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1.0 INTRODUCTION

As a part of Work Order No. 2, "Study of Centerline Crown"'of
contract DOT-FH-11-9575, two vehicle simulation programs are to be util-
ized to study the effects of the centerline crown on a wide range of
vehicles. The two vehicle simulation programs to be utilized for the
study are as follows:

(1) Highway-Vehicle-Object Simulation Model (HVOSM)

The HVOSM 1is a computerized mathematical model which was originally
developed at Cornell Aeronautical Laboratory in 1968 (Ref. 1) and was
subsequently refined by Calspan Corporation (Ref. 2). The HVOSM is
capable of simulating the dynamic responses of a two-axle vehicle tra-
versing a three-dimensional terrain configuration. The simulated vehicle
includes up to five rigid masses; viz., Spc%ﬁg mass and unsprung masses
of each of the suspensions or axles.

(2) HSRI/MVMA PHASE4

The PHASE4 simulation program is a general purpose mathematical
model for simulating the three-dimensional dynamic responses of trucks,
tractor/trailers and triples combinations. The PHASE4 program was devel-
oped in 1980 by the Highway Safety Research Institute (HSRI) of the
University of Michigan under the sponsorship of the Motor Vehicle Manu-
facturers Association (MVMA) and the Federal Highway Administration
(FWHA) (e.g., refs. 3, 4).

The two simulation programs to be utilized for the simulation
study aspects of the reported research project can each accommodate
single-unit trucks with a single rear axle. The enclosed report docu-

ments a comparison of the response characteristics that the two
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simulation programs predict for identical vehicles and maneuvers, The

comparison runs are to be used as an aid in the interpretation of re-

sults of the Task F simulation studies.
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2.0 PROCEDURE

The first task in the performance of the Comparison of Simulation
Program (CSP) runs was to prepare the input parameter data decks for
the two simulation programs. A detailed discussion of the preparation
of the input data decks is presented in section 5.0.

Some modifications of the PHASE4 and HVOSM programs were required
in preparation for and as a result of the CSP runs. The modifications
are ‘discussed in section 7.

The performance of the CSP runs is discussed in section 6.0.
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3.0 CONCLUSIONS

(1) A general agreement of the response characteristics predicted
by the HVOSM and PHASE4 programs exists for maneuvers of the type to
be investigated in Task F of the Crossover Crown Study.

(2) The effects of the "small angle" assumptions of the PHASE4
program are negligible for the type of maneuvers to be investigated
in the crossover crown simulation study.

(3) For the maneuvers investigated within the reported research
project, the cost for one simulated second with the PHASE4 program was

approximately 55% greater than that of the HVOSM program.



4,0 RECOMMENDATIONS

r, (1) The input data format for the PHASE4 program should be sim-
- plified and/or standardized to reduce the cumbersome task of creating

and modifying an input data deck.

-
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5.0 VEHICLE PARAMETER INPUTS

The vehicle used for the comparison simulation study runs was
a 1974 White Road Boss (4x2) Heavy Truck. Measured properties of the
vehicle were reported in a study of truck tire properties performed
by the Highway Safety Research Institute (ref. 5).

Appendices A and B contain the input card decks and input param-
eter listings for the HVOSM and PHASE4 programs that were used in the
comparison study runs., The creation of the data decks for the two simu-
lation programs consisted primarily of the conversion of units for the
input parameters to the requirements of each of the programs.

The preparation of some of the inputs for the two simulation pro-
grams required additional preparation beyond unit conversion. The inputs
requiring additional preparation were as follows:

5.1 HVOSM Tire Model Inputs

5.2 Roll-Steer Coefficient

5.3 Auxiliary Roll Stiffness

5.1 HVOSM Tire Model Inputs

The side force characteristics of the tires within the HVOSM are
simulated by a mathematical model in which the small-angle cornering
stiffness, CSO’ and the small-angle camber stiffness, CCO' vary with
the vertical load, F3, Measured tire properties are fitted with the

following equations:

Al a2

(1) G50 = Ag * A (FR) - (FR)
Ay 2
(2) €y = Agfh - n (Fa)
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For the Comparison of Simulation Program (CSP) runs performed
within this task of the subject research project, the simulation of
the variation of CCo was not utilized due to (1) the Tack of a provi-
sion for simulation of its effects within the PHASE4 program and (2) the
negligible effects of the variation of camber force for a rigid-axle
truck in the maneuvers to be investigated. Therefore, the task of fit-
ting the measured tire data reduced to the determination of an appro-
priate set of coefficients, A0 through A2'

The truck tire utilized for the White Truck simulation runs was
a Uniroyal Fleetmaster Triple Tread, 10x20F truck tire. The tire prop-
erties were measured and reported in reference 5 (HSRI tire no. H-1).

The procedure employed to determine the HVOSM tire model coeffi-

cients was as follows:

5.1.1 Determination of HVOSM Tire Model Coefficients

TIRE: Uniroyal Fleetmaster Triple-Tread

10x20F, 8" Rim, 100 psi

TIRF Tire No. 7

Run No. 13

Speed 55 mph

Vertical Load: 2715, 5430, 7000 1bs.
FROM: Reference 5, Vol. II, p..110
PROCEDURE :

(1) A carpet plot of the experimental tire data was prepared.
For each vertical load the slope of the cornering stiffness at slip
angles 4 degrees and less was approximated by a straight line fit.

(2) A second-order polynomial fit was run through the three co-
efficients from step (1) to determine the HVOSM Tire Model coefficients
(note: it is necessary to multiply the camber stiffness by 57.,29578

prior to the curve fit).

B
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(3) The three coefficients from step (2) were used to create
a carpet plot of the simulated tire by the TIRPROP3.BAS program.

(4) The HVOSM tire model carpet plot was then compared with the
measured tire data carpet plot to determine the degree of correlation
within the oper-ting range to be investigated. If an inadequate corre-
lation of the carpet plots was found, an adjustment of the coefficients

was performed and step (3) repeated.
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LEAST-SQUARE®S FOLYN

OCMIALS

CORNERING STIFFNESS FOR 5450 LE NORMAL LOAD

NUMERER OF POINTS
MEAN VALUE OF X
MEAN VALUE OF Y

ST ERROR OF Y

4
1.7S
95,75

nunnhn

FOLYFIT OF DEGREE 1 INDEX OF DETERM

COEFFICIENT
o &8, 20001
1 %507 - 7429

HVOEM TIRE MODEL COEFFICIENTS:

AC 0 ) = &8, 20001
Al 1 ) = S07.7429
X-ACTUAL Y-ACTUAL Y-CALC
0. 00000 0. 00000 &8. 20001
1.00000 £24.00000 S5753.94290
Z.00000  1148.00000 1083, 68600
4.00000 2055, 00000 2099.17200

STD ERROR OF ESTIMATE FOR Y

LEAST-SQUARES®S POLYNOMIALS
CORNSRING STIFFNESE FOR 7000 LE NORMAL LOALD

MUMBER OF POINTS = 4
MEAN VALUE OF X = 1.75
MEAN VALLUE OF Y = 1047.25

STDD ERROR OF Y b, 90L2

FOLYFIT OF DEGREE 1 INDEX OF DETERM

COEFFICIENT
¢ S&. 19995
1 £.565.171S
a’,, M .
X-ACTUAL Y-ACTUAL Y-CALC
0. 00000 0. 00000 58. 19995
1.00000  &&2.00000  £23.27140
2.00000 1247.00000 1128.54300

4,00000 2220,00000 LEIR. GBL00

STD ERROR OF ESTIMATE FOR Y

269,402

« FRQ2429

DIFF

—&E., 20001
 48.0571%
&4, 21421
—-44.17132%

= 80.7717&

« FOED0ZE

DIFF

-5, 19995
38. 62840
S8. 45714
—-22, 88574

= 70.02122

TERM

PCT-DIFF

*100 00000

. 0_'44()E‘
T.P2477
-2.10422

TERM

PCT-DIFF

=100.00000

& 19672
4,91839
=1.676&%1

Step (1)

10
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LEAST-SQUARES FOLYNOMIAL S
CORNERING STIFFNESS FOR 2725 LR NORMAL LOAD

)

NUMEBER OF PQINTS 4
MEAN VALLE 0OF X 1.75

MEAN VALLUE OF Y
STD ERROR OF Y

D4.25

4=g, 2599

[

FOLYFIT OF DEGREE 1 INDEX OF DETERM = .9917324%
COEFFICIENT

¢ 435, 20002
1 %290.542?
X—-ACTUAL Y-—-ACTLUAL Y-CALLC DIFF
0. 00000 Q. 00000 45, 20002 =45, 20002
1.00000 Sl QOO00 226, 24290 29.465714
2. 00000 &74, 00000 L2b,BREE0 47.11424
4.00000  1177.00000 1707.97100 -20.97144

ETD ERROR OF ESTIMATE FOR Y = 335.48049

11

TERM

PCT-DIFF

=100. 00000
S.81752
7.51541

-2, DeE92

Step (1) (cont'd)



NUMBER OF POINTS = 3
" MEAN VALUE OF X = SO0S@.3
MEAN VALLE OF Y = z&ozg.
- STD ERROR OF Y = £301.0!
POLYFIT OF DEGREE 2 INDEX OF DETERM =
m 0 ~4283, 808
. . 234403
2 ~5.711848E-04

AST-SBUAREHS
OF CORNERING STIFFNES

[mHVUSM TIRE MODEL COEFFICIENTS:

Al
™ Al
A

(NI
Nt N N
T

t

X=ACTUAL

T3

2725. 00000
5450, 00000
7000, QOO0

3 T3 T3 T3

T3

T3 3 3

3

R R |

[ Y] r'l [
"‘._I “\I [

-4283. 808
a .a—-.'/ 4( ’r"
1&170.(1

Y—-ACTUAL
644, OO0O00
2O, 00000
2283, 00000

Y-CALLC

14444, QO000
22082, 00000
S22, 00000

STD ERROR OF ESTIMATE FOR Y

FOLYNOMIAL
=% FOR & LOADS

1 TERM

DIFF

Q. Q0000
Q. 00000
0. 00000

0

12

COEFFICIENT
PCT-DIFF
0. QOO0
Q. 00000
0. 00000
Step (2)
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o omamane. e o ot 2.

F“’“FILE=> LSQFIT3.BAS OM DISKETTE=> 826 DATE IS 03-31-1983 TIME IS 15:11:50

o= S T ———

e e o

=10 KEY OFF:CLS
20 PRINT® ENTER M, # OF DATA POINTS"
© 30 PRINT® M, LEAST DEGREE OF FIT REGUIRED"
40 PRINT"  REF$, REFERENCE WORD(S) UP TO 20 CHARACTERS"
[7'50 INPUT Moo N
. 60 REM
70 DIM A(15),B(15),5(15),6(15),U15),D(15)
Fm 80 DIN @(100),P(100),X(100),Y(100),C(100)
1 901=0
1000=1
w10 K = 12
120N=N+1
130 IF N>12 THEN GOTC 1560
140 IF MCN THEN GOTO 1590
[™150 IF 1100 THEN GOTO 1530
[ 160717 =1
170 T8 = 1
180 W7 =
| 190 FOR 1=1 TO M
© 200 INPUT “ENTER X,Y DATA PAIR —->*3 X(D),¥(I}
210 Y(1) = ¥(1)#57,29578
220 W7 = W7D
20 17 = T7+1(D)
240 18 = T8#/(1)"2
™7 BT
29 = (MTE-T7A2)/ (°2-H)
270 CLS:FRINT DATES, TINES
280 REM
POLPRINT "LEAST-SQUARES PCLYNOMIALS®
ZIPRINTLEAST-SQUARES POLYNOMIALS®
200 LPRINT Ns

™ 301 PRINT M$
- 310 LPRINT
311 PRINT
w320 LPRINT * NUMEER OF POINTS = *M
321 PRINT ® NUNBER CF POINTS = “#
230 LPRINT * MEAN VALUE OF X = “W7/M
331 PRINT " MEAN VALUE CF X = "W7/M
| 340 LPRINT " MEAN VALUE OF Y = "TI/M
341 PRINT © MEAN VALUE OF Y = “T2/H
350 LPRINT © STD ERROR OF Y = “SQER(TS)
351 PRINT * STD ERROR OF Y = “SGR(T9)
{360 LPRINT
361 PRINT

=371 PRINT “COLES ARE 0=STOF, 1=COEFF, 2=SUMMARY, 3=NEXT DEGREE®
380 FOR I=1 10 M
" 390 P(I) = 7
400 6(1) = 0
410 NEXT 1
[ 420 FORT1=170 11
4 D=1
=44y B(1) = 1
450 S(I) = 2
" 460 NEXT I

-

Program for Steps {1) and (2)
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POFILE=) LSGFIT2.BAS ON DISKETTE=> #26

i ===

DATE IS 03-31-1983 TIME IS 15:12:04

oo o

PAGE =

2

{ 1
= Aoy Fl
fw 490 W1

500 N4

5101 =1
520 Kt = 2

530 IF N=0 THEN GOTC 550

540 K1 = N4
fm SO W=1
| 560 FOR L=1 TOM
570 W= BY(L)RKL)

_ 580 NEXT L
590 S(I) = WK1
L 800 IF I1-N&>= ( THEN GOTO 800

610 IF I-M>= O THEN 5070 800
[ME0EL =1
| 630 FOR L=t TO M

680 E1 = E1+X(L)%0{L)#Q{L)

- 650 NEXT L

640 E1 = E1/MW1

670 A(I+1) = El

680 W =1
™ 490 FOR L=1 TO M

700 V = (X(L)-E1)#((L)-F14P(L)

710 P(L) = QL)
™7™ ML) =V
{ma. R TR

740 NEXT L
o 750 F1 = W/WL
| 760 B(I+2) = F1

770 Wt = W

780 1 = 14
™ 790 GOTO 550
| BO0FORL =1 T0 13

810 G(L) = 1
= 20 NEXT L
{m 830 G(2) =
840 FOR J=1 TON
= 830 81 = 7
i 860 FOR L=2 T0 M1
870 IF L=2 THEN GOTO §%0

880 G(L)=G(L)-A(L-1)#G(L-1)-B(L~1)¥G(L~2)
™ 890 81 = SI46(L-14GiL)

[ 900 NEXT L

910 UtJ) = 81
= 920 L=N+1

930 FOR 12=3 T0 N+
" 940 GIL) = G(L-1)

950 L = L-1
™ 960 MEXT 12
l 970 6(2) = 1

9 AT
P9 [ =1
| 1000 FOR L=1 TO M

1010 CiL) = 7

4
I
M
K

1
t
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r”FILE=\ LSGFIT3.BAS ON DISKETTE=> #26 DATE 1S 03-31-1983 TIME IS 13:12:17
1

1= N
1020 FOR 12=§ TO N
1040 CLL) = C(LIFX(LIHULY)
1050 J = J-1
1060 NEXT 12
1070 12 = Y(L)-CIL)
| 1080 T = T+T3*2
1090 NEXT L
n 1100 IF MON THEN GOTO 1130
1110 T5= 0
1120 GOTO 1140
1130 T5 = /(M0
1180 67 = 1-T/(T9%{M-1))
| 1150 PRINT
1151 LPRINT
™1160 PRINT “POLYFIT OF DEGREE * N-1" INDEX OF DETERM = °G7:
1161 LPRINT “FOLYFIT OF DEGREE “ N-1* IMDEX OF DETERM = "@7:
1170 REM
1180 GOSUB 1610
1190 IF R=0 THEN GOTO 1640
© 1200 IF R=2 THEN GOTO 1310
1210 IF R=3 THEN GOTO 1500
[™1220 PRINT * TERM ", "COEFFICIENT”
| 1221 LPRINT " TERM *, “COEFFICIENT"
1230 FOR J=1 TO N
w12 = J-
1. PRINT IZ:0(0)
1251 LPRINT 12,U(J)
L1260 LYY = V()
1270 MEXT J
1280 DiJ+1) = 0!
1290 DiH2) = 0!
™1300 IF R=1 THEN GOTO 1460
{ 1310 PRINT
1311 LPRINT

m 1320 PRINT ¥ X-ACTUAL  Y-ACTUAL Y-CALC DIFF PCT-DIFF"
1321 LPRINT " X-ACTUAL  Y-ACTUAL Y-CALC DIFF PCT-DIFF"
~ 1330 PRINT ‘

1331 LPRINT
1340 FOR L=1 TO M
L1330 68 = Y(L)-C(L)
1360 REM
1370 PRINT USING "t S X(L)SY(L)SCIL) 5685
| 1371 LPRINT USING "ad8t4, baR s X(L)3Y(L)3C(L) 3083
1320 IF C(L) = O THEN. GOTO 1410
n1390 PRINT USING “B§3548, $hH84" 3 100%08/ C(L)
1391 LPRINT USING "#3Bi8#, Bu#s8": 100808/ C(L)
© 1400 GOTO 1420
1410 PRINT “INFINITE"
771411 LPRINT “INFINITE"

1420 NEXT L
1 °RINT
71455 LPRINT
1430 PRINT ® STD ERROR OF ESTIMATE FOR Y = "SGR(TS)
1441 LPRINT ¥ STD ERROR OF ESTIMATE FOR Y = “SG@R(T3)

!’Ml

i
\
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FMFILE'-') LSGFIT3.BAS ON DISKETTE=> #26 DATE IS 03-31-1983 TIME 1S 15:12:34

PAGE

"1 IF K=N THEN GOTO 1640
14ty PRINT
1461 LPRINY
L 1470 GOSUB 1650
1480 GOSUB 1610
™ 1490 GOTO 1190
| 1500 N = M)
1510 IF MCN THEN GOTO 1580
p1520 GOTO 800
. 1530 PRINT
* 1540 PRINT "PROGRAM SIZE LIMIT 1% 100 DATA PUINTS®
1550 GOTO 14640
"540 PRINT “ELEVENTH DEGREE 1S THE LIMIT®
| 1570 GOTO 1640
1580 PRINT
1590 PRINT °TOO FEW POINTS FOR FITTING DEGREE® N-1
1400 GOTO 14640
1610 INFUT ®  WHAT NEXT":R
1620 RETURN
rm 1630 DATA 1E75,1E75
| 1640 GOTO 1750
1650 INPUT “ENTER 1 FOR TIRE DATA,0 TO SKIP*3CHOICE:IF CHOICE=O THEN RETURN
™1655 IF DONE = 1 THEM RETURN
| 1660 PRINT HVOSM TIRE MODEL COEFFICIENTS:®
1661 LPRINT °HVOSM TIRE MODEL COEFFICIENTS:"
! PRINT
| 1o . LPRINT
" 1480 FOR J=1 TO N
1690 12 = J-1
1700 IF J = 3 THEN U() = -2 /U(3)
| 1710 PRINT * AL*12%) = % U(d)
1711 LPRINT ® A("I2%) = ",y
™1720 D(J) = U(d)
1730 NEXT J
1740 DONE = 1:RETURN
({750 KEY ON:END
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TESTZ UNIROYAL 10X20F TIRES CARFET PLOT DATA

0Z-2E-1983

FRCF

2725.0
2725.0
2725.0
2722.0
2725.0
2723.0
2725.0
2725.0
2725.0
2725.0
2725.0
2725.0
2725.0
5450.0
5450.0
5450.0
S450.0
5430.0
S450.0
S450.0
5450.0
S450,0
S450.0
5450,0
5430.0
S5450.0
7000,0
7000.0
7000.0
7000,0
7000.0
7000.0
7000.0

7000.0

7000.90
7000.0
7000.0
7000,0
7000,0

ALP
0.0
1.0
2.0
.0
4.0
5.0
L. 0
7.0
2.0
¥.0

10,0
11.0
12.0

\Jl’..-‘f.ﬂ;hlZOMHO
loNoNoNoNoRoleRo

(’“".ﬂ;bL-JN
D200 D0

NH?:OEO ~
0000 O

[N

OMEGT

1632122
TIRE COEFFICIENTS:

AO
Al

2
P

Az
A4
A%
A&
a7

o nunuw

MU

FHICI F

0.0 0.0
0.0 -402.4
0.0 =722.7
0.0 =398.0
0.0-1205.4
0.0-1242.0
0.0-1475.1
0.0-1351. &
0.0-15%92,7
0.0-1623. 6
0.0-16Z2.32
0.0-1£&35.0
0.,0-14635.0
0.0 0.0
0.0 =4&14.7
0.0-1147.1
0.0-1&03.2
Q. 0-1988.7
0.0-2209.7
0.0-2572.0
0.0-2781. &
0.0-2%44 .2
0.0~-306&L.0 2
0.0=-215%.1
0.0-2211.0
0.0-32245., &
0.0 0.0
0.0 =&735.1
0.0-1275. &
0.0-1800. 2
0. 0=2259. &
0.0-2¢56. 3
0.0-29%4,¢&

0.0-3279.&
0.0-32515.9
0.0-2707.7
0. 03859, ¢
0.0=-397&.9
0.0-40&3. 4

4290
W2t
1611
0
1
o

D

I6

BETF
0.0
0.0
0.0
0.0
0.0
0.0
Q.0
0.0
0.0
Q.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0

BETER
0.0
-0.3
=0.5
-0.=
-1.1
-1.3
-1.6
-1.9
-2 2
~-2.4
2.7
2.0

-
-l an

0.0
-0.2
-0.4
=0. &
-0.8&
-1.0
-1.2
-1.4
-1.6&
-1.8
=-2.0
-2.2

_— A

-Z.4

0.0
-0.2
-0.Z
=0.5
-0.7
—Oo ?’

-1.0

-1.2
-1.4
-1.5
-1.7
-1.9

o~

=2.0

FSil
0.0
0.0
Q.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
Q.0
0.0
0.0
0.0
0.0
0.0
0.0
Q.0
Q.0
Q0,0
0.0
0.0
0.0

0.0

0.0

0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0

BETF! BETBR

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
Q.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0,0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
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fleetmaster triple

O2-02-1922

TIRE COEFFICIENTS:

FRCF

2725.0
2725.0
2725.9
2725.0
2725.0
272%5.0
2725.0Q
2725.0
2725.0
2725.0
2725.0
2725.9
2725.0
5450.0
S450.0
5450.0
5450.0
S450.0
S54350.0
T5450.0
B9450.0
S430.0
S450.0
S5450.0
5450.0
5450.0
7000.0
7000.0
7000.0
7000.0
7000.0
7000.90

7000.0
7000.0
7000.0
7000.0
7000.0
7000.0
7000.0Q

ALF
0.0
1.0

2
]

2.0
4.0
5.0
£, 0
7.0
e.0
.0
10.0
11.0
12.0
0.0
1.0
2.0
.0
4.0
S. 0
&L O
7.0
2.0
9.0
10.0
11.0
12.0
Q.0
1.0
2.0
2.0
4.0
5.0

6.0
7.0
3.0
LAY
10,0
11.0
12.0

OMEGT

tread

028152073

AO
Al
AZ
Az
A4
AS
AL
A7

LI L | A [ 1

ML

FHICI  F&

0.0 0.0
Q.0 —-400.0
0.0 —-7320.0
0,0 —294L.7%
0.0-1K207.2
0.0-1267.5
0.0~-14253.3
Q.0-1544.4
0.0-1412.0
0.0-1446. 4
0.0-1£5%.1
0.0-14&62.2
0.0-1&4L2. 5
0.0 0.0
0.0 ~-597.7
0.0-111%.1
0.0-154%. 4
0,0-1952. 2
0.0=-2277.5
0. 0-2545. 8
Q.0=2762.2
Q. 02926,
0. 0=-3206%,
0. 0-2162.
0.0-322%7.
0.0-32282.5
0.0 0.0
0.0 ~-4£44.7
0.0-1221.0
0.0=-17322.7
0.0=-2182.7
0.0-2577.%

-0 00

o~

0.0-2912.9
0.0-3210.2
0.0-2457.=
Q.0-32662.2
0.0-3282v.4
0.0-2962.7
0. 0=-40L4.0

4400
P.2&
15000
O

1

YOS

O
1
a1
BETF
0.0
Q.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
Q.0
0.0
0.0
0.0
0.0
Q.0
0.0
0.0
0.0
Q.0
0.0
0.0
0.0
0.0
Q.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

BRETER
0.0
0. =
=05
-0.&
-1.1
~1.3
-1.4
-1.8

_2I 1

-2.4
-2. b
-,
-3.2
0.0
-0.2
-0.4
~-0.&

-1.0
-1.1
-1.2
—104
_11‘-‘.’
-1.¢&
-1.%

Feol
0.0
0.0
0.0
0.0
Q.0
Q.0
Q.0
Q.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

BETF1 BETER

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0, 0
Q.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

0,0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
Q.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0,0
Q.0
0.0
0.0
0.0
Q.0
Q.0
0.0
Q.0
),
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
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[MFILE=> TIRPROP3.BAS ON DISKETTE=> #26

l

DATE IS 03-31-1983 TIME IS 15:10:55

o .

PAGE = 1

=10 INPUT “ENTER TITLE FOR TIRE DATASET *sTITLES

i 20 INPUT "EMTER AO,AR1,AZ,A%:A4,RS: A6, AT, OMEGT * $A0,A1,A2:A2,A4, A5, 86, AT, OMEGT
' 30 INPUT™ENTER FRMIN,FRINC.NF.ALFMIN, ALPINC, NA"sFRMIN, FRINC,NF, ALFHMIN, ALPINC, NA

40 INPUT"ENTER PHIMIN,PHIINC, NP3 PHIMIN, PH1INC. NP
(™50 INPUT “ENTER MU, IREF™ 3 AMU, IREF
. 5% IF IREP = 1 GOTO 90

60 A12 = AL/A2:AZI=A2%AT/AL AZI4=A2HAZ/ A4
ﬁa70 OMT2MI=OMEGT#AL #A2% (OMEGT-1)
i B0 OMT2A2=(CMEGT=A2A3% (A4-(MEGT#AZ) )/ (R4% (GMTZM1-R0))
~ 90 CLS:PRINT TITLE$:PRINT:PRINT DATES, TIMES

100 CLS:LPRINT TITLE$:LPRINT:LPRINT DATE$,TIMES

rmuo PRINT  "TIRE COEFFICIENTS: AD = “,A0,"
| 120 LPRINT "TIRE COEFFICIENTS: AD = *,A0,"

130 PRINT  ® Al = ",AL"
™140 LPRINT  * Al = ",AL,"
| 150 PRINT A2 = ",p2

160 PRINT  ® A3 = ",A3
=170 PRINT  © A = ,p8

180 LPRINT  ® A2 = ",A2

190 LPRINT  ® A3 = ",A%

200 LPRINT  ® A4 = v, p4
201 PRINT  © A5 = A5
| 202 PRINT  ® A6 = ", Ab

203 FRINT  ® A7 = ".A7
f PRINT AS = .45
.. LPRINT " Ab = ",A6
206 LPRINT  ® A7 = “,A7
=210 PRINT OMEGT = ",(MEGT
| 220 LPRINT OMEGT = *,0MEGT
© 230 FRINT ¢ MU = o, AMU

240 LPRINT  * MU = UL AMU
[™250 PRINT
| 260 LPRINT

270 PRINT ® FRCP AP BHICI FS  BETFP
pm260 LPRINT “ FRCP  ALP PHICI FS  BETP  BETER FS

| 790 RAD = 57,2957¢

" 300FIRI=1TON

30 Jd=1-1

71320 FRCP = FRMIN + JFRING

| 325 AMU = AS + ALSFRCF + ATHFRCP™Z
330 FOR 11 = 1 70 NA

340 o) = 11 - 1

| 350 ALP = (ALPMIN + JUSALPINC)/RAD
380 FOR 111=1 TO MF

70 i = 111-4

| 380 PHICI = (PHIMIN + JJJSPHIING) /RAD

© 390 REM CALCULATE CONSTANTS
400 TERM=ALP: FSMY=ANMUEFRCF: PASS=]

410 IF FRCP > (MEGT#A2 THEN 470

BETBR  FS! BETP1 BETBR

BETP! BETER

SoL#”
soLg

L 8% BETP = (PHICI-.6366#PHICI#ARS (PHICT ) J¥AZ344FRCP#(A4-FRCP) / (AL sFRCP# (FRCP-AZ) -A0%A2)

BETER = ((TERM+BETP-PSITEM)# (AL 2#FKLP# (FRCP-AZ)-A0) ) /FEMX
™yay GOSUR 750:IF PASS=2 THEN GITO 670
| 430 BETP1=0:BETBR1=0:FS1=0: SOLN=1"
460 PASS=2:GOTO 420

Program for Step (3)
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™ FILE=> TIRPROP3.BAS ON DISKETTE=> #26 DATE IS 03-21-1963 TIME IS 15:11:19

PAGE =

2

& ZTP = (PHICI-,6366%PHICI#ABS(PHICI) ) %0MT2A2
om A6 BETBR = (TERM + BETF = PSITEM)#(OMT2M1-A0) /FSMX
' 490 GOSUB 750 :IF PASS = 2 THEN GOTO 510
500 PASS= 2:GOTO 470
510 REM NEW BETER CALC PROCEDURE
™ 520 REM - 1ST SAVE OLD NUMBERS
530 BETP1 = BETP
540 BETBRI = BETER
7 550 FS1 = FS
© 560 SOLN = 2!
570 PASS = |
580 TEMP1 = TERM + BETP - PSITEM
™ 590 BETER = TEMP1#(QMTZM1-00) /FSHY
| 500 IF(RBS(TEMP1)<.5236) R (ABS(BETBR)>1') THEN GOTO 670
610 PRIMT “ALTERNATE BETBR Tit BE USED* :30LN=3
[™ 20 TEMP2 = ,5226%ARS(BETBR/TEMF])
I 630 TENP3 = (ABS(TEMPI)-,5234)/,523
640 BETBR = (TEMP2 +(3-TEMPZ)#TEMP2)#SGN(BETER)
pm 650 GOSUB 750:IF PASS=2 THEN GOTC 670
| 660 PASS=2:60TO 580
©£70 ALPOUT = ALF # RAD:PHICUT=PHICI®RAD
680 REM
r" 690 PRINT USING “##fi##. #"sFRCP3 ALPOUT; PHIOUT S FS3BETPS BETBRSFS1; BETP1 3 BETBR s SOLN, AMU
| 700 LPRINT USING “##4##, #"3FRCP; ALPOUTS PHIOUT$FS: BETR; BETER FS13 BETP1 3 BETER1 3 SULN, AMU
710 NEXT 111
™M NEXT 11
L. NEXT T
740 GOTO 10
pm 750 REM SIDE FORCE CALC PROCEDURE
| 760 IF ABS(BETBR) < 3 THEN GOTO 790
© 770 FS = FSMX#SGN(BETER)
780 GOTQ 200
™ 790 FS = FSMY#{BETBR-BETER®ARS(BETBR)/3 + BETER"3/27!)
i 800 RETURN

3
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5.2 Rol1-Steer Coefficient

A detailed examination of the procedures utilized to apply roll-
steer coefficients within each of the simulation programs utilized for
the comparison runs was required as the result of initial discrepancies
between the results obtained with the two simulation programs. The
discrepancies were attributed to differences discovered in the applica-
tions of the roll-steer coefficients. The following versions of the
simulation programs were investigated: (1) HVOSM (ref. 2), (2) PHASE4
(refs. 3, 4) and (3) IHVHP (ref. 6).

5.2.1 HVOSM

HVOSM allows the use of a roll-steer coefficient for the rear
axle only. The equation which applies the roli-steer coefficient is
located within Subroutine VPOS as follows:

PSI3
PSI4

AKRS*PHIR
PSI3

where:
PSI3 = RR steer angle
PSI4 = LR steer angle
AKRS = Rol11 steer coefficient
PHIR = Angular displacement of the rear axle relative to the
vehicle about a 1ine parallel to the vehicle-fixed X-axis
through the rear roll center.

For the HVOSM, a positive roll-steer coefficient produces an understeer

response characteristic..

5.2.2 PHASE4
The PHASE4 program allows the input of a roll-steer coefficient

for each axle, The equation which applies the roll-steer coefficient
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is within Subroutine FCTI as follows:

DELT(IVEH, JSUS ,KAX,LSIDE)

DELT(IVEH, JSUS ,KAX,LSIDE) +
RST(IVEH, JSUS,KAX)*
(PHIBAR (IVEH,I) - THETAX(IVEH,JSUS,KAX))

where:

DELT(IVEH,JSUS,KAX,LSIDE)
RST(IVEH,JSUS,KAX)
PHIBAR(IVEH,I)
THETAX ( IVEH, JSUS ,KAX)

Steer angle of each wheel

Ro11 steer coefficient

Sprung mass Euler angle PHI

Ro11 angle of axle

and,
IVEH = Unit number
JSUS = Suspension (1 = Front, 2 = Rear)
KAX = Axle number on the suspension
LSIDE = Side of the Axle (1 = Left, 2 = Right)

For PHASE4, the instruction manual (ref. 2) states that a "posi-
tive entry implies an incremental steer to the right. . . . Here a posi-
tive RST has an understeer effect" (ref. 3, p. 36). This is true for
the front steering axle only, and the opposite is true for all other
axles (e.g., a positive RST on any other axle besides the front steer

axle has an oversteer effect).

5.2.3 IHVHP
The Improved Hybrid Vehicle Handling Program (IHVHP) was not used
for any application runs in the present research effort. However, xthe
parameter 1ist for the White Truck was obtained in the IHVHP format
e et neecle
(ref, 5) se—~that the roll-steer coefficient ceutd, be investigated to
insure a proper application of the roll-steer coefficient within the

other two simulation programs.
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The IHVHP permits the input of a roll-steer coefficient for the

front and/or rear axles. The equations to apply the roll-steer coeffi-
cient (ref. 6, p. A-22) indicate that a positive entry at either axle
results in understeer response characteristics.

Since the HVOSM does not allow the input of a roll-steer coeffi-
cient for the front axle, it was not used for either of the programs
for the comparison runs. The inputs for the two programs for the rear

axles roll-steer coefficient was as follows:

0.14 rod/rod
-0.14 deg/deg

HVOSM:  AKRS

PHASE4: RST

5.3 Auxiliary Roll Stiffness

The computer simulation programs used in the present research
effort include inputs for auxiliary roll stiffness at the front and
rear suspensions. The parameter listing for the White Truck (ref. 5)
indicates that the rates are zero for both axles. Leaf-spring suspen-
sions such as those at the front and rear of the White Truck have in-
herent torsional resistances in roll. Thus, the auxiliary roll stiffness
inputs should be used to approximate the effects. Approximation tech-
niques such as in reference 2 (Vol. I, pp. 323-324) can be used where
direct measurements cannot be made,

For the present research project, the auxiliary roll stiffness

inputs for the White Truck were left at zero as they were reported in

reference 5.
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6.0 COMPARISON OF SIMULATION PROGRAM RUNS

The following is a discussion of the results of the Comparison
of Simulation Program (CSP) runs performed for the subject research

project.

24
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6.1 CSP2 - Flat Surface Cornering Maneuver

RUN SPECIFICATIONS: Path: 410 meter radius curve

Terrain: Flat surface
Speed: 120 kph

A flat surface cornering maneuver was performed utilizing the
path-following algorithms of the two programs to determine both the
correlation of results and adequacy of the path-followers.

The PHASE4 program was found to have oscillatory steer responses
which were attributed to:

(1) Error in the Roll-Steer Coefficient definition in the inputs result-

ing in an oversteer vehicle (see section 5.2).

(2) Differences in the PHASE4 vs. HVOSM path-follower routines.

As a result, the front wheel steer angle time history from the
CSP2-HVOSM run was force fed to the PHASE 4 program,

The two simulation programs were found to have an adequate corre-
lation of results. Some minor discrepancies of the lateral acceleration
time history were found to exist. The discrepancy was found to be due
to the differences in the friction null band for the coulomb friction
of the suspensions. In the PHASE4 program, the null band was found
to be automatically calculated and was approximately 8 in/sec. This
value was then used in the HVOSM to eliminate the "chatter" which caused

the minor discrepancies.
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36
6.2 CPS3 - Superelevated Curve Entry Run

RUN SPECIFICATIONS: Path: 410 Meter Radius Curve

Terrain: 410 Meter Radius Curve
8% SE
74 M Runoff
A curve entry run similar to the runs performed for Task E of
the contract (ref. 7) was performed with both simulation programs.
Identical terrain definitions were permitted as the result of the in-
stallation of the HVOSM terrain table option routines into the PHASE4
program as part of Task B of the subject subcontract (see section 7.2).
The PHASE4 path follower was again tested to determine if its
resultant steer responses would correlate with the HVOSM. As a result
of this test run, there appeared to be a lack of correlation of the
two path-followers; therefore, the HVOSM DRIVER MODEL-PATH FOLLOWER

was installed in the PHASE4 program (see section 7.2).
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6.4 CCS9 - Crossover Crown Passing Maneuver

RUN SPECIFICATIONS:

Design Speed: 120 kph
Initial Speed: 104 kph
Road: Crown: 2% (per side)

Lanes: 12 ft

Path: Segment Lengths L1 =29.1m
L2 = 16.2 m, radius = 345 m
L3 =58.0m
L4 = 16.2 m, radius = 345 m

Driver Model: Probe Length = 1153 m¢m

0.00043 rad/cm

PGAIN
QGAIN

0.00017 rad-sec/cm

A crossover crown simulation run was performed with the PHASE4
and HVOSM programs. The run required the use of both the Driver Model
Path Follower and Terrain Table Options in both programs. A comparison
of the results reveals an adequate correlation of the results between

the two simulation programs.
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MADE IN U.B. A,

Tl

" DESIGN SPEED ¢ 120.0 KPH
INITIAL SPEED : 104.0 KPH
W : o078
ROAD:

CENTERLINE CROHN SIMULATION STUDY (CCS) RUNS:
COMPARISON OF SIMALATION PROGRAMS (CSP)

RUNS:  CCS9D-HVOSM & CCS9D-PHASE4A
DATES: 4/27/83 4  5/18/83
PROGRAMS: HVOSH-81 &  PHASE4A

CROWN : 2.0 1 (PER SIDE)
LANES : 12.0 FT
VEHICLE PATH AND POSITION:

SEGMENT LENGTHS:
L1 = 29.1 METERS
L2 = 16.2 METERS,RADIUS=345 METERS
L3 = 58.0 METERS
L4 = 16.2 METERS,RADIUS=34S METERS

DRIVER MODEL INPUTS:
PROBE : 721 o™
PGAIN ¢ 0.00069 RAD/CH
OGAIN ¢ 0.00028 RAD-SEC/CM

CONSTANT ACCELERATION = 0.50 M/SEC#s2
VEHICLE TYPE: 1974 WHITE TRUCK ROAD BOSS(4X2)

COMPARISON OF SIMULATION PROGRAMS (CSP)
SUPPLEMENTAL RUN RESULTS COMPARISONS

MCHENRY CONSULTANTS, INC.

UNDER SUBCONTRACT W/JACK E. LEISCH & ASSOC
CONTRACT DOT-FH-11-9573

KORK ORDER NO. 2

TASK F - SIMALATION STUDIES

MCI FILE NO, 82-1207

JEL JOB NO. 140-1 M3
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CENTERLINE CROMN SIMULATION STUDY (CCS) RUNS:

COMPARISON OF SIMULATION PROGRAMS (CSP)

RUNS:  CCS9D-HVOSM & CCSYD-PHASE4A
DATES: 4/271/83 &  S/18/83
PROGRAMS: HVOSM-81 &  PHASE4A

DESIGN SPEED ¢ 120.0 KPH
INITIAL SPEED : 104.0 KPH
W o 0.78

ROAD:

CROWN : 2.0 X (PER SIDE)
LAMES ¢ 12,0 FT

VEHICLE PATH AMD POSITION:

SEGMENT LENGTHS:
Ll = 29.1 METERS
L2 = 16.2 METERS,RADIUS=345 METERS
L3 = 58.0 METERS
L4 = 16,2 METERS,RADIUS=345 METERS

DRIVER MODEL INPUTS:
PROBE ¢ 721 o
PGAIN ¢ 0.00069 RAD/CM
QGAIN ¢ 0.00028 RAD-SEC/CM

CONSTANT ACCELERATION = 0,50 M/SEC##2
VEHICLE TYPE: 1974 WHITE TRUCK ROAD BOSS(4X2)

COMPARISON OF SIMULATION PROGRAMS (CSP)
SUPPLEMENTAL RUN RESWLTS COMPARISONS L

s o — e L
MCHENRY CONSULTANTS, INC.

UNDER SUBCONTRACT W/JACK E. LEISCH & RSSOC
CONTRACT DOT-FH-11-9573

HORK ORDER NO. 2

TASK F - SIMALATION STUDIES

MCI FILE NO. 82-1207

JEL JOB NO. 140-1 13 g 4
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CENTERLINE CROMN SIMULATION STUDY (CCS) RUNS:
COMPARISON OF SIMULATION PROGRAMS (CSP)

RUNS:  CCS9D-HVOSM & CCSID-PHASE4A

DATES: 4/27/83 &  5/18/83
PROGRAMS: HVOSM-81 &  PHASE4A
DESIGN SPEED : 120.0 KPH
INITIAL SPEED : 104.0 KPH

W : 0.78

ROAD:

CROWN : 2.0 X (PER SIDE)-
LANES ¢ 12,0 FT
VEHICLE PATH AND POSITION:

SEGMENT LENGTHS:
L1 = 29,1 METERS
L2 = 16.2 METERS,RADIUS=343 METERS
L3 = 58.0 METERS
L4 = 16.2 METERS, RADIUS=G4S5 METERS

DRIVER MODEL INPUTS:
PROBE : 721 o
PGAIN ¢ 0.00069 RAD/CH
QGAIN :  0.00028 RAD-SEC/CM

CONSTANT ACCELERATIOR = 0,50 M/SEC##2 1
VEHICLE TYPE: 1974 WHITE TRUCK ROAD BOSS(4X2)

COMPARISON OF SIMULATION PROGRAMS (CSP)
SUPPLEMENTAL RUN RESULTS COMPARISONS

b$I?

MCHENRY CONSULTANTS. INC,
UNDER SUBCONTRACT W/JACK E. LEISCH & ASSOC
CONTRACT DOT-FH-11-9575
WORK ORDER NO. 2

TASK F - SIMALATION STUDIES
MCI FILE NO. 82-1207

JEL JOB N0, 140-1 13
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CENTERLINE CROMN SIMULATION STUDY (CCS) RUNS:
COMPARISON OF SIMULATION PROGRAMS (CSP)

RUNS:  CCS9D-HVOSM & CCSYD-PHASE4A

DATES: 4/27/83 U 5/18/83
PROGRAMS: HVOSM-81 U  PHASEMA

DESIGN SPEED @
INITIAL SPEED ¢
M ot 0.78

120.0 KPH
104.0 KPH

CROWN : 2.0 X (PER SIDE)
LANES ¢ 12,0 FT
VEHICLE PATH AND POSITION:

SEGMENT LENGTHS:
L1 = 29.1 METERS
L2 = 16.2 METERS,RADIUS=345 METERS
L3 = 58.0 MRTERS
L4 = 16.2 METERS,RADIUS=34S METERS

DRIVER MODEL INPUTS:
PROBE : 721 o
PGAIN :  0.00069 RAD/CH
GGAIN ¢ 0.00028 RAD-SEC/CM

CONSTANT ACCELERATION = 0,50 M/SEC#2
VEHICLE TYPE: 1974 WHITE TRUCK ROAD BOSS(4X2)

COMPARISON OF SIMULATION PROGRAMS (CSP)
SUPPLEMENTAL RUN RESULTS COMPARISONS 4

P e o —— ]
MCHENRY CONSULTANTS, INC.

UNDER SUBCONTRACT W/JACK E. LEISCH & ASSOC
CONTRACT DOT-FH-11-9575

WORK ORDER NO. 2

WD -aps

TASK F -~ SIMLATION STUDIES
MCI FILE NO. 82-1207
JEL JOB NO. 140-1 M3

ST
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CENTERLINE CROWN SIMULATION STUDY (CCS) RUNS:
COMPARISON OF SIMULATION PROGRAMS (CSP)

e

[RES

MAND]

e

[ D

RUNSt  CCS9D-HVOSM & CCSFD-PHASE4A
DATES: 4/27/83 U  5/18/83
PROGRAMS: HVOSM-81 &  PHASE4A

DESIGN SPEED : 120.0 KPH
INITIAL SPEED : 104.0 KPH
M o 0.78

CROWN : 2.0 % (PER SIDE)
LANES ¢ 12.0 FT
VEHICLE PATH AND POSITION:

SEGMENT LENGTHS:
L1 = 29.1 METERS
L2 = 16.2 METERS, RADIUS=345 METERS
L3 = 38,0 METERS
L4 = 16.2 METERS,RADIUS=345 METERS

DRIVER MODEL INPUTS:
PROBE : 721 o
PGAIN :  0.00059 RAD/CM
@GAIN ¢ 0,00028 RAD-SEC/CM

CONSTANT ACCELERATION = 0.50 M/SEC#s2
VEHICLE TYPE: 1974 HHITE TRUCK RORD BOSS(4X2)

COMPARISON OF SIMULATION PROGRANS (CSP)
SUPPLEMENTAL RUN RESILTS COMPARISONS

MCHENRY CONSULTANTS, INC.

UNDER SUBCONTRACT W/JACK E. LEISCH & ASSOC
CONTRACT DOT-FH-11-9575

WORK ORDER NO. 2

TASK F - SIMULATION STUDIES

NCI FILE NO. 82-1207

JEL JOB NO. 140-1 M3

P

S RAYWO> ~0 b
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CENTERLINE CROHN SIMULATION STUDY (CCS) RUNS:

COMPARISON OF SIMULATION PROGRAMS (CSP)
f————s e e —

RUMS:  CCS9D-HVOSM & CCSYD-PHASE4A

DATES: 4217183 & 5/18/83
PROGRAMS: HVOSM-81 &  PHASEdA

T
) N e o] .
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e I ey A
Toegatge i e se .
L . Cele o S4 P, .
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DESIGN SPEED : 120.0 KPH
INITIAL SPEED : 104.0 KPH
m o 078
ROAD:
-, T CROWN : 2.0 % (PER SIDE)
_:(i(;.; VEHICLE PATH AND POSITION:
BUE
<y~J§:_ SEGMENT LENGTHS!
= L1 = 29.1 METERS
] L2 = 16.2 METERS,RADIUS=345 METERS
- L3 = 58.0 METERS

L4 = 16.2 METERS,RADIUS=345 METERS

DRIVER MODEL INPUTS:

PROBE ¢ 721 o
PGAIN ¢ 0.00069 RAD/CM

GGAIN ¢ 0,00028 RAD-SEC/CM

CONSTANT ACCELERATION = 0.50 M/SEC##2
VEHICLE TYPE: 1974 WHITE TRUCK ROAD BOSS(4X2)

COMPARISON OF SIMULATION PROGRAMS (CSP)

SUPPLEMENTAL RUN RESULTS COMPARISONS

e

MCHENRY CONSULTANTS, INC.

UNDER SUBCONTRACT W/JACK E. LEISCH & ASSOC

CONTRACT DOT-FH-11-9575
HORX ORDER NO. 2

TASK F - SIMALATION STUDIES
KCI FILE NO. 82-1207

JEL JOB NO. 140-1 M3
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CENTERLINE CROMN SIMULATION STUDY (CCS) RUNS:
COMPARISON OF SIMULATION PROGRAMS (CSP)

S S S S oSS

RUNS:  CCSYD-HVOSM & CCS9D-PHASE4A

DATES: 421183 & 5/18/83

PROGRAMS: HVOSM-81 &  PHASE4A

DESIGN SPEED ¢ 120.0 KPH
INITIAL SPEED ¢ 104.0 KPH
W o 0.78

ROAD:

CROWN : 2.0 X (PER SIDE)
LANES ¢ 12,0 FT
VEHICLE PATH AND POSITION:

SEGMENT LENGTHS:
Lt = 29,1 METERS
R L2 = 16.2 METERS,RADIUS=345 METERS
ut- L3 = 58,0 METERS
”t’.)‘;:: L4 = 16,2 METERS,RADIUS=345 METERS
2= DRIVER MODEL INPUTS:
<L PROSE: 721 OM
oo PGAIN ¢ 0.00069 RAD/CM

GGAIN ¢ 0.00028 RAD-SEC/CNM

CONSTANT ACCELERATION = 0.50 M/SEC¥##2
VEHICLE TYPE: 1974 WHITE TRUCK RORD BOSS(4X2)

COMPARISON OF SIMULATION PROGRAMS (CSP)
SUPPLEMENTAL RUN RESWLTS COMPARISONS

MCHENRY CONSULTANTS, INC.
UNDER SUBCONTRACT H/JACK E. LEISCH & ASSOC
CONTRACT DOT-FH-11-9575

T
é
HORK ORDER NO. 2
TASK F - SIMLATION STUDIES %

NCI FILE NO. 82-1207
JEL JOB NO. 140-1 M3
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CENTERLINE CROWN SIMULATION STUDY (CCS) RUNS:
COMPARISON OF SIMULATION PROGRAMS (CSP)

RUNS:  CCS9D-HVOSM & CCS9D-PHASESA

DATES: 4/271/183 &  5/18/83
PROGRAMS: HVOSM-81 &  PHASE4A

DESIGN SPEED ¢ 120.0 KPH
INITIAL SPEED : 104.0 KPH

w078

CROWN : 2.0 X (PER SIDE)
LANES ¢ 12,0 FT

VEHICLE PATH AND POSITION: -

SEGMENT LENGTHS:

L1 = 29.1 METERS

L2 = 16.2 METERS,RADIUS=345 METERS
L3 = 58.0 METERS

L4 = 16.2 METERS,RADIUS=345 METERS

DRIVER MODEL INPUTS:

PROBE : 721 o

PGAIN ¢ 0.00069 RAD/CM
QGAIN :  0.00028 RAD-SEC/CM

CONSTANT ACCELERATION = 0.50 M/SEC##2
VEHICLE TYPE: 1974 WHITE TRUCK ROAD BOSS(4X2)

COMPARISON OF SIMULATION PROGRAMS (CSP)
SUPPLEMENTAL RUN RESULTS COMPARISONS

SN

MCHENRY CONSULTANTS, INC.

UNDER SUBCONTRACT W/JACK E. LEISCH & RSSOC
CONTRACT DOT-FH-11-9575

WORK ORDER NO. 2

TASK F - SIMILATION STUDIES
MCI FILE NO. 82-1207

JEL JOB NO. 140-1 K3
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AXLE SLIP AN6LE \s. TIME ‘ | Lo ;
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RUNS:  CCS9D-HVOSM & CCS9D-PHASE4A
DATES? 4/271/83 &  5/18/83
PROGRAMS: HVOSM-81 &  PHASE4A

DESIGN SPEED ¢ 120.0 KPH
INITIAL SPEED : 104.0 KPH
M o 0.78

CROWN : 2.0 2 (PER SIDE)
LANES ¢ 12,0 FT
VEHICLE PATH AND POSITION:

SEGMENT LENGTHS:
L1 = 29.1 METERS
L2 = 16,2 METERS,RADIUS=345 METERS
L3 = 58,0 METERS
L4 = 16.2 METERS, RADIUS=345 METERS

DRIVER MODEL INPUTS:
PROBE : 721 o
PGAIN :  0.00069 RAD/CM
@GAIN :  0.00028 RAD-SEC/CM

CONSTANT ACCELERATION = 0,50 M/SEC#2
VEHICLE TYPE: 1974 HMITE TRUCK ROAD BOSS(4X2)|

COMPARISON OF SIMULATION PROGRAMS (CSP)
SUPPLEMENTAL RUN RESULTS COMPARISONS

IR CITRRTTE Y [RRPEIPEOE SINEE POl SErgntoa NSRS SEUtY EFes TR Sty BRNR] cauhd phety gl s i, 1 UNDER SUBCONTRACT W/JUACK E. LEISCH & ASSOC
B St S A o bttty SIS SOl P b BASNRet IRtul virids Pho ot P PR A et 2L CONTRACT DOT-FH-11-9575

HORK ORDER NO. 2

TASK F - SIMALATION STUDIES

NC1 FILE NO. 82-1207

JEL JOB NO. 140-1 M3
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L g Gl T T T ] T coNTERUIN ChoWN SIMALATION STUBY (ocs) Rkt
———‘M—'— m A'XLE sup méLE VS ﬂm e R . COMPARISON OF SIMULATION PROGRAMS (CSP)
S TR OETE S Y eSS TSR PN P 3 IR Tt EE SR IRV ::.:';.,,.:" RUNS:  CCS9D-HVOSM & CCSID-PHASESA
- SR EIEE T T 3 R SR FE TN R R DATES: 4/27/83 &  5/18/83
el o ol EEE Sh N e i SRS . - "

P
———
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7.0 PROGRAM MODIFICATIONS

Several modifications and/or enhancements of the PHASE4 and HVOSM
simulation programs were found to be required during the performance
of the subject research project. Appendix C contains the source code
for the new and revised subroutines. A discussion of the modifications

is presented in the following paragraphs.

7.1 HVOSM Modifications

Dual Tires: To permit the comparison simulation runs to be per-
formed, the HVOSM program had to be modified to enable the simulation
of dual rear tires such as are found in many single-unit trucks. The
modification required to simulate dual rear tires consisted of a modifi-
cation to subroutine TIRFRC to double the tire forces at the rear when
the option is chosen, While a more elaborate definition of dual rear
tires could be pursued, the selected approach was most efficient and

equivalent to that used in the PHASE4 program.

7.2 New Routines Added to PHASE4 Program

Several new routines were added to the PHASE4 simulation program
to permit the use of identical terrain definitions and/or driver model
path-following in the PHASE4 and HVOSM simulation programs., The rou-
tines added to the PHASE4 program are essentially routines from either
the HVOSM-76 (ref. 2) or the HVOSM-81 (routines previously added or
modified within this contract).

The routines added to the PHASE4 program are as follows:
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7.2.1 New Routines for PHASE4

INPUT2

BLK@4

BLK@5

TEREAD

PATH

PURPOSE :

(1) OBTAINS CARD INPUTS FROM FORTRAN UNIT 7 FOR TERRAIN TABLE
AND/OR DRIVER MODEL OPTION(S).

(2) PRINTS CARD INPUTS.

SUBROUTINE CALLED FROM: INPUT

SUBROUTINES CALLED: BLK@4, BLK@5, PATH, IDOUT

ORIGIN: MODIFIED VERSION OF SUBROUTINE INPUT FROM HVOSM-76

PURPOSE: ASSIGNS INPUT VALUES OF SIMULATION DRIVER MODEL DATA
SUBROUTINE CALLED FROM: INPUT2

SUBROUTINE CALLED: NONE

ORIGIN: MODIFIED VERSION OF SUBROUTINE BLK@4 FROM HVOSM-76

PURPOSE: ASSIGNS INPUT VALUES OF SIMULATION TERRAIN TABLE DATA
SUBROUTINE CALLED FROM: INPUT2

SUBROUTINE CALLED: TEREAD

ORIGIN: MODIFIED VERSION OF SUBROUTINE BLK@5 FROM HVOSM-76

PURPOSE: READS TERRAIN TABLE INPUT CARDS
SUBROUTINE CALLED FROM: BLKP4
SUBROUTINES CALLED: NONE

ORIGIN: SUBROUTINE TEREAD FROM HVOSM-76

PURPOSE: INITIALIZES THE FIRST POINT AND COMPUTES THE INITIAL
TANGENT FROM A SPECIFIED HEADING ANGLE
SUBROUTINE CALLED FROM: 1IDOUT
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SETD

PATH6

IDOUT

PTHOUT

ROAD
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SUBROUTINE(S) CALLED: SETD, PATH6

ORIGIN: SUBROUTINE PATH FROM HVOSM-81

PURPOSE: PRODUCES A SET OF DEGREE OF CURVES FROM A GROSS
DESCRIPTION OF THE PATH SUCH THAT A SET OF EQUALLY
SPACED POINTS DESCRIBING THE PATH MAY BE COMPUTED

SUBROUTINE CALLED FROM: PATH

SUBROUTINES CALLED: NONE

ORIGIN: SUBROUTINE SETD FROM HVOSM-81

PURPOSE: COMPUTES THE PATH COORDINATES FROM THE DEGREE OF
CURVES

SUBROUTINE CALLED FROM: PATH

SUBROUTINES CALLED: NONE

ORIGIN: SUBROUTINE PATH6 FROM HVOSM-81

PURPOSE: PRINTS TERRAIN TABLE INPUTS WITH UNITS AND HEADINGS
SUBROUTINE CALLED FROM: INPUT2

SUBROUTINES CALLED: PTHOUT, ROADDZ

ORIGIN: MODIFIED VERSION OF SUBROUTINE IDOUT FROM HVOSM-76

PURPOSE: PRINTS DRIVER MODEL INPUTS WITH UNITS AND HEADINGS
SUBROUTINE CALLED FROM: IDOUT

SUBROUTINES CALLED: NONE

ORIGIN: SUBROUTINE PTHOUT FROM HVOSM-81

PURPOSE: CALCULATES THE ELEVATION AND SLOPES OF THE X,Y
COORDINATES PASSED TO THE ROUTINE
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SUBROUTINES CALLED FROM: IDOUT, FCT1, OUTPUT
SUBROUTINES CALLED: NONE
ENTRY POINTS: ROADDZ, ROAD
ORIGIN: MODIFIED VERSION OF SUBROUTINE INTRPS FROM HVOSM-76

DRIVE1 PURPOSE: COMPUTES THE FRONT WHEEL STEER ANGLE FROM THE DRIVER
MODEL AND PATH DESCRIPTOR INPUTS
SUBROUTINE CALLED FROM: FCT1
SUBROUTINES CALLED: PROBE, CGERR
ENTRY POINTS: DRIVER, DRIVE2
ORIGIN: MODIFIED VERSION OF SUBROUTINE DRIVER FROM HVOSM-81

PROBE PURPOSE: CALCULATES THE ERROR OF AN ARBITRARY POINT ON THE
VEHICLE FROM THE DESIRED PATH
SUBROUTINES CALLED FROM: DRIVE1
SUBROUTINES CALLED: NONE
ORIGIN: SUBROUTINE PROBE FROM HVOSM-81

CGERR PURPOSE: CALCULATES THE ERROR OF THE VEHICLE CENTER OF GRAVITY
FROM THE DESIRED PATH
SUBROUTINES CALLED FROM: DRIVE1
SUBROUTINES CALLED: NONE
ORIGIN: SUBROUTINE CGERR FROM HVOSM-81

7.2.2 Modified Routines for the PHASE4

Two routines for the PHASE4 program had to be modified to enable
the use of the new routines with the program. The modified routines

are as follows:
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PURPOSE: READS CARD INPUTS AND ECHO'S INPUT PARAMETERS WITH
UNITS AND HEADINGS AND INITIALIZES VARIABLES
MODIFICATIONS:
(1) PRINT CARD INPUTS PRIOR TO ECHO
(2) CALL TO INPUT2 TO INPUT AND PROCESS TERRAIN TABLE AND/OR
DRIVER MODEL INPUTS

PURPOSE: ASSIGN I/0 DEVICES, INITIALIZE VARIABLES, AND ACT
AS PROGRAM SUPERVISOR
MODIFICATIONS:
(1) INPUT AND INITIALIZE INITIAL HEADING ANGLE
(2) PERMIT THE SETTING OF INITIAL CONDITIONS CAUSED BY ROAD
WHEN TERRAIN TABLE OPTION USED
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r 82-1207, COMPARISON
0.000

SON OF SIMULATION PROGRAMS TEST RUN: WCICSP2 0 100
. 3.48  0.0050 0.025 \ . 0 101
2.0 0.0 0.0 0.0100 0.0 0.0100 0 102
1 1 1 1 1 1 1 0 10%
rm s HHITE§I§UC K] B°§3533XZ)221814 225312. 0.0 4458. 3748 0 301
104,42 81,576 9550 1908 38.25 0.0 32.50 0 202
.0 0.0 0.0 0:0 0.0 3i.87  31.83 0 203
300. ésso. 0.0 Tozo. 0.0 1.0 4.0 4.0 0 204
g000.  5000. 0.0 0.0 0.0 1.0 -4.0 4.0 0 205
™ 0.0 g.lo 0.0 2200. 0.10 0 206
Onfrovat CECEETMASTER TRIPLE-TREAD 10X20F 0 300
1.0 1.0 1.0 1.0 . 0.50 1.0 0 301
7000. 4.0 3.0 4400. 9.26  15000. 0.0 .0 1.00 1 301
0.61° 0.0 0.0 0.0 20.5 0.0 0.0 0.0 0.0 0 302
= 410°M PATH RERUN'OF HCS#8 W/TRUI 0 400
™ 1.0 1.6 1.0 0.05  0.00905 0,000 0.0 0 402
4.0 50, 0.0 0.0 1.5708 120. 0 403
.0 0.0 0.0 1920. -,3525 2040. -.3525 12000. 0 404
0.0 0.1 792. 0.0 0.5 400.° 0,00130 0.600i30 0 405
FLAT TERRAIN 0 500
160 KPH 0 600
m 0.0 0.0 90, 0.0 0.0 0.0 0 601
0.0 0.0 -5i.65 1056. 0.0 0.0 0 602
0.0 0.0 0.0 °. 0.0 0.0 0.0 0.0 0 603
09999
1
B2-1207, COMPARISON OF SIMULATION PROGRAMS TEST RUN: WCICS /02/83
1974 WHITE TRUCK ROAD BOSS (4X2 UNIROYAL FLEETHASTER TRIPLE-TREAD 10X20F410 M PATH, RERUN OF HCS#B HITRUCK
‘rm FLAT TERRAIN 100 KPH
! PROGRAM CONTROL DATA
START TIME 10 - 0.0 SEC
M 11 = 3.4800 SEC
INTEGRATION INCREMENT DTCOMP =  0.0050 SEC
™ (O=VARIABLE STEP ADAMS-MOULTON
INTEGRATION MODE MODE = 1 - )1z RUNGA-KUTTA
| 3= FIXED SYEF ADAMS-MOULTON
PRINT INTERVAL DTPRNT =  0.0250 SEC
0= INDEPENDENT FRONT SUSPENSION, SOLID REAR AXLE
SUSPENSION CPTION Isus = 2 -11= INDEPENDENT FRONT AND REAR SUSPENSTON
7= SOLID FRONT AMD NEAR A
™ 0= No_CURB, "NO SVBeR DEGREE OF FREEDOM
CURB/STEER OPTION INDCRB = O -
i ~1-STEER DEGREE OF FREEDOM, NO CURB
CURB INTEGRATION INCR. DELTC =  0.01000 SEC _
0= NO_BARRIER
1= R]GID BARRIER , FINITE VERT. DJM.
BARRIER OPTION INDB = O ~)2= VO INFINITE !
3= DEFQRM. '! FINITE ' !
4= LA (113 ()8 { SN AN
BARRIER INTEGRATION INCR. DELTB = 0.01600 SEC
™ INITIAL CONDITIONS
XCOP = 0.0  INCHES U0 = 1056.00
SPRUNG MASS C.G. POSITION YCOP = 0.0  INCHES SPRUNG MASS LINEAR VELOCITY Vo = 0.0
ZCOP = -51.65  INCHES W0 = 0.0
PHIO = ~0.0°  DEGREES PO = 0.0
SPRUNG MASS ORIENTATION THETAO = 0.0  DEGREES SPRUNG MASS ANGULAR VELOCITY 0 = 0.0
F™ PSIOC = 90.00 DEGREES 0 = C.0
DELI0O = 0.0  INCHES DELIOD = 0.0
UNSPRUNG MASS POSITIONS PHIFG = 0.0  DEGREES UNSPRUNG MASS VELCCITIES PHIFOD = 0.0
DEL30 = 0.0  INCHES DEL30D = 0.0
PHIRO = 0.0  DEGREES PHIROD = 0.0
- STEER ANGLE PSIFIO = 0.0  DEGREES STEER VELOCITY PSIFOO = 0.0

OO Dee OO T 3ttt it
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82-1207, CONPARISON OF SINULATION PROCRAMS TEST RUN: WCICSP2 03/02/83
1974 WHITE TRUCK ROAD BOSS (4X2 UNIROYAL FLEETNASTER TRIPLE-TREAD 10X20F410 M PATH, RERUN OF HCS#8 M/TRUCK
FLAT TERRAIN 100 KPH
A SPRUNG MASS XMS = 65.500 LB-SECe*2/IN FRONT MHEEL X LOCATION A =  104.420 INCHES
FRONT UNSPRUNG MASS XMUF = 4.513 LB-SECes2/IN REAR_WHEEL X_LOCATION B = S1i876 INCHES 69
REAR UNSPRUNG MASS AKUR = 5.368 LB-SECes2/IN FRONT WHEEL Z LOCATION ZF =  31.B70 INCHES
X MOMEHT OF INERTIA XIX = 40509.000 LB-SECes2-1H REAR_ WHEEL 2 LOCATION ZR =  31.830 INCHES
Y MOMENT OF INERTIA XIY =221814.000 LB-SECss2-IN FRONT WHEEL TRAC IF =  79.900 INCHES
1_KOMENT OF INERTIA XIZ  =225312.000 [B-SECes2-IN REAR NHEEL TRACK TR =  7i.250 INCHES
o X2 PRODUCT OF INERTIA XIXz = 0.0 LB-SECen2-IN FRORT oROLL AXIS RHOF = 0.0 INCHES
FRONT AXLE MOMENT OF INERTIA XIF = 3748.000 LB-SECes2-IN REAR ROLL AXIS RHO = 0.0  INCHES
REAR AXLE NT OF INERTIA XIR = 4458.000 LB-SECss2-IN FRONT SPRING_TRACK TISF =  32.500 INCHES
! VITY 6 - 6.400 IN/SECe»2 REAR SPRING TRACK TS =  38.250 INCHES
X1 = 0.0 INCHES FRONT AUX ROLL STIFFNESS RF = 0.0 LB-IN/RAD
. ACCELEROMETER 1 POSITION ¥Yi = 0.0 INCHES REAR AUX ROLL STIFFNESS RR = 0.0 LB-IN/RAD
i i1 = 0.0 INCHES REAR ROLL~STEER COEF. AKRS =  0,1400 RAD/RAD
X2 = 0.0 INCHES AKDS = 0.0  NOT USED
, ACCELEROMETER 2 POSITION Y2 = 0.0 INCHES REAR DEFL-STEER COEFS.  AKDS1= 0.0 NOT USED
' 2 = 0.0 INCHES AKDSZ= 0.0 NOT USED
§3= 0.0 NOT USED
& EERING SYSTEMN
COULOMB FRICTION TORQUE SPEP = 0.8  LR-Jgom*2~IN
FRICTION LAG EPSP = 0.0 RAD/SEC
ANGULAR STOP RATE AKPS = 0:0  LE-IN/Rap
ANGULAR STOP POSITION OMGPS = 0.0  RADIANS
PREUMATIC TRAIL XPS = 0.0  INCHES
rm FRONT SUSPENSION REAR SUSPENSION
SUSPENSION RATE AKE = 1300.000 LB/IN AKR = 5000.000 LB/IN
COMPRESSION STOP COEFS. AKFC = 1560.000 LB/IN AKRC = 5000.000 LB/IN
AKFCP = 0.0  LB/INse3 AKRCP = 0.0 LB/IN*s3
EXTENSION STOP COEFS. FE = 7020.000 LB/IN AKRE = 0.0 LB/IN
& AKFEP = 0.0  LB/INs#3 AKREP = 0.0 _ LB/IN=s3
‘ COMPRESSION STOP LOCATION OMEGFC =  —4.000 INCHES OMEGRC =  =4.080 INCHES
o EXTENSION STOP LOGCATION OMEGEE = 4.000 INCHES OMEGRE = 4.000 INCHES
! $TOP ENERSY DISSIPATION FACTOR  XLAWF = 1.000 XLAMR = 1.000
VISCous DAMPING cF - 0.0 LB-SEC/IN CR - 0.0 LB-SEC/IN
COULOME PRICTION D CFP = 900.000 LB CRP = 2200.000 LB
r@ ERTETTON CAG EPSF = 0.100 IN/SEC EPSR = 0.100 IN/SEC
\
|
rm §2-1207, COMPARISON OF SIKULATION PROGRAMS TEST BUN: MCICSP2 03/02/83
1974 _WHITE TRUCK ROAD BOSS (4X2) TROVAL FLEETHASTER TRIPLE-TREAD 10X20FA10 N PATH, RERUN OF HCS#8 W/TRUCK
FLAT TERRAIN VeEKPH
TIR DATA
rm RF LF AR LR
TIRE LINEAR SPRING RATE AKT_ = 7000.000  7000.000  7600.000  7000.000 LB/IN
P gsg%ungAréugﬁgﬁefglﬁs FACTOR §Eﬁ§1 - 3.000 3:000 R 3.009 INCHES
AD = 4400.000  4400.000  4400.000  4400.000
Al = 9.26 . 9.260 9.260
! SIDE FORCE COEFFICIENTS a2 = 15000000  15000.200 15000.000  15000:800
TIRE OVERLOAD A Mew = 13% 1.600 }-000 1-9%0
- . . .
™ TIRE ONDEECECTED RABIUS RH = 20.500 20 500 20.500 20.500 INCHES
; TIRE / GROUND FRICTION COEF. AWMU = 0.610 0.6 0.610 0.610

DUAL REAR TIRES OPTION USED, IDUAL = 1

RO ANTI-PITCH TABLES

-—
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82-1207, COMPARISON OF SIMULATION PROGRAMS TEST RUN: MCICSP2 03/02/83
1974 KHITE TRUCK ROAD BOSS (4X2) UNIROYAL FLEETMASTER TRIPLE-TREAD 10X20F410 M PATH, RERUN OF MCS#8 W/TRUCK
FLAT TERRAIN 100 KPH

PATH DESCRIPTORS IPATH = 1

NUMBER OF PATH DESCRIPTORS KLI = 4

NUMBER OF POINTS ON PATH NPTS = 50

DISTANCE BETWEEN POINTS DELL = 120.000 INCHES

COORDINATES OF 1ST PATH POINTS: XINIT = .0 _ INCHES

YINIT = 0. INCHES
INITIAL ROADWAY HEADING PSA = 90.00 DEGREES

PATH CURVATURE DESCRIPTORS:

DEGREE OF CURYATURE DI(1) = 0.0 DEGREES
DISTANCE ALONG PATH RLI(1) = 0.0 INCHES
DEGREE OF CURVATURE Dl(2£ - 0.0 DEGREES
DISTANCE ALONG PATH RLI{2) = 1920.00 INCHES
DEGREE OF CURVATURE DI{3) = =~4.2300 DEGREES
DISTANCE ALONG PATH RLI(3) = 2040.00 INCHES
DEGREE OF CURVATURE DI(4) = =4.2300 DEGREES
DISTANCE ALONG PATH RLI{4) = 12000.00 INCHES
HAGON TORGUE STEER DESCRIPTORS IHAGN = 1
INITIAL PROBE SAMP PRB = 0.0  SECONDS
TIME INCREMENT BETWEEN SAMPLES DPRB = 0.100 SECONDS
LENGTH OF P PLGTH = 792.00 INCHES
MINIMUM ACCEPTABLE ERROR PHIN = 0.0 INCHES
MAXIMUM OCCUPANT ACCELERATION PMAX = 0.500 G-UNITS
STEER CORRECTION F GAIN =  ,0013000 RAD/IN
STEER CORRECTION DAMPING FACTOR QGAIN =  .0001300 RAD-SEC/IN
MAXIKUM STEERING WHEEL RATE PSIFD = 400.000 DEG/SEC
FILTER DESCRIPTORS IFILT = 1
TIME LAG OF FILTER TIL = 0.050000 SECONDS
TIME LEAD OF FILTER 11 = 0.009050 SECONDS
TIME DELAY OF FILTER TAUF = 0.0 SECONDS

03/02/83

82-1207, COMPARISON OF SIMULATION PROGRAMS TEST RUN: MCICSP2
E {k Ugégoxgh FLEETMASTER TRIPLE-TREAD 10X20F410 M PATH, RERUN OF MCS#8 W/TRUCK

1974 _WHIT UCK ROAD BOSS (4X2)
FLAT TERRAIN

PATH COORDINATES TANGENT VECTORS dEEREE OF

PN W OV NCNS LN

i

~ NS LWIN = O D

CURVATURE
X{N) Y(N; DX(R) DY(N) DiN)
(FT) (FT (DEG) (DEG) DEG)
0.0 0.0 90.000 90.000 0.0
-0.000 10.000 0.000 90.000 0.0
-0.000 20. .000 .0l 0.0
=0.000 30. . 0Ol 90.000 0.0
=0.000 40,000 .0 90.000 0.0
-0.000 50, .000 90.00 0.0
.000 60.000 90.000 90.000 0.0
-0.000 70.00 90.000 90.00 0.0
.000 80. .000 90. 00! 0.0
-0.000 90.000 90.000 90.00 0.0
-0.000 00.000 90,000 90.000 0.0
-0.000 110.000 .000 90.000 0.0
-0.000 20,00 90,000 90.000 0.0
.000 30. . 000 90. 00! 0.0
=0.000 40.000 .000 90.000 0.0
=0.001 50. 90.000 90.000 0.0
=0.001 60.000 90,000 90.000 0.0
=0.001 70.00 90.000 $0.000 ~4.230
0.03¢ 80.000 89.577 89.577 -4.230
0.147 189.999 89,154 89.154 -4,230
0.332 .998 88.731 88.731 ~4.230
0.590 209.994 88.30 8.308 ~-4.230
0.922 219.989 87.885 7.885 ~4.23
1.328 29.980 87.462 1.462 ~4.230
1,808 .969 87.039 7.039 4,230
2.361 .95 86.616 6.616 ~4.230
2.938 59.934 86.193 6.193 ~4.230
3.689 .909 85.770 5.770 -4.230
4.463 879 85.347 5.347 =4,230
5.311 289.843 84.924 4.924 -4.23
6.233 299.800 84.501 4.501 -4.23
7.228 . 750 84.078 4.078 -4.23
8.296 19.693 83.655 3.655 -4.230
9.438 29.627 83.232 3.232 ~4.23
0.653 39.553 82.809 2.809 =4.230
1,941 49,469 82.386 2.386 .23
3.303 359.376 81.963 1.963 -4,230
4.737 369.272 81.540 1.540 ~4.230
6.245 79. 1 81.117 1.117 -4,230
7.82g 389.031 80.694 80.6%4 ~4,230
9.47 398.89 80.271 80.271 -4.230
1.205 408,743 79.848 719.848 -4.230
3.004 18. 79.425 79.425 -4.2
4.875 428.403 79.002 79.002 -4.230
6.819 438. 78.579 78.579 ~-4.230
8.835 48. 78.156 78.156 -4.230
30.924 457,785 77.733 77.733 -4,230
33.08; 467,548 77.310 ;7.310 4,230
i;.Sl 477,295 16.887 6.887 -4.230
.622 487.026 76.464 T6.464 -4.230
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APPENDIX B

CARD INPUTS AND PARAMETER ECHO
FOR CSP2-PHASE4
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ECHO OF CARD INPUTS AS FOLLOWS:
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8850 10°
.01 . SUSP. YISCOUS DAWPING
60.0 E §u§ . COULOMB Bmp}uc
sg.o « AXLE"MOMENT o; IN ET“
19,82 . AXLE ROLL ggn ER_HEIGHT
~.i4 . A{L oLl STEER EFF.
0.0 . AXL Agx. “kt 3 g FNESS
gg . ?ﬁ " “13}’.‘ THEEN SPRINGS
i4.0 : “"s&‘éka‘év Em"fm sennmou DIST
-325 igfxmn a |§§ ? g EA ‘ 73
oA é‘gc. STIFF ABLE INDICATOR
0.0 AT
7600.0 R. nnE spalxlus RAT
19,82 ’s(aegu IRE LOADED RADIUS
00 NO_ANTILOCK
00 END RUN
ss=  END OF CARD INPUTS mes
HSRI/MVMA BRAKING AND HANDLING SINULATION OF TRUCKS, TRACTOR-SEMITRAILERS, DOUBLES, AND TRIPLES - PHASE 4. INPUT PAGE NO.

1974 WHITE TRUCK 4X2 ROAD BOSS, B82-1207,

SIMULATION OPERATION PARAMETERS:

i?i%?f ‘V:gtg(}(l;u A'é%g'/l?éﬂ BER OF TRAILERS - ENTER O FOR A STRAIGHT TRUCK) 88 08
ER_TABLE (WUMBER OF LINES): POSITIVE -STEER ANGLE TAB, NEGAT PATH FOLLOWER TABLE :
TABLE ENTRIES: %E‘(E SEC} LEFT WHEEL '(DEG) RIGHT WHEEL (%%G)
0.0 0.0 0.0
.00 0.0 0.0
.23 0.0 0.0
.30 -0.01 -0.01
.40 -0.09 -0.09
.50 -0.21 —0.2%
.60 -0.35 -0.3.
.80 -0.60 0.6
2.00 -0.7¢ -0.7g
2.20 -0.82 0.8
2.40 -0. -0.87
50 ~0.89 -0.89
.60 -0, 9¢ -0.90
.70 -0.9 -0.92
.80 -0. -0.93
.00 0. -0.9
3.10 -0. -0.9
.20 -0. -0.9
3.30 -0. -0.9§
3.40 -0. -0.9
3.50 =0.94 -0.94
TREADLE_PRESSURE TABL B R OF %
N TES NO FU BLE DATA ARY - THE FO G, TAB S_ASS D RHALLY L]
TAELESEET § § Ed R 5 %‘ IS MECEss £ FOLL 1011 (SE(:S'E ! PRES%G“E (PSI§
0.0 0.0
m\xmim LATION TIME (SEC 3.48
TIME CREHUNT OF OUTPUT ?SE&) 0.02
ROAD KEY = ¢ FLAT ROAD.
OUTPUT PAGE DPTION KEYS: O DELETES PAGES
PRUNG MASS SPRUNG_MASS SPRUNG MA TIRE FORCES  BRAKE SUMMARY LATERAL UNSPRUNG MASS
SOSITION ELOC TY ACCELERAT?EN SA ;AGES PAGES PAGES
1 1 1 1 0 b 1

FibEs

1



INPUT PAGE KO,

1974 WHITE TRUCK 4X2 ROAD BOSS, 82-1207,

PARAMETERS

TRUCK
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HSRI/MVMA BRAKING AND HANDLING SIMULATION OF TRUCKS, TRACTOR-SEMITRAILERS, DOUBLES, AND TRIPLES - PHASE 4.

1974 KHITE TRUCK 4X2 ROAD BOSS, 82-1207,

TRUCK PAYLOAD = 0.0 LBS
g}gTANCE FROM }R SPRUNG MASS C HTER JO REAR BU§PENSION (IN)
TANCE FROM RUE SPRUNG MASS CENTER TO GROUN lN%

RO#L MOMENT OF INERTIA OF TRUCK ~ SPRUNG MASS %N-LB-S C“?&

PITCH HGHFNT OF INERTIA 0; TRUCK aPRUNG HAS? IN-LB-SECe#2)

YAH MOMENT OF INERTIA OF TRUCK  SPRUKG MASS (IN-LB-SEC»#2)

THE STATIC LOADS ON THE AXLES ARE:

AXLE NUMBER LOAD

NS?I.%.I 10095.996

NS{1,2,1 19031.000

TOTAL 29126.996

THE TRUCK ~ TOTAL MASS CENTER IS 101,927 INCHES BEHIND THE FRONT AX
THE TOTAL YAW MOMENT OF INERTIA IS 296%02?687 IN-LB-SEC#*»2 LE

EMPTY

HSRI/MVHA BRAKING AND HANDLING SIMULATION OF TRUCKS, TRACTOR-SEMITRAILERS, DOUBLES, AND TRIPLES ~ PHASE 4.

1974 WHITE TRUCK 4X2 ROAD 8OSS, 82-1207,

SPRING TABLES

NO. OF LINES FORCE (LB) DEFLECTION (IN)
5
-28600. 00 -10.60
20000 -4.00
5200700 2:80
83200.00 10.00
SPRINKG STATIC EQUILIBRIUM CONDITION: 4176.10 LB, 3.21 INCHES.
5 -110000.00 -10.00
~20000.00 -4
0.0 0.0
20000.00 4,
50000.00 10.60
SPRING STATIC EQUILIBRIUM CONDITION: 8478.50 LB, 1.70 INCHES.

UNIT 1

UNIT 1

SUSP 1

SUSP 2

TABLE NO.

-1

AXLE 1
-2

AXLE 1

SUMMARY PAGE
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HSRI/MVMA BRAKING AND HANOLING SIMULATION OF TRUCKS, TRACTOR-SEMITRAILERS, DOUBLES, AND TRIPLES - PHASE 4.
' 1974 WHITE TRUCK 4X2 ROAD BOSS, 82-1207,

NU-Y VS ALPHA TABLES

NO. OF LOADS NO. OF VELOCITIES TABLE NO.
3 -3
VELOCTTY = 80.66 FT/3EC LoAD =  2715.00 L8
ALPHA (0EE) WU - ¥ 5
0.0 0.0
i 33
4230 0245
8.00 0.63
12.00 0.69
VELOCITY = 80.66 FT/SEC LOAD 5430.00 LB
ALbHa (B28$ =R
0.0 0.0
1.00 0.12
2.00 0.
d.00 0.38
12.00 oZ§§
VELOCITY = 80.66 FT/SEC LOAD =  7000.00 L8
Aha 10:88 i
0.0 0.0
1.00 0.09
7.00 o.és
$.00 0.33
5.00 0.863
12.00 0.69
ROLL-OFF TABLE
sLIP
ALPHA 0.0 0.10
0.0 1.00 0.35
20.00 1.00 0.35

HSRI/HVHA BRAKING AND HANDLING SIMULATION OF TRUCKS, TRACTOR-SEMITRAILERS, DOUBLES, AND TRIPLES - PHASE 4.
1974 WHITE TRUCK 4X2 ROAD BOSS, 82-1207,

MU-X VS. SLIP TABLES

NO. OF LOADS NO. OF VELOCITIES TABLE NO.
’ -4

VELOCi‘ﬁg‘ 57.00 F‘I”SEC h%AE : 2500.00 L8

0.0 0.0
0.10 0.90
0.20 0.80
0.40 0.70
1.00 0.54
ROLL-OFF TABLE
SLIP
ALPHA 0.0 1.00
0.0 1.00 1.00
20.00 1.00 1.00
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