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1 . 0  INTRODUCTION 

A v a r i e t y  o f  computer  programs s i m u l a t i n g  t h e  s t r a i g h t -  

l i n e  b r a k i n g  o f  commercia l  v e h i c l e s  have  been deve loped  a t  

HSRI unde r  MVMA s p o n s o r s h i p .  These  s i m u l a t i o n s  have  been  

deve loped  w i t h  t h e  g o a l  o f  p r o d u c i n g  r e s u l t s  ( i n  t e r m s  o f  

v e h i c l e  mot ion  t i m e  h i s t o r i e s )  h a v i n g  a s  much a c c u r a c y  a s  

t e c h n i c a l l y  and e c o n o m i c a l l y  f e a s i b l e .  I n  t h i s  r e g a r d ,  c a r e -  

f u l  a n a l y s e s  have been  pe r fo rmed  o f  ( a )  unsprung  mass dynamics 

w i t h  o r  w i t h o u t  tandem a x l e s  and (b)  b r a k e  and a n t i l o c k  

s y s  terns.  

The r e s u l t i n g  computer  programs r e q u i r e  a  l a r g e  number 

o f  i n p u t  p a r a m e t e r s  t o  c h a r a c t e r i z e  t h e  geometry  and i n e r t i a l  

p r o p e r t i e s ,  a s  w e l l  a s  t h e  b r a k e  and a n t i l o c k  s y s t e m s ,  o f  t h e  

s i m u l a t e d  v e h i c l e .  The o u t p u t  o f  t h e  program i s  a l s o  l e n g t h y ,  

and i t  r e q u i r e s  c a r e f u l  a n a l y s i s  t o  y i e l d  mean ing fu l  

c o n c l u s i o n s .  S i n c e  t h e  i n p u t / o u t p u t  ( I /O)  i s  s o  l e n g t h y ,  

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

o p e r a t i o n .  

Dur ing  t h e  c o u r s e  o f  development  o f  t h e s e  p rog rams* ,  

i t  h a s  become a p p a r e n t  t h a t  t h e r e  i s  a  n e e d  f o r  a  l e s s  complex 

s i m u l a t i o n ,  h a v i n g  minimal  I /O ,  and which can be  run  i n t e r -  

a c t i v e l y .  Two computer  p rog rams ,  which a r e  h e r e i n  documented,  

have  been  deve loped  t o  meet t h i s  need---one f o r  a  s t r a i g h t  

t r u c k  and t h e  o t h e r  f o r  a  t r a c t o r - t r a i l e r .  S i n c e  b o t h  o f  

t h e s e  computer  programs a r e  b a s e d  on t h e  same a s sumpt ions  and 

have  s i m i l a r  I /O ,  i t  i s  e x p e d i e n t  t o  have  a  s i n g l e  name 

t o  r e f e r  t o  them. Hence,  t h e s e  two computer  programs w i l l  b e  

r e f e r r e d  t o  a s  t h e  BRAKES2 s i m u l a t i o n  i n  t h i s  documen ta t i on .  

*The development  o f  t h e s e  programs i s  an  ongoing  p r o c e s s .  
C u r r e n t l y ,  t h e  a n t i l o c k  a l g o r i t h m  i s  b e i n g  r e f i n e d  and t h e  
t i r e  model i s  b e i n g  a l t e r e d  t o  a l l o w  more v e r s a t i l e  " p - s l i p "  
r e l a t i o n s h i p s .  



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

t h e  BRAKES2 s i m u l a t i o n ,  fo l lowed by an assessment  o f  i t s  

s t r e n g t h s  and weaknesses .  Sample runs  a r e  p r e s e n t e d  and 

compared w i t h  r e s u l t s  from t h e  p r e v i o u s l y  developed s i m u l a -  

t i o n s .  The l a s t  s e c t i o n  o f  t h e  document i s  devoted t o  

mathemat ica l  d e t a i l s  and a  " u s e r - o r i e n t e d "  f low c h a r t  of  

BRAKES2 . 



2 .0 THE USE OF THE S  IM'ULATION 

The BRAKES2 s i m u l a t i o n  can b e  run  i n  e i t h e r  o f  two 

modes: ( 1 )  t h e  b r a k e  t o r q u e  a t  each  a x l e  may be  i n p u t *  and 

t h e  s t e a d y - s t a t e  d e c e l e r a t i o n  and r e s u l t i n g  s t o p p i n g  d i s t a n c e  

c a l c u l a t e d ,  o r  ( 2 )  t h e  b r a k e  p r o p o r t i o n i n g  ( d i s t r i b u t i o n )  may 

be i n p u t  and  t h e  maximum p o s s i b l e  s t e a d y - s t a t e  d e c e l e r a t i o n  

and t h e  r e s u l t i n g  s t o p p i n g  d i s t a n c e  c a l c u l a t e d ,  I n  e i t h e r  

c a s e ,  t h e  u s e r  must i n p u t  t h e  we igh t  o f  t h e  s t r a i g h t  t r u c k  o r  

t h e  w e i g h t s  o f  t h e  t r a c t o r  and t r a i l e r ,  t h e  c . g .  l o c a t i o n ( s ) ,  

and t h e  peak and s l i d e  c o e f f i c i e n t s  o f  f r i c t i o n  a t  e a c h  w h e e l .  

These i n p u t  d a t a  w i l l  be c o n s i d e r e d  i n  d e t a i l  i n  t h e  n e x t  

s e c t i o n .  

2 . 1  INPUT DATA 

For  t h e  s t r a i g h t  t r u c k  program,  t h e  t o t a l  w e i g h t  o f  t h e  

v e h i c l e  and t h e  l o c a t i o n  o f  t h e  c . g .  a r e  t h e  f i r s t  p a r a m e t r i c  

v a l u e s  a sked  f o r  by t h e  i n t e r a c t i v e  p rogram.  T h i s  i s  shown 

by t h e  f i r s t  f o u r  e n t r i e s  i n  Tab l e  1 .  For  example ,  t h e  

h o r i z o n t a l  d i s t a n c e  between t h e  l o c a t i o n  o f  t h e  c e n t e r  o f  

g r a v i t y  and t h e  c e n t e r  o f  t h e  f r o n t  s u s p e n s i o n  i s  r e p r e s e n t e d  

by datum number ,  0 1 ,  symbol ,  A l ,  and p a r a m e t r i c  v a l u e  113  

i n c h e s .  (The d a t a  e n t e r e d  i n  t h e  t a b l e  d e s c r i b e  t h e  Diamond 

Reo s t r a i g h t  t r u c k ,  which h a s  been e x t e n s i v e l y  t e s t e d  and 

s i m u l a t e d  [ I ] ,  [ 2 ]  . )  I t  i s  n o t  n e c e s s a r y  t o  i n p u t  t h e  w e i g h t s  

o r  l o c a t i o n s  o f  t h e  unsprung  masses-the d imens ions  A l ,  H ,  

and  L l o c a t e  t h e  c . g ,  o f  t h e  t o t a l  v e h i c l e ,  which i n c l u d e s  

b o t h  s p r u n g  and unsprung  masse s .  Note t h a t  f o r  v e h i c l e s  w i t h  

tandem a x l e s  t h e  whee lbase  i s  measured from t h e  f r o n t  whee l s  

t o  a  p o i n t  midway between t h e  tandem a x l e s .  

*That i s ,  t h e  u s e r  may s e l e c t  b r a k e  t o r q u e s  c o r r e s p o n d i n g  t o  
a  d e s i r e d  b r a k e  l i n e  p r e s s u r e  f o r  a  g i v e n  v e h i c l e .  



Table 1. A Sample Run of  t h e  S t r a i g h t  Truck Program. 
Note: Underl ined q u a n t i t i e s  a r e  en t e r ed  by 
t h e  u s e r .  

1 H 1 HOR I ZOIYTHL D 1'Z:THNC:E BETlr.lEEN TOTHL 1::. I;. HNIl 
I::EHTER OF FRnk{T 'Z:I_I:SPEp]5: 1 Of4 1:: 1 pi::( 11:3, 

I 2 H HEISYT OF I:. 15. HBO11)E !jROUND 1:: IN:! - 4i,. 4 
I : L !!.I H E EL 1: A'5 E 1:: 1 ::I - 1 '3 111 . 
I I 8 )  I I,l.l E 1 IS H T 0 F 'v' E H I C: L E 1:: L B ::I 2 1 .:a - 7 ,' I" . 
1 I: DO '.(01-1 l!lI :5H TO 1 NF'UT BPHKE D 1 5TFI IBI-IT ION'7 - Pi0 

If{I T 1 AL 'o)ELOC: 1 T'f I':MF'H':l : - '3 0. 
BRHC::E UELH'r' T 1 flE ~::'sElz::~ : - , 25 
THE E:::T I MQTED 'STUFF' INIS D I Z:THNC:E I Z: E: 1 . FEET. 



S i m i l a r  d a t a  a r e  o b t a i n e d  f o r  t h e  t r a c t o r - t r a i l e r  

program,  a s  shown i n  t h e  f i r s t  t e n  e n t r i e s  i n  Tab le  2 ,  

Aga in ,  t h e  measurements a r e  t a k e n  from t h e  m i d - p o i n t s  o f  

tandem a x l e  s u s p e n s i o n s .  (The d a t a  e n t e r e d  i n  Table  2 

d e s c r i b e  t h e  White t r a c t o r  and Fruehauf  t r a i l e r  which ha s  

been e x t e n s i v e l y  t e s t e d  and s i m u l a t e d  [I], [ 2 ]  .)  

S t i l l  t o  be  d i s c u s s e d  i s  t h e  e n t r y  o f  t h e  b r a k e  t o r q u e s ,  

t h e  e f f e c t i v e  r o l l i n g  r a d i i  o f  t h e  w h e e l s ,  and " p - s l i p "  

i n f o r m a t i o n .  The b r a k e  t o r q u e s  may be e n t e r e d  i n  e i t h e r  o f  

two ways:  ( a )  by s p e c i f y i n g  t h e  b r ake  t o r q u e s  i n  i n c h  pounds 

a t  each  a x l e ,  o r  ( b )  by s p e c i f y i n g  t h e  b r a k e  p r o p o r t i o n i n g  

( d i s t r i b u t i o n )  . The f i r s t  o f  t h e s e  o p t i o n s  i s  i l l u s t r a t e d  

i n  Tab l e s  1 and 2 .  The " p r o p o r t i o n i n g "  o p t i o n  w i l l  be con-  

s i d e r e d  i n  t h e  n e x t  s e c t i o n .  Note t h a t  t h e  b r ake  t o r q u e ,  

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

e n t e r e d  s e p a r a t e l y  f o r  each  a x l e .  The r o l l i n g  r a d i u s  e n t e r e d  

i s  assumed t o  be c o n s t a n t ,  even though i n  p r a c t i c e  t h e  r a d i u s  

v a r i e s  s l i g h t l y  due t o  dynamic changes  i n  t h e  a x l e  l o a d s .  

The peak and s l i d i n g  c o e f f i c i e n t s  o f  f r i c t i o n  d e f i n e  a  

" u - s l i p "  curve  a s  shown i n  F i g u r e  1. ( F i g u r e  1 d i s p l a y s  t h e  

" p - s l i p "  cu rve  g iven  i n  Table  1 . )  

I f  t h e  a x l e  i s  equ ipped  w i t h  an a n t i l o c k  sys t em,  t h e  

" e f f e c t i v e "  c o e f f i c i e n t  o f  f r i c t i o n ,  r e f l e c t i n g  "average"  

a n t i l o c k  pe r fo rmance ,  s h o u l d  be e n t e r e d  i n  p l a c e  o f  t h e  s l i d i n g  

c o e f f i c i e n t . *  The peak and s l i d i n g  c o e f f i c i e n t s  e n t e r e d  a r e  

assumed t o  remain c o n s t a n t ,  even though i n  p r a c t i c e  t h e s e  

q u a n t i t i e s  may show some s e n s i t i v i t y  t o  speed  and l o a d .  

Based on t h e  i n p u t  d a t a ,  t h e  q u a s i - s t a t i c  d e c e l e r a t i o n  

may be c a l c u l a t e d ,  a s  shown i n  Tab l e s  1 and 2 .  A f t e r  t h e  

computed a x l e  l o a d s  and d e c e l e r a t i o n  d a t a  a r e  p r i n t e d ,  t h e  

program a sks  f o r  an " i n i t i a l  s p e e d , "  and a  "b rake  d e l a y  t i m e . "  

The b rake  d e l a y  t ime  approx imates  t h e  ave rage  o f  t h e  l a g  t i m e  

between t h e  b r a k e  l i n e  p r e s s u r e  and t h e  s t e p  t r e a d l e  v a l v e  

p r e s s u r e  o v e r  a l l  t h e  b r a k e s ,  a s  i l l u s t r a t e d  i n  F i g u r e  2 .  

W o t e  t h a t  t h e  symbol "MUE" ( s e e  Table  1 )  i s  u sed  t o  r e p r e s e n t  
e i t h e r  t h e  e f f e c t i v e  o r  t h e  s l i d e  c o e f f i c i e n t  o f  f r i c t i o n .  



Table 2 .  A Sample Run of t h e  T r a c t o r - T r a i l e r  Program. 
Note: Underlined q u a n t i t i e s  a r e  en te red  by 

t h e  u s e r .  

D I 'Z.THI.iI::E BETI.dEEN TF:AC:TOF;: 1::. 15. AND TRAC:TOR 
FROI.~T : ~ U ' S P E P ~ ~  I or] I:: I N.:I <,:3 . 9 - 

D I :STHI.iIzE BETI.IIEEEI TRH ILEFI 11. G. HNII F 1 FTH 
1.11 HE E L 1:: I Fi 11 261.2 

D 1:::THPiC:E B E T ~ J I E E ~ ~  TRH I LER 'Z:I_ISF'EN'Z: 1 ON HPiD 
TRAILER I::. 1;. 1::II.I':l 1 04. ::: 

D I :T:TAI.iC.E EiETI!!EEN F I F T H  IJHEEL AHD TRAI::TOf? 
LtEAf? 'E:I_I'SFEN'<: 1 0I.i 1:: II.{':l . 1::F 1 FTH IJ.IHEEL LO- 

IZATED AFT UF '::!-I:SPEPi:-: I GI. I ::: pO:S 1 T 1lqjE., 11 . 1:l - 
I!Jl-iEELE:fi:SE OF TRH1::TUF: 1:: 1 lJ':1 1 4 ,zc L. - 
HE Ii;HT TRHC:TOR I::. 15. HFO'v'E 1:ROlJrJD 1:: 1 Pi.:+ :::I? , '3 
!-lE 1l;clT OF F I F T H  I.I.IHEEL AE:O'4E GROIJND 1 : ' I  I.i.:l - 4E:. 0 
HE I l?HT OF TRA I LEE: C: . I?. HBO'1,)E GROUViD I:. I I.i.:l C C  .-I -1 . I= .-I - 

E:RHb::E HI.411 T I  RE F'ARAb1ETEF;:S 
TOTkL r-71TTEP1F1TED B R W E  TORl;!I_IE AT qr.4 A::.::LE I:: I~J-LB': I  , FIOLL 1 t.41 R ~ D I  1..1 5 
DF T I FIE i I H::* 7 F'EHb:: FR 1 C:T ION C:OEFF 11:: 1 EI.{T, EFFECT 1 '1)E 1::[1R '5L 1 D 1 P i ~ j  :I 
F R I  C:T 1011 IZOEFF 11:: IEPIT: TP? R, r4l-IF1 MIJE 

H::.::LE 1 q::.,liE A::.::LE I: 
TDTAL STTEMPTED - - -  . -  
TOF;I;II_IE FEF: A::.::LE ~: : I t i - iE: : l  : ::;I; '=: kt $9 , !:I [I ,:, ,-, -5, -, 3 .:Y ,-, 4 , 111 111 1 1 2 7 I3 e, , 111 111 

1 t {  1 T IqL  'v'ELlfC 1 T'y 1:'MF'H::l : 1: I:I. - 
E; F: H C:: E D E L fi 'r' T 1 ?I E 1:; 5 E I:: :I : , .::"I - 
THE E:ST I MATED :5TOF'F'I pi13 1 ,I:THI.~I::E 1 .: ::: 1 . FEET. 

I TI I T  I HL 'l,'ELO~I: I T',( 1::MF'H :I : 
E:F;rkt:':E DEL~I'.~.' T IPlE I:: ?El:: :I : . ,115 - 
THE ES:T IMQTEJJ '5TDF'F'I N I  11 I :::TArJt::E 1 :5 2'3 1 . FEET. 



1 
I b S l i p  
1.0 

F i g u r e  1 .  A p - s l i p  c u r v e .  

B r a k e  
T o r q u e  

F i g u r e  2 .  B r a k e  d e l a y  t i m e .  

T 



Based on t h e s e  d a t a ,  t h e  s t o p p i n g  d i s t a n c e  i s  e s t i m a t e d .  

T h i s  l a t t e r  c a l c u l a t i o n  may be  r e p e a t e d  f o r  d i f f e r e n t  i n i t i a l  

v e l o c i t i e s  a n d / o r  b r a k e  d e l a y  t i m e s .  The u s e r  s t o p s  t h i s  

p r o c e d u r e  by e n t e r i n g  a  z e r o  v e l o c i t y .  

A t  t h i s  p o i n t ,  t h e  "run"  i s  comple t e  and t h e  u s e r  i s  

a s k e d  t h e  q u e s t i o n ,  "CHANGES?" I f  he  answers  "yes"  he  may 

change one o r  more p i e c e s  o f  i n p u t  d a t a  by f i r s t  e n t e r i n g  

t h e  i d e n t i f y i n g  datum number ,  a s  s p e c i f i e d  on t h e  i n p u t ,  and 

t h e n  i t s  new v a l u e .  Th i s  i s  shown i n  Tab l e  3 .  (Tab l e  3 i s  

a  c o n t i n u a t i o n  o f  t h e  r u n  i l l u s t r a t e d  i n  Tab l e  2 . )  Note  f rom 

t h e  t a b l e  t h a t  t h e  f i r s t  change i s  c a l l e d  f o r  e x p l i c i t l y ,  

w h i l e  s u b s e q u e n t  changes  a r e  c a l l e d  f o r  by a  q u e s t i o n  mark.  

Once a l l  changes  have been  made, a  z e r o  s h o u l d  be  e n t e r e d  i n  

r e s p o n s e  t o  t h e  q u e s t i o n  mark ,  and program e x e c u t i o n  b e g i n s  

u s i n g  t h e  r e v i s e d  d a t a .  

Thus f a r ,  s u f f i c i e n t  i n f o r m a t i o n  h a s  been  g i v e n  t o  e n a b l e  

t h e  u s e r  t o  f i n d  t h e  q u a s i - s t a t i c  d e c e l e r a t i o n  and t h e  

e s t i m a t e d  s t o p p i n g  d i s t a n c e  a s  a f u n c t i o n  o f  t h e  u s e r - e n t e r e d  

b r a k e  t o r q u e s .  I n  t h e  n e x t  s e c t i o n ,  a  d i f f e r e n t  u s e  o f  t h e  

program i s  d i s c u s s e d ,  namely ,  t h e  c a l c u l a t i o n  o f  peak  w h e e l s -  

u n l o c k e d  d e c e l e r a t i o n  o r  peak  d e c e l e r a t i o n .  

2 . 1 . 1  BRAKE PROPORTIONING OPTION. The p u r p o s e  o f  

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

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

b r a k e  p r o p o r t i o n i n g  on t h e  maximum d e c e l e r a t i o n  a t t a i n a b l e  

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

Th i s  b r a k e  p r o p o r t i o n i n g  o p t i o n  h a s  w i t h i n  i t s e l f  two 

o p t i o n s .  I n  t h e  f i r s t  o p t i o n ,  t h e  program d e t e r m i n e s  t h e  

maximum d e c e l e r a t i o n  ( a n d / o r  minimum s t o p p i n g  d i s t a n c e )  which 

can b e  a t t a i n e d  w i t h o u t  l o c k i n g  any whee l s  f o r  a  chosen  o r  

t r i a l  v a l u e  o f  b r a k e  p r o p o r t i o n i n g .  I f  t h e  t r u c k  u n d e r  s t u d y  

i s  equ ipped  w i t h  a n t i l o c k  sys t ems  on each  a x l e ,  t h e  program 

d e t e r m i n e s  t h e  maximum a t t a i n a b l e  d e c e l e r a t i o n  w i t h o u t  

a n t i l o c k  s y s t e m  c y c l i n g .  



Table 3 .  T r a c t o r - T r a i l e r  Sample Run Continued.  
Note: Under l ined  q u a n t i t i e s  a r e  e n t e r e d  

by t h e  u s e r .  
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I n  t h e  second o p t i o n ,  t h e  program determines  t h e  

maximum a t t a i n a b l e  d e c e l e r a t i o n  a l lowing  lockup o f  one o r  

more s e t s  of  whee l s .  I f  t h e  v e h i c l e  has  a n t i l o c k  systems 

on each  a x l e ,  t hen  t h e  program determines  t h e  maximum 

d e c e l e r a t i o n  a t t a i n a b l e  w i t h  a n t i l o c k  sys tem c y c l i n g .  

I t  should  be n o t e d  t h a t  whether  an a x l e  has  an a n t i -  

l ock  sys tem o r  n o t  shows up i n  t h e  v a l u e  o f  "MUE" e n t e r e d  

i n t o  t h e  program. Thus t h e  u s e r  knows whether  o r  n o t  t h e  

v e h i c l e  under s t u d y  has  an a n t i l o c k  sys t em,  b u t  t h e  program 

computes r e s u l t s  based  on t h e  v a l u e  o f  "MUE" r e g a r d l e s s  o f  

what "MUE" means t o  t h e  u s e r .  

S i n c e  t h e  program employs d i f f e r e n t  f r i c t i o n  pa ramete r s  

f o r  each  a x l e ,  i t  i s  p o s s i b l e  t o  s t u d y  v e h i c l e s  w i t h  a n t i -  

l ock  systems on some a x l e s  and no a n t i l o c k  systems on o t h e r  

a x l e s .  However, t h e  u s e r  must keep t r a c k  of  t h e  meaning o f  

"MUE" f o r  each a x l e  f o r  h i m s e l f .  

The e x a c t  d e t a i l s  of t h e  b rake  p r o p o r t i o n i n g  o p t i o n  a r e  

d e s c r i b e d  i n  t h e  m a t e r i a l  which f o l l o w s .  

Consider  Table  4 .  Note t h a t  t h i s  t a b l e  i s  i d e n t i c a l  t o  

Table  1 w i t h  t h e  e x c e p t i o n  t h a t  t h e  "brake p r o p o r t i o n i n g "  

q u e s t i o n  i s  answered i n  t h e  a f f i r m a t i v e ,  and s u b s e q u e n t l y  t h e  

p r o p o r t i o n i n g  i s  e n t e r e d .  A t  t h i s  p o i n t  t h e  u s e r  i s  asked 

t o  respond t o  "PEAK D E C E L  O R  FIRST AXLE TO LOCK OR CYCLE 

(P OR F)?"  The response  "F" i n d i c a t e s  t h e  u s e r  wishes  t o  

de termine  t h e  maximum d e c e l e r a t i o n  o b t a i n a b l e  f o r  t h e  g iven  

p r o p o r t i o n i n g  p r i o r  t o  wheel lockup o r  c y c l i n g  on any a x l e .  

The e n t r y  of  "P" h e r e ,  r a t h e r  than  "F" ,  i n d i c a t e s  t h e  u s e r  

wishes  t o  de termine  t h e  maximum d e c e l e r a t i o n  o b t a i n a b l e  

a l lowing  lockup o r  c y c l i n g  o f  one o r  more s e t s  of  whee l s .  

Depending on t h e  p - s l i p  d a t a  a t  each a x l e ,  t h e  peak d e c e l e r a -  

t i o n  may o c c u r  a t  t h e  i n c i p i e n t  lockup ( o r  c y c l i n g )  o f  o n e ,  

two, o r  a l l  t h r e e  o f  t h e  a x l e s  ( i n  t h e  c a s e  o f  t h e  t r a c t o r -  

t r a i l e r ) .  



Table  4 .  S t r a i g h t  Truck Run Using Brake P ropo r t i on ing  
Note:  Under l ined  q u a n t i t i e s  a r e  e n t e r e d  by 

t h e  u s e r ,  
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I n  t h e  example p r e s e n t e d  i n  Tab l e  4 ,  t h e  b r a k e  p r o -  

p o r t i o n i n g  f o r  t h e  s t r a i g h t  t r u c k  h a s  been  e n t e r e d  a s  1 . 0  

t o  2 . 0 .  The u s e r  h a s  t h e n  o p t e d  t o  de t e rmine  t h e  d e c e l e r a t i o n  

p r i o r  t o  l ockup  o r  c y c l i n g  o f  e i t h e r  a x l e .  Tab l e  4  i n d i c a t e s  

t h a t  t h e  d e c e l e r a t i o n  o b t a i n e d  i s  1 8 . 8  f t / s e c 2  a t  t h e  i n c i p i e n t  

lockup  o f  t h e  r e a r  w h e e l s .  

When a  run i s  comple t ed ,  t h e  u s e r  may change t h e  b r a k e  

p r o p o r t i o n i n g  ( o r  u s e  t h i s  o p t i o n  f o r  t h e  f i r s t  t ime )  by 

e n t e r i n g  23 (13  f o r  t h e  t r u c k )  f o r  t h e  datum number t o  be  

changed .  The u s e r  t h e n  e n t e r s  t h e  numbers ,  s e p a r a t e d  by 

commas, f o r  t h e  new b r a k e  p r o p o r t i o n i n g .  I f  t h e  u s e r  e n t e r s  

a  number l e s s  t h a n  0 f o r  t h e  f i r s t  number i n  t h e  r a t i o ,  t h e  

program w i l l  s w i t c h  t o  i t s  o t h e r  mode o f  computing t h e  

d e c e l e r a t i o n  f o r  a  p a r t i c u l a r  s e t  o f  b r a k e  t o r q u e s .  I f  t h i s  

o p t i o n  i s  engaged ,  t h e  u s e r  must remember t o  i n p u t  t h e  

a p p r o p r i a t e  b r a k e  t o r q u e s .  

I n  t h e  p r e v i o u s  example (Tab l e  4 ) ,  t h e  u s e r  c o n t i n u e d  

by o p t i n g  t o  d e t e r m i n e  t h e  peak d e c e l e r a t i o n  o b t a i n a b l e  w i t h  

t h e  same d a t a  and p r o p o r t i o n i n g .  Tab le  4 i n d i c a t e s  t h a t  t h e  

peak d e c e l e r a t i o n  i s  2 6 . 6  f t / s e c 2 ,  which o c c u r s  w i t h  t h e  r e a r  

whee ls  l o c k e d  and t h e  f r o n t  whee l s  a t  i n c i p i e n t  l ockup .  



3.0 AN ASSESSMENT OF THE STRENGTHS AND 
WEAKNESSES OF THE SIMULATION 

I t  ha s  been  demons t r a t ed  i n  t h e  p r e v ~ i o u s  s e c t i o n  t h a t  

BRAKES2 r e q u i r e s  few i n p u t  p a r a m e t e r s  and i s  e a s y  t o  u s e .  

I n  a d d i t i o n ,  i t  s h o u l d  be  n o t e d  t h a t  t h e  compu ta t i on  c o s t s  

a r e  minimal-on t h e  o r d e r  o f  a  few c e n t s  p e r  r u n .  The 

q u e s t i o n  remains  a s  t o  t h e  accu racy  o f  t h e  c a l c u l a t i o n s .  

Be fo re  a d d r e s s i n g  t h i s  i s s u e ,  c e r t a i n  s i m p l i f y i n g  assumpt ions  

made i n  d e v e l o p i n g  BRAKES2 s h o u l d  b e  n o t e d :  

1 )  The b r a k e  t o r q u e  i s  assumed c o n s t a n t  t h r o u g h -  

o u t  t h e  r u n .  Thus f a d e  canno t  be  s i m u l a t e d .  

The q u a s i - s t a t i c  n a t u r e  o f  t h e  normal l o a d  

c a l c u l a t i o n s  n e g l e c t s  t h e  t ime  l a g  r e q u i r e d  t o  

a t t a i n  t h e  q u a s i - s t a t i c  l o a d s .  I n  p r a c t i c e ,  

however ,  t h e  b r a k e s  a r e  a p p l i e d  w h i l e  t h e  a x l e  

i s  s t i l l  l o a d e d  t o  app rox ima te ly  i t s  s t a t i c  

load-i.  e . ,  b e f o r e  t h e  l o a d  t r a n s f e r  t a k e s  

p l a c e ,  a s  i l l u s t r a t e d  i n  F i g u r e  3 .  Th i s  may 

l e a d  t o  i n a c c u r a t e  p r e d i c t i o n s  o f  wheel  lockup  

u s i n g  q u a s i - s t a t i c  methods .  

3) Tandem a x l e  dynamics a r e  n e g l e c t e d .  Thus t h e  

c a l c u l a t i o n s  t e n d  t o  p r e d i c t  i n i t i a l  lockup  a t  

h i g h e r  l i n e  p r e s s u r e s  t h a n  one would e x p e c t  t o  

f i n d  i f  t h e  s i m u l a t e d  s u s p e n s i o n  l e a d s  t o  

a p p r e c i a b l e  i n t e r - a x l e  l o a d  t r a n s f e r  d u r i n g  

b r a k i n g ,  

4 )  Brake t i m e  l a g s  and r i s e  t ime  a r e  a ccoun t ed  f o r  

i n  a  v e r y  s i m p l i f i e d  manner.  Th i s  may l e a d  t o  

e r r o r s  i n  t h e  " e s t i m a t e d  s t o p p i n g  d i s t a n c e . "  

5 )  The o p e r a t i o n  o f  an a n t i l o c k  sy s t em can o n l y  be  

s i m u l a t e d  on a  t ime  a v e r a g e  b a s i s .  Thus 

d e t a i l e d  s t u d i e s  o f  a n t i l o c k  sy s t ems  a r e  

i m p o s s i b l e .  



Normal 
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S t a t i c  Load 2 - P h a s e  I S i m u l a t i o n  

- BRAKES2 S i m u l a t i o n  

) Time 

F i g u r e  3 .  S i m u l a t e d  l o a d  t r a n s f e r  d u r i n g  b r a k i n g .  



6 )  Changes i n  t h e  p r o p e r t i e s  o f  t h e  t i r e - r o a d  

i n t e r f a c e  w i t h  l o a d  and speed  a r e  n e g l e c t e d .  

R e s u l t s  i l l u s t r a t i n g  t h e  s t r e n g t h s  and weaknesses  o f  

BRAKES2 a r e  i n d i c a t e d  i n  F i g u r e s  4 and 5 .  I n  F i g u r e  4 ,  t h e  

s t o p p i n g  d i s t a n c e s  o f  t h e  Diamond Reo a s  a  f u n c t i o n  o f  l i n e  

p r e s s u r e  a r e  p l o t t e d .  The s o l i d  l i n e  i n d i c a t e s  t h e  r e s u l t s  

u s i n g  t h e  Phase  I  computer program ( a s  p r e s e n t e d  i n  Re fe r ence  

I ) ,  w i t h  lockup  n o t e d  by L 2  and L3 f o r  t h e  l e a d  tandem a x l e  

and t r a i l i n g  tandem a x l e ,  r e s p e c t i v e l y .  The dashed  l i n e  

i n d i c a t e s  r e s u l t s  u s i n g  t h e  BRAKES2 program,  w i t h  lockup n o t e d  

by R 2  f o r  t h e  r e a r  tandem a x l e  p a i r .  

The Phase  I computer program p r e d i c t e d  no a p p r e c i a b l e  

i n t e r -  tandem- a x l e  l o a d  t r a n s f e r  f o r  t h e  Diamond Reo i n  

b r a k i n g .  Thus t h e  agreement i n  p r e d i c t e d  wheel  lockup  between 

t h e  Phase  I  and BRAKES2 programs i s  v e r y  good. A d d i t i o n a l l y ,  

t h e  BRAKES2 s t o p p i n g  d i s t a n c e s ,  which were computed based  on 

a  . 2 5 - s e c o n d  b r a k e  l a g  t ime  ( s e e  F i g u r e  2) , a l s o  compare 

w e l l  w i t h  t h e  Phase  I  r e s u l t s .  

The s t o p p i n g  d i s t a n c e s  o f  t h e  White t r a c t o r  w i t h  Fruehauf  

t r a i l e r  a r e  p l o t t e d  v e r s u s  l i n e  p r e s s u r e  i n  F i g u r e  5 .  The 

s o l i d  l i n e  i n d i c a t e s  t h e  r e s u l t s  o f  t h e  Phase  I  computer 

program a s  p r e s e n t e d  i n  Refe rence  1 ,  w i t h  lockup n o t e d  by L 2 ,  

L3, L4, L5 f o r  t h e  l e a d  t r a c t o r  tandem a x l e ,  t r a i l i n g  t r a c t o r  

tandem a x l e ,  l e a d  t r a i l e r  tandem a x l e ,  and t r a i l i n g  t r a i l e r  

tandem a x l e ,  r e s p e c t i v e l y .  The dashed  l i n e  i n d i c a t e s  t h e  

r e s u l t s  u s i n g  t h e  BRAKES2 program,  w i t h  lockup  n o t e d  by 1 2  

and R3 f o r  t h e  t r a c t o r  r e a r  tandem a x l e  p a i r  and t h e  t r a i l e r  

tandem a x l e  p a i r ,  r e s p e c t i v e l y .  

I n  t h i s  c a s e ,  t h e  Phase  I  program p r e d i c t e d  s i g n i f i c a n t  

i n t e r - a x l e  l o a d  t r a n s f e r  as  i n d i c a t e d  by t h e  e a r l y  lockup o f  

a x l e s  2 and 4 (and conf i rmed  by exper iment  111). Th i s  

i n f o r m a t i o n ,  o f  c o u r s e ,  i s  l o s t  i n  t h e  BRAKES2 r e s u l t s ,  which 

n e g l e c t  tandem a x l e s  a l t o g e t h e r .  N e v e r t h e l e s s ,  t h e  BRAKES2 

s t o p p i n g  d i s t a n c e s ,  which were c a l c u l a t e d  u s i n g  a  . 35 - second  

b r a k e  d e l a y  t i m e ,  a p p e a r  q u i t e  r e a s o n a b l e .  









4 . 0  EQUATIONS OF MOTION 

Th i s  s e c t i o n  p r e s e n t s  t h e  ma thema t i ca l  d e t a i l s  o f  t h e  

BRAKES2 s i m u l a t i o n .  I n i t i a l l y ,  t h e  p e r t i n e n t  assumpt ions  

a r e  d i s c u s s e d ,  f o l l o w e d  by t h e  a p p r o p r i a t e  f r e e - b o d y  d i ag rams ,  

and f i n a l l y  t h e  e q u a t i o n s  o f  mo t ion .  

4 . 1 . 1  QUASI-STATIC LOAD TRANSFER. Pe rhaps  t h e  most 

i m p o r t a n t  assumpt ion  u sed  i n  t h e  BRAKES2 s i m u l a t i o n  conce rns  

t h e  f o r e - a f t  l o a d  t r a n s f e r  r e s u l t i n g  from t h e  b r a k e  f o r c e s .  

Th i s  t r a n s f e r  i s  assumed t o  o c c u r  i n s t a n t a n e o u s l y ,  i n d e -  

penden t  o f  s p r i n g  r a t e s  and p i t c h  i n e r t i a .  Thus t h e  s i m u l a t e d  

v e h i c l e  ha s  o n l y  one d e g r e e  o f  f reedom,  namely,  t h e  

l o n g i t u d i n a l  p o s i t i o n  o f  t h e  mass c e n t e r .  

4 - 1 . 2  THE FORCES AT THE TIRE-ROAD INTERFACE. The u s e r -  

e n t e r e d  b r a k e  t o r q u e ,  T P ,  d e t e r m i n e s  t h e  b r a k e  f o r c e  a t  e ach  

a x l e .  I f  t h e  b r a k e  t o r q u e  i s  l e s s  t h a n  t h e  p r o d u c t  of  t h e  

dynamic l o a d ,  F Z ,  and t h e  peak f r i c t i o n  c o e f f i c i e n t ,  MUP, t h e  

b r a k e  f o r c e  w i l l  b e  e q u a l  t o  t h e  b r a k e  t o r q u e  d i v i d e d  by t h e  

r o l l i n g  r a d i u s  o f  t h e  t i r e .  I f  t h e  e n t e r e d  b r a k e  t o r q u e  i s  

g r e a t e r  t h a n  o r  e q u a l  t o  t h e  p r o d u c t  MUP*FZ, e i t h e r  t h e  a n t i -  

l o c k  sys t em w i l l  b e  assumed t o  c y c l e  o r  t h e  whee ls  w i l l  be  

assumed t o  l o c k  ( i f  t h e r e  i s  no a n t i l o c k  sys t em a t  t h a t  a x l e ) .  

I n  t h i s  c a s e ,  t h e  b r a k e  f o r c e  w i l l  b e  e q u a l  t o  MUE*FZ where 

MUE r e p r e s e n t s  e i t h e r  an e f f e c t i v e  c o e f f i c i e n t  o f  f r i c t i o n  

c h a r a c t e r i z i n g  t h e  t ime  ave rage  o f  t h e  o p e r a t i o n  o f  t h e  a n t i -  

l o c k  sys t em o r  e l s e  t h e  l ocked  wheel f r i c t i o n  c o e f f i c i e n t .  

I n  deve lop ing  t h e  BRAKES2 s i m u l a t i o n  t h e  assumpt ion  was 

made t h a t  once t h e  t o r q u e  l e v e l s  a r e  h i g h  enough t o  l o c k  an 
a x l e ,  t h a t  a x l e  w i l l  remain l ocked  i f  h i g h e r  t o r q u e  l e v e l s  

a r e  a p p l i e d .  Thus t h e  o u t p u t  may show t h a t  t h e  t o r q u e  l e v e l  

a t  an a x l e  i s  n o t  h i g h  enough t o  l o c k  t h a t  a x l e  g i v e n  t h e  



dynamic l o a d  i n d i c a t e d  and t h e  peak f r i c t i o n  c o e f f i c i e n t  

s p e c i f i e d .  N e v e r t h e l e s s ,  t h e  o u t p u t  may i n d i c a t e  t h a t  t h e  

a x l e  lzas locked.  For example,  suppose t o r q u e s  T(1) and 

T(2) a r e  a p p l i e d  t o  t h e  f r o n t  and r e a r  a x l e s ,  r e s p e c t i v e l y ,  

o f  t h e  s t r a i g h t  t r u c k .  This causes  a x l e  2 t o  l o c k .  Now 

suppose t o r q u e s  KT(1) and KT(2) a r e  a p p l i e d  where K i s  g r e a t e r  

than  1. Assuming a x l e  2 remains locked and y i e l d s  t h e  brake  

f o r c e  o f  MUE(2) *FZ ( 2 ) ,  t h e  t o r q u e  KT(1) may be found t o  lock  

a x l e  1, y i e l d i n g  a  b rake  f o r c e  a t  a x l e  1 of  MUE(1) *FZ (1) . 
However, t h e  dynamic l o a d  on a x l e  2 may now i n d i c a t e  t h a t  

KT (2)  /R(2) < MUP (2) *FZ (2) 

However, s i n c e  a x l e  2 locked  p r e v i o u s l y  a t  a  lower t o r q u e  

l e v e l  t han  KT(2), i t  i s  assumed t o  remain locked.  

4 . 1 . 3  BRAKE TIMING. The q u a s i - s t a t i c  d e c e l e r a t i o n  i s  

assumed c o n s t a n t  du r ing  t h e  course  o f  t h e  s t o p .  Thus, g iven  

t h e  i n i t i a l  v e l o c i t y ,  i t  i s  a  s t r a i g h t f o r w a r d  m a t t e r  t o  

compute t h e  s t o p p i n g  d i s t a n c e .  

Any such c a l c u l a t i o n s ,  however, must t a k e  i n t o  account  

t h e  s i g n i f i c a n t  l a g s  between t h e  t ime t h e  t r e a d l e  va lve  has  

been depressed  and t h e  t ime t h e  b rakes  a r e  a c t u a t e d .  Thus 

a f t e r  t h e  q u a s i - s t a t i c  d e c e l e r a t i o n  i s  computed, t h e  u s e r  i s  

asked t o  e n t e r  bo th  an i n i t i a l  speed  and a  brake  de lay  t ime .  

The s t o p p i n g  d i s t a n c e  i s  t h e n  computed assuming t h a t  t h e  b rakes  

a r e  n o t  a p p l i e d  u n t i l  t h e  end of  t h e  brake  de lay  t i m e ,  when 

t h e  t o t a l  b rake  t o r q u e  i s  a p p l i e d .  Thus, f o r  brake  de lay  

t ime A t ,  i n i t i a l  v e l o c i t y  V o ,  and d e c e l e r a t i o n  a,, t h e  

c a l c u l a t e d  s t o p p i n g  d i s t a n c e  D i s  



where  t h e  f i r s t  t e rm  on t h e  r i g h t - h a n d  s i d e  r e s u l t s  from 

t r a v e l  f o r  A t  s e conds  a t  v e l o c i t y  V o ,  and t h e  second  t e rm  

i s  t h e  s t o p p i n g  d i s t a n c e  g i v e n  i n s t a n t a n e o u s  a c t u a t i o n  o f  

t h e  b r a k e  f o r c e s .  

4 . 1 . 4  TANDEM AXLES. Tandem a x l e s  a r e  assumed t o  b e  

r e p l a c e d  by one e q u i v a l e n t  a x l e  l o c a t e d  a t  t h e  c e n t e r  o f  t h e  

tandem a x l e  assembly .  Thus t h e  u s e r  must e n t e r  t h e  sum o f  

a l l  b r a k e  t o r q u e s  a t  a  tandem a x l e  a s sembly .  I f  t h e  b r a k e  

p r o p o r t i o n i n g  o p t i o n  i s  u s e d ,  t h e  u s e r  must e n t e r  a  b r a k e  

r a t i o  a c c o u n t i n g  f o r  a l l  f o u r  b r a k e s  on t h e  tandem a x l e ,  

4 .2  THE EQUATIONS OF MOTION 

The s i m u l a t i o n  f i r s t  e s t a b l i s h e s  which a x l e s  l o c k  ( o r  

c y c l e )  f o r  t h e  s p e c i f i e d  t o r q u e  and f r i c t i o n  l e v e l s ,  t h e n  

c a l c u l a t e s  t h e  d e c e l e r a t i o n .  

A f r e e - b o d y  d iagram f o r  t h e  s t r a i g h t  t r u c k  i s  p r e s e n t e d  

i n  F i g u r e  6 .  ( A  comple te  nomenc l a tu r e  l i s t  i s  g i v e n  a t  t h e  

end o f  t h i s  s e c t i o n . )  The e q u a t i o n s  o f  mot ion  a r e :  

FX(1) + FX(2) DECEL = - GVW1/G (2)  

FZ(1) = 
G V W l  x A 2  G V W l  

L + - x x DECEL G (3a)  

FZ(2) = 
GVWl x A 1  G V W l  

L 
X 

G x DECEL 

TP(2) FX(2) = - - =  if / Fx(2)  I < MUP ( 2 )  x FZ (2)  
R(2 (4b) 



Figure  6 .  Free-body diagram o f  s t r a i g h t  t r u c k .  



A f r e e - b o d y  diagram of  t h e  t r a c t o r - t r a i l e r  i s  p r e s e n t e d  

i n  F igure  7 ,  The e q u a t i o n s  o f  motion a r e :  

DECEL = - FX(1) + FX(2) + FX(3) 
(GVWl+GVW2) / G  

FZ(1) = { ~ 2  x G V W l  + - DECEL [(H x G V W l  + HH x GW2) G 

where A 2  = L - A 1  

FZ (2)  = GVWI + [ G V W 2  x DECEL (HT-HH) + A4 x GW2 - HH 
A3 + A4 



Figure 7 .  Free-body  diagram of tractor-trailer 



FX(1) = - MUE(1) x FZ (1)  i f  I F X ( ~ )  1 - > MUP(1) x FZ (1)  

( 9 4  

FX(2) = - MUE(2) x FZ (2)  i f  I F X ( ~ )  1 - > MUP(2) x FZ (2) 

(9'3) 

FX(3) = - MUE (3 )  x FZ ( 3 )  i f  / ~ ~ 1 3 )  1 - > MUP (3) x FZ (3) 

( 9 ~ )  

4 . 3  NOMENCLATURE LIST 

A 1  H o r i z o n t a l  d i s t a n c e  between t h e  t r a c t o r *  c . g .  and 

t h e  c e n t e r  o f  t h e  t r a c t o r  f r o n t  s u s p e n s i o n  ( i n )  

A2  H o r i z o n t a l  d i s t a n c e  between t h e  c e n t e r  o f  t h e  

t r a c t o r  r e a r  s u s p e n s i o n  and t h e  t r a c t o r  c . g .  ( i n )  

A3 H o r i z o n t a l  d i s t a n c e  between t h e  t r a i l e r  c , g .  and 

t h e  f i f t h  wheel ( i n )  

A 4 H o r i z o n t a l  d i s t a n c e  between t h e  c e n t e r  o f  t h e  

t r a i l e r  s u s p e n s i o n  and t h e  t r a i l e r  c . g .  ( i n )  

BB H o r i z o n t a l  d i s t a n c e  between t h e  f i f t h  wheel and 

t h e  c e n t e r  o f  t h e  t r a c t o r  r e a r  s u s p e n s i o n  ( i n ) .  

( F i f t h  wheel l o c a t e d  a f t  of  s u s p e n s i o n  g i v e s  

p o s i t i v e  B B . )  

DECEL S t e a d y - s t a t e  d e c e l e r a t i o n  o f  t h e  t r a c t o r  c .  g .  
2 ( f t / s e c  ) 

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

( l b )  . A n e g a t i v e  v a l u e  i n d i c a t e s  a  b r a k i n g  f o r c e .  

F  Z Dynamic a x l e  l o a d i n g  ( l b )  

F  XH L o n g i t u d i n a l  f o r c e  a t  h i t c h  ( l b )  . A p o s i t i v e  v a l u e  

i n d i c a t e s  compress ion .  

FZH V e r t i c a l  l o a d  a t  h i t c h  ( l b )  

" T r a c t o r  r e f e r s  t o  t r u c k  i n  t h e  c a s e  o f  t h e  u n i t  v e h i c l e .  



G Grav i ty  c o n s t a n t  equa l  t o  32 . I7 f t / s e c  2 

G V W l  Weight of  t r a c t o r  ( l b )  

GVW2 Weight o f  t r a i l e r  ( l b )  

H Height  o f  t r a c t o r  c . g .  above ground ( i n )  

HH Height  o f  f i f t h  wheel above ground ( i n )  

H T  Height  of  t r a i l e r  c . g .  above ground ( i n )  

L Wheelbase o f  t h e  t r a c t o r  ( i n )  

MUE E f f e c t i v e  l o n g i t u d i n a l  f r i c t i o n  c o e f f i c i e n t  f o r  

t h e  t i r e - r o a d  i n t e r f a c e  when t h e  a n t i l o c k  sys tem 

i s  c y c l e d  

MUP Peak l o n g i t u d i n a l  f r i c t i o n  c o e f f i c i e n t  o f  t h e  

t i r e - r o a d  i n t e r f a c e  

R R o l l i n g  r a d i u s  of  a  t i r e  ( i n )  

TP Sum o f  a t t empted  brake  t o r q u e s  a p p l i e d  a t  an a x l e  

o r  tandem p a i r  of  a x l e s  ( i n - l b )  

The s u b s c r i p t s  1, 2 ,  and 3 r e f e r  t o  t h e  t r a c t o r  f r o n t  

a x l e ,  t r a c t o r  r e a r  a x l e ,  and t r a i l e r  a x l e ,  r e s p e c t i v e l y .  



5 . 0  USERS FLOW CHART 

The f low c h a r t  shown on page 2 7  i n d i c a t e s  t h e  o p t i o n s  

a v a i l a b l e  t o  t h e  u s e r  i n  running  BRAKESZ. Th i s  f low c h a r t  

i s  diagrammed f o r  t h e  t r a c t o r - t r a i l e r  program.  The f low 

c h a r t  f o r  t h e  t r u c k  program i s  t h e  same, e x c e p t  t h a t  t h e  

datum number, i ,  f o r  t h e  b r ake  p r o p o r t i o n i n g  i s  1 3  r a t h e r  

t h a n  2 3 ,  and a d d i t i o n a l l y ,  t h e r e  i s  no B ( 3 ) .  (Note:  B ( 1 ) ,  B ( 2 ) ,  

and B(3)  g i v e  t h e  b r a k e  p r o p o r t i o n i n g . )  

When t h e  program i s  begun ,  t h e  u s e r  i s  asked i f  t h e  d a t a  

i s  t o  be  r e a d  i n  from a  f i l e .  * I f  t h e  u s e r  answers  "no" t o  

t h i s  q u e s t i o n ,  he  i s  pr imed by t h e  symbol and v e r b a l  d e s c r i p -  

t i o n  f o r  each  pa rame te r  t h a t  must be  e n t e r e d .  A f t e r  each  

pa rame te r  i s  d e s c r i b e d ,  t h e  u s e r  e n t e r s  t h e  v a l u e  he  w i shes  i t  

t o  have .  

I f  d a t a  i s  t o  be  r e a d  from a  f i l e ,  t h e  u s e r  s h o u l d  e n t e r  

t h e  d e v i c e  i n p u t  number i n  I 1  format  when t h e  program c a l l s  

f o r  i t .  The d a t a  f i l e  s h o u l d  be s e t  up i n  t h e  same format  

a s  i f  i t  were p r imed ,  w i t h  t h e  answer t o  t h e  q u e s t i o n ,  "DO 

Y O U  WISH TO E N T E R  BRAKE DISTRIBUTION?", assumed t o  be  "no." 

A sample d a t a  f i l e  i s  shown i n  Table  5 .  

~~ ~ 

*In  answer t o  a  ye s /no  q u e s t i o n ,  "y" f o r  t h e  f i r s t  l e t t e r  o f  
t h e  answer s i g n i f i e s  y e s .  Any o t h e r  r e sponse  i s  assumed t o  
b e  no .  



r e a d  f rom a  

I I 

- ----- ---- 
E n t e r  r e k c l e  d a t a ,  1 
e x c l u d i n g  t i r e  and 
b r a k e  d a t a  

i 
I 
I 

INPUT I 
I 

I 
I 

FLOW CHART FOR 
B RAKE S 2 



Table 5 .  Sample Data F i l e  f o r  t h e  White 
T rac to r  and Fruehauf T r a i l e r .  

Ir.lH I TE TF:HC:TOF:-FRI_IEHAI_IF TF1A I LER 
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