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HSRI D i g i t a l  Computer Programs 
For Semi-Empir ica l  T i r e  Models 

PREFACE 

The t i r e  model programs d e s c r i b e d  i n  t h i s  document s u p e r s e d e  

t h e  programs d e s c r i b e d  i n  Appendix IV o f  I n t e r i m  Document 6 ,  "A 

Comparative E v a l u a t i o n  o f  F ive  T i r e  T r a c t i o n  Models."  These 

programs have been r e v i s e d  t o  p e r m i t  g r e a t e r  f l e x i b i l i t y  i n  t h e i r  

u s e .  A s i n g l e  main program now c a l l s  t h e  f i v e  t i r e  model s u b -  

r o u t i n e s  i n d i v i d u a l l y  o r  s e q u e n t i a l l y  f o r  a  s p e c i f i c  d a t a  s e t .  

P r o v i s i o n  has  a l s o  been made f o r  c a l l i n g  a p l o t  s u b r o u t i n e  t o  

produce p l o t s  o f  s e l e c t e d  t i r e  model o u t p u t .  

The p r e p a r a t i o n  o f  i n p u t  d a t a  i s  d i s c u s s e d  and a  d a t a  

p r e p a r a t i o n  program i s  d e s c r i b e d  which computes v a l u e s  o f  t h e  

f r i c t i o n  per formance  p a r a m e t e r s  r e q u i r e d  by each  of  t h e  t i r e  model 

s u b r o u t i n e s .  

This  document c o n t a i n s  a l l  of  t h e  computer programs and 

i n f o r m a t i o n  n e c e s s a r y  t o  f i t  t r a c t i o n  cu rves  c a l c u l a t e d  from any 

o f  t h e  f i v e  t i r e  models d i s c u s s e d  i n  Document 6 t o  t i r e  t r a c t i o n  

d a t a  measured i n  t h e  l a b o r a t o r y  o r  on t h e  r o a d .  
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1 . 0  TIRE MODEL PROGRAMS 

The f i v e  t i r e  models whose d e s c r i p t i v e  e q u a t i o n s  a r e  

summarized i n  Appendix I 1  o f  Document 6* a r e  programmed a s  FORTRAN 

s u b r o u t i n e s .  The programming has  employed t h e  n o r m a l i z a t i o n  scheme 

d e s c r i b e d  on page  125 o f  Document 6, and t h e  s u b r o u t i n e s  r e t u r n  

d i m e n s i o n l e s s  f o r c e s  (FX, FY) and moment (XMZ) a s  w e l l  a s  t h e  

d imens iona l  v a l u e s  (X, Y ,  and Z ) ,  The d i m e n s i o n a l  v a l u e s  a r e  p r i n t e d  

by t h e  main program ( i f  s w i t c h  ISW2=1), t h e  d i m e n s i o n l e s s  v a l u e s  a r e  

u s e d  f o r  p l o t t i n g  (ISW2=2). 

1.1 MAIN PROGRAM (TMMAIN) 

The main program i s  s t r u c t u r e d  t o  o b t a i n  comprehensive  t r a c t i o n  

r e s p o n s e  d a t a  from any o r  a l l  o f  t h e  t i r e  model s u b r o u t i n e s .  The 

s e l e c t i o n  o f  models t o  be  e x e r c i s e d ,  f o r  a s p e c i f i c :  s e t  of  i n p u t  

d a t a ,  i s  de t e rmined  by r e a d i n g  model c a l l i n g  i n t e g e r s  i n t o  t h e  a r r a y  

MODEL by FORMAT(511). For example ,  t o  o b t a i n  t h e  r e s p o n s e s  o f  

models 1, 4 ,  and 3 ,  i n  t h a t  o r d e r ,  f o r  a  s p e c i f i c  d a t a  s e t ,  s imp ly  

punch 1 4 3  i n t o  t h e  f i r s t  t h r e e  columns o f  t h e  d a t a  c a r d  which h o l d s  

i n p u t  f o r  t h e  a r r a y  M O D E L .  There  must b e  a t  l e a s t  one and a t  most 

f i v e  model c a l l i n g  numbers s p e c i f i e d ;  no p a r t i c u l a r  o r d e r  i s  

n e c e s s a r y .  

The v a l u e  of  t h e  i n p u t  datum ISWl s e l e c t s  t h e  s l i p  v a r i a b l e  

(s X 
o r  a )  t o  be swept  a t  d i s c r e t e  v a l u e s  o f  t h e  p a t h  v a r i a b l e  

(a  o r  s , ) .  When IS\Y1=1, a - p a t h s  a r e  t a k e n ;  s x  i s  swept  ove r  

N p o i n t s  s e p a r a t e d  by i n t e r v a l s  of s i z e  DSX, b e g i n n i n g  a t  SX11. I f  

N = O ,  e ach  sx-sweep  i s  made ove r  s i x  d e f a u l t  v a l u e s  ( s x = O . ,  . 2 ,  .4, 

6 8 1 . 0 )  The number o f  a - p a t h s  t a k e n  i s  de t e rmined  by t h e  

*A Comparat ive  E v a l u a t i o n  o f  F ive  T i r e  T r a c t i o n  Models ,  J .  T .  T i e l k i n g  
and N .  K. M i t a l ,  UM-HSRI-PF-74-2, Sponsored  by t h e  Motor V e h i c l e  
Manufac tu re r s  A s s o c i a t i o n ,  J a n u a r y  1974 ,  NTIS Order  No. 
PB-229-707,  
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i n p u t  i n t e g e r  ?I. I f  E1=0, sx  i s  swept  o n l y  f o r  t h e  p a t h  a=O. 

I f  M > 0 ,  s -sweeps a r e  made f o r  M a - p a t h s  a t  i n t e r v a l s  DALFA, 
X 

b e g i n n i n g  a t  ALF11. When ISW1=2, s x - p a t h s  a r e  t a k e n ;  a  i s  

swept  o v e r  M p o i n t s  s e p a r a t e d  by i n t e r v a l s  o f  s i z e  DALF-4, 

b e g i n n i n g  a t  ALF11. I f  M=O, each  a - sweep  i s  made o v e r  s i x  

d e f a u l t  v a l u e s  (a=O. ,  4 . ,  8 . ,  1 2 . ,  1 6 . ,  2 0 . ) .  The number o f  

Sx  - p a t h s  t a k e n  i s  de t e rmined  by t h e  i n p u t  i n t e g e r  N .  I f  N = O ,  

a  i s  swept  o n l y  f o r  t h e  p a t h  s x = O  I f  N > 0 ,  a - sweeps  a r e  made 

f o r  N s x - p a t h s  a t  i n t e r v a l s  DSX, b e g i n n i n g  a t  SX11. 

The i n p u t  datum ISlV2 s e l e c t s  t h e  mode of o u t p u t ;  p r i n t i n g  

(ISW2=1), o r  p l o t t i n g  (ISW2=2). When ISW2=2, a  t h i r d  s w i t c h ,  

ISW3, i s  a c t i v e .  ISW3 s e l e c t s  one o f  t h e  e i g h t  p o s s i b l e  d a t a  p l o t s  

which can be  p roduced  by s u b r o u t i n e  TIdPLOT, d e s c r i b e d  i n  S e c t i o n  

1 . 3 .  

The main program r e a d s  t h e  f o l l o w i n g  d a t a  i n  i n p u t  modules 

o f  e i t h e r  Type 1 o r  Type 2 ( d e s c r i b e d  b e l o w ) .  

ISWl s e l e c t s  sweep v a r i a b l e ,  s x ( = l )  o r  a ( = 2 )  

ISW2 s e l e c t s  o u t p u t  mode, p r i n t  ( = I )  o r  p l o t  (=2 )  

ISW3 s e l e c t s  p l o t  number ( 1 - 8 )  when ISW2=2 

ISW4 s e l e c t s  i n p u t  module t y p e  

S X l l  i n i t i a l  v a l u e  o f  s x  f o r  s -sweep X 

DS X s t e p  i n t e r v a l  i n  sx -sweep  

N number o f  e v a l u a t i o n s  i n  sx -sweep  

ALFll i n i t i a l  v a l u e  of a  f o r  a-sweep 



DAL FA step interval in a-sweep 

M number of evaluations in a-sweep 

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

five at most) 

MU0 adhesive friction limit, po 

AS speed sensitivity parameter, As ) 

V traveling velocity 

MUX longitudinal sliding friction coefficient, px 

MUY lateral sliding friction coefficient, 
p~ 

CS longitudinal traction stiffness, CS 

CALFA lateral traction stiffness, Ca 

KX longitudinal carcass stiffness, Kx 

KY lateral carcass stiffness, K 
Y 

BX longitudinal patch relocation factor, B (=I.) r ; 

BY lateral patch relocation factor, 6 (=I.) Y 

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, 

p = po(l-A V ) ,  may become negative. If this occurs, the traction 
S S 

forces and moment calculated by tire models HSRI-I, -11, -111 are 

invalid and the program execution may be stopped by a FORTRAN 

exponentiation error in subroutine TMHS3. 



The i n p u t  d a t a  must appea r  i n  t h e  f o l l o w i n g  e i g h t  c a rd  

image f o r m a t s  (A-H) . 
Card A (411) 

Card B ( 2F4 .0 ,  13)  

SX11, DSX, N 

Card C (2F4 .0 ,  13)  

ALF11, DALFA, M 

Card D (2F8 .3)  

CS, CALFA 

Card E ( 4F8 .3 )  

K X ,  K Y ,  B X ,  BY 

Card F  (2F8.3)  

Card G (511)  

MODEL (1 )  , MODEL (2)  , MODEL ( 3 )  , MODEL ( 4 )  , MODEL ( 5 )  

Card H (SF8.3)  

MUO,  AS, V ,  MUX, MUY 

The d a t a  c a r d  images a r e  a r r a n g e d  i n  one o r  more i n p u t  

modules which a r e  r e a d  by t h e  main program.  The re  a r e  two t y p e s  

o f  i n p u t  modules ,  t h e  t y p e  b e i n g  i d e n t i f i e d  by t h e  i n p u t  datum 

ISW4. The c a r d  o r d e r  f o r  t h e  two i n p u t  module t y p e s  i s  shown 

i n  Tab l e  1. The re  a r e  no r e s t r i c t i o n s  on t h e  number o r  o r d e r  

o f  t h e  i n p u t  modules .  

4 



Cards/  
Module 

Type 1 

ISW4=1 

C o n s t a n t ;  8 

TABLE 1 

INPUT DATA MODULES 

Card A 
Order B 

C 
D 
E 
F 
G 
H 

Type 2 

ISW4=2 

V a r i a b l e ;  7+2n,  
where n i s  an i n t e g e r h  

6 
H 

[ b l a n k ]  * *  

*n = number of t imes  t h a t  c a r d s  G and H a r e  r e p e a t e d .  

**The l a s t  c a r d  of  a Type 2 i n p u t  module must be  b l a n k ,  

The Type 2 i n p u t  module i s  u s e f u l  f o r  computer runs  where 

o u t p u t  i s  d e s i r e d  f o r  f i x e d  r anges  of  s x  and a i n  a t i r e  model 

s t u d y  w i t h  



i )  Cons tan t :  K X ,  K Y ,  B X ,  BY, L, FZ 

i i )  Varying:  (Ve loc i t y )  V 

i i i )  Var ious  t i r e  model numbers w i t h  MUO, AS, P.!UX, 

MUY be ing  computed f o r  each t i r e  model by t h e  

f r i c t i o n  performance d a t a  program ( d e s c r i b e d  

i n  S e c t i o n  2 . 0 ) .  

To f a c i l i t a t e  conve r s ion  of  t h i s  program f o r  e x e c u t i o n  on 

o t h e r  computing equipment ,  1 /0  dev i ce  numbers a r e  g iven  by 

v a r i a b l e s ,  IRD ( r e a d e r )  and IPR ( p r i n t e r ) ,  which a r e  s e t  b e f o r e  

t h e  f i r s t  READ s t a t e m e n t .  



1 . 2  TIRE MODEL SUBROUTINES 

The t i r e  model s u b r o u t i n e s  a r e  i d e n t i f i e d  by a  f i v e - c h a r a c t e r  

name and a  model c a l l i n g  i n t e g e r  a s  l i s t e d  i n  Tab le  2 .  These 

s u b r o u t i n e s  a r e  c a l l e d  from t h e  main program (TMMAIN). I n  a d d i t i o n  

t o  e x p l i c i t  i n p u t / o u t p u t  arguments i n  t h e  s u b r o u t i n e  c a l l i n g  

s t a t e m e n t s ,  t h e  s u b r o u t i n e s  r e c e i v e  i n p u t  d a t a  from t h e  main 

program v i a  t h e  common b lock  l a b e l e d  B L K 1 .  

TABLE 2 

TIRE MODEL CALLING INTEGERS AND SUBROUTINE NAMES 

C a l l  i ng  S u b r o u t i n e  T i  r e  Document 6 
I n t e g e r  Name Model Page 

1 TMHS 1 HSRI - I  2 1 

TMHS 3 

4 TMSKI Saka i  

5 TMGDR Goody e a r  4 4  

The t i r e  model s u b r o u t i n e s  employ t h e  f o l l o w i n g  argument 

v a r i a b l e s .  

SX l o n g i t u d i n a l  s l i p  p a r a m e t e r ,  s x  

ALFA s l i p  a n g l e ,  a (deg rees )  



Outpu t  Arguments 

FX l o n g i t u d i n a l  f o r c e  

FY l a t e r a l  f o r c e  d i m e n s i o n l e s s  

XMZ a l i g n i n g  moment 

X l o n g i t u d i n a l  f o r c e  

Y l a t e r a l  f o r c e  

Z a l i g n i n g  moment 

) d imens iona l  

X IA a d h e s i o n  l i m i t  f r a c t i o n ,  t a / L  

XIS t r a n s i t i o n  l i m i t  f r a c t i o n ,  S s / L  

I t  s h o u l d  be  n o t e d  t h a t  XIS i s  r e l e v a n t  o n l y  f o r  t h e  HSRI-I1 and 

HSRI-I11 models a s  t h e s e  a r e  t h e  o n l y  models which i n c l u d e  a  

t r a n s i t i o n  r e g i o n  between a d h e s i v e  and s l i d i n g  c o n t a c t .  

1 . 3  PLOT SUBROUTINE (TMPLOT) 

The p l o t  s u b r o u t i n e  i s  c a l l e d  f rom t h e  main program when 

ISW2=2. The s u b r o u t i n e  a rgument ,  ISW, s h o u l d  be  z e r o  on t h e  f i r s t  

c a l l  ( t o  check v a l i d i t y  o f  s w i t c h e s  ISWl and ISW3-certain 

combina t i ons  a r e  i l l e g a l )  and nonzero  on s u c c e e d i n g  c a l l s .  The 

p l o t  d a t a  i s  c a r r i e d  i n  t h e  common b l o c k  l a b e l e d  B L K 2 .  The 

f o l l o w i n g  p l o t s  a r e  p roduced ,  a c c o r d i n g  t o  t h e  i n t e g e r  v a l u e  o f  

ISW3. 



ISW3 P l o t  

1 Fx V S .  s x  f o r  v a r i o u s  a 

2 F v s .  s x  f o r  v a r i o u s  a f 0 
Y 

MZ V S .  s X  f o r  v a r i o u s  a # 0 

F  v s .  Fx f o r  v a r i o u s  a ( s x  sweep) 
Y 

M Z  V S .  Fx f o r  v a r i o u s  a (s, sweep) 

F v s .  a f o r  v a r i o u s  s x  
Y 

M Z  V S .  a f o r  v a r i o u s  s x  

8 F  v s .  a and FZ ( c a r p e t  p l o t ) *  
Y 

*The c a r p e t  p l o t  f a c i l i t y  ha s  n o t  y e t  been  implemented by 
cod ing  i n  t h e  main program.  



1 . 4  PROGRAM LISTINGS 

The f o l l o w i n g  p a g e s  show l i s t i n g s  o f  t h e  main  program (TMMIN), 

t h e  t i r e  model s u b r o u t i n e s  (TMHS1, TMHS2, TMHS2, TMSKI, TMGDR), 

and t h e  p l o t  s u b r o u t i n e  (TMPLOT), which h a v e  b e e n  compi led  and 

e x e c u t e d  on t h e  PDP 1 1 / 4 5  computer  a t  t h e  Highway S a f e t y  R e s e a r c h  

I n s t i t u t e .  

S u b r o u t i n e  PLOTST ( s t a r t  p l o t )  and PLOTND (end p l o t ) ,  c a l l e d  

by t h e  main p rogram,  and GRID (draw g r i d ) ,  GRDNUM (number g r i d ) ,  

PLABEL ( l a b e l  a x e s ) ,  PLOTPT ( p l o t  p o i n t ) ,  SYMBOL ( l a b e l  p l o t ) ,  

c a l l e d  by t h e  p l o t  s u b r o u t i n e ,  a r e  n o t  i n c l u d e d  i n  t h e  f o l l o w i n g  

l i s t i n g s  a s  t h e y  a r e  h i g h l y  d e p e n d e n t  on t h e  p a r t i c u l a r  comput ing 

and p l o t t i n g  equipment  u t i l i z e d .  
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" FORTRAN V86,13 I b i 4 2 1 3 3  ~ ~ ; J A N * ? s  PAGE 1 

c TMMAIN ,,, ' M A I N  PROGRAM POR SEMImEMPIR ICAL  T I R E  MODELS 
C , , . ' . -  - . . - . . - - -  . . . .  . - 
C ~ ~ ~ ~ ~ m m w ~ ~ m ~ ~ m ~ m a m w m a m ~ ( r ~ ~ W ~ ( . r C ~ ~ ~ ~ . I . I b W C W @ ~ ~ W m ~ W ~ ~ ~ ~ O ~ W ~ W ~ m W ~ ~ ~ ~ ~ ~ ~ W  

C 
DIMENSION Y O Q E L ( S ) r A L F 2 ( 6 ) r 8 X 2 ~ 6 1  
OfMEN810N P P Z t 9 )  
REAL UUOIMIJYr KY,KY,L,MUX,KXU,KYU 
REAL KKKlKNY 

' ' VARIABLE8  UBED I N  MODEL ROUTINEB C@,,,* 
C O Y M O N / B L K ~ / H U O ~ A S , V , M U X ~ M U Y  ,CS,CA&PA, 

I f 
+ K X ~ K Y ~ B X I B Y I L ~ F Z  

C,.  , . . V I R I h I L B I  USED B Y  PLOT. Y , Y , Z  D I M E ~ S I O N A L  FOUNTERPARI OF FX,PYlXMZ 
C O M M O N / B L K 2 / A L F l [ l ~ l ~ ~ 8 X 1 ~ ~ P I l ~ ~ P X t 1 0 l ) r F Y ~ I ~ l ~ ~ X ~ Z ~ 1 0 ~ ~ ~  

t X t 1 0 1 ) , Y t 1 0 1 ) , Z ( 1 0 1 ) '  
c ~ C A L X ~ ~ C A L Y V X M I N , Y M ~ R ~ ! P R ,  ISW1, I~WS,NUMBER,N~M,  :TYPE 

R E A L l 8  N A M t t S )  
, I D A T A  NAME/ 'MODEL li, *MODEL z', 'MODEL 3',  @ $ A K A I  #, i ~ ~ ~ ~ ~ ~ ~ ~ ' /  

C,,,,,QEfAUl.T VALUES, I F  NONE G I V E N  
DATA ~ ~ ~ 2 / ~ , , 4 , , 8 m t t t , t l b e t ~ ~ ~ , / , ~ ~ 2 / @ m t e 2 1 ~ 4 1 , 6 t ~ 8 ~ 1 ~ /  

C ' .  
~,,,,,l/b D E V I C E  NUMBCRS 

I q D r 4  
1 P R 6  

C C A L L  P L O T S T A F l , T Q  BE READY FOR PLOTTING 
C C A C L , P ~ O T 9 ? ~ . l * - ? - ? ~ T € M P ~ R ~ R I ~  VNV$?BI.E- + - - . . . . 

c ,  5 

a m w m ~ m r m ~ m m m m ~ ~ I ~ ~ m m m a ~ ~ m C ~ C a w m m a o a ~ ~ m . ) u ~ w m w w w m a ~ m m m m ~ ( r - ~ m ~ ~ ~ ~ I ~ ~ ~  

C,,,,,READ I N  b E T 8  6 1  V A R I A B L E 8  U N T I L  CNb OF P I L E  
r p  R ~ ~ D ~ I R D ~ ~ ~ ~ ~ , ~ N D ~ ~ P ~ ~ ~ I ~ ~ ~ , ~ ~ ~ z , I ~ ~ s , I s ~ ~  ' 
If ONLY P A R T I A L  8ET OF VARZA0LESl P R I N T  ERROR, E X I T  c, , , , .  
R E A D f I R D , ~ 0 0 0 ~ E N D ~ 1 0 0 0 ) S X 1 i I D 8 X I N t A L I r ~ 1 ~ D A ~ F A ~ ~  
READ(  I R D ,  3 B B B , C H D ~ ~ 9 0 B ) C S U , C A L t A U ~ K X U , K Y U , B X , B Y ,  l.8 FZ 

I p  R E I D (  IRD, 140er E N O R ~ ~ ~ ~ B ) M ~ D E L  ' 
IF MODEL( 1) EQUAL8 ZERO, REINI~IALIZE MODE C , p r y r  

C,,,,,QF O P E R A T I O N  8 w I Y C H  1 8 w l  AND READ I N  NEW DATA 

v - - - - - - - - - - - - - - - - - - . - - 7  7 - 7 7 

C 
0 0 T O ~ i J t 2 0 1 Z 3 ~ 2  

' ' P R I N T  OUT HEAOING I F  l b W Z t 1  C * " , , ,  
15 WR1Tl ! ( !PR~S@@B)  

W R t T L ( I P R 1 6 0 0 0 )  

NOl l r ( lL1ZE V A R I A B L E 8  C,.,.. 
20 C S r C S U / P Z  

C A L P A r C A & C A U / F Z  
K X t K X U / F I  

I v KV.KVU/PZ 
C r p  e l  r TAKE PATH OC816NATED BY 19wl 
CIFvC, 1 ALPHA PATH 
c,,,,, 2  sx  PATH 





PORTRAN V86.13 ! 6 i 4 2 t 3 3  I~;JAN*TS PAGE 5 

us ~itn',cr,r, c b  T O  s5e 
Nab 
00 1 2  1 8 1 , ~  

12 C . L F l , t I h A L C Z ( I )  
a0 T O  679 

C.,.;,M>~( ALPHA V ~ L U E ~  A8 8 P L C l P I t D  ARE U8LD FOR SWEEP 
550 A L f l ( 1 ) a A L F l l  

bO bB0 I a Z r M  
b0p A L P ) t I ~ ~ A L F l ( I ~ i ) + D A L F A  

C , ,  N 7 0 1  ALPHA VALUE8 8WEPT FOR 8X.0 ONLY 
C , , m a ,  N,gtALPHL VALUE8 SN%PT F O R  EACH ALPHA VALUE G I V E N  

675 8xr(j)w, 
I F ( H 8 e Q , B )  . G O T O  y S @  
S X l ( 1 ) ~ S X l l  
DO 708 I82rrJ 

700 8 X l ( I ) r S X ~ t I ~ l ) + D S X  
c , .  
C r p a r l  FOR EACH 8X VALUE, CALL  MODEL NUMBERS D E S I R E D  WITH ALL ALPHAS, 
Coa, ra  5 PObSJBLE MODELS ARE CALLED U N T I L  MODEL NUMBER 0 I 8  FOUND 

750 0 0  900 I M O O E t l t 5  
c 

NUMBERIMODEL~ IMODE) 
I F ( N U M ~ E R , E Q , 0 , 0 R , N U ~ @ 5 R ~ G T I S ) Q 0  TO 1000 

, Xl8r@,  
c P R I N T  LABEC-OR PLOT G R I D .  

IF t ISW) ,EQI  1) W R I T E ( I P R t 4 0 0 0 )  NAME(NUH0ER) 
I I F ( I 9 W Z , E Q , ~ ) C I L L  T M R t Q T ( 0 )  

c.,.,,rr ILLEGAL P L O T  ( I ~ W S I B  A r T L a  T n P L o t  CALL)  i 
c, , , , , i )  ce t  NEXT SET OF D A T A  IF I ~ I W ~ ~ I  
C,,,,,t) E X I T  P R O G P A M  I F  18~4rt 

f P ( t S U E e t Q , Z n A N D a  18W38fQ,8)60  t 0 ( 1 0 , 9 9 9 9 ) ~  ISwU 
00 9 B 0 _ j r i c N  
IP(I8wZ,EQ,l)WRlTttIPR~4QBB) 

C 
0 0  800 I l t r H  
K a I  
GO T O ~ S , ~ ,  J , ~ ~ S ) , N U M B E R  

880 CONt rNUE 
c ,  * 

Co,,,,DO THE PLOTS NOW I F  18wOa2  
C 

IF( r8w2,eo',1)eo T O  900 
CALL T H P L O T ( i )  

C 
908  C O N T I N U E  

C 
C 

l p $ p  CONTINUE,  
C,,,,,READ NEXT S E T  OF VALUES 

GO TO ( 1 @ , / 4 I , I S w 4  
c 

1 CALI., T ~ H $ ~ ( ~ X I ( J ) , ~ L C ~ ( I ) , F X ( K I ) , F Y ~ K ) ~ X M Z ( K ) , X ( K ) ~ Y ( K ) , Z ~ K ) ~ X ~ A )  
GO TO 350 



F O R T R A N  V 0 b l 1 3  lbi42133 1 3 m J A N . 7 5  P A G E  4 

$093 3 C ~ ~ L ~ T ~ P ~ ~ ~ S ~ ~ ( J ~ , ~ L F ~ ~ I ~ ~ F X I K ~ ~ F V ~ K ~ ~ ~ M Z ~ K ) ~ X ~ ~ ~ ~ Y ~ ~ ) ~ Z ~ ~ K ) ~ X ~ ~ ~  
+ X I S )  ,. 

8894 GQ 78 SSB 
0895 4 CALL, T M S K I ~ ~ X ~ ( J ) ~ A L F ~ ( I ) , F X ( K ) , F Y ~ K ~ , X M Z ( K ) ~ X ( K ) ~ Y  ( u ) , z ~ u ~ , x ~ A )  
8896 @O:TO 350 
6097 5 IF(K,EQ,I), C A L L  ~ ~ G D R ~ ~ X ~ ( J ) , A L F ~ ~ I ) , F Y ( U ) , F Y ( K ) , X M Z ( K ) , X ( ~ ) , Y ( K ~ ,  

+ t ( R j , X I A ~ B n r f l , r @ , )  
0098 IF e F T e 1 ) C A L L  T M  ~ ~ ( s x ~ ~ J ) , A L ~ ~ ~ I ) ~ F x ( w ) , c Y ~ K ~ I x M z ~ K ~ , x ( ~ ~ , Y ( u ) ,  /i! 5 +Z( , X I A r F X ( K * l l r  Y ( K m l ) , X M Z f M * 1 ) )  . A  

c , .  
C..,..PRINT ~ U T  p l M E N 8 I O N A L  V A L U E S  I F  I S W 1 8 l t  EL$€ P L O T  LATER 

8699 350 f F ( I 8 W 2 , E Q , ! )  
+ 

* ~ ~ I T E ( ! P ~ , ~ ~ B ~ ) A L F ~ ~ ~ ~ ~ ~ ~ ~ ~ J ~ ~ W ~ K ) , Y ~ K ) , ~ ~ K ~ ~ X ~ A ~ X I ~  
b ,  # 

C,,,,,RETURN T O  LOQP 
C 

II 
? '  GO TO(300r800) r ISM1 

C,, , , , I N P U T  ERROR 
URITE(IPRr9800l 

Q88g f O R M A T ( ' g C N 0  OF PICE E N C ~ U N T E R L D  I N  R E A O I Y O  PARAMS; E R R O R  E X I T o )  
c CLOSE PLOT FACILITY 
C 9 9 9 9  CALL P L O T N Q w - - - m = m - - T E M P O R A R f L V  U N U S A B L E  

9999 CALL E X I T  
c 
c 

2000 F O R M A T  j2~4;0,131 
1408 C O R M A T ( S 1 l )  
3800 C O R Y A T ( Z I ~ , ~ I ~ C ~ ;  3 / 1 0 ~ 8 ~ 3 )  
3500 f O R H A T ( $ f e , 3 )  
a e e ~  C O R M A T ( # B ' ,  AII, FZS;,F~, 1 1 )  
SBBB I O R M A V ( I W 1 )  
6808 F O R M A T (  18x1 'SL j p  ANGLE L O N G ,  S L I P  F O R C E m L O N 6  QORCE.LAT 

+ M O ~ E N T ' ~ ~ X ~ ' A D Y E $ I O N ' ~ ~ X , ' ~ R ~ N ~ I T  1 0 ~ ~ / l l ~ t  o ( ~ ~ ~ ~ ~ l ' ,  !OX,  
+ d ( 8 x 1 @ ,  I I X , ~ F X I * ~  IIX,*(FYV, 1 i x f  @ $ M Z ) * ,  i O x t ! t x ~ ~ ) * ,  l i x , i t x ! a ) v  
+ ! ~ X ~ ' Q ~ G ~ € ~ ~ ' ~ ~ ~ ~ ' P E R C E N T ~ C ~ ~ X ~ ' L ~ ~ ' ~ ~ ~ X ~ * L ~ ~ ~ ~ ~ ~ X ~ * ~ ~ ~ ~ N ~ ~  
+ / ~ @ ~ , " ~ w ~ * ~ w ~ ? m w  m m r r w r m r r m  m r r c r a * r r ~ e  r m ~ v - c ~ ~ a w  

+ ~ ~ q - r r m m r r  ~ l r r ~ m r - q e ~  a w m m u - e - m m * / )  

7601 P O ~ M A T ( ' ~  ~ u o ~ . , r e , ~ / o  ~ ~ r ' , ~ 8 . 3 ( '  V . @ , F O , ~ / ;  M U X ~ ~ , F ~ ' , J / ~  nyvm' ,  
+ F 8 , 3 l '  CBg!,f9,3/' C b ~ F A @ ' r F ~ 8 3 / , '  K X . ' , P ~ , S / ~  H Y . r , F $ f i j / r  BX.', 
+ ? 8 a f / '  BYs' ,C8,3/ '  L o r , F 8 , 3 / *  F Z a g r 9 P ~ 0 . 3 1  

t 
8090 ? o R M A T ( F I ~ ; ~ ~ F ~ ~ ~ ~ ~ ~ ~ I ~ ~  1 1 2 ~ i 5 . 3 )  

EN0 . 

, , 

, R O U T ~ Q E I  cat~eo i 
r ~ r ~ b i ,  trtnal r ~ u s z  TMHSS , T M ~ K X  , TMCDR ;, . ~ X I T ,  . 

4 



I  8 I  
I  I  I 
I  I  I  
I  I  I  
I  I  m 
I  I  I  
I  I  I  
I I  I  
I  t I  
n I  I  
I  I  I  
I  I  I  
I  I  I  
I  I  I  
I  I  I  
I 6 I  
I  * I  * I  
I  I  I  

, I  z I  # I  
I  - D I  
I  u * I  I  - - 
I  H I  I  0 0 

I  x I  , I  (U Ri 
I  - I  I  u u 
I  lu . -  I  I  * * 

- 8  a C, 8 I  n n 
I s l I )  Z I  u I  ) a 

- I  - I  LL I  (D LL 
& I X  Y C . I  J . I  - A 
L r l I r  U I  4 I  Cn 4 n 
tx. B I N  . c J , I  u . I  oc c a 

I ZE A  rn I - I  Q U Q 
- I  - . I  a I  + > n u  
am* -10 o I o u  I l cn a x  
I 1 1  Z W W  k I  3 -  I  N - 4 I  r\ 

V I  r O W t -  I  EI* I  U UI H I Y 
C s I X  W X L T  z - 8  - 3 . I  u m X  CU 0 
3 I k  I-30- 0 I  A X  8 .+ 4 n a B - 0 
- . I -  3 I: H I - - . I  ru n. x + o 0 * J 

m a  m t o  v, I - x  I - cn - W  N Q  
I I L  H U U  - l A J  . I  Y 2 W  . I  S C O  - m a  - a 

I J  IT O T  I  - E L L  I  I1 I- b- c n t Z  Q u cr W 
8 4  B - > W L L I C  I  X - -  I  > C O  L T I U  Z - Q X  LLf 

- 8  - m A f Y i U  I  Y W A  I  n W C 3 C 3  4 - W  W  c3 a *  X 
I A I X  H Z 4 3  I  I  LL )I -n - CI> I- 7 cln 3 
H I -  n o  a r  I ~ c n t  I - J X . - + ~  t - u z  \ 61 H x x  - 
U I -  cnzc 8 r u m  I r r r r c n & &  6 U n J r  0 m - 9  C t c n  

w a w o a  I a =  I M U  CQCP 9 B V ) X  H N X  I H - I  (3 
X . I C I >  ~ Z ~ C L L  I ) G X  8 W W E  0 . -  - U ? > W  V) r - 6  J X I  Z 

I I  3 W O C  8 3 3 C D  I  a 0 0  - 0  's. N U -  W S D U l  V) C n d  H 

8 Q ) C . C + Z  I  Z E  - s t  P-ULLLLW W I I -  0 -  t u C 
I +  C I ) - L O O  I  \ I  \ a C 3  - L a m  O - 4 C 3  n - \ H 

. I  L L ' J  Z r  - I  XI -QX = - h i A  c h J l u  Q K - U  2 d >  J 
I W  ~ ( D Y  c-- t 3~ r I =kCn--n  nt U -- a+Kn U u r n  Cn 
1 2  Q U W H  R E J X  I  * J Q X >  n Iu - 3 4  \ U 
I  w W O - r n  I  -rnx I u a ~ c n m  ' 9 w  - c n - ~ r  z - = a  7 X U =  w 
I k  X & - J  z I  I\ e L L -  u u  m 3 - -  a *  w x .C U;tLY. I- 
I 3  X W  t - U  I  T Z  8 l ~ - l c n r n  - Z D  UOCI) I m I - - .  x  - (--I W 

- 1 . G  O - I - r Z O r  I  . O  ur~LI:ffi. -- - - - C k X .  - a =  U C r  X. -. - # B O I L  w w4.G A 
~ I O  ~ a w w j -  D J Z E  I ~ ~ m - u u ~ p ~ ~ ~ t - t c n ~ > ~ n  w m ~ ~ - - a ~ a  w u u t  a 
X I C C  U X W I  8 -Xz 8 L L U U w - D I U U  Z - I I I I I I :  we-U Q I IbII I. 
E l 3  Z O I U O  I  W O  I  J > W I L L L X ~ H O O I L X U ~ ~ W  W I L H ~ L H O -  D X > O  0 
t - a c n  3 u x T Z  I t x ~  1 U U J ~ H H L L L L X C U ~ C I > W ~ D -  o H X H X W X  u L I L C  u 

+ cn 0 l 0 

- - I\r 4 a =  . - 6 PT 6 . 0 6  . • 
0 N N aN J W Q  r b  I 

I . . . l 

0 0 . 
U U  U U U U U U U U U  C;UU U U U U  U U U  C U C  



FORTRAN VQ8af l4  1 3 i ~ 4 1 2 7  ~ z - o c T - ~ ~  P A G E  E 

L q  a 

C m a , , . M U L T I P L Y  BY F Z ,  
C 

963 1 3fl X:-FXeFZ 
(7832 Ya-FYeFZ 
q033 z=n , ,  
0034 M Z = B ,  

C . . . . . . . .  

C ~ ~ ~ m m 1 m w m m m m ~ m n 1 ~ m 1 m m n ~ - m m m w m m ~ ~ ~ m ~ m w m n . I ~ ~ m w m w m m ~ m m 1 m ~ m m m 1 m m m m m  

c 
flu35 R E T U R N  
9036 END 

P O ~ J T I N E S  CALLEDi 
S I N  I C O S  , A B S  , S Q R T  

PLOCK L E N G T H  
T M H S 1  U4fl (m015601*  
R L K l  26 ( f l 0n064 )  

erCOMP1LEH ----- C ~ H E * *  
P H A S E  U S E D  FREE 

D E C L A H A T I V E S  Glt7216 01576 
EXECllTABLES &Gi639 01  153 
ASSEMBLY 80441  El3917 





FORTRAN VBR,P4 1 3 ! 5 5 1 8 6  012-OCT-74 PAGE 2 

X I S Z ~ S * M U * ~ ~ ~ - S X ) * ( ~ , / C S + ~ , / C A L F A ) / S P  
I F ( l , ~ X I A ) S B , 5 ~ , 6 0  

5 0  X I A P r l ,  
XISP=1. 
G O  T O  1@G! 

6fl I F ( X I S - X I A ) 7 f l , 7 B , B O  
7fl X1AP:XTA 

X I S P p X I A  
G O  TO 1 0 9  

8 9  I F ( I ~ - X I S ) ~ B , ~ ' ~ ~  ilGl 
9 0  X I A P r X I A  

X I S P = l ,  
G O  T O  i a n  

1 1 0  X1AP:XIA 
X I S P = X I S  

r: 
8 ,  

c,.,,, DETERMTNF FORCFS I N  CONTACT PATCH. 
C 

10f l  FXAaCS*SXP*XIAP**Z, 
F X T I ( C S * S X P * X I A P + , ~ * M U * S X / S P ~ * ( X I S ~ - X I A P )  
FXS:MU*SX/SP*(l,-XISP) 
FX=FXA+FXT+FXS 

c 
FYA=CALFA*SYP*XIAP*v ,  
F Y T a ( C A L F A * S Y P * X T A P + . 5 * M U * S Y / S P l * ( X I S P = X I A P )  
FYS=MU*SY/SP*( l , -XISP)  
FY=FYA+FYT+FYS 

C 
~ Z A : ( , 6 6 6 6 6 * S X P * ( C S - I ] A L F A l * X I A P - , l b 6 r C A L F A * ( 4 , * X 1 A P - 3 D ) ) * S Y P * X I A  

l P * * 2 ,  
MZT:,666bb*[ ~ C S - C A L F A ) * ( S Y P * S X P * X I A P ~ X I A P + . ~ ~ * ~  l , / C A L F A + l  , / C S l * M l J *  

I S Y P * S X / S P * X I A P + , ~ ~ * M I J R * ~ , / ~ C S * C A L F A ) * S X * S Y / S P * * ~ ,  1-.25*(CALFb*SYP* 
2XIAP*(4,*XIAP+2,*X1S~-3,~+,5*MU*SY/S~*~2,*XI4P+U.*XISP-3,l~)*(XISP 
3-XTAP) 

~ Z S ~ , 5 * M U * S Y I S P * ~ S X / S P * M I I * ( l , / C A L F A - l , / C S ) - X I S P ) * ( l , - X I S P ~  
M Z P o - ( R X / K W - F Y / K Y ) * F X s F Y  
MZ=MZA+MZT+MZS+MZP/L 

I] , 8 

C,.,,,MULTTPLY BY FZ AND L, 
C 

4P X:-FX*FZ 
YZ-FYlcFZ 
2:-MZ*FZ*L 

C - .  - - . . . . -  
C m - - - - m ~ - m w - m - w a m m m m ~ ~ w - ~ m w - m w ~ - m - ~ - m a m - m - m ~ - m m m - - - m - - ~ m - m m m - m w w  

c 
RETURN 
END 

ROUTINES CALLED! 
S I N  COS , ABS , S Q R T  

R L O C K  LENGTH 
TMHS? 824 (Ol(d3160)* 
RLK 1  2 6  (P0flC364) 



F O R T R A N  V Q B , ~ ~  1 3 i 5 6 8 0 3  ~ z - o c T - ~ ~  P A C E  1 

C T M H S 3  - .  H S R I - 1 7 1  (DnC.6 ,  P A G E  6 9 )  - . .  
C - ~ - - m ~ ~ ~ - ~ - ~ I - I - - ~ I - m I m - . . ~ - I - - I - - - - I - . I I - - - - - - m - - - - - - - m m - - - m - m - -  

C 
SUPHOUTINE T M H S ~ ( S X I A L F A , F X , F Y , M Z , X ~ Y , Z , X I A I X I S )  

C  . . . . - .  . . 

C ~ m I - m m I ~ I ~ m I - - - - I L I ~ ~ - - - m I - - - - - - ~ I I I I ~ - a - - m - - - - - ~ - ~ ~ m - m - - m m - m - m m  

C 
C P A R A B O I . I C  P H F S S U R E  D I S T R I B U T I O N  
C  COMPLETE S L I D I N G  OCCl lRS R E F O R E , W H E E L  LOCK 
C  WHFEL LOCK FORCES ARE COMPIJTED. 
C  T R A N S I T I O N  FROM A D H E S I O N  TO S L I D I N G ,  
c . - . . .  

I: m ~ - - - - - - - - - - ~ m - - - - - - - ~ - - - - - ~ - - - - m - - - - m - - - - - - - m - - - - m m - - - m - m - - - m m  

C 
R E A L  MII, MUO,MZ, M ~ A ,  M Z T ,  M Z S ,  MZP,KY,KX,L ,MUX,MUY 
C O M M O N / B L K I / M U O , A S , V , M U X , M U Y , C S , C A L F A ,  

+ KX,KY,BX,RY,L,FZ 
C . . . - - .  

C  m - - m m - m n m - - m - - w - - m - - - ~ m - - - - - - - - - m - - - ~ m - - - - - m m - - - ~ m - - - m - - - - - - m - m  

C  
A L F = A L F A * , f l 1 7 4 5 3 3  

, , S Y = S I N I A L F ) / C O S ( A L F )  
C,, , . S P E C I A L  C A S E  FOR SXrSY:0, 

I F ( A B S [ S X ) , G E , , a f l S ) G Q T O  2 1  
I F f A B S I S Y ) m G E , , 0 f l 5 ) G n T O  21  

2 2  F X = d ,  
FY:8, 
MZ:0, 
X I A = l ,  
X I S = 1 ,  
GO TO 999 

2 1  CONTTNUE 
I F f S X - 1 , )  i f l ,  1 0 1 2 2  

I @  S P = S Q R T ( S X * S X + S Y * S Y )  
V S = V * C O S ( A L F I * S P  
MUrMUO* ( 1  , - A S * V S I  
I F ( ( I , - S X ) r G E , , O f l l I G n  TO 3fl 

c ,  
C, a ,  mCOwPL.ETE S L I n I Y G  (WHFEL. L O C K )  
C  

1 7  XIAs8 ,  
X I S s Q ,  
X I A P = 0 ,  
XISP=L3, 
SXP=P,  
SYPeO,  
S X = , 9 9 9  
G O  T n  12m 

c , ,  
C,., . .DETEPMIhF A D H E S I n b  AND T R A N S T T I O N  L I M I T S ,  
C 

3 P  S X P = S X / ( I , - S X )  
S Y P r S y / ( l , - S w )  
TEMP:SnRT( ( A B S ! S X * C S ?  * *2 ,  ) + ( A B S ( S Y * C A L F A ) * * ~ ,  1 )  
XIb=I,-TEMP/(3.*MUO*IlD-SX)) 
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' ,  5 

C,,,,, COb'PlJTATION OF T R A C T I O N  FORCE, 
c 

1 2 P  F X A = C S * S X P * X I A P * * Z ,  
F X T r l  ~ , / ~ , * c s * s x P * ~ ~ , - ~ , * X I A P ~ X I S P ? R X I A P / (  1 , - X I A P ) +  

+ M U * S X / S P * ( 3 , - 2 , * X I ~ I A P ) * X I S P ) * ( X I 9 P - X I A P )  
FXS=WU*SX/SP*(Ia-3a*XISP**2,t2s*xISP**3,) 
F X r  F X A + F X T + F X S  

c < .  
C,,, , ,COMPUTbTION n~ CORNERING F O R C E ,  
c 

F Y A : C A L F A * S Y P * X I A P * * 2 ,  
F Y T : ( ~ , / ~ , * C A L F A * S Y W ~ , - ~ , * X I A P * X I S P ) * X I A P / ( ~ , - X I A P ~ ~  

+ M U * S Y / S P * ( ~ , - Z , * X I S P I X T A P ) * X I S P ) * ( X I S P - X ~ A P )  
F Y S x M U * S Y / S P * ( 1 , - 3 , * X I S P * I r t s + Z , * X I S P * * 1 , )  
F Y r  F Y b + F Y T + F Y S  

c , , 

C , , , . . C O M P ! J T b T I O N  OF A L I G N I h G  MOMENT, 
I: 

M Z A : ? , / ~ , * S X P * S Y P * ( C S I C A L F A ] * X I A P * * ~ , - 1  , / ~ , * S Y P * C A L F A  
+ *[U,sXIAP**3.~3,*XIAP**2,) 

~ Z T = S Y ? ( C S ~ C A L F A ) ~ I S X / , I  ( 1 , - S X ) * * ~  ) * X I A P * * ~ . / (  ~ ~ , - % I A P ~ * * Z . )  
+*~./iS.*(b,*XIAP**2,+3,*XIAP*XISP+XI9P*~?,-1~,*XIAP*5,~X1SP+l~,~~ 
+ * ( x I S P - X I A P )  

M Z T ~ M Z T ~ $ Y * ( C S - C A L F A ~ * ( S X P * ~ ~ ~ , , J / S P ~ ( ~ , / C S + I , / C A L F A ~ * X ~ A P * X I S P ~ ( ~ , *  
+XIAP)*,I*(3,*XISP**2,t3,*XIAP**2,+4,*XTAP*~ISP-lO,*(XIAP+XISP)t 
+ l Q l . ) ) * I X I S P - X I A P )  
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M Z T : M Z T t S Y * ( C S - C A L F A ) * C S X * M U * * 2 , / ( S P * * 2 , * C S * C A L F A ) * , 3 * ( 6 , * X I S P * * 2 ,  
+ + ~ , ~ X I A P * X I ~ P + X I A P * ~ ~ , ~ ~ S , ~ X I ~ P ~ ~ , * X I A P + ~ ~ , ~ ~ ~ ~ ~ I ~ ~ - ~ I A P ~  

P Z T ~ M Z T + S Y * C A L F A / ( ~ , = S X ~ * X I A P / ( ~ . - X I A P ) ~ ~ , / ~ , * ( ~ , - ~ , * X T A P * ~ ~ , - X I A P  
+)-XISP*(3,-XISP)+Z,*XISP*XIAP)*(XISP-XIAP) 
M Z T : M Z T + S Y * M U * X I S P / S P * , ~ * ( ~ , - ~ , * X I S P ~ ( ~ , - X ~ A P ~ - X I A P * ( ~ , - X I A P ) ~ ~ ,  

t*XIAP*XISP)*(XISP-XIAP) 
M Z S : M U * S Y / S P * ( , 6 * M I l * S X / S p * ( l , / C A L F A - 1 , / C S )  

+ * ( 1 , - 1 f l , * X I S P * * 3 , + 1 5 , * X I S P * * 4 , * b , * X I S P * * 5 , ~  
+ - ~ , s * ( x I s P * * ~ , ~ ~ , * x I s P * * ~ ~ + ~ I s ~ * * ~ ; ~ ~  

M Z P s - ( P X / K X - R Y / K Y ) * F X * F Y  
M Z r  M Z A + M Z T + M Z S + M Z P / L  

C , 8 

C , , , , , M U l - T I P L Y  R Y  F Z  AND L a  
C 

999 Xr-FX*FZ 
Y:-FYlcFZ 
Z z m M Z * F Z * L  

C . . . . 

C m - - m m m - w m - m - - w m w - m - - m - m m m m - - m - w - - - m m - - - w w m - m - - m m w w w w - m - - m m - m - m w  

C 
R E T U R N  
END 

ROUTINES CALLED! 
S I N  , C O S  r A B S  r S U R T  

R L C I C K  L E N G T H  
TMHS3 1192 (Q04528)* 
RLKl  26  ( f l04 f lh4 )  

* * C O V P I L E H  ----I C O B € * *  
P H A S E  U S E D  FREE 

DECLARATIVFS gflZ16 8 1 5 7 6  
FXECUTABLES 0f l879 0fl913 
ASSEMRLY P19673 03695 
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C T M S K 1  - .  S A K A l  , - ( D O C p b t  R E F . 6 1 .  . . . - 
C - - - - w m - - w - - - - w - - - w - - - - - w - - - - - - - - - c - - - - . l i - - - - - - - - - - - ~ - - - - w - - - m - - -  

C 
1 0 a  1 SURROUTINE T M S K I I S X , A L F A , F X , F Y , M Z , X , Y , Z , X I A )  

c . . . , .  . . 
C - w w - w - m - w - - - m - - w w m - = - - - - - - - - - . r - - - - - - - ~ w m - - - - - - - - - - - - - w - m - m ~ - - - m  

C  
C , ( .  P A R A R O L I C  PRESSURE D I S T R I B U T I O N  
c.. . . C O M P L E T E  SLIDING POSSIBLE WITHOUT W H E E L  L ~ C K ,  
C WHEEL LOCK ( S X s I , )  CAN b E  S P E C I F I E ? ,  . 
C  NO T R A N S I T I O N  FROM A O H F S I O Y  TO S L I D I N G ,  
c 
c ~ 1 ~ ~ ~ ~ 1 ~ ~ ~ * w ~ w m ~ ~ w m ~ w ~ m - m w ~ ~ ~ ~ w w ~ - ~ I ~ ~ - - ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ w ~ ~ ~ ~ ~ w ~ ~ ~  

c 
Pl0fl2 R E A L  YlIO, MUX, MUY, k t ,  KY 1 L, K X  
R O O 3  C O M M f l N / B L K l / Y U n r A S , V ,  MIIXIMUY ICSICALFAI 

t KX,KY,BX,RY,L,FZ 
c . . . . .  . . 
C ~ ~ w ~ 1 m m 1 1 1 1 ~ ~ 1 1 w w C - ~ ~ ~ m ~ I I - ~ w ~ - w ~ w - ~ w ~ m ~ ~ w w m ~ ~ ~ ~ m w ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

c 
n 0 g 4  A L F z A L F A  * 3 ; 1 4 1 6 / 1 8 f l ,  
flUCI5 S Y r S T N ( A L F l / C O S ( A L F l  
0006 I F C S X - 1 , I  l f l r  1 7 r 1 7  
9 0 f l 7  17 XIA=C!, 
f lB f l 0  S X r l .  
q 0 P 9  S P = S O R T ( t A R S ( S X ) * * 2 , ) + ( A R S ( S Y ) * * 2 . ¶ )  
m01cd , . G O  ~h 48 

c . . , .  S P E C I A L  C A S F  FOR SXrSVeCI ,  
~ U I  1 i n  I F ( A R S ( S X ) ~ G F . . B O ~ ) G ~ T ~  1 6  
'7012 T F ( A P S ( S Y I , G E , . O ~ I I G O T O  16 
flu13 15 FXtB , ,  
f l 0 1 4  FY=P). 
01815 MZzpla 
flu16 X I A = l ,  
8 8 1 7  GO T O  ?0 
P 0 1 8  16 C O W T I N I I E  
f l u 1 9  SXP:SX/( ! , -SX) 
'3020 S Y P = S Y / ( I , - S X )  
0 0 2 1  S P = S ~ R T ( t A R S ( S X l * * 2 , ) + ( A B S ~ S Y ) * * Z , ) )  

c .  6 

C,,,,,DETEPMINE A D H E S I O N  L I k T T ,  
c 

01822 X I A : ~ , - S Q R T ( ( A R S ( S X * C S ) * * ~ . ) ~ ( A B S ( S Y * C A L F A ~ * * ~ . ~ ) / ( ~ . * M U ~ ~ ( ~ . - ~ X ~ )  
f l 0 2 3  I F ( X I A ) 4 P , Y d r S P  
flld?4 5 P  I F ( l , ~ X I A l 6 0 r b ~ r 7 B  

I: . , 

C,.,..COMPLETE A D H E S I O N  
c 

D025 6 f l  F X t C S * S X P  
a026 F Y = ( C A L F A + C S ~ S X I * S Y P  
nld?7 M Z o , 1 6 6 6 * S Y P * ( 3 , * C S * S X - C A L F A ) t F X * F Y / ~ K Y * L I  
0 0 2 8  G O  T b  20 

r: , 0 

c . . , , .  A D H E S ~ ~ N  AND S L I P I V G  
C 
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7~ F X ~ C S * ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t  ~ ' . - X I A ) ~ * Z , ~ (  I , + Z , * X I A I  
F ~ ~ ( C A ~ F A + C S ~ S X ) * S Y P * X I A * * ~ , ~ M U Y * ~ ~ Y / ~ ~ ) * ~ ~ , ~ ~ ~ A ~ * * ~ , * ~ ~ , + ~ , * X ~ A ~  
M Z ~ , ~ ~ ~ ~ ~ S Y P * ( ~ , * C S * S X + C A L F A ~ ( ~ , - ~ , ~ X I A ) ) * ~ I A * * ~ ,  

+ ~ , ~ * ( s Y / s P ) * ( M u x * s x * ( ~  , + 3 1 * ~ ~ ~ ) m 3 a * ~ ~ ~ * ~ ~ ~ ~ * (  ~ , ~ x I A ~ * * ~ ~ * x I A  
t + F X * F Y / ( K Y * L )  

GO ~b 70  
c * ,  
C , . . . , C O k P L E T E  S L I D I N G  
c 

4GI FX=MUX*SX/SP 
FY=MUY*SY/SP 
M z : F X * F Y / ( K Y * L ~  
XIAoCn, 

C 

L ,  8 

C , a , . a v U L T I P L Y  BY FZ AND L, 
C 

267 X:-FXrFZ 
Y:-FY*FZ 
7:-MZ*FZ*L 

C - .  . . " - . . .  

C m m - ~ m m m m m ~ m m m - - m m w w m m m m m m m m m m m - m m m - ~ m m - - m - m m m - m m m m m m m m ~ ~ m m m ~ m m m  

C 
RETURN 
ENPl 

ROIJTTNES CALLED: 
S I N  , C O S  8 Q 9 T  , ABS 

FILOCK LENGTH 
T M S K T  bB5 (P1132272)* 
RLK 1 2 6  (PICIBk464) 

*rCOYPI I .FR ----- C O R E * *  
PHASE lJSFU FRFE 

D E C L A R A T I V F S  0f l21b W1576 
EXFClJTARLES 80639 0 1  153  
ASSEMBLY ~ 1 ~ 4 7 7  0 3 8 8 1  
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C TMGDR - .  GOQDYEAP (DOC,b t  R E F . 5 )  . . 
c d m - m - m m m m m m - m m - m m m m ~ m m m m m m - m m - - m ~ ) m m - m m m - - m m m m m m m m m m w m m m m m - ~ m m m ~  

e . . . - . , . -  

c m m m - m m m I m m - m - m m - m m - m m m - m - m m m - m w m m w m m w m - - m - m m m w m m m m m m m m m m m m m m m o m  

C 
C P A R A R O L I C  P H E S S U R E  D I S T R I B U T I O N  
C  C O P P L E T E  S L I D I N G , O C C U R S  REFORE WHEEL LOCK , 

C WHEEL LOCK ( S X 5 1 , )  SHOULD NOT R E  S P E C I F I E D ,  
C: NO T R A N S I T I O N  FROM A D H E S I O N  TO S L I D I N G ,  
C . - . . .  . . . .  . - -  
c I m - m m m 1 m I - m - - - m - 1 m m m m m m m m m m m m m - m I I I I ) I ) m - m m w m * m m m m m m m w - m m m m m m m m I 0  

C 
R E A L  MIIO,MUX,MUY,MZ,KY,L,KX 
C O M ~ O ~ / B L K l / ~ U O ~ A S ~ V , M U X ~ ~ U Y r C S t C A L F A ,  

t K X , Y Y t f 3 X t R Y r L , F Z  
C . . . . . .  
c I m m m m m I I m m m - m m m I m m m m m m - - m . ) m m . . m I m - . ) m m I m m m - - m m m m m m m - m m m m - - m m m m - m m  

C 
ALF:ALFA* , f l 174533  
S Y : S I N ( A L F ) / C U S ( ~ L F I  
1 F ( S X = l B )  1 f l r t 2 , 1 7  

1 5  F X P B ,  
FYeC?, 
M Z = Q ,  
X I A z l ,  
G O  TO 20 

, I,;! S X r . 9 9 9  
C,, , .SPECIAL C A S €  FOP SX=SY%f l ,  

1 A  I F ( A R S ( S X l , G F B , , 0 ~ 5 ) ~ b T F  16 
I F ( A R S C S Y ) , L E , , @ ~ ~ ~ ) G O T ~  15 

1 6  COFJT INUE 
S X P : S X / ( t B - S X )  
S Y P = S Y / ( l m - S X )  
T E W P : S Q R T ( A B S ( S X * C S ) * * ~ ~ + A R S ( S Y * C A L F ~ ) * * ~ ~ )  

c ,  
C , b , B , D E T E R M I N E  4 D H E S I n k  L I M I T ,  
C 

X I A e i , ~ T F M P / ~ M U O * ~ i , - S X ~ * 3 , 1  
I F I X T A )  4mr  4 d r  5fl 

57 I F ( ~ , ~ X I A ) h ~ t b f l t 7 ~  
c .  
C,.,.,COVPLETE A n H E S I O N  
C 

6 f l  FX:CS*SXP 
F Y = C P L F A * S Y P  
MZ:- , i6bbb*CALFA*SYP+,66bbb*CCS-C:ALFA)*SXP*SYP 
G O  T O  2cl 

c ,  
c , , , . ,  ADHESION A N D  SLIPING 
C 

7 P  T E P P ~ = ~ , + x ~ A + x I A * * ~ ,  
F X = , 3 3 3 3 3 * C S * S Y P * T F M p l  
F Y = . 3 3 3 3 3 * C A L F A * S Y P * T E M P i  
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~ Z ~ ~ S Y P * X I A * ~ ~ * C A L F A / ~ ~ + ~ ~ ~ ~ ~ ~ ~ * I C S ~ C A L F A ) * S X P * S Y P * ( ~  B + z e * ~ l ~  

t + 3 , * X I A * * 2 + 4 , * X I A * * 3 )  
G O  T @  2 B  

C ,  
C, , , . ,COMPL.ETE S L I n I M G  
c V A L U E S  B E C ~ M M E  M E A V I N G L E S S  A H E N  X I A  LE  0 1  A S S I G N  P R E V ,  V A L U E S  

4 F  F X r X O L D  
F Y o Y n L D  
v z ~ z o L n  
X I A = P I ,  

c , ,  
C , . , . , M U L T T P L Y  6 Y  F Z  AND L ,  
r 

ZP1 X r - F X l F Z  
Y:-FYhFZ 
2 0 - M 7 * F Z * L  

C . . . . .  . . . .  
C  - m m W W m - ~ - - - 1 - m w W m - w a m m ( . m m m 1 1 . I . ) 1 . ) 1 1 ~ w m . ) m - m m a ~ m ~ m ~ - m m ~ ~ ~ m ~ ~ m ~ ~ ~ - ~  

c 
R E T U R N  
END 

R O U T I N E S  C A L L E D !  
SIN , C O S  , A B S  , S Q R T  

R L O C K  L E N G T H  
T M G D R  4 7 4  (~1@1664)* 
R L K  1 2 6  ( f l 0 f l lE64 l  

* * C O M P I L E H  I---- CnRFh* 
PHASE USED FREE 

D E C L A R A T I V E S  g o 2 1 6  81576  
E X E C U T A B L E S  0fl719 @ I 0 7 3  
ASSEMBLY 0 f l 5 0 9  637809 
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c D A T A  P L ~ T T I N G  SIJBROUTINE 
C  

SUBROUTINE TFPLOT ( I S W )  
C O ~ M O N / B L K ~ / ~ L ~ ~ ~ ~ ~ ~ ) I S X I ~ I ~ ~ ~ ~ F X ~ I C ~ ~ ) ~ F Y ~ ~ ~ ~ ~ ~ X ~ Z ~ ~ ~ ~ ) ~  

+ X ( 1 0 1 ) # Y ~ l f l l ) , Z ( I 0 1 ) ,  
+ sCALX,sCALy,XMTN, YMIN, I P R r  ISW1,  ISW3,NUMBER,N,M, I T Y P E  

R E A L 1 8  L A B F L C 2 r S )  
R E A L 1 8  N A M F ( 5 )  
DATA L A B E L t l r  l ) , L A R E L ( 2 r  l ) / ' L O N G I T I J D ' , ' , S L I P  SX' / ,  

t L A B E L C l r 2 ) , L A R E L ( 2 , 2 ) / ' L A T E R A L  ','FORCE F Y 0 / ,  
+ L A B € L ( l r  3 )  , L A B E L ( 2 , 3 ) / ' L O N G I T U D ~  F ~ H C E  '/, 
+ L A B E L [ ~ ~ ~ ~ , L A R E L ( ~ ~ ~ ) / ' A L I G N I N G ~  MOMENT '/, 
t L A B E L ( l r S ~ r L A B E L ( 2 , 5 ) / ' S L I P  ANG0,'LE ( D E G ) ' /  

DATA NAME/'MODEL l e t  'MODEL 2 0 ,  ' Y O D E L  3 '1  ' S A K A I  'I ' G O O D Y E A R @ /  
I F C I S W , N F , ~ ~ I C O T O (  l r21 i?f l01411410~611f l018)  I S w 3  

c ,  8 

C,,,,,FIPST C A L L ,  Tp P L P T t C H E C K ,  FFR V A L I D I T Y  OF C A L L  
I F ( 1 S W I  ,EOP IPAND,, I S W ~ , G E ?  !?AND,,  I S ~ ~ , L E ; S  ISWI ISW~ 
IF(ISW~,EW~2,AND,ISW3,GE,6,AND,ISW31LE~8)ISW~ISh3 
I F ( I S ~ , N E , ~ ) G O T O ~ ~ ~ , Z ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ B I ~ ~ ~ ~ ~ ~ I S ~ ~  

C 

W R I T E ( T P R ,  1Bn0I ISW1,  ISM3 
I S W 3 t B  
RETURN 

C  
c M A K E  SURE X M Z ( M O M E N T )  IS WITHIN ROUNDS OF G R A P H  

200 K:N 
GOT0 388  

1 0 f l  KoM 
10B DO 4 R 0  I a l r K ,  , 

IFtXMZ(I),LT.-,2)XMZtI)~-,2 
I F ( X ~ Z C I ) ~ G T , , ~ ) X M Z ( ~ ) Z ~ E  

40fl CONTINUE 
, .  C O T O [ 1 , 2 , 3 , 4 r S r b r 7 ~  ISW3 

c,, ,,, ,LEGAL P L ~ T  C A L L  . . 
C,,,,,FIND MAX AND MTN P O I N T S ,  D R A W  A G R I D  AND L A b E L  AXES 
c 
C 

10 XMAXc1, 
XMIrU=0, 
YMAX=l,,Z 
YMIN=B,  
N X D I V r 5  
N Y O I V e 6  
I T Y P E r b  
N X S I ( I P = 2  
N Y S K I P r i  
N X S I G r 1  
Y Y S I G z l  
N X = I  
N Y r 3  
GOT0 8P! 

2 P  XhAX=I, ,  
X M I N r Q ,  
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YYAXr l , ; !  
Y M I N z 0 ,  
N X D I V o 5  
N Y D I V t b  
T T Y P F z b  
N X S K f P z 2  
NYSK1P: l  
N X S I G r l  
N Y S I G s l  
N X = l  
N Y E 2  
G O T 0  8P 

3 0  X M I X = I ,  
X M I N c 0 ,  
Y M A X r . 2  
YMThle.1.2 
h i X D I V = 5  
Y Y P ~ V z A  
TTYPF:? 
N X S K I P = 2  
N Y S K I P ? r l  
N X S I G s 1  
N Y S I G z 2  
N X r 1  
N Y = 4  
G O T 0  BP 

4 P  ~ ~ 6 ~ : 1 , 2  
XMIN:-1.2 
Y M A X z 1 . S  
Y M I N r B .  
N X r  I V s l Z  
N Y D I V e 6  
I T Y P E z 4  
N X S K I  P r 2  
b 'YSKTP=c? 
N X S I G = 1  
h ' Y S I G n 1  
N X = 3  
N Y = 2  
GOTO 8fl 

5fl XMAX:1,2 
X M I N r - 1 . 2  
YMAX:,;! 
Y M I N = = . Z  
~ J X D I V o 1 2  
N Y D I V z 8  
1TYPE: l  
N X S K I P t 2  
N Y S K T P t 2  
N X S I G t I  
NYSIC:? 
h!X:3 
U Y = 4  
G O T 0  8 P  

6fl X M ~ X Z Z P .  
Xt4TN:0. 

1 3 ! 5 8 1 4 5  f l 2 - 0 C T - 7 4  PAGE Z 
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Y h A X = l , 2  
YMTh+@,  
N X D I V z 5  
N Y D I V t h  
I T Y P F = 6  
N X S K I P z 2  
N Y S H I P s 1  
N X S I G o l  
NYSIG:! 
N X = 5  
N Y = 2  
G O T 0  8 P  

7 t l  XMAX=ZPI, 
X M I N r P ,  
YMAXc,? 
YMIN:-,2 
N X D I V s 5  
M Y D I V r 8  
ITYPE:;! 
N X S K I P t i ?  
N Y S K X P a l  
NXS1G:l 
N Y S I G o Z  
N X t S  
h'Y 34 
G O T O  8 a  

7 5  X V A X t 2 5 .  
Y M T N r 0 ,  
YkAX=2QOf l ,  
Yr l r IN=0,  
N X D I V z l  
N Y D I V a 5  
1TYPF:h 
N X S K I P s e  
" Y S K J P z i  
NXSIG:O 
N Y S I G o P  
NXxl? 
N Y r Z  
C A L L  S Y M S O L ( ~ , , ~ ; ,  , Z , ' C A R P F T  P L O T o #  O,, 1 1 )  

c ,  * 

C,,, . .L.APEL W I T H  T H E  MODEL  NAME 
8 P  C A L L  S Y M R O l ( O . r B , ,  , ? , N A Y E ( N U M B E R ) , W , , B ~  

C A L L  G R I D ( X O R G , Y O R G , X V A X , X M I N # Y M A X , Y Y I N , ~ , , ~ ~  , N X D I V , N y D I V ,  
t S C A L X , S C A L Y j  I T Y P E )  

C A L L  G R D N U M ( T T Y P E r X O R G , Y I I R G r X M A X J X Y I N , Y M A X ~  Y M I h l r  R r r 8 r r  
t N X ~ I V , N Y D I V , N X S K I P , ~ Y S K I P , N X S I G ~ N Y S I C , )  

I F ( N X , ~ ~ E , P )  C A L L  P L . A R E L ( I T Y P E ,  1 ,R. ,B, , l . ,AREL( l ,NX),  1 6 1  
I F ( N Y , N E , @ l  C A L L  P L A R E L ( I T Y P E , 2 , 8 , , 8 , , L A B E L ( l , N Y 1 , 1 6 )  
R E T U R N  

C 
C # ,  
C , , . , P L ~ T  ONE CIJRVE OF THE PLOT 

j C A L L  P I . O T P T ( T T V P F , X M I N , Y M I N I 9 . , 8 , , S C A L X , S C A ~ Y , S X 1 ( 1 ) ~ F X ( 1 ) ~ N ~  
R E T U R N  

2 CALL P L O T P T ( T T Y P F , X M I N , Y ~ I N I ~ ~ ~ 8 , , S C A L X , S C A L Y ~ S X l ( l ) , F Y ( 1 ) , N I  
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RETURN 
3 C A L L  ~ ~ O ~ P T ( I T Y P E ~ X Y ~ ~ , Y Y I ~ ~ ~ ~ , ~ ~ , ~ S C A L X ~ S C ~ L Y ~ S X ~ ~ ~ ~ ~ X ~ ~ ~ ~ ~ I ~ ~  

RETURN 
4 C A L L  P L U T P T ( ~ T Y P F ~ X M I N , Y ~ I N , R ~ , ~ , , S C A L X ~ S C A L Y , F X ~  1) ,FY 1 )  ,N) 

RETURN 
c C A L L  P ~ O T P T ~ I T Y P E , X M I N , Y M I Y , R , , B ' . , S C A L X , S C A L Y , F X ~  1) , x M z ( ~ )  ,NI 

RETURN 
C A L L  P L O T P T ( ~ T Y P F , X M T N , Y Y I N , ~ , , ~ , , S C A L X ~ S C A L Y ~ A L F ~ ~ ~ ~ ~ F Y ~ ~ ~ ~ M )  
RETURN 

7 C A L L  P ~ O T P T ( ~ T Y P F , X M I N , Y M I N , ~ , , ~ ~ , S C A L X , S C A L Y , A L F ~  ( 1 )  ,XMUI)  , M )  
RETURN 

' ' SCALE FZ  (CURRFhTLY S T O R E D  AS I S W )  R E L A T I V E  TO 2fl09 C.?.?. 
C,,,,,TO BE USED FnH GRAPH O N L Y  

R F Z r I S W / Z D B f l .  
00 99 I e l r y  
F x ( I ) ~ = A L F ~ ( ~ ) * F Z  

99  WRITE(TPR,? f l f l B )  F X I I ) , Y ( I I  
C A L L  P L O T P T ( ~ T Y P F , X M I N , Y M I N , R , ~ ~ , , S C A L X I S C A L Y ~ F X ( ~ ) ~ Y ( ~ ) ~ M )  
RETURN 

C 
2olQPi F O R M A T C ~ X , ? F ~ ( ~ ' , ~ )  
~ A P A  F O R M A T ( ~ I I L L F G A L  C O M R I Y A T I ~ N  OF VARIABLE S W E E P  ( 1 ~ ~ 1 )  AND P L O T * ,  

+ ' TYPE (TSWJ),  T H I S  SFT OF DATA I ~ N O R E D , ' / ' ~ ~ I S W ~ = ' ~ I ~ ~  
t ~ I S W ~ : . ,  137 

C 
END 

R O l l T I N E S  C A L L E N  
SYMBOL, G R I D  r GRDt iUM,  PLAREL,  P L O T p T  

FLOCK L E N G T H  
TMPLnT 1 3 7 2  ( f l a 7 2 7 f i ) r  
ALKZ  1 6 3 1  ( a 8 6 2 7 6 1  

**COPPILER ---=- C O R E * *  
PHASE USFD FREE 

i7ECLARATIVES 0m4R5 0 1 3 f l 7  
ExEC\ ITABLES  0fl858 8f l934 
ASSEh?BLY Urn945 d3413 



1 . 5  EXAMPLES 

The f o l l o w i n g  t h r e e  examples  were  chosen  t o  d e m o n s t r a t e  

t h e  f l e x i b i l i t y  o f  t h e  computer  program i n  p r o d u c i n g  o u t p u t  from 

one o r  more t i r e  models and i n  sweeping  o v e r  r a n g e s  o f  s and 
X 

a .  

Example 1 

Here  i t  i s  d e s i r e d  t o  o b t a i n  F v s ,  a f rom t i r e  model 
Y 

HSRI-I1 o n l y .  The o u t p u t  i s  t o  b e  g i v e n  f o r  a r a n g i n g  from 

1 t o  1 6  d e g r e e s  i n  1 d e g r e e  i n c r e m e n t s .  The f o l l o w i n g  8 d a t a  

c a r d s  a r e  needed .  

Card A (411) 

sweep a a s  i n d i c a t e d  on Card C 

p r i n t  o u t p u t  

t y p e  1 i n p u t  module 

Card B ( 2F4 .0 ,  13)  

[b  1 ank]  d e f a u l t  ( s x = O , )  p a t h  i s  t a k e n  

Card C ( 2F4 .0 ,  13 )  

ALFll = 1. i n i t i a l  a 

DALFA = 1. a i n c r e m e n t s  

M = 1 6  e v a l u a t i o n s  

Card D ( 2 F 8 . 3 )  

CS = 19251 .4  

CALFA = 9 6 2 5 . 7  



Card E (4F8.3) 

Card F (2F8.3) 

Card G (511) 

MODEL (1) = 2 exercise HSRI - I 1  only 

Card H (5F8.3) 

MU0 = 1.224 1 determined by friction data program 

AS = ,004 (see Sec. 2.3) 

MUX = 0. 

MUY = 0. 1 relevant only for Sakai model 

Punched card listing 

?1 1 

The program output for Example 1 is reproduced on the next 





Here i t  i s  d e s i r e d  t o  o b t a i n  Fx,  F and ? 4 z  v s ,  s  and a  
Y' X 

from t h e  HSRI-I ,  - 1 1 ,  and S a k a i  t i r e  models .  The o u t p u t  i s  t o  

be  g i v e n  f o r  two a - p a t h s  (0" and 2") where s x  i s  swept  t h rough  

t h e  s i x  d e f a u l t  v a l u e s .  The f o l l o w i n g  8 d a t a  c a r d s  a r e  r e q u i r e d .  

Card A (411) 

ISWl = 1 sweep s  , t a k e  a - p a t h s  i n d i c a t e d  on 
Card C X 

ISW2 = 1 p r i n t  o u t p u t  

ISW3 = 0 

ISW4 = 1 t y p e  1 i n p u t  module 

Card B (2F4 .0 ,  13)  

[ b l a n k ]  u s e  d e f a u l t  s x  v a l u e s  

Card C (2F4.0 ,  13)  

A L F l l  = 0 .  i n i t i a l  a 

DALFA = 2 ,  a  i nc remen t s  

M =  2 a - p a t h s  

Card D (2F8.3)  

CS = 21774. 

CALFA = 10887. 

Card E (4F8.3)  

K X  = 1 0 0 0 .  

KY = 500. 

B X  = 1. 

BY = 1. 



Card F 

Card G (511) 

Card H (5F8.3) 

v = 2 0 .  

MUX = - 3 7  

MUY = . 37  

Punched c a r d  l i s t i n g  



The r e s u l t i n g  computer o u t p u t  i s  shown on t h e  n e x t  page .  

I n  examining t h i s  o u t p u t ,  i t  s h o u l d  be  n o t e d  t h a t :  ( a )  t h e  

HSRI-I model does  n o t  compute a l i g n i n g  moment, (b )  t h e  t r a n s i -  

t i o n  r e g i o n  (XIS) i s  r e l e v a n t  o n l y  f o r  t h e  HSRI-I1 model ,  

( c )  t h e  S a k a i  model ,  which has  p a r a b o l i c  c o n t a c t  p r e s s u r e ,  l o s e s  

a d h e s i o n  a t  a  low v a l u e  of  l o n g i t u d i n a l  s l i p  ( sx  < - 2 ) .  



S L I P  ANGLE LONG, $ L I P  F o n t € - L O N G  FORCE-LAT MOHFhT A O H F S I O N  T R b N S I T I O N  
( A L P H A )  ( s x )  ( F X )  ( F Y )  ( P Z  (X IA )  ( X I S )  
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Computer o u t p u t  f o r  Example 2 

36 



Example 3 

Th i s  example i l l u s t r a t e s  t h e  u s e  o f  a  Type 2 d a t a  module 

f o r  t h e  r equ i r emen t  of  o b t a i n i n g  F and MZ v s .  a ( a t  sx=O. )  
Y 

from a l l  f i v e  t i r e  models .  F r i c t i o n a l  per formance  d a t a  f o r  each  

t i r e  model has  been c a l c u l a t e d  by t h e  f r i c t i o n  d a t a  program 

d e s c r i b e d  i n  S e c t i o n  2 . 0 .  The o u t p u t  from each  t i r e  model i s  t o  

be  o b t a i n e d  a t  t h r e e  speeds  (20 ,  40,  and 55 mph). S i n c e  t h e s e  

models assume t h e  t i r e - r o a d  f r i c t i o n  c o e f f i c i e n t  t o  b e  speed -  

dependen t ,  t h i s  n e c e s s i t a t e s  t h e  u s e  o f  un ique  f r i c t i o n  d a t a  f o r  

each  model a t  each  speed .  A t o t a l  o f  37 d a t a  c a r d s  a r e  r e q u i r e d  

f o r  t h e  Type 2 d a t a  module. 

Card A (411) 

ISWl = 2 sweep a a s  i n d i c a t e d  on Card C 

ISW2 = 1 p r i n t  o u t p u t  

ISW3 = 0 

ISW4 = 2 t y p e  2 i n p u t  module 

Card B (2F4 .0 ,  13)  

[b l a n k ]  d e f a u l t  ( sx=O. )  p a t h  i s  t a k e n  

Card C (2F4 .0 ,  13 )  

A L F l l  = 0 .  i n i t i a l  a 

DALFA = . 5  a i nc remen t s  

P.1 = 2  5 e v a l u a t i o n s  

Card D (2F8.3) 

CS = 2 1 7 7 4 .  

CALFA = 10887. 



Card E (4F8.3) 

KX = 1000.  

KY = 500. 

BX = 1. 

BY = 1. 

Card F (2F8.3) 

L = 7 . 1  

FZ = 1 1 0 0 .  

C a r d G  (511) 

MODEL(1) = 1 e x e r c i s e  IISRI-I model 

Card H (5F8.3)  

d a t a  f o r  HSRI-I model 

Card G (511) 

MODEL(1) = 2 e x e r c i s e  HSRI-I1 model 

Card H (5F8.3)  

MU0 = , 6 9 8  

AS = ,054  I d a t a  f o r  HSRI-I1 model 

v = 20 

* 

(11 G - H  p a i r s )  

. 



Card G (511)  

MODEL(1) = 4 e x e r c i s e  S a k a i  model  

Card H ( 5 F 8 . 3 )  

MU0 = , 6 1 1  

AS = 0 .  

v = 5 5 .  

MUX = 0 .  

MW = . 2 8 6  

d a t a  f o r  S a k a i  model  

Card G (511)  

MODEL(1) = 5 e x e r c i s e  Goodyear model 

Card  H ( 5 F 8 . 3 )  

MU0 = , 3 4 5 5  

AS = 0 .  d a t a  f o r  Goodyear model 

v = 5 5 .  

[ a  b l a n k  c a r d ]  

A b l a n k  c a r d  t e r m i n a t e s  a  Type 2 module which may b e  

f o l l o w e d  by a  Type 1 module o r  a n o t h e r  Type 2 module .  The 

c o m p l e t e  d a t a  module  f o r  t h i s  example  i s  s e e n  i n  t h e  punched 

c a r d  l i s t i n g  r e p r o d u c e d  be low.  



L i s t i n g  o f  t h e  Type 2 d a t a  module f o r  Example 3 .  

The f i r s t  two and l a s t  two pages  of  t h e  computer  o u t p u t  f o r  

Example 3 a r e  r ep roduced  on t h e  n e x t  two p a g e s .  







2 . 0  TIRE MODEL DATA PREPARATION 

The s e m i - e m p i r i c a l  t i r e  mode l s ,  whose programs a r e  l i s t e d  

i n  S e c t i o n  1 . 4 ,  r e q u i r e  i n p u t  d a t a  which i s  d e r i v e d  from t h e  

r e s u l t s  o f  f u l l - s c a l e  t i r e  t r a c t i o n  t e s t s  made i n  t h e  l a b o r a t o r y  

o r  on t h e  r o a d .  There  i s  no way, a t  t h i s  t i m e ,  t o  r e l a t e  t i r e  

model i n p u t  d a t a  t o  t i r e  d e s i g n  c h a r a c t e r i s t i c s .  Thus ,  t h e  model 

i n p u t  d a t a  a r e  s t r i c t l y  v a l i d  o n l y  f o r  a  s p e c i f i c  t i r e ,  a t  a  s p e c i f i c  

i n f l a t i o n  p r e s s u r e ,  and c a r r y i n g  a  s p e c i f i c  l o a d .  The f r i c t i o n a l  

per formance  d a t a  ( ,  A s ,  e t c . )  i s  f u r t h e r  r e s t r i c t e d  t o  a  s p e c i f i c  

paved s u r f a c e  and w a t e r  cove r  ( i f  a n y ) .  N o t w i t h s t a n d i n g  t h e  above 

r e s t r i c t i o n s ,  i t  i s  f r e q u e n t l y  p o s s i b l e  t o  e s t i m a t e  changes  i n  

i n p u t  d a t a  p roduced  by s l i g h t  changes  i n  t i r e  d e s i g n  o r  o p e r a t i n g  

c o n d i t i o n s .  

The t i r e  models w i t h  which t h i s  r e p o r t  i s  concerned  a l l  

s i m u l a t e  t i r e  t r e a d  and c a r c a s s  e l a s t i c i t y  w i t h  t h e  same l i n e a r  

e l e m e n t s ;  s p e c i f i c a l l y ,  t h e  t r e a d - c a r c a s s  s t r u c t u r e  i s  an a r r a y  

o f  l i n e a r  s h e a r  s p r i n g s  ( t r e a d )  a t t a c h e d  t o  a  r i g i d  beam which i s  

s u p p o r t e d  by a  l i n e a r  s p r i n g  f o u n d a t i o n  ( c a r c a s s )  . The d e t e r m i n a t i o n  

of  t i r e  s t r u c t u r e  i n p u t  d a t a ,  CS, C a ,  K x ,  K common t o  a l l  o f  t h e  
Y '  

mode l s ,  i s  d e s c r i b e d  i n  Document 6 ( pp .  7 7 -  8 8 )  . Again ,  i t  i s  

emphasized t h a t  t i r e  s t r u c t u r e  i n p u t  d a t a  r e l a t e  t:o a  s p e c i f i c  

t i r e  a t  a  s p e c i f i c  p r e s s u r e  and l o a d  (FZ) Changing t h e  l o a d ,  

p r e s s u r e ,  o r  t i r e ,  r e q u i r e s  c o n s i d e r a t i o n  o f  c o r r e s p o n d i n g  changes  

i n  C s 9  C a t  Kx, and K i n  a d d i t i o n  t o  t h e  . con t ac t  l e n g t h ,  L .  
Y 



The t i r e  models a l l  v a r y  i n  t h e i r  schemes f o r  s i m u l a t i n g  

t i r e - r o a d  f r i c t i o n a l  pe r fo rmance ;  v i z ,  t h e  g e n e r a t i o n  o f  t h e  

f r i c t i o n - d e p e n d e n t  s h e a r  f o r c e  d i s t r i b u t i o n ,  a ,  e x p r e s s e d  by 

where p i s  t h e  t i r e - r o a d  f r i c t i o n  p o t e n t i a l  and p  i s  t h e  normal 

c o n t a c t  p r e s s u r e  d i s t r i b u t i o n .  A p r e s s u r e  d i s t r i b u t i o n ,  un i fo rm 

o r  p a r a b o l i c ,  i s  programmed i n t o  each  o f  t h e  t i r e  mode l s ;  no 

p r e s s u r e  d i s t r i b u t i o n  i n p u t  d a t a  i s  r e q u i r e d .  The t i r e - r o a d  

f r i c t i o n  p o t e n t i a l  i s  c a l c u l a t e d  by t h e  v a r i o u s  models w i t h  t h e  

i n p u t  d a t a  A S ,  p o ,  u x ,  
I ~ Y  

a s  i n d i c a t e d  i n  Tab l e  3 ,  where  Vs i s  t h e  

s l i p  v e l o c i t y .  

TABLE 3 

FRICTION PERFORMANCE FACTORS 

Mode 1 u P  

HSRI - I lJ0 ( l -AsVs) un i fo rm 

HSRI - I  I U o  ( 1  -ASVs ) un i fo rm 

HSRI-I11 P o  (l-ASVs) p a r a b o l i c  

Goodyear p a r a b o l i c  

S a k a i  lJ0'  px  and l~ p a r a b o l i c  
Y - 

s l i d i n g  

The r ema inde r  o f  t h i s  s e c t i o n  i s  concerned  w i t h  t h e  p r e p a r a t i o n  

o f  f r i c t i o n a l  pe r fo rmance  d a t a .  



2 . 1  FRICTIONAL PERFORMANCE DATA 

The f r i c t i o n a l  performance i n p u t  d a t a  f o r  a  p a r t i c u l a r  t i r e  

model i s  de termined such t h a t  t h e  model w i l l  r eproduce  s e l e c t e d  

p o i n t s  on measured t r a c t i o n  f o r c e  c u r v e s .  For example,  t h e  HSRI 

models ,  which u t i l i z e  two i n p u t  pa ramete r s  (po and A,), a r e  g iven  

pa ramete r  v a l u e s  which cause  t h e s e  models t o  reproduce  two p o i n t s  

i n  t h e  h igh  s l i p  r e g i o n  of t h e  measured Fx v s .  s  o r  F v s .  a  
X Y 

c u r v e s .  Because of model d i f f e r e n c e s ,  v a l u e s  of p o  and As f o r  one 

of  t h e  HSRI models w i l l  n o t  be optimum f o r  t h e  o t h e r  two HSRI 

models.  

A d i g i t a l  computer program has  been w r i t t e n  t o  c a l c u l a t e  

f r i c t i o n a l  performance d a t a ,  f o r  each of  t h e  t i r e  models ,  from 

f r e e - r o l l i n g  F v s .  a  d a t a  measured i n  t h e  l a b o r a t o r y  o r  on t h e  
Y 

road .  The fo l lowing  s o l u t i o n  p rocedures  a r e  used .  

HSRI - I  

and As a r e  o b t a i n e d  by s o l u t i o n  of  t h e  two s imul t aneous  

l i n e a r  e q u a t i o n s  which r e s u l t  when t h e  l a t e r a l  f o r c e  e q u a t i o n  f o r  

t h i s  model i s  e v a l u a t e d  a t  t h e  two d a t a  p o i n t s  which a r e  t o  be 

reproduced.  

2x[Ca t a n  a ( 1  - 41 + F C t a n  a ) / F Z I 1  + y[VSI1 = 1 Y1 a  

2x[C, t a n  a ( l  - 41 + F C t a n  a ) / F , I 2  + y[VSl2  = 1 Y /  a 

where u o  = l / x ,  AS = y ,  and s u b s c r i p t s  1 ,  2 i n d i c a t e  e v a l u a t i o n  

a t  t h e  two d a t a  p o i n t s  t o  be reproduced by t h e  HSRI-I model. 



HSRI - I I 

uo and A a r e  de termined by an i t e r a t i v e  s o l u t i o n  f o r  t h e s e  
S 

parameters  as  r o o t s  o f  t h e  f o l l o w i n g  f u n c t i o n ,  F(po ,AS) , which 

i s  d e r i v e d  from t h e  l a t e r a l  f o r c e  e q u a t i o n  f o r  t h i s  model.  

where - 
< a  - - -  I ,  F / ( c ~  t a n  a )  
L 2 0 2  

5s - - - 
L p F (1 + c , / c ~ )  x ( I - A ~ V ~ ) / ( C ~  t a n  a )  2 0 2  

lio and A a r e  de termined by an i t e r a t i v e  s o l u t i o n  f o r  t h e s e  
S 

pa ramete r s  a s  r o o t s  of t h e  f o l l o w i n g  f u n c t i o n ,  F (uo ,AS) , which 

i s  d e r i v e d  from t h e  l a t e r a l  f o r c e  e q u a t i o n  f o r  t h i s  model. 

where 

- - - 1 - C t a n  a / (3poFz)  
L a 

- - Ca Cs ) t a n  a  
L a  + Cs 3p0 (1-ASVS) F Z  



Goodyear 

"0 
i s  o b t a i n e d  by e v a l u a t i n g  t h e  f o l l o w i n g  e q u a t i o n  ( d e r i v e d  

1,). I r ) l , . t . i  I i r r o  I \ ~ F >  l r 1 t  c . 1 9  F r r t  r . 6 .  c ~ r l ~ t ~ l l  ; r l r ,  r r r c  t 1 - 1 1  1  t I t r l  

peak datum p o i n t  of  t h e  f r e e - r o l l i n g  F v s .  a t e s t  d a t a .  
Y 

C a  t a n  a 

F Z  

4 'Y] - 1 

/$ + 5 - Ca t a n  a 

\ 1 . L  
C a  t a n  a 

Saka i  

and p a r e  de te rmined  by an i t e r a t i v e  s o l u t i o n  f o r  t h e s e  
Y 

pa rame te r s  a s  r o o t s  of  t h e  f o l l o w i n g  f u n c t i o n ,  F ( p o  ,AS) ,  which i s  

d e r i v e d  from t h e  l a t e r a l  f o r c e  e q u a t i o n  f o r  t h i s  model .  

where 

- - - 1 - Ca t a n  a / (3p0F,)  L 

and t h e  v a l i d  r o o t s  a r e  such t h a t  i s  l e s s  t han  2 0 .  
Y 



The i t e r a t i v e  s o l u t i o n s  r e q u i r e d  f o r  t h e  H S R I - I ,  -11, and 

S a k a i  models a r e  o b t a i n e d  by t h e  Newton-Raphson method f o r  f i n d i n g  

s i m u l t a n e o u s  r o o t s  o f  two f u n c t i o n s ,  F1 and F 2 ,  of  two v a r i a b l e s  

(Po and As o r  p ) .  The two f u n c t i o n s  a r e  F (po ,  AS o r  p y ) ,  
Y 

w r i t t e n  above f o r  t h e  r e s p e c t i v e  models ,  e v a l u a t e d  a t  two d a t a  

p o i n t s  on t h e  F  v s ,  a cu rve  which a r e  t o  be r ep roduced  by t h e  model .  
Y 

The Newton-Raphson method p r o v i d e s  c o r r e c t i o n s ,  A N ,  and AAS 

1 ( o r  n u y ) ,  t o  an e s t i m a t e  o f  t h e  r o o t s  ( s ay  p o l  and AS ) by s o l u t i o n  

o f  t h e  f o l l o w i n g  s i m u l t a n e o u s  l i n e a r  e q u a t i o n s  f o r  t h e s e  c o r r e c t i o n s ,  

where 

aF1 - - aF1 , F1, e t c . ,  a r e  c o n s t a n t s  c a l c u l a t e d  from 
a l lo  ' aAs 

t h e  u n c o r r e c t e d  v a l u e s  o f  p o  and A s .  The c o r r e c t e d  r o o t s  

a r e  t h e n  used  i n  r e p e a t i n g  t h e  p r o c e d u r e  u n t i l  t h e  c o r r e c t i o n s  

become n e g l i g i b l e .  I n  most c a s e s ,  a  s o l u t i o n  i s  o b t a i n e d  w i t h  

a  s m a l l  number o f  i t e r a t i o n s  ( t y p i c a l l y  4 - 6 ) .  



The f u n c t i o n s  F(po,AS) f o r  t h e  HSRI-11, -111 models and 

F ( p o ,  v ) f o r  t h e  Saka i  model a r e  h i g h l y  n o n l i n e a r  and a  compre- 
Y 

h e n s i v e  a n a l y s i s  f o r  t h e  r e g i o n  where v a l i d  r o o t s  may be  found has  

y e t  t o  be performed.  I n  some c a s e s ,  t h e  program p r e s e n t e d  below 

i s  unab le  t o  f i n d  r o o t s  f o r  one o r  more o f  t h e s e  models.  These 

cases  a r e ,  u s u a l l y ,  a  consequence of abnormal d a t a .  i t  i s  

ma themat i ca l ly  imposs ib le  f o r  c e r t a i n  models t o  reproduce  some 

p a i r s  of d a t a  p o i n t s  i n  t h e  h i g h - s l i p  r e g i o n ,  g iven  C a de termined 

i n  t h e  low s l i p  r e g i o n  of  t h e  same F v s .  a t e s t  d a t a .  F o r t u n a t e l y ,  Y 
t h e s e  c a s e s  seem t o  be i n  t h e  m i n o r i t y ,  a t  l e a s t  f o r  t h e  HSRI 

mobile  t i r e  t e s t e r  and f l a t  bed d a t a  used s o  f a r . *  

2 . 2  COMPUTER PROGRAM 

The program d e s c r i b e d  and l i s t e d  i n  t h i s  s e c t i o n  was developed 

t o  compute f r i c t i o n a l  performance d a t a  f o r  t h e  f i v e  t i r e  models 

c a l l e d  by TMMAIN. The program r e q u i r e s  t h e  fo l lowing  i n p u t  d a t a  

o b t a i n e d  from l a t e r a l  f o r c e  v s .  s l i p  a n g l e  measurements made by a  

f l a t  bed t i r e  t e s t e r  (low speed  d a t a )  o r  a  mobile  t i r e  t e s t e r  

(h igh  speed d a t a ) .  

Data Card 1 

t i r e  l o a d ,  FZ 

*Wet and d ry  mobile  t i r e  t e s t e r  d a t a  from 9 d i f f e r e n t  t i r e s  
( i n c l u d i n g  3 c o n s t r u c t i o n  t y p e s )  t e s t e d  on two s u r f a c e s  ( a s p h a l t  
and c o n c r e t e )  have been used i n  t e s t i n g  t h e  f r i c t i o n a l  performance 
d a t a  program. 



CALFA l a t e r a l  t r a c t i o n  s t i f f n e s s ,  C u  

SWITCH r e a l  v a r i a b l e  i n d i c a t i n g  h i g h  speed  d a t a  

(=O.) o r  low speed  d a t a  ( f  0 . )  

CS l o n g i t u d i n a l  t r a c t i o n  s t i f f n e s s ,  CS 

Data  Card 2 (FY must have a  s i g n  o p p o s i t e  t o  t h e  s i g n  of  ALFA) 

ALFA (1)  
d a t a  p o i n t  1 

FY(1) 

ALFA (2)  
d a t a  p o i n t  2 

FY (2) 

V t r a v e l i n g  v e l o c i t y  

The program f i n d s  v a l u e s  of  p and As which make t h e  HSRI-I ,  
0 

- 1 1 ,  -111 models r ep roduce  t h e  two d a t a  p o i n t s  on Card 2 .  Values  

of p o  and p a r e  found which make t h e  S a k a i  model r ep roduce  thesa  
Y 

two p o i n t s .  A v a l u e  of p o  i s  found which makes t h e  Goodyear model 

r ep roduce  t h e  d a t a  p o i n t  f o r  which F i s  l a r g e s t .  
Y 

I n i t i a l  v a l u e s  of p = 1. and AS = 0 .  a r e  u sed  t o  s t a r t  t h e  
0 

Newton-Raphson i t e r a t i v e  s o l u t i o n  f o r  t h e  HSRI-I1 model.  These 

s t a r t i n g  v a l u e s  have enab led  t h e  i t e r a t i o n  t o  converge  t o  a  v a l i d  

s o l u t i o n  f o r  t h e  HSRI-I1 model w i t h  a l l  d a t a  t r i e d .  The i n i t i a l  

v a l u e s  of  p o  = C t a n  c r / ( 3 F Z )  + .1 and AS = 0 .  o r  LI = p 0 / 2  have 
C1 Y 

e n a b l e d  t h e  i t e r a t i o n  t o  converge t o  a  v a l i d  s o l u t i o n  f o r  t h e  

HSRI-I11 and S a k a i  models w i t h  most d a t a  t r i e d .  The i n i t i a l  v a l u e s  



a r e  computed a s  p a r t  of t h e  p rogram;  t h e y  a r e  n o t  r e a d  i n  a s  

i n p u t  d a t a .  

The program d e t e c t s  a  nonconvergen t  s o l u t i o n  i f  t h e  r e s u l t  

o f  an i t e r a t i o n  d i f f e r s  from t h e  p r e v i o u s  r e s u l t  by more t h a n  5 . 0 ,  

o r  i f  no convergence  ha s  been  a c h i e v e d  a f t e r  10 i t e r a t i o n s .  

Convergence i s  assumed if t h e  r e s u l t  o f  an i t e r a t i o n  d i f f e r s  from 

t h e  p r e v i o u s  r e s u l t  by l e s s  t h a n  .0001  (uo and AS or u ) .  Non- 
Y 

convergence  can  u s u a l l y  b e  t r a c e d  t o  an anomaly i n  t h e  measured 

d a t a .  

The program may f a i l  t o  converge  f o r  t h e  S a k a i  model f o r  t h e  

r e a s o n  t h a t  u o  = p produces  t h e  b e s t  f i t  t o  t h e  s e l e c t e d  d a t a  
Y 

p o i n t s .  T h i s  r e s u l t ,  which o c c u r s  i n  t h e  example g i v e n  be low,  i s  

e v i d e n t  on examina t i on  o f  t h e  p r i n t e d  i t e r a t i o n  h i s t o r y .  

When SWITCH i s  n o n z e r o ,  f l a t  bed o r  o t h e r  low-speed  d a t a  a r e  

i n d i c a t e d  and t h e  F - a d a t a  p o i n t  w i t h  g r e a t e s t  F magni tude  i s  
Y Y 

u sed  t o  de t e rmine  p o  f o r  a l l  mode ls .  I n  t h i s  c a s e ,  t h e  v e l o c i t y  

i n p u t ,  V, i s  i r r e l e v a n t  and As = 0 .  
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c FHICTI~N D A T A  P R E P A R A T I O N  P R O G R A M  
c 

R E b L  MLJO, MUY 
D I M E N S T O N  F ( ~ ) ~ S Y ( ~ ) , F Y ( ~ ) , D F M U ( Z ) , D F A S ( ~ ) ~ A L F A ( Z ) , V S ( ~ )  
D I M E N S T O N  A ( 2 ) , B C Z ) , C ( Z ) r D F M U Y ( z )  

c ASSIGN LDGICAL DFVICE NUYBERS 
I P R e 5  
IUDs8 

C  
C e P a b .  R E A D  I N  V A L U F S  
C,,.,,m,FOP F L P T R E D  DATA,  PUT SWXTCH= l , , LEAVE A L F A ( 2 ) , F Y ( Z ' I I V  R L A N K  
C  . ,. . ,. . FOP OTHER D A T A  L F A V E  S N I T C H  R L A N K  OR ENTER B ,  
t,,,.,FNTER F Y  f l U A h T I T Y  AS A N E G A T I V E  NUMRES 

l a m  R E A D ( I R D , ~ ~ ~ ~ ~ , F N D = ~ ~ ) F Z , C A L F A , S W T T C H ~ C S  
R E 4 U ( I R D r  i P @ f l r F N ~ = U 0 ~ A L F A (  1)  ,FY(II t A L F A ( 2 )  # F Y  ( 2 ] , V  
I F ( C S , E O , D . ~ C S ~ 2 , * C A L F A  
WUITF( IPR,40~M)FZ ,CALFA,CS,V ,ALFA#FY 

I: 

c .  1 

C,,, . ,CALClJLATE VS ANO T A N t A L F A )  
DO i n  I = l , ?  
ALFA(I)=ALFA(I)*,Dl74533 
S Y l P ) r S I ~ ( A L F A ( I ) ) / C ~ S ( A L F A ( I ) )  

1P V S ( I ~ e V r S I N ( A L F A I I I 1  
C 
c , ,  
C,,,,.,SOLVE FOR GOnDYEAR M n D F L  HOOT OF MU0 
C,.,,,PICK THE P E A K  FORCF OF THE 2 V A L U E S  G I V E N  
C 

M A X 3 1  
T F ~ A ~ S ~ F Y ( 2 l ) . C T , A R S ( F Y ( l ) ) ) ~ A X = Z  
T z j , + F Y ( M A X ) / ( C A L F A * S Y ( M A X l )  

, a I F ( T , L F , , 7 5 1  M U O ~ C A L F A * S Y ( M A X I / ( 6 ~ * F z ) * ( l ~ t S ~ R T ( 1 , ~ 4 , / 3 . * T ) ) / T  
C,,.,p.IF S L I D I N G  O C C l J R S  B E F O R k  A l .FA(MAY) ,  I E  X T A e 0 ,  OR T  T O O  LARGEl  
f,,,,,PICK MU0 D I F F E R E N T L Y  

I F ( j . * V U O * F Z / C A L F A , L T , S Y ( M A X ~  . O R ~ T ; G T , , ~ ~ ) M U ~ : A H S ( F Y  ( M A X ) ) / F ~  
W R I T E ( I P R ,  b 0 g O )  MU0 

C 
c 
C,,.,.,TF S N I T C H  1 S  NOT E Q U A L  T O  P , r  F L A T B E D  D A T A  I S  I N n I C A T E D ;  
C.,,,,CALClJLATE U N I F O R M  P R F S S U R E  MUD FROM H S R I - 1  EON 
C,.,..lJS?NG THE P E P K , F n R C E  OF T H F  2 G I V E N  ( O N L Y  ONF I S  N E C E S S A R Y )  

I F I S W I T C H , F Q . ~ , l G O T O  1 
T l : C A L F A * S Y ( M A X )  
MU0 : Z m * T 1 * ( l . - S n R T ( l , + F Y ( M A X ) / T ! ) ) / F Z  
W R J T F ( I P R ,  1 5 P Q ) M I J O  
G O T O  i m a  

c 
r: 

8 .  

C,.,.,SOLVF FOP M O D E L 1  ROOTS nF A S  AND MU0 
C 

1 00 50 T = 1 , Z  
T l = C 4 L F A * S Y  (11 
A(I)~2,*T1*(t.-SQRTIl.+FY(I)/Tl))/FZ 

C.... .PAhjIPULATE A 9 k A Y S  FOR S O L U T I O N  OF T H E  T W O  S I Y U L T A N E O l J S  L I N E A R  E Q N  
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C ( T ) = l . / A ( 7 1  
s(T):vs(T)/A(I) 

5fl C O N T I N U E  
r 

A S S ( C ( ~ ) - C ( ~ I ~ / ( ~ ( ~ ~ = Y ~ ~ ~ )  
M U Q : ~ , / ( C ( ~ ) - A S * R ( I I ?  
W R I T E ( I P R ,  )@flu) MUD, A S  

c . ,  
L p . p .  S O L V F  FOR MODEL 2 ROOTS OF MU0 AND AS, U S I N G  T H E  NEkTON-RAPHSON 

CJme,,. YETHOD AND S T A R T I N G  W I T H  M U U = l ,  AS=@ 
C  

MU('=l, 
AS=@. 
W R I T E ( I P R , 9 0 f l d )  
DO 9fl K O U N T = I , I f l  
DO 8P' I z l , ?  
T l : , s * F Z / ( C A L F A * S Y l I ) )  
X I A e T I * M U O  
T 2 z l . - A S * V S ( I )  
T 3 3 1 ,  t C A L F A / C S  
X I S : T 2 t T 3 * X I A  
T:~,-xIAwAS*VS( I ) * ( 2 , - X I A * )  

, I F ( 1 ) r F Y  ( I ) + . S * M U O * F Z * T  
Cmmmmm F I N D  D F R T V A T I V E S  OF X I A , X I A  AND F  W I T H  R E S P E C T  TO MU0 AND AS 

O A M U t T  I 
o S F U : T I * T 2 * T 3  
0 S A S : - X I A * V S ( I ) * T 3  
OFMU( I ) : . ~ * F Z * T - , S * M ~ ~ O * F Z * ~ D A M I J . I A S I V S (  I ) * ( O A M U + D M U  1 
D F A S ( I ) : , , 5 * M l l O * F Z * V S I I ~ * C A S * D S A S ~ ( 2 , - X ~ A - X I S ~ ~  

C..,. ,DIVIDE T O  S O L V F  FOR MU0  AND AS 
F ( 1 ) : - F ( I l / D F M l l ( ? )  
D F A S ( I ) : o F A S ( I 3 / D F M U C I )  

8P) C O N T I N U E  
~ A S : ~ F ~ ~ ) - F ( ~ ) ) / ( U F A S [ ~ I - D F A S ( Z ) )  
D M U = F ( l ) - D A S * D F A S ( 1 3  
M U O t ~ U O t n M I !  
A S z A S t D A S  
W R f T E ( I P R , ? a P B )  M!JOI AS 
T F ( A R S I D A S ) , L T , ~ , E - ~ , A N D . A R S ( D ~ U ~ , L T . I , E - ~ T  1 1  

99 C O N T I N U E  
11 C O N T I N U E  

C 
c 
c 
c.. , . .  S O L V E  F O R  MUPEL 3  R O ~ T S  OF A S  b ~ n  MUO, USING T H E  N E ~ T O N - R A P H S O N  
C  METHODISTARTING N I T H  E S T I M A T F  OF MU0 FOR P ~ S I T I V E  S L O P E  
e 

M ~ ~ : , . ~ + C A L F A * S Y ( ~ ) / ( ~ , * F Z )  
AS=@. 
W R I T E ( T P R , S k ? f l O I  
W R I T F (  T P R , ? U @ L ? )  kUOp A S  
DO 30 K O U N T = l , I B  
DCI ZW 1:1,2 

C,,..,..TF LOOP I S  L E F T  REFOPE COMPLETTON,  N I S  TO I N U I C A T F  NUMBER OF 
C,.,.,OATA P O I N T S  OF THE TWO G I V E N  T H A T  ARE I N  FULL S L I D I N G  

N:3-1 
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T E M P = C A L F A * S Y ( 1 ) / ( 3 , * M ~ J O * F Z )  
YIS=!,-TEMP*CS/((CALFA+CSI*(lI-AS*VS(I))) 
X I A t 1 , - T F M P  
T I = 3 , - X I A = X I S  
T 2 z X f A * X T S  
Tala-XTA**I-AS*VS(T)*(i,-Tl*T2) 
F ( I 1 r F Y  ( I ) + M I J U * F 7 * T  

C: F I N O  D E R I V A T I V E  OF X I A l X I S  AND F W I T H  R E S P F C T  TO MUO AND AS 
DAFU:TFMP/MUO 
DSMUtDAMU*CS/((CALFA+CSI*(iI-AS*VStI~)) 
DSAS:-DSMU*VS ( I ) * M l J O /  ( 1  . - A S * V S (  I)) 
OFMU( I ) : F Z * ( T - M U O * ( ~ , * X I A ~ X I A * O A M U + A S * V S ~ I ? * ~  ( D A M U + D $ M U ) * T 2  

t - T l * f X I A * D S M U t X I S * D A M U ) ) ) )  

5 ,  

C,,,. M A N I P U L A T E  ARRAYS FOR S O L U T I O N  OF DMU AND n A S  
F ( I 1 : - F ( T ) / D F M I I ( I )  
D F A S I I ) = D F ' A S ( I ) / D F M U I I 1  

2fJ COCIT I N I J E  
n A S r f F ( 1 ) - F ( ? ) ) / ( D F A S ( ! l - O F A S ( ? ) )  
DMlI:F( 1 ) - D A S * D F A S (  1 )  
MUOeMUO+PM!J 
A S o A S t D A S  
W R I T E ( I P R 1 2 B f l W ! M U 0 , A S  
IF( A R S t D A S )  ,LT,  ~ , .E -~ ,PND,ARS(DMU)  .LT,  ~ , E - ~ G O T  22 
I F ~ A R S I D A S l , G T . 5 . , 0 R . A R S I D M U ) , G T m 5 , ) G O T 0  55  

3fl C O N T I N U E  
55 W R I T F ( T P R , ? S n B ) N  
2 2  C O N T I N U E  

C . .  
c a p , c ,  S O L V E  F O R  S A K A I  P O O T S  OF MUY AND MUO: USING THE N E W T O N - R A P H S O N  
C  a , . ,  YETHOU,  S T A R T I N G  NITH EST IMATE OF M U O  A N D  M U Y  FOR STABILITY 
c 

MUO=, I + C A L F A * S Y  ( 7 )  / ( 3 , * F Z )  
MUY=MUfl /S,  
W R T T F ( I P R : 7 d f l B l  
W R I T E ( I P P I R k l @ O I  Mu01 MUY 
D O  7 P  KOI INT=! :  l l d  

. , no 6O I = l , Z  
C,,,,.,IF LOOP I S  L F F T  R E F O R E  C O M P L E T I O N ,  N I S  TO I N D I C A T E  NUMBER OF 
C,,,.,DATA P ~ I N T S  h~ THE T W O  G I V F N  T H A T  ARE I N  F U L L  S L I D I N G  

N:)- I 
T E M P = C A L F A * S Y ( I I / ( S , * M ~ J O * F Z )  
X I A o 1 , - T F M P  
T l = l r n - Y I A  
T Z = X I A * X I A  
T 3 s X I A * T i !  
T = I , - 3 . * T 2 + 2 , - * T 3 ,  
F ( I ) = F Y ( I l + F 7 * t 3 . * ~ U ~ * T l * T 2 + ~ U Y * T I  

C,.,.,FIND D E R I V A T T V F  nF XIA A M U  F ~ T H  R E S P E C T  T O  MIJO A N D  M U Y  
DAMU=TFMP/MlJ?  , 

DFMU(I)ob,*FZ*tl.-MilY/YUO)*Tl*TlsXIA 
, , DFMUY ( I ) z F Z * T  

C,,,,.PIVIDE T O  S O L V E  FOP M U Y  AfvD MU0 
F ( I l : - F ( I ) / D F t 4 U ( I )  
D F M U Y ( T ) = D F M U Y ( I ) / D F M U ( I ?  
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b e  C O N T I N U E  
D M U Y a ( F ( l ) - F I 2 ) ) / ( D f Y U Y ~ l ) - D f M L J Y I 2 ~ )  
DMIJ:F(l)-DYUY*DFMUY ( I )  
MUY oMUYtDMlJY 
M U O ~ M U ~ ~ D M U  
W H I T F ( I P R ,  R ( d f l O ' ) M U C J ,  h!JY 
I F t A R S I D A S I  , L T . ~ . ~ ~ ~ , A N O , A ~ S ( D M U ) , L T . ~ , E = ~ G O T  4 4  
IF(APSCDMUY).GT,S,,OR,A8S(DMU),GT,5,)GOT 33 

70 C O N T I N U E  
33  W H I T E ( I P R , 2 5 f l U ) N  
4 4  CONTXh'l lE 

G O T 0  1Pi0 
49, C A L L  €%IT 

C  
C; 

l F 0 f l  F O R M A T ( S F l q . 7 )  
1 5 0 g  FOPMAT( ' f lUN1FURM PRESSURE MODEL YU~:', ~ 9 . 3 )  
2fl0P FORMAT( '  M l l O z ' , F 9 , 3 , 1 @ X , ' A S ~ ' , F 9 , 3 )  
2 5 8 P  FORMAT( '  D O E S  NOT SEFY T O  CONVERGE, TRY ' , I2 , '  OTHER DATA P O I N T ( S )  

+ W I T H  S M A L  L F R  S L I P  ANGLES')  
3Bb8 F O R M A T ( ' f l M 0 D F L I  Y  I E L n S  M U O = ' , F ~ B , ~ ,  1 0 x 1  ' A S = ' , F I ~ , ~ )  
4a0R ~ O P M A T I ~ I F Z : ~ ~ F ~ % ~ , / ~  C A L F A = o , F ~ 0 , 4 / ~  C S s o , F l a , 4 / ;  V:',Flfl,4/ 

t ' A L F A = ' r f 8 , 1 , ' ! ' r F R , l / '  F Y = ' , F 1 0 , 4 r P , ' r F 1 0 , 4 / / )  
Sn0P FORMATC'PMODEL3 Y I E L P S ! ' )  
6flnp FORMAT I 0 P G 0 0 n Y E A R  MODEL Y I E L O S  MUO:',FB,O) 
7 e 0 P  F O R M A T C 0 f l S A K A I  MODEL Y I E L D S t 0 )  
8 f lQf l  FORMAT( '  M u O ~ ' r F 9 , 3 ~  1@X, 'WUY=',F9,3) 
9n8P F O R M A T  t ' O M ~ D F L ~  Y I E L P S :  @ I  

FND 

ROIJTTNES CALLED:  
S I N  , C O S  , A R S  r SQRT r F X T T  

RLOCH L E N G T H  
M A T N ,  2 0 4 3  ( 9 d 7 7 6 6 1 r  

*rCOMPILER =--I- CORE** 
PHASE USED FREE 

D E C L A R A T f V E S  0 0 2 1 6  81576  
EXECIJTABLES 00778  a l U 1 4  
ASSEMBLY 0 1 1 4 8  a 3 2 1 8  



2 . 3  EXAMPLE 

I n  t h i s  example ,  p o  (MUO) , A, (AS) , and il (MUY) a r e  found 
Y 

f o r  t h e i r  r e s p e c t i v e  models u s i n g  t h e  f o l l o w i n g  two d a t a  p o i n t s .  

The f o l l o w i n g  two d a t a  c a r d s  a r e  needed f o r  t h i s  example .  

Card 1 (5F10.3) 

FZ = 800. 

CALFA = 9625.7 

SWITCH = 0 .  

CS = 19251.4 

Card 2 (5F10.3) 

ALFA(1) = 1 5 . 2  

FY(1) = - 8 7 3 .  

ALFA(2) = 1 1 . 2  

FY (2)  = -844 .  

v = 20. 

* I n  acco rdance  w i t h  SAE s i g n  c o n v e n t i o n ,  
t o  p o s i t i v e  a .  

n e g a t i v e  F co r r e sponds  
Y 



Punched c a r d  l i s t i n g  



Program Outpu t  

W O D F L ?  v w n s :  
YilOz 1 , i ? l i i  US: i j ,  vId3 
wjn= 1.22u as: , a .,* u 
'4110: 1,2211 A S =  n , ? : ! I 1  

M O P t L 3  YIkLOS t 
M U U =  ;4,ii95 4.5: 3 , :1 /I (1 
M U O Z  1, C13'U A S =  - ! ? a  t 7 1  8 

MUI1= 1 , @ 4 4  A S =  -t!, vf+)!4 

MUIT= l ,UYh A S =  - 1 1 ,  !?!.'9 

MLJIl= 1 ,84h  AS: - 7 ,  (,I!,:t? 

Although convergence  i s  n o t  d e t e c t e d  f o r  t h e  S a k a i  ?node l ,  t h e  

app rox ima te  s o l u t i o n  p o  - 
- ' J ~  

= 1 . 0 7 7  i s  e v i d e n t  from t h e  

i t e r a t i o n  h i s t o r y  p r i n t e d  above .  






