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\ ABSTRACT
\

Road profiles available for digital terrain simulation at
TARADCOM are cataloged. The terrain simulation program for the
PACER 100/EAI 580 Hybrid computer system is described. The terrain
simulation program was developed to better utilize the hybrid
computing system when it is required to run several vehicles over
known terrains at different speeds for varying lengths of time.
The operator can interactively setup the test environment or feed
in a prepared paper tape. Terrains are stored on disks and vary
from profiles of actual test courses to synthesized forcing
functions. Development and operation of the program are described
and possible future refinements are explored.,
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PREFACE

This report describes digital terrain simuiation at TARADCOM.
The aim of the simulation is to subject a vehicle to a vibration
environment similar to what it might experience in the field. This
is accomplished by placing the vehiclie on hydraulic actuators which
move up or down depending on the electrical voltages applied. Elec-
trical signals are usually supplied by an analog computer. Digital
terrain simulation 1s accomplished using a digital cowputer to

produce voltages in digital-to-analog (D-to-A) components on the
analog computer.

Reference 1 describes how several actual terrain profiles were
digitized for use as input to vehicle simulation studies. These
profiles and others (about 40 in all) were transferred to disk
storage for rapid on-line use by the digital computer.

The report describes how these terrain profiles were converted

to wheel displacements and how the wheel displacements are applied
to a vehicle,




1. CONVERSION OF TERRAINS

The terrain elevations are in feet and were measured at one, three,
six, and twelve-inch intervals., Most terrains had 600 or less data points
and this was chosen as a practical limit. All elevations are greater than
zero and some reach a height of almost eight feet. This presented a
problem because the actuators currently available at TARADCOM only have
a 12-inch span. It was solved by taking into account the fact that long
uphill or downhill trends provide very little input to the vibration
response of a vehicle.

The detrending routine is fairly straightforward and is presented in
Appendix A. The program takes out long uphill and downhill trends by
drawing a line through the slope which has no data point more than six
inches away.

e

Figure 1

TERRAIN ABOVE ZERO

The slope is then moved down to level, with the starting and
ending points equal to zero.

Figure 2
DETRENDED TERRAIN

|




In this way the relative slopes between data points are preserved 4
while keeping within the physical limits of the actuators. The only
discontinuities exist at the pivot points of the detrended segments. g
The subroutine finds the longest segments in order to minimize the /
number of discontinuities.

the motion of a wheel traversing the data points. The wheel trajectory
routine described in reference 2 obtains the position of the bottom of a
rigid wheel traversing a non-deformable terrain. The resulting wheel
trajectories for each terrain were then dumped to paper tape and loaded
into separate disk files on a digital/analog hybrid computer.

2. SIMULATION PROGRAM

Now that the terrains fit an actuator it is necessary to calculate ‘
!

The program has basically three phases:
1. Terrain Input - Subroutine "INPUT"
2. Bay Setup ~ Subroutine “BAYS"

3. Terrain Output - Subroutine “RUN“

In the terrain input phase, the operator is asked the names of the
files on disks containing terrain data. The first record of the disk
file has the number of samples and sample interval in inches followed
by records containing the scaled fraction data. In scaled fraction data
there are 15 bits of information plus a sign bit. For example:

0000000000000000 = O volts = 0 feet
1000000000000000 =~9.9999 volts = -.5 feet
oNIMNMIINMMNMI = 9.9999 volts = .5 feet

After all terrains have been input, the operator is asked how many
bays will be run. The operator must supply the number of axles and their
dimensions, which terrains will Le traversed, the angle of traversal, the
desired speeds, and distarces for each bay.

The subroutine BAYS translates these parameters into control
variables which are later used by subroutine RUN. To get an idea how
this is done, picture a jeep mounted on four actuators. If the wheel
signal were applied to all four actuators simultaneously the jeep would
have only vertical accelerations being input into it. Now if the back

h




wheel signals were delayed a small amount of time there would be angular
motion between the front and rear of the vehicle {called pitch). When
wheels on both sides of a vehicle see duplicate paths the vehicle is said
to be traversing a "“washboard”"-type terrain. Traversing the washboard

at an angle causes a time delay fromn when a wheel on one side of the
vehicle hits a point to when a wheel on the other side hits it. This
produces a side-to-side mation called roll.

BAYS will translate the speed and angle of attack into relative
delays between the wheels of a vehicle. In this way vertical accelera-
tion, pitch, and roll can be produced in a vehicle in the laboratory.

In the output routine, RUN (see figure 1), the data channels are
all more-or-less independent. The subroutine scans the channels and
subtracts the time since the last scan from each channel timer. If the
timer reaches zero, a new data point is output. A channel may change
to a new terrain only after a complete run of the current terrain. This
is to insure that the output of one terrain is zero before a new terrain
is introduced. Channels common to a bay are sequential and the right
rear wheel is identified as the LAST to finish the phase. This insures
proper interwheel timing for the next phase. There is a two-second
pause between phases to allow easy differentiation of terrains.

It should be noted that this setup allows two vehicles to use the
same terrain. If one vehicle changes terrains, it should in no way
affect another vehicle which might happen to be in the middle of a run.

Once the digital program is running, the hydraulics should then be
turned up to whatever level is desired. To shut down, the hydraulic
controllers should be brought to zero and the program terminated.
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3. FUTURE PROJECTS

a. The system currently has eight channels of analog wheel displacement
data. This allows, for example, a three-axle truck and a one-axle water
trailer or, say, a four-axle tracked vehicle by itself. [f eight more
channels were added, there would be greater flexibility in simulation

scheduling. Three vehicles in the three bays would be virtually independent
of each other and would not have to double up on data channels.

b. Due to the digital nature of the terrain simulation, the output is
a staijrcase function as shown pelow in Figure 4.

Figuve 4
STAIRCASE FUNCYION
This introduces high-frequency noise and is not very realistic. A

strajghtline approximation as in Figure 5 §s desired. There are two
basic approaches to this problem.

Figure 5
LINEAR INTERPOLATION

e i 1 M A bt M i

B




1. Construct linear interpolators as shown below.

X () . l[l(\ -y (4)

Vn

—I1-1=

Figure 6

LINEAR INTERPOLATOR

The resources exist to construct only four of these and would necessitate
changing the potentiometer settings for a bay each time it changed terrains.
The effect of this would be to require all of the bays to run the same
terrain at the same speed and for the same distance, which would 1imit the
flexibility of the system.

2. As the number of data points is increased (by decreasing the sample
interval) the staircase more closely approximates a straight 1ine. All

that is needed is to use Capacitance Limiting to smooth out the small
increments.

This approach is currently being pursued but it is limited by the
digital computer having only 16K of memory. The addition of 16K would
allow a greater number of terrains in a test setup.

c. In a system with a large 1ibrary of terrains such as this, it soon

becomes desirable to modify or combine terrains for special applications.
A system for updating or modifying terrains would be a future enhancement.

4. TERRAINS

On the following pages you will find plots of terrain profiles with
detrended wheel trajectories below them. The actual wheel displacements
are tabulated after each plot.




The RMS value is calculated by the following formula:

where:

N = Number of terrain samples
Y = Average wheel displacement
Yi = Wheel displacement for sample i

The date on the plot is when the terrain was converted. The date
on the tabulation {is when the terrain was first stored on disk.




TABLE 1

TERRAINS WITH CORRESPONDING FILE NAMES

TERRAIN FILE NAME

Ft. Knox Mild RDO1

Ft. Knox Rocky RDO2

Synthetic Field RDO3

Ft. Knox Medium RDO4

~ Synthetic Rock and Log RDOS

APG Perryman IIl RD06

APG Belgian Block RDO7

Six-Inch Sine Wave Course RDO8

Three-Inch Spaced Bump RDO9

RMS Equal One RD10

Modified RMS RD12

0 ¢ APG Terrain 10 RD13
APG Terrain 9 RD14

APG Terrain 11 RD15

APG Terrain 12 RD16
, Houghton Data 3 RD17
Houghton Data 4 RD18
‘ Houghton Data 5 RD19
Houghton Data 6 RD21
' Houghton Data 7 RD22
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JERRAINS WITH CORRESPONDING FILE NAMES (CONT'D)

TABLE 1

TERRAIN

TARADCOM Wood Course
Ft. Knox CTAl

Ft. Knox CTA2

Ft. Knox STV1

Ft. Knox STV9

Ft. Knox STV4

APG 30

APG 29

APG 34

APG 35

APG 37

APG 32

APG 36

APG 34

APG 31

APG 29

Profile 4 APG
Profile 4 Chrysler

10

FILE NAME

RD23
RD24
RD25
RD26
RD27
RD28
RD29
RD30
RD31
RD32
RD33
RD34
RD35
RD36
RD37
RD38
RD39
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: RNOY
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ROR2
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COMPUTER _PROGRAMS

R T S

I. DETR - Detrends terrain and performs wheel trajectory calculations
(see section 1 and Appendix C).

This program reads in a terrain from the disk, graphs it, takes out
long uphill and downhill trends (subroutine DETRZ), digitally rolls a
wheel over it (subroutine TRAJ) and then graphs the resulting trajectory
of the bottom of the wheel. The wheel trajectory can then be listed on
the line printer and punched out to paper tape.

DETR s only a control program which handles input, calls the sub-
routines and provides output.

I1. DETRZ - Detrends a terrain so that it starts and ends at zero and

stays within a specified limit.

The subroutine is supplied four parameters.

Y - Real array of terrain data

N - Number of data points

DELTA - Distance between data points

DISP - Maximum distance a data point can be above or below zero

Using the equation for a line
Yi =m Xi +Db

and toe distance of a point (Xi, Yj) from a line

D= |Yj - (mXj+ b}

Noyws

3




— -

the subroutine uses Yi as one of the endpoints of a line and scans the
terrain for another endpoint so that D will be less than DISP. Once

this line is found, the new terrain elevations are calculated as being

the distances from this line. The subroutine then uses the second end-
point as a starting endpoint and scans the rest of the terrain for another
line. The entire terrain is detrended in this way and the subroutine
exits.

IIT. TRAJ - Translates terrain displacements into wheel trajectories.

This subroutine is taken directly from reference 2. If a rigid
tire is rolled over a non-deformable terrain, the bottom of the tire may
not meet all of the data points.

The subroutine calculates the height of the bottom of the tire over
each of the terrain data points. A tire of 42" diameter was used for
all terrains to obtain maximum smoothing. For a discussion of the
mathematics involved, see reference 2.

IV. LOAD - Loads a paper tape containing wheel displacements to a disk
(see Appendix C).

The program expects the tape to have the five character name of the
file as the first record, followed by the number of data points and sample
interval in inches in a 215 format as the second record. The data points
then follow, ten to a record in a 1055 format. The program creates a
disk file for each terrain,

V. SAMP - Sets up and runs a digital terrain sinulation
(see section 2 and Appendix C).
SAMP is structured as a contiol program which calls the three subroutines

INPUT, BAYS and RUN. Communication of the control variables is accomplished
through the two FORTRAN Common's; DATA and PARAM.

COMMON_DATA

BEGIN (8) Contains the starting locations of up to eight terrains in
the array SAMPLE.

SAMPLE (7500) Contains up to 7500 terrain data points.

94



COMMON PARAM

TERRA (8,8) TERRA] g is the terrain number for CHANNEL] during PHASE].
i SPACE (8,8) The time between data points in milliseconds.
NRUN (8,8) The number of times the terrain will be traversed.

DELAY (8,8) The number of milliseconds to wait before outputting the
first data point.

NPHASE (8) NPHASE is the number of terrains Channel I will cyclicly
execute.

LAST (8) LASTp = .TRUE. if I is the lcst channel for a bay.

) INIT  (8) If LAST[ is true then INIT[ will be the first channel for
{t that bay.
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PARE

FORYRAN ONMRET FR REV, LEV, JOQ

INTFGER FILF(3Y,INT,NUN,RECY(10)

g INTFGER TAPE,PLAT ,NAMF,WRIT,CLOS,DISK

- ACALED FRACYION RFC(1w)
ENMITVALENCE (INY,,RECICL)),(NUM,RECLEIW))
NATA TAPE/4/, PLAY/22/, NAME/2Y/, WRIT/16/, CLDS/18/, DISK/V2Y/
CAlLl QUOND (PLAY,DISK,!1) ’

: 10 CONTINUE

| READ(TAPE,20) FILE, NUM,INT

i 00 FNRMAT(2A2,41,/,215)

3 TYRE 20, FILE,NUM,INT
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\ 0 An Jey, JEND
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REAQCTARE, Q) (RECCIL),Twl,IEND) .
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GH TH 1@
Fub
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. 257 S5 neY Y g

) 26m  §17 acyY 13

; 261 $69 neT X 12

é 262 $214 ALY 1T 4
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: A 8 REC 28 A T RECY 13 V 1 TAPE 2 V I WRIY i

i STATEMEST NUMBER LACATIONS

: a4 a7 65 .20 152 3¢ 163,40 251 .08

: EXTHaNA! NEFEREMCES 98 ¥
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PARE 3 Cm=THIS I8 THE FONTROL PROGRAM FOR DIGITAL TERRAIN STMULATIEN i‘}g:

FNeYras CoMPILER REV, LEV, Jdp

TNTEGER KEY,NCHAN,NUM{AY,INIT(8)
ILNGYCAL TERM
REAL TMY(R)
ClUMMON /PARAM/ TERKA,SPACE NRUN,DELAY NPHASE LASBT,INIY
INTEGFR TFORA(N,AY ,SPACECR,;8) ,NRUN(S,8),DELAY(A,08) ,NPHASE(SY
LPGICAL L28ST(8)
DATA KFY/2/
CwmINMITTAI_IZE ANMALDA COMSOLF
fall NSHYIM(IERR,587)
CALL SSP(TERR)
TALL SSCLRIFRR)
TYPE 7
7 FNRMAT(BANFNTFR ILNGICAL UNIT FOR INPUYS!,/,
) BAHKEYROARD s 2',/,
b ) ANHHSPT READFR 8 4',/)
ACCEPT M, KFY
(0 FORMAT(IL)
TEQuakEy ,FN, 2 !
CALL YNPUT(TERN,KEY,INT, NIIM)
TYPE 20
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CALL BAYS(TERM,KEY,NCHAN, INT,NUM)
TYPE 3¢
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PRITE (20,409
40 BFORMAT(EMHIRAY PHASE TERRAIN SPACE RUNS CHAMNEL OQELAY!')
ISTART Y
e
&0 COMTINIIE
NO A0 INYSTARTY,A
IF (L ASY(IY) KO TD 78

£p CONTINUE

TYPE 69
Ay FNPMAT (BAHERRNR 611)

calLi. EXIT '
70 COMTINDE

NPSNPHASE (1)
Lo 81 Jag NP
LRITFLIOD ,B0) K ,J,TERRA(JI,I)SPACECI,T) NRUNCJ,I),

] (LlOFLAV(J(chL'ISTART|X) g
Ap ’QRM‘T(Q"oI’g‘XntlnﬁxaI‘l‘x01501’¢’4‘AXa!ln"‘:’; l
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a1 rONYINUF ¢

TF (1 JEG. NCHANY B0 TO 97 ?
TSTYAKTE] & | :
Kuk + | ,
GO TO 84
QN CANT INIEE

raiL NSOP(IFRR)

CLLL NSRUNCIERR)

Coli. RUNINCHAN,NIM)
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frRTeel, | 88T {R)
Qf-l\L ]'NT{N)
RATA PY/3 41189/, YISTARY Y/
TAMITI AT (YY 7 Cn8( o)
CFOLH, A)SSNAT(H¥ w2 « Awed)
BOPCO(A HY=ATEND (DPP (', 8Y,A)
FraspYT(1y)
JF (YFam») TYPE on
FOIMAT(RAHERTER “IMBFR OF RAYS3I', /)
PEANDTUKEY ,17) NRAYS
D0 430 Kmy,uBAYS
TF (YERMY YYPF X3¢, «

FOPMAT(B@mELTFR MUMAEY (IF AXLES FOR BAY!',12,1K1, /)
RFaD(uEY, 18) NAXLES |
MORAMSTSRYARY & JwNAXLES ~ 1
"NOAQ Neq ,NAXLFS

TF (TE@PM) TYPE a4n,

' FORMAT (82REMTFR CISTANCF (FY) FOR ANLEY ,12,1H1,2)

REANIKEY, 82) 1,

FON"BT (FE,D)

L(nYz0 7 B28Q,

CONTINMLFP

REINED

I (1Yepr,

TE O LTEYM) TYPE 70, «

FORVATCROHENTER NUMREW OF PHASES FOR BAY', Y2, 1MH1,/)
FFANCKEY , 1) “TEWRA
128 Jet [ NTERPA

TF (TERM) YYPF AR

FRUAT (RARENTEP TEPPATM, ANRLE (DEGREES), MPH, MILES, 1!

PEAL(XEY,98) TNI'M, ANGLE,MPH,NTLEY

FORMATITY,1X,3E6,2)

THETARANGLE w PY/Y80,

Nel Y « TANITHFTA)

VEMPW/3AK00, / tona,

FATTZATNT (TNY(TAUMY / (VeCNSCTHEYA)) » ,8)

RWHSEYETY(YILES/ (vesATT) / FLOATCNUMCTINONYY o ,5)

00 100 TRISTART,NCHAN

TERRA(J,YY3TNUM
SPACE(I,IISIFTX(nATT)
NRUNC(T, TYeRUNS
NPHASE(T)SNMTEPRA
LAST (I) s FaL8F,

CONTINUE 101

I ASTINCHAN)E, YRIIF,

TATYINCHAN)IETSTART

e/)




PaAGE 2

ITelISTARTY
A 110 Net NAXLFS
NELAY (I, IYoIFTINCLC(NMI/ZY ¢« L 8) + 2000
PELAY (J,Y#1YBTFIXCILINIDI/V ¢ ,B) ¢ 2000
Jal + 2 :
1902 CONTINGE
THETAMACOS2(TaT(ThM) ,VowAYT)
ANMRLFETREYA o (R /PIT
NDaINT{TALM) / CNS(TREYR)
“ouan /4 (WAIT/1200 ,/3FR07,)
MILFSEFLOAT(RUMS)Y wFLOAT(NUM(TNUNYY @D
TYPE Y13, ¥,J,ANGLE,MPH,MILFS
XK FroxMaY(RARNOMPITEFD FNR BAY',Y2,R8K, PHRASE!,12,/,
0 F&,2,9H NDEGREES ,FB,.2,8K MPH F6.2,6K0 MILES)
199 COMTINIE
TSTARTUNCHAN 4 )
1x7 CRvTINF
-~ RETLIRN
ErN

PROGRAM ST7E = 'I52F

«

CONSTANY TARF

1431 §& gcY T
1432 ¢12 ncYy Y 2
1433 s34z necT Y te
144 €K4x 0CY R 51200
14358 ’ orry 19
1435 eS8« NCT R A
1437 oy 262
1447 €613 grY R S8agpe
{441 ner 1a
1442 S&C2 ncY @ 74209
1443 oCcY 14
1444 $62% OCT R 76492
1445 neY 12
1446 §R37 OCT R 4page
1447 nce a
1450 <792 aCcT L A
{484 &7B7 CCT L 130ppp
14K +791¢ NCY T 3724
" ARNRRAM ALLCCATIONM
MAME ANP NAMF AQR NAME ADR NAKE
V I JUuIea% 1892 Vo1 o 11y (823 vV R JU2ace 1801 vV R ,UZRE
VoR o LUPen2 1807 V R L2008 1524 v R U201 16PS v R U013
V R OLU2P2Y 1557 Vv 8 ,hor3x 15824 v R ANBLE 1467 VRO
v T 1 §ARD 4 R INT 3 v I ISYTARY 7 v Iy
vV T K 18K v I KFY 1 A R L 1@ v R LL
V P KILFS jaZ2d y R MPR 1471 v IN 1488 V I NAYLRS
V T RBAYA 1841 V ] NCrHAN ? v 1 NYERRA 1461 A X NUM
v & o] s v T RUNS 1462 102 v L TERM ) v R THEYS




PARE ¢ Cn-ﬂhTPUYS NIGITAL TERRAINS

* FORYOAN COMPTILEW REV, (FV, J9A

SUARENLTINE RUMINCRAN, NUIN)Y
TNTFOFR MOCHAN,NUMCS8),INIT(R)
SCALFER FRACTINM SAMPLF(512a)
: INTEGER REATINCAY
’ INTEGFR TERRA(B,A),SPACECLE,B)Y ,NRUNCA,BY,DELAY(A,8) ,NPHASE (8)
0 LNGYCAL LAST(S) g
g YHYERFR NTERRA,BYARY,NOW, OLD
: TMTEGFR PHASFIR),,TIMF (R), INDEX(AY ,NSEC(B)Y,FIRST(R),STYOP(O)Y,
: % Rrivla)y
{ COMPAN /PARAM/ TEFPA,BPACE ,NRUN,DFL AY,NPHASE, L AST,INIT
P Cnuvnn /DATA/ BERIN,SAMPLE
i DATA RTART/1QBQA/, PHASE/RwY/
P A% YTal,NCHAN
C\TEPPASTFRRA(L,Y)
»SEFRCT)eSPACE(L,])
ILsREGIN(NYERRA)
‘ INPEX (YYD
; FINSY(TY=|
y STOP(TI=L + NUIMINYFRRAY
FNLIMETYsNRUUNCY,TY -
TYME(IYeDFLAY(1,X)
&8 CONTINUE
CALL DWTIMY{STARY,IERR)
CmwMAIN | DOF
70 CONYTMUF
CALL QRTIMI(NOW,IERR)
OLOBSTARYaNOW
- CaLL QrTTIMI(STARY,IERR)
! CoaSHAN CHAMNFLS
\ A0 WP TEeY,NCHAR
. TIME(7JuTIME(I) « OLD
K IF (YIME(IY ,GT., ») GO Y0 80
! CmmOUTPIT PISPILACEMENT
JeINOFY ()
Coll AWJINDAS(SAMPLE(I) ,I=), IERR)
JeJ+t
: TIME(YYBNSEC(I)
N 16 (J NE, STOP(I)) GN TO 7%
CowFINTYSHERN RN
) INUM(IYSRNUM I =]
IE (RMUUNM(LYY J&T, P) GN TO 74
Ce==F TANISHFN PHASE
JEPHASF(T) 41
16 (1 ,6T. NPHASE(YYY Jsi
NTERRARTERRACY, D)
NSEC(I)u8PACE(J, 1)
L2BERTIN(NTERRA)Y
FIARST(T)slL
CTOP(TIEL + MUM(NTERRA)
R (TYann!IN(S, 1Y
: PHASF(1YaJ
s T+ (MY, LAST(I)) GO YO 7%
/ CmwHAY HAS FINISHED PHASE 103
KYsINITY(I)




PAGE 2 ComOYTRUTS DYGITAL TERRAINS

PO 72 Kakr,7t

TIME(K)ROELAY(J,¥) R
79 CONTINUE S
6O Yn 74 A
C=<SFY FOP LONG WATT R
72 CONTINUF g
TIMK (TYu3napm .
74 CONYINUE . :
JaFTAST() o
7% CONTINIIP
INDEX(TI) =y
o FONTINUF
GN T 72p

EnD

PROGRAM STIF « Y1153

COMRTANT TaRLE

1134 s2 06T 1 |
1135  ss0 0CT 1 1o

1136 sang 0CT T n

1137 ¢85y 0CT 1 72460

PROGRAM AL LGCATINN

MAME ADR NAME ADR NAME ADR NAME AR

VI Utpas  y1y44 VI ,uteege 1148 d I FIRSY 43 LA G ¢ 1143
V 1 YERR 1147 AT INNEY 33 vy 1180 V1K 1ye
V T Y 1158¢ vV Y L 1146 V I NCHAN a v 1 NOK 525
A Y wuS8Kc 33 V T NTERRA 1449 A T NYM 1 VI oLo 1 4We
P 1 PHASF b AT BRNUM 63 V I 8vary 2 AT sTop 8y
AT TUME 1y
CiimMAN ALLACATTION
IRAIAN JALLOCATTION [ENGYH u 1432
MAME ALK MaAME ADR NAME AQR NAME AQR
A Y TERRA ¢ A 1 SpacCE 1pa A I NRUN 200 A Y OELAY 3ea
A T NPHARE  4yp A L LASY 412 & T INIT 429 '
/NATA JALLNCATION LEAGTH & 1{2p1 0
NAME ANR NAMF AR NAME AUR NAME Ak
AT QFnTN “ A 8§ SAMPLE 1@
STATEMENT NMIMBE R LﬂCATIONq ]m




APPENDIX B

VEHICLE GEOMETRY

P L S - A
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f TRUCK CROSSING
WASHBOARD
bi
e /
L'l 1 D
Lo
T 7
L iy
: W/ el
‘.
tan @ = 2 D=L, tan 8
Ly - 1
cos @ = _é_ > W= I/cos Q
Tu L Tw = 1
v ad V cos ©
AND:
T = ( T = D
L ) RV ¥
L +
TLZ = v_z_ TRZ = Lz ]
) v
T, = L3 Tag = L3 + D
L3 v ) R3 —
0 - Angle of traversal in degrees (0° s @ < 90°)

V - Velocity in miles per millisecond

I - Sample interval in miles

T“ - Time between samples in milliiseconds

Tgy - Initial delays in milliseconds
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APPENDIX ¢
OPERATING PROCEDURES
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OPERATING PROCEDURES

I. Hewlett-Packard 21168

A. DETR - Performs detrending and wheel trajectory calculations
(see section 3 and Appendix A)

1. The program first asks for parameters necessary for graphing.
When the title is asked for, the user should supply blanks
(the file name is used as the title).

2. After plotting the terrain profile, the program performs the

necessary calculations and plots the resulting wheel displace-
ments.

3. By entering YES after the wheel trajectory is plotted, a
listing and paper tape of the wheel profile are produced.

II. PACER 100
A. LODAD - Loads paper tapes to disk

1. The program continuously loads paper tape without operator
intervention.

2. The computer should be halted at the end of the tape.
B. SAMP - Runs digital simulation (see section 2 and Appendix A)
1. The EAI 580 should be in digital mode. The program will
initiate POT-SET and Logic CLEAR., Hydraulics should be
running but with inputs at zero.

2. In the terrain input phase enter the one to six character
name of each file.

3. The distance for the first axle is its width. The distances

for the following axles are the number of feet from the first
axle.
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Free field input may be used if all commas and decimal points

é 4, The format for TERRAIN, ANGLE, MPH, MILES is (I1, 1X, 3E6.2).
| are supplied (see example).

Y . 5. The computer will go to OPERATE and logic RUN when the bay
g setup is complete. The hydraulics should be brought slowly
§ in to verify proper operation.

E 6. To terminate, shut down hydraulics and then HALT computer.
4

-

R

?:‘i

B

;

g

- ENITEE

i
a1
-
1.
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tAAMPLE U CUMPUTER RUN

¥L,SAMPZ, 21
SAMP2 CI Pl
LD

¥G,1000

ENTER LOGICAL UNIT FOR INPUT:
KEYBOARD = 2
HZSPT READER = 4

E?TER NUMBER OF TERRAINS:

ENTER FILE NAME FOR TERRAIN NUMBER: 1
RDO5

RDGS DA P1

ENTER FILE NAME FOR TERRAIN NUMBER: 2
RDO&

RDU6 DA P

%%gsR FILE NAME FOR TERRAIN NUMBER: 3

RDO7 DA Pl
TERRAIN INPUT COMPLETE

ENTER NUMBER OF BAYS:

ENTER NUMBER OF AXLES FOR BAY 1:
sNTER DISTANCE(FT) FOR AXLE 1:

ENTER DISTANCE(FT) FOR AXLE 2:
13.,

E,r;TER DISTANCE(FT) FOR AXLE 3:
ENTER NUMBER OF PHASES FOR BAY 1:

3

ENTER TERRAIN,ANGLE{DEGREES),MPH,MILES,:
3,45.,10,,.25
COMPUTED FOR BAY 1, PHASE 1

44.75 DEGREES 10.00 MPH .25 MILES
ENTER TERRAIN, ANGLE(DEGREES),MPH,MILES,:
2,45.,20.,.25

COMPUTED FOR BAY 1, PHASE 2

44.75 DEGREES 20.00 MPH .23 MILES
ENTER TERRAIN,ANGLE(DEGREES),MPH,MILES,:
1,45.,30.,.25

COMPUTED FOR BAY 1, PHASE 3

44.75 DEGREES 30.00 MPH .25 MILES
BAY SETUP COMPLETE
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Rab vnmr iz TEQLATN SRR wiv 8 CHAMNEL DFLAY

1 ' v Ch 2 | 2rAn
2477
PREAR
33€4
J163
NeT 0

LR A WA

o2np o
“23¢
2447
DEED
PRG7
gRaE

LI T N R Ly

p7uR
2186
2z¢Ck
24
PRLY:
2ERY

1
b R R

SAMPLE OF COMPUTER PRINTOUT

SPACE: Milliseconds between data.points
RUNS: Number of times terrain is traversed
DELAY: Initial delay {n milliseconds
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