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DATA DOCUMENTATION FOR VEHICLE HANDLING 

1. INTRODUCTION 

During t h e  cour se  of two v e h i c l e  h a n d l i n g  s t u d i e s  by HSRI 

[ I ,  2 1 ,  a  l a r g e  bank of v e h i c l e  response  d a t a  was g e n e r a t e d  and 

s t o r e d  on d i g i t a l  magnet ic  t a p e s .  Howevx,  t h e  coding and format  

of t h a t  d h i a  was inconven ien t  f o r  most u s e r s ,  As a  r e s u l t ,  

t h e  p r e s e n t  e f f o r t ,  'Data  Documentation f o r  Veh ic l e  Hand l ing , '  

was i n i t i a t e d  i n  o r d e r  t o  a n d e n s e ,  e d i t ,  and r e - f o r m a t  t h e  d a t a  

f o r  purposes  nf u s e r  convenience.  The end resu ' t  was s i x t e e n  

magnet ic  t a p e s  c o n t a i n i n g  more t h a n  30GU v e h i c l e  t e s t  r e sponses .  



2 .  VEHICLE JNNE WERS 

S i x  d i f f e r e n t  v e h i c l e  h a n d l i n g  t e s t  p r o c e d u r e s  (VHTP) were 

pe r fo rmed  i n  t h e  V e h i c l e  Handl ing  Performance (VHP) program. 

The f i r s t  t h r e e  (VHTP #1 t o  VHTP #3)  u t i l i z e d  a  human d r i v e r  

and a r e  hence r e f e r r e d  t o  a s  t h e  d r i v e r  s e r i e s  t e s t s .  The l a s t  

t h r e e  (VHTP # 4  t o  VHTP # 6 )  u t i l i z e d  an a u t o m a t i c  c o n t r o l l e r  f o r  

s t e e r i n g  611ci b r a k i n g  and a r e  r e f e r r e d  t o  a s  t h e  au toma t i c  s e r i e s  

t e s t s .  Each of t h e  t e s t  p r o c e d u r e s  w i l l  be ' d e s c r i b e d  b r i e f l y  

be low,  however,  E r v i n  [ l ]  shou ld  be  c o n s u l t e d  f o r  a more d e t a i l e d  

e x p l a n a t i o n .  

VHTP #1: - S t r a i g h t  L ine  Braking 

I n i t i a l  C o n d i t i o n s :  Vo = 4 0  mph 

6 c l l r  = 0 degrees  
w . a  

The vehicle i s  a l lowed  t o  c o a s t  do~zn t o  i t s  i n i t i a l  

v e l o c i t y  o f  4!1 nph a t  ~ c h i c h  t ime t h e  d r i v e r  d e p r e s s e s  t h e  b r a k e  

p e d a l  t o  it. p h s s i c a l  l i m i t  and h o l d s  t l -e  s t e e r i n g  wheel f i x e d .  

A l l  b r a k e  l i n e s  a r e  c o n t r o l l e d  by one p r e s s u r e  l i m i t e r  assembly .  

'IrHTP 4 2 :  - Brakinn In  .A Turn 

i i * i t i a l  C o n d i t i o n s :  Vo = 40 niph 

6 = a n g l e  r e q u i r e d  f o r  i n i t i a l  
S W  

l a t e r a l  a c c e l e r a t i o n  o f  

0 , 3 g  a t  4 0  mph de te rmined  

from t r i a l  t e s t s .  

The i n i t i a l  0.3g t u r n  i s  e n t e r e d  by t h e  d r i v e r  r a p i d l y  

a p p l y i n g  t h e  s t e e r i n g  wheel t o  t h e  l i m i t  s t o p .  As t h e  v e h i c l e  
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c o a s t s  through t h e  40 mph i n i t i a l  v e l o c i t y ,  w h i l e  i n  t h e  t u r n ,  

t h e  b r a k e  p e d a l  i s  d e p r e s s e d  t o  i t s  p h y s i c a l  s t o p .  A l l  b r a k e  

l i n e s  a r e  c o n t r o l l e d  by one p r e s s u r e  l i m i t e r  assembly.  

VHTP # 3 :  Turning on a  Rough Road . 

I n i t i a l  C o n d i t i o n s :  Vo = 50 mph 

6 = a n g l e  r e q u i r e d  f o r  an i n i t i a l  s w  

0.4g t u r n  a t  30 mph determined 

f r c n ~  t r i a l  t e s t s .  

The v e h i c l e  approaches  t h e  t e s t  are:, a t  t h e  i n i t i a l  v e l o c i t y  

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

t imed t o  aim t h e  v e h i c l e  a t  t h e  c e n t e r  o f  t h e  d i s t u r b a n c e  g r i d .  

See F i g u r e  1. Three d i f f e r e n t  d i s t u r b ~ : l c e  g r i d s  of  9 ,  11, and 

14  H z  were use: i n  t h i s  t e s t .  Gr ids  ? 1 ,  ; 2 ,  and # 3  c o r r e s p o ~ l ;  

t o t h e  t h r e e  fuyldamental f r e q u e n c i e s  9 ,  11, and 1 4  Hz, r e s p e c t i v e l y .  

The f i f t h  wheel l i f t s  j u s t  p r i o r  t o  c o n t a c t  w i t h  t h e  d i s t u r b a n c e  . 

g r i d .  

VHTP $4: T r a p e z o i d a l  S t e e r  

I n i t i n l  C o n d i t i o n s :  Vo = 4C mph 

G S W  = U degrees  

The v e h i c l e  c o a s t s  down through i t s  i n i t i a l  v e l o c i t y  of 

40 mph a t  which t ime t h e  s t e e r i n g  f u n c t i o n  g e n e r a t o r  i s  t r i g g e r e d  

and a  t r a p e z o i d a l  s t e e r  i n p u t  i s  a p p l i e d .  See F i g u r e  2 .  



C i - u s s  s e w  L:2;1 ,.IL L l e r ? e n ~ s  
made LLG, . ,  CL:-YC~. t z I i z k  t i r e  
t r e a d  s t o c k .  

Fur.?a-s:t-?l F r  .c : -~enc~;  - 

C e n t e r  S p a c i n g  - Feet  

Course L e n g t h  - -  F e z t  

F i g u r e  1 

Road D i s t u r b a n c e  C o u r s e  L,ayout 



F i g u r e  2 .  

VHTP # 5 :  S i n u s o i d a l  S t e e r  

I n i t i a l  C o n d i t i o n s :  Vo = 4 5  mph 

and Vo = 6 0  mph 

6-.,. = 0 d e g r e e s  
3 W 

The vehicle; c o a s t s  d o ~ i n  th rough  i t s  i n i t i a l  v e l o c i t y  

( 4 5  o r  60  mph) :.t which t i m e  t h e  s t e c r i c ~  f u n c t i o n  g e n e r a t o r  

a p p l i e s  a s i n u ~ c  i d a l  s t e e r i n g  i n p u t  a s  s k w n  i n  F i g u r e  3 .  

6 * e r r :  
2 s e c  - --' ..I 

S W I  

Figure 3 .  

5 



VHTP # 6 :  D r a s t i c  E r ~ t k e - S t e e r  --- 

I n i t i a l  Cond i t ions :  Vo = SO mph 

and Vo = 60 mph 

6 = 0 degrees  
SW 

The v e h i c l e  c o a s t s  down t h r ~ u g h  t h e  i n i t i a l  v e l o c i t y  

( 5 0  o r  6 0  mph) a t  which t ime t h e  funct ior i  g e n e r a t o r  a p p l i e s  2 

h a l f  s i n e  wave s t e e r i n g  i n p u t  [ t ime t = 0 ) .  The f u n c t i o n  

g e n e r a t o r  is  a l s o  programmed t o  apply  s u f f i c i e n t  b r a k e  l i n e  

p r e s s u r e  t o  l c c k  a l l  f o a r  wheels  a t  t ime t 5 ,  and then  r e l e a s e  

t h e  p r e s s u r e  a t  t ime t 6 .  The p r e s s u r e  a p p l i c a t i o n  t i m e ,  t5 ,  

and r e l e s s e  t i m ? ,  t 6 '  a r e  tuned  t o  t h e  t e h i c l e  r e sponse .  See 

F i g u r e  4 LC: :._! 
i 

SW i 

I 

Brake P r e s s u r e  
4 

F i g u r e  4 .  



3 .  DEGMDATIONS 

Tab le  1 shows a  l i s t i n g  of t h e  v e h i c l e s  used  i n  t h e  t e s t  

program. A l l  t h e  v e h i c l e s  shown were i n c l u d e d  i n  t h e  O.E. 

( o r i g i n a l  equipment) t e s t  program. However, t h e  Dodge Coronet 

and MIC Ambassador were a l s o  run  i n  t h e  d e g r a d a t i o n  t e s t  program. 

Tab le  2 1is:-3 "ihe d e g r a d a t i o n  codes used and t h e i r  d e s c r i p t i o n s .  

The l e t t e r s  D and X used i n  t h e  d e g r a d a t i o n  codes r e f e r  t o  

d r i v e r  s e r i e s  and au tomat i c  s e r i e s ,  respectively. Fancher [ Z ]  

shou ld  be consulted f o r  f u r t h e r  d e t a i l s .  

TABLE 1 

Veh ic l e  

nodge C n r n n ~ t  

Dodge D e g r a d a t i o : ~ ~  

V\T Super B e e t l e  

C h r y s l e r  I m p e r i a l  

!Iercedes 3 0 0  S E i  

Chevrole t  Brookwood 

Aus t in  America 

P o n t i a c  F i r e b i r d  (Trans -.Am) 

Lotus Europa 

AhlC Gremlin 

Ford Ga lax ie  

Olds Toronado 

AMC Ambassador 

AMC Ambassador Degradat ions  



TABLE 2 

DEGRADATION CODES-FULL-SCALE TESTS 

D e g r a d a t i o n  
Code D e s c r i p t i o n  A p p l i c a b l e  T e s t s  

Shock a b s o r b e r  d e g r x d a t i o n -  VHTP # 3  
b o t h  r e a r  w h e e l s  

Shock a b s o r b e r  d e g r a d a t ' i o n -  
a l l  f o u r  w h e e l s  

2 s t e e r i n g  s y s t e m  e l e m e n t s  
d e g r a d e d  ( b a l l  j o i n t s  a n d  
t i e - r o d  e n d s )  

4 s t e e r i n g  s y s t e m  e l e m e n t s  
d e g r a d e d  ( b a l l  j o i n t s ,  t i e -  
r o d  e n d s ,  s t e e r i n g  ; e a r  box ,  
a n d  whee l  b e a r i n g s j  

F r o n t  end m i s a l i g n m ~ ~ n t  

A 1  Shock a b s o r b e r  d e g r a d a t i o n -  VHTP # 4 ,  5 ,  6 
a l l  f o u r  ~ + . h e e i s  

A 2  4 s t e e r i n g  s y s t e m  e l e m e n t s  
d e g r a d e d  ( b a l l  j o i r ~ t s ,  t i e -  
rod c n : j s ,  s t c z r i n z  ; e a r  b o x ,  
and \;.heel bearir igs)  

F r o n t  end m i s a l i g n n t n t  

F r o n t  end m i s a l i g n m e n t  com- 
b i n e d  :ci t?- s h o c k  2 b s o r b e r  
d e g r a d a t i o n  a t  a l l  Sour  
liliee 1s 

- 

T e s t  P r o c e d u r e  I d e n t i f i c a t i o n  

YHTP +1 - S t r a i g h t  L ine  B r a k i n g  

IrMTP # 2  - B r a k i n g  I n  A Turn 

1'HTP !3 - Roadhold ing  I n  A Turn 

VHTP $ 4  - T r a p e z o i d a l  S t e e r  

VHTP # 5  - S i n u s o i d a l  S t e e r  

VHTP # 6  - D r a s t i c  S t e e r  and Brake 



4 .  VEHICLE RESPONSE DATA AND FORMAT 

F i g u r e s  5 through 7 show t h e  format  f o r  a  t y p i c a l  f i l e .  A 

header  page ,  F i g u r e  5 ,  a t  t h e  beginning  o f  eve ry  f i l e  summarizes 

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

f i l e .  The nex t  two p a g e s ,  F i g u r e s  6 and 7 ,  c o n t a i n  2 1  v e h i c l e  

r e s p o n s e  v a r i a b l e s  a s  a  f u n c t i o n  of t i m e .  Each s e t  of  s u c c e s s i v e  

pages d u p l i c a t e  F i g u r e s  6 and 7 ,  b u t  f o r  t h e  n e x t  t ime i n t e l v a l s .  

4 . 1  HEADER PAGE 

Much of  t h e  i n f o r n a t i o n  c o n t a i n e d  i n  t h e  hezde r  page i s  

s e l f - e x p l a n a t o r y .  The remainder  i s  exp ln ined  below: 

DOT TAPE LABEL I . D .  r e f e r s  t o  t:.e name l a b e l  on t h e  

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

D O T  TAPE F I L E  - i s  t h e  p r e s e n t  f i l e  riumber f o r  t h a t  

t a p e .  

TEST SAMPLI' r e f e r s  t o  t h e  VHP samp: e number a s s i g n e d  

dur ing  t h e  t e s t  program. 

HSRI SOURCE T.APE/FILE r e f e r s  t o  t h e  o r F g i n a l  HSRI d i g i t a l  

t a p e  and f i l e  c ~ n t n i n i n g  t h e  e q u i v a l e n t  r e f o r m a t t e d  d a t a  shown 

i n  t h e  p r e s e n t  YHPDOT t a p e  f i l e .  

CONDITION CODE i s  a  one l e t t e r ,  o ~ i c  numeral code used  t o  

i d e n t i f y  au tomat i c  v e r s u s  d r i v e r  s e r i e s  t e s t s  and t y p e  of 

d e g r a d a t i o n  i f  any. The l e t t e r s  A and D r e f e r  t o  t h e  au tomat i c  

and d r i v e r  s e r i e s ,  r e s p e c t i v e l y ,  w h i l e  t h e  numerals  deno te  t y p e  
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o f  d e g r a d a t i o n .  0 i n d i c a t e s  no degrada t ions  o r  O.E. v e h i c l e  

c o n d i t i o n .  Numerals 1 through 5 i n d i c a t e  t h e  d e g r a d a t i o n  type  

o u t l i n e d  i n  Table 2 .  

TAPE PROCESSIYG DATE r e f e r s  t o  t h e  d a t e  t h a t  t h e  o r i g i n a l  

HSRI d i g i t a l  t a p e s  were produced.  

4 . 2  VEHICLE RESPONSE VARIABLES 

The v e h i c l e  response  v a r i a b l e s  a r e  shown a t  t h e  top  of  

F i g u r e s  6 and 7 .  Long i tud ina l  and l a t e r r l  a c c e l e r a t i o n s ,  yaw 

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

p r e s s u r e ,  and r -hee l  r o t a t i o n  i n d i c a t o r s  ; r e  t h e  measured v a r i a b l e s .  

L o n g i t u d i n a l  and l a t e r a l  a c c e l e r a t i o n  measurements were made w i t h  

r e s p e c t  t o  an a x i s  sys tem which yawzd lvith t h e  v e h i c l e  b u t  d i d  n ~ t  

r o l l  c r  p i t c h .  The zngu la r  r a t e  r!le..::rcx!ents :$;ere made v i t h  

r e s p e c t  t o  t h e  7 ,eh ic le  body axes .  The mmain ing  v a r i a b l e s  shoi:? 

were con9uted or an analog computer,  u s i ~ . g  t h e  measured variab:>s,  

a t  t h e  t ime of r l i g i t i z a t i o n .  !lost s a m p l ~ s  on t a p e  c o n t a i n  abp~ut  

1 second of nea l  ze ro  a c c e l e r a t i o n s  and jaw r a t e  ( c o n s t a n t  forwzrd 

v e l o c i t y  wi th  no t u r n i n g )  b e f o r e  any s t e e r i n g  o r  b r a k i n g  i n p u t 3  

a r e  a p p l i e d .  

The computed I - a r i n b l c  3 i s -  de f ined  2s t h e  v e h i c l e  s i d e s l i p  

a n g l e .  Forward and l a t e r a l  v e l o c i t i e s  were computed w i t h  r e s p t c t  

t o  t h e  v e h i c l e  axes .  X - D O T  , Y - D O T ,  X ,  ~ n d  Y a r e  t h e  v e h i c l e  

v e l o c i t y  components and d isp lacement  components computed w i t h  

r e s p e c t  t o  t h e  X-Y e a r t h - f i x e d  axes .  Heading a n g l e  and r o l l  

a n g l e  a r e  merely t h e  i n t e g r a l s  of yaw r a t e  and r o l l  r a t e ,  

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



The f r o n t  wheel  r a t e  and r e a r  wheel  r a t e  v a r i a b l e s  shown 

i n  F i g u r e  7 a r e  s q u a r e  wave whee l  r o t a t i c n  i n d i c a t o r s  p roduced  

by p h o t o c e l l s  mc,unted o u t b o a r d  o f  e ach  whee l .  Each v a r i a b l e  

( f r o n t  o r  r e a r )  i s  a  sum o f  two s q u a r e  waves o f  d i f f e r e n t  

magn i tudes  prodticed by t h e  l e f t  and r i g h t  w h e e l s .  The l e f t  

whee l  s q u a r e  wave r a n g e s  from 0  t o  1 0 0 ,  -:he r i g h t  wheel  0  t o  

200. T h e r ~ f c r e ,  e i t h e r  v a r i a b l e ,  which i s  t h e  sum o f  t h e s e  two 

s q u a r e  waves ,  can r ange  f rom 0  t o  300 w i t h  d i s c r e t e  l e v e l s  o f  100 

and 200 a l s o  a l l owed  b e c a u s e  o f  p h a s i n g  hetr ieen l e f t  and r i g h t .  

I f ,  f o r  example ,  t h e  l e f t  f r o n t  wheel  l o c k e d  d u r i n g  a b r a k i n g  

maneuver ,  t h e  f r o n t  wheel  r a t e  v a r i a b l e  v,.ould be  a  s q u a r e  wave 

r a n g i n g  f rom 0 t o  200 o r  from 100 t o  300 s i n c e  t h e  l e f t  whee l  

l ockup  would produce  a  c o n s t a n t  v a l u e  o f  e i t h e r  0  o r  100 .  

R o t ? . + i m  a f  b o t h  i i i ~ e l s  would prrjdiic? .t s q u a r e  ;cave r a n g i n g  Ci-oil; 

0  t o  300 i f  t v t h  waves we re  e x a c t l y  i n  p'!lase; 100 t o  200 i f  b o t h  

waves were  e x a c t l y  o u t  o f  p h a s e ;  and a  wiveform \; . i th v a l u e s  o f  

0 ,  1 0 0 ,  200,  and 300 i f  t h e  s q u a r e  waves were  a r b i t r a r i l y  o u t  

o f  p h a s e .  F i g h t  rilleel l ockups  would p roduce  a  s q u a r e  wave 

r a n g i n g  f rq :  O t o  100 o r  from 200 t o  300 s i n c e  t h e  r i g h t  .wheel 

l ockup  i ~ o c i d  p ~ o d u c e  a  c o n s t a n t  v a l u e  o f  e i t h e r  0 o r  200. I t  

s h o u l d  he  n o t e d  t h x t  o c c a s i o n a l  d i f f i c u l t i e s  d i d  a r i s e  d u r i n g  

t h e  c o u r s e  o f  t e s t i n g  which r e s u l t e d  i n  one o r  more i n o p e r a t i v e  

whee l  r o t a t i o n  i n d i c a t o r s .  Hence,  t h e  obse rved  ' (heel  l o c k  

i n f o r m a t i o n  conza ined  i n  t h e  c a t a l o g  o f  Appendix I s h o u l d  b e  

u s e d  a s  t h e  p r imary  i n f o r m a t i o n  s o u r c e  p e r t a i n i n g  t o  wheel  l o c k s .  



4.3 GENERAL RECORDING CONVENTIONS 

4 . 3 . 1  STEERING WHEEL ANGLE. The s t e e r i n g  wheel ang le  

measurement was r eco rded  only  f o r  t h e  au tomat i c  s e r i e s  t e s t s  

(VHTP #Is  4 ,  5 ,  6 ) .  Hence, t ime h i s t o r i e s  of s t e e r i n g  wheel 

a n g l e  a r e  p rov ided  on t a p e  f o r  t h e s e  t e s ~ s  b u t  n o t  f o r  t h e  

d r i v e r  s e r i e s  t e s t s .  The p r o p e r  s t e e r i n g  wheel a n g l e  f o r  t h e  

d r i v e r  s e l l e s  t e s t s  must be o b t a i n e d  froin t h e  c a t a l o g  of Appendix 

I .  The t a p e  f i l e s  c o n t a i n  zero s t e e r i n g  wheel a n g l e  as a  

d e f a u l t  v a l u e  f o r  t h e  d r i v e r  s e r i e s  t e s t s .  The s t e e r  l e v e l s  f o r  

t h e  au tomat i c  s e ~ i e s  t e s t s  a r e  a l s o  p rov ided  i n  t h e  c a t a l o g  of 

Appendix I  and shou ld  be used a s  a  check on t h e  au tomat ic  s e r i e s  

t ime h i s t o r i e s  of s t e e r i n g  wheel a n g l e  w r i t t e n  on t a p e .  

4 . 3 . 2  R R E  Rol l  r a t e  was . q e \ ~ e r a l l y  recorded  only 

dur ing  t h e  a u t o n a t i c  s e r i e s  t e s t s .  i-ience, r o l l  r a t e  and r o l l  

ang le  v a r i a b l e  L i s t i n g s  should  be i g n o r e 1  f o r  t h e  d r i v e r  s e r i e s  

t e s t s .  The p o l a r i t y  of r o l l  r a t e  which .bras r eco rded  was no t  

c o n s i s t e n t  d u r i n g  the  t e s t  program and s - ~ o u l d  be determined from 

t h e  p o l a r i t y  a f  l a t e r a l  a c c e l e r a t i o n  o r  yaw r a t e .  

3 . 3 . 3  BPL.l<E PRESSURE. Brake p r e s s - ~ r e  was g e n e r a l l y  

recsrcied on!.v dur ing  t h e  d r i v e r  s e r i e s  t : s t s .  Ho\<e\-er, s i n c e  

zero  d a t a  o f f s e t  e r r o r s  were common, hence producing 1 0 0 - 2 0 0  p s i  

t r a n s d u c e r  e r r o r s ,  t h e  v a l u e s  r eco rded  were n o t  w r i t t e n  on t a p e  

i n  o r d e r  t o  avc id  confus ion .  I n s t e a d ,  d e f a u l t  va lues  of zero  

appear  on t a p e  s u g g e s t i n g  t h a t  t h e  c a t a l o g  of  Appendix I b e  

c o n s u l t e d  f c r  t h e  p r o p e r  b rake  l i n e  p r e s s u r e s .  



4 . 4  ZERO OFFSETS AND GAIN ERRORS 

O c c a s i o n a l l y ,  s i g n i f i c a n t  z e r o  o f f s e t s  and g a i n  e r r o r s  

d i d  occu r  p r i m a r i l y  due t o  i n s t r u m e n t a t i o n  problems du r ing  t h e  

t e s t i n g .  The mi i jo r i ty  of  t h e s e  problems occu r red  w i t h  t h e  yaw 

r a t e  measurement. Zero o f f s e t s  and/or  g a i n  e r r o r s  i n  t h e  yaw 

r a t e  m e a s u r e ~ s l l t  can be  d e t e c t e d  by non-ze ro  yaw r a t e  v a l u e s  

d u r i n g  t h e  initial second of  s t r a i g h t - l i n e  d r i v i n g  and/or  by 

ramping of  s i . de s l ip  a n g l e  o r  l a t e r a l  ve l . qc i ty  du r ing  a  s t e a d y  

t u r n .  The fo l lowing  development can be gsed t o  make an e s t i m a t e  

of  t h e  yaw r a t z  z e r o  o f f s e t  and g a i n  e r r o r .  

The l a t e r a l  e q u a t i o n  o f  motion w i t ' l  r e s p e c t  t o  t h e  v e h i c l e  

axes  i s :  

where 

v  = l a t e r a l  v e l o c i t y  componer t i n  t h e  v e h i c l e  

a x i s  sys tem 

A, = l a t e r a l  a c c e l e r a t i o n  component i n  t h e  
I 

v e h i c l e  a x i s  system 

r yaw r a t e  of  t h e  v e h i c l e  

u  = forward  v e l o c i t y  component i n  t h e  v e h i c l e  

a x i s  sys tem.  

For an assumed z e r o  o f f s e t  dr and g a i n  f a c t o r  a o t h e r  

t h a n  1 . 0 ,  t h e  r e l a t i o n s h i p  between t h e  a c t u a l  yaw r a t e  r and 

an e r roneous  measured yaw r a t e  r, can be exp res sed  a s  



F 

v = A - a ( r m  + 6 r ) u  
Y 

F o r  s t e a d y  turn!.ng a t  a  c o n s t a n t  v e l o c i t y ,  

6r can be  e s t i m a t e d  by ave rag ing  1 0  o r  2 0  t ime samples 

of  rm d u r i n g  t h c  i n i t i a l  one second of  mnneuver when t h e  v e h i c l e  

i s  2r:u lcg i n  a s t r a i g h t  l i n e  and 5 O .  a  can  the; 5 e  found 
jA-Y 

from 

u s i n g  t h e  Ay ,  rm,  and u  v a l u e s  r eco rded  t u r i r ~ g  a  s t e a d y  t u r n .  

I t  i s  a l s o  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  1/R c a l c u l a t i o n  

i s  n o t  a f f e c t e d  by an er roneous  yaw r a t e  measurement even thou-zh 

t h e  e r roneous  v a l u e  i s  used i n  i t s  c a l c u i a t i o n .  



where f.3 = tan-'(:) = v e h i c l e  s i d e s l i p  a n g l e  

V5 = f i f t h  wheel v e l o c i t y  

For  s m a l l  6 and c o n s t a n t  u ,  

Thus t h e  e r roneous  rm terms c a n c e l  eacpL o t h e r  l e a v i n g  1 / R  

dependent  only  cn 4 and u .  
Y 

t b t i n a t e z  9: l o n g i t u d i n a l  a c c e l e r a r i c n  (A,) ze ro  o f f s e t s  

and g a i n  e r r o r s  can l i k e v i s e  be made by (-omparing Ax w i t h  

A f i f t h  wheel/At v a l u e s .  The zero  o f f s e t  e s t i m a t e  i s  t h e  d i f f e r e n c e  

bet l ieen average: '  d v a l u e s  and Cfif t h  rshc e l l i l t  v a l u e s  d u r i n g  
X 

t h e  i n i t i a l  i n t e r v a l  of s t r a i g h t  l i n e  d r l v i n g .  The g a i n  f a c t o r  

e s t i m a t e  can be o b t a i n e d  by comparing averaged Ax v a l u e s  w i t h  

A f i f t h  vhee l /At  va lues  du r ing  an i n t e r v a l  of  s t e a d y  b r a k i n g .  

Zero o f f s e t s  i n  t h e  r o l l  r a t e  measurement produce a  s u p e r -  

imposed ramp on t h e  i n t e g r a t e d  r o l l  a n g l e  which i s  e a s i l y  d e t e c t e d .  

Improved e s t i m a t e s  of r o l l  a n g l e  can be o b t a i n e d  by s u b t r a c t i n g  

o u t  t h e  ramp when t h i s  does occur .  



G e n e r a l l y ,  Ax ,  A and f i f t h - w h e e l  measurements have been 
Y' 

t h e  most r e l i a b l e .  When d i s c r e p a n c i e s  a r i s e  between Ax and 

A f i f t h  wheel/At v a l u e s  f o r  s m a l l  B ,  t h e  l a t t e r  s h o u l d  be used .  

4 . 5  DATA FILTERING AND DROPOUTS 

A l l  d a t a  channe l s ,  a t  t h e  t ime o f  d i g i t i z a t i o n ,  were passed  

through a  f i r s t - o r d e r  low p a s s  f i l t e r  w i th  a b r e a k p o i n t  o f  

2 0  Hz  and a t z e n c a t i o n  c h a r a c t e r i s t i c  of  - 6  d e c i b e l s / o c t a v e  above 

20 H z .  No a d d i t i u n a l  d i g i t a l  f i l t e r i n g  l r a s  performed on t h e  

d a t a .  The 10i~g.i t u d i n a l  and l a t e r a l  a c c e l e r a t i o n  measurements 

a r e  somewhat no i sy  i n  comparison t o  t h e  o t h e r  measured and 

computed v a r i a b l e s .  A s  a r e s u l t ,  computzt ions i n v o l v i n g  

p a r t i c u l a r l y  t k e  a c c e l e r a t i o n  v a r i a b l e s  shou ld  i n c l u d e  some 

p r o v i s i o n s  fc: fur ther a1:er~gin: 3 r  ~ctzthing. 

During t h e  a n a l o g - t o - d i g i t a l  conver: ; ion p r o c e s s  o c c a s i o n a l  

d ropou t s  o r  127-ge v a r i a t i o n s  f o r  one t i m f :  s a n p l e  lirould occur .  

Occurrence o c  t h e s e  d ropou t s  i s  e a s i l y  d1:tected a s  a  l a r g e  

e x c u r s i o n  i n  une o r  more o f  t h e  v a r i a b l e s  a t  one t ime sample and . . 

shou ld  be : t ?o red .  
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APPENDIX I 

CATALOG OF VHP SMIPLES 

The i n f o r m a t i o n  i n  t h e  c a t a l o g  i s  a r r anged  by v e h i c l e  

and maneuver and i n d i c a t e s  what t a p e  and i n  what f i l e  a  

p a r t i c u l a r  VHP :ample can be  found.  Brake p r e s s u r e  and wheel 

l o c k  i n fo rma t io r .  a p p l i e s  on ly  t o  VHTP 81 and 8 2 .  Gr id  # 

p e r t a i n s  t o  VHTIJ 13. t5 and t6  a r e  t h e  tuned  b r a t e  a p p l i c a t i ~ ?  

and r e l e a s e  t imes f o r  VHTP $ 6 .  The degrzidation codes f o r  t h e  

Ambassador and Ilodge a r e  shotin i n  t h e  cal a l o g  a t  t h e  t op  o f  

each page .  



VEHICLE: TRANS - q f l  
VHTP S 1 



VEHICLE:  TtQflfVS -4w 
VHTP d 2 

VHP 
S.ri3iP LE 

TXP E B R4 KE o WHEEL 
ID 



VEHI CLI; : T R  fiN5 - f i  h'l 

VHTP # 2 



VEHICLE: ~ ) 4 f 3 ~ 5 - ) 4 W  

WTP !/ 2 

T.APE STEER B PL4KE NHEEL I G R I D  1 
ID I FILE I LZlTL I ~ T I E S S ~ ; : ~  (r?ph) iCCi:s ?? 

-''.' 



VEHICLE: TRANS- fiw 
VHTP if 3 

VHP TAPE 1 . V  1 STEER B R4KE 
S.A?bIP LE ID LEITE L 

G R I D  
# 

L r 
i 

I I I 
II 

1 I 
I 

I I I . -  t -.. I ..... I I 1 
I 

I I 
1 I - I I -- 

I - -- i 1 IT- 



VEHICLE: ~ R f l N s  -AM 
WITP % 9 



VEHICLE: T R ~ ) N \ I - - ~ M  
VHTP if 5 

31 11 ? I  I! 1 I t  I 
\ t 1 I 

1 
4 1 ' l o o  1 +-i 1-1 I I  _.- I I t  I 

I 



VEHICLE: 71QAfJ~- f lY)1 
W T P  # S 



VEHICLE: T*ANS-AW 



VEIII CLE: -T~~<NAAT,o 

VHTP # 

1 5 1 "  I t 42  I o 1 6 ci, 14-0 I -_-- i 1 

" I ? . "  " 1 Li?f.) l  I .  i I 
U I  -- -- . I  - I.. -- 

' , d 

; I  / , , . > ,  " , ,' ..-- -2 4 - r:-- 1- -- 1 i I 
c -. 3 1 c.- r- I J *  1 ?o? 1 I, ( I , %  - -< - i i - -  



. -  1:;;; lsTEEi 'Y VHP TAPE BRAKE o WHEEL GRID ' 
S.4ZIPLE LEVEL PRESSU?I, (nph) LOCKS # 

1 0 3 3  / 
5 (tin pc m- :, 
6 I 7 %-OR 

'1 

. I ] 8 1 PS"Q, ] -i-r) 
.- - .- 

i I~ i 

IY 

( .;?- ( "'"I 
CI . - -QYY 

i 
-,  

I I I -- 
1 i ?.- ,P'. ' -, i c.,_ c, , i L. , . +? 

I 
'. I I 

\ .' 1 .d ., -- * I 1 LK - 
--- - 

I 
-, , g - { , . - -  . +, 1 q C ?  

1 
I cj ... C.3 L, I .~, *_./ V ,r 

i 
- _ U .  - v - I { I  I i-- 

.- -. 

- I 1 l  I - - : .  - I / , ,  ... I I 
i 

-= -- -- 1 
4 . r .  ... 1 1 ,  j RR 

1 
I 1 Q !-.: r-> - : : 1 (-2 :.: 3 1 

- .  I--- ! " !-- ( J, ,-~ ,-j I / r ry r , ./ ,-.. -- 
.* - , . . I  , - . . -- -- -- - - .- - I - .:. - ---- I j F:X i 



VEHICLE : T C R O N ~ ~  
VHTP i: 2 



VEHICLE : ~CRONA;ISO 

VHTP it 2 

1 ,  / , I  I p I?; I 



V E H I C L E :  ? 0 ~ 0 ~ @ ~  

VHTP #,3 

TAPE /STEER I B E  I '0 I WHEEL 
F I L E  LEVEL PRESSURI h ? h )  LOCKS 



VEHICLE: 7cR0r":Abo 
WITP # 4, 





VEHICLE : 70 ~0h.0 



cL 

VEHICLE : I O R D E J Q ~  

VHTP li 5 



3 VEHICLE: , 0 , < 0 d ~ B D  
VHTP # 5 



VEHICLE: %2shlw 

VHTP # G 



VHTP ! ?, 

-1 Am-. 

--a 







VEHICLE: FORB Ci ALAXlE 
VHTP ? 3 

T A P  / S T E E R  j BKASE I ' 1 0 WHEEL 
FILE LET<EL ??E:SC?,:~ (nnh)  LOCKS 

I 



VEHICLE: GALAXE 
VHTP 



VEHICLE: %ED GALA XIE  
.rC 

VMTP n" 3 





VEHICLE : FOO ~ L A X I E  

VHTP # 5 



VEHICLE: F~RD GALAXIE 
VHTP # 6 



V E H I C L E :  GREP-I.~LI~\~ 

VHTP 4 1- 



VEHICLE: GREMLIG 
VKTP t 

TAPE 
F ILE  

1 STEER I BRAKE I 0 

L E I ' E L  PRESSUFI (r?ph) 
1 WHEEL 

LOCKS 



VHP TAPE BRIKE WHEEL G R I D  
SX!4P LE ID # 

137 12 6s \A~TC)~T-? 3 .  33?2 1 4 0  1 
9 I I 3 9 5 0 ~  200 I I I .) 

42-70 I, 4 I I 300 1 11 R E  

1 I i 1 7 ~ n r ' l . ,  1 1  - 

!i 1 RR 

--, 
11 I R.2.. I . 

- 4  



VEHICLE : GREMc-~~J 

VHTP ii 2 , 



VEHICLE:G REMf-! - 
VHTP 1: ,? 

STEER 1 BRAKE 1 '.O I V?HEEL 
LEVEL PRESSIXT [ ~ . ? h )  L O C K S  



VEHICLE: Rm/.d/d 
VHTP I: -...:, 





VEHICLE: $!?.SM l _ ] ~  

VHTP # 5 





t* p ,ch l~ ld  VEHICLE: c3b:cc,  

LXTP # 5- 



'.' "I f" (lL, ),J VEHICLE : h,, , 

VHTP &, 



VEHICLE:  L O T  05 

VHTP X 1 

I - -  . 1 ;, I --* 
' M I  - ., w< 

1 . : '  I -- I 
I I I I 7 I 3 I / /  I ' I  t 

-C' -, <-- 

c; I 1 . I A 6.- ... , - . ;-. 
, , ! .  I LF. u? I 

'I LF, 2 
i 

I I 
I 

-3 

F 
hl I 6 ~ )  1 & I  0 7 r  -,t I 4 1 ~ ;  L C  I 1 1 

4 I -1 2 1  I ' I  I I /  I LF. I 1 



I VHP 1 TAPE 
S.4!IPLE ID 

i 
TAPE / S T E E R  1 B E  1 0 ] WHEEL 
FILE L E i r E L  PF,ESS~J?;! [ x h )  LOCKS I G:lD I 



V E H I C L E :  LO-rO5 
VHTP # 2. 

VHP I TAPE T l P E  STEER 1 BRAKE 4 '-0 1 ITHEEL I G r 1 D  
S.I\bIP LE ID F I L E  LEI 'EL TRESSLjR, (!?ph) LOCKS - 
2 1  3- VHPDOT-~?( , .<!-no 

3 I I I 5 1 4 1 ~ -  I I 

53 I /  I I \5 co I 
C I i !  

-- - -- -- - - -- -- -- - -. 

1 '  I I ,  1 1 ;  
* 1 1  $ L p  

.- - ". -.- - I -.. I i - .  

4 I 0 j . . . , , , I , -\ I i I 1 , -- . -, 
1 1  z ~ r - ,  

<-,----- 

i 
1 , ,  . J -'. ;., i) ( 1 ,  i L F 1 L k  '. 

-, 
1 .,* --- --. 

1 
3 

i 1 f ? , . .  - 
! ' J .  , . I b 

F .- - --, 
i 2 j , / j i . 3 6 , : x -  j ,, I jl I !I 1 i I 

J 
Y 

k ! 
! t 

0 

. - ' - p ,  . -- .  I 

,.. -~ 

I 
\ J '! 

1 



VEHI CLE : b-OTVS 

VfIT's $ 

I VHP TAPE TAPE STEER BR\SE 1 '0 

S.i\\IP LE I I 0  I I L E i r E L  R .  (:17h] 

LF, LR 1 1 

LF, LR, Rc I 



VEHI CLE : L f l D S  
VHTP #s 

T l P E  / T-APE I S T E E R  
I D  F I L E  LEVEL 

' o  1 WHEEL 
(mph) , LOCKS 



VEHICLE: LC?-US 
VHTP Y -':, 

1 : /  
--c: -->- I-:. ; I '  

. 1 -- -.?--..: 
, ., , , 

; ! i i ' /  * .  i 1 ,  11 -r 



VEHICLE : LOTUS 
VHTP t 4, 





VEHICLE: !-oTUS 
VHTP # 5 



VEHICLE: 
IqiTP t 5 



VEHICLE: LOT ~5 
VHTP # 6 ,  

VHP 1 TAPE T.4P E 
SA?,IP L E ID FI LE 

STEER 
i; 

T rT-rT 
_ * _  ... i 1 ~r f l , ik i )  I 5 I ' 6  



VEHI CIdE : CH E vy  ROO KW O D ~  

VHTP ii 1 .- 



VEHICLE: [I-ICVY BCOOKWCCD 
VHTP # 2 

I e r g  '1 ( CF, ~ p .  I 
I-.---.- ..-, ..* - - - 2  

I 1' ( LF,kR - 
%, _- .. ...- &a =---.i---- .---irn--rO- -- I -. 

1 3; 1 6:; Pi? 1 I I (I RF! P R: 1 
\ 

C: 1 ,, I -. >!-, I I! I I - 11 

97-,; . !t ( .? I I 

L u RE oe. 





VHTP # 2 



VEHICLE : r ! !  \jY ~ h '  

VHTP f c. 3. ' 

VHP 
S.VIP LE 

TAPE 
ID 

T-APE 1 S T i l i  IVHEE L 
FILE LZ!'EL LOCKS 



3 (y?K Limb VEHICLE: CkrEvV /% 

VHTP r?. $ 





VEHICLE : U;EV)' W m l ( ~ v - b  
VHTP cj' 

# 
I 

> 

I 
5' 

VHP TAPE T.APE STEER o 
S.I\!PT. E IT! ? F l  T;T: 1 ET,-rT, , !n?h) t 5  



V E H I C L E :  Ci-iE\fi \I ' \?.c;~~KI.w~ 
.I 

VI-l'i'P i 3 



VEHICLE : &\lgLtY $$- s i c t ( w ~ >  
VHTP ,! b, 

I VHP I T:qE 1 TAPE / S T E X  
s .-l',.\p 1. ? ~ ~ 1 . y  ri-.,?;~:~, 

I I : , U  1 . # .  I ., I 1 1 /  - -- 



V E H I C L E :  ]k ?PE R I A L  
VHTP if .!- 



VEHICLE: IMPERIAL 
VHTP # 2, 

I VHP I T .  / TAPE 
S.\Pi?LE FT LE 

v 
STEER I PIRAKE 1 0 I WHEEL 
L EI'E L P9ESSURF n p h )  q LOCKS 



VEHICLE: / M  P E R I ~ L  
VHTP !? 4 

I H P  I TAPE BRAKE IVHEE L 
S.i\>IP LE ID 

8 2 6 c) ~ 3 ~ 3  

. . 
F 

8 3 0  
' I  45 '1 

, 
,, ( ,; 



VEHICLE: r,-,':iP€A I )C7 L 
VHTP # 4- 

I 



VEHICLE : f l l / l P , r R / ~ ~  
VHTP t d+ 



VEHICLE:  JMPER\A I 
VHTP # 5 

STEER VHP TAPE 
S.il.'.lP 1, E ID F f LF;: T El.-? - IJ I t i _  

- , ( 2  zy 2 \ -i r- 1 

1 I !  ( I  

i 
s l I 1% 

9 1  'I I , ' /  
. 

I /  

I 
" I 

. -_ .  ,-I.._ j , I 

I 
I '.I ,- I 2.9 

TAPE 



- ~ l t 3 / -  VEHICLE: \!d?k1\ 
VHTP fi 5 

I - : - I  . . ,  1 I : . .  / - i ! I -- i i -  



VEHICLE: !I??CERIA L 
VHTP 4 5" 



VEHICLE: IMPE'ERIAL 
/-' 

VHTP 4 3 



VEHICLE: IMPER/&L!- 
VHTP # 6 



VEHI CLE : b,csTl hl 
VHTP fi L. 

VRP I TAPE I T-APE / STEEP, B E  ] %'HEEL 
7- 7 i S.UP LE ID r L LE 1 LEI-EI, ? ? , i - , ~ ~ ~ x l  i zpn )  LOCKS 



VEHICLE: 

VHTP 4 1 

i I I i , ;  

J 

I 1 ? *  - . .  I 1 L i - ,  K:;. t 
-.n. _" d -_ 
( j :.I. {: 3 

il 
- I - I F , R F  

I , , 
' : I ::,, L,. 1 i 1 1 i;, I I 

1 ' i- 

I t I i :s  I j ! =  --- -. 1 I 
-.. ..C 1 I .- -: l.: I . , ., I ~ r .  s r  I--', -. I 

: . . *  i 
I 1 , I b !  :;> 

-. -- - .me - -.. , r-: I . -  I 
i. e 1 i 
3 i i I j 

:-- -.,- I I I -- i 



VEHICLE : /f\usr\t\3 
VHTP !3, , 

: S ~ P L E S  672- 700 n@.e 0.4 3 ' ~  LL\TERAL ACCEL. 
1 1  9 '3~-755 ( 1  0.3 1 1  1 1  14 

. .- 

1 I 1! I :. 4 
.- I--, 

( 1  1 i j ! ;a I i / , -- * ei -, 

- .... q -. 1 
t- -. 

I ! 



11.7 t~ ld  VEHICLE : t ,  J 3 

VIITP if 2 



VEHICLE: A U S T I N  

VHTP # 3 

VHP 1 T;\PE 
SX:$:P LE TI) -- 



VEHICLE : 

PXTP # 

T.APE ; ;  I STEER 
ID L E!'E L LOCKS 



VEHICLE : &;)$:'r jQ 
VHTP i r ' / ' ; -  



T-APE STEER o 
K T 1  A - ., r - L7:lrr:L I n ~ h 7  ' I I % J  



VEHICLE: h [j'.~ / hj 

VHTP # 5, 



VEHICLE : F,'.?:LTjk/ 
VHTP I! :: 



VEHICLE : b f E / < c E b s  
VHTY * i, 



- - - 

I C-{II-i I I I I I I ! i ! i i I 
* .--- 

i 
I 

i i I f 1 I I-- f I-- --.R . - Q 

I - 1 i I 1 I j_: I 

i I I I I 
+I I - I  

!-- I 
J 
I, 

I I I I I I i-' l 
r I I  I I! 

I , i- . 1 - 
1 

\ 

I 



\? - 1 !I ,".., , 
6 .  

.., * . ; \ .  , .j  
1 : I  

* 
] 1 ,  1 

I 1 --I d i : i , :  1 - 8 

ci I !, . . ( I  
I 
I 

--__I I*. *. 1 



1 VHP 
T-;U&Es o 

WHEEL 
SX!IP LE - 
3 7- ..:* L - p -  l i l l j t  .. 1 3'1 1 ' ; ~ u R I  . ,  1 .:-O j 





VEHICLE : MERCEL-ES 
VHTP rY 2 



VEHICLE : 
.1 VHTp # 5 



VEHICLE: )djE(CEDES 
G ;q VHTP n 

i' 
VHP T.4P E o 

s..vrpr c 



VEHICLE : 
VHTP # 5'" 

I I #  ( , )  f i  ( I! ) --- I-, 1. , *.? #.m , I . : ; 1 , , , I -i I 



VEHICLE : M E ~ c G . ~ L ; s  
VHTP # 5- 







VEHICLE : ,AM 0465F;b0R 
VHTP * e 

i 
r - e , .  1 I,! i /,.;:,!.a?- I : I 

I 



I BHP TAPE 
S.A?,IP LE I Ta;!F [ F I L E  

~ L , + ~ J R  VEHICLE:  A?.\~/\Z&I?J 
. VHTP # 2 



VHTP # 2 



rq,%,QoR (0. E.) VEHICLE : h 1 . 1 ~  
VHTP n" 3 

C'HP 1 TAPE T.q?E STET'. I BFLAh+ 4 '0 I WHEEL 
S.VP LE ID / FILE 1 E L  IRESCUR- ( ~ ? h l  L0C:XS 



VEHICLE : /+I<&b,%~wq (a E, ) 
VHTP # 





VEHICLE: / + ~ ~ ! ~ ~ $ h k b ~ ~  (o&, ) 
VHI'P t 4- 



VHP 
S il.l!P 1- F 

54-09 

V E H I C L E :  ~ M : ' U Q O R  ( d, E,) 
VHTP ." 

T-:G&l 1 T ?  ( S T E E R  I "0 I t j  I F ? ! c  J ~ T , - F : ,  in? h )  





VEHICLE: ~1,:~p,.".scI>oT: (QE.) 
VHTP 6 





YHP T.APE 
S,l!ID!.F , Tn 1 ' 5  1 - t 6  

, i i , -  I I , - -  

i. t .. .. 
I .  J! 1 l ,  I ;, I . . '  i b .  . 





VEHICLE: /~;.j$~s~;iti)~~ 
VHTP J 2.- 

b-L 

3 ,U KE IQHE E L G R I D  
S .A!,;? L E d 

I - 
2 -?)1,7 .. r; e ( I * ~ - *  . ,  , , - 1 1 \2j\" 1 

, , .J 

1 / i  1 ' 1  ! ! I  I f  I 

1 ;; l . 4 , . l  ;; I 1 1 1 -- I.. I 
?. 1 I 1 ,? 1 

--a - 1 i! I 17 7 .  " I 
--___1(1_i 



V E ~ ~ I C L E : ~ i ~ ~ & ~ ~ ~ i ~ ~ ~  - A-L 
- VHTP 11 4 

i'!i? j TAPE 1 TAPE 0 
q :~:>T 7 j C T T  c t c t 6  7 7.7 .-. . . . 







VEHICLE : i:E.!fiAS/4.)02 (b-2) 
VHTP # 1 



VEHICLE: h/!b,';$~t>oq Cb-2) 
VriTP 2 



VEHICLE : A M bA5Sbofi C 3 -2) 
. VHTP # 5 

VHP TAPE S KASE o WHEEL 
S.4'-Z'LE I3 

i I i i I . ,  

t i , i  .---- . . 
I - 
I 

[ i 
- 1 -33 I 

---I 

i . ,. 1 .? I t 



j t  !,:31j55Pimk A - 1  VEHICLE : t.\ 1 ,L - 



J f E n i C L E ;  A I : J A ~ * O ~  ( A  -2) 
VHTP 5- 



v ~ H r c 1 . E :  A ~ A E A ~ ~ J X I ~  C A  -2 )  
VHTP t' 5 



I rEHICLE:  A E ~ F $ A ~ S O O ~ ~  
. VHTP # f, 



VHTP d ,?* 

5. I i: 
- r  c i i I i f  

+ - ; - >  1 i 1 1 , - * i  ,.,-. 

r;,-' - _. . i -- 
( ' 1  ' I *  ' 5  .: r-  f ]  I ' ( 1 > ' ! !  -. i 

1 
J 
? 



VEHICLE:  !~!-?-!E~\cL&)DR [D-3) 
. VIEF # lj 





V i I C I :  A ;  ---- j 4 - 3  
VHTP # 



. VHTP 5 

J 

YIIP I WPE :I T:\PE ' 1-3 
q 1'~!9T r 7n :, P T T "  f !-,l!? 1 I I t f i  - 

/~;i~F;~i~rm\i~71 ~i i i I 
t 

Il 1 
i 3  7" 
i . , 

.- -- --. ..- 

....a 

. / 
8 , .  

I I f ' , .  1 -- L - 



VEHICLE: /~Mv&s!%oR - L ~  A03 
VHTF X $ 



VEHICLE : AMS!53Abo4P, (D-4) 
VHTP b k 

B TL4 KE o WHEEL 



VEHICLE:: A ~ ~ ~ B A ~ ~ Q D R .  (D-4)  
VHTP # 7 A m  

v 
TAPE TEE?, o IVHE E L 
ID Ld- i &.- 





\ ' " /dp&oR A - 4  V E H I C L E :  A;*,;D 3' 
. VI-lTp d 64- 







VEHICLE : A:.\OASC&O~ (D -5) 
VHTP 1 

E LA KE VHP T.\PE o WHEEL G R I D  
s A!.:? L E r n Y 





VEHICLE: Ab'\?lj?~54~$~& (D -5 )  
VHTP #s 



' IEHICLE : I)cDG & (O. E, )  
. VHTP # 



VEHICLE: DOCC,E ( 0 . E )  
WIT? # L 



VEHICLE : Don6 E ( o ,E ,  \) 
VKTP 8 2 



VEHI CLE : DODG E. ( o.E,) 
VHTP # 2 



VEHICLE: COD6E (QE) 
* .  VHTP 8 2 

' VHP 1 T.\PE 1 B i i Z  4'0 \iHEEL 
S X . P  LE ID PRFSSlJRr [~.?k.) LOCKS 

1 ,  1 , [.+?, 1 7$'1 1- 1 31-0 1 ij-0 1 LP, I 



VEHICLE : Doctl E 
. VHTP 8 3 

VHP I T l P E  I ?PE I S i i E 3  9R4KE 4 'a WHEEL 
S.\!,!? LE ID FILE T ,- ,  r7-- SL PFESSU?: (TT;?) LocI;s n" 

1513 f 

1 

f 
! !  -1 

1 ?- ,.. 
1 ;>* I.?> / ,/ 1 { z,;(q 1 1 1  I I I 1  I 2 :  1 .- I 

( :I 
-1 . , i i  I I i I?. I 



, VHTP # w 3, 

G R I D  
Y LOCKS 7 

i 





J 

I I I I I 1 
I I I I ! I 

f 
I ?  I TAPE T..lPE t 

i 
o STEER 

~ . I : ~ T ' T  r 7 '7 I r -TT  r t: 7 :-l-yl 

. 4 - v 4  

5 

iT-...!l. \ 

I v H P C ~ T - I ~ ! ~ ? ~  1"1;+t- i 49 1 I 
I 4.  I 1 

- 5  



VEHICLE: E~oDG E 
VHTP # 5 

LqE ') 



VEHICLE: B$> 6 c L. g 
WTP # 5 







VEHICLE: DCDGE; ( Q.F.) 
VHTP # 6 



TAPE I S T E E A  B K-1. KE WHEEL 
FILE S"_,-EL 



VHTP 4 

VHP 1 TAPE I T:APE 
S.4:IPl.E , TI) , FT !.T: 

STEER 
\ 

!,FT-Ej, ( ( Z h )  I ' 5  I t 6  



VEHICLB: b ~ 3 ) 4 E  A-1. 
VHTP f i  5 



--.\ [ VEHICLE : 1' Cbi-l 
VHTP It 5 



\ fi'h /, I= A .- I VEHICLE: ,Lc--t - 
VHTP # 6, 



VEHICLE : DGC5 E D-2 
VHTP 8 1 



VEHICLE: >(>7>ci~ -. 3-2 
VHTP I f  2 



VEHICLE: CT~W~ E 3 - 2  
VHTP # 5 



VEHICLE: 2034 h -2 
VHTP 8 4 





VHTF if 6- 



VEHICLE: DODGE A - 2  
VHTP 



* h / . E  3-3 VEHICLE : J,: ~?.,~.,q L. 

VHI'P 8 i 



'3p,hL,E D3 VEHICLE : LJ, -  

VkiTP '' 2 

-- 

--_I..*, 

- .. .-- 

6 - ,. 
* I - -  .- - I I 1 i i I S- 

i I I I I ! I I - 
I I ! ! I r 
I-- 1 I I I 

I 1 
I I ! I ! ! 
I 1 I 1 I 

1 
d 

I 
1 

I I 1 1 
I I i 

I I - --- I LA 



VEHICLE : I>cDG E D -3 
VHTP ;is 



VEHICLE: Dt)DC;g A-3 
VHTP # 4 





VEHICI.E: ~ c D G E  A - 3  
VHTP d 5 



VEHICLE: D o D ~ E  he3 
VHTP 6 



VEHICLE: DODGE A - 3  
VHTP # b 

I I I -. i i 
1 i 
I 
I 

i-i i ' I 
I ! 



VEHICLE : DCiSGE r>-4 
VHTP : i 
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VEllI  CLE : 1 ) ~  2 g; E b -4 
VHTP 8 2 

i 1 I ! '  f I I I [ 
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VEHICLE:  DODGE 3-44 
VHTP d 3 

G R I D  1 
# 





VEHICLE: 3,334 E A -4 
VHTP h' 5" 



VEHICLE: 6~ A - 4  
VHTP X 5 



VEHICLE: DODGE A-Lt 
VHTP 'i 6 



VEHICLE: DODGE 3-5 
VHTP X 







V E H I C L E :  V\.g 532h b& 
VIITP !! 1, 



V E H I C L E :  VLLI Str++BClijL 
VHTP # 

RF, LF 1 

I.' .A - '-- --u- 



VEHI C L E, : 't! !zf SLt, p * . ; , k - ,  
C 

VHTP c 



VEHI CLE : 

VHTP 2 







VEHICLE : w ~ ~ ~ b & i w r ,  Y 
VHTP !+q 



VEHICLE: VW &{&b&tL 
VHTP # 5 



VEHICLE: V\hl h~pe" 6 A  
VHTP # f5 



VHTP ;r" 5 

TAPE ( i P T  I STEEX ?= 11.7 1 Fl,-;: 1, - 



VEHICLE: V ! g \ I  

VHTP i: 6 



APPENDIX I1 

TAPE DESCRIPTION AND DATA FORbWT 

9 Track 

800 BPI 

2 4 0 0  F t .  

E B C D I C  C h a r a c t e r s  

Unlabeled 

Block S i z e  = 6 0 0 0  Bytes 

Log ica l  Record S i z e  = 1 2 0  Bytes 

50 Log ica l  Records/Block 

Each b l o c k ,  excep t  t h e  l a s t  one o f  every  f i l e ,  i s  6 0 0 0  b y t e s ,  

The l a s t  S?cc!:  o f  every  f i l e  is v z r j r b i e ,  b u t  l e s s  t h a i  6GG1 

b y t e s ,  conta in i r ig  an i n t e g r a l  number bL l o g i c a l  r e c o r d s .  

The averag,? t a p e  c o n t a i n s  about  2 9 0  f i l e s ,  Three o r  more 

s u c c e s s i v e  f i l e  marks i n d i c a t e  an en+. of t a p e .  

. FORTRAN c a l r i a g e  c o n t r o l  c h a r a c t e - s  a r e  p rov ided  i n  t h e  

f i r s t  c h a r a c t e r  of  each l o g i c a l  recortq. 


