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1 . 0  INTRODUCTION 

This  document i s  i n t e n d e d  t o  g i v e  a  q u i c k  o v e r a l l  view o f  t h e  

program o f  computer a n a l y s i s  and t i r e  t e s t i n g  which t h e  Highway 

S a f e t y  Research  I n s t i t u t e  (HSRI) i s  conduc t ing  t o  a i d  AM Genera l  i n  

p r e d i c t i n g  t h e  s t e e r i n g  and b r a k i n g  r e sponse  o f  a  new and i n n o v a t i v e  

bus d e s i g n .  Th i s  b u s ,  c a l l e d  t h e  Transbus ,  i s  b e i n g  deve loped  

w i t h i n  a  program sponsored  by t h e  Urban Mass T r a n s i t  A d m i n i s t r a t i o n .  

By d e s i g n ,  t h e  Transbus shou ld  be a  l a r g e  s t e o  fo rward  w i t h  r e s ? e c t  

t o  p a s s e n g e r  comfort  and convenience .  I n  a d d i t i o n ,  t h e  bus s h o u l d  

h a n d l e  e a s i l y  and be a b l e  t o  meet a l l  a p p l i c a b l e  F e d e r a l  Motor 

V e h i c l e  S a f e t y  S t a n d a r d s .  The o b j e c t i v e  o f  HSRI's work i s  t o  i n s u r e  

t h a t  t h e  s t e e r i 7 i g  and b r a k i n g  performance a c h i e v e d  by t h e  Transbuls 

w i l l  be judged adequate  f o r  s a f e ,  e a s i l y  c o n t r o l l e d  o p e r a t i o n  on 

t h e  r o a d .  

Up t o  t h i s  t i m e ,  HSRI has  p rov ided  two p r e l i m i n a r y  r e p o r t s  t o  

AM Gene ra l .  These r e p o r t s  a r e  e n t i t l e d :  

1. Ride and Handl ing A n a l y s i s  u: t h e  A M ' ~ e n e r a 1  

Transbus ,  and 

2 .  Computer P r e d i c t i o n  o f  t h e  Braking and S t e e r i n g  

Performance of  t h e  AM Genera l  Transbus  (an I n t e r i m  

R e p o r t ) .  

The f i r s t  r e p o r t  c o n t a i n e d  d i s c u s s i o n s  of  (1)  t h e  a p p l i z a b i 1 i t . y  

o f  l i m i t  maneuver measures t o  t h e  motor coach ,  ( 2 )  a  s i m p l i f i e d  

p rocedure  f o r  p r e d i c t i n g  v e h i c l e  b r a k i n g  ~ e r f o r m a n c e ,  {5) an i n i t i a l  

a n a l y s i s  of t h e  s t e a d y  t u r n i n g  b e h a v i o r  of t h e  p r o j e c t e d  Trsns'Llls, 

( 4 )  t h e  f a c t o r s  i nvo lved  i n  an a n a l y s i s  o f  r i d e  q u a l i t y ,  and ( 5 )  

t h e  s i m u l a t i o n  programs a v a i l a b l e  a t  HSRI which may Le used t o  

p r e d i c t  t h e  performance of  t h e  Transbus .  P r e l i m i n a r y  computer 

p r e d i c t i o n s  of  t h e  b rak ing  and s t e e r i n g  per formance  o f  t h e  Transbas  

i n  s e v e r e  maneuvers were p r e s e n t e d  i n  t h e  second  r e p o r t .  

I n  t h e  f u t u r e ,  HSRI w i l l  use  i t s  f l a t  bed machine t o  t e s t  t h e  

s p e c i a l  c a n t  i 1 eve red  t i r e s  which a r e  b e i n g  deve loped  f o r  t h e  Transbus .  

Once t h e  t i r e s  a r e  a v a i l a b l e ,  t i r e  s h e a r  f o r c e  p r o p e r t i e s ,  wiii be  



measured and more computat ions w i l l  be nade t o  p r e d i c t  t h e  performance 

of t h e  p r o t o t y p e  v e h i c l e  and t o  s e r v e  a s  a  guide  f o r  p l ann ing  t h e  

v e h i c l e  t e s t i n g  a c t i v i t y .  

I n  t h e  nex t  s e c t i o n  of  t h i s  r e p o r t  t h e  computer programs which 

have been (and w i l l  be)  used f o r  p r e d i c t i n g  t h e  b rak ing  and/or  

s t e e r i n g  response  of t h e  Transbus a r e  d e s c r i b e d .  In  t h e  fo l lowing  

s e c t i o n ,  t h e  equipment and methodology :J be used  t o  o b t a i n  t h e  

r e q u i r e d  t i r e  d a t a  a r e  d i s c u s s e d .  Thez, t h e  c u r r e n t l y  a v a i l a b l e  

p r e d i c t i o n s  of  Transbus performance IT t e s t  maneuvers a r e  summarized 

and t h e  i m p l i c a t i o n s  of t h e  p r e l i m i r a r y  p r e d i c t i o n s  a r e  d i scussdd  i n  

a  f i n a l  s e c t i o n .  

A b i b l i o g r a p h y ,  l i s t i n g  p e r t i n e c t  HSRI r e s e a r c h  p u b l i c a t i o n s ,  

i s  i n c l u d e d  t o  p rov ide  r e f e r e n c e  sources  c o n t a i n i n g  d e t a i l e d  t r e p t -  

ments o f  t h e  s i m u l a t i o n ,  t i r e  t e s t i n g  and v e h i c l e  t e s t i n g  methodology 

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



2 . 0  COMPUTER PKOGRuIS FOR PREDICTING THE STEERING 
AND BRAKING PERFORIL4NCE OF THE TRANSBUS 

The s i m u l a t i o n  programs which have been used t o  p r e d i c t  t h e  

b r a k i n g  and h a n d l i n g  performance of  t h e  AM General  bus a r e  d e s c r i b e d  

i n  t h i s  s e c t i o n .  

Two computer programs a r e  a v a i l a b l e  f o r  p r e d i c t i n g  t h e  

performance of rhe  Transbus-a s t r a i g h t - l i n e  and a  d i r e c t i o n a l  

r e sponse  program. These programs were o b t a i n e d  by making minor 

a d a p t a t i o n ;  12 programs which were developed by HSRI t o  s i m u l a t e  

heavy t r u c k s  [ I ?  2 ,  3 ]* .  An example showing t h e  cor respondence  

between t e s t  r e s u l t s  and computer p r e d i c t i o n ,  i s  i l l u s t r a t e d  i n  

F i g u r e  1. I n  t h i s  example t h e  t r u c k  was f i r s t  s t e e r e d  i n t o  a  t u r n ,  

t h e n  a t  two seconds a f t e r  t h e  s t e e r i n g  i n p u t  was z p p l i e d ,  t h e  b r a k e s  

were a p p l i e d .  As shown i n  F i g u r e  1, t h e r e  i s  ve ry  good agreement 

between t e s t  r e c u l t s  and computer p r e d i c t i o n  i n  t h i s  c a s e .  

THE UNIT J7EHICLE STRAIGHT-LINE PERFOR3L4YCE PROGR4b1 

Th i s  dynamic sirnulatic;;; 2i.c;gram i s based  upon a  mathemat f c a l  

model t h a t  r e p r e s e n t s  a  t h r e e - a x l e  u n i t  v e h i c l e .  Plotions a r e  

c o n s t r a i n e d  t o  t h e  p l a n e  of  symmetry ( v e r t i c a l  p l a n e ) .  S p e c i f i c a l l y ,  

t h e  wheels  czn bou,nce and s p i n ,  t h e  c h a s s i s  can heave and p i t c h ,  and 

t h e  v e h i c l e  ch? a c c e l e r a t e  ( d e c e l e r a t e )  i n  s t r a i g h t - l i n e  motion.  The 

b rak ing  s y s t ~ .  i s  modeled i n  a manner such  t h a t  t he  b rake  t o r q u e - l i n e  

pre ;sure  c h a r a - t z r i s t i c  can be s p e c i f i e d  f o r  each b rake  and v a r i a b l e  

t ime l a g s  and ( e l a y s  i n  t o r q u e  r e sponse  can be  i n t r o d u c e d .  Thus, any 

d e s i r e d  b rake  f o r c e  d i s t r i b u t i o n  can be s p e c i f i e d .  S i m u l a t i o n  o f  

a n t i s k i d  d e v j c e s  ma!: be added by t h e  u s e r  i f  d e s i r e d .  

The model has  n i n e  degrees  of f reedom, ~ : h i c h  a r e  l i s t e d  i n  

Table  1. 

*Numbers i n  squa re  b r a c k e t s  deno te  r e f e r e n c e s  l i s t e d  i n  t h e  
B ib l iog raphy .  
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TABLE 1 

Variable 

DEGREES OF FREEDO!vI-STRAIGHT- LINE 
PERFORPIIANCE MODEL 

Description 

vehicle forward displacement 

vertical displacement of c.g. 

8 pitch angle of the sprung mass 

vertical displacement of front 
axle (or both independently 
suspended front wheels) 

vertical displacement of 
leading rear axle 

vertical displacement of 
trailing rear axle 

nl angulai velocity of front wheels 

angular velocity .of wheels on 
leading rear axle 

angular velocity of wheels on 
trailing rear axle 

To determine the values of these variables as functions of time, 

nine differential equations of motion are solved simultanecusly, 

along ~iith ancillary equations .defining intermediate variables 

such as suspension deflections, tire-road interface forces, nornl~l 

forces on the tires, and horizontal forces acting on thc sprung 

masses. The subroutine used to accomplish the major portion c f  

the integration of the equations of motion is based upon Hamming's 

predictor-corrector method. Some optional features are listed 

below: 

1. The user may input brake dynamometer pressure- 

torque curves. 



2 .  Shock a b s o r b e r  c h a r a c t e r i s t i c s  a r e  g e n e r a l l y  

c h a r a c t e r i z e d  by C ,  t h e  s l o p e  of  t h e  f o r c e - v e l o c i t y  

cu rve .  To make t h e  model more a c c u r a t e ,  a  two- 

s l o p e  shock a b s o r b e r  can be s p e c i f i e d ,  c h a r a c t e r i z e d  

by jounce s l o p e ,  C J ,  and rebound s l o p e ,  CR. 

3 .  The s p r i n g  f o r c e - d e f l e c t i o n  r e l a t i o n  may be  c h a r a c -  

t e r l ' e d  by t h e  s l o p e  K of  t h e  f o r c e - d e f l e c t i o n  

c;lr\e, .3r by t a b l e  lookup of  d e f l e c t i o n - f o r c e  

p c i n t s .  

4 .  Rough road  c o o r d i n a t e  p o i n t s  o r  a  u s e r - s u p p l i e d  

road  a l g o r i t h m  may be c o n v e n i e n t l y  e n t e r e d  a s  i n p u t .  

2 . 2  THE DIRECT'IONAL RESPONSE (BRAKING 4ND HANDLING) MODEL 

This  dynarric s i m u l a t i o n  c o n t a i n s  e i g h t e e n  degrees  of  f r e e d c n ,  

which a r e  l i s t e c i  i n  Tab le  2 .  (Note X ,  Y and Z a r e  f i x e d  a x e s ;  

x ,  y and z a r e  body a x e s . )  

DEGREES OF FREEDO?4, U N I T  VEHICLE 
BRAKING AND EAliDL I YG MODEL 

D e s c r i p t i o n  

l o n g i t u d i n a l  p o s i t i o n  of 
sprung mass c e n t e r  

l a t e r a l  p o s i t i o n  of  sprung 
mass c e n t e r  

v e r t i c a l  p o s i t i o n  o f  t h e  
sprung mass c e n t e r  

sprung mass r o t a t i o n  r a t e  
about  x  a x i s  

sprung mass r o t a t i o n  r a t e  
about  y  a x i s  

sprung mass r o t a t i o n  r a t e  
about  z  a x i s  

v e r t i c a l  p o s i t i o n  o f  wheel 
i on a x l e  j 

r o t a t i o n  r a t e  of wheel i 
on a x l e  j 

6 



This  model has  a l l  t h e  f e a t u r e s  of  t h e  p i t c h  p l a n e  u n i t  v e h i c l e  

model i n c l u d i n g :  

1. Tandem a x l e s  may be s p e c i f i e d  

2 .  Opt ional  t a b l e  lookup f o r  f o r c e - d e f l e c t i o n  a t  each 

suspens ion  

3 .  Two-slope shock absorbe r  

4 .  Brake c h a r a c t e r i s t i c s  may be s p e c i f i e d  by dyna- 

r.\nr,leter curves  

5.  Option rough road  i n p u t .  

2 . 3  REQUIRED 3AWETER DATA 

i\ copy of t h e  p r i n t o u t  of  t h e  i n p l ~ t  pa ramete r s  f o r  a  t y p i c a l  

run  o f  t h e  Tranjbus D i r e c t i o n a l  Response program i s  g iven  i n  

Appendix 1. As can be  seen  by i n s p e c t i o i l  o f  t h i s  parameter  l i s t ,  

a s i z e a b l e  amotizt o f  i n f o r m a t i o n  d e s c r i b i n g  t h e  v e h i c l e  and i t s  

t i r e s  i s  needz3 t o  ana lyze  t h e  performance of t h e  v e h i c l e  over  it; 

e n t i r 2  o p e r a t i n g  r s z g e  i n c l c d i c g  zncrgency maneuvers. S t e e r i n g  

i n p u t s  may be ~ p e c i f i e d  by a  t a b l e  of up t o  2 5  s t e e r i n g  a n g l e - t i m e  

p a i r s .  Braking i n p u t s  a r e  s p e c i f i e d  by  a  s i m i l a r  t a b l e  f o r  t h e  

p r e s s u r e  ou tpu t  o c  t h e  t r e a d l e  v a l v e  as  a  f u n c t i o n  of t ime.  The 
t o r q u e - l i n e  p;.essure c h a r a c t e r i s t i c s  may be s p e c i f i e d  f o r  t h e  b rakes  

on each ichee: 



3.0 TESTING OF THE MI GENERAL TRANSBUS TIRES 

The HSRI f l a t  bed t i r e  t e s t e r  [ 4 ] ,  shown i n  F i g u r e  2 ,  w i l l  b e  

used  t o  measure t h e  s h e a r  f o r c e  c h a r a c t e r i s t i c s  o f  t h e  bus t i r e .  

A l l  t h r e e  f o r c e s  and a l l  t h r e e  moments a c t i n g  between t h e  t i r e  and 

t h e  r o a d  (bed s u r f a c e )  a r e  measured. F r e q u e n t l y ,  however, f l a t  bed 

d a t a  a r e  used  t o  make t h e  type  of  s i d e  f o r c e  c a r p e t  p l o t  shown i1, 

F i g u r e  3. This  example p l o t ,  which shoris t h e  dependence of  12'.-c;.al 

f o r c e  c a p a b i l i t y  on i n f l a t i o n  p r e s s u r e ,  was p a r t  of  a  l a r g e  s t u d y  

of t r u c k  t i r e  performance c h a r a c t e r i s t i c s  [ 2 ,  51.  I t  s h o u l d  b e  

n o t e d  t h a t  t h e  f l a t  bed machine has  t h e  c a p a b i l i t y  t o  app ly  and 

measure t i r e  f o ~ ~ c e s  up t o  10 ,000 l b s .  Th i s  l a r g e  f o r c e  range  i s  

needed f o r  s t u d y i n g  bus t i r e s .  

An e x t e n s i v e  program of  t e s t i n g  i s  p l anned  f o r  t h e  Transbuz 

t i r e s .  C l e a r l y ,  t h i s  i s  war ran ted  s i n c e  t h e  t i r e  i s  t h e  pr ime 

s o u r c e  o f  f o r c e  f o r  s t o p p i n g  and/or  t ~ i ; , l n g  t h e  v e h i c l e .  Examinc.tion 

of  t h e  proposed  t i r e  t e s t  program, p r e s e ~ i t e d  i n  Appendix 2 o f  t hSs  

r e o o r t .  sho~r;  t h a t  s h e a r  f o r c e  d a t a  w i l l  be o b t a i n e d  i n  t h e  f o l l o w i n g  

ranges  of  o p e r a t i n g  c o n d i t i o n s :  

V e r t i c a l  l o a d :  

S l i p  a n g l e :  

Camber a n g l e :  

Braking f o r c e :  

1800 t o  9000 l b s .  

0 t o  30 d e g r e e s  

0 t o  5 d e g r e e s  

up t o  1500 l b s .  

To p r e d i c t  v e h i c l e  performance on a  g iven  t e s t  s u r f a c e ,  i t  i s  

n e c e s s a r y  t o  supplement l a b o r a t o r y  t i r e  measurements w i t h  d a t a  . 

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

i n t e r f a c e  invo lved  i n  t h e  v e h i c l e  t e s t s .  A t  t h i s  po i i l t  i n  t i m p ,  

t h e  s t a t e  of  t h e  a r t  i n  p r e d i c t i n g  t h e  s h e a r  f o r c e  performance of 

a  p a r t i c u l a r  t i r e  on a g iven  s u r f a c e  i s  such  t h a t  t h e s e  p r e d i c t i o n s  

canno t  be made e a s i l y  and r e l i a b l y .  Accord ing ly ,  t i r e  t e s t s  on a  

s p e c i f i e d  s u r f a c e  may be r e q u i r e d  t o  o b t a i n  a c c u r a t e  p r e d i c t i o n s  







of  v e h i c l e  performance on t h a t  s u r f a c e .  I n  making computer s t u d i e s  

t o  d a t e ,  we have s imply p o s t u l a t e d  r e a s o n a b l e  v a l u e s  of  pa ramete r s  

r e p r e s e n t i n g  t h e  f r i c t i o n a l  c h a r a c t e r i s t i c s  of  t h e  t i r e - r o a d  

i n t e r f a c e .  A t  some t ime i n  t h e  f u t u r e  when a  s p e c i f i c  t e s t  s u r f a c e  

i s  i d e n t i f i e d ,  it may be d e s i r a b l e  t o  t e s t  t h e  bus t i r e  on t h e  

s e l e c t e d  t e s t  s u r f a c e .  A d e v i c e  t h a t  can be  used  f o r  o n - t h e - r o a d  

measurement of  t h e  l o n g i t u d i n a l  f o r c e s  produced by l a r g e  t i r e s  i s  

shown i n  F igure  4 .  





4 . 0  PRELIMINARY PREDICTIONS OF TRANSBUS PERFORMANCE 

-. 

Four v e h i c l e  maneuvers have been s e l e c t e d  f o r  u s e  i n  t h e  

p r e l i m i n a r y  s i m u l a t i o n  of t h e  Transbus .  These maneuvers a r e  

s t r a i g h t - l i n e  b r a k i n g ,  t r a p e z o i d a l  s t e e r  ( J - t u r n ) ,  s i n u s o i d a l  

s t e e r  ( l a n e  change) and b r a k i n g - i n - a - t u r n .  The r ange  o f  i n p u t  

s t e e r i n g  and b rak ing  l e v e l s  used i n  t h e s e  s i m u l a t e d  t e s t s  were 

chosen t o  r e p r e s e n t  c o n t r o l  a c t i o n s  which might  be t a k e n  d u r i z L  

s e v e r e ,  emergency maneuvers.  

While t h e s e  maneuvers have been s e l e c t e d  from maneuvers developed 

i n  p r e v i o u s  v e h i c l e  hand l ing  r e s e a r c h  p r o j e c t s  [ 6 ,  7 ,  8 1 ,  t h e y  a r e  

n o t  i n t e n d e d  t o  be used t o  f i n d  t h e  l i m i t  performance o f  t h e  

Transbus .  Ra the r ,  t hey  & r e  i n t e n d e d  t o  be used t o  p r e d i z t  whether  

o r  n o t  t h e  emergency re sponse  o f  t h e  v e h i c l e  w i l l  be a c c e p t a b l e .  

As p o i n t e d  ou t  i n  t h e  f i r s t  r e p o r t  from ZSRI t o  AM Genera l ,  t h e  

l i m i t  performance methodology a s  a p p l i G C  t o  p a s s e n g e r  c a r s  may n c t  

be  e n t i r e l y  s a t i s f a c t o r y  f o r  t h e  s t u d y  of' motor coach p e r f o r m a ~ c c .  

Accord ing ly ,  we have chosen maneuvers which s h o u l d  prcvi.de u s e f u l  

i n f o r m a t i o n  on emergency performance w i t h o u t  imposing unnecessa ry  

r equ i remen t s  on t h e  i n i t i a l  t e s t i n g  of t h e  motor  coach.  

I t  shou ld  be emphasized t h a t  t h e  s i m u l a t i o n  r e s u l t s ,  which 

a r e  p r e s e n t e d  i n  t h e  f o l l o w i n g  p a r a g r a p h s ,  a r e  based  on p r e d i c t e d  

t i r e  performance c h a r a c t e r i s t i c s .  Engine2r ing  e s t i m a t e s  o f  t i r e  

s h e a r  f o r c e  performance were o h t a i n e d  from t h e  Goodyear T i r e  al;l 

Rubber Company. These e s t i m a t e s  were based  on p a s t  e x p e r i e n c e  azd 

n o t  on a c t u a l  measurements of  t h e  Transbus t i r e  s i n c e  2 t i r e  had 

n o t  been c o n s t r u c t e d  a t  t h a t  t ime .  Consequent ly ,  t h e  f o l l o w i c g  

s i m u l a t i o n  r e s u l t s  must be viewed a s  p r e l i m i n a r y  p r e d i c t i o n s .  

N e v e r t h e l e s s ,  t hey  a r e  b e l i e v e d  t o  be q u a l i t a t i v e l y  c o r r e c t .  



4 . 1  STRAIGHT STOP SIhIULATIONS 

S imula t ion  runs  were made a t  v a r i o u s  b rake  l i n e  p r e s s u r e  l e v e l s .  

A l l  l a g s  and d e l a y s  i n  t h e  b r a k i n g  sys tem were assumed t o  be 

n e g l i g i b l e .  However, t h e  form of  t h e  r i s e  o f  p r e s s u r e  a t  t h e  f o o t  

v a l v e  (shown i n  t h e  f o l l o w i n g  f i g u r e )  i s  such t h a t  0 . 5  seconds i s  

r e q u i r e d  t o  develop t h e  d e s i r e d  p r e s s u r e  l e v e l .  

Pressur!~ 
(psi 1 t 

I n Final Amplitude 

I n  t h e  aample r e s u l t s  which f o l l o w ,  t h e  s imula ted  v e h i c l e  has  

eve ry  s e a t  f S l l e d  b u t  no s t a n d i n g  passenger s  ( i . e . ,  GWt1 32,000 l b s ) .  

Each s t o p  wac, :,lade from an i n i t i a l  v e l o c i t y  of 30 mph. R e s u l t s  f o r  

wet 2nd d ry  s u ~ f s c e s  a r e  t a b u l a t e d  below. 

DRY - 
(BUS TIRE 30 NPH SKID NUhIBER = 6 5 )  

Brake 
* -  . Line i ' r e s su re  \ i  31 

750 

850 

9 0 0  

950 

1000 ( a x l e  3  l o c k )  

1050 ( a x l e  2 & 3 l o c k )  

S teady S t a t e  S topping  
D e c e l e r a t i o n  ( f t / s e c 2 )  Di s t ance  ( f t )  



WET - 
(BUS TIRE 30 MPH SKID NUBER = 30) 

Brake 
Line P r e s s u r e  ( P s i )  

S teady  S t a t e  
D e c e l e r a t i o n  ( f t / s e c 2 )  

These i n i t i a l  computer c a l c u l a t i o n s  i n d i c a t e  t h a t  t h e  s t o p p i n g  

d i s t a n c e  performance of t h e  AM General Tr.ansbus ( a s  s imula ted )  

may be s a t i s f a c t o r y  f o r  p a s s i n g  impend; -lg !ederal, motor 

v e h i c l e  s a f e t y  'standardsic '-  However, t h i s  will be h i g h l y  dependent 

upon t h e  s h e a r  f o r c e  performance of t h e  'Yransbus t i r e s .  I f  needed,  

t h e  wheels  unl .-,ked b rak ing  performance could  be improved by 

p r o v i d i n g  p r o p o r t i o n a t e l y  g r e a t e r  brake corque t o  t h e  f r o n t  wheels .  

TRAPEZCI2,I.L STEER S IblULATI C?!S 

The purpose of t h e s e  computer run: i s  t o  a s s e s s  t h e  performance 

of t h e  t r a n s b u s  i n  r a p i d  t u r n s .  F ive  s!,nulation runs  were performed 

a t  an i n i t i a l  speed of 30 mph. In  e d t ,  t h e  f r o n t  wheel s t e e r  

ang le  was p r e s c r i b e d  t o  have t h e  fo l lowing type  a f  t ime h i s t o r y :  

Steer - --- Final Amplitude 
Angle 

I 

0.5 Time ( s e c )  4 .O 



The t r a p e z o i d a l  s t e e r  r e s u l t s  (g iven  below) show t h a t  t h e  

v e h i c l e  can make d r a s t i c  t u r n s  w i t h  g r e a t e r  t h a n  0.5g l a t e r a l  

a c c e l e r a t i o n  wi thou t  s u f f e r i n g  bump s t o p  c o n t a c t .  (Bump s,top c o n t a c t  

o c c u r s  a t  approx ima te ly  S o  r o l l  a n g l e . )  These p r e l i m i n a r y  r e s u l t s  

i n d i c a t e  t h a t  t h e  v e h i c l e  s h o u l d  be  a b l e  t o  per form s h a r p  t u r n s  

w i t h o u t  having  a  p r o p e n s i t y  t o  r o l l  o v e r .  A summary o f  t h e  

t r a p e z o i d a l  s t ~ i r  r e s u l t s  f o l l o w s .  

A t  4 0 Seconds A f t e r  t h e  I n i t i a t i o n  of  S t e e r i n g  

V e h i c l e  
L a t e r a l  S i d e  Longi- Max. 
f , cce l -  Turn S l i p  t u d i n a l  R o l l  

Amplitude o f  e r a t i o n  Radius Angle Yaw Rate  V e l o c i t y  Angle 
S t e e r  Angle i f  i / s e c ? )  ( f t )  (deg; (deg/sec)  ( f t / s e c )  (deg) 

4 . 3  SINUSOI5AL STEER 

The f o l i ~ i c i n g  s t e e r i n g  waveform was used t o  approximate a  

l a n e  change ty?e  maneuver s t a r t i n g  ~ c i t h  i n i t i a l  speeds  of  30 ,  40,  

and 50 mph. 

Time (sec 1 



A s k e t c h  of  t h e  t r a j e c t o r i e s  ob ta ined  from t h e  s i m u l a t i o n  

i s s g i v e n  i n  F igu re  5 .  These r e s u l t s  demons t ra te  t h a t  t h i s  bus shou ld  

be  a b l e  t o  perform r a p i d  l a n e  changes,  r e t u r n i n g  t o  t h e  o r i g i n a l  

h . e a d i n g , , i n  response  t o  symmetric s t e e r i n g  i n p u t s .  
-2. . .... 

4 . 4  BRAKING- IN-A-TURN 

In  each of  t h e s e  s i m u l a t i o n  r u n s ,  t h e  s t e e r  ang le  was appl;,+d 

as u s u a l ,  i . e . ,  a 0 .5-second ramp i n p u t  s t a r t i n g  a t  t h e  b e g i n n i ~ g  

o f  t h e  run .  A t  t h r e e  seconds i n t o  t h e  r u n ,  b r a k e s  were a p p l i e i  

i n  t h e  same f a s h i o n  a s  i n  t h e  s t r a i g h t - l i n e  b r a k i n g  s i m u l a t i o n s ,  

i. e . ,  a 0 .5-second ramp. This  i s  shown s c h e m a t i c a l l y  i n  t h e  

fo l lowing  f i g u r e .  

Steer 
Angle 
(de g 1 f inal Amplitucle 

0.5 

Pressure 1 
(psi) I 

I 

Brake 
Line 

Final Pressure 

3.0 3.5 
Time (sec) 



SINUSOIDAI, STEER 



The fo l lowing  two maneuvers were s i m u l a t e d  from an i n i t i a l  

v e l o c i t y  of  30 mph. 

F i n a l  Amplitude of F i n a l  Value of 
S t e e r  Angle (deg) Brake Line P r e s s u r e  ( P s i )  

I n  t h e  more s e v e r e  maneuver, t i le i .nside wheels  on t h e  rear .  
. . ..+ -,. 

a x l e s  locked,  r e s u l t i n g  i n  a  l o s s  of co rne r ing  f o r c e  and t h u s  

much reduced l a t e r a l  a c c e l e r a t i o n .  The t r a j e c t o r i e s  of t h e  c e n t e r  

of mass a r e  shown i n  F igure  6 .  These rims were t e rmina ted  a t  5 . 0  

seconds a f t e r  t h e  s t a r t  of t h e  s t e e r i n g  i n p u t .  

The b r a k i n g - i n - a - t u r n  t r a j e c t o r i e s  show t h a t  t h e  bus w i l l  have 

a  s u b s t a n t i a l  ~ j r e c t i o n a l  response  due t o  b r a k i n g .  F u r t h e r  

c a l c u l a t i o n s  and a n a l y s i s  a r e  needed t o  a s s e s s  t h e  . importance of 

t h i s  phenomensn. 

4 . 5  CONCLUDING REMARKS 

C l e a r l y ,  more work i s  needed t o  s 2 e c i f y  v e h i c l e  t e s t s  and t o  

p rov ide  f i n a l  q u a n t i t a t i v e  p r e d i c t i o n s  of t h e  s t e e r i n g  and b rak ing  

performance of t h e  Transbus.  N e v e r t h e l ? s s ,  t h e  r e s u l t s  ob ta ined  

t o  d a t e  a r e  encouraging and they  tend  tc i n d i c a t e  t h a t  t h i s  v e h i c l e  

w i l l  be a b l e  t o  t u r n  r a p i d l y  i n  a  c o n i r l ~ l l e d  manner. Once t i r e  

p a r a m e t r i c  d a t a  has  been measured, ca l cu ' a t ions ,  l i k e  those  p r e s e n t e d  

i n  t h e  p rev ious  s e c t i o n ,  w i l l  be repeate?.  f o r  a  comprehensive s e t  of  

c o n d i t i o n s  . Ranges of i n p u t  s t e e r i n g  L:i:cl brak ing  l e v e l s  s u i t a b l e  

f o r  v e h i c l e  t e s t  will be  s e l e c t e d  from t lAe computer r e s u l t s .  Other 

f a c t o r s  which w i l l  be determined from t h c  s i m u l a t e d  maneuvers a r e :  

(1) t e s t  a r e a  needed t o  perform each maneuver 

( 2 )  magnitude o f  a c c e l e r a t i o n s  and angu la r  v e l o c i t i e s  

ob ta ined  by t h e  v e h i c l e  dur ing  each maneuver 

(3) i n f l u e n c e  o f  s u r f a c e  f r i c t i o n  c h a r a c t e r i s t i c s  on 

v e h i c l e  response .  
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APPENDIX 2 

T e s t i n g  of  t h e  AM General bus t i r e s  i s  d e s c r i b e d  i n  t h i s  

appendix. Seve ra l  t i r e s  w i l l  be s u p p l i e d  by AM Genera l .  A s e r i e s  

of s c r e e n i n g  t e s t s  w i l l  be performed a t  one l o a d  and t h r e e  s l i p  

ang les  t o  ensure  t h a t  a l l  t i r e s  perform uni formly .  

T i r e  t e s t s  w i l l  be performed t o  c b t a i n  s h e a r  f o r c e  d a t a  a t  

s p e c i f i e d  i n f l a t i o n  p r e s s u r e  and aeL i a a d s  of 1800,  3600, 5430, 

7200, and 9 0 0 0  l b s .  The fo l lowing t e s t s  w i l l  be  run:  

T e s t  1. S i d e s l i p  Angles:  0 + ( I ,  2 ,  4, 8, 1 2 ,  1 6 ,  2 0 ,  

2 4 ,  and 30) a t  0' camber a n g l e .  

Mearure: l a t e r a l  f o r c e ,  norm:il l o a d ,  a l i g n i n g  t o r q u e ,  

ove r tu rn ing  moment, loaded r a d i u s ,  e f f e c t i v e  

r a d i u s  

T e s t  2 .  Camber Angles:  0 ,  + ( I ,  7 ,  3 ,  4 ,  5) degrees a t  0' 

s t e e r  a n g l e .  

Measure: Same as  i n  Tes t  1 

NOTE:  Data from Tests 1 and 2 s t  zero s l i p  and zero camber 

ang le  w i l l  be used t o  c a l c u l a t e  t h e  r o l l i n g  and s t a t i c  s p r i n g  r a t e s  

of t h e  t i r e s .  

T e s t  3.  Longirudinal  S l i p :  0' 5.-eer a n g l e  and 0" camber 

ang le .  

Approximate l o n g i t u d i n a l  f o r c e ,  b rak ing  and d r i v i n g ,  

(0 .1,  0 . 2 ,  0 .3 ,  0 . 4 ,  ..,)FZ up t o  1 5 0 0  l b s .  

Measure: bed v e l o c i t y ,  l o n g i t u d i n a l  s l i p ,  and 

braking  o r  d r i v i n g  f o r c e  



Test 4 .  Combined Side and Longitudinal S l i p :  0' camber 

a t  s t e e r  angles of 4 ,  8 ,  and 1 2 ' ,  f o r  braking and dr iving fo rces  

as  i n  Test  .3. Rated load and t i r e  p ressure .  

Measure: bed v e l o c i t y ,  longi tud ina l  s l i p ,  l a t e r a l  

f o r c e ,  and braking o r  d r iv ing  force .  


