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HSRI Digital Computer Programs
For Semi-Empirical Tire Models

PREFACE

The tire model programs described in this document supersede
the programs described in Appendix IV of Interim Document 6, "A
Comparative Evaluation of Five Tire Traction Models." These
programs have been revised to permit greater flexibility in their
use. A single main program now calls the five tire model sub-
routines individually or sequentially for a specific data set.
Provision has also been made for calling a plot subroutine to

produce plots of selected tire model output.

The preparation of input data is discussed and a data
preparation program is described which computes values of the
friction performance parameters required by each of the tire model

subroutines.

This document contains all of the computer programs and
information necessary to fit traction curves calculated from any
of the five tire models discussed in Document 6 to tire traction

data measured in the laboratory or on the road.
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1.0 TIRE MODEL PROGRAMS

The five tire models whose descriptive equations are
summarized in Appendix II of Document 6* are programmed as FORTRAN
subroutines. The programming has employed the normalization scheme
described on page 125 of Document 6, and the subroutines return
dimensionless forces (FX, FY) and moment (XMZ) as well as the
dimensional values (X, Y, and Z). The dimensional values are printed
by the main program (if switch ISW2=1), the dimensionless values are

used for plotting (ISW2=2).
1.1 MAIN PROGRAM (TMMAIN)

The main program is structured to obtain comprehensive traction
response data from any or all of the tire model subroutines. The
selection of models to be exercised, for a specific set of input
data, is determined by reading model calling integers into the array
MODEL by FORMAT(5I1). For example, to obtain the responses of
models 1, 4, and 3, in that order, for a specific data set, simply
punch 143 into the first three columns of the data card which holds
input for the array MODEL. There must be at least one and at most
five model calling numbers specified; no particular order is

necessary.

The value of the input datum ISW1 selects the slip variable
(sx or a) to be swept at discrete values of the path variable
(e or Sx)‘ When ISW1=1, a-paths are taken; S 1s swept over
N points separated by intervals of size DSX, beginning at SX11. If
N=0, each s ~Sweep is made over six default values (sx=0., W2, 4,

.6, .8, 1.0). The number of a-paths taken is determined by the

*A Comparative Evaluation of Five Tire Traction Models, J. T. Tielking
and N. K. Mital, UM-HSRI-PF-74-2, Sponsored by the Motor Vehicle
Manufacturers Association, January 1974, NTIS Order No.

PB-229-707.
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input integer M. If M=0, Sy is swept only for the path o=0,
IfM> 0, s, ~sweeps are made for M a-paths at intervals DALFA,
beginning at ALF11l. When ISW1=2, sx—paths are taken; o is
swept over M points separated by intervals of size DALFA,
beginning at ALF11. If M=0, each a-sweep is made over six
default values (o=0., 4., 8., 12., 16., 20.). The number of
sx-paths taken is determined by the input integer N. If N=0,

o 1s swept only for the path SX=0. If N> 0, a-sweeps are made

for N sx-paths at intervals DSX, beginning at SX11.

The input datum ISW2 selects the mode of output; printing
(ISW2=1), or plotting (ISW2=2). When ISW2=2, a third switch,
ISW3, is active. ISW3 selects one of the eight possible data plots
which can be produced by subroutine TMPLOT, described in Section

1.3.

The main program reads the following data in input modules

of either Type 1 or Type 2 (described below).

ISW1 selects sweep variable, sx(=1) or o(=2)

ISwW2 selects output mode, print (=1) or plot (=2)
ISW3 selects plot number (1-8) when ISW2=2

ISW4 selects input module type

SX11 initial value of Sy for S, -sweep

DSX step interval in s, ~sweep

N number of evaluations in s, ~sweep

ALF11 initial value of o for a-sweep



DALFA step interval 1n a-sweep
M number of evaluations in a-sweep

MODEL selects model to be exercised (1-5, one at least,

five at most)

MUO adhesive friction limit, Vo
AS speed sensitivity parameter, AS
ASxV < 1
\Y traveling velocity
MUX longitudinal sliding friction coefficient, Hy
MUY lateral sliding friction coefficient, Uy
CS longitudinal traction stiffness, Cq
CALFA lateral traction stiffness, Ca
KX longitudinal carcass stiffness, KX
KY lateral carcass stiffness, Ky
BX longitudinal patch relocation factor, Bx(=1')
BY lateral patch relocation factor, By(=1.)
L contact patch length
FZ tire load, Fz

If the speed sensitivity factor, AS(AS), causes the product ASV

to be greater than unity, the speed sensitive friction coefficient,
u = uo(l-ASVS), may become negative. If this occurs, the traction
forces and moment calculated by tire models HSRI-I, -II, -III are
invalid and the program execution may be stopped by a FORTRAN

exponentiation error in subroutine TMHS3.




The input data must appear in the following eight card

image formats (A-H).
Card A (4I1)

ISW1, ISW2, ISW3, ISW4
Card B (2F4.0, I3)
SX11, DSX, N

Card C (2F4.0, I3)
ALF11, DALFA, M
Card D (2F8.3)

CS, CALFA

Card E (4F8.3)

KX, Ky, BX, BY

Card F (2F8.3)

L, FZ

Card G (5I1)

MODEL (1), MODEL(2), MODEL(3), MODEL(4), MODEL(S5)
Card H (5F8.3)

MUO, AS, V, MUX, MUY

The data card images are arranged in one or more input
modules which are read by the main program. There are two types
of input modules, the type being identified by the input datum
ISW4. The card order for the two input module types is shown
in Table 1. There are no restrictions on the number or order

of the input modules.



TABLE 1

INPUT DATA MODULES

Type 1 Type 2
ISW4=1 ISW4=2
I\(/:lagdi/ Constant; 8 Variable; 7+2n,
odule where n is an integer?*
Card A A
Order B B
C C
D D
E E
F F
G G
H H
G
H
G
H
[blank]*#

*n = number of times that cards G and H are repeated.

**The last card of a Type 2 input module must be blank.

The Type 2 input module is useful for computer runs where
output is desired for fixed ranges of Sy and o in a tire model

study with



i) Constant: KX, KY, BX, BY, L, FI
ii) Varying: (Velocity) V
iii) Various tire model numbers with MUO, AS, MUX,
MUY being computed for each tire model by the
friction performance data program (described

in Section 2.0).

To facilitate conversion of this program for execution on
other computing equipment, I/0 device numbers are given by
variables, IRD (reader) and IPR (printer), which are set before

the first READ statement.



1.2 TIRE MODEL SUBROUTINES

The tire model subroutines are identified by a five-character
name and a model calling integer as listed in Table 2. These
subroutines are called from the main program (TMMAIN). In addition
to explicit input/output arguments in the subroutine calling
statements, the subroutines receive input data from the main

program via the common block labeled BLKI.

TABLE 2
TIRE MODEL CALLING INTEGERS AND SUBROUTINE NAMES

Calling Subroutine Tire Document 6
Integer Name Model Page

1 TMHS1 HSRI-I 21

2 TMHS 2 HSRI-II 27

3 TMHS3 HSRI-III 69

4 TMSKI Sakai 55

5 TMGDR Goodyear 44

The tire model subroutines employ the following argument

variables.

Input Arguments

SX longitudinal slip parameter, Sy

ALFA slip angle, a (degrees)



Output Arguments

EX longitudinal force

FY lateral force dimensionless
XMz aligning moment

X longitudinal force

Y lateral force dimensional

Y/ aligning moment

XIA adhesion limit fraction, Ea/L

XIS transition limit fraction, gS/L

It should be noted that XIS is relevant only for the HSRI-II and
HSRI-III models as these are the only models which include a

transition region between adhesive and sliding contact.

1.3 PLOT SUBROUTINE (TMPLOT)

The plot subroutine is called from the main program when
ISW2=2. The subroutine argument, ISW, should be zero on the first
call (to check validity of switches ISW1 and ISW3—-certain
combinations are illegal) and nonzero on succeeding calls. The
plot data is carried in the common block labeled BLKZ. The
following plots are produced, according to the integer value of

ISW3.



ISW3 Plot

1 FX vs. s, for various «

2 Fy VS. s, for various a # 0

3 MZ VS. Sy for various o # 0

4 Fy VSs. Fx for various a (sx sweep)
5 MZ VSs. FX for various a (sx sweep)
6 Fy vs. a for various Sy

7 Mz vs. o for various Sy

8 Fy vs. a and Fz (carpet plot)*

*The carpet plot facility has not yet been implemented by
coding in the main program.



1.4 PROGRAM LISTINGS

The following pages show listings of the main program (TMMAIN),
the tire model subroutines (TMHS1, TMHS2, TMHSZ, TMSKI, TMGDR),
and the plot subroutine (TMPLOT), which have been compiled and
executed on the PDP 11/45 computer at the Highway Safety Research

Institute.

Subroutine PLOTST (start plot) and PLOTND (end plot), called
by the main program, and GRID (draw grid), GRDNUM (number grid),
PLABEL (label axes), PLOTPT (plot point), SYMBOL (label plot),
called by the plot subroutine, are not included in the following
listings as they are highly dependent on the particular computing

and plotting equipment utilized.
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eeot
. 8oe2
8003
esed

" @0es
eene
eae?

aens
pen9

2012

P03
0014
2015

eele
00t7
6018

0819

9220
0021

002
eeas
0024
ag2s

¢ TMMAIN .;. MAIN PROGRAM FOR SEMI«EMPIRICAL TIRE MODELS
C L s s
¢
c

DIMENSION MODEL(S),ALF2(6),8X2(6)
DIMENSION FF2(9)
REAL MUO, MUY KX, KY,L,MUX,KXU,KYU
REAL KKX,KKY
C.....VARIABLES JSED IN MQDEL ROUTINES
CONMON/BLK!/HUO,AS;V.MUX MUY,CS,CALFA,
KX,KY,BX,BY,L,FZ
.o...VAlIlBLEO USED BY PLOT- Xp)Y,2 DIMENSIONAL QOQNTERPART OF FX,FY,XM2
COMMON/BLK2/ALF1(101), 8X1(1E1)¢FX(101) Fy(ieg),xMz(1at),
* X(101), Ytial)al(lﬂlJ.
¢ SCALX,SCALY, XMIN,YMIN, IPR,I8WY, ISN!oNUMBER NoM, ITYPE
REAL®8 NAME(S) .
DATA NAME/°MODEL 1°¢,°MODEL 2%, MODEL 3’,°SAKAl *,’GOODYEAR’/
CovensDEFAULT VALUES IF NONE GIVEN
DA‘A ALF!/O.laolanilzollbaiza /'sleﬂol|201“lnbloe ‘ ,

¢ .. .

Coresal/® DEVICE NUMBERS

IRD=g

IPRaS

CALL PLOYSTART TO BE READY FOR PLOTTVING

CALL PLOYST---------TEMPORARILY UNUSABLE )

u-------o-.---.-----n-.----vwo-n--oqvnvnqu.-.--------;---upwaannno

C.....READ IN SETS OF VARIABLES UNTIL END 0' FILE

., 4P READCIRD,14@0,END=9999) ISW1, J8W2, ISWS, ISWY

Cn.oo-!' ONLY PARTIAL SET OF VARIABLES, PRINT ERROR, EXIY
READ(IRD,2000,ENDZ1900)8X11,08X, N, ALF11,DALFA,NM
READCIRD, 30202,ENDE{900)CSU, CALFAU:KXU,KYU,BX;BY,L,FZ

14 READ(IRD,1400,ENDR{9AG)MODEL |

C,,.,,!F NODEL(!) EQUALS ZEROI REIN!TI‘LIZE MODE

CoveesOF OPERATION SWITCH I8W4 AND READ IN NEW DATA
IFC(MODEL(1),EQ,B)G0 TO §@
READ(IRD,35032,END3{9AQ)MUQ,AS, V,MUX, MUY

ODDOYVODO

o
WRITE(IPR,70GBIMUO, AS,V)MUX,MUY,C8U,CALFAU,
¢ KXUpKYU,BXyBY,L,F2Z
¢ . e e e o S
o
. GOYO0(1%,20)18K2
CaweaoPRINT OUT HEADING IF I8W2si

{S WRITE(IPR,5300)
WRITE(IPR,6000)
¢ . .
Ceosed NORMALIZE VARIABLES
20 C8aCSU/FI )
CALFASCALFAU/FZ
KXsKXU/F2
, KYsKYU/F2
CoponaTAKE PATH DESIGNATED BY I8Wi
Cosone 1 B ALPHA PATH
Covaoe 2 B SX PATH

11
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2026

8027
0028
0029
0030
8031

0032
2033
293y

203s
2036
2037
0038
8039

2040
804y
0042
@043

2044
2245

8d4e
eeaq7
048
0849
2050
2051
2052

9053
0054
805S

00856

0es?

GO TO (39,¢2), 151,

. v v 3 -, - - - - - - - . . ] -
c ..!.........Q.Q..Q.‘.Q.'Q'Q"P'-Q.QQQ.’.-..--.QQ-Q.I-D.-'..Q..-'--

ConeesALPHA PATH, SWEEP 8X
c

CosasaNSB® § 8X NOT SPECIFIED) DEFAULT $X VALUES FOR Nmg TAKEN
30 IF(N,GT,.8) GO TO S50 ‘ *
Ne§
DO 1§ I=my,N
11 SX{(I)mu§X2(1)
. 60 TP 150
CounsaN2@ 1 SX VALUES AS SPECIFIED ARE USED IN SWEEP
5 8X1(1)=28X11
D0 100 lm2,N
109 8X1(])8EX1(In1)eDSX |
CopapaMn@ § 8X VALUES SWEPT FOR ALPHAZ@ ONLY
ConesaM»@ 1 SX VALUES SWEPT FOR EACH ALPHA VALUE GIVEN
150 ALFi(1)=0,
IF(M,EQ,2)G0 TO 250
ALFLC1)aALFYY
DO 200 l=2,M
200 ALFI(I)SALFi(I=i)eDALFA

c, .,
CopassPOR EACH ALPHA VALUE, CALL MODEL NUMBERS DESIRED WITH ALL X
ConeedB POSSIBLE MODELS ARE CALLED UNTIL MODEL NUMBER B IS FOUND
250 DO 420 IMODE=sy,S
NUMBER=MODEL ( IMODE) »
IF(NUMBER,EQ,B8,0R,NUMBER,GT,5)G0 TO S@a
., Xl8=p, '
C eeesPRINT LABEL OR PLOT GRID
IF(ISWR,EQ,1) WRITE(IPR,4002)NAME(NUMBER),F2Z
., IFCISW2,EQ.2)CALL TMPLOT(Q) , '
CosapslF ILLEGAL PLOT (ISW3=@ AFTER TMPLOT CALL)?
Cp‘ppll’ GET NEXT SEY OF DAYA IF 18H4-1
Conneed) EXIT PRPGR‘M iIF ISwd=p ‘
IF(ISW2,EQ,2,AND, ISW3,EQ,2)G0 TO(10,9999),18W4
Do 400 Isl’M
IFCISWR,EQ,1IWRITECIPR, 4020)
DO 300 Jsi,N
KaJ ) )
60 TO(C1,2,3,4,5),)NUMBER
30p CONTINUE |
CanneoDO THE PLOTS NOW IF ISW2E2
c

IFCI8N2,EG.1) 6O TO 400
CALL TMPLOT(1)

488 CONTINUE
500 CONTINUE
ceneoREAD NEXT SET OF VALUES
GO TO (10,14)(ISW4 L

- . - N - .. . . . - . -
.ﬂ-.-.QQP--.ﬂ---.Pﬂ..F-...--.ﬂ'--..U.'.--.....-.'--.--.ﬂ-----'.-..

CoveseSX PATH, SWEEP ALPHA

(9] o0 (g RN ]

O

CoeesaMsBi ALPHA NOT SPECIFIED ; DEFAULT ALPHA VALUES FOR Mmé TAKEN
12
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0038 48 IF(M,G7,8) GO TO SS@
0259 Mu6 _
9060 DO 12 Imy,M
9261 12 ALFI(I)mALF2(])
ITY) ., 60 T0 675
. CovessM>@t ALPHA VALUES AS SPECIFIED ARE USED FOR SWEEP
0063 S50 ALF1(1)mALFI1
9264 D0 680 122,M
8085 b8P ALFJCIIMALFI(In1)+DALFA

ConnpaN3OIALPHA VALUES SWEPT FOR 3X=@ ONLY
CoanaoNPQ1ALPHA VALUES SWEPT FOR EACH ALPHA VALUE GIVEN

1Y 675 8X{(1)mg,

9067 1F(N.EG,0) GOTO 750

9068 $X1(1)38X11

0269 D0 708 I=2,N

0070 700 8$X1(¢1)e8X1(Iet)+D8X
¢

C,,,,,FOR EACH 8X VALUE, CALL MODEL NUMBERS DESIRED WITH ALL ALPHAS,
CoaveeS POSSIBLE MODELS ARE CALLED UNTIL MODEL NUMBER @ 18 FOUND

eery 780 DO 982 IMODE={,S
¢
ee7ve NUMBERaMODEL ( IMODE)
2013 IF (NUMBER,EQ, @, 0R,NUMBER,GT,5)G0 TO 1200
2074 X18s0,
€ seeoPRINT LABEL OR PLOT GRID.
ea7s IF(ISW2,EQ,1) WRITECIPR,u4000) NAME (NUMBER) ,FZ
2e7¢6 . IF(I8W2, EQ.!)CALL TMRLOT(B)

C.,.,.!F ILLEGAL PLOT (I8W3mQ AFTER TMPLOT CALL)1
Copanal) GET NEXT SET OF DATA IF ISWimy

o Coeneel) EXIT PROGRAM IF 18WdmQ

077 IF(I8W2,EQ,2,AND, 18KY,EQ,8)G0 T0(10,9999), 1844

ea78 DO 908@_J=si,N
2079 IF(!SNZ.EQ.I)NRXTECIPRoUGOG)
c
208¢ DO 820 lsf,M
208 Ksl
fR82 60 TO(1,2,3,48,%),NUMBER
2083 808 CONTINUE
c
C,....DD THE PLOTS NOW IF 1SWa2sm?
1LY IF!ISH2 EO.!)GO T0 90@
e08s CALL TMPLOT(l)
o
. 008s 90@ CONTINUE
¢
o
LY 1peP CONTINUE K .
CosnsoREAD NEXT SET OF VALUES
oo8s . GO TO (10,14),18wWy
2289 1 CALL TMHS1(SX1(J),ALFLICI),FXCK),FY(K), XMZ(K) ) XCKYpY(K)ZCK), XIA)
2090 GO TO 35@
2091 2 C:;L THHS2(SXLCI) ) ALFLCTI) ) FX(K),FYLK), XM2(K), X(K)oV(K)aZ(K)axlﬁa
o +X18)
2092 GO T0 359

13
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2093

0094
2295
2096
2097

2098

20899

2100

0104
a102

8103

2104
0105
@106
997
#2108
e1e9
2110

2111

3 CAgLéTMHSStSXI(J)ulLFlGl)oFX(K).FYlK)oIHZ(K).Xtu!.Y(KJ.Z(K).XIAp
+X18)
G0 10 350 J
G CALL TMSKICSX1CI) o ALFLCI), FXCKY FY (K, XMZCK),X(K),Y(K),2ZLKY,XIA)
6010 350
S [F(K,EQ, 1) CALL TMGDR(8X1(J) ) ALFI(I), rx(x) dFY(K) P XMZOK) ) XEKD Y (KD,
+2(RY, xIA.a..m..o )’
Iré? aGT.1)CALL TMzDRCSXI(J) ALFl(I).FXCK) FYCK) g XMZCK) ) XCK) oY (KD,
2RI XTA ) FX(Ko1),PY(Km1),XMZ(Km1))
¢

CoanasPRINT OUY DIMENSIONAL VALUES IF ISw2syp ELSE PLOT LATER
3850 IFCISW2,E0,.1)
+ NRITE(!PR GOGﬂ)ALFI(I)oSXI(J)oX‘KioY(K) Z(K))XIA,X18
c . . ,
CosesRETURN TO LOOP
c
. 60 TO(300,800), 18w
C.....!NPUT ERROR
1909 WRITE(IPR,9000)
9030 PORMAT(’QEND OF FILE ENCOUNTERED IN READING PARAMS, ERROR EXIT’)
¢ CLOSE PLOT FACILITY
C9999 CALL PLOTND----O----TEMPORAR!LY UNUSABLE
9999 CALL EXIY
c
¢ .

2000 FORMAT(2F4,0,13%)

1400 PORMAT(S!!)

3000 FORMAT(2F8,3/4F8, 3/10F8,3)

3508 FORMAT(SF8,3)

4oeo FORMAT(?Q°?,A8," FZ:'.FO.!/)

S000 PORMAT(iM1) .

6000 FORMAT(10X,”SLIP ANGLE LONG, SLIP FORCE=LONG FORCE=LAY
+ MOMENT',BX,’ADHEQION"QX.'!RANSITION'/!!K:'CALPHA)'Olﬂxl
"(3X)'ollxo'(Fx)';11*.'(FY)'0lixo'fﬁl)'olﬂxo'(xll)':llx;'(XIS)’/
$11%X) *QEGREES?, 8, PPERCENT Y §1X(*LB, " ¢ 12X "LB, s 11X, 7| BuIN’,
*/10X%, ‘quqanto,-n sugonvemmne sweansesee (T LYY Y]
toesencanss 'l-'ﬂ-.-.’. Q--.--q-l-’/) ' A

708@ FORMAT(’Y{ MUOs’,F8,3/°* AS!';FS.S{’ Va?,F8,3/¢ MUXu‘®,F8,3/’ MUYa’,
¢FB8,3/" C8m’,F9,3/° CALFAB’,F9,3/’ KXu’,F8,3/’' KYs*,F8,3/’ BXs?,
+F8,3/7 BY=/,r8,3/% La’,F8,3/' FZa’,9P10,3)

¢
seee PORNAT(F!7.10F16 203715 lpZFlS 3)
END -

'IQ,nourrnss CALLEDY
! TMPLDT, THHSI , THMS2 , THHSS , TMBKI , TGOR 4 EXIT,

OPTIONS 2/0N,/0P1Y

BLOCK LENGTH
MAIN, 1817  (@@7862)%
BLKY 26 (000064)

BLK2 1631 (006276)

14
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c
CoooonMULTIPLY BY FZ.
c

4031 30 XzseFX%FZ

naze YaeFYXFZ

933 =7,

na3y MZ=0,
c . . o S
c (X I X A X T KX X RO X KX X L X KN L 0 L L K K L K X L KL XKLL L LY X XXX XX LR X X X L X & X K X J
c

m@3s RETURN

AB36 END

ROUTINES CALLEDS
SIN » COS r ABS » SQRT

OPTIONS = /ON, /0P

RLOCK LENGTH
TMHS 1 u44e (PR1560) %
BLK1 26 (707064)

*XCOMPILFR =we=a COREX*
PHASE USED FREE
DECLARATIVES m@216 21576
EXECUTABLES @M639 21153
ASSEMBLY 0441 03917

NK13TMHS1,LPtaCR?

16
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naay

nan2
nen3

nOA4
AANAS

2006
n0n7
LY
nang
n010
na11
n012
ne13
2014
n215
n016
na17
md18
n019
n029

n21
ne22
n223
ne24
1925
e26
27

n028
7029
2030
031

TMHS2 _ HSRI=IT  (DOC,6, REF,4)

s Ne Ne ]

SUBROUTINE TMHS2(SX,ALFA,FX,FY,MZ,X,Y,2Z,X1A,X1S)

UNIFORM PRESSURE DISTRIBUTION
COMPLETE SLIDING ONLY AT WHEEL LOCK
WHEEL LOCK FORCES ARE COMPUTED,
TRANSITION FROM ADHESION TO SLIDING,

eNeEe NeNe Ne Ne Ne Na B

REAL MU,MUO,MZ,MZA,MZT,MZS,MZP,KY,KX,L,MUX, MUY
COMMON/BLK1/MUO, AS,V,MUX,MUY,CS,CALFA,
+ KXo KY,BXsBY,L,F2Z

[« Ne Ne ]

ALF=ALFA*®,m174533
' SY=SINCALF)/COS(ALF)
CoessSPECIAL CASF FOR 8X=SY=0,
IFCABS(SX) . GE,,271)GOTO 21
TFC(ABS(SY).GE,(0@1)GOTO 21
2? Fx=a,
Fy=o,
MZ=0,
XIA=1,
X18=1,
GO TO 40
21 CONTINUE
IF(SXe1,)17,10,20
2m Sx=1i, ‘
1?7 SP=SART((ABS(SX)*x%x2,)+(ABS(SY)*%2,))
VS=V*COS (ALF)*SP
MU=MUO® (1,=AS%VS)
IF(SX=1,)30,15,2°7
o
Coeass COMPLETE SLIDING (WHEEL LOCK),
o
15 XIA=0a,
X18=0,
XIAP=0Q,
XISP=g,
SXP=0,
SYpP=a,
GO TO 1¢@

C .
Covaso DETERMINF ADHESION AND TRANSTTION LIMITS,
c
3In SXP=SX/(1,=SX)
SYP=SY/(1,=SX) ‘
TEMPESART((ABS(SX*CS)w%2,)+ (ABS(SYXCALFA)*xx2,))
XIA=,S*MUO*(1,=SX)/TEMP

17



FORTRAN VQA,ny 13355306 M2«0CT=74  PAGE 2

n@32
nA33
034
7035
nB36
7237
no38
na39
7040
f041
Agde
2043
2044
a04S
n046

ev47
nQu8
na49
ausQ

7051
2052
7053
AQsSY

AQR8S

7056

AYs7
mPs8
RS9

nR6
7061
nd62

7263
Y

XISz,5%MU%(1,=SX)x(1,/CS+1,/CALFA)/SP
TFC1,=XIA)58,57,60
50 XIAP=1,
XISP=1,
GO TO g0
6”7 IF(XIS=XIA)7Q,70,80
70 XIAP=XTA
XISP=XIA
GO TO 1@m _
87 IF(1,=XIS)90,90,110
9% XIAP=XIA
XISP=1,
GO TO 12@
117 XIAP=XTA
XISP=XT1S
¢
CevesPETERMINE FORCFS IN CONTACT PATCH,
¢
{07 FXASCS*SXP*XIAPx*2,
FXT=(CSkSXPxXIAP+,SxMUXSX/SPI)x(XISP=XIAP)
FXSSMUXSX/SP*(1,=XISP)
FXZFXA+FXT+FXS

FYA=CALFAXSYPXXIAP*%2,
FYT=(CALFAXSYP*XTAP4,S5*MUXSY/SP) % (XISP=XIAP)
FYS=MUxSY/SP»(1,=XISP)

FYSFYA+FYT+FYS

MZA=ﬁ.66666*SXP*(CS-CALFA)*XIAP-;16666*CALFA*(M.*XIAP-3.))*SYP*XIA
{Pw%2, .
MZT=,666b6%((CS=CALFA)X(SYP*SXPxXTAP*XTAP+,25%(1,/CALFA+1,/CS)*MUx
1SYP*SX/SPaXTAP+,25%MUxx2,/ (CSkCALFA)*SXkSY/SPa%2,)= 25% (CALFAXSYPx
PXTAP* (U4, *XTARP+2 ,*XISPw3, )¢ ,S5xkMUXSY/SP* (2, *XIAP+U4 , xXISPw3, )))*(X]ISP
3=XTAP)
MZS=z,S*MURSY/SP*(SX/SPaxMUx(1,/CALFA=1,/CS)=XISP)*(1,=XISP)
MZP=zw (RX/KX=RY/KY)XFX%FY
MZ=MZA+MZT+MZS+MZP/L
o
CuvesoMULTIPLY BY FZ AND L,
C
U Xs=mfFXxFZ
Yz=FY%FZ
lseMZ%xFZ*|

(g NeNe]

RETURN
END

ROUTINES CALLEDS
SIN » COS » ABS » SQRT

OPTIONS = /ON, /0P

BLOCK LENGTH
TMHS? 824 (A03160) *
RLK1 26 (non064d)

18
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no”y

nQM2
20M3

fQNy
297s

ARA6
aun7
nRn8
AYMm9
2019
na11
212
213
Pd14
n15s
aB16
n317
ad18
219

nY20
ER
n@22
ne23
1024
7025
2026
7027

10728
28729
030
1031

o TMHS3 __ HSRI=ITI (DOC.6, PAGE 69)
c -.-------.-.---------.----.-..------.-.--.--.-.-.-.--.-.-------
¢ | -

SURROUTINE TMHS3I(SX,ALFA,FX,FY,MZ,X,Y,2,XIA,XIS)
c . . .
c (Y X YXxx > xrxrrxxxrr oy Y R R A X R X N K X R X X X X X X R X XX KN XX X X X N X X N J
c
r PARABQOL.IC PRFSSURE NISTRIBUTION
C COMPLETE SLIDING OCCURS BEFORE WHEEL LOCK
C WHEEL LOCK FORCES ARE COMPUTED,
C TRANSITION FROM ADHESION TO SLIDING,
c
C [ I X Y XY I XXX R X X X X X R R L X K R K N XK R % X K K X K K N K O N X F X X N KX KX X X KX X X X XK X N N J
¢ o

REAL MU,MUO,MZ,MZA,MZT,MZS,M2P,KY,KX,L,MUX, MUY

COMMON/BLK1/MUO, AS,V,MUX,MUY,CS,CALFA,

+ KX, KY,BX,BY,L,FZ
C
c (X I I R X X R RO KN KX NN KN XN KN LN EE X N L X L X XK L XX KX KL L X X X X X X XXX XX JXZXEKEXJYX XX X R J
o

ALF=ALFAXx,717453%

- SY=SIN(ALF)/COS(ALF)
C....SPECIAL CASE FOR SX:SY=Q.

IF(ABS(SX),GE,,875)G0OTO 21
TFCABS(SY).GE,.BA5)GOTO 21

22 FX=u,
Fy=a,
MZ=0,
XIA=1,
XIS=1t,
GO TO 999

21 CONTINUE _
IF(SX=1,)12,18,22

10 SP=SORT(SX*SX+SY*SY)
VS=V*COS(ALF)*SP
MU=MUQO® (1 ,=AS%VS)
IF((i.-SX).GE..Bﬂl)GO TO 3@

o
Coeees COMPLETE SLIPING (WHFEL LOCK),
c
1S XIA=0,

XIS=0,

XIAP=0,

X1SP=a,

SxP=a,

SYP=zo,

SX=,999

GO TN 12m
C ‘ ’ .
Coeeao PETERMINF ADHESION AND TRANSTITION LIMITS,
C

3M SXP=SX/(1,=5X)
SYP=8Y/(1,*5X) |
TEMP=SORT ((ABS(SX*CS)%*2,)+ (ABS(SYXCALFA) *#%2,))
XIA=1,=TEMP/ (3, %MUDX (1, =SX))

19
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1832

3033
B34
2035
20836
2037
2038

2039
ARdY
naa1
naue

7?2043
nAaq
204S
AQUe

anu7
M0u8
nGu9
n350
2051
AQs52
2453
n054
B
n956

2057
nRs8

2059
nQ60

2061
2062

Nd63
nae6y

nB6S

A066

2367

X18=1,=CS*CALFA/(CS+CALFA)*SP/ (3, *xMUR(1,=5X))

IF(XTS)35,35,40
35 XIAP=82,

XISPesy,

XI1Az0,

XIS=n,

GO TO 12@

4 IF(XTA)45,45,50
48 XIAP=a,

XIA=Q,

GO TO 99

50 TF(1,=XIA)60,60,70
6M XIAP=1,

XI1SP=1,

GO TO 120

70 IF(XIS=XTA)8@,R0,97
82 XIAP=XTA

XISP=XTAP

GO TQ 12
97 IF(1,=XIS)1072,107,11M
102 XTAP=XTA

XISP=1,

GO TO 12m
110 XIARP=2XTA

XISPeXTS

C ‘
Cevess COMPUTATION OF TRACTION FORCE,
c

120 FXASCS#*SXPxXTAPxx2,
FXTS(1,/3,*CSxSXPx(3,=2,*XTAPWXISPIXXIAP/(1,=XTAP)¢+
+MURSX/SP*(3,=2,%*XISP=XTAP)*XISP)*(XISP=XTAP)
FXSSMURSX/SP* (1 =3, %xXISP*%2,+2,*XISP*%x3,)
FX2 FXA+FXT+FXS

c. . .
Coaass COMPUTATION NF CORNERING FORCE,
c

FYASCALFA*SYP*XTAPx%x2,
FYT=2(1,/3, #CALFA*SYP* (3,2, %xXIAPSXISP)*XIAP/ (1, =XIAP)+
#MUXSY/SP* (3, =2, *XISP=XTARP)*XISP) % (XISP=XTAP)
FYS=MURSY/SP* (1, =3, *xXISP*xk2,+2 xXISP**3,)
FY= FYA+FYT+FYS
¢
CeveosCOMPUTATION OF ALIGNING MOMENT,
C
MZA22,/3 , kSXP*SYP* (CSmCALFA)*XTAP**3,@1,/6,%*SYP*CALFA
+ (U, *XTAP**3 , 03 *XTAPK*2,) ‘
MZT=SYK(CSeCALFA) X (SX/((14=SX)**2, )AXTAP#**2,/((]1,=XIAPI%*2,)
$%1,/15. k(6 AXTAPR*2, 43, *XIAP*XISP¢XISP*x2,=15,*XIAP=5 *XISP+10,))
+% (XISP=XTAP)
MZT=MZT+8Y* (CS=CALFA) % (SXP#*MU/SPw(1,/CS+1,/CALFAYXX]IAP*XISP/ (1,
#XIAP) % 1% (3 AXTSP**2, +3, #XTAPA%2, ¢4, *XTAPAXISP=10,%(XIAP+XISP)+
$17.) I % (XISP=XIAP)

20
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no68 MZTMZTH#SY R (CS=CALFA) R (SXAMURR2, / (SP*%2 ,%CS*CALFA) %, 3% (6, xXISP*%2,
$43 AXTAP#XISP+XIAP*#2, =15, *XISPe5, #XIAP+10,) ) *(XISPeXIAP)

ne69 MZT=MZT+SYXCALFA/ (1,=SXI*XTAP/ (1, =XIAPY*1,/6, %3, 3, *XTAPK(2,aXIAP
#)mXISP*(3,=XISP) 42, xXISP*XTAP) % (XISP=XTAP)

n070 MZTZMZT4+SY*MUXXISP/SPw 5% (3,23, kXISP*(2,=XTAP)=XIAP*(3,=XIAP)+2,
$*XTAP*XISP) % (XISP=XIAP)

7071 MZSZMURSY/SP*(, 6*MUKSX/SPx(1,/CALFA=1,/CS)

+ X (1, =10 *XISPa*3 , +15,*XISPaxlY,ebp ,¥*XISPax5,)
+ =], Sk(XISPwx2, @2 AXISPA&xT ,+XISPR#4,))

nE72 MZPze (RX/KX=RY/KY)*FXxFY

na73 MZ= MZA+MZT+MZS¢MZP/L
o
Cuoes e MULTIPLY RY FZ AND L,
o

2074 999 X=wfFXxFZ

2875 Ye=FYXFZ

7376 IseMZkFZ%|
c - - -
c LA L L L LYY LR Y Y I YT Y Y XYY Y YT YY)
c

na77 RETURN

7078 END

ROUTINES CALLEDS
SIN , COS , ABS , SURT

OPTIONS = /ON,/QP

RLOCK LENGTH
TMHS3 1192 (704520)
BLK{ 26 (2pan64)

**COMPILER wewwe COREX»
PHASE USED FREE
DECLARATIVFS ©m216 01576
FXECUTABLES @@879 0m913
ASSEMBLY AP673 B36BS

NK{3TMHS3,LPt=CR

21
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001

name2
2003

fand
2005
11
apn7
PeM8
nQ79
na1o

7911
2012
7913
na14
215
natLe
o117
n218
n919
2029
na21

'
n@g2e3
724

)
ng26
nQ27
028

c TMSK1 . . SAKAt{ ~_ (DOC,6, REF,6) ) ]
c L L L L L L L L L L L L L L LYY YL P Y Y Y XXX IIrrrxl
c .
SURROUTINE TMSKICSX,ALFA,FX,FY,MZ,X,Y,2Z,XIA)
c ) . ) S ) o
C LA L L A X L L L L L L L L XL L LR XX Y XY XY Y P P Y I YT Y YT R Y YXIX]
C
c PARARQOLIC PRESSURE DISTRIBUTION
CovesCOMPLETE SLIDING POSSIBLE WITHOUT WHEEL LOCK,
C WHEEL LOCK (SX=1,) CAN HE SPECIFIED,
c NO TRANSITION FROM ADHFSION TO SLIDING,
c . . . .
c -.-..---..-.-.-.-------------.--.-----.--.-.-.--.--.------.----
c

REAL MUO,MUX,MUY,MZ,KY,L,KX
COMMON/BLK1/MUN, AS,V,MUX,MUY,CS,CALFA,
+ KX, KY,BX,BY,L,F2

o Ne Ne]

ALFsALFA % 3,1416/1807,
SYESTN(ALF)/COS(ALF)
IF(SX=1,)1R,17,17

17 XIA=,
SX=1,
SP=SORT((ABS(SX)*#x2,)+(ARS(SY)wx2,))
GO TN 49

CeuesSPECIAL CASF FOR SX=sY=za,

1@ IFCABS(SX), GF..HGIJGOTO 16
TF(ABS(SY).GE,,RA1)IGOTO 16

1S FXeQ,
FY=a,
MZ=@,
XIA=1,
GO TO 20

16 CONTTINUE
SXP=SX/(1,=5X)
SYP=SY/(1,.=SX)
SP=SART (CARS(SX)*x2,)+ (ABS(SY)*%2,))

c ¢ ’ .

Coeases DETERMINE ADHESION LIMIT,

o
XIA=1,=SQRT((ARS(SX*CS)*%2,)+(ABS(SYXCALFA)x%2,))/(3,%*MUOX(]1,=8X))
IF(XTIA)4R, 44,50

S IF(1.=XIA)60,67,70

£

CoveeesCOMPLETE ADHFSION

c

67 FX=CSxSXP
FY=(CALFA+CS*SX)*SYP
MZ=z,1666*SYP* (3, *xCS*SX=CALFA)+FX*FY/(KY*L)
GO TO 20

C
Coasea ADHESINN AND SLIDING
o

22
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nY29
2030
na3y

7832

ng33
nB34
n@3sS
n¥36

2837
nA38
nB39

f04o
mouy

70 FX=CSaSXPrXIAx%x2, #MUX R (SX/SPIn (1, mXTA)**2 % (1, +2,%XIA)
FY2(CALFA#CS*SX)XSYPRXTA%*2 , +MUYR(SY/SP) (1 ,aXTAIR*2 % (1,+2,%xXIA)
MZ2,1666%SYP* (3, kxCSxSX+CALFA* (3, =4, *XIA))xXIAR%2,

+ +oS*(SY/SP) R (MUXKSX*(1,+43,4xX]A)=3, *MUYAXTA) A (1, =XTAY*%2, *xXIA

+ +FX*FY/(KY*L)
GO TO 7@

c + .
Coeeess COMPLETE SLIDING
c
4a FXeMUX*SX/SP
FY=MUY*SY/SP
MZ=FXxFY/(KY*L)
XIA=,

c ‘
CuvesoMULTIPLY BY FZ AND L,

(¢

2N XseFX%xFZ
s=FYXFZ
I1==wMZAF 7%

D2OO

RETURN
END

ROUTINES CALLED:

SIM » COS » SQRT , ABS

NPTIONS = /ON, /0P

BLOCK LENGTH
TMSKT 605 (Ap2272) *
RLKY 26 (PRAV6Y)

*XCOMPILFR wewew COREX%*
PHASE USED FRFE
DECLARATIVES @8Mm216 W1576
FXECUTABLES 27639 01153
ASSEMBLY An477 23881

DK1:SK1,LPt=CR

13157816

M2=0CT=74

23
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2801

72
ngn3

QMY
npns
AQMe
nAA7
ngmag
n009
7010
T8
ne12

mB13
014
2015
nY16
”a17
ng18

7019
nY20
LI ER

ny2e
n@r3
2024
ALes

PR26
na27
Ap28

TMGOR _ GOODYEAR (DOC,6, REF,5)

o Ne el

SUBROUTINE TMGDRCSX,ALFA,FX,FY,MZ,X,Y,2,XIA,X0LD,YOLD,Z0LD)

PARABOLIC PRESSURE DISTRIBUTION

COMPLETE SLIDING UCCURS BEFORE WHEEL LOCK
WHEEL LOCK (SX=si,) SHOULD NOT BE SPECIFIED,
NO TRANSITION FROM ADHESION TO SLIDING,

e Ne Ne Re e Ne Neo o Ne Ne )

REAL MUO,MUX,MUY,MZ,KY,L,KX
COMMON/BLK1/MUOD,AS,V,MUX,MUY,CS,CALFA,
+ KX, KY,BX,BY,L,F2

s NeRe]

ALF=ALFA*,A17453%3
SY=SINCALF)/COS(ALF)
IF(SX=1,)10,12,1%

18 FXx=0,
Fyezd,
MZ=2,
XIA=1,
GO 70O 2@

12 8x=,999
CeeesSPECIAL CASF FOR SX=§Yzn,

17 IFCABRS(SX),GF,,0A5)GOTO 16
IFCABS(SY) LE,,2AS)GOTN 15

16 CONTINUE
SXP=SX/(1,=8X)
SYP=SY/(1,.=SX)
TEMP=SNRT(ABS(SX*XCS)*%x2,+ABRS(SY®CALFA)¥*%2,)

c .
Coves o PETERMINE ADHESINN LIMIT,
C
XIA=1,=TEMP/(MUO*(1,=SX)*3,)
TF(XTA) 4, U), 57
57 IF(I.'XIA)’SQ' bﬂ,?@
o

Cu'vuesCOMPLETE APHESION
c

60 FX=CS*SXP
FY=CALFA%SYP
MZ=zw,16666%CALFAXSYP+ ,66666%x(CS=CALFA)XSXP*SYPR
GO TO 21
c . '
Cesses ADHESION AND SLIDPING

(@]

77 TEMP1=1,+XTA+XTARK?2,
FX2.33333xCS*SXP*TEMP1
FY=.33%33%xCALFAXSYP*TEMP1

24
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2029 MZ=aSYPXXTA**3%CALFA/6,+,B66666%x(CS=CALFA)XSXP*SYP%(1,42,%XIA
+ +3,*XIA**2+4.*XIA**3)
n030 G0 TO 2¢

c 0
Cavess COMPLETE SLIDING
C VALUES BECOMME MEANINGLESS WHEN XIA LE @3 ASSIGN PREV, VALUES

P03 4P FXeXOLD

nu3e FY=ynLD

28%3 MZ=ZOLD

neI4 XIA=@,
c
CeeeanaMULTTIPLY BY FZ AND L,
r

m@3s 20 X=eFX%FZ

2R Y s=FYxFZ

naYy seMZxFZxl
c . . . ) . :
c L L L L X X X XL XXX L LELELELYE LR XX XL ELEELELXY YL XY XX X J
c

7238 RETURN

Agd%9 END

ROUTINES CALLED:
SIN » COS » ABS » SGRT

OPTIONS = /ON, /0P

RLOCK LENGTH
TMGDR 474 (AD1664) %
RLK1 26 (AQM244)

*%kCOMPILER meewe CORF%%*
PHASE USED FREE
DECLARATIVES o@216 01576
EXECUTABLES 24719 01073
ASSEMBLY QASN9 pI8L9

DK1gTMGDR, LPtsCR?

25
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C DATA PLOTTING SUBROUTINE
o
2901 SUBROUTINE TMPLOT(ISW) _ _
20m2 COMMON/BLK2/ALF1(1M1),SX1(101),FX(101),FY(101),XMZ2C101),
+ X(101),Y(121),2(101),
+ SCALX,SCALY,XMIN,YMIN, IPR, ISW1, ISN3, NUMBER,N,M, ITYPE
70093 REAL%*8 LABEL(2,5)
anay REAL*8 NAMF(S)
nYas DATA LABELC1,1),LABEL(2,1)/°LONGTITUD?,*,SLIP SX*/,
¢+ LABEL(1,2),LABREL(2,2)/°LATERAL *,°FORCE FY*’/,
+ LABELC1,3),LABEL(2,%)/°LONGITUD®,*, FORCE */,
+ LABEL(1,4),LABEL(2,4)/?ALIGNING”®,* MOMENT */,
+ LABEL(1,5),LABEL(2,5)/°SLIP ANG’,’LE (DEG)*"/
nane DATA NAME/’MODEL 1°,’MODEL 2°,°MODEL 3*,°SAKAI #,’GDODYEAR*/
Aaa7 IFCISW,NE,@)GOTO(1,2,2P0,4,100,6,100,8) ISW3
c
CoeeesFIRST CALL TO PLOT,CHECK FOR VALIDITY OF CALL
nB”8 IF(ISWt.,EG,!1,AND,ISW3,GE,1,AND,ISW3,LE,S) ISWSISW3
A2YN9 IFCISW1,EQ.2,AND . ISW3,GE,6,AND,ISW34LE,B)ISWRISKHY
P19 IF(ISW,NE,?)GOTO(17,20,30,40,50,60,7%,75)ISK3
C
CeooesILLEGAL PLOT CALL
7011 WRITE(IPR,1070) ISW1, ISW3
nQ12 ISW3=0
no13 RETURN
c
C MAKE SURE XMZ(MOMENT) IS WITHIN BOUNDS OF GRAPH
n014 200 K=N
A015 GOTO 300
Adie 100 KsM
2217 190 DO 470 I=1,K
7018 IF(XMZCI) o LT.=e2)XMZ(I)2=,2
nB19 IFCXMZCI)GT,,2)XMZ(T)=,2
A2 4pA CONTINUE
nA21 , . GOTO(1,2,3,4,5,6,7)ISNK3

CessuseLEGAL PLOT CALL
Cesees FIND MAX AND MTIN POINTS, DRAW A GRID AND LABEL AXES

C

C .
nR22 19 XMAXe1l,
20223 XMIN=0Q,
n@24 YMAX=1,2
n@g2s YMIN=Q,
nRa26 NXDIV=S
np27 NYDIV=é
ng28 ITYPE=®
nael9 NXSKIP=2
f230 NYSKIP=1
a3y NXSIG=1
na3e NYSIG=1
na33 NX=1
B34 NY=3
AB3s GOTO 8@
A036 27 XMAX={,
na37 XMINz@,
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FORTRAN V8,04

AA%8
n@39
fQUQ
nYut
nQuR
nRU3
no4uY
AQus
2046
2047
faQu8
nRu9
2150 L1
051
052
7053
nASY
AYSS
7056
ans7
"258
@59
2060
061
nQ62
6l
Y un
265
066
nQ67
N068
n369
nA7v
o714
Q72
073
a074
"A75
2076
0077
nu78 50
7479
A082
2081
nQ82
I EYS
AYRYU
LT
I ETY
"AR7
noas
ABRY
n09y
7091
LI'CP 60
093

YMAXe1,2
YMINZ=Q,
NXDIVsS
NYDIV=6
TTYPF=6
NXSKIP=2
NYSKIP=1
NXSIGs1
NYSIG=1
NX=1
NYe=?2
GOTO 8@
XMAX=1,
XMINEQ,
YMAX=,2
YMTNEw, 2
NXDIV=S
NYDIV=8
TTYPE=?
NXSKIP=2
NYSKIP=1
NXSIG=1
NYSIG=?
NX=1
NY=4
GOTO &P
XMAX=1,2
XMINzei,2
YMAX=]1,2
YMINeER,
NXPIVe12
NYDIV=é
ITYPE=sY
NXSKIPe=2
NYSKIP=?2
NXSIG=1
NYSIG=s1
NX=3
NY=p
GOTO 87
XMAX=1,2
XMINE=y,2
YMAX=,?
YMIN=e,?
NXDIV=te2
NYDIV=8
ITYPE=1
NXSKIP=2
NYSKIP=¢2
NXSIG=1
NYSIG=2?
NX=3
NY=4
GCTO 8n
XMAX=20Q,
XMIN=Q,

13258345

N2=0CT=74
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FORTRAN VOB,04 13258345 M2=0CT=74  PAGE 3

NP9y
n@9s
n@96
"a9y
7098
7499
n17e
n191
212
n123
1oy
0105
7106
nia7
27108
n1n9
2110
n111
2112
"113
a114
AL4s
ni16
n117
n118
2119
7129
7121
n122
n1°3
niey
125
n126
*127
#1728
2129
"3y
2131
n132
133

n134
n13S

n136

137
7138
21739

140
A1a1
AP

YMAX=1,2
YMTN=Q,
NXDIV=S§
NYDIV=zé
ITYPFE=6
NXSKIP=2
NYSKIP=1
NXSIG=1
NYSIG=1
NX=§
NY=2
GOTO 8n
70 XMAX=z27,
XMINEQR,
YMAXe, 2
YMIN==, 2
NXDIV=S§
NYDIV=8
ITYPEs?
NXSKIP=2
NYSKIPs1
NXSIG=1
NYSIGs?
NXeS
NYs=y
GOTO 84
XMIN=O,
YMAX=2700,
YMIN=0Q,
NXDIVsi
NYDIV=S§
ITYPF=6
NXSKIP=@2
MYSKTP=1
NXSIG=0a
NYSIG=m
NX=0@
NY=2 ,
CALL SYMBOL(U4eyT74ra2s*CARPET PLOT?,0.,11)
C
CovesoLAREL WITH THE MODEL NAMF
82 CALL SYMBOL(4,s84s o+2,NAME(NUMBER),Wes8)
CALL GRID(XORG,YORG, XMAX,XMIN,YMAX,YMIN,8,,8,,NXDIV,NYDIV,

+ SCALX,SCALY, ITYPE)
CALL GRDNUM(TTYPE,XORG,YORG,XMAX, XMIN, YMAX,YMIN,B,,8.,
+ . NXPIV,NYDIV,NXSKIP,NYSKIP,NXSIG,NYSIG)

IF(NX,NE,2) CALL PLAREL(ITYPE,1,R,/,84sLABEL(1,NX),16)
IF(NY,NE,2) CALL PLABEL(ITYPE,2,8.s8.sLABEL(1,NY),16)
RETURN

C
C " O .
C ooeaPLOT ONE CI/RVE OF THE PLOT
1 CALL PLOTPT(ITYPF,XMIN,YMIN,8,,8,,SCALX,SCALY,SX1(1),FX(1),N)
RETURN
2 CALL PLOTPT(TTYPE,XMIN,YMIN,B,,8,,SCALX,SCALY,SX1(1),FY(1),N)
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FORTRAN Vp8,R4 133158245 N2=0CT=74 PAGE 4
"4 RETURN
Q144 3 CALL PLDTPT(ITYPE,XMIN,YMIN,B.,8.,SCALX.SCALY.SX1(1);XMZ(1)aN)
m14s RETURN
RN 4 CALL PLUTPT(ITYPF;XMTN:YMIN08.;B.JSCAL’“SCALY'FXfljuFYfl)pN)
n147 RETURN )
niu8 & CALL PLOTPT(ITYPEIXMINIYMINlanIS.ISCALXISCALYDFX(1)IXMZ(1)JN’
n149 RETURN .
n159 6 CALL PLOTPT(TTYPF,XMTN,YMIN,B.,B,,SCALX,SCALY,ALF1(1),FY(1),M)
n1si RETURN ,
nis2 7 CALL PLOTPT(ITYPF,XMIN.YMIN,S.,B.,SCALX,SCALY,ALFltl)pXMlti):M)
”1S3 ., RETURN

CaseneSCALE FZ (CURRFNTLY STORFD AS ISW) RELATIVE TO 2787

CueesaTO BE USED FNR GRAPH ONLY
A1S4 8 FZe=1ISW/2010,
n15S DO 99 I=z1,M
n156 FXCI)==ALF1(T)%FZ
157 99 WRITF(IPR,?2aM@) FX(I),Y(I) ,
nisa CALL PLOTPT(ITYPE.XMIN.YMIN.8.;8.,SCALX;SCALY,FX(1).Y(1).M)
n159 RETURN

o
0160 2007 FORMAT(IX,?2F10,3) , ,
n161 1P@® FORMAT(’1ILLFGAL COMBINATINN OF VARTABLE SWEEP (TSW1) AND PLOT’,

¢ ° TYPE (ISW3), THIS SFT OF DATA IGNORED,*/*71SW1=’,13,5X,
+ PISWI=’,13)

o
A162 END

ROUTINES CALLEDS .

SYMBOL, GRID , GKDNUM, PLABEL, PLOTPT
OPTINNS = /ON,/0OP

RLOCK LENGTH
TMPLOT 1372 (A2527@) %
RLK?2 1631 ("g6276)

*XCOMPILFR wwews COREX%
PHASE USFD FREE
DECLARATIVES pa4BS 01397
FXFCUTABLES @m858 @n934
ASSEMBLY PA9US 43413

NK1sTMPLNT,LPs=CR:
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1.5 EXAMPLES

The following three examples were chosen to demonstrate
the flexibility of the computer program in producing output from
one or more tire models and in sweeping over ranges of Sy and

a.

Example 1
Here it is desired to obtain Fy vs. a from tire model
HSRI-II only. The output is to be given for o ranging from
1 to 16 degrees in 1 degree increments. The following 8 data

cards are needed.

Card A (4I1)

ISW1 = 2 sweep o as indicated on Card C
ISW2 =1 print output

ISW3 = 0

ISw4 =1 type 1 input module

Card B (2F4.0, I3)
[blank] default (sX=O.) path is taken

Card C (2F4.0, I3)

ALF11 = 1. initial o
DALFA = 1. o increments
M= 16 evaluations

Card D (2F8.3)

CS = 19251.4
CALFA = 9625.7

30



Card E

KX
KY
BX

BY

Card F

L =

FZ
Card G
MOD
Card H

MUO
AS

MUX

MUY

Punched card
°1 1

(4F8.3)

1000.

= 500.

1.

1.
(2F8.3)

5.6
= 800.

(5I1)
EL(1)=2 exercise HSRI-II only

(5F8.3)

determined by friction data program

1.224
(see Sec. 2.3)

= .004

20.

1]

1} n
o o

‘ relevant only for Sakai model

listing

1, 1, 16
19251.4  9625,7

1700,
5.6

2 .
1.224

500, 1, 1,
RAN,

The program output for Example 1 is reproduced on the next

page.
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292°'2
6l2%
easg*p
c2%'0
£Se'0
L9802
L2n'a
9Ln*g
LES'D
S19°%2
e2L'e
9939
T TR
esSn*l
6L1°'2
59¢ %y

Seessceomaw

(SIX)
NOILISNVYL

T @1duexg 103 3ndano Io3nduon

Lit’e
26t1'@
nee'o
geete
682°9
292'o
g2 @
12s'e
29¢°%0
niv'a
hen®a
1SS0
L2l
L X- R
Lsn*l
7162

(vIix)
NOIS3HQY

$*hoe
e'Ltre
L*1g2
6*Lhe
£°99¢2
v'Lee
L'21¢
8*LEE
R 69¢
S*neh
°nhb
vtngh
6°11s
n°69n
L's1g
g'9g1

NI=g9
(2u4)
IN3IWOW

1'955=
N°g9T=

*89
(Ad)
lvi=33u04

EfOESES SRS ESe®
PN SITONNDBDCIOS

*gn
(xd)
9NOT=33404

I Lt . TR e A ks — - .

P 0Y0 =24
2p9°s =9

uep 't =Ag
ueats =xg

VAR *A8S =AM
BER VR T =XN
0AL*S296 =v4lv)
e *l1geei=g)d

vy = ANK

e to SXNW
oo ve =A
hee®e =gy

nee'l =00n

26v) snorsid .EPQ

In32¥3d
(xs)
dIs ‘9NOT

291

SIa8

« a & a

(VR AN ATy

-t ot o ot
32

BSOSO E
® o 8 &« & 0o &4 & s s -
SAUMITINONC O D —

0°eps =24 2 7300w

$33¥930
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Here it
from the HSRI
be given for

the six defau

Card A

ISw1

ISw2
ISW3
ISw4

Card B

[bl

Card C

ALF11
DALFA

M =

Card D

CS
CAL

Card E

KX
KY
BX

BY

Example 2

is desired to obtain Fx’ F._, and Mz VS. S, and o

y
-1, -1I, and Sakai tire models. The output is to
two a-paths (0° and 2°) where S is swept through

1t values. The following 8 data cards are required.

(411)

1 sweep S, take a-paths indicated on
Card C

n
[

print output

]
o

LI}
—

type 1 input module

(2F4.0, I3)

ank] use default Sy values

(2F4.0, I3)

0. initial a

2. o increments

2 a-paths

(2F8.3)
= 21774.
FA = 10887.
(4F8.3)

1000.

= 500.

1.

1.
33



Card F (2F8.3)

L=17.1
FZ = 1100.

Card G (5I1)

MODEL(1) = 1
MODEL(2) = 2
MODEL (3) = 4
Card H (5F8.3)
MUO = .6
AS = .025
v = 20.
MUX = .37
MUY = .37
Punched card listing
111
n, 2. 2
21774, 10887,
1200, 592, 1 1,
2e |
) 25 en. » 37

34
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The resulting computer output is shown on the next page.
In examining this output, it should be noted that: (a) the
HSRI-I model does not compute aligning moment, (b) the transi-
tion region (XIS) is relevant only for the HSRI-II model,
(c) the Sakai model, which has parabolic contact pressure, loses

adhesion at a low value of longitudinal slip (sX < .2).
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MODEL

MODEL

SAKAL

SLIP ANGLE
(ALPHA)
DEGREES

1 Fistioe,0

9,0

8,0

8,0

2,0

2.0

0.0

2'0

2,0

2,0

2,0

2,0
2 FIsyien,n

3,0

P2

2,0

B.G

¢,

2,0

2,0

2,0

2.”

2,0

2,0

2.0

Fls11040,0

2,0

2,0

2,9

2.0

°,0

0'0

2,0

2.“

2,9

2,0

2,0

2,8

MUQ= 2,600

AS= A,PPS
Vs 20,040
MUX = 2,370
MUYz 2,370
CS=21774,000
CALFA=101887,008
KX31000, A0p

KYs 5p2,000
BX=z 1,000
Bys 1,000
L= 7,140
FIs {ipa,o0n

LONG, SLIP
(sx)
PERCENT

8,00
0,20
A 42
2,60
2,80
1,00

n,00
2,20
T
#,60
7,80
1,00

0,00
n,29
T
2,60
7,80
1,00

2,00
@,20
M, 40
0,68
",82
1,00

@,
8,20
0,40
A,60
7,80
1,00

3,00
0,29
0,4
2,60
7,80
1,00

FORCE=LONG
(FX)
L8,

9,0
=577,8
=523,2
-ub0,4
«395,5
©3310,0

”,0
=574,8
=522,3
YTI.
=395,4
=329,9

a,0
=581,4
=525,6
.abils
=396,
=330,0

3.0
=572,5
=523,2
~460,8
«395,7
=329,8

a,0
=ldQ7,0
-4ye7v,@
“4n?,0
-4p7,0
47,0

7,0
-40a,9
-485,5
=406,3
lUBb,6
=4pb,8

FORCE=LAT
(FY)
L8,

=5,8

MOMENT
(M2)
LB=IN

ceervesves

44

ADHFSION
(XIA)

1,000
2,055
0,018
2,007
@,002
8,A00

2,853
9,254
2,018
0,227
8,002
2,090

1,000
2,061
8,023
#,c10
2,004
0,000

@,868
2,060
0,023
0,010
2,094
0,000

1,000
2,020
2,000
2,200
2,020
0,020

e,828
Q,n0e
¢
2,000
0,000
9,000

Computer output for Example 2

36

TRANSITION
(X18)

@,000
2,000
@,702
a,0¢0
®,000
2,020

2,000
2,048
a,009
a,m00
0,720
2,000

1,000
2,164
@,055
9,021
2,027
@,040

1,279
8,161
@054
¢, 021
@,n07
2,000

A,0008
e,e40
p,000
A, 000
2,000
a,000

a,n09
n,002
¢,012
@, z0n
#,000
2,000



Example 3

This example illustrates the use of a Type 2 data module
for the requirement of obtaining Fy and MZ vs. o (at SX=O.)
from all five tire models. Frictional performance data for each
tire model has been calculated by the friction data program
described in Section 2.0. The output from each tire model is to
be obtained at three speeds (20, 40, and 55 mph). Since these
models assume the tire-road friction coefficient to be speed-
dependent, this necessitates the use of unique friction data for
each model at each speed. A total of 37 data cards are required

for the Type 2 data module.

Card A (41I1)

ISW1 = 2 sweep o as indicated on Card C
ISW2 =1 print output

ISW3 = 0

ISW4 = 2 type 2 input module

Card B (2F4.0, I3)

[blank] default (sx=0.) path is taken

Card C (2F4.0, I3)

ALF11 = 0. initial o
DALFA = .5 o 1lncrements
M= 25 evaluations

Card D (2F8.3)

CS = 21774.

CALFA = 10887.
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Card E (4F8.3)

KX = 1000.
KY = 500.
BX = 1.
BY = 1.

Card F (2F8.3)

L=17.1

FZ = 1100.

Card G (5I1)

MODEL(1) = 1 exercise HSRI-I model

Card H (5F8.3)

MUO = .7089
AS = .0551 data for HSRI-I model
vV = 20.

Card G (5I1)
MODEL (1) = 2 exercise HSRI-II model

Card H (5F8.3)

MUO = .698
AS = ,054 data for HSRI-II model
Vv = 20

.

(11 G-H pairs)
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Card G (5I1)

MODEL (1) = 4 exercise Sakai model

Card H (5F8.3)

MUO = .611

AS = 0.

vV = 55, data for Sakai model
MUX = 0.

MUY = .286

Card G (5I1)

MODEL(1) = 5 exercise Goodyear model

Card H (5F8.3)

MUO = .3455
AS = 0. data for Goodyear model
Vv = 55,

[a blank card]

A blank card terminates a Type 2 module which may be
followed by a Type 1 module or another Type 2 module. The
complete data module for this example is seen in the punched

card listing reproduced below.
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Listing of the Type 2 data module for Example 3.

21 2
A, .5 25
21774, 10887,
tapn,  S¢o, ' 1
7.1  t1om,
1
JINR9 L0581 27,
b}
.698 . 254 29,
3 .
0572 023 20,
4
. 779 27, 515
5
Y YY) 2P,
1
.bu77  ,n5m49 4o,
)
634 «A51 4a,
L
563,053 ua,
a .
cbna "‘ao .371
5
JU3bu un,
1
5017 ,0373 5%,
)
T . 237 55,
3
,A33 L0608 55,
]
W61 55, . 286
5
, 3455 55,

The first two and last two pages of the computer output for

Example 3 are reproduced on the next two pages.
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2.0 TIRE MODEL DATA PREPARATION

The semi-empirical tire models, whose programs are listed
in Section 1.4, require input data which is derived from the
results of full-scale tire traction tests made in the laboratory
or on the road. There is no way, at this time, to relate tire
model input data to tire design characteristics. Thus, the model
input data are strictly valid only for a specific tire, at a specific
inflation pressure, and carrying a specific load. The frictional

performance data (uo, A_, etc.) is further restricted to a specific

s
paved surface and water cover (if any). Notwithstanding the above
restrictions, it is frequently possible to estimate changes in

input data produced by slight changes in tire design or operating

conditions.

The tire models with which this report is concerned all
simulate tire tread and carcass elasticity with the same linear
elements; specifically, the tread-carcass structure is an array
of linear shear springs (tread) attached to a rigid beam which is
supported by a linear spring foundation (carcass). Thé determination

of tire structure input data, Cs’ C, K

N © Ky’ common to all of the

models, is described in Document 6 (pp. 77-88). Again, it is
emphasized that tire structure input data relate to a specific
tire at a specific pressure and load (FZ). Changing the 1load,
pressure, or tire, requires consideration of corresponding changes
in C

i Ca, KX, and Ky in addition to the contact length, L.
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The tire models all vary in their schemes for simulating
tire-road frictional performance; viz, the generation of the

friction-dependent shear force distribution, o, expressed by

Q
1]
=

* P

where p is the tire-road friction potential and p is the normal
contact pressure distribution. A pressure distribution, uniform
or parabolic, is programmed into each of the tire models; no
pressure distribution input data is required. The tire-road
friction potential is calculated by the various models with the

input data As’ Hos Hyo “y as indicated in Table 3, where VS is the

slip velocity.

TABLE 3

FRICTION PERFORMANCE FACTORS

Model U P

HSRI-1I uo(l-ASVS) uniform

HSRI-II uo(l-AsVS) uniform

HSRI-III uo(l-AsVS) parabolic

Goodyear Mo parabolic

Sakai Hos My and “y parabolic
sliding

The remainder of this section is concerned with the preparation

of frictional performance data.
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2.1 FRICTIONAL PERFORMANCE DATA

The frictional performance input data for a particular tire
model is determined such that the model will reproduce selected
points on measured traction force curves. For example, the HSRI
models, which utilize two input parameters (uo and As), are given
parameter values which cause these models to reproduce two points
in the high slip region of the measured FX Vs. s . or Fy VS. o
curves. Because of model differences, values of My and AS for one
of the HSRI models will not be optimum for the other two HSRI

models.

A digital computer program has been written to calculate
frictional performance data, for each of the tire models, from
free-rolling Fy vs. a data measured in the laboratory or on the

road. The following solution procedures are used.

HSRI-1I

Mo and As are obtained by solution of the two simultaneous
linear equations which result when the lateral force equation for
this model is evaluated at the two data points which are to be

reproduced.

|
—

ZX[Cu tan a(l - V1 + Fy/Ca tan a)/Fz]1 + y[VS]1 =

|
—

2x[Ca tan a(l V1 + Fy[Ca tan a)/FZ]2 + y[VS]2 =

where Mo = 1/x, As = y, and subscripts 1, 2 indicate evaluation

at the two data points to be reproduced by the HSRI-I model.
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HSRI-TI

Mo and AS are determined by an iterative solution for these
parameters as roots of the following function, F(uO,AS), which

is derived from the lateral force equation for this model.

g 3 3
= 1 -2 S22 S
F(“o’As) - Fy * 2 uon [2 L Asvs(2 L L )]
where
3
a _ 1
= 3 UOFZ/(Cu tan o)
gs 1
= 7 “on(l + C,/C) x (1-AV.)/(C, tan o)
HSRI-III

Mo and AS are determined by an iterative solution for these
parameters as roots of the following function, F(uO,AS), which

is derived from the lateral force equation for this model.

g3 £, ¢
_ ay - . _a _ ’sy’a’s
F(UO’AS) - Fy ¥ “on{I ) (f— ASVS[l (3 L L )L L ]}

where
ga
= 1 - Ca tan a/(SuOFZ)
Ei = 1 ( ca Cs ) tan o
L Ca + CS Suo(l-ASVSTFZ
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Goodyear

My is obtained by evaluating the following equation (derived

hy rewvrifing the Tateral foren oqnation for thic moadnl) at the

peak datum point of the free-rolling Fy vs. o test data.

Sakai

Mo and “y are determined by an iterative solution for these

parameters as roots of the following function, F(uo,As), which is

derived from the lateral force equation for this model.

2

£a. Eg £a.° £4.3
Flugs uy) = Fy Su (1 - () uy[l -3 2 I

where

Yy

QO

= 1 - Ca tan u/(SUOFZ)

i

and the valid roots are such that “y is less than My
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The iterative solutions required for the HSRI-I, -II, and
Sakai models are obtained by the Newton-Raphson method for finding
simultaneous roots of two functions, F1 and FZ’ of two variables

(u

written above for the respective models, evaluated at two data

and AS or uy). The two functions are F(uo, A or uy),

0 S

points on the Fy vs. a curve which are to be reproduced by the model.

The Newton-Raphson method provides corrections, Auo and AAS

1

(or Auy), to an estimate of the roots (say Ho and Asl) by solution

of the following simultaneous linear equations for these corrections.

1 1
= Ay + AA = - F
Buo o} BAS S 1
oF oF

2 2
— Ay + AA = - F
auo 0 BAS S 2

where

8F1 aFl
— , =—— , F,, etc., are constants calculated from
auo aAs 1

the uncorrected values of Ho and AS. The corrected roots

are then used in repeating the procedure until the corrections
become negligible. In most cases, a solution is obtained with

a small number of iterations (typically 4-6).

48



The functions P(uo,AS) for the HSRI-II, -III models and
F(uo, uy) for the Sakai model are highly nonlinear and a compre-
hensive analysis for the region where valid roots may be found has
yet to be performed. In some cases, the program presented below
is unable to find roots for one or more of these models. These
cases are, usually, a consequence of abnormal data. It is
mathematically impossible for certain models to reproduce some
pairs of data points in the high-slip region, given Ca determined
in the low slip region of the same Fy vs. o test data. Fortunately,
these cases seem to be in the minority, at least for the HSRI

mobile tire tester and flat bed data used so far.*

2.2 COMPUTER PROGRAM

The program described and listed in this section was developed
to compute frictional performance data for the five tire models
called by TMMAIN. The program requires the following input data
obtained from lateral force vs. slip angle measurements made by a
flat bed tire tester (low speed data) or a mobile tire tester

(high speed data).

Data Card 1

FZ tire load, Fz

*Wet and dry mobile tire tester data from 9 different tires
(including 3 construction types) tested on two surfaces (asphalt
and concrete) have been used in testing the frictional performance
data program.
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CALFA lateral traction stiffness, Ca

SWITCH real variable indicating high speed data

(=0.) or low speed data (#0.)

CS longitudinal traction stiffness, CS

Data Card 2 (FY must have a sign opposite to the sign of ALFA)

ALFA(1)
data point 1
FY (1)
ALFA(2)
data point 2
FY (2)
vV traveling velocity

The program finds values of My and AS which make the HSRI-I,
-II, -II1 models reproduce the two data points on Card 2. Values
of My and Uy are found which make the Sakai model reproduce these
two points. A value of Mo is found which makes the Goodyear model

reproduce the data point for which FY is largest.

Initial values of Wy = 1. and As = 0. are used to start the
Newton-Raphson iterative solution for the HSRI-II model. These
starting values have enabled the iteration to converge to a valid
solution for the HSRI-II model with all data tried. The initial
values of Wy = Cu tan a/(ébz) + .1 and AS = 0. or “y = uO/Z have

enabled the iteration to converge to a valid solution for the

HSRI-III and Sakai models with most data tried. The initial values
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are computed as part of the program; they are not read in as

input data.

The program detects a nonconvergent solution if the result
of an iteration differs from the previous result by more than 5.0,
or if no convergence has been achieved after 10 iterations.
Convergence is assumed if the result of an iteration differs from
the previous result by less than .0001 (uo and AS or uy). Non-
convergence can usually be traced to an anomaly in the measured

data.

The program may fail to converge for the Sakai model for the
reason that Hy = “y produces the best fit to the selected data
points. This result, which occurs in the example given below, is

evident on examination of the printed iteration history.

When SWITCH is nonzero, flat bed or other low-speed data are
indicated and the Fy - o data point with greatest Py magnitude is
used to determine R for all models. In this case, the velocity

input, V, is irrelevant and AS = 0.
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FORTRAN V@8,04 14100346 M2=0CT=74  PAGE 1
c FRICTINN DATA PREPARATION PROGRAM
c
n@a1 REAL MUO,MUY
nenQ DIMENSTON F(2),SY(2),FY(2),DFMU(2),DFAS(2),ALFA(2),VS(2)
nen3 DIMENSTON A(2),B(2),C(2),DFMUY(2)
c ASSIGN LOGICAL DFVICE NUMBERS
oMY IPR=8%
ARns IRD=8
¢
CusesesREAD IN VALUFS
CoeussFOR FLATBED DATA, PUT SWITCH=1,,LEAVE ALFAC2),FY(2),V BLANK
CosessFOR OTHER DATA LFAVE SWITCH RLANK OR ENTER 7,
Coeses FNTER FY QUANTITY AS A NEGATIVE NUMBER
nane 127 READ(IRD, 1700, FND=4@)FZ,CALFA,SWITCH,CS
anaT7 READ(IRD, 1207, FND=4@)ALFACI),FYC1),ALFAC2),FY(2),V
n0n8 IFC(CS.FU,D.)CS=2,xCALFA
a909 WRITF(IPR,487H)FZ,CALFA,CS,V,ALFA,FY
»
c .
, CeveasCALCULATE VS AND TANCALFA)
7010 DO 1M I=1,2
7011 ALFACIY=ALFACI) %, 3174533
ne1e SYCI)=SINCALFACI))/COSCALFA(D))
#013 1M VS(I)=VxSIN(ALFACI))
c
c . .
CepassSOLVE FOR GONDYEAR MNDFL ROOT OF MUO
CoesesPICK THE PFAK FORCF OF THE 2 VALUES GIVEN
c
no14 MAX =1
7015 TFCARS(FY(2)),06T ABSCFY(1)))MAX=2
A216 T2, #FY(MAX)/ (CALFAXSY (MAX))
ne17 .. IFCT.LF,.75) MUO=CALFAXSY(MAX)/(64*FZ)*(1,+SART (1, =4,/ 3, *xT))/T
CossprslF SLIDING OCCURS REFORE ALFA(MAX), IE XTAe@, OR T TOO LARGE,
CeeesaPICK MUO DIFFERENTLY o '
n218 IF(3,*xMUOXFZ/CALFA,LT,SY(MAX),OR,T.GT,,75)MUDZABS(FY(MAX))/F?7
7019 WRITE(IPR, 6300)MUO
c
c
CoseselF SWITCH TS NOT ERUAL TO @,, FLATBED DATA IS INDICATED;:
Coeess CALCULATE UNIFORM PRFSSURE MUD FROM HSRI={ EON
CosessUSTNG THE PEAK FNRCE OF THE 2 GIVEN (ONLY ONE 1S NECFSSARY)
nY20 IFC(SWITCH,FO,¢.)G0TO 1
Q21 T{=CALFAXSY (MAX)
1.y MUD =2 ,xT1*(1,=SART(1,+FY(MAX)/T1))/F2Z
n023 WRTTF(IPR, 1500)MUO
Q24 GOTO 1m2
c
c v .
CewessSOLVE FOR MODEL] RONTS NF AS AND MUO
c
IR 1 DU 5@ T=1,?
P26 T1=CALFA*SY (1)
2927 A(T)=2, xT1*(1,=SART(1,+FY(I)/T1))/FZ

Ceoese MANIPULATE ARKAYS FOR SOLUTION OF THE TWO SIMULTANFOUS LINFEAR EGN
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FORTRAN V@R, %d 14200346 M2=0CT=74  PAGE 2

2028
na29
"230

nA31
ng32
7033

B34
AY3S
PO%6
naz7
A038
n339
L ETY,
Ny
AQu2
nQu3
nouy
naus

nB46
Ava7
”048
nQ49
anso

2351
Y52
7053
2054
2955
2056
aQs7
7058
2459
LY
2061

#0062
7063
064
na&s
066
no67

7068

C(I)e=1,/7A(T)
BR(1)=VS(T)/A(D)
SM CONTINUE

AS=(C(1)=C(2))/(R(1)=B(2))
MUO=1,/(C(1)=AS*B(1))
WRITE (IPR,38MYIMUD, AS

. .

vnesesSOLVF FOR MODEL 2 ROOTS OF MUO AND AS, USING THE NEWTON=RAPHSON

e I ]

CeseasMETHOD AND STARTING WITH MUU=1{, AS=0
c

Mub=1,

ASeQ,

WRITE(IPR,9002)

DO 9% KOQUNT=1,10
DO 8¢ Is1,?2
T{=,S%FZ/(CALFA%SY(I))
XIA=T{=MUQ
T2zl ,=AS*VS(])
T3=1,+4CALFA/CS
XISsT2xT3xXIA
Tz2,=XTA=ASKVS(I)*(2,=XIAeX]S)
.. FCI)SFY(I)4,SxMUORFZ*T
CoesesFIND DERTIVATIVES OF XIA,XIA AND F WITH RESPECT TO MUO AND AS

DAMUET {
NDSMUSTI*T2%T3
NSAS=eXIA®VS(I)*T3 _
DFMUCI)=,5%FZxT=,SxMIQO*FZx (DAMUmASRVS(T)*(DAMU+DSMU))

. DFAS(I)=,S*MUOXFZ*VS(I)*(AS*DSAS=(2,=XTA=X1S))

CeeessNIVIDE TO SOLVE FOR MUD AND AS

F(I)==F(1)/DFMU(T)
DFAS(I)=DFAS(I)I/DFMUCI)

87 CONTINUE
NAS=(F(1)=F(2))/(DFAS(1)=DFAS(2))
DMU=F (1) =DAS*DFAS (1)
MUO=MUO+NML!
AS=AS+DAS
WRITE(IPR,22MAD)MUC, AS .
IF(ABS(DAS) LT,1,E=d4,AND,ARS(DMU) LT 1,E=4)GOTO 11

9% CONTINUE

11 CONTINUE

ceessSOLVE FOP MOUDEL 3 RODTS OF AS AND MUO, USING THE NEWTON=RAPHSON
METHOD,STARTING WITH ESTIMATE OF MUQO FOR POSITIVE SLOPE

e Ne e NeNe Ne]

MUO=, 14CALFA*SY (2)/(3,%FZ)
AS=a,
WRITE(IPR,S27@)
WRITE(TPR,202Q)MUOD, AS
DO 32 KOUNT=1,10
. No 20 1=21,2
CeseselF LOOP IS LEFT REFORE COMPLETTON, N IS TO INDICATE NUMBER OF
CoeeeasPATA POINTS OF THE TWO GIVEN THAT ARE IN FULL SLIDING
Nslel
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FORTRAN V@8,04 14200386 N2=0CTe74 PAGE 3
na69 TEMP=CALFA*SY(1)/(3,%*MUQ%F2Z)
naTo XIS=1,=TEMPACS/((CALFA+CS)*(1,=AS%xVS(I)))
nQ71 XIA=1,=TFMP
ng72 Tiz3,=XIA=X]S
nAT3 T2sXTA®XTS
ANT74 Tl , = XTARRBwASKYS(TIN(1,=TIxT2)
mavYs FC(I)EFY(I)+MUUXFZAT
¢ FIND DERIVATIVE OF XIA,XIS AND F WITH RESPFCT TO MUO AND AS
7276 DAMUSTEMP/MUO
2077 DSMUSDAMUXCS/ (CCALFA+CS)*(1,=AS*xVS(I)))
AA78 DSAS=wDSMUXVS(T)xMUO/(1,=ASXVS(I))
aQ79 DFMUCI)SFZa(TwMUOK (3, *XTANXTIAXDAMU+ASAVSCI) % ( (DAMU+DSMU) *T2
+ wT{x(XTA*DSMU+XISRDAMUY))Y)
7080 DFAS(I)=wMUORFZAVS(I)x (AS* (2, AXIS+XIA=3 Y xXIAXDSAS+(1,=T1%xT2))
C
Coees MANIPULATE ARRAYS FOR SOLUTION OF DMU AND DPAS
AYR1 F(I)=wF(T)/DFMU(T)
2082 DFASCI)=DFAS(I)/DFMUCI)
AARZ 27 CONTINUE
ABRY DAS=(F(1)=F(P))/(DFAS(1)=DFAS(?))
ADAS DMU=F (1)=DAS*DFAS(1)
np8ae MUOsMUO+DNML
A@QR7 AS=AS+DAS
N088 WRITE(IPR,207Q)MUC, AS
AA89 IFCABS(DAS) LT,1,.E=4, AND ABS(DMU) (LT.1,E= 4)60TO0 22
AA9Y IFCARS(DAS), GT 5..0R ABS(DMU),GT,5,)G0TO S5
LI'CBl 3% CONTINUE
AaQ2 S5 WRITF(TIPR,2529)N
n@d93 2?2 CONTINUE
C

C.pap.SOLVE FOR SAKAI ROOTS OF MUY AND MUO, USING THE NEWTON=RAPHSON
C vaeoMETHOD, STARTING WITH ESTIMATE OF MUO AND MUY FOR STABILITY

c
n@9y MUO=, 1+CALFA*SY(2)/ (3, *F2)
nB95 MUY=MUO/2,
m096 WRITF(IPR,7270)

7097 WRITE(IPR,RUAR)MUO, MUY
7098 DO 70 KOUNT=1,10
n899 DD 6B I=1,2

CepeaneJF LOOP IS LFFT REFORE COMPLETION, N IS TO INDICATE NUMBER OF
CooeeeDATA POINTS OF THE TWO GIVEN THAT ARE IN FULL SLIDING
ﬂim@ N=3-I

7101 TEMP=CALFA*SY(I)/(3,*MIO%F2Z)

102 XIAz1,=TFMP

aL1n3 Tisl,=XIA

A1ny T2=XTA®xXTA

a1ns Ti=XTAXT?2

n10n6 Tl ,=3,%T2¢2,%T3

2107 _ FOI)SFY(I)4FZ% (3, %xMUORT I *T2+MUY%T)

CoaeasFIND DERIVATIVE NF XTA AND F WITH RESPECT TO MUO AND MUY
n108 DAMU=TFMP/MUN

a1n9 DFMUCT)Sh *FZx 01, =MUY/MUD)*T12T{xXTA
n1192 ~ DFMUY(I)=FZx*T
CeveasPDIVIDE TO SOLVE FOR MUY AND MUO
7111 F(I)seF(1)/DFMU(T)
112 DEMUY(T)=DFMUYCIY/NDFMUCI)
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FORTRAN V@8,74 143190846 M2=0CTe74  PAGE 4

7113 6¢ CONTINUE
2114 DMUY=(F(1)=F(2))/(NDFMUY(1)=DFMUY(2))
”115 DMUsSF (1) =DMUYXDFMUY (1)
A116 MUY =SMUY +DMUY
n117 MUO=MUD+DMU
7118 WRITF (IPR,BOAB) MU, MUY | |
7119 IF(ABSC(DAS) 4L T.1.E=4,AND,ABS(DMU),LT,1,E=4)GOTO 44
n120 IFCARSCOMUY) . GT,.S5.s0R,ABS(DMU),GT,S5,)GNTO 33
2121 72 CONTINUE
122 33 WRITE(IPR,25M4)IN
n123 44 CONTINUE
124 GOTO (ro
nias 4l CALL EXIT
C
c
m126 1@@7 FORMAT(SF14,3) | |
a127 150@ FORMAT(’AUNIFURM PRESSURF MODEL Mun=‘*,F9,3)
a128 2007 FORMAT(’ MUQO=’,F9,3,10X,*ASs’,F9,3)
n129 2507 FORMAT(® DOES NOT SEFM TO CONVERGE, TRY’,12,° OTHER DATA POINT(S)
#WITH SMALLFR SLIP ANGLES®) |
7130 3%0@ FORMAT(’@MODELY YIELDS MUO=’,F10,4,10X, AS=’,F19,4)
n1314 4AQR FORMAT(®1FZ=’,F12,4,/° CALFA=’,F10.,4/° CSs’,F1A,4/* Vz*,F10,4/
+ * ALFA=*,F8,1,°,°/FB1/° FY=*,F10.4,",",F10,4//)
n132 SA@M FURMAT(@MODEL3 YIELPSt1?)
133 6Ap? FORMAT(*PGOONYEAR MODEL YIELDS MUQ=’,FR,d4)
2134 7207 FORMAT(’ASAKAI MNDEL YIELDS:?)
7135 8M@A FORMAT(® MUO=’,F9,3,10X,’MUY=*,F9,Y%)
2136 AR FORMAT(’PMODFL2 YIELNS:*)
n137 FND

ROUTINES CALLED:
SIN » COS r ABS » SQRT , FXIT

NPTIONS = /0N, /0P

RLOCK LENGTH
MATN, 2043 (BA7766) %

*%COMPIER mwwmw COREXx
PHASE USED FRFE
PECLARATIVES @m216 81576
EXECUTABLES 0@mr778 21014
ASSEMBLY Q1148 83210

NK{gNEWTON,LPs=CR}
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2.3 EXAMPLE

In this example, Mo (MUO) , AS (AS), and Uy (MUY) are found

for their respective models using the following two data points.

F
o (deg) Y (1b)
11.2 -844%
15.2 -873

The following two data cards are needed for this example.

Card 1 (5F10.3)

FZz = 800.
CALFA = 9625.7
SWITCH = 0.

CS = 19251.4

Card 2 (5F10.3)

ALFA(1) = 15.2
FY(1) = -873.
ALFA(2) = 11.2
FY(2) = -844.
vV o= 20.

*In accordance with SAE sign convention, negative F_ corresponds
to positive a. y
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Punched card listing

807, 9625.7 2 19251,4

15,2 «873, 11,2 -8U4, 20,
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Program Output

Flz AAx,nkna

CALFA=z 96p5,70u062
CS=219251 4024

V= 20,2209

ALFA= 15;2! 11.&
FYs =R73,0000, =R44,3400

GOODYEAR MODFL YIFLNS MuOs  1,1917

MONELY YIFLDS MuO= 1,226% AS= AP RE!
MODEL? YTELDS:

MU0z 1,214 aSs A,ninl3
MUN= 1,224 4Ss= “, 204
MOz 1,224 AS= AR M T
MODELY YIELDS:

MUO= A, 895 LSz Ay tui
MUN= 1.,204d AS= =7, 1R
MUO= 1,744 AS= -, A48
MUN= 1,046 AS= -, A
MUDs= 1,046 AS= -1, 0 R

SAKAT MNDFL YIELDLS:

MUNz 2,895 AS= HeAu?

MU= ALY HUY= Lenn73
MUO= 4,94R MY s 1yv67
My0= 1,875 Hhys 1,979
MUN= 5,017 Y= Lov9¢
MUO=  =41,76% MUYZ 59,541

PDOES NAT SEEM TO CORVERGE, THY 1 OGTHER DATA POIMT

Although convergence is not detected for the Sakai mndel, the

approximate solution Ky = Uy = 1.077 is evident from the
iteration history printed above.
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