiil.

2. =m9e.wm is de MWo &M r o mf of di bme of the vehicle to die world origin in the bul
mm am sy. .uthrwhsW is dw etor brom the world origin to* seu of die base of die

veIckl in doi wOd c ma Me smm.
3I Thewit am * J1t up of the ,hick im stond in unit maml. Noe that *s is idenici to

at th cohb r of ,e wowjo",lm x.

4. *Awm ft peuomal dbmp of Ies hicle to world cooadiames per fune time (DELTA..T

23
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ZT .r9 and NO

iuTurret Yord e

YMul

IOW vier

Hunl

5.::XHW, Turret

xTurret 
X4l

Rear View
Top View Catd

Figure 2-13: Hull and Turret Coordinates

2.9.1 Initializing a Vehicle on Terrain

Given the desired (xy) location and heading in world coordinates. initialize all necssary variables to position

e vehicle at *ha locaion wih she acifed onentation. This task s performed by Ibnewanicsiimt.

klxmeicsLAklejxft, and k~ixwuics#=A.

kineuaics atf: bdaies Idnemincs a die desired location and beading. but before a local terrain patch is

available for support.

l: Sbe vusables x. y, and yew ildicate the desired (zny) location and heading at which to initialize the

vehicle.

Olmu: lanai vUiab z~,j, _tj. Wt..,imd a mijseml alaq wish Wd valaes for all variables set

by, MAOXAMaVOCAwrijodr.
I. lddauf WeaOsm l to Pl OurSIa up (pelpeabWW to t0 sface or tw wold).

2. , ap i al* u u dih vasales w ich cnaim ouiematon and position. Note thw this
itsialiaos des som W ues a m t otn ay mn . it oly Ot Op u*t po o and heading

6

!ii *ri •
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3. Initiall). set up with no coliions.

kinemmicssumad called by the main loop to smulate kinemaics.
1. If kinematics has been inimiaied with local Main, then call the routine which updates the velucje's

onentaton.

2. Otherwise (if kinematics has not bee hu d % a local tmin), check to see if loedal terrain has
been mali d. If it has been, then place the v*eJe an the terrain, and indicate dt kinematics has
been jatiadied with cal terin.

kinemaics ,ehicleqift:

Input:x, .v. and .vw, indicate the desired location (metrs) and beading (radians) for the vehicle.

0-'PUts: the vehicle's klon and oriemation axe et. utiliing the variables world to..il!, hul toworld,

hullroorisin. and origntohull. The w* noms of the vehicle's support plane (if locW serrin has been

initialized) is returned in unit wmqL, and dha.pos is set to all zeoes.

1. Initialize world to.hull to bea rtation wound the Z axis of yos radians. This fixes the heading.
2. Compute the Z value, or elevation, at (x,.).

3. Prom the (xy.) locaion of he Lkat a world coordimes. compote the cunrem value of A, to-oi1n.
which is the locatim of the world origin in vehicle bull coordinates.

4. Set the value of unit normal by itiaaizing the vehicle's support plane. If there is no supporting
terrain, or if Ohe mr ur n been iddivd, ndm the unit normal does not chane.

S. Set up the matrix a no, which will conectly ouiem the tank on t e local terrain. Let a. v, and w be the
irst. second. and tJard columns of o ma:. To solve for the elements of this matrix:

AIj j 12

ZO21 221
a Trnsform um .omaL into 1rem ull coordinaMes. Tbe result is w. i.e.

[X ,,Y2 , :-2 M [X. Y.' :1)
b. Shm die Unlk is con taned ong the gvnm headig. it is constrained to lie in the .: plain in

current bull coofrtes. Hence o.m [01(11 can be st to 0.0:

XO 0.0 X.
I 7; Ye,

c. Since o.mat oethonu a Dvi - 1.0, so that

YI +.a 1.0
it. AlmvwmOO,

so. 0,.V.u 1y +., :1 .0.0
e. Solv c. "d. samuaweously.

27
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f. Fimafly, at a a v x v. and euumr km bee sobed

6. Cmpound the heading 'eting tnfoumaon with the dn ation test amsfofmation by
puemuhiplymg o..wt by world oehuul to punte the caned value of world to Ahl.

7. Update haitjotvgin by multiplying it by onwe.

8. Initialize hull to world, origin toill, and dela pos.

2.9.2 Moving the Vehicle Forward

Iput: the desied distance is passed in inc. (If inc is positive, then the vehicle should be moved forward. If

inc is negative. it should be moved backward.) The position and mientaton of the tn are found in the global

variables hulltoorigin, on ginjookull, and hull to world.

M: the new positio informatio is Wsnd in hdli gea and on .njo _hal. 7he pbsitional increment

in wodd coonates is aoted in dekps.

1. Check for coNlkins: if a mar collim his occud and inc is neptive, or if a forward collision has
oscuumd ad nc is posi ve, than tell wws that the vedace ca't move and murm

2. Otherwise, move the vehicle Au the Y axs in its own bull coordinates by the negation of the
increment. This is done by decrememing the Y component of the vector hulto origin by inc.

3. Update the values of orginjohu#l and d4uhos.

2.9.3 Turning the Vehicle

hn: the deuid tuming aale in radiae is passed W angle, a angle small enough to allow the
proinaiom a dn(*). (If angle is positive. doam t hnte vehicle to the left: if angle is negative. tum io the

*.) The poitiou and oientation of the vewl am communicated i world to-hull. hul.to-world.

hull-to-on gin. ad on k so hul.

2W. ia aw o u is nme in world so haul. hdl)toworld. and hul .to-on in.

1. sock for eouod m: I a culbii ks e1id on de left ade of de vehide md anl is positive, or
If a sblm umad iA d asile 6 I6 vutid and angle is negaive, then tel Uacks to stop
da d vwnw. ad so agel to be 0.0.

2. bulal do totamson mama r nwi to be a mision of -,nplr ra&s wound the Z axis. tChanpe the
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sign of agl beaue mimad of mutiug 11w eshulado would is swrid umimusath the vehicle, but in

3. Post Multiply world to hO md nil j.qrjin by ru mo to effect the lur

4. Update the values of "al to-iworld ad oriflnto hall. 1

2.9.4 Computing the New Orientation after a Change In Position

As he tauk mome acoss tm- i i position ad t mait nmal of in napottug plane chane. 7he task ts to

update all the position ad omismanon data suuctwes th attg due A to alteraton iW position or the unit normal.

lmi mnm position mad orientation is foud in t global vaiables hullr4o origin. oaginjto hull.

unignorial. andi world to-hull.

Ouot the following variables awe update to reflect the new position and onientation:. Iiull-o-orgin.

ongin to hull. %wrld so hull, hull 05 world, ad unit .aormaL

I. Get =n updated value for the vehies taut normal. If there is no suppotting terrain, or if the terrn.
has not been iuitialized. then the umi nanal is not cistiged.

2. With the new value for-uair normal, rotate iso the new suppon plane about a axis ta is the cross
product of(th old ad new marf nruals (Agsur 2.14):

W1 x VA wi x K

W1i v2

[*2,vl.wlJ W IsVi.WI) 01-U2 8-V2 *i-wi

v1.82 Vt.v2 TiW2

wida wliv2 wi-w2

Figur 24: Ratuing into tho New Suppon Plot

Tte Wkown roaton mani: mum accompu ish ts dme roaton:

A. ro about thew vm wo d -*I coincide% with wl x w2:

bow9
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b. rote about wl x w2, until vl coincides with w2:

c. aevent the rouioo dme in mcp a.

3. 0

m 30
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Each of these itaowm can be Mupeemed by a 3x3 rotao matrx. Mwe composite marix formed by
these dwee matries is the gaowu matrix:

-,I-Wl -ul1,2 0,w umiWi

01wf 0 I-2 #wxw4 xwZI vlW 0

0 0 10 - 0 1wu211 wlxw0U

mTlvi -vu-wX-w 2 ulW - -.1 Wi -ylw0
IWo K 21 ol 24 wl9ow I W2

0 0 0-Iwlxw2 II wiwi2 0 0

-vv (u*2 wl~w2i) o-2Xa. u-w2

mlvia -<lW2Xwlw -mlvi x-w21

Iwlxw2fIl l-w2Il vw2 (u-lw2 v-0
I-J-22 wl XW221Alli

o lxw2I lw2 0 0 I

NowIet A-wi w2

Soul-W2

Also reCal that Itwl a W212_UWl12 flw212 -(Wl -w2)2

n I-(wl -w2?

-1-A 2

That, this is the "unkown matrix" wiich performs the desired composite rotation:

31
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¢-*# .0 -.BC

I-A
2  I+A

-BC B 2 +AC2 C

7-A /

- --C A

3. New values for the world to hal1 and hull o origin an bWned by postmultiplying by the rotation

mauix. New values fr ie hlltow-orld and orni hid.vhull we computed from the new

,orld ,ot.hull atd hull.toorifln.

4. Perfonm Z enforcement by computing the elevatioc at the new (x,y) location and seutng

origing-o-hall[Z) to that value. If this is not done. the tank will drift off the su face of the terrain over

time.

5. Compute a new value for hmdo_origin from the new oriinjojhul.

32
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3. Turret Simulation

The coodiname systems used Wn the Turi Simulation am:
I. Turrt Coordinat: th Y ais poin Uxeh the from of Ow tu,,et. the X exis tirough nglo,
turt and be Z ais hrouh toe top of due mm The Z axis of Mhe uum coofateystem is the
sme as the Z axis of th hall coordinate systnm. TMe oig of tuet coordinates currenty differs
from the ovilin of bag ceoninam only by - ofset applied to display views by the CIG system.
Trmt coorduaies am used by dt CG sysm to pmem out-the-widow diplay views for the
Gunner's. Counmu r's, ad Loader's views. They me also used as sa iemmediate coordinate
system ee frexample. bIul cacdintes and Sum coordinates.

hurret and Hull.

Y
y Turret Turr ..

HuHul
" side View

: (pitohed) I
HU2. j 1, •1

L:-- ---- X.. XTurret

Turret X Hull

Rear Viev
Top Vaeu (e ted)

lpo3-1: Hull wA Turret Coonlinate

2. Gner's Primary SiSM (OPS) Cooinates: the Y axis pos in the ditecon of the GPS te X axispoints At c xS **e idl side of te um. and da Z aitzi is onhogonal to ft X an Y axs. Tlhe origin
is do am as dw of arm €:c 1 inaes. OPS coordlinates we used by the CIG sysem to display the
0 g ,'s view. 7bey an also uwed in modelling Ote M I's stawlization system.

I. Laser Ragfne (I.AF) Cooatucse: do UR always point in to daremon of *ae GPS retice. 41
do poem tOe. LiF mid OPS cooadmn ae identical. becnie te system does not suppon a
movi " side. Fo a discus i of how the lad umking system tn the mina MI wikrse ae subsecton
4.3.2.

4. Gun Cosimes: Te Y mis is "ln d gs hotel. the X mis is perpendicula to te Y taxis. and is
up - w w omdd i.. pl , . the Z axis is aton to he X sd Y ar. The Y s in dus
me rdnates almm tus io A xwu both th mpeelevation of the ut. a lead racicbng thai
my be prm. Gun modmu m e wed for compuin balhauc uiectones. Noe ft the X ams i.
pval to do *M ^.. p to sipify de effect of gravi" i the balstic model.
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DIP

* S

, .
* o

$rp Ma~'sItin Gun
Pri, "

Roar View
Top Vew (snted)

Fiure 3-2: Gun and OPS Coordinates

Some of the key variables used in the Tunet Simulation are:

1. hullto mei, is. a 3x3 rotation marix that mtes from hull coordinates to turret coordinates - a
rouon about te Z axis. turret.to.hull is the inverse an transpose of hull to jurret.

2. trret rps is a 3x3 rotaton mamx that rotes from turret coordinates to Gunner's Primary Sight
(OPS) cocrcIn--es - a otamton about the X axis. gpsjo turret is the inverse md uupose of
turret O jp..

3. turret toun is a 33 nuio= matrix dot rotates from turret coordinats so gun "ordnates - a
mwtaion about do X Ws. Sam to turner iS die Invese and ulmpose of Wrreto.jp. Note tha the
lurretjojuir matix sI e the vrrto . mamz though un d!er certain conditions
(such as a gun elevation smeim fiure) tis tn't true.
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3.1 Stabilization System

3. 1.1 Setting the Target Vector for the Stabililtion S)tem .
/

Wen a, i skmb u syma ome tl is qsilr k - tabilizes the GPS nd . mab nn both azimuth

nd elevation to comet srd inhrd poition d odmsmmL One task necessary to simulate this behavior is

to compute a ut vectMo aloug tW a s d W to ac W a tget vector for te sabiliztion system in the next

frame. Now it ibs task men bapumlmmed @v aim VO stabilization system is nt m% because the system

may be naged sunt in the next fram.

hnout: the hull to wor/4, turret to .kwu, ad gps. o.re mauff s we taken fro obal variables.

Out: the two vectors sps n hull and upsnnwrld. The former represents the ups vetor in current huU

coordinates. and the lamer represenate uis vector m world coordinates.

1. The OPS veca is miviaftl ,n [0.1.0 in OPS coordinates. Postmul)" this initial vector by
the matrices (in order) gpsjo turrt and urret-tokhli. The result is the vector spsjn_I/ad.

2. Posmultiply .the upsanjull vector by Me Wlljoyworld matrix. The result is the ps nworld
matrix.

3.1.2 Stabilization of the GPS

Given a tWet vcor, uulsa of ie mabdaw sysm requires computim the amount of rotaton

necessary to adjus h the mit ad the OS. Mon vubks e the passed the rudnes wc slew the turret

and elevate (or depress) the un.

liam: to ups we tm , ps_.wvrM ad ups..hufl we passed in global vaiables. Tbe onemation of the

hel is passed in t vuiable wrk

2M tm MW@l uuuh rad lv re (both radias) nprem, the atgles necessary to rotate the turret

(in admoh)d o eto vate e OP'S so t he ia ad GNS rn sabdlind. The vurijk eeti.pos (in radians)

m m k ( ,kiev sob h.d) , wM u.pth ONS ,mabil .

I. St two kid vm - Is doe W m I6life W h apis d sj, -ri vector

2. Wi wo,0guiiu" maaVueI ctm stem (fgw 3-
mr.'.Jma~w, ,
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z

, eP(p,O, *)

P' xy,O)

X

FIgure 3-3: Spherical Coordinates

Recall that. for any vetor v a [re . :i he coespondin spherical coordinues are:

S"UPCos()

wbee 0 is a polar angle associated wit te pojecio of v ono the xv plae. , is the mgle between
tw positve : axis and V, ad p is NI.

3. Find the angle to which die GPS mus be ulevaed so semain stabilized. This angle will be used to
mae the s so r mam. This &sge is not 6. but rather (x/2-O)h because elevaton is
meaund from tile zY pl . NM. bMewVr, dWt

ani Sal t die aim o f angalk is d ou uineful piece of infmmatioa from which to ceate a
mat= uti. Sine the oldps vector is a oat vector, p - 1.0. so

ain 012 - 4)a=o '..p,(z]

wilM be md so =me tdhe abiliued gve jrr mm.

4.1, a t ait m u of chae i e, vatm orm t new js to te Wd Vs. The exact value for

Mmum us'.id .. szJ-ai'me, psiz]

SmNi' * in I- it e m a,- mlr, awe tha m does' elekae or
ar beywd #8 phyimiq amp b sppsdmde pspbe~ od eno. Nowe. however. that

do i~t 8610h , -I f th Orsag beWA dti in ume 3 above because the approximate chane
*ievuad is t am W Wmu b to kee, te 4m a ely m biliad
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S. Piea. An de *U .1f in aind 6uM Urn NEISJS to Owe .ld-s Com dweoMdjs
uad aw~ps veown ,mje) em. te xy pjeim bA =Osaitb (Atpa 3-4).

49.

x

Figure 3.4- projecon of OPS vectors imo bull coordinmts -

To detetmine how fw to slew t tow so *ha the OPS mmas atabilized m azimuth. AG must be
a"Lwawd AOI aindwbr dun kowing die value of AS. it would be amom convenient to know* the smn

of AG (bum if at all possible. he mputwion of a sir w m ucto sold be avoided because of dwn

Defim two vum a ad b. sucdo h a a Oldpu ad b a ,wft.js FIrt t0 find the CosAO). recail
dw law of comin.

COB (AS a o (A) ab
co 0.2S . Oz s ,y)1/

Untamey, tho fu WA 14 em am lduulaly equa to 1.0 so they cuit be amefed out.
XOru.a sm .1 f G s eadly be ecaluad from the Coieof AS. A wtowt aman y tig

uh(AS) a(1.0- p
(, 2 4 1 3 ' ba -Ai

SoweVOr amg hu te gVW r" alway mm a positve value ft eqwinlm Sivas te
m mi, b e mea(& bum ub eim of inadu..To b f dimfit o rotmlion,'take tie
usmpubm:aab. ! eba ibvinemwa~te~fU b m
anmom 'du. -If th fU au sp~.b h u ibt eIs b left, sote
fM hfM* * NMI rinsdinapul Uedofw odw lfi), lfwI f O s kwle aleis etive. ten th
eMspsbetU~oWp o Ow uji. go Ow md sholbe moe ina neave directon (to he fgh

3,
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3.2 Turret K k

Simulaon oflewf he toae and devan (or @dqissfg) the GPS is sUtiglltforwi: the Pemt rotation is

wouteios about the Z axis. ad the elevation of the Vin is a rotatios about die X axis. AA ipottm pont is 6aW the

lumt and OPS should be moved after the stabisatim cet.em oee' ban dewe, but before the new stabilizatrn'

taq vector a art. tws iso that he targe vetor ca . dWps in aximuth and elevadon into amount.

3..1 Moving the Turret in Azimuth

ko-.: gur!slerwadlte shows the value of thesgumer's (or commander's) controls which is normalized from

-1.00 .t,1.0. sin-staba.i rot is the number of radium per frne that the turret must be rotaed to keep the gunner's

view stabilized in azimu"t.

Out. a new value for the dgw twe is moed i gpssew rate. The new ornentanon of the turret is stored in

the turret to ull and hall to turret matrices.

I. The gun sle_rme is poned to nter.caklc jp_skew to id out how far to slew the turret due to the
gtuner's an&s. gps s e--rate is set to the value returned (in radians per frame). This variable is
used by the ballistic computer to determine how much lead tracldag adjustment to mae when the gun
isf aed,

2. Add the psslew .rate so the sin stab ai rot to deemtine a total slew rate for the turret. Note that
the snafl ange sie qproxia&am mide here for WM sew rate, but not for sin staha: rot.
Because of this, the tutr will oa perfectly tbilized in azimuth as long as there is no deflection of
do pwar's hsiles. Even whes do bsdes m fhily deflected. the maximum err in the tracking
me dee lo t Wupm adosm dh be o map thm 0.02 mils / frme, which should be withn
cepsl Malerme- Abo ae t mus approxiNation is made by adding together an angle

Mpssew roe) A th ume fw an*le (sin tab .a ro), ad leting the result be a sine of an angle
(usE AP; el Ta W au m *arde i6, 06 qaras ios oul be 0.15 hi / fram. which
Ami d sdewi mbkwhesdet is isdi at is maimm we of Stou SO sil I frn.

3. Cha do wet ulew.. rae apist dw maitimum dew re for the tret. If the absolue value of the
#W@Lskulwjt reis No larp. clp it.

4. Chekh wit do hydim c symm to make ame that sumcien pa is available to effect the slew. If
ns. thin a l d sw t =o . ,

S. 0su ume a c miU sa ot g t tre! A -rate, and postmultiply the urret .to ll matrix by this
iusl to .ea dv m s. MAo, qpdate to lloturre to be the arsmpose of turret tohull.

3
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3.2.2 Elevating mad Depresing the CPS

Iv wAsrv heAV4~f~b v4 * *~M r'; (or vo udrs) controls. wch ut normalized from
:i -. 060o *lO. mamb ee m a, i@ m m d iwe per hms thet the UlPS mm be elevaed toep the

Vona's iew sblhlinsrVO -.

OVMm: a new vale for tfe elevion t is nmud in We, v aret. Mhe new orientation of the GPS and gun

Me Scud in te 1 mrr 1ae . an i . pafae, ed pjs jw.mt UiOs.

I. lob*= tw ,awrejsjpe. manis so be the bviim pei Ged in th global variable sin ef rds.
This vaWble roil have been set by th stMl u sNem to be the devat of the (WS necessary to
m~ aim ua lb view.

2. Use the pm ekle ror to fhd ous how fr elevate the am due to the gmner's handles.
xPIs,-V # e t is met to t vluI u-usI (in sadlm per ironiU). i e vri is t Clamped so that,
when added ao he. n ei . i wW not ca the G to be elevated (or depres.e) beyond the
physcal stop&.

3. Add the uspclinjvte to the $nyabetlA._rot to detnnine a total elevaion re for the turet. Note
that the &me small avge.,ne qpprowmaions made m turret movea:imuth ae made here.
Maximum error should be miler. because t mm can rotate at a faster rate dn the GPS can
elevate.

4. Check with the hydraulic ayamem to make swe that sufficient pressure is available Ib effect the
elevaton. If not, then mt all t eleviWon roos to 0.0.

5. increment sin tletvras by Xpst*j_ree to reflect the new position of the ;PS.

6. Generate a ration mauix ot the imel.t .rut, s.d posunuhiply the turret tojps matrix by this
matux to effec the ro ation. Updae jpsjo . rrt to be the uuspose of turretrjojps. Then, if the
tUrret-mourn inierface isn't broken. ospy the turretoJps and gpstourrer into the rurret togu
and gun to turret marices.

3.3 Turret Dynamics

Although the amtual ute drive amdun elevation systems in the MI have some visible dynamic effects

aUodaled with thm a c u n msties, the respone of the hydraulic servo drive system is suftiently fast to

mable us to model the wet via a stctic ftwfer function direcly relating comrol handle displacement to turret slew

migun elevujon res In madd ins apma we have encoundte no conaints reprdng the lack of

dYndc efhcs in d urret simation fom any of the ma who have feld tsd the system.

3,
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3.3.1 Turret Aimuth and Gan Elevation Rate Transfer Functirms

There is a mhetilip betwe-n e oheiaial (left or f ) displcement of de pnnmes or commander's
cenarol has W tod M u MI ,1mt djew M. bs. 1 it a ,.t*i, u wMem b. ewtdo (up'or do,,

displacemeni o(e do puu or wineutidefl comnd ~lae maud6. MI gun elevation rae. A a6bszanual

amont of effort was applWe to Go~ac and anialyze daa on these mtmfer functe and to apply them to t

amlation. Th e eulas of ds mlyis aw d iled how.

The maximum tm dew sn of e MI be 750 mAbhm mdl be mamum gia elevation rate is 400 ils/sec.

Positive snnahzd hundle displacement ranes fru a minimum of 0.0 (when the controil handles we centered) to a

maximum of 1.0. "lte hydraulic rsyem tiuistios into a hi-speed slew mode when the normalized horizontal

buds displacement is 0.33 i the ulewing rate is 20 mls/sec. For gun elevation. trauition occurs when the

normalized verticaj handle displacement is 0.6 and te elevaton rate is 20 mils/sec. When ihe aormalized handle

displacement is 0.0. te skwin rahe and the elevation rate should both be 0 mils/sec. Both Uanfer functions are

odd. i.e.. negaive handle *splacents should comspond to nigative slewing and elevaton rates (figure 3-5.

Displacement Slew Rate
0.0 0 mils/sec
0.33 20 mils/sc
1.0 730 rails/sec

Dispilaement Elevation Rate
0.0 0 ils/sec
0.6 .0 mils/sec
1.0 400 mils/sec

FMpre 3-5: Control Handle Displacement Tramfe Funcdons

The fis analysis dentmined the theoetica slew fates which would be required to track a moving target at

variom ranges and speeds. Figure 3-6 displays the etults of this analysis.

40[
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Tracking Tate fo: vSrious tables and velocitis
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Thu amaysis diaws dt ulew res up to 40 mils/sec e necessary to track tanks moving 40 mph at a range of

500 mme Ths mein that my implemented noser function must provide a level of fine contfol to enable a

guner to set with precision any slew re in this vackit region of 0 to 50 m .setc.

To provide the fi control necessary to track a moving target tbousands of meters away as well as slew the

turre at its maximum speed of 750 milsl/sec. a comnuou transfer function was implemented. This function has a

low-rate fixed linear lope in the low speed regim where ugM tracking is performed, and a smooh u'ation to a

curve of increasing dope to the maximum dew rme. More formally, the curve f(x) that relates normalized handle

displacement to tret slew me (midlsec) must meet the following constraints:
IJ. f(0.33) am 20 ... CID11111111iy a transition
2. f(l.0) -750 ... max slew me

3. r(0.33) -slope ... conimuity of dope
4. f"(0.33) 3m0.0 ... curveuningupattnsition
5. 0.33 >, x ... transition after point of inflection

where r'(x) - o

An analysis revealed that a range of curves existed which satisfied all of these constraints. A computer

program was developed which could generate any transfer function inside of this range as well as compute the upper

and lower bounds of this range for a given set of input constraints. 'This program was used to generate the curves

depicted in figures 3-7 and 3-8. These figures display the upper and lower bounds of this range. as well as the curves

selected for implementation in the SDANET MI simulator. The curves chosen for the slew rate and elevation rate

transfer fnctions were:

no 1631.2X 3 - 1166.25x 2 + 293.75x - 8.75
ma - 2916.66x 3 • 4125.0x2 1833.33x - 225.0

mr mW t dew rae (m.isac)
ft a so elevation nm (milse/c)
x a normalized budle displacement (.1.0 to 1.0)

Both of thse curves peovide the capability for usnes to track moving targets with precision, as weU as allow a

smooth truition to hilh speed skeving and elevation to the maximum specified rates of the MI turret and gun drive

42
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Turret Slow Rate Transfer Puaction
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MI Gun Elevation Transfer Function
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4. Fire Control System

thug the 105mm Wali oft Ibes aeOsMPN JlI do isGma's Pimary So*h (UPS) and Comander's GPS
11088 o ft dtge 00 L&i Ima11 1111s (LJ) for fast ocore taling. and the Ballistic Computer

Syum (CS0) or =msin s w bte 1im .. 0 sdvM At n OWs pa mad prvide ntomtic lead tuckinS .

1ter compemnta s m oedm w b e vi ad m rablimon systam provide the Mi with the capail ty to hit
mama Ii. he smimay podo and on th move with ezmpda pision.

4.1 Gunner's Primary Sight

The Gunner's Primay Sight (OPS) and Commander's UPS extension are the primary target sighting systems

for fire control in the MI. The SIMNET GPS is identical in funconality to its coumerpart m the MI with one

significant excepton: while the MI OPS has a reticle projection system that is able to displace the reticle left and

righ ftom the center of the field of view, the SIMNET GPS etcle is fixed to the center. The implications of this

design featre fae:

I. The gunner will not observe any tunet countenwtion and etdcle displacement when he ranges on a
moving target due to the computation of a new ballistic solution as he does in the MI. However, the
system do still provide astomatic lead vatring capaft so be will oil be ble to bit moving
targets wh l e. Jf be wads i trgelts 1fOOdiy withis clbel and ipsJ allccraely.

2. The -mmer wil m obau my mdcle movement due o GyM Reticle Compemation (ORC). The
GRC sysem in the Ml is deignd to mul am my mood diabaces tho me beyond the bandwidth
of the tomt illudo mad dOve system by dWplacin the reticle from the mner of the OPS to keep
it on the argat wail the arm conrol system is be to *catch up" and no out the ammuth error. As
de "eM is zuoed. the dcle will relax bak to the omer of the OPS. In a SIMICT MI. the turret
nabdUiamm md drive systm ha a hig enough bandwit so that ORC i no necessa,.

3. Snc te low has so Wlaimim captli, the r will nm observe may visual cue to "dump
Ua" by 14101ng 1s Palm sfrtches ae, mpping hm a apid travene. The ahence of this visual
le may , * a u e w .oa de eformne ofsome er who ndy dump lead when they
m a diqu wid e. Whther or m tis deficiesey depadesite peefrausme of te fie control
sysae wig be evium dosig iiul am of idividua mw performance a Me fist set ofmdatom m Added.

45
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isaimum, ordinates of M456A1 HEAT-T and M392A2 APDS-T trajectories
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4.2 Laser Rangefinder

The laser ranjefloder (LRF) employed in the Ml fine control system is a Neodymnium Yttrium Aluminum

Garget (YAG) laser taite coupled with a range inceiveir using a silicon avalianchie diode detetor.7 When the

unit is activated, the LRF emits a pulse and measures the time until the motm signal is detected by the receiver to

detetnine the range to the target within 10 meters. The LXP is iterfaced diincty to the ballistic computer so the

range is automatically ensered into the ballisi solution without assistance irgm the giunner.

In the simulation, the LRP module acquires the range to the target from the CIG front-end processor which

stores the range to the uwrest polygon for each pixel in its display i-buffer. The CIG interface sends the range

under the center pixel in the gunisight to the simulation host every frame. although the simulation only updates the

range in the ballistic solution when the laser is fired.

In the event of LRF failure or damage. the fire control system will still operate by setting the range manually,.

The next section dis cusses manual ranging in greater detail.

4.3 Ballistic Computer

The ballistic computer system (BCS) performs multiple functions for fire control. In SININET. the BCS

nulaao performs only two basic functions for fire control of the 105mm main gun. Fims. it elevates the gun the

proper amount to mend th projectile to the argt range. Second, it auomnatically sets the proper uniount of 1lead

uigle to eable Sits pner to hit a moving target which be is stacking at a coristant slew rate. These two basic

funoctions of the SCS am described in greater derail below.

Another SCS capability supponed by SIMNE is the ability to enter a range manually mn the event of LRF

failure or damage. b the actual SCS. the poiw can enter a range by the nmneric keyboard on the BCS control

panel. Since a SI4M Ml simulator does not have a 9CS panel. the only way to enter a SCS range manually is to

depuuss the MANUAL RANGE BAITLESIGHT pushbutton and then incrementally add or drop to the battesight

range using the ADD/DROP toggle switch on the commander's right side panel.
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-L3.1 Elevation fo ROWg

Whem the powremt a rnp wue mamudiy ir oft do LI. die SCI wpo e dw evation angl

requiued for th round to insersect U*W tV a thl~ at t aM@ Tits giUs bameiaufy olevte by'dhat aigl

ovehe ft PS veCO m at VAiehuleavu m is a Km*M Omyf MOOp s 6i dan the iNmm It type. The

HEAT-T for inance. has a signicanty Iower mazie isihyh toe APD-T and subsequenty requires a

greater uupereIevadon to fly the same distace. One dstlm te iCw M sesle on angles based on

the ammuition type indexed in the gm.r's umellpmel, NOT biad on the nmuunition type loaded i the

breech. Therefore. if a pmne indexes an ammunion type tia is not codom with the round in the breech, the

BCS wil set the gun to the incorrect elevaltio and the romd wiu mt ha t target. Tis error condition can and

does occi in the actual Ml an conrol systm and in S1M4JF.

4.3.2 Automatic Lead

In the MI tank fire conol system, auomatic Lad teadn allows the gInner to hit a miOnay or moving

target by simply keeping the r el on the target. When a statonay tank is preparing to fire on a staonasy target.

ther is no lead. and the G1. reticle. and gun all point -th sum direction (though the gun may be elevated for

range). When the tank is preparing to fire a a target which is stationary relative to the motion of the tank (even

though the tank may be moving, the turret is moving only due to the stabilization system, and the gunner is not

having to slew the turret to track the tarlet). then there is no lead. and the GPS. reticle and gun all point in the same

direction. When the tank is paparing to fire aa Wt wbich is moving relaive to the motion of the tank (the tumet

is slewing be use d ne is raddg the target), tien the SCS will ompute a lad offset for the OPS an the

tide.

This auomadc lWd ek1uiUd is updaed goaminuously n relative moton dwges. M is based on the

imnqp Shm aMe wo aecOad dim to power cwol hile daplac em. For ie fir 30 mils of lead offset.

d9 retide does m move in th 015. mad. te OCS mns o tat it poits in a Sliglay diffemt direction than

tIe Pm (ad ft twi). Ibis ma s whintevur te Smae. - ees to m*e mly mir adatmetus to track the

t I and wibvw dme mn de to ilk motion we w il the bandwidth dti can be mlled out by the

i u ym . do ra i will sWay 1 m 1 in ihe GS. Howev, r e OS In a m mm of 30 mils of

47



ReotN& 4323 B bqete5bWV d

The re SV4W OCINtGSWuI d00S no support do. lead WACM4a uySWa. bscinu e SiOE

award & syrn "Von_ %Wft lalk MS04 *gS M*i Ui 4"id as u d o n*8m of the GPS, to the

siaditiMa A~SPU le wAkW&~~dl b dis nidol, doe UPS always poita 01e tun

*8 une ad wen1.6 de p lumid*WIY*e~paa~ ted.Almtso etamodel dw AS m replicate the

sysim ~ ~ ~ ~ ~~t NiWS mteautM.I i ws8p om movtis or atboay taget with equal precision. The

leadam u 9 Sis ompuWfte d Wg* 1011W4 uisi.

where Os ad uagt (tad)
Ce azitUbW vacking a* (ridUsc)

T atm medbgl* 8 dm 1 UrV(00

The estimated Wigh tune T is a fusncion of *he uM=ntiOo ryp and the ringe to ft Wet Henice. in order

to obtain an accurae Inad angle. st pmer mnust have indexed the correct ammunition type on his control panel. and

have a recent accurate range to the tUget. "lo with a smooth trackng rate that muches the target movement. If all

of diese piarmeters we comm sod Ut targe veile maintains ats speed and direction during the flyout. the round

has a high probability of hitt *8 target

4.4 Degraded Mode Gunnery

The Ml Ine cmaimr' symm has several levels of redundancy to enable a crew to continue an engagement in

do evet of a major homp min ai 1 . Alfteo SfldNET does mo support do complete ompleamn of backup,

symem. idoes inppon sevetlof the maosm o umbla mwto operaseindegraded mode. These are:

" XMRGV4CY MO0D& bn to evmn of umbUUm"Wa rnam ahare or amber nudfunction in NORMAL-

mode. the Sgauu- can ener IWA62NCY ode whc sainittly aloss Wia to drive the tarret

byirmom *8sm. byp ais* 04ilitati sytm and *A SCS. In EMERGENCY

mod, de US i direcily dived to to gm i all tuevido forne o sd lead angp mue be etiad

" MANALdiM4VO.% toe tvi of UL ihm fai. cr ew cm enter *8 range into the BCS manually

by haimft mmmalSOM mv, ad *8. aijdin 1n eaiy usin die ADDIDROP 1oggle.

* C0SA US OV90MZI n *8mma omm~mes Whinis Mibt.*e TC can simW. lase!.

" DUAL GUPOUR COhffROA. TWo nm. of ftggu, Palm swihn, ad lowe heinou a winid in

putalet we aftleso to u aabh 1090"d? o aimeoperaton in theventof ndivwul compowlot

f&ailto mifumms (44. t et Woggu)
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TIM tofowing0 dinpu no& (am t 'm w k m~d as dm3:

e iAIILJAL MOD& Not p uIda wu I%* othw - Is
* GUNNER'S AUMARY SIGHT (GAS): No. yo iqinmemd. Plas call for pwjstg GAS rup~

lines inoPn. -

* BLAST=N MAOIDIE (To Ane im~ r wi b ed~a P~w Not $wos&.
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5. Ballistics

The requirmen for $DOW 1 Ml b*ms was piady simplified a tat d oly u4q ed mowling the

JO1mm main smn for APS.T d )IrAT-T Immudon. wit no rquinem for the S0 caliber and 7.62mm

machine ums. In addition. since SINOEE was not deigned so be a piunei, coaduct-of-fre trainer, several

u tonm made to pdy implify the baits model JM the i m pm would be always boresighted.

Second. only the nominal ujecioues on a ICAO mdud amoqsbeuic day would be modelled with no crosswind

conditiom. [it is expecud that laer veions of ful crew amulators baed on the SIb4ET R&D tectology will

implement a mom complete ballistics model u eded for maiing.) The two ammor deating ammunition types

modelled for SIN4ET ae the M392A2 APDS-T and the M456AI HEAT-T. The SID04LT ballistics simulation is

composed of the tajectory flyot computation and the hit detection computaion. Each of these components is

discussed in greater detail in te sutp quem eciom.

5.1 Trajectory Flyout Computation

After expeumemation with several models to describe te aerodynamic behavior of the 105mm projectile in

flight, it became clear that a mrodyuic model would be far too computaionally expensive to nrn in eal-time.

The major difficulty was in developing a model to accuraely describe the drag on the projectile at Iypersonic

velocities (often in the nmbulem regime). The solution, pipoed by Burdufiel et il.. was to tun to a geomeic
uber than physical q apoch to modeling pojecule ntrgboes by making advaMge of a universal "ormalized"

uajecuou.

5.1.1 Normalized Trajectories

The MAic pI in.. oftis pproach a that All flyin projectiles follow a "nomialized" trajectory n terms of

tugs and vonic drop angle lm 0. boesilal vector as a function of fime. These noumalized par.eters are:

Nomahd Drop Angle:

Nohnaliad TUme:
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Rpmu 5-1 und 5-2 display mw nalized to mad drop apoe as a kaction of WoMealiaed imae. Using RS/I, a

ubs* s mly* uswue packap bfm UN Soft Pin um Cmpmitim a a-jiina. o cuameoc was

umd to compute the coeffcents for the two Aincom. The cefficients for de normand n ap.d mt ctio an:
- ..

'0 0 10
whet: AI a 1.0

A2 a -0.506721
A3 n 0.191974
A4 a -0043222
AS - 0.00426$416

The coefficients for the normalized drop angle funcdon a:

sin(SE0) =3 3 .g.) .e.2.(L!)2 +B I.(
where: 8!- r.0

82 - 0.148383
83 n 0.016289

The range is expressed in meters. drop angle in terms of the sine of the superelevaton. and ame in seconds.

The iornalization ocu by dividing de present range, sin(SE), and time by the "daracerstic" range. sine of the

supe-elevation. and time coumants which ae unique to each type of ammunition.

II
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&.12 Characssd Parauears

I ' Pu~~ma doth hntabim, mom doe mizi velocity %V) md S& tam for a tamp of S0M mten. Dei
Im J M eu Usig d oa ppmu duimid ol v for o mirtey sting hmos fmrn

I The cbUdaacmuutic drop angle (.n(SEV) a defned by the following naheoniaip to muzzle velocity and

cbArrstic time:

U sin (SE0)m

3 The dchaic pmeneau for the two 105mm raonds being modelled for SDMNET are:

Amnmidon to Ro sWaSE0)
M392A2 APDS-T 11.070 16361.6 37.38261
MOW6A IMAT-T 3.704 - 4344.4 15.76046

I -e rum-time uimelatin wocs inm do Mowing amwr Whon tie trigger is squeezed, the ballistics

simulatiam exeamm a ane-tim proadwe t caop ete dw uinxd superelevaion. Mwcurvrne i the ballistic

nampOF l (9?i tused to cuqpt an emtied Miot ti. (t? by iheratvely solving the apg equation for t basd on
a inpuroR au t-ft T* heamriic paunmrus to and *0 correspond with tbe sminunition typ indexed by the

sasmui.. intact knob at d. ser atom Once do estumated lihtA time is known, t requited sme of the

mpsuhvatin uZ)is esfy compWs by solviag to dtap angle equation uing the chemcmmistic parameters to

-a mdSL) for dW imlexud ami of amuitim j~ flig time t a tr ui is te sine of the saenelevon

UssLe. WBAW bdn umdm dw. mfs in. mmmd lyom cycle n wicid it usm to aqad fligt time of the

Wo a =N d poet up A't) md ru~p agle uinSE~o). It dhm cm a position vecto B in bomeig

* 54
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8, R n) (SA))

Pialy, a uufaoms *As positon from bowsiglh cowdiames to world coordinates by multplying this vector

by de ,,njoj uama (a roution max amWaed to e me gun up from the OPS along be x-axis of #a Sun

mourn by dte supeuevatio ule) tm adding a tranlaion vector of the uta's ine-tia -reference 'hame

coordaimaes baed on its position and velocity when de io was fired. At the end of each hame, a piecewise linear

chord segnem is g8inteod from these cooadinmes id die coolinmes of the previous frume. md passed to the CIG

system for tacer display and hit deaction.

5.2 Error Budget Analysis

When a round is find at a t". the fir round hit probability (PHi) is affected by a numbe of factors. The

errors that contribute to ballistic dispjrsion include fixed biases that remain constant for every round fired (e.g.

rage estimanion, jump. parallax). variable biases thai can change with conditions (e.g. cant. crosswind. ambient

lemperature. air densit.), and random biases that will be different for every round fired (e.g. laying error, round.to-

round vaations). Sone of these biases we bi-variant, and others occur in one axis only. Since the ballistics

uimulation for S1W compos an exact tr ctry for each round, it does rOt explicitly compute a PHI" Since

S~d0NET only models the nominal flyouts on a standard atmospheuic day with no crosswind. temperature or air

density variations, many of these biases are zero Aside From human errors (e.g. laying. ranging. jump. etc), the only

mror that can can affect a flyout in SMNQET is a rmdom bias consisting of a bivariant normal distribution with a

standard deviation of o a 0.3 rils. This bias is designed to accoun for round-to-round variations and should

produce nalistic dot dispeion pattrn a taret tile.

SB
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I
S.3 Hit Detection

7 00 soyus din*my Cbe p i c i fo bauaim a gait a lyg in do

&lay. The 00 comu M d ie fib. &kmmdo. poitm it &Bwus acg with inMkmatio abou
w~Aw fte p~lq= is (e. a soak a*m a tank mm, -a tak bW, 04, and an an of kce . Uf d hit is

faml a-odwr vwic iato ulabor sus to p dos hainatim so t arpt vade ssulator so tht dampe

mMut -be ptnamd. Fwm m a dmom aminbat dioq modelin. s a ao 10.1.U
5! 5.4 Performance Validation

I". balliscs simulation can be validaed by simply comparing the flyouts of the simulated rounds in terms of

supereevation, flight tme. and maximum ordinate with the mnubers specified for the actual rounds from the official

5firing tables (figaes 5-6 and 5-7). The esults of this comparison ae presemed in figures 5-3. 5-4, and 5-5.

3.6

BI
U
I
|
I
I1
I

|3

° 3
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Pight times of U456AI HRAT-T and M392A2 APDS-T projectiles
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6. Electrical System

6.1 Top Level Model Assumptions

3TW miodel of the 141 sadons ulectalca synern is biaed am £ In r of ussmqioam obtined fici.

sectinil smms, An"y pemomm, aid uoswn ji~qdpem. Mi mmii numptam i do do~g desai voltag3 ueliweal ela* ed, ad do fte balmy d i narg luy ame tim. Aumodar mamptibo is daM .Mie eumy unall

conponols(sch a indicaso Imp) comumee ealneaty, only te =)or charg womtrers (starer Ia range3 &a~fider, suzlary hydmaolic pmuap radio. and vero modeled. Additional knwledg of t acual smem

includes the Mawing:3 * nmanwn baty voltage is 24 volts,
* maimuim bety chai 300 ump-bous MULY-CHOAROED state),

* with the engine rumning. the beuy takes 15 minutes to chare up I volt,1 * alternator provides up to 650 unps. 28 volts at 2400 rpm,
0 alernator voltage range is 27.5 to 28.5 volts.

*.low battery charg g comnes on when battery voltag is < 23 volts (MEDIUMWCHARGED suate),

* engine will not manr if batey voltage is < 18 volts (WEAKLY..CHARGED state).

I . 6.2 Modes of Operation

3 The electrical system has several diffeenut operating states. They are:

0engine off, maste pow off

* engine off, nmate power on

I . *~ engine naxung, alteinmo wauking
* eanginuning, alternator broken
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6.2. Engine OfT Mode

If the trek is uadow by d mmur pwer off. dm elmuicud uyuum damulation is disabled. Once

masr power is tmed m. cppmm m which dacharge die bme m vide d imo two SopOls: thote which

consume edecmcal dchre every ame (€g se do imd amrum) d thon which conume a only when they aze

actively in use (e.g. the stater. do laser wmgefder, wd the auxiliary hydraulic pump).

For the lamer group of compomms, at d me of the sequest, the model determines whether or not there is

enough charge left in the battery. If so, i sets up a timer to lineady discharge the battery at established rates for the

duration of the component's on.

The assumptios made for the suter were:

" The starter could ftnction 40 times without echargins before the engine would no longer star: At this
point, the battery would have reached the WEAKLYCHARGED state and the abort light would
become lit on the 41st starting of the engine.

" One starting operation requires I second. during which tune the battery as linearly discharged.

The characteristics for the I bp auxiliary hydraulic pump were conveniently determined by equation. Since

the change in charge dQ is defined by the equation I a V.

dQ a I, where
76 wans

)31.08 amps. and

dr a Iw Ihur II h

Substituting.

dQ"3l.0S amp -.o m, '756xl"

The anount indicated by d2 is discharged each frame the hydraulic pump is in use. The actual duration of

use is determined by the hydraulic system.

The last of the components which discharge the bauery in discrete quantities is the laser rangefinder. The

laer can be fired at most 100 tmes before the battery is discharged to the WEAKLY-CHARGED sate. At this

point. nether the starter, the hydraulic pump, nor the laser rangefinder can function. The battery is discharged over

one frame tune. the one in which the request for usage is made

63
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IW=d ad lea.. m mod" a i on as keg a moapowe e. belne, mfytd e thiae3bony a umall .w * y ft n. TheIfy me mmdiii so&h d if do vao weve do a* aapoa a, it

=d apum. r 20 h=e bud. ft bimy d pd o WEAKY-.OIXW ftA wMhle the

3 oold immdmin fr 35 bom n ia owm ba m i m NO While doe fi m n the orodl s me not

modled imildAly. N Ow bo i u g 14A -sw u i kbm Im then 12 vaI my li hmpis tin mmd off and U.3 uls imen becntue sncive , a mxte ewhc uuives to go (or place) ibebotry umni

1 6.2.2 Engine Running

I The mode in ,,icb d engine is running is he amplest to inodel. if the alternator is functional, it provides

enough electrical powet to bIdlh all laser no ,ief bydu ehic pump, radio and intercom battery consumption

3 requests, regardess of quwity. It also hndiles recharging the baery. The curut sunulation of the atemator

rechares the battsey at a rate of aue volt every three mintes.

I The other mode in which the engine is nmuig occurs when the alternator fails. In this state, the engine

cousumes battery charge.such that the battery drops linearly to the WEAKLYd_.ARGED stae within 5 minutes.

Once the battery reaches the WEAKLYCHARGED state, the engine will spool down, and the driver will be unable

to stan it agan until the aleru or and battery e repaired via the Management, Command, and Control (MCC)

maitenance console. When the tak does not have an operational alternator, the battery charge consumption

requests am handled just as they would be it the engine was off, as described in the preceding section.

7e voltnatr displays the slemmor voltage if both the engine and altmeator are running and fmctional, and3 displays the boery voltage in all other ces. The alemmator vokage fluctuates between 27.5 and 28. volts. h is

determined by the enie peed, the limits being 900 rpm at low idle and 3100rpm at maxmum speed. 7e3 asumpuion is that 900 to 3100 rpm cresponds piecewise linearly to the alternator voltage ranges. When driving,

the engine is uually operating between 900 and 2000 rpm, so a larger voltage rznge, 27.5 to 28.2 volts, is devoted to

it while the remainig 2000 to 3100 qm range corresponds linearly to the 28.2 to 28.5 voltage range.

3 One additional proene which the electrical system can encoumer is that of a leWng battery. If the battery

mb, Itlwl dmr up to 24 volts (300 amp-) wih no problems, but it wiln ot hold a cb m n m loadisplaced

3 across It. TI.., if de ahemraor is not rnmmg the battery will imnediaely drop to the WEAKLY._C.QAROED

ae. TW only omctiwv action tht ca be talken for a leaking battery is replacement of the Uit.
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7. Hydraulic System

7.1 Top Level Model of' System/

Mhe suntlaton of the hydraulic systm is modeled uing, datta obitaied from tests using an Ml tank The

system ns pressuzd via the main bydrilc pump which is poweted directly off die whine engine and the electric

auxiliary hydraulic pump which operates off battery powwon s when the engine is off. The hydraulic pumps

draw hydraulic fluid from die 11 gallon reservoir and9 supply it Under pressure to the hull distribution manifold

'N'hich in turn &v&d power distribution valv mnmblies in the hell and the turret. These distribution valve

assemblies, which regulate the suppy pressur to die hydraulic motors and actuators in the hull and turret. are aided

by a series of hydraulic accumulators which suippement normal hydraulic pressure during shorn periods of excessive

demand. Theie accumiulators also empensate for fluctations; in hydraulic pressure to provide smooth, even power

to the turret drive hydraulic servo motors during targpet tracking operations.

7.1.1 Hydraulic Pumps

The m hydrauilic pump is a variable displacement pump which is driven directly by the accessory drive unit

of the turbine engine. With the engine running at normal operational speeds (above 1300 rpm). the main pump will

produce between 1550 to 1700 psi at a flow rate of up to 47.4 galfinin (wirn). With the engine at idle (900 rpm ). the

pump will still deliver 27A pm, which is ore ta sfficient to meet all the hydraulic needs of the vehicle. The

pump regulates its outpt pressure by varying its internal swash plate angle to adjust for pressure variations due to

hydraulic demand on the system.

The auxiliary hydraulic pump is a one horsepower electrically powered unit that runs off the battery to supply

hydraulic power when the agine as shut down. This pump is much smaller than the main purnp, capable of

delivering only 5 gpm at its operating pressure of between 1I5 aSnmd 1650 psi. The pump is conurolled by a pressure

senor in the reervoir which turn the pump on if the presure in the sysem drops below 11IS0 psi, and off once the

PRes= reades 1650 psi. The low flow rae of the auxiliary hydralic pump is not sufficient to meet all the

hydraulic ne&d of the vehicle during a period of heavy hydraulic demand. During a high speed turret traverse. for

irlstAnCe. the torret traverse servo motor will deplete hydraulic pressure much faster than the auliar% h'dzaulic

pump can nbuild it. If the pressure in the system drops below its minimumn worki pressure of 8WV psi. the

6S
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off. it took 6.0 seconds for the pressure to drop fbm 1500 psi to 900 psi and that the motor began to function

iuemittenly. Hence.

"asK (1500-900) psi

Substituting the value of K derived earlier.

gald
QT a 22.5.

Hence. the turret traverse hydraulic servo motor flow of hydraulic fluid is 22.5 al- when the turret is stewing
min

at its maximum rae.

7.3 Components Modeled

The hydraulic operations chosen to be modeled in this simulation were the stewing of the turret, elevation of

the gun. opening and dosing of the ammo door and setting the parking brake. The maximum flow rate QT a 22.5

,pm of the traverse hydraulic servo motor was also used to describe the maximum flow rate QE of the hydraulic

actuator used to elevate the main gun. For both actuators, the percentage of the 22.5 gpin max flow rate which

applies is based on the tuine slew rate represenmed as a percentage of its maximum stewing rate, or likewise, the gun

elevation rue as a percentage of the Sun's maxinum rae. The hydraulic system is called every hame that the turret

slews or the im elevates using hydraulic pressure.

The anmuAtion door and parking brake are modeled by simply decrementing the hydraulic reservoir by

discrete quatities of hydraulic pressue each time the amo door opens or closes or the parking brake is set. In

addition. the ammo door uses a small aourn of pressure for each fame t re the door remains open. If the pressure

drop below 750 pui. the atmo door wil not open and likewise. if the pressure drops below 800 psi. the pading

bake ca not be w.
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. Depletable Resource Management

I 8I Fuel

R oel smo un s dM d io dtme sym fel mb , feel I 1 ad he4 ua y.

I 1 Fuel Tanks

g 1U fel syonm simulaton models the thee fel vaks i the MI: the left from trenk, da right d k. wd

dm ar tam . Tbe mw tuk ho a fel capcy of 248.0 al whAe the left and rih fant tnks can bold 106.6 Sal

md 149.8 VI svupectively f a total ed cWpacity of 504.4 al. At my tnie, te fuel level meter will display te

quantity of fel in the umk bdicmed by the fel tak selector switch.

3 Although the MI has 3 feel tazks the engine only draws fuel from the rear tanL The amount of fuel used

each frame (1/15 sec) is determined by the engine model. The fuel low ligm illuminates when the tear tank's fuel

3 level drops to 1/4 feL Once the bel low lise on. it will not turn off again until the tar tak i at leas 3/8 fil.

As the re fNel tnk beomes depleted. the driver mut trmer feel frm either of te fiom tanis to the rear tank. If

All theoe tanks e apded, the engine aimuion will not function. effectively imunobilizing the vehicle until it is

refueled from an M559 fuel service ft dispatched from the MCC Admin/Log Center.I
U.2 Fuel Transfer

Peel usfer ca ec r between the frot and ne tab but not between the left and ngh fiont tanks. Two

comlitiorn most be met before feel can be traumened - mimr power must have been on for more than five seconds

(0-imm ddm l el umfer camn take p1e irmediately after muister power is tuned on), and the fuel

3 low I&gW mnbe on. Once thm coadidons me suefihd, feel -w-fer will begin as soon as the fuel tr* selector

s bwhisau swa mn .t sFlwllbe a1auause of 30pm. Wbent hetankbecomes3/4flLfel

3 bI wi o If dodmg fd uIr, detek mecear tswitch mined b'c to r h.kaft t eel r* wlig

ho *mm off (sw tmks at laN 11). i cri be nasned agiin rilte feel low lOt bcorns elt In

I * u t , a md ok cmw nmbuM Ir fel fim d do r nt m, first bemne ne a b e fee

m le t blur h Simn o sadailm of the MI don o model the pesomel beer, dios concem does not

U
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apply. If a Wes traunir pump failtux occus. no' additionafl Wcmn be stansferred. but the engine can still draw% fuel

from the rmmag Aidl in die raw ank.

8.1.3 Fuel Resupply .

Simc fuel is a depletable resource. it is necessary to siiulae its resupply firom a fuel carrier. To resupply

fuel. the resupply office in the AdininiAg Cerner dispatches an M5S9 fuel carrier to a specified location -If the M I

tan drives clote sou~ to the M559 and satisfies a few otlier conditons. fuel will be tnunfered at a rate of 30

gallons per minute borri the M559 to the tan.

When die commander wishe to tiansfer feel, he instructs his driver to approach the fuel carrier. If the tank is

alive and stabtion*, the fuel supply is not full and there is a fue carrier within 20 meters. the tank requests fuel

from the fuel carrier by sending a message over die network to the MCC host. The MCC responds by sending badL

a message indicating that the fuel arrer is ready to transfer fuel. At that point. the tankswill begin to take on fuel at

a rate of 30 gallons per minute until the fuel resupply conditions are not satisfied. The fuxel resupply soft-aare

attempts to transfer fuel into the rear tank. then into the rightn front tank if the rear tank is full. and linally into the left

fromt tank if the othier tanks wre full. While die fuel trafer is taking place. the LOW FUEL lamp will flash once per

second. and if the tank selector switch is turned to the taink which is being refueled, the fuel meter will slowly nse.

* Every 40 seconds. the data structures ane updated to noe the transferal taking place.

See figure 9-1 for an illustration of the fuel resupply finite state machine. The threie fuel resupply states awe

QUIET, REQUEST, and LOADING, and the finit. sate machie operates as follows:
QUIET STATE:

If the following conditions wen ALL true:
I. he tnis ive.

* 2. Tbs tank is not moving.
3. There ar M559 fuel carykis within a distanice of 20 meters.
4. Ma fue load in die tak a not fuW.

Tben
I. lbsh simulator smnde a service request packet to the MCC.
2. lbs simulator sart a 3 seon , d iner.
3. M simulator nuen the REQUEST STATE.

REQUES STATE:
If AT LEAST ONE! of &e following coaditions is true:

1. lbs ta is dad
2. The tok is moving.
I. Thene Mso M459 fel waist within a distanice of 20 meters.
4.-The fuel load intdo t"n is ful.

TWOn
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1. Th namulaw so& =odor smce request packe to die MCC.
2. The simulan mum a 5 ncod diner.
3. The uimla, mya i d REQUEST STATE.

If di simulatr uceives - appropae resupply offer b e MCC.
Then
1. The timer is baomd.
2. The simulam emeu the LOADING STATE.

If the simulator ceives a Wpropw resupply offer bom the MCC:
Then:

1. The simulator starts S second timer.
2. The simulator stays in the REQUEST STATE.

LOADING STATE:
If AT LEAST ONE of the following conditions is true:

1. The tak is dead.
2. The utk is moving.
3. There ae no M559 fuel carers within a distance of 20 meters.
4. The fuel carier which offered fuel is dead.
5. The fuel load in the tank is full.

Then
I. The resupply is abored.
2. The simulator sends a tia-you packet to the MCC

which records the amount of fuel taken before the
resupply was atoned.

3. The simulator enters the QUIET STATE.

If 20 gallons of fuel have been successfully loaded in 40 seconds:
Then

I. The simulator sends a thank.you packet to the MCC
which records the amount of fuel taken.

2. The simulator etenr the QUIET STATE.

By means of this fiitate machine protocol and a similar one on the MCC. both the simulator and the MCC

will maintain an accurate account of the their respective fuel supplies.
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I 8.2 Amumunition

1 1W3 a ainuimti 1s of ft MI sbufton is veqpomible for the UStue. toninfer, ad resupply of

wntim Mae subvu physical caarols for toaevaditow vdabyuue. we doe READY rack which cost of

22 mumunia boatm ae of which is equiipped with a SABOT Iump and a HEAT Imp, the knee switch. thle

ejealm P0 do h duc baln and bustch MIai sw" Atch ide inition select switch ad lamps. 113 Ml

ta bas a capacity of 5rma of madvotion: 22 noe m diet READY rack, 22 stowed in the SEMI-READY

rack, ad a toWa of I I rounds mowd in HULU RTLM FLOOR (representing the 8 rounds in the rar of the e

oosainumnt. ad the 3 rounds med on the urr et ahroor to the left of the main gun).

1 8..1 Initialization

The initial ammunition supply is provided during the MCC vehicle activation sequence. The activation packet3 received by the simulation specifies the initial number of kIBAT-T and APDS-T rounds in each of the three

ammunition locations, sad these numbers are recorded for bookkeeping and resupply purposes. The rounds,

3 allocated to the READY rack an assigned slots and the corresponding READY rack data structure is updated.

3 8L2.2 Loader's Sequence

3 113 ammunition software as designed to enforce the proper sequence of actions which the loader must

perfour to suconusfufly trasfr anmmmuou awound the turret. If he wishes to load a round from the READY rack3 to the breech, he first presses the knee switch, which uses the hydraulic system to open the thick steel blast door

which proem the rounds in the READY rack. When the blast door opens, the contents of the 22 READY rack slot

we tevealed each slot which contain a APDS-T round will trn on its SABOT lamp. and each slot which contains a

REAM- womod will twio on ido HEAT lump. Hf he presses the button on a slot which contains a round, the lump on3 tbdoslo tIn off. This simulates the movement of the round into the loader's arms. He may put the round back into

t READY rack by pressing the button an an empty slot. Two seconds after the loader Muleses the knee switch, theI b~~asUM &r ame aid a h Ips tutu off. 113 loader must set the ejection gpad switch to the SAME position in

order to had due sui m t keh When the loader's amu an full, the breech is empty, the ejection guard is3 ~ ~~SAME mS 2. seco" ba laps qed simc the loader released the knee switch. the -READY- lumap underneath the

b med buttont was on, which mm that the baeechi is ready to be loaded. When the loader presses the breech
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bunoin. the roundl is loaded into the breech, a sound is produced, the "READYr lamp turns off. and the

*LOADED" lamp tirns on. If the loader's arms we empty. the Irec is ttl, the ejection aid is SAFE, and the

leader is not transferring or resupplying ammunition. he may unload the round from the brimech into his arms by

pulling the unload breech switch. /

If the loader fals to follow the proper loading/unoading sequence, the amrmunition software responds

appropriately. If he attempts to remove a round frorn an empty slot or to insert a round into a Ail slot, the

ammuniton subsystemn will not change its state. Also. if he tries to load a round into the breech when one of the

ready conditions is not satisfied, the round will stay in his arms.

8.2.3 Ammunition Transfer

Only L2 of the 55 rounds of ammunition in the MI tank are located in the READY rack. There are a

t, maximum of 22 rounids in the SEWREADY rack behind the commander. and a maximum of I I rounds on the hull

and turret floors. Since the loader does not have easy access to the rounds in the SEND-READY rack and on the

floors, it- is necessary to tranisfer these rounds to the READY rack before using them. This procedure takes 40

seconds per round, and usually takes place when the tank is concealed or in a straiegically safe position.

When the commander wishes to transfer a round from within the tank, he turns his ammunition transfer switch

to either SENI-READY HEAT. SEM-RE-ADY SABOT. HULL HEAT or HULL SABOT dependifig on the type of

round and the location from which he wants to transfer. When the ammunition switch is moved into place. the blast

door is automatically opened and the contents of die READY rack awe revealed. To transfer a round, the msoader

presses the button on an empty slot. While the 40-second! trantsfer is taking place the NEAT or SABOT lamp

(depending on the rotund chosen) on that slot and also t appropriate lamp above the ammunition tranfer switch

will flash once per secondl to display the source and destination of the round. If the ammunition transfer switch is

moved during thos time, the transfer is aborted. If the loader presses the button on another empty slot during this

tine. then the NEAT or SABOT lamp on that slot will continue the flashing. After 40 seconds, the lamp is turned

on and the data structures we updated to note the transferral. When the commander reumns the ammunition transfer

switch to NO TRAN4SFER, the blast door will clms after two seconds.

If the loader or commander fails to follow the proper transfer sequence. the ammunition software responds

appropriately. If one attempts to transfer a round itito a full slot, the round is not transferred If the amrnurution
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I
transfer switch is umed to HULL HEAT and these aren heat rounds on the hul/e floor, then the HULL HEAT

lamp will turn off sad no runed will be transferred. In addition, the transferral will not take place if the loaders arms

we already ful.I
8.2.4 Ammunition Resupply

Since ammunition is a depletable resource, it is necessary to simulate its resupply from an ammunition carrier.

3 The MCC may dispatch ammo carners to specified locations and if the Ml tank drives dose enough to one and

satisfies a few other conditions, a round will be transferred in 40 seconds from the ammo carrier to the Ml tank.

.1 When the commander wishes to transfer a round from an ammo carrier, he turns his ammunition transfer

switch to REDIST RECV (to receive a round from another vehicle). When the ammunition switch is moved into

iI place, the blast door is automatically opened and the contents of the READY rack are revealed. If the tank is alive

and stationary, the ammo load is not full, the loader's arms are empty, and there is an ammo carrier within 20

meters, the tank requests ammunition from the ammo carrier by sending a network message to the MCC host, which

responds with a message indicating that the ammo carrier is ready to transfer ammunition. The tank resupplies one

round at a time, 40 seconds per round, until the ammunition resupply conditions are not satisfied. The ammunition

resupply software attempts to place eact" -nd in the READY rack, then in the SEMI-READY rack if the READY

rack is full, and finrally on the hullurret floor if both READY racks are full. The software also tries to maintain the

original ratio of ]HEAT to SABOT, sid chooses the round which will produce a ratio closer to the original. While

the 40-second transfer is taking place the REDIST RECV lamp and either the HULL HEAT lamp, HULL SABOT

lamp, SEMI-READY HEAT lamp, SEW-READY SABOT lamp, or the appropriate lamp on a slot in the READY

rack wi flash once per second to display the source and destination of the round. If the ammunition transfer switch

is moved during this tine, the transfer is abored. If the loader presses the buton on an empty READY rack slot

I during this tine, then the HEAT or SABOT lamp on that slot will continue the flashing. After 40 seconds, the lamp

is turned on and the data tructumes are updated to note the transferral. When !he commander returns the

ammunition transfer switch to NO TRANSFER, the blast door will close after two seconds.

3 See figuse 8-2 for o illustration of the ammunition resupply finite state machine. The three m unition

resupply van me QUIET, RBQUEST, nd LOADING, and the finte state machine operates as follows:
QUIET STATE:

If the following conditions me ALL true:
1. The tank is alive.p 2.1 tank is m moving.

L7
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Tank not movinggoO
amTank moving Tank moaving Cnii

Ammo carriers IMAmmo
nearby OBAmmo car'rier's successfully

ADAmmo carriers far loaded
Transfer frQ
switch 9 mWcrirAto
setto Transfe Ade ar e .I
receive switch dedSend

not setthank you
to receive Transfer packet

Ammo load Q8switch
not fullAmolantse

full to receive
Loaders arms BB
empty Loaders arms Loaders arms
Action full full
Request
ammo, Acion Action

AborttimorAbort
Startresupply

6 second
timner

Requst ~Loading
Stte Cndition AcionSte

Receive appropriate Abort timr7er
resupply offer

Conditon 12ndifien
Timer expire Receive inappropriate

resupply offer

Action Actin
Request arnmo Start 5 second timer

Start S second
timer Figure 8.2: Ammunition Resupply Finite State Machine

3. There an unmunition cadets within a distance oft20 meters.
4. The commander has set the ammuiton transfer switch to REDISTRECV.
S. The afmmuoon load in the tankc is not full.
6. The loader's arms are rnot empty.

Then
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1. The simulator sads a service request packet to the MCC.3 2. The uimulaorstats a 5 second timer.
3. The simulator emm the REQUEST STATE.

REQUEST STAT7E:3If AT LEAST ONE of the kAlwin cmcdit is uue:
1. The tak is dmmaI The tank is Wovin
3. Ther ar no ammution cariens within a distance of 20 meters.
4. The commander has ot mt the amumion tner to REDISTRECV.
S. The ammmitim lInd in the tank is fil.
6. 7be loader's arms re tll.

,I
s Then

1. The saecad timeris aborted.
2. The simulator ema the QUIET STATE.

i If the 5 second timer expires:
Then

1. The simulator snds another service request packet to the MCC.
2 2. The simulator starts a5 second imer.
3. The simulator stays in the REQUEST STATE.

U If the simulator receives an appropriate resupply offer from the MCC:

0 iThen: -

1. The timer is aborted.

2. The simulator enters the LOADING STATE.

*1 ~If the simulator receves; an inappropriate resupply offer from the MCC:

1. The simulator starts a 5 second timer.3 2. The simulator stays in the REQUEST STATE.

LOADING STATE:
If AT LLAST ONE of the following conditions is true:

1. The tank is dead.
2. The tak is moving.
3. Them we no ammunition carriers within a distance of 20 meters.
4. The ammunmition carrier which offered amm ition is dead.

| J 5. The commander has not set the ammunition ansfer switch to REDISTRECV.
6. The loader's arms ae full.

Then
1. The resupply is aborted.
2. The simulator enters the QUIET STATE.

If the ammunition is mcceasfully loaded after 40 seconds:
'm

1. The simulator sods a think-you packet to the MCC rcord the type of ammunition taken.3 2. The smulmAtor -m dQUIET STATE.

3 By meam of tdis fnte sate machine protocol and a similar one on the MCC, both the simulator and the MCC
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host maintain consistent records of the exact inventory of rounds. The protocol is designed to ensure that all rounds

in SIMN~ET are accounted for, with none being dropped. and no "extras" being created due a communications error.

7.
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u 9. Crew Station Controls and Displays

3 TheM puticular controls anid displays provided a the SINQET Ml simnulators were selected because they were

necessary to accomuplish the tasks designied for trainng. The controls andl displays omitted from the simulauos ane3 pictured in their actual location to ensure the poper orientation of crew members. The functionality of the

simulated controls is deugood to reflect that of ite actual ontrols in the Ml tank. There are a few controls and

displays in the simulators whichi we designed to provide information which would be obvious an th actual Ml tank

or to simulate crew member actions which would not involve physical controls.

I 9.1 Panels and IDC Boards

3 The controls and displays in the MlI simulatos are divided into five stations corresponding to the commander,

driver, gunner, loader, and ammuunition rack. Each station consists of a few panels with buttons, switches, lamps,

3 ~meters andor Physical devices (such as the driver's service brake or the loader's periscope) which resemble those

in an actual Ml tank. See Sections 9.4-9.8 for listings of the controls and displays simulated by SIMNET.

Each station is serviced by a custom-made Interactive Device Controller (IDC) board which is drives all thei i controls and displays for that station. The IDC board communicates with the simulation host via an RS232

I connection, and therefore acm as an intermediary between the physical controls and the data used by the simulation.

3 Each state transition of a physical control causes the memory in the IDC board to be updated. The ZBO

processor on the IDC board loops forever through its memory checkinig for physical controls which have just

changed their oat, and when it discovers one it sends a 4-byte messag to the simulation host on the RS232 line (2

bytes of beader, followed by 1 byte each for control identifier and new value). Conversely, if the simulation wishes

I . ~to toggl a lamap, or to chanp the same of a meter, the simulation host sends a 4-byte messag to the IDC board on

the RS232 Ine, which updates the IC board memory and causes the output device to be changed.
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9.2 Simulation Peripherals and Shared Nlemor~v

Tie messages from the IDC board to the simulation host wre received by the Hligh PerformanCe Senal
Multiplexer (HPSM). a card which resides on the simulation host Multibus. The HPSM and, the MI lulto

process run independently, and Communicate with each Other via shared memory. The HpSm process automatically

starts whenever the simulation host is tebooted, and runs aMynchrously from the simulation process.

The 68010 processor in the HPSM card loops 14 times per second through its internal memory checking for

control identifiers which have just changed their value, and when it discovers one it writes the new value into a large

memory array shared by the HPSM and the simulation processes. The controls software reads this memory array 1S

times per second and uses these values to determine the state of the physical controls on the MlI simulator.

Conversely. if the simulation wishes to send a message to the IDC board, it enqueues a message onto a large

memory queue shared by the simulation and the HPSM processes. The HPSM process ireads; this queue 14 times per

second. creates 4-byte messages, and- writes them to the RS232 line connected to the IDC board. This method of

queueing is advantageous because the real-time simulation process does not need to wait on UNIX system calls.

9.3 Controls Softwiare

The controls software in the MI sinulation reads the shared memory corresponding to all the IDC boards 15

times per second, and uses this information to direct the simulation of the various MlI subsystems. Conversely. the

controls software is called by the MlI subsystems to produce outputs and responds by writing output messages onto

the shared memory queues.

The controls software is organized into a finite state machine model, where the three states are based on the

power status of the MI simulator no power, only master power. and turret power (see figur 9- 1).

Transitions between states we directed by changes Wn the Master Poyer Switch and the Turret Power Switch

sad electrical failues and repais. Several actions occur during ase transitions. For example, when turret power is

oUstd on. severail mmtu bg am s etred or turned on. stabilization system gyroscopes are spooled up. the

ballistics computer is ut. and several turret subsystems am initialized. The reasoning behind the finite state

machine model Ls that the various controls in the tank- may be classified into three categories: those that operate
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3 Figure 9-1: Controls Finite State Machine

3 regardless of the power state, those that need master power to operate, and those that need turvet power to operate.

The contols software only med fromn the controls and panels which can affet the simulation based on the currentI pome State. See Secfio 9.9 for listings of the controls and panels sampled by the controls software to the tee

mane of t fie sate machie.

U When the ruine me machine is in the NO POWER sate, the ASTER POWER and TURRET POWER

C0110101 Me deively ou off ftm mippying ivfvt to thbe umulmion, and likwise when in the MASTER POWER

I ' amola, ton TURRET POWER mobvros me iWed. Akbmagh this aepstation of Ml ImulatorII COIUuol 11mo 0feent

POWN dWMlliums tSM ot ROWe up the wars case smtation which ocaz when bume power a onm it ague

doe code in a very effcient Wiy mllal mamr.
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During each 1/15 second interval, the controls softwae samples each control in turn and calls procedures in

the various MI simuated absystems if the control has changed its mate. The wbsysiems may in tum call the

controls software if an ouput display mum be updated.
I.

=. /
The controls ints ae classified into binary level inputs, potentometer level inputs, sad edge inputs. The

binary level inus include the switches and butons of which the current value is needed by the simulation. The

multiple-value switches. stih as the tammission and the omantion transfer switch, consist of multiple binary

level inputs where the input corespondinS to a panicular value is set HIGH when the multiple -value xwich would

have that value. The potentiometer level inputs include the sieetng bar. service brake. and the turret traversal and

elevation handles. The potentiomeer values written into shared memory are scaled into real numbers between either

0.0 and 1.0 or -1.0 and 1.0 before these values ae passed to the various subsystems. The edge inputs include the

breech button and the engine start switch. i.e.. those inputs of which only the LOW-HIGH transition is needed by the

simulation.
U..

The controls outputs are classified into binary outputs and meter outputs. The binary outputs are the lamps in

the various crew stations, while the meter outputs are all located in the driver's station. The 6utput displays are

highly dependent on the power state organization, since the hull lamps should not be turned on when master power

is off, and the turret lamps should not be muned on when turret power is off. Therefore, for each lamp. there is a

shared memory location which records which state the lamp would have if power were on. When a subsystem

wishes to turn on a lamp, the controls software writes a LA PON code into the shared memory locaton but

actualy ams on the lamp only if power is on.

The controls software is subject to simulated electrical failure and catasmophic kill failure. When the

electrical sysem fals, the controls firte state machine causes a tansition to the NO POWER state just as though

turet power aid master power were tumed off but also disables the master and turret power switches. When the

electrical system is repaire, the master and turret power switches ae enabled once again. When the controls suffer

a catastrophic kill failure, the finite state machine resets all the IDC boards. turns off every lamp, jumps to the NO

POWER sa. and ipres all the controls.
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9.4 Commander Station IDC Controls and Displays

II~

Mumd uimp AMVNmp Swic
PERM T"s ROOMs

TAMW
Am Switchs

I ~Maimrwer Lamp

Low DOMmey Leaw
Ans COMWo Malfuctio LawpI Ammunition Trmue Inikior Lamps

9.5 Driver Station IDC Controls and Displays

Steerng Bar

Service Brake
MasT Power Switch
Pane Tesa ButtonIEngine Sta Button
Tactica Wkl Switch
Engine Sluooff Switch
Paakin Brak
Puking Brake Releas Switch

Waninu m ieso Lamp Rome Switch
Pad Tank Selecto SwitchI ~MaMerPowerLuMP
Entine AM Liny
Engine San LOOP
kake Liny

E WNg I= L mpm ghLp

Engone 0R Pwmmi. Low LuMP
1nm.iwm Oil Tempoaim sio Lamp
Tumiim Oil Pfrome Low Lump
Low Drey Lemp
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Engne Oil Low Lamp
Transmission Oil Low Lamp
Engine Filer Clogged Lamp
Tnmissio Fibter Clogged Lamp
Fuel Filter Clogd Lamp
Right Fuel Pump Inopertive Lunp
Left Fd Pump Inoperative Lamp
Metr Lamps
Tachometer
Speedometer
Voltmeter
Fuel Gauge

9.6 Gunner Station IDC Controls and Displays

Turret Traverse Handle
Gun Elevate Handle
Fire Control Switch
Gun Select Switch
Ammunition Select Switch
GPS Magnfication Switch
Laser Select Switch
Laser Buton
Tnigger
Palm Switch
Fin C~ntrol Normal Lamp
Fire Control Emergency Lamp
Gun Select Main Lamp
Gun Select Tngger Safe Lamp
Ammo Select Heat Lamp
Ammo Select Sabot Lamp
Turret To Hull Indicator Lamps

9.7 Loader Station IDC Controls and Displays

Periscope
Breech Button
Breech Unload Switch
Ejection Gurd Switch
GunTrrmt Drive Switch
Mawn Gun Armed Lamp
Maw Gun Safe Lamp
Breech Ready Lunp
Breech Loaded Lamp
Power Drive Lump
Elevaoon Uncoupled Lamp
Manual Drive Lamp
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I 9.8 Ammnition Rack Station IDC Controls and Displays

22 1O1 Selet batto
Kne Switch
22 Heat Reedy Lamp

I 9.9 FSM State Definitions

1 ~h 1W lowing tables detail which input hinctom mathe mulmor wre enabled and active in each state of it

I 9.9.1 NO POWER STATE

U Parking Brake
Parking Brake Release Switch
Service BrakeI . GPS Magnifitcatioo Switch
Ejection Guard Switch
Breech Button
Breech Unload Switch
Ammnunition Traufer Switch
Knee Switch
22 Round Select Buttons
Conunander's Cupola
Gor'sAnut Persto
Loader' Ps h Butto

9.9.2 MASTER POWER ON STATE

I All No Power Controls
Steerng Bar
Tkrotle
Tirainron
NilTmk selcowitch

I Tactical Ile Switch
Wadmlgaudm Lampi Resit Switch
Driver's Panel Test Suttn

I8



Report No. 6323 BBN Laboratories Incorporated

9.9.3 TURRET POWER ON STATE

ADl No Pow Controls
All MastM Power Controls
Fine Comtol Switch
Gu~Tunet Drive Switch
Gun Select Switch
Gunner' Palmi Switch
Commanders Palm Switch
Gunner's Turmt Traverse Handle
Commander's Turret Traverse Handle
Gunner's Gun Elevate~ Handle
Commander's 0un Elevate Handle
Gunner's Laser Button
Commander's La Button
Gunner's Trigger

* Commander's Trigler
Laser Select Switch
Manual Range Battlesiglit Button
Manual Range Add/DMo Switch
Ammunition Select Switch

* Commanders Panel Test Button

as
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I
10. Damage and Failure SimulationI

3 The failure uoduie allows the introduction of simulated physical failures and degradations of a tank's

capabilities. Pat of his action involves the pmsentaton of the failme to the crew and to tie other simulation

modules. Ligs, gauges, sounds, and CIG displays ae used to inform the cw of simulated failures. Various

routines ae called s diret other simulation modules to us either normal or degraded functionality.

3 The failures we divided into caegories that are indicative of the method used for failure generation. 7be three

categories ame:

S* combat damage

* stochastic failme

3 * deterministic failure

Combat damage can be inflicted when the tank receives direct fire hit data or indirect fire data from the

network. The location of the hit, the type of ammunition used, and various probabilities of damage determine which

I failures occur.

A stochastic failure occurs when a tank subsystem fails on its own and not because of a crew error or due to

3 combat damage. The fiequency of a subsystem failure is determined by its Mean Number of Operations Between

Failure (MNOBF). Currently, mileage is used as the unit of Operation. Stochastic failures can degrade functions or

5 can serve as a waning for potential deterministic failures.

3 Deterministic failures are those failures which result from some improper action that the crew has taken and

generally could have been prevented by the crew. These include failures due to resource depletion and failures due

3 to crew enro. Examples of these errors include mismanaging fuel and ammunition, ignoring warning lights,

throwing a track as a remit of driving the vehicle across a bill with too great a slope or turning too quickly at high

Sspeed in soft soil.

I
I
I
£ 3
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10.1 Combat Damage

During combat the vehicle receives combat information messages from the network. This infomation comes

in three differen forms: -

1. A vehicle bit message tells the tank that it has been hit by an incoming direct fire round. This message
aist, 'ells the vehicle what type of round hit it (either HEAT or SABOT), whether the round hit the hull
or tur, which side of the vehicle the round bit, and what the angle of incidence of the incoming
round was.

2, A ground impact message tells the vehicle about a direct fire round that missed any targets. and hit
the ground instead. This information is passed to the CIG system to display the impact, and is passed
to the sound system to generate an appropriate impact sound if the vehicle is dose enough to the
impact pomnt

3. An indirect Se message tells the vehicle that an indirect fire round has landed on the terrain. It
contains infornation that tells where the round hit. and what type of ammunition landed. The impact
point is used to determine if the impact was close enough to damage the tar f so, the location of the
impact point and the tank location and headings are used to determine what pan of tic tank was
exposed to the round. Information from the message is passed to the CIG and sound systems to
generate indirect fire explosions ard sounds.

When a vehicle determines that it may have been damaged by a round (either a direct fire round or an mdjrc

fire round that landed close to the vehicle), then it must determine where on the vehicle the damage may hz

occured. Several factors are used to determine where the damage may have occured, including the side oft

vehicle hit, the direction that the round came from, the angle of incidence of the'incoming round, and whether

round hit the hull or turret. For each hit location, there are several possible failures that may occur. If a failure d

occur (based on a probability given for each failure in the given loca:ion), then a routine is called to notflf

appropriate module(s) affected by the failure.

10.1.1 Direct Fire

The following tables indicate the direct fire damage probabilities of the MI as implemented for the Si0,

simulator. The variable parameters that determine the direct fire damage probabilities are direction of impaci

or turret impact, ammunition type. and angle of incidence.
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I

*4

1 "6

HEAT Hits to M1 HulliRight Side *"1 "

Right Front 0-900 damages Right Back 00-300 damages
10% kill - blast doors closed 40% kill blast door dosed
100% kill - blast doors open 100% kill blast door open
80% right tack loss 10% right track loss

""5
Right Frort 30-60- damages Right Back 30-60 damages
30% kill - blast doors closed 30% kill blast -, or dosed
100% kill - blast doors open 100% kill blast door open
30% right back loss 30% right track loss
30% engine loss 30% engine loss
30% transmission loss 30% transmission loss

i 3 "6

Right Front 00-30 damages Right Back 60-90" damages
40% kil- blast doors losed 10% kill blast doors dosed
100% ill - blast doom open 100% kill blast doors open
10% right rAik lose 80% right racik ws

3 1 0 1-1: Dih Fin Dimap: BEAT hit - .ho Righ Side

* 1.

I
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.3

SABOT Hits to M1 Hull
Right Side

Right Front 60-90 damages Right Back 00-30' damages
10% kill - last doors closed 40% kill blast door closed
100% kill. blast doors open 100% kill blast door open
50% right track loss 20% engine loss
20% engine loss 20% transmission loss
20% transmission loss

"2 
" 4

.55

hRight Back 30-60 damages
Right Front 30-60° damages 30% kill blast door aosed
30% kill - blast doors closed 100% kill blast door open
100% kill - blast doors open 20%right track loss
50% right track los 20% engine loss
20% engine loss 20% transmission loss
20% transmission loss

"3 "8Right Back 60-90 damages
Right Front 00-30 daoages 10% kill blast doors closed
40% kill- blast doors closed 100% kill blast doors open
100% kill - blast doors oen 50% right track loss
20% engine loss 20% engine loss
20% transmission loss 20% transmission loss

Righre 10-2: 0i0-c3 Fire Damge: APDS hii. Hull ight Side

tI

20 transisso ls 2

20 "wsiso los
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i
1 .3

5*5

.1

,I

n1 *4
Back Right 60-90 damages HEAT He to Rear of M1 HuN Back Left 0030" damages
10% kill -blast doors cosed 60% kll blast door closed
100% kill - blast doors open 100% kill blst door open
i90o% lft track km 30% dhtrck loss
40% engine lose 60% engine loss
40% transmission loss 60% transmission loss

i*2 "5

Back Right 30-60 damages Back Left 30-60" damages
30% kill -blast doors dosed 30% kill blast door dosed
100% kIll -blast doors open 100% kill blast door open
50% l" ta loss 50%dight track loss50% engine low 50% engine loss50% trnsmisin lw 50% transmision loss

"3 "6

Back Right 00-300 damages Back Left 60-90 damages
60% kll - blast doors dosed 10% kill blast doors closed
100% kM - blast doors open 100% kill blast doors open
30% left rck be 90% right track loss
60% eVkie los 40% engkoe los
60% trafmsion s 40% transmission loss

3 Fgloure 10-3: Di r Fite Damae: HEAT bit - Hull Ra

I ,,
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3

"2 /

\ /

.6

*4
Back Right 60-900 damages SABOT Hits to Rear of M1 Hull Back Left 00-300 damages
10% kill - blast doors closed 60% kill blast door closed
100% kill - blast doors open 100% kill blast door open
60% left track loss 30% right track loss
40% engine loss 100% engine loss
40% transmission loss 100% transmission loss

"2 "5
Back Right 30-40 damages Back Left 30-600 damages
30% kill - blast doors closed 30% kill blast door closed
100% kill -blast doors open 100% kill blast door open
40% left track loss 40%right track loss
80% engine loss .0% engine loss
80% transmission loss 80% transmission loss

3 '6
Back Right 00-300 damages Back Left 80900 damages
60% kill -bla doors closed 10% kill blast doors closed
100% kill -blast doors open 100% kill blast doors open
30% left track loss 60% right track loss
100% engine os 40% engine loss
100% transmission loss 40% transmission loss

Fipe 10.4: Direct Fire Damage. APDS hat. HuU Rear

91

LmmImm--



Re3r NoDd BN Leboratories Iacorated

1i .3

*5I o"

HEAT Hits to MI Hull

Left Side

I.
'14
Left Back 60-900 damages Left Front 00-30 ° damages
10% kill blast doors closed 40% kill blast door dosed
100% kill - blast doors open 100% kill blast door open
80% left track loss 10% left rac loss

"2 *5
Left Back 30-60 damages Left Front 30-60 damages
30% kill - blast doors closed 30% kill blast door dosedS100% kill- blast doors open 100% kill blast door open
30% left track loss 30% left track loss
30% engine loss 30% engine loss
30% transmisslon loss 30% transmission loss

*3 *6
Left Back 00-30- damages Left Front 60-90° damages
40% kill - blast doors cosed 10% kill blast doors closed
100% kill - blast doo open 100% kill blast doors open
10% lft bikokI loss So% lft voack loss

i3 Fiure 1e.S: Dinac Fm Dupne: HEAT bit - Hul Left Side

1.9n
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*3

L~L ~*4

SABOT Hits to MI Hull
Left Bide

'14
Left Back 60-90* damages Left Front 00-300 damages
10% kill - blast doors closed 40% kill blast door closed
100% kill - blast doors open 100% kill blast door open
50% left track loss 20% engine loss
20% engelQ~loss 20% transmission loss
20% transmission loss

*2 *5

Left Back 30-W daae Left Front 30-600 damages
30% kil- ls dos oe 30% kill blast door closed

100% kil - lsoosoe 100% kill blast door open
10% ll trc blat=d~Soe 20% left track loss
20% lnef rokn 20% engine loss '
20% ernie i loss 200% transmission loss

*3 Left Front 60-900 damages
Left Back 00-30- damrages 10% kill blast doors closed
40% kill - blast doors closed 100% kill blast doors open
100% kill, blast doors open 50% left track loss
20% engirte loss 20% engine loss
20% transmission loss 20% transmission loss

Figure 10-: Direct Fire Damage: APDS t - HullI Left Side
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1 03

-I

**6

U HEAT Hits to Uow of M1 Hull

14
Front Left 60-900 damages Front Right 00-300 damages
10% kill - blast doors closed 20% kill blast door closed
100% kill - blast doors open 100% kill blast door open3 90% right track loss 30% left track loss

60% driver vision block loss
2 5

Front Left 30-60 damage Front Right 30-60 damages
15% kill - blast doors dosed
100% kill - blast doors open 15% kill blast door closed50% right track loss 100% kill blast door open

50% left track loss
*3 "6Front Left 00-300 damages 620% kill - blst doors cse Front Right 60-900 damages

20 k10% kill blast doors dosed
100% kill - blast doors ' i00% kill blast doos open
30% right track loss 90% left track loss
60% driver vlion block loss

3 F18ure 10-7: Dftc lPm Dmesge: HEAT Mt - Hall Ptow

41 '4
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.3

"5
S.2

SABOT Hits to Bow of M1 Hull

• 1 "4
Front Left 0-90' damages Front Right 00-300 damages
10% kill - blast doors closed 20% kill blast door closed
100% kill - blast doors open 100% kill blast door open
60% right track loss 30% left track loss

40% driver vision block loss

Front Left 30-60 damages F015% kill - blast doors closed Front Right 30-80' damages
100% kill. blast doors open 15% kill blast door closed40% right back los 100% kill blast door open40% left track loss
"3
Front Left 00-30" damages 6
20%Y& kill - blast doors Closed Front Right d0-90' damages
100% kill- blast doors open 10% kill blast doors closed
30% right track o 100% kill blast doors open
40% driver vision block loss 60% left track loss

Filure 104: Direct Fire Damage: APDS hat - HuU Front

i9
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I
1 3

I
Ib

"6

HEAT Hits to Right. Side3 of M1 Turret
.1 "

Right Front 60-900 damages Right Back 00-30° damages

30% kill - blast doors closed 50% kifl blast door dosed

100% kill - blast doors open 100% kill blast door open

10% turret gearbox 20% LRF
20% GPS

*2 30% gun mount I turret interface

Right Front 30.W- damage 50% turret gearbox
40% kill. blast dooi -doesd

I100 % kill - blast doors open "5

20% gun mount / turret interface Right Back 30-600 damages
20% turret gearbox 40% kill blast door dosed

100% kill blast door open
"3 20% gun mount / turret interface
Right Front 00-300 damages 20% turret gearbox
50% kill - blast doors dosed
100% kill - blast doom open "•
20% LRF Right Back 0-90' damages
20% GPS 30% kill blast doors dosed

3c% gun mounrret n Wrf* cekllbat omo
50% WIM et - 10% tU" r box

Fip 10.9: Daa Fie Daune: HEAT bt - Tuner Riglt Side

I ii
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"3*2/

"5

SABOT Hits to Right Side
of MI Turret

"I 
"4

Right Front 60-900 damages Right Back 00-300 damages
30% kill -blast doors closed 50% kill blast door closed
100% kill - blast doors open 100% kill blast door open
20% gun mount / turret interface 20% LRF
10% turret gearbox 20% GPS
"2 30% gun mount / turret interface
Right Front 30-60 damages 40% turret gearbox
40% kill - blast doors closed
100 % kill - blast doors opn
20% gun mount / turret interface Right Back 30-0 ° damages
10% turret gearbox 40% kill blast door closed

100% kill blast door open
"3 20% gun mount / turret interface
Right Front 00-30 damages 10% turret gearbox
50% kill - blast doors closed100% kill - blast doors open "6
20% LRF Right Back 60-900 damages

20% GPS 30% kill blast doors closed
30% gun mount / turret interface 100% kill blast doors open
40% turret gearbox 20% gun mount / turret itrace

10%tuet gearbox

Fipre'10-10: Direct Fire Damage: APDS hit . Turret Riw Side
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U1 ./
33*

*5n

HEAT Hits to Rear of
M1 Turret

I
1 '4
Back Right 60-900 damages Back Left 00-30' damages
40% kill - blast doors closed 90% kill blast door dosed
100% kill - blast doors open 100% kill blast door open

I 10% turret gearbox

Back Right 30-600 damages "5
60% kill - blast doors dosed Back Left 30-60 damages
100 % kill - blast doors open 60% kill blast door closed
10% turret gearbox 100% kill blast door open

10% turret gearbox

Back Right 00-30- damages '8
90% kill - blast doors closed Back Left 60-90 damages
100% kll - blast doors open 40% kill blast doors dosed
10% tlpt gurbo 100% kll blist doors open

n lfqwe 10-11: Drmt Fie Dmap: HEAT hi - Tunet Re

I .p

90:
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"3

2

.5

SABOT Hits to Rear of
M1 Turret

"1 '4
Back Right 60-900 damages Back Left 00-300 damages
40% kill - blast doors closed 90% kill blast door closed
100% kill - blast doors open 100% kill blast door open
10% turret gearbox 10% turret gearbox

"2 "5
Back Right 30-600 damages Back Left 30-600 damages
60% kill blast doors closed 60% kill blast door closed
100 % kill - blast doors open 100% kill blast door open
20% turret gearbox 20% turret gearbox

"3 
"6

Back Right 00-300 damages Back Left 60-900 damages
90% kill. blast doors closed 40% kill blast doors closed
100% kill- blast doors open 100% kill blast doors open
10% turret gearbox 10% turret gearbox

Figure 10-12: Direct Fire Damage: APDS hit . Turret Rear
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1 .3

I.4
"5

*6
I °

HEAT Hits to Left Side
of M1 Turret

II
"1 *4

Left Back 60-90 damages Left Front 00-300 damages
30% kill - blast doors dosed 50% kill blast door dosed
100% kill - blast doors open 100% kill blast door open
10% turret gearbox 30% gun mount /turret interface

S2 50% turret gearbox
Left Back 30-0 damages *5
40% kill - blast doors dosed Left Front 30-60- damages
100 % kill - blast doors open 40% kill blast door closed
20% gun mount / turret Interface 100% kill blast door open
20% turret gearbox 20% gun mount I turret Interface
I3~ 2% turret gearbox

Left Back 00-30- damages *6
50% kill - blast doors dosed Left Front 60-900 damagesI 100% kill - blast doors open 30% kill blast doors closed
30% gun mount / turret ~ntsr ae 100% kill blast doors open
50% turret gea x 10% turret gearbox

Fiure 10-13: Dihc he Dm ae: HEAT bi - Tonei Left Side

IIS
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.3

*2

SABOT Hits to Left Side
of MI Turret

Left Back 60-90 damages Left Front 00-30" damages
30% kill - blast doors closed 50% kill blast door closed
100% kill - blast doors open 100% kill blast door open
10% gun mount / turret interface 30% gun mount / turret interface
10% turret gearbox 40% turret gearbox

2 *5
Left Back 30-60 damages Left Front 30-600 damages
40% kill - blast doors closed 40% kill blast door closed
100 % kill - blast doors open 100% kill blast door open
20% gun mount I turret interface 20% gun mount / turret interface
10% turret gearbox 10% turret gearbox

'3 "6
Left Back 00-300 damages Left Front 60-900 damages
50% kill - blast doors closed 30% kill blast doors closed
100% kill - blast doors open 100% kill blast doors open
30% gun moult / turret interface 10% gun mount / turret interface
40% turret gearbox 10% turret gearbox

Flige 1014: Dirct FiRse Damap: AIDS WI - Turret Left Side
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3 *3

" I "6
• B2 *4*15

3 "'l HEAT Hit* to Bow of r4Front Left 60-90' damages M1 Turret Front Right 00-30 damages30% kill - blast doors dosed 50% kill blast door dosed100% kill - blast doors open 100% kill blast door open10% gun mount I turret interface 20% LRF
20% turret gearbox 20% GPS

10% CMDR GPS ext* o50% gun mount / turret InterfaceFront Left 30-60" damages
* 35% kill - blast doors closed '5

100 % kill - blast doors open Front Right 30-600 damages
20% LRF 35% kill blast door dosed
20% CGPS 100% kill blast door open10% C.,MDR GIPS ext. 2D% LRF
30% gun mount / turret Interface 20% GPS
50% turret gearbox 10% CMDR GPS ext

30% gun mount / turret ntedace
Front Left 00-30 damages 50% turret gearbox
50% kill - blast doors closed "o
100% kim - blast doors open Front Right G0-0 damaes
20% LRF 30% kill blast doors dlosed

G20% GPS 100% kill blast doors open
10% CMDR OPS st 10% gun mount I turret Interface
50% gun mount / t rfet In2erfac 0% turret gearbox

i ~ ~~~ipm 10.15: im ePm Dla mW: EAT hait - TiMl FProw

II
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"3 "*4
*2,

"1 1 "4

*4
Front Left 60-900 damages SABOT Hits to Sow Front Right 00-30" damages
30% kill. blast doors closed of M1 Turret 50% kill blast door closed
100% kill - blast doors open 100% kill blast door open
20% gun mount I turret interface 30% LRF
10% turret gearbox 30% GPS

2 10% CMDR GPS ext

Front Left 304' damages 60% gun mount / turret interfaceFron Lef 3060" amags20% turret gearbox
35% kill - blast doors closed

100 % kill - blast doors open "5
20% LRF Front Right 30-60 damages
20% GPS 35% kill blast door dosed
10% CMDR GPS ext. 100% kil blast door open
40% gun mount I turret interface 20% LRF
40% turret gearbox 20% GPS
"3 10% CMDR GPS ext

Front Left 00-30 damages 40% gun mount / turret interface

50% kill - blast doors closed 40% turret gearbox
100% kill - blast doors open "6
30% LRF Front Right 60-90" damages
30% GPS 30% kill blast doors closed
10% CMDR GPS ext 100% kill blast doors open
60% gun mount I turret Interface 20% gun mount I turret interface
20% turret ge-rox 10% turret gearbox

Fige 1416: Direct Fire Drnage: APDS tit - Turret Frn
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1 '3

w~rd ne a Hih 30id o igh tr1 c M ll

Rlight DNear Mis ) pd Fze: Right FMi (5-5 ) pd Fue:

(100% 1~gtohckl 0% Commander vision block loss

20% driver vi~io lloksos
5~0% right track IM
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Indiret Fire at Right Side of M1 Hull

.1 *3
Right Direct Hit (0-10 M) vt Fuze: Right Far Miss (15-25 M) vtFuze:
100% catastrohic kill 40% commander vision block loss

20% driver vision block loss
20% antenna loss
20% GPS loss

*"2 "4
Right Near Miss (10-15 M) vt Fuze: Right MM (25-50 M) vt Fuze:
80% commander vision block loss 10% commander vision block loss
50% driver vision loss 10% drvW vision block loss
70% antenna lon 10% antenna loss
40% GPS ls 0% GPS loss

I

I Plipls 1.0S th Duiiag: VT JuM - Ri*h Side
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*4-

03

s20% leo track) los

20 igttrc ls

Rear Niect Miss (101 M) pd Fuze: Reaar Miss (55 M) pd Fuze:
10% aoaerohiso bklos 10% loader vision block loss

70% ommader isin blck lss30% commander vision block loss
30%D lef track loss
320% right track loss

Rea Ner iss(1-15Mp. Fuze: Riiec ae ar PDs (2f 0)p uze:.Ra

70%loaervisonblok oss10%loderviionblck.os

70% ommndervison bockloss10%commnde vison lock.o.
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'I4
I*

II2

ii * *3
Rear Direc Hit (0-10 M) At Fuze: Rear Far Mss (15-25 M) At Fuze:

100%cats#Wic ill30% loader vision block lowsI 30% comnmander vision block losw
50% antenna loss3 20% GPS loss

Rear Near Lfss (10-15 M) At Fuze: Rear Miss (25-50 M) vt Fuize:1 70% loader vision block loss 10% loader vision block loss
70% commander vision block lows 10% commander vision block loss
70% chanceantennat loss 10% antenna lONsI40%chwiceGCPS loss 1%G ls

3 91gM 10-W. lledb Am Dinags: VT fu - Rev
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*41

( m to swale) *

Indirect Fire at Left Side of M1 Hull

:"1 03
Left Direct Hit (0-10 M) pd Fuze: Left Far Miss (15-25 M) pd Fuze:
100% catastrophic kill 40% loader vision block loss

20% driver vision block loss
30% left track loss

*2 "4
Left Near Miss (10-15 M) pd Fuze: Left Miss (25-50 M) pd Fuze:
80% loader vision block loss 10% loader vision block loss
50% driver vision loss 10% driver vision block loss
50% left track loss

Fie 1-21: Imbeitt Dwunae: PD faze - Lft Sde
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3IndirctFirat Left Side of MluNO
.1 *3

Left Dire Hk (0-10 M) vtFuze. Left Far Miss (15-25 M) vtFuze:
100 caatohckl20% loader vision block loss

100% atastoph~ckiN24% doader vision block loss

I2 *4
Left NearAm 0 0-1 5 M)vAtFuze: Left 1l* (25-50 M) vtFuze:
80% loader vision block loss 10% loader vision block loss150% drivervision Ion 10% driver vision block loss

70% antenna Im 10% atnals30 GIPS loss 10% GIPS loss

F~m 10-22: Pat oum m : VT ~Am - Left Skle
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!

/.

(not to Ucae) *

bJ

Indlred Fire at Dow of M1 Hull
"1 3

Front Direct Hit (0-10 M) Pd Fuze: Front Far Miss (15.25 M) pd Fuze:
100% catastrophic kill 15% commander vision block loss

30% driver vision block loss
20% Weft rack loss
2D% right track Io

* 2 "4
Front Near Miss (10-15 M pd Fuze: Front Miss (25-50 M) pd Fuze:
40% loader vision block loss 10% bader vision block loss
40% commander vision block loss 10% commander vision block loss
60% driver vision block loss 10% driver vision block loss
30% lft track Ios
30% right track lOsS

Figur 142): lud=ea Fin Drnagte: PD fuze F-om
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i*4I"

3*

3"3

Front Direct Hit (0-10 M) v Fuze: Front Far Miss (15-25 M) vt Fuze:
100% kil. blat doors closed 15% loader vision block Ion

15% commander vision block loss
30% driver vision block los
50% stinna loss£ 20% GPS Ion

"2 04
FrontNer Miss (10-15 M) v Fuze: Front Miss (25-50 M)vt Fuze:
40% loader vie block Was 10% loader vien block loss
40% commander vie block loss 10% commander vision block Ioss
80% river viso block lose 10% driver vision os
70% antenna os 10% antenna loss
40% GP Ia 10% GPS loss
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10.2 Stochastic Failures

For purposes of failure generation. the vehicle is divided into thirteen subsystems, six of which canencounter
/

stochastic failures. The thirneen systems are:

" Mobility Electrical* * Fire Control"

" Suspension 9 Turret Drive & Stabilization"

" Track * Gun Mount

" Enlne' * Government Fu-uished Equipment (GFE)

" Transmission* 9 Non-mobility Electrical

" Final Drive a Non-mobility Other

" Mobility Other*

systems which are subject to stochastic failures

Each subsystem has associated with it a Mean Number of Operations Between Failures (MNOBF). These

data were taken directly from Appendix I of LSS Data Package. Each subsystem has a set -If ;,ecific failures

associated with it. and each failure has a given probability of occumng if the subsystem fails. (See figure 10-25).

The probability of any failure occurring when the subsystem fails was derived from the Table of Maintenance

Demands during Operational Testing (Appendix I of LSS Data Package).

'*hen a tank is initialized it receives a Maintenance Status Parameter (MSP) from the network. The MSP

range is 1 - 5, where I presems a new tank, and 5 represents a tank which is 5 years old or has travelled 5000D+

miles (see figure 10.26). Te in setting of the MNOBF is decreased for each subsystem when the MSP value is

greater dan one. Ths decrease allows the initial stochastic failure of a subsystem to occur sooner.

The tochistic failure procedure is nm evey ame the vehicle has travelled a mile. For each subsystem, there

is a certain percemae cino• that the subsystem will fail. This chance is based on the MNOBF value for the

mubsystem. If a nadom nmber between 0 and 100 is less than this chance, then the subsystem fails. Once a

subsystem hot failed, te it mt be determined which of the specific failures of that subsystem has failed. A

N~itdember is wd to pick fr tiese specific failures, based on the probability of each specific failure. and a

ums is cared to nofy d opprapime module(s) affected by the failure.
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'I
SubymR: Mobility Elecuical MNOBF: 2400 miles

I dmr .32

uy : Egne MNOBF: 3400 miles

~il A lo ge .3I Sussru: uluo MNOBF: 80OOmle
Ummiso oil low 33i ol Oilter low d .33

folwmd/tveme usmbly .34
Subsystem: Mobility Oder MNOBF: 1200 miles

fuel pump 32
fuel fber doged .32
a ,ft bnk .18

Subsystem: Fie Contol MNOBF: 3000 miles
LRF tceiverammiter .16
,Paer GPS .42
commander'OPS extension .42

Subsystem: Turet Drive & Stabilization MNOBF: 1500 miles
gun stabilization .26.Son elevation .12
11Mn t raverse M1

commander bndles 25

Figure 10-25: Stochastic Failure Table

Code YeaujMiles Failure Expectations

.1 NewjO-100 miles Every 310 miles or
9 bouts of operation

2 1 Year/1000 miles Every 250 miles or
7 bouts of operation

3 2 Years2000 miles Every 200 miles or
5 bouts of operation

3 Yan/3500 miles Every 100 miles or
2.5 bours of operation

5 S Y*S00000 S miles .Bvw 4 mile or
2 hours of opeion

I pm 10-26: Maimemm Staus Panmeter Codes
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10.3 Deterministic Failures

Deterministic failures consis of failures due to resource depletion. throwing a a*. damage resultinj from a

collison, and t faoum that are a onsequence of iporing stochastic are wanings.

There wre several depletable resources in Sfl.04ET with which the vehicle must be adequately supplied im

order to function normally. These include hydraulic presure, bsuery charge, fael and ammunition. Hydraulic

pressure can be eplenWuhd simply by tustang on the engin or wauing for the auxiliary hydraulic pump to wecharge

the system. A low battery can be recharged by nutming the engine for a period of time or. if so low as to prevent

starter operation. by wasting for a tepir truck dispatched icp One MCC AdminlLog console. Fuel and ammunition

must be replenished ftom resupply vehicles alo dispatched from the M4CC Admin/Lo# console. For mote

information on ammunition and fuel management. ne Chapter S.

S Other deterministic failures WnJude:

1. If the engineis operated for 15 miles or 30 minutes with an clogged engine oil filter, a warning light
will illuminate indicating low engine oil pressure. If the driver does not immediately stop and shut
down the engine, damage to the engine will result. culminating in a major engine failure.

2. If the engine is operated for 15 miles or 30 minutes with ant engine oil low condition. a warning light
will illuminate indicating high engine oil temperature. If the driver does not immediately stop and
shut down the engine, damage to the engine will result. culmt in a major engine failure.

3. If the vehicle is operaed for 15 miles or 30 minutes with a clogged truanission oil filter, a warning
light will illuminate indicating low trausmission oil pressure. If the driver does not immediately stop
and shut down, transmission failure will result.

4. If the vehicle is operated for IS miles or 30 minutes with a transmission oil condition. a warning light
will illuumt WnicasMn high truumision oil temperature. If the driver does not immediately stop
anid Shut down, sinmissWon failure will result.

S. Ifthe vehicle u*ivsacrossaulap peatedtat25 degreesorif the dover atmpts too sharp a turn
at high speed in s" soil, a track will throw, effectively immobilizng the vehicle. However, the
vehicle will still be able to move slowly (About 2 mph) so that the crew will be able to get the vehicle
off the slope and comewo a truck repair.

6. If the vehicle is involved ina collision with a solid object (another tank. large tree *or a building) at or
dbove five miles per howr in the direction of the gun tube. the gun mount-turre interface will be
damrged This will trank in a failue in which the gut camot either be elevated or fired.
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11. Repair Simulation

Repui in M~OWan wedle awo camSgoes: A) Self-epzu inc qw e apset thm repairs dwa t

mw ampon 1, m j 9"ni - 6 w dow s . ad B) Repairs via the MCC lmuimtenme cousole in wIhi the5~ ~ ~ce asWm coomdlam with fa diqiudue ic mange a uhvoin wit a nspur ukuiernnce vehicle. Solh damues of

repairs an timd uf U (mmsim am o iqmr) dmL

I 11. 1 Self-Repairs

Self-repairs commenice miommaikafly upon occurrence of thos damages to Mhe vehicle tha a crew couldI ~ ~~epaw themselves: Reinoumin town trucks, replacig damnaged visio blocks, and reptacin damaged radio5 uemai. The repai ames for dues failures we as follows:
- Repaiqu thrown racks: 30 minutes

Replacing damage vision block: 10 nuwtes3 Replacing damaged rado afet=: 10 minutes

These repairs am tdmed haeruafly by the smlaor and do mo require any aon to be taken by the crew.3 TheseMa im um ruining as soon as the failure occor and wall awamatically repai the damaged system wben the

repair im bas elapsed.

1 11.2 Repairs via MCC Maintenance

3 ~ ~~~Since every M1 sobsyuusm can faL, k is necesary to umise repair fom the MCC samui nae mems. lit

W6C can dhpatch a msumomm eium vehicle to a qscified location If a disabled Ml t* is close emough to a3 i~mmms vulici ad smAtii a faw obr amadiew Oe mainum sUm my begi repairs.

3Whom do comumi. o s dM M1 as imeds;ampsin, be ris lo t m ols o r at d MCC

AOWimLASn Ornw Mwb Th* 1 um m m Ofl Us. impacis Usbe available smairkuuaa Ism3 ~ ~ dd ~e o ediW L Ib a a o d s pnpuiiad soostm travebid Us muimnm sum

ftes a Is l dive mi OW111uy. Old *sA in A am4NOImas WM Whi 20 msews, te ta request3~ siIN *mi ft ~mmas mmn 7wu mwihm un Uts rus te A bue.syasms, am repair Na &time.
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.

at a riaistic rae, mW th aervice rquest conditins me not sausfied. The aervice repair times rnp fham the

one-minuie Mapr dine for a doged fuel Am to the four-hour repair time form broken gIp momr interface. While

the repair is akinS plaoe. if die Ml tui or the m intenice Sam drives away or if either vehicle is destroyed, the

repair will abort. As each repair is completd. the subsystem daa structutes ae updated to note th repair.

See figure 1.1 for an illustrtion of the repair finite ste machine.

Tank alive Tank dead Repair
amD DR announcement

Tank Tank moving from MCC
not moving

Repair Action
Repair vehicles Abort
vehicles timer
nearby

Repair
hsign Asilna broken

Request Abort subsystem

repair repair

sTert
e second

timer

timner

Flgre11-1: Repair Finite State Machine

The two repaIr st e QUIET and R QUEST. ad Me finte state machine operate. w follows.
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2. Ur ok s m hw
m3. bm sa pr volile w mm.12e0 s

N 2- The douer MOMs a5 INOW

3.UIS Th~Ar u RQ& WA
VA3U" ONE o wing codlim isUse:

2. Mo t* is o.i.

3. Thomenm aiciu w1Ii- a dismias .120 BOOM.
Im

1.Theveiairis Iwd
2. Tim sboolow mmu sh QUIET STATE.

TbU. oundiseiu
I.nI~simnlor mao& sano vice foquest packet to tbe MCC.
2. The shulmor mS a&S m,,'dmhaer.

- 3. The uinulor stay$ u. the REQUEST STATE.

If the MCC noes amu a succesm repm as W.tkeI place on a broe umbrpm ofth took:

1. ilmdowrepauhtheI I nuuhsym.
2. Tim 5 seond liter is saded.

3. The uinmlsor me-- the QUIET STATE.

By smems of ddiU rs maclit. pmloco and ainuout ama.the MCC hostthe amuatorman the MCC

r ap mes to rp air dibb d combt vehicles.
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