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APPENDIX A 

DATA FROM TWELVE CAR SURVEY TEST PROGRAM 
VEHICLE DISCRIPTIONS AND DATA SUMMERIES, 



'%hlclrr )fakeg C ~ / L ' Y L ' ~ ~ ~ L ' /  WTSA No. - 

. -  
. . w i n e  t ype :  4 cly  Displaccmcnt: ~ ~ & ~ t i ~ :  h 
. 

" Engine I d l e  Spced: - .  Enqinc Timing: - 
4 . .  . , . . . , . Transmission: Type: Speeds: 2 

. . 
. : W R :  Front: 1 2 4 7 Rear: . /L/$3 

%ires  r . s ire:  . ~ / J ~ / F D  D 13 nir: 6 L) D D Y L - ~ H ~ ~  . 

.' 
% . &cumended Preseure at GWR: 2 Y psi front 

. ..a 

: L 25' psi  rear 

:' mrdu: Front* ( ) Drum ( J) ~ i s s  Diamz 
. . . . , I Bonded ( I Riveted .. . . .  . . . .  ' I .  . . 

h t c t i o n  Surface Width: Length: 
. . . . . bar:  ( t/l ~ r w  ' ~ i s c  Dim: . .  , . . ,  . .  . . . .  . ) Bonded ( ) Riveted 

t r t c t f o n  Surface Widthr Lenq t h  : 

. . P" : Vrr iablc Proportioning System: Yes lo 

Brake Power hssist Uni t r  Yea . No I/ 
* . Brakc Pwcr Unit w/Accumulator:Ycs NO ' , . . . 

Povcr A s s i s t  or Pouer Unit 
V/Bjckup: tf‘''-- No -- 

. . . ,  Uf r - 
tarking Mechanism: 
(BCO dcf l n i  elon) . .  . Xor N O -  

. ' 





Vchicler Hakc: fl MiTSA No. - 
@  el: JT/Jt ti/H/-. 

m R  : _79 2 3  

~ c l  ~ e s r r  ' 1 9 7 6  ~ a n u f a c t u r c  Dater 21 76 

v . I . H . ~  6 x 1 2 ~  2 0 t i j 3  5/ Wheelbase: 9 4. f / / ~ .  
. '  

, Enginc Type! [ ) ' I .  D i s p l a c e m n t :  /YQ/'?H~* 9 2 - 
Engine I d l e  Spced: -, Engine Timing : - 

. . . Transmission:  Type : 8 v T L> Speeds : 3 
. ' No. of A x l e s  r 2 Ratio(s) - . . .  

CUJR: Front:  )pT2 '  Rear: . 2 / YD 

, Tlrctsr . Sire :  . 0-7.-13 nfr: & u J D ~ L ~ ~ ~  . 

fttcommcnded Preseure a t  CVWR: 2 f /  psi f r o n t  . . 
• I 2 F p s i  r e a r  

Drakes: Front*  ( ) Drum ( 4 D i s c  Diarnr 
8 - . , . . . 1 Bonded ( 1 R i v e t e d  . . 

Friction Surface  Width: Length: 
/' 

Rear: ( Drum I ~ i s c  ~ i m :  
. . 

( 1 Bonded ( ) R i v e t e d  

. F r f c t i o n  S u r f a c e  Wldthr Length: 

/ 
, . Var iable  Proportioning Sys tern: Yes No ' 

Brakc Pwer A s a i s t  U n i t :  Yes No I/ 

Brakc Pwcr U n i t  u/Accumulator:Ycs No I/ 

' . I/" , , A n t i s k i d  Dcvicat  ' Yar :to 

Hfr 4 

Parking Hcchanism: 
(rcc d c l  lnitlon) 

. , 
YO@ . No 



8rrkcr 
' . .  (contd) 8 Friction-type Parking Brator Hand Operated (L/ 

'I . Toot Operated ( 1 
. . 

)lonservica Drake Type Parking Brake: Hand Operatcd ( ) . .  
loot Operatcd ( ) 

Muter Cylinder Dijmeterr 

V ~ U C ~  Cylinder Diamtcrx ' .. * .  J . . 
, . . . Wscribe Hydraulic Circuit S p l i t :  . ' :  . 

. . 
' . ' I  . . . . . ... . .' 

5 .  . . . '  . ' ,  ' W l l  a d j u s t e r s  be locked out f o r  t h i s  t e s t  scrics? 
1 '  . . . . . .  

P' ' .  . . ... . '. . . . . . .  Yes Na . 
. . . . . .  ' ,  . . ... ..d .-.'...-......... . . . . . . . .  ... .-. . .  . . .  . . . . . . .  

, . .' ' f .  . ' . , . . . , . . . . . . . ' . . , . I  . . .  . . .  
a :  . , . .  ', . . *  ,.::-*. 

C .  . . . . 
t .  . . a , . .  . . .. , ' 

. . .  . . . . . . .  - ,  0 '  . : . _ .  . .  
s . . . . .  .... 

I . . .. ... *" . . . . . . . .  .-. ... . .  . . . . *  .';,(;!" """ , " . "  . . . . .  ;, ;.* . . . .  . . . . '  . .: . a .  . . . . . 
. . . . . . . . . .  . , , '  . ' . , I  . . .  . . . . .  

, ' .  . . . .  I . . . .  -.. . . ., . . . . .  . . . . .  , . .' . . 
. *  . \  . .  . . . . . . . . . .  . \ .  . a ' -  . * . . * . *  . , . . . . 

t .  . . . . . ' .  . . "  ' . '  . . . . . . . .  . . * .. . . I 

. .  . I . 
... .' 

I .  . . . . .  ' 4 .  

. . . a .  . a  . . . . . . . . . . .  ' . I  .. . *  . . . ' ., 
. ' .  . ,  . . , , .... 

n .  
' . .  ' . . . .  : .  ' ..' . e .  . . ,  " ,. ' .. ' .  

I .  * ' .  . . 2 .  I . a  . a 8 ' . ,  . . .  . . .' . .;:. 4 ,  . '  . ' . . .  
( ' 0  : b .. . . . . . .  '.. " . . . .  . . . ' .  

, , 
' *  0 '  

a I . .  ' . ;  ' b  . (  
* I 

. 
I .  

. ' . .' . . ,  



\%, 
' .' ~ I c L E :  INFORHATION SIIEET 

\ 

~ c l  year: * j C j  7 ~anufadture  Dater 5,776 

. n 

" krgine I d l e  Spced: - .  Engine Timing: - 
. . .  

. . .. . 'Pransmission: Type: 4 ~ 7 ~ 7  Speeds: 
. . 

3 

. . .  . ' lo, of ' ~ l c s  r Z Ratiots)  - 

W R a  l'ront: Z D 7 6  Rearr . iS.3'6 

.. 
' .  kcomwnded Pressure a t  GVUR: 2 L/ p s i  front 

. -. . - 
* * 

. . , Y psi rear 
. . 

Brdces: Front: ( ) Drwn ( I/; D1as Diamz 

.:. ( 1 Bonded ( ) Riveted . .  . . . .  . . . . . . 

htction Surface Width: Length: 

-, h a r r  4 D ( 1 Dfas Dim: . .. 
, 4 1 Bonded ( I Riveted 

. : .. I . . . '  t t f c t i o n  Surface Widths Length t 

. . Varlablo Proportioning System: Yes ??o . . t / '  
. : brake P w e r  k i a i s t  unit: Yes Uo I/ 

'. . 
. I brake Pwcr Unit W/Accumulator:Ycs V - 
3 .  

bwcr  A s s i s t  or Power Unit . . 
' -  ' L- . 

V/Dackup: v0.a - - No 
. ,. 
' . ', '. Antiskid Devicor . ' Yea - 

3 . .  

no v 
Ufr - 

trrklng Hcchanism: 
(rco dcf lni t l o n ]  wos NO 

. I .  * . . . 



a 

' YE#ICL& INfDWATION SHEET 

Orakcr 
' (wntdla Friction-type Parking Braket Hand Operated ( ) 

toot Opcratcd ( ] 

Il0nwrvica Drake Type Parking Brake: Kand Operatcd ( ) 
I .  

. . toot Operatcd ( ) 

$taster Cylindcr Diameter 8 
. . . . . . : 

Jlbctl Cylindcr Diametert 
.. 

&scribe Hydraulic Circuit S p l i t :  . . .  * 

. .  

, '  . 
p . ','.4Ull.adjtuters be locked out  for this t es t  sctics? 

, t ' ,  



13 V# Vchlclrt Hake: UUfSA No. 

. a  * 
, )codclt 2 D/1. f1?/311~ W R r  v b b L /  

. V.1.N.r /%23p 6 I/v / 9fb /J' Wheelbase: . '  / / I ,  '3 /M 
9 

. , Lnglns type*  6 L y L  ~ i s ~ l a c c m e n t : ~ f ~ ~ ~  Hpr /DJ'  - - 
'Znglne I d l e  Spccd: - .  Engine Timing: - 

* . I  . , . . . . 7rrrumission: Type: 8 V 7 3  Speeds: .? 

Uo. of Axles r 
. . 

W R r  h o n t :  2 I ?  2- Rears . 2 Y 7 2  

3ire.r s i re :  FR-7f-IY nfr: U N / R O , Y / I L  . . 
. rrpcl SJ.KL~"J_ ,Q~-'L;rt.'fi R H R / H L  

, . Waxmended Pressure a t  CWR: p s i  f r o n t  
. . 

Z Y  psi rear 

brakcsi Frontr ( ) Drum ( V )  Disc Diamr 

. .* - 
, '  8 Bonddl ( 1 Riveted . . .  . . . . . 

hfction Surface Width: Length: 

. ' .  Itcart ( I/)  rum ( I ~ i s c  D i m :  
. .  . .  , . . 4 l ondcd  ( 1 Rfvcted 

trlctfon Surface uldtht Length : 

V u i s b l o  Proport ioning  Sya tern: Yes No - 
Brakc Pwer A s s i s t  Uni t :  Yes . V - 

+ 8roLc Pwer Unit  u/Accurnulator:Ycs NO 

P w c t  Assist or Povar U n i t  , .  . 
V/Backup: 

. 
. Yo8 Y O '  ,Y 

Parking Ncchnnismr 
(roo dcf  i n i t l o n )  

Hfr c. 

Yar No - 



Brokcs 
(mntdlt  ~ r i c t f o n - t y p e  Parking Brakez Hand Operatcd ( ) 

Toot Operatad (/,/ 

Uonscrvica Drake Type Parking Brake: Hand Opcratcd ( ) . . .  
. . Foot Operrtcd ( ) 

. .  *. : 
Mcel Cylinder Diameter t 

. . . &scribe Hydraulic Circuit S p l i t :  . ' .  . . 



'~chlclcr nakcr A/)1 '- A?'( I* MiSA No. - 
. *  • m e l a  2 DKe JL7flNh' CWRr 4 . 7 5 3  

'. 
m a 1  year: . 1 9 7  6 ~anufa;ture Dater 1/76 

v.I.N.~ AG1j6/7 7 c 2  7 )  tic77 Wheelbase: 100, LJ /v, . '  
. . w i n e  Type: 6 CYL. D ~ ~ ~ l a ~ s m n t : ~ ~ ~ ~ ~ ~ ~ H ~ ~  9,Y 
, . 

' . Cngfne Id l e  Spced: - Enqinc ~ i i i n ~ :  - 
'Prammi s s i a n :  Type : $lr 7 9 Speeds : 

Axles f 

h o n t  : 2 / 6 4  Rear a 

.. 
banmended  Pressure a t  CVWR: 2 6 psi f r o n t  

. ..a , .  I -2.Y ps i  rear 

$r&aa Frontr ( ) Drum ( /) D i s c  D iamc  
i .: - 1 Bonded ( I Rfvcted . .  . 

I .  

t t i c t f o n  Surface Hidth: Length: 

. . . hut ( 4 Drum 1 D i s c  ~ i a . m :  , .  . , 
. . ( ) bonded ( 1 Rfvctcd 

h i c t i o n  Surface Hldth r Length: 

* ; Vat irbla  Proportioning Sya tern: Yes 
0 .  

No I/ ' 

Brake Power A s s i s t  Unf t a Yes . No, I/ 

' Br&c P W C ~  Unit w/Accumulator:Ycs tto . . 
I 0  

toter A s s i s t  o r  Power Uni t .  
W/Bjckup: 

, , 

' , ', 4 IlnLLxkld Ocvi ca I . 
I . . .  ( 

Parklnq Hcchanism: 
(sca d c f l n i t l o n )  . .  . 

. . . . 
too so Y 

m e  30 / 
Hfr - 
Yar - 

I 



% 
m 

m#ICLE INFUWATION SHEET 

8rrkcr 
(contd) c Frict ion-type  Parking Braker Hand Operated ( ) 

foot Operatcd ( 1 

' ltonscrvica Drake Type Parking Brake: Hand Operatcd ( ) . .  

, . root Opcratcd ( ) 

. . 
b .  . . .  Yhcel Cylf nder D i m  t e r  t 

_ 
Describe Hydraulic Circuit S p l i t :  . . . ' .  . 

. , . ' * '  U f l l  ad jus ter s  be locked o u t  for t h i s  test s e r i e s ?  
1 ' 



a,, . * w x c t c  INFoRnnTl ON SIfEET 
\ 

~ o d c l  yeart . / C) 7 b ~ a n u f a c t u r e  Dater 9-  7-f' - 
V.1 .N. 8 VC 2 '7"/_1'.2 0 5 2 3  YS' Wheelbase t 

, tnglnr lype t C YL . Displac~ment: - trpa - 
'Engine Id le  Spccd: + Engine Timing: - 

. I *  

. . 7 . , Transmission: Type: Speeds: 3 , 

. . a  
. ' Yo. of k d e s  r 2- ~atio(s) - 

W R I  Front: /Y~'J' Rear: . 2 1 8 0  

Tires  r Sizcr ) 7 l'- 1 r /L, / CI/L?-L/W - . . 

.. 
. . Wcolnmnded ~ r e s s i r e  at GVWR: 2 6 psi front  

. ..a a .  1 2 Y psi rear 
. 

.: - . 1 Bonded ( 1 Riveted . . 
I. . .  . . .  . . . . 

. h l c t i o n  Surface Width: k n q t h :  

kara ( 1 Drum ( 1/) Disc Diam: . . 
( ) Bonded ( 1 Riveted 

. : 
. t r i c t f o n  Surface Ufdth:  k n g t h r  

v' . ' . Vu$ablo Proportioning System: Yes 
I "  No - 

. . Brakc P w e r  Assist Unit :  yea 

. . 8rLc  Pcver Unit v/lccumulator:Ycs NO t . . 
? w e t  A s s i s t  or Power Unit 
V/Backupr vO.8 . . . &- - 

. '. . Antiskid Devfcot 6 Yea % 
. . - 

- ,  
tarking Hcchnnism: 

. . (sco dcflnitlon] 
9 . .  



8r.kca 
,.., (contd) 8 Frict ion-type  Parking Braker liand Operatcd ( ) 

FOOt Opcratcd ( ) 

tlonoervlca Drake Type Parking Brake: Hand Operatcd (Gf 
I . .  
. . loot  Operatcd ( ) 

Muter Cylindcr Diameter r 
. . . , 

. . . . . d  
Mcel Cylinder Diameter8 

Describe Hydraulic Circuit S p l i t :  . . . .  

/ .  . 
a ' . ' ,  ' W l l  adjus ter s  be locked o u t  for t h i s  t e s t  series? . , 



'lfchiclc: ~ a k o i  M o / y 7 k H  c / l P L o  NItTSA No. - 

'. ~ c l  year: ' '37h ~ a n u f a c t u r e  Dater 7/76 . . 
. . . .  V . f . H . 1 / ~ . 5 ~ ~ V h / r ' o 2 ' 2 $ f  Wheelbase: / I 6  IN: 

. . 
. . 

" h g f n c  I d l a  Spced: - Engine Timing: - 
. 

. . . : . Transmission:  Type :. 1/ 7 L' Speeds : 3 
L . . . ' YO. of '&lest RAtio(~) - . . .  

. . W R ;  Front: z7'5'7 Rear: .2 fJ,? 

%ire.: Sires 6~ 7 -/J' n f r :  /N/R.',Y/J& . . 
f ~ L ~ L Y ' L  .L?L'LTL~U P/F?/I)#L 

.. 
0 

. . , ' &camended P r e s ~ u r e  at GYVR: -al f r o n t  
. ..' 

2 S p s i  rear 

, . :  t Brakes: Front: ( ) Drum ( V) oiac Diarnt 
.;. I Bonded ( 1 Riveted . . .  . . ' .  . . . . .  

Friction S u r f a c e  width: Length: 
I 

. . . &a: ( Drw ( I Disc ~iam: . . . . ) Bonded ( ) Riveted 
. . 

. . . h i c t f o n  S u r f a c e  Nidthr Length t 

. .  : .. V u l r b l e  Proport ion ing  S y s t e m :  Yes No - 
. . Brakc Pwcr b a h t  Uni t :  Yes r, NO - 
" . 8r&c P w e r  Uni t  w/Accurnulator:Yc3 w -. 

No - . . 
. . Pwcr Assist or Power U n i t  . . . . 

~ / i h c k u p :  . VOS - . y e  . . 34 

v ' ,  ' . * .  . k r t i s k i d  Devicot  * ~ c r  40 
. . 

t r r k i n q  Hcchani3m: lifr A 

(cco  dcf l n i t l o n )  YO# Uo * .  , 
b 

* ., 



8rakcr 
(coned) r Friction-type Parking Brake: liand Operated ( ) 

/ . ,. . .  toot Opetatcd ( M /  
lonscrvice Drake Type Parking Brake: Hand Operatcd ( 1 - . .  

. . Foot Operatcd ( ) 

Otaa ter C y l i n d c r  Diameter : 

. ' .  *. : 
Uhcel C y l f  ndcr Diameter: 

&scribe Hydraulic Circuit S p l i t :  . . . .  
* , '  , .  

" . .' pfl o/v 7/f'k'/M . . . .  
. v 

. . . .  
. . 

. . . .  
, . . ' :  ". W i l l  adjusters be locked out  for th i s  t e s t  series? 

I . a '  
I . . '. . . 1.. . . . .  . .  ~ e a  NO 1/ 

. :. . ,  . 
d.  .'. ' . . . .  . ' . .  ...... . . . . . . . . .  ... .-. . .  . . 

. . . . a '  . . - . . . ! I ' 
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\9 ' .' ~RXICLE INFORHATION SllEET , 
' k h i c l c r  n&c r rL)//yl~ v ~)-i/ - / U / ~ Y  M1TSA NO. 

- 

,.. , V.X.N.~ A'If//d7A 1 I 5 YIJ 1/ Wheelbase: /) 7 ,  j' 

. . 
' tngine Idle  Spced: - Enqfnc Timing: - 

0 . (  . . .: . txrnsnission: Type: /r V T o  Speeds: 3 

.. . , , '  kccmmcnded Preseure a t  CVWR: 6 psi front 

! Brakes: Trontt ( ) Drum C d l  Disc D i a m r  
. . . . . - . . . . , . ( I Bonded ( ) Riveted . , , .. . . ' . . 

Friction Surface Width: Length: 
) :  , 

I . .  ' karr ( l 4  Drum ( 1 Disc ~ i a r n :  . . .  . ( ) bonded ( 1 Riveted 
. . 

, ' . triceion Surface Widthr Lcng th : 

; Vulablc Proportioning System: Yes N o  . . 
. . $rake Pwer  Ass is t  Unit: ye8 .+ NO 

, ' " . . 8rakc Pwcr Unit u/Accu.aulator:Ycs No 
I .  . . 

? m r  A s s i s t  or Power Unit. 
V/&ckupr Y o  Yo * . , p  . . . , 

' . '. '. krtiskid Devicoa ye8 30 
. . .  Wr -C- 

, t ~ r k i n q  Hcchanism: 
(goo dcf inition) %61 b____ . _  I 

- 



Drakcs 
(contd) 8 F r i c t i o n - t y p e  Parking Braket Hand Operated ( ) 

. root Opcratcd ( 

lonscrvlco Drake ?'ypc Parking Brake: Hand Opcratcd ( ) . . .  

. . Foot Operated ( ) 

. Uastcr Cyl indcr  D i m e t e r r  

. . *. : 
Mcel Cylinder D i m  terr 

&scribe Hydraul ic  Circui t  S p l i t :  . : .  , 

. . .  ,. . ' : '  M i l l  a d j u s t e r s  bc locked o u t  for this t e s t  serics? 
J 
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*, # 
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b 
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- ,  ' .  

I * .  . .* 
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' . ~ ~ C L Z  I~FORrUTION SlIEET 

\ 

Whfcltt Hakc: J1'i7D T p l " / / y b  WTSA NO. A 

. *  * Weir 'j nfl J L ~ / I / / N  mRr 

~ o l  year: * / 9 7 6 Uanufacturt Dater 5') 76 

V.I.N. a J ~ - z  3 2 / / h  7 2 i ' L  Wheelbase: // F. o IN . 
. . trqinr Type: V-Y  ~ i ~ p l a c a m n t : ~ ~ / ~ ~ ~ H ~ ~  /3/f' - 
. . - .  Engine Idle Spced: Engine Timing: - 

. . (  

. . . . Transmission: Type: /? v 7 0  Speeds : 3 

. . .  . ' Uo. of Axles t 2 Ratio(s) - 
W R t  Front: 2 1 &art . 2 $ 7 j  

T i r e s t  sizet &P- 7 9 - j y  Hfrr U N / / ~ O  YUL . . 
Type* *STL-'L*~L I?L~LTLIID /;.I,V/,y'L . 

T \ R t c u m m d e d   res sabre a t  CKIR: 2 9  psi f r o n t  . ..a 

k 

.. . 29' psi rear 

8trkeaa Front: ( ) D m  ( < D i s c  Dfam: 

. . . . . .  1 Bonded ( 1 Riveted .. . . . 
#tfctlon Surface Width: Ltngth: - . 

( ~ ~ r w  ' I D ~ S C  DL-: . . . . 
( Bondd  ( 1 Riveted 

? 

triction Surface Width 1 Length r - 
. Vuirblc Proportioning System: Ye. 1/ ' 

8 .  

. . 8rakc Pwer Assist Unit 3 Ye. No 

' . Y(  SAC Pwer Unit  ~/Accufnulator:~c~ NO . .  
? ~ e r  Assist or Power U n i t  
~[Dackup: l a m  YO ' .  j . . - 

* .  . . . h t f  skid Dcvicat 
. . .  

lea n o /  - . Parking Hcchnnismt Wfr - 
(SCQ dcf l n l  tlon) . . xu* No . 



Brrkcs 
(contdl t Frlctlon-type Parking Braker Hand Operated ( ] 

. h o t  Opcratcd ( 1 

Yonrcrvlce Drake Type Parking Brakc: Hand Operatcd ( ] . . 

. . foot Operatcd ( ) 

btuter Cylindcr Dianeterr 

. . . . : 
Ybccl Cylindcr Diameter8 

Doscribe Hydraulic Circuit Spl i t :  . ' .  , . : . .  
. . . .  .\ 

f l f l r ~ ~ / m , d H  
. .  . . .  

. .  
. . . .  ,. . . . 

. . ?  
. W11 adjusters be locked out for th is  t e s t  scrics? 

' I  . . . .*. . '. . . . .  . ye8 NO v' 
. :. . . .. .. . . . . . .  . . . . . .  . . .  .'.- . ' . .  .-...... '. 
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. , .  
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*..' I a . . .  
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' .' MIICLE XNFORHI\TlON SllEET 

% 

'~ohlclcr U a k e r  PVIL/C Lk'-f/$fl/i7/.' lnttsr NO. ' - 
, *  * 

W R r  6 / L / D  
'. 
'. . , J W C ~  Ycarr : ) 5 7 B . , 

~anvfa t i turc  *ate: ? / 7 ~  

, V.1.N.r YP6 C,TLA/J' /?~J~'  Uheslbase: 1 2  Y /N . '  3' . h g i n r  S y p s t  1/- ,y ~ i s p l a c e m c n t : 3 ~ f l / ~  Hpr 1~2' - 
" '~ngine I d l e  Spccd: Engine Timing: - 

. . '  . , . . . , transmiss ion:  Type: 8 v 7 0 Speeds : 2 

2 . . . . 'go. of'~ut1esr . . .  Ratio(s1 
- 

, . 
, .  ~ ~ t ~ c o n t :  Z $ ? Y  k a r :  ..?/f6 

Tires t s i t e :  /L//f' . . - 7 f  yNI/*?/):?PL 
' - 1  .ftt-'~2 flL/LTL!-O 47,7p//11/_ . . 

.. 
* . . ' Rcecrwnded Pressure at  W R :  2 4/ psi f ront  . , 

1 
. .. 

, . I -25' ps i  rear 

r $~&cs:  Front: ( ) D m  ( I/) Disc Diamt 
i, ,.- - . ( '  . 8 Bonded ( 1 Riveted , . . . .  . . . .  . . . . 

h i c t i o n  Surface Width: Length : 

. . . h a r t  ( j 4  Drum ( ' I ~ i s c  ~ i m :  
, .  

, . , .  . Bonded ( 1 Riveted " 

:: . . . . . . t r l c t f o n  Surface Hldth: Length t . .  . - 
. o : , Variable Proportioning Syatem: Yes No . . 

. . . , 
Br&c Pcwcr A s a i s t  Unit: Yes w' No 

I . .  , 

. 4 Brakc P w e r  Unit u / A c ~ ~ u ~ ~ ~ o ~ : Y c s  NO 
5 .  

. ? w c r  Assist or Powr u n i t ,  . . 
Vfiackup: 

. ,  
yes . & a  b- ' - ' -  . . . krtfskfd Dcvica: . P' Ver C------ 30 

. . . ,  
L 

. Rfr -C Pbrkinq Hcchanism: 
(rco dcflnitlon] Yar NO 

9 . .  . 



Irakca 
(contd) t Fric t ion- type  Parking Brakez Hand Operatcd ( ) 

Toot Operated (u/ 
a Yonservice Otakc Type Parking Brake: Hand Operated ( ) . . .  

, . . toot Operatcd ( 1 

WIstcr Cyl indcr  Diameter r 
. . 

. . . .  . : 
n o e l  Cylf  ndcr D i m  ter 8 

. . Describe Hydraul ic  Circuit S p l i t :  . ' .  . . : . .  
... .. f n  0 ~ / p ~ f p / i "  . . 

' : : ~ f l l  a d j u s t e r s  be locked out f a r  t h i s  test series? 



\ 

'~chfclci nakct / 71) WfSA No. -CC 

. , WCI Years a / 7 7 A ~anufaCture Doter 21 76 . . 

. 4 

" Engine Idle Spced: - Engine Timing: - 
. . -  . ' . . . , T~ansrnission: Typc: 4 ~71)  Speeds: .? 
. . ' Yo. of Axles: 1 Ratio(s1 - . '. . 

. . 
. ' W R t  Front: -7) 7 7 Rear: 3 2  66 

&canmended Pressure st WR: 2 6 psi front  ' '. . ..' . , 

* : *  L , . - 2  2' p s i  rear 
, '. 

I' Brakcst Front: ( 1 Drum ( 4 Disc D i s m i  

..- - . , 1 Bonded ( 1 Riveted . 
' . .. ' . . .  

' . . s .  

t r i e t i o n  Surface Width: Length: 

. . &err ( 1/) Drw ( I Disc Dim: . . . . . . ) Bonded ( ) Riveted 
, , . . . . . ttfction Surface Width: Length: 

. . . . 
. .  . , Variable Proportioning Syatem: Yes f N o  

brakc Pwcr ~ s a i s t  Unit1 yes 1/ ~a 
. Brakc Pwcr U n i t  w/Accumulator:Yts No 

, . . * . . tavtr A s s i s t  or Pol-er Unit ' .  i/ 
W/Cwckupr yos -- No . n 

' .  ' ', . htfakid Devicaa Yea 90 
. . . ,  . Hfr  4 

tarklnq Ncchanisrn: 
(sao dcf in i t lon)  Yo0 No - 

. I .  



Drrkcr 
(cuntdlr Friction-type Parking Brakex Hdnd Operated ( ) 

loot Operated (rf 
tlonaervfco Drake Type Parking Brake: Hand Opcratcd ( ) 

. I  

. . root Operatcd ( ) 

. G . . . W c c l  Cylf ndcr Diameter3 
. 

Describe Hydraulic Circuit S p l i t :  . ' .  

. . 
. . . .  . , . ' ' Mill adjusters be locked out for t h i s  t e s t  sctics? 

I ' 
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GVURr 6265' 

~ c l  year: /? 77 Manufacture Datet 6 -  76  - 
V.I.N.8 D H Y / K o  D2 1 7 Y/J/ W e e l b a s e :  / / 7 .  Y /& . -  

A'i' . , tnginc Type r v- f D i s p l a c c m n t :  36' /*JHpr 
. . 

' t n g l n e  I d l e  Spced: A Enqine Timing: - 
. . '  

. . . , Transmission: Type: A1'73 Speeds : 3 

. . . . ' YO. of h l e s  r . . .  2 .  Ratio(s) - 
. . W R ~  -ant: 3 5'3" ' Rear: 3 2 6 s  

Tires t Site3 flfl . . - 7 I '  f hJ/ C/;/ / . 'L)N . 
sf /2L-'L 7/;fh , y / y  b7/N L 

. , k c a m e n d e d  Pressure a t  WR: 3 0 pai  f r o n t  . ... 
I '  . -J * psi rear 

. . 
brrkua Front: ( ) Drum ( 1/) D i s c  Oiamg 

. .- - 1 Bonded ( I Riveted .. . . .  . . . 
trlction Surface  Width: Length : 

, &art ( I / ) D r u m  ) D i s c  D i m :  . . 
. . ( 1 Bonded ( 1 Riveted 
. : 

trfction Surface Width: k n g  th r 

. . . . . Vuiablc Proport ioning System: Yes tta - 
. . Brakc Power A s a f s t  Uni t :  yes l/ uo - 

' *  . . 1/: 8r&o Pwer Unit w/Accumulator:Ycs Ro . 
, I 

Pwer Assist or power Uni t ,  . .  *. \ 
I .  

V/Backupr ' .  
s vw-- No . . ' .  . . - Antirkid Dcvicot  Yea 30 v 

a .  

- 
Parking Hcchanlsrn: Ufr - 
(rco dcf  inition) . .  . YQO HO 

Q 

. I  a 



Brakca 
(contdla Frict ion-type Parking Drsket Hand Operated ( ] 

. root Operatcd (v/ 
' )1onacrvlco Drake Type Parkinq Brake: Hand Operatcd ( ) . . .  

. .  Foot Operstcd ( ) . Muter C y l i n d e r  Diameter r 

. . . 
a i 

Y b c e l  C y l i n d e r  Diameters  

, .  . &scribe Hydraulic Circuit S p l i t :  . . )  . ., 
. . , . .  . ., . . . .  

f l ' r  N T / / ~ J ' P / ~  
. . 

. . . .  
. . . .  

t ' . ' :  ' 99111 adjus ter s  be locked o u t  for t h i s  t e s t  serics? . . 

. .  
'. . ' . . ,  . . . . . . .  
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An Experimental Measure of Stopping Distance vs .  Brake Pressure 
Build Up Time, 

A brief experiment was conducted with the 1977 Dodge Monaco to 

observe the change in stopping distance from 40 m.p.h.  on wet jenni t e  

vs .  brake l ine pressure build u p  time. Figure A . 3 .  shows the resul t .  

Stopping distance i s  seen t o  increase 1 inearly with increasing pressure 

build u p  time with a slope of about 42  feet/second. 



Figure A . 3 .  Stopping Distance vs .  Master Cyl inder Pressure Build 
u p  Ramp Time. 1976 Dodge Monaco. I n i t i a l  Velocity = 
40 m. p .  h. Wet Jenni t e  Surface, 



Table A. 1. Minimum Stopping Dis tances on Dry Concrete, S t r a i g h t  
L i n e  and In-A-Turn. I n i t i a l  V e l o c i t y  = 60 m.p.h. Turn Radius = 
801 f e e t .  I n i t i a l  L a t e r a l  Acce le ra t i on  = 0.39. Surface S k i d  No. 
SNqo = 80. Nominal Peak F r i c t i o n  = 0.95, 

LEFT RIGHT TURN 
VEHICLE STRAIGHT TURN TURN AVERAGE - - 

Cheve t t e  171 ft. 183 ft. 190 ft. 186 ft. 

P i n t o  Wagon 157 166 171 169 

Greml i n  184 174 185 179 

Nova 177 186 203 194 

Pacer 202 225 21 9 222 

Volvo 244 162 164 174 169 

Monte Car lo  154 158 159 158 

Fury  171 175 167 171 

T o r i  no 152 156 154 155 

Buick Lesabre 162 163 166 164 

Ford LTD 173 182 169 175 

Dodge Monaco 165 164 171 167 



Table A .  2. Minimum Stopping Dis tances on Wet Jenni  t e ,  S t r a i g h t  
L i n e  and In-A-Turn. I n i t i a l  V e l o c i t y  = 40 rn,p.h. Turn Radius = 
535 f e e t .  I n i t i a l  L a t e r a l  Acce le ra t i on  = 0.29. S u r f a c t  Sk id  No. 
SN = 30. Nominal Peak F r i c t i o n  = 0.70. 

LEFT RIGtlT TURN 
VEHICLE STRAIGHT TURN AVERAGE - TURN - 

Chevette 114 ft. 120 ft, 111 ft. 115 ft. 

P i n t o  Wagon 

Greml i n 

Nova 

Pacer 

Volvo 244 

Monte Car lo  

Fury 

T o r i  no 

Buick Lesabre 

Ford LTD 

Dodge Monaco 



Tab le  A. 3. D i f f e r e n c e s  Between L e f t  and R i g h t  Turn ing  S topp ing  
D is tances  on H i g h  C o e f f i c i e n t  (Dry  Concrete) and Low C o e f f i c i e n t  
(Wet Jenn i  t e )  Surfaces.  

VEHICLE 

HIGH LOW 
COEFFICIENT COEFFICIENT 
DIFFERENCE DIFFERENCE 

FEET (%)  FEET (%)  

Chevet te  7 (3.8) 9* (8.1) 

P i n t o  Wagon 

Greml i n  

Nova , 17 (9.1) 6* (5.7) 

Pacer 6* (2.7) 1 (0.6) 

Vo lvo 244 1 0  4 - (6.1) - (3.3) 

Smal l  Car Average 9.3 ft. (5.2) 4.5 ft. (4.1) 

Monte C a r l o  1 (0.6) 23* (25.1 
I 

Fury  8* (4.8) 2* (1  *9) 

T o r i  no 2* ( 1  62) 3 (2.6) 

B u i c k  Lesabre 

Ford LTD 

Dodge Monaco 7 2 - ( 4 -  3) - - (1 09) 

Large Car Average 5.6 ft. (3.4) 7.1 ft. (7.3) 

O v e r a l l  Average 7.5 f t  (4.3) 5.8 ft. (5.7) 

* R i g h t  T u r n i n g  Stopp ing D is tance  S h o r t e r  Than L e f t  Tu rn ing  Stopp ing 
Dis tance.  



T a l ~ l e  A. 4. D i f f e r e n c e s  b~ tk leen  S t r n i q h t  Linc and Braking-In-A-Turn 
Stopping Dis tances  on tii $1 C o e f f i c i e n t  (Dry Concrete)  and Low coef-  
f i  c i c n t  (Wet Jenni t e )  S u r f a c e s .  

Chevet te  

H I G H  LOW 
COEFFICIENT COEFFICIEtlT 
DIFFCRENCE DIFFERENCE 

FEET ( % )  FEET (%)  

P i n t o  Nagon 12 ( 7 . 6 )  1  I* (9 .4)  

Greml i n  5* (2 .7 )  9 (7 .2 )  

a s  Nova 17  (9 .6 )  1 * (0 .9 )  

Pacer  20 ( 9 . 9 )  1 (0 .7 )  

Volvo 244 7 (4 .3)  5  * - - - (3a9)  

Small Car Average 12 .7  ft. (7 .2 )  4 .7  ft. (3.8) 

I 
Monte Car lo  4 ( 2 . 6 )  1 5  (17.2) 

Fury 0  ( 0 . 0 )  4 ( 4 * 0 )  

Tori  no 3 (2 .0 )  2* (1 * 7 )  

Buick Lesabre 2 (1 02) 6  ( 6 . 3 )  

Ford LTD 2 ( 1 . 2 )  10 (1 0.0) 

Dodge Monaco 2  (1 .2 )  6 - - .  - (6 .1 )  

Large Car Average 2.2 ft. ( 1 . 4 )  7 .2  ft. ( 7 . 6 )  

Overal l  Average 7 . 4 f t .  (4.3). ' 5.9 ft. ( 5 . 7 )  

* In-A-Turn Stopping Dis tance S h o r t e r  Than S t r a i g h t  Line Stopping 
D i  s l a  nce. 



Table A. 5,  Repeatab i l  i t y  o f  Exper imental  Stopping Dis tance 
Measurements Expressed as t he  Percentage D i f f e r e n c e  Over Three 
Stops Made a t  t h e  Same Pedal Force. 

VEHICLE 

HIGH 
COEFFICIENT 

ST LT RT 

LOW 
COEFFICIENT 

ST LT RT 

Cheve t t e  

P i n t o  Wagon 

Greml i n  

Nova 

Pacer 

Volvo 244 

Small Car Average 

Monte Ca r l o  

Fury 

To r i no  

Bu ick  Lesabre 

Ford LTD 3.5 1.6 4.7 12.0 4.8 2.6 

Dodge Monaco 3.0 1.8 4.7 2.0 1.9 1.9 - - - - - - 
Large Car Average 3.3% 3.2% 4.9% 4.9% 4.2% 7.2% 

Overat 1 Average 3.3% 4.1% 4.8% 5.2% 5.8% 7.1% 

Average High 
C o e f f i c i e n t  

Average Low 
C o e f f i c i e n t  



Surface Frict ion Dynamometer Cali bration Check 

The load cel l  in the Surface Frict ion Dynamometer provides f o r  
measurement of the vert ical  t i r e  load, F Z ,  and the longitudinal force ,  
Fx, exerted a t  the t i re l road in terface .  Calibration of the SFD load 
cel l  was checked by applying input forces through a cal ibrated 

reference load ce l l  and recording both the reference ce l l  output and 
the SFD load cel l  o u t p u t .  The resu l t s  a r e  tabulated in Tables A.6 

through A.8. 



Table  A . 6 .  SFD Loan C e l l  C a l i b r a t i o n  Check October 12, 1976. FZ 
C a l i b r a t i o n ,  Fx O f f s e t  (Cross T a l k )  Due t o  Fz a t  Fx = 0, 

REFERENCE LOAD 
CELL OUTPUT, FZ 

SFD LOAD CELL OUTPUT 
FZ Fx 

0 l b s ,  0 l b s .  

340 6 

481 7 
51 2 8 

562 1 0  

703 14 

856 17 

1,003 2 0 

1,204 24 

1,404 3 0 

1,604 3 5 

1,809 3 9 

1,991 42 

1,805 39 

1,600 3 5 

1,395 3 0 

1,203 2 6 

1,004 22 

799 17 

605 13 

550 13 

502 11 

451 1 0  

398 9 

0 0 



Table A . 7 .  SFD Load C e l l  C a l i b r a t i o n  Check October  12, 1976. Fx 
Calibration, FZ O f f s e t  ( c r o s s  T a l k )  Due t o  Fx a t  FZ = 0. 
Fx Applied Through Cen te r  L i n e  o f  t h e  Load C e l l .  

REFERENCE LOAD 
CELL OUTPUT, Fx 

SFD LOAD CELL OUTPUT 
Fx Fz 



T a b l e  4.8. SFD Loan C e l l  C a l i b r a t i o n  Check O c t o b e r  12, 1976. F x  
C a l i b r a t i o n ,  FZ O f f s e t  (Cross  T a l k )  Due t o  Fx a t  Fz = 0. Fx App l ied  
a t  Approximately 12  I nches  f r o m  C e l l  C e n t e r  L ine .  

REFERENCE LOAD 
CELL OUTPUT, Fx 

0 lbs. 

90 

289 

SFD LOAD CELL OUTPUT 
F x F z 



APPENDIX B 

CALCULATED RESULTS OF A Q U A S I  - S T A T I C  ANALYSIS 

The purpose o f  t h i s  appendix i s  t o  document t h e  q u a s i - s t a t i c  

a n a l y s i s  o f  s t r a i g h t -  and curved-path b rak i ng  which was conducted 

f o r  t h i s  s tudy.  The i n t e n t  of t he  ana l ys i s  was t o  observe t he  

behav ior  o f  an au to~nob i l  e  w i t h  convent iona l  brakes (no a n t i l o c k  

systems) w h i l e  b rak ing  under a  broad range o f  cond i t i ons .  These 

c o n d i t i o n s  i n c l u d e  loaded and unloaded veh i c l  es, sur faces having 

h i g h  and low f r i c t i o n  c h a r a c t e r i s t i c s ,  as w e l l  as d i f f e r e n t  f r i c t i o n  

l e v e l s  on t he  r i g h t -  and l e f t - h a n d  s ides  o f  t he  v e h i c l e  ( t h a t  i s ,  

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

c o n d i t i o n  which i s  present  a t  t h e  i n i t i a t i o n  o f  a  b rak i ng - i n -a - t u rn  

maneuver. 

S ince o n l y  t h e  f i r s t - o r d e r  e f f e c t s  were des i red ,  t h e  number 

o f  parameters needed t o  d e i c r i b e  t h e  maneuvers was kep t  as small 

as poss ib l e .  The parameters which were r e q u i r e d  a r e  a l l  l i s t e d  and 

de f i ned  i n  Table B.1. 

The maximum b r a k i n g  f o r c e  which can be appl  i e d  be fo re  a  wheel 

locks i s  cons t ra i ned  by t he  peak t r a c t i o n  c o e f f i c i e n t ,  designated 

'I P 
. I f  lockup occurs, t h e  b rak i ng  f o r c e  i s  l i m i t e d  t o  the  product  

o f  t h e  normal f o r c e  and the  s l i d i n g  t r a c t i o n  c o e f f i c i e n t ,  p,. On, 

s p l i t  c o e f f i c i e n t  surfaces, o f  course, t h e  va lues o f  p and ps  w i l l  
P 

d i f f e r  between t h e  r i g h t -  and l e f t - h a n d  s ides  o f  t he  c a r .  

Th i s  simp1 e  model o f  t h e  t i r e  t r a c t i o n  c o n s t r a i n t s ,  toge ther  

w i t h  a  p u r e l y  k inemat ic  r ep resen ta t i on  o f  t h e  v e h i c l e  i t s e l f  

u t i l i z i n g  t h e  remain ing parameters i n  Table B.1, a l l o w s  a  f i r s t - o r d e r  

l o o k  i n t o  t he  s e n s i t i v i t y  o f  b rak i ng  performance t o  t h e  descr ibed 

c o n d i t i o n  va r i ab l es .  



Table B.1. Vehicle Parameter Definitions 

Peak t rac t ion  coef f i c ien t  on l e f t  s ide  of car  

Sliding t rac t ion  coef f i c ien t  on l e f t  s ide of car 

Peak t rac t ion  coef f i c ien t  on r i gh t  s ide  of car  

Sliding t rac t ion  coef f i c ien t  on r i gh t  s ide  of car  

Fraction of wheelbase in f ron t  of vehicle mass center 

Ratio of mass center  height to wheelbase 

Ratio of mass center  height to  track width 

Fraction of to ta l  braking torque which ac t s  on 
f ron t  ax le  

Fraction of l a t e r a l  load t r an s f e r  t ha t  occurs on 
t he  f ron t  axle . 
Constant 1  a te ra l  accelerat ion 



B.1 Dcscri bing Equations 

The d i f fe ren t  wheels a r c  ident i f ied  by the subscripts  RF, LF,  
L R ,  and R R ,  which represent r i gh t  f r on t ,  l e f t  f ron t ,  l e f t  r e a r ,  

and r i gh t  r e a r ,  respectively.  Since none of the paranieters depend 

upon absolute force  l eve l s ,  i t  i s  convenient to normalize a l l  forces 

t o  the  weight of the automobile. 

Upon i n i t i a t i n g  the  calculat ion sequence, a braking force,  

proportional to  brake torque, i s  assumed f o r  the  RF wheel. The 

actual braking forces a r e  calculated according to  the re la t ions  

where FZi  r e fe r s  t o  the  loading a t  wheel i . The decelerat ion in 
g ' s  i s  then: 

The norrilal loads, used i n  Equations (B. l )  and (B .2 ) ,  are  cal-  

culated by summing the pert inent  component of s t a t i c  weight d i s t r i -  

bution, the  load t ransfer  due t o  longitudinal decelerat ion,  and 

the  load t ransfer  due to  l a t e r a l  accelera t ion.  The s t a t i c ,  longi- 
t u d i  nall y- t ransferred and l a t e r a l  1 y-transferred load quant i t ies  a r e  

are given by Equations (B.4), (B.5), and (B.6). 



CF = Ay a Cg H/W 

CR = A (1-Cg) * H/W 
Y 

Individual wheel loads then a r e  expressed by: 

(Note: C1 must be between 0 and 1 .  I f  Equation (8.4) gives a value 

greater  than 1 ,  the value 1 i s  used. Also, none of the normal 

forces can be negative. If any of Equations (8.7)-(B.lO) do give 

a negative Value, 0 is  used instead and the normal load on the 

o ther  axle i s  adjusted t o  C, f o r  the f r o n t  axle or (1-C,) f o r  the  

rear .  ) 

The vehicle deceleration can be computed by combi n i n g  Equations 

(8.1 ) - (8 .10)  f o r  any selected F i  ( f r on t  braking force  proportional 

t o  torque).  Stopping distance may a1 so be calcula ted,  as 

where V i s  the i n i t i a l  velocity and g i s  a  gravi ta t ional  constant. 

8.2 Conlputa tional Procedure 

The braking decel cra t ion,  defined by Equations (0.1 )-(8.1 O ) ,  

involves e ight  unknowns ( the  four normal and four braking forces)  



which can be calculated by the nunierical method sumniarized as 
f 01 1 ows : 

1 )  S e l e c t F ~ v a l u e s r n a l l  e n o u g h t h a t n o l o c k u p w i l l  
occur. 

2 )  Calculate t r i a l  braking forces on each t i r e ,  
based on Fk. 

3)  Calculate the four nornial forces .  

4 )  Check the r a t i o  of braking force t o  normal force  
f o r  each wheel, f o r  comparison with f r i c t i ona l  
l i m i t s .  Change the braking forces t o  the  s l id ing  
limit i f  peak t rac t ion  has been exceeded. 

5 )  If any changes were made in ( 4 ) ,  go back to  ( 3 )  and 
repeat .  Otherwise, check fo r  axle lockup. I f  there 

i s  no ax le  lockup, increment F; and go to  ( 2 ) .  If  
an ax le  has locked u p ,  output best performance, 
defined by maximum decelerat ion.  

This procedure was followed w i t h  the aid of a d ig i t a l  computer. 

Braking performance r e su l t s  a r e  represented in t h i s  study by 
braking eff ic iency ( B E )  which is calculated according t o  the 
re1 a t i  ons h i  p 

A 
BE = L x  100 A xrna x 

where Axmax i s  the maxinlum deceleration of which a vehicle i s  
capable in straight-1 inc braking, with "optimal " proportioning fo r  

t he  surface being considered. One hundred perce'nt eff iciency i s  
rea l ized under a s ingle  coeff ic ient  surface condition when the f ront /  
rear  proportioning i s  s e t  so t ha t  the f ron t  and r ea r  axles a re  both 

on the  verge of lockup. The decelerat ion then i s  simply 



A - 
xmax - 'IP 

The 100% eff ic iency condition i s  not so ea s i l y  calculated on 
a s p l i t  coef f i c ien t  surface, where optimal braking may involve the 
locking of one, two (not  on the same a x l e ) ,  o r  no wheels. Axmax  
i s  therefore found by incrementally varying p from 0 to  1  and noting 
the  l a rges t  value of Ax encountered. This value i s  then used as the  
normalizing decel era t ion,  Axmax . 

B.3 Study of Braking Efficiency Sens i t i v i t i e s  

Due t o  the  lack of a  loading s e n s i t i v i t y  in the assumed t i r e /  
road f r i c t i o n  propert ies,  the vehicle weight and wheelbase a re  not 
needed, and therefore a l l  of the parameters 1 i s t ed  in Table B.1 a r e  
dimension1 ess .  Two d i s t i n c t  s e t s  of base1 ine  parameter values were 

chosen to  be representat ivk of basic car  geometries, and a r e  given 
i n  Table 6.2. Car Number 1  i s  typical  of most compact and sub- 
compacts where the engine i s  the most s i gn i f i c an t  component determin- 
ing center-of-gravi ty  locat ion.  Due to  shor te r  wheel base and 
narrower w i d t h ,  the  vehicle exhibi ts  high values of the load trans-  

f e r  gains, H/L and HIM. The opposite tendencies a r e  apparent in the 
values selected fo r  Car Number 2: the center  of gravity i s  located 
s l i g h t l y  behind the center  of the wheel base, and the reaction to 

external accelera t ions  i s  not so pronounced. 

Differences between loaded and unloaded conditions a r e  not 

d i r e c t l y  evidenced i n  the parameter values shown-. However, when 
limited by the assumptions made i n  t h i s  analys is ,  the only change 
between a  driver-only and GVW condition involves the value of AIL. 

In the calculat ions to be reported here, the i n t e r e s t  was in 
exaniinitlg the significance,  over Inany braking conditions, of a  fixed 

se lect ion of brake proportioning. Clearly, t h i s  i s  the problem 
which has t r ad i t i ona l l y  confronted the brake engineer. This exan~ina- 
t i on  was inipl eniented, however, through a  nunleri cal cal cul a t  ion scl~criie 
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Table B.2. Baseline Car Type and Surface Character is t ics .  

Car Type 

Car No. 1: A/L = .34 

H/L = ,227 

H/W = -45  

Car No. 2: A I L  = .54 

H/L = ,185 

H/W = .36 

Surface Type, Given as  p = 

Surface A = .95/.90 

Surface B p = .60/.40 

Surface C p = .45/.30 

Surface D = .70/.45 
'-'2 = .50/.35 

Surface E p1 = .75/.50 "2 = .45/.30 
Surface F = .80/.55 "2 = .60/.40 



which v a r i e d  p r o p o r t i o n i n g  i n  a  s tepwisc  f a s h i o n  over  t he  e n t i r e  

range, f o r  t h e  c i t e d  veh i c l es .  Resu l t s  a r e  d isp layed ,  then, showing 

b rak i ng  pcrformance l e v e l s  as a  f u n c t i o n  o f  p r o p o r t i o n i n g  f o r  t h e  

va r i ous  su r f ace  f r i c t i o n  c o n d i t i o n s  o f  i n t e r e s t  . 
Accord ing ly ,  a long  w i t h  two c a r  types, t h e  s i x  sur faces descr ibed 

i n  Tab le  B.2 were used throughout  t h e  s imu la t i ons '  Surfaces A, 0 ,  

and C r ep resen t  t h e  range o f  " s i n g l e  c o e f f i c i e n t "  sur faces,  w h i l e  

sur faces D, E, and F a r e  used t o  s imu la te  " s p l i t  c o e f f i c i e n t "  su r -  

faces i n  which t h e  r i g h t  and l e f t  s ides  o f  t h e  v e h i c l e  con tac t  

pavements w i t h  d i f f e r e n t  f r i c t i o n a l  p r o p e r t i e s .  I t  should be noted 

t h a t  t h e  average va lues o f  surfaces D and E a re  i d e n t i c a l ,  a l though  

t hey  c l e a r l y  r ep resen t  d i f f e r e n t  sp l  i t  c o n d i t i o n s .  

Qua1 i t a t i v e l y ,  t h e  o v e r a l l  s e n s i t i v i t y  m a t r i x  i s  g i ven  i n  

F igure  B.1, where t h e  nonvar ied,  base1 i n e  parameters a r e  i n  c i r c l e s  

and parameters t o  be v a r i e d  a re  i n  r ec tang les .  

8.3.1 S t r a i g h t - L i n e  Brak ing  Study. Brak ing  performance i n  a 

s t r a i g h t  1  i n e  was examined by t a k i n g  t h e  twe lve  combinat ions o f  t he  

two c a r  types and s i x  su r faces  f r om Table B.2 and, f o r  each combina- 

t i o n ,  v a r y i n g  t h e  f r o n t - r e a r  p r o p o r t i o n i n g ,  p, con t i nuous l y  over  t he  

range o f  poss ib l e  des ign  va lues.  F i g u r e  B.2 i l l u s t r a t e s  t he  

r e l a t i o n s h i p  between p r o p o r t i o n i n g  and t h e  1  i n l i  t d e c e l e r a t i o n  capa- 

b i l i t i e s  o f  Car No. 1 .  I n  a l l  cases, t h e  curve shows t h e  l i m i t  

b rak i ng  performance ach ievab le  w i t h o u t  acc ru i ng  lockup o f  bo th  wheels 

on an ax l e .  The curves f o r  t h e  homogeneous surfaces A, B, and C 

a r e  shown as s o l i d  1 ines,  i n d i c a t i n g  t h a t  no lockup  has occurred,  

s i n c e  syrllnietry r e q u i r e s  t h a t  no s i n g l e  wheel cou ld  l o c k  alone, i n  

s t r a i g h t  b rak i ng  on a  un i form f r i c t i o n  c o n d i t i o n .  Each curve  has 

a "peak" a t  which t h e  p r o p o r t i o n i n g  i s  op t ima l  f o r  t h a t  combinat ion 

o f  c a r  t ype  and surface. A t  t he  peak, t h e  d e c e l e r a t i o n  ( i n  g ' s )  i s  

equal t o  the  c o e f f i c i e n t  o f  peak f r i c t i o n ,  p A t  p r o p o r t i o n i n g  
P' 

va lues l e s s  than t h e  op t ima l ,  performance i s  1  i m i t e d  by a  tendency 

o f  t h e  r e a r  wheels t o  l o c k  pren ia ture ly ,  nega t ing  t he  o p p o r t u n i t y  





for  more u t i l  ization of front t i r e  traction potential . (While pedal 

force i s  no t  actually calculated, i t  i s  often referred to in this  
appendix, as a common reference. When increasing the pedal force 

i s  mentioned, the in~plied meaning i s  that  the braking forces of 
the unlocked wheels are  increased by a corrlmon ra t io .  I n  the com- 

puterized version of  the analysis, the variable F t  serves as the 
reference force.)  

A t  proportioning val ues greater than the optimal , performance 
i s  limited because the front wheels are  on the verge of lockup. 
Since the load transfer to the front axle increases l inearly with 

the longitudinal deceleration, A,, the optimal proportioning varies 
with A x  along the 1 ine shown. 

An examination of the plots of the vehicle performance on the 

s p l i t  coefficient surfaces D ,  E ,  and F clearly indicates a greater 
complexity. The 1 imi t braking usually involves one or two locked 
wheels, as greater retardation i s  typically achieved by increasing 
the brake forces on the unlocked wheels, even a t  the expense o f  

the reduced braking capabili t ies of the locked wheel ( s ) .  

The curves from Figure B.2 a r e  shown mainly t o  indicate the 
method of determining the maximum possible deceleration in s t raight-  
l i ne  braking. Once found, th is  value i s  used t o  normalize the per- 
formance in terms of braking efficiency ( B E ) .  The curves from 
Figure B.2 are  re-plotted in terms of BE in Figures B.3 and B.4.  

The nature of the performance curves shown in these and sub- 
sequent figures may be clar i f ied somewhat by "walking" through one 
curve and carefully examining the mechanisms responsible for  the 
behavior. For example, the curve representing surface E in Figure 

B.4 shows t h a t  l imit  performance involves one locked wheel a t  very 
low proportionings. The rear wheel o n  the low coefficient side i s  
locked, and the other rear wheel 1 imits performance by being on 

the threshold of lockup. As the proportioning increases, niore braking 
force can be applied a t  the front ax1 e (by increasing pedal force) 
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t o  i n c r e a s e  e f f i c i e n c y ,  u n t i l  t h e  f i r s t  l o c a l  niaxin~um i s  reached 

a t  p  = 66%. A t  t h i s  p o i n t ,  b o t h  r e a r  wheels and t h e  f r o n t  wheel on 

t h e  l o w  c o e f f i c i e n t  s u r f a c e  a r e  produc ing b r a k i n g  f o r c e s  a t  t h e i r  

r e s p e c t i v e  peak f r i c t i o n a l  l i m i t s .  As p i s  f u r t h e r  increased, BE i s  

l i m i t e d  by t h e  f r o n t  wheel on t h e  low  c o e f f i c i e n t  s i d e .  I n c r e a s i n g  

t h e  peda l  f o r c e  i n  t h i s  donlain, t o  t h e  l e v e l  a t  wh ich t h e  o t h e r  r e a r  

wheel i s  a g a i n  near l ockup ,  would reduce t h e  BE because o f  t h e  l o s t  

b r a k i n g  f o r c e  a t  t h e  f r o n t  wheel on t h e  l o w  c o e f f i c i e n t  s i d e .  Thus 

t h e  pedal  f o r c e  must be reduced, and t h e  s m a l l e r  b r a k i n g  f o r c e  of  

t h e  un locked r e a r  wheel r e s u l t s  i n  a  l o w e r  e f f i c i e n c y .  A t  t h e  p o i n t  

where p  = 71%, t h e  same e f f i c i e n c y  i s  a t t a i n a b l e  w i t h  two d i f f e r e n t  

pedal  f o r c e  l e v e l s ,  each w i t h  a  d i f f e r e n t  l o c k u p  combinat ion.  A long 

w i t h  t h e  c o n d i t i o n  cons ide red  i n  t h e  r e g i o n  .66 < p  < -71, t h e r e  

i s  t h e  c o n d i t i o n  i n  wh ich t h e  pedal f o r c e  i s  increased,  l o c k i n g  b o t h  

wheels on t h e  l o w  c o e f f i c i e n t  s ide,  and p u t t i n g  t h e  o t h e r  r e a r  wheel 

a t  i t s  peak b r a k i n g  l i m i t .  As p  i n c r e a s e s  f r o m  t h i s  p o i n t ,  t h e  l a t t e r  

c o n d i t i o n  i s  more e f f i c i e n t .  One hundred p e r c e n t  BE i s  r e a l i z e d  a t  

p = 77%, when b o t h  wheels on t h e  h i g h  c o e f f i c i e n t  s i d e  a r e  on t h e  

ve rge  o f  l ockup .  As p  i n c r e a s e s  f u r t h e r ,  t h e  pedal f o r c e  must be 

reduced, o t h e r w i s e  t h e  second f r o n t  wheel would l o c k .  Then, a t  

p = 85%, t h e  same BE can be o b t a i n e d  i n  two ways; one o f  these i s  

t h e  c o n d i t i o n  j u s t  descr ibed,  and t h e  o t h e r  r e s u l t s  when t h e  pedal 

f o r c e  i s  reduced u n t i l  t h e  r e a r  wheel on t h e  l o w  c o e f f i c i e n t  s i d e  i s  

un locked and p r o v i d i n g  more b r a k i n g  force.  T h i s  c o n d i t i o n  p rov ides  

h i g h e r  BE i n  t h e  snia l l  range o f  85% < p < 86%. A t  86% p r o p o r t i o n i n g ,  

b o t h  t h e  r e a r  wheel on t h e  low  c o e f f i c i e n t  s i d e  and t h e  f r o n t  wheel 

on t h e  h i g h  c o e f f i c i e n t  s i d e  a r e  near  l ockup .  As p  inc reases  t o  

loo%, BE i s  l i m i  t c d  by t h e  f r o n t  wheel on t h e  h i g h  c o e f f i c i e n t  s i d e  

wh ich  i s  b r a k i n g  a t  i t s  f r i c t i o n a l  l i m i t .  

The t r e n d  i n  a l l  of  t h e  cu rves  o f  F i g u r e s  B.3 and B.4 i s  f o r  

BE t o  i n c r e a s e  w i t h  p  when a  r e a r  wheel i s  a t  t h e  l o c k u p  p o i n t ,  and 

f o r  BE t o  decrease when a f r o n t  wheel i s  a t  t h e  l i n i i t .  The added 



comp lex i t y  o f  t h e  curves f o r  s p l i t  c o e f f i c i e n t  su r faces  c l e a r l y  stems 

f rom t h e  v a r i e d  p o s s i b i l i t i e s  o f  l ockup .  Curve @ has t h ree  lockup  

combinat ions,  each o f  which i s  op t ima l  over  a  c e r t a i n  r e g i o n  o f  p. 

We can see t h a t ,  i n  genera l ,  t h e  s p l i t  su r faces  show the  same 

t ype  o f  behav ior  ove r  smal l  v a r i a t i o n s  i n  p  as  seen f o r  t h e  s i n g l e  

c o e f f i c i e n t  su r faces .  However, t h e  o v e r a l l  s e n s i t i v i t y  i s  1  ess f o r  

t h e  s p l i t ,  because o f  the  mu1 t i  tude o f  l o ckup  p o s s i b i l i t i e s ,  each o f  

which i s  b e s t  over  a  d e f i n i t e  r eg ion .  

The s t r a i g h t - 1  i n e  BE o f  Car No. 2, on t h e  same s i x  surfaces, i s  

a l s o  p l o t t e d  as a  f u n c t i o n  o f  p r o p o r t i o n i n g  i n  F igures  B.5 and B.6. 

B . 3 . 2  Brak ing  i n  a' Turn. As complex as t h e  BE versus p  pre-  

sen ta t i on  becomes f o r  s t r a i g h t - l i n e ,  we f i n d  ano ther  dimension o f  

comp l i ca t i on  f o r  t h e  cases o f  b r a k i n g  i n  a  t u r n .  As i n  t h e  example 

o f  F i gu re  B.7, t h e  exp lana t i on  o f  d i s c o n t i n u i t y  p o i n t s  i n  t he  curves 

f o r  b r a k i n g  e f f i c i e n c y  i n  a t u r n  r e q u i r e  t h e  t r a c k i n g  o f  r i g h t / l e f t  

d i f f e r e n c e s  i n  t i r e  load, as d i s t r i b u t e d  accord ing  t o  t h e  r o l l  s t i f f -  

ness c o e f f i c i e n t ,  C a s  w e l l  as accoun t ing  f o r  a l l  p r e v i o u s l y  
9 ' 

mentioned f a c t o r s .  As seen i n  t h i s  example, BE l e v e l s  f o r  i n - a - t u r n  

s topp ing  on a  s p l i t  f r i c t i o n  su r f ace  o f f e r  t h e  p o s s i b i l i t y  o f  exceeding 

100%. Th i s  occurs  due t o  t he  s t r a i g h t - l i n e  r e fe rence  c o n d i t i o n  f o r  

computing b rak i ng  e f f i c i e n c y  i n  a  t u r n  and a l s o  due t o  t he  improved 

u t i l i z a t i o n  o f  adhesion l e v e l s  when t h e  more h e a v i l y  loaded t i r e s  

i n  a  t u r n  r u n  on t h e  h i ghe r  f r i c t i o n  su r face .  

The q u a s i - s t a t i c  s i m u l a t i o n  s tudy proceeded froni  t h i s  format  o f  

examinat ion t o  eva lua te  c e r t a i n  se l ec ted  s e n s i t i v i t i e s  us i ng  o n l y  a  

few r e p r e s e n t a t i v e  v a l  ues o f  p r o p o r t i o n i n g .  

P r o p o r t i o n i n g  va lues were chosen t o  o f f e r  c o n t r a s t  i n  v e h i c l e  

performance l e v e l s ,  and s t i l l  be r e a l i s t i c .  The va lues p icked  a re  

t he  optimum p r o p o r t i o n i n g  f i g u r e s  f o r  t h e  h i g h  c o e f f i c i e n t  and mid- 

c o e f f i c i e n t  sur faces.  For  Car No. 1, these va lues a r e  p = 80X and 

p = 87%. The case where p = 80% g i ves  h i gh  va lues o f  perforniance f o r  
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n i i d - c o e f f i c i e n t  s u r f a c e s ,  r e a r  a x l e  l i r l ~ i t c d  per for~r lance on h i g h e r  

c o e f f i c i e n t  su r faces ,  and f r o r i t  a x l e  l i m i t e d  perforniance on l ower  

c o e f f i c i e n t  s u r f a c e s .  A v a l u e  o f  p  = 87% c o u l d  r e p r e s e n t  c o n d i t i o n s  

such as  

1 )  o p t i m i z e d  perfornlance f o r  h i g h  c o e f f i c i e n t  su r faces  

such as i s  r e q u i r e d  by  FMVSS 105, 

2)  i n t e n t i o n a l l y  f r o n t - b i a s e d  p r o p o r t i o n i n g  t o  assure  

t h a t  r e a r  a x l e  l o c k u p  w i l l  n o t  o c c u r  on normal s u r -  

f a c e s  (as  i s  a  comrlion d e s i g n  p h i l o s o p h y  i n  Europe).  

S i m i l a r l y ,  va lues  o f  p  = 57% and p  = 64% were chosen f o r  Car No. 2. 

Car b r a k i n g  per formance i n  a  t u r n  depends on a l l  o f  t h e  v e h i c l e /  

r o a d  parameters i n v o l v e d  i n  t h e  case o f  s t r a i g h t - 1  i n e  b r a k i n g ,  a l o n g  

w i t h  t t i e  a d d i t i o n a l  parameters, C , H/W, and A Reasonable cho ices  
4 Y '  

f o r  r e p r e s e n t a t i v e  v a l u e s  o f  t hese  v a r i a b l e s  were made more e a s i l y  

a f t e r  o b s e r v i n g  t h e  BE s e n s i t i v i t y  i n v o l v e d  w i t h  each o f  them. The 

methodo logy i s  s i m i l a r  t o  t h a t  i n  t h e  l a s t  s e c t i o n ,  where BE i s  

p l o t t e d  as a con t inuous  f u n c t i o n  o f  one v a r i a b l e ,  and d i s c r e t e  va lues 

f o r  i t  a r e  chosen on t h e  b a s i s  o f  t h e  cu rves ,  

R o l l  S t i f f n e s s  P r o ~ o r t i o n i n a  S e n s i t i v i  t v .  

The s e n s i t i v i t y  o f  BE t o  r o l l  s t i f f n e s s  p r o p o r t i o n i n g ,  C i s  +' 
shown i n  F i g u r e  B.8 f o r  t h e  case o f  Car No. 1  w i t h  p = 80:; f r o n t /  

r e a r  p r o p o r t i o n i n g ,  and s u b j e c t  t o  1  a t e r a l  a c c e l e r a t i o n s  o f  .2 and 

. 3  g ' s  o n  t h e  t h r e e  u n i f o r m  f r i c t i o n  s u r f a c e s .  The curves f o r  t h e  

medium and l o w  c o e f f i c i e n t  sur faces ( cu rves  @ - @ )  a r e  a l l  s i n i i l a r ,  

showing an i n c r e a s e  o f  about  6% b r a k i n g  e f f i c i e n c y  when t h e  r o l l  

p r o p o r t i o n i n g  i s  v a r i e d  f ron i  .4 t o  .9.  I n  t h e  s t r a i g h t - l i n e  case, 

BE i s  l i r n i  t e d  by impending f r o n t  a x l e  l o c k u p  on t h e  l o w  f r i c t i o n  

s u r f a c e ,  and by a l l  wheels on t h e  niediu~i i  f r i c t i o n  su r face .  lJheri BE 

i s  l e s s  than  1002, the  f r o n t l r e a r  l o a d  t r a n s f e r  i s  n o t  as l a rge ,  

t hus  BE i s  1  i ~ n i  t e d  by  inipetldiny f r o n t  a x l e  l o c k u p  o n  t h e  nledi i~i l i  
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F i g u r e  B.8, Brak ing  e f f i c i e n c y  a s  a f u n c t i o n  o f  r o l l  d i s t r i b u t i o n .  



f r i c t i o n  su r face  a l s o .  When more l o a d i n g  goes t o  one o f  the  f r o n t  

wheels (due t o  A ) ,  h igher  brake f o r c e s  can bc appl i e d .  Since C 
Y 9 

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

i s  exchanged between t i r e s  on the  f r o n t  a x l e ,  normal l o a d i n g  on t h e  

one f r o n t  wheel increases w i t h  C and BE increases.  A1 though + ' 
d i f f e r e n t  lockup  p o s s i b i l i t i e s  cause t h e  curves t o  change s lope  over  

t h e  range o f  C t h e  general  behav io r  o f  curves @ - @, rep re -  
4 ' 

s e n t i n g  f r o n t - l i m i t e d  brak ing,  a r e  t h e  same. 

Rear-1 irni ted  b rak ing ,  a  c o n d i t i o n  represented by curves a and 

@ , causes BE t o  decrease as C i s  increased.  Again, t he re  a re  no 

unusual b reakpo in ts  i n  curves 6 and @ . 
R o l l  p r o p o r t i o n i n g  va lues o f  C = .5  and C = .9 a r e  used f o r  

4 + 
f o l l o w i n g  s e n s i t i v i t y  curves and f o r  a  complete BE m a t r i x .  These 

two magnitudes cover  t h e  range o f  va lues 1  i k e l y  t o  be encountered 

i n  p r a c t i c e ,  and, due t o  t h e  w e l l  -behaved na tu re  o f  t he  curves i n  

F i gu re  8.8, should n o t  p r& ide  any s i n g u l a r  types o f  BE. 

L a t e r a l  A c c e l e r a t i o n  S e n s i t i v i t y  - S i n g l e  C o e f f i c i e n t  Surfaces 

Regarding s e n s i t i v i t y  o f  BE t o  l a t e r a l  a c c e l e r a t i o n  l e v e l  

d u r i n g  b rak i ng  i n  a  t u rn ,  i t  should  f i r s t  be po in ted  o u t  t h a t  t h e  

l a t e r a l  a c c e l e r a t i o n ,  A and t h e  mechanical "gain,"  H/W, o f  t h e  
Y' 

v e h i c l e  i n  response t o  A can be cons idered toge ther  s i nce  t h e  
Y 

v e h i c l e  i s  a f f e c t e d  by t h e  p roduc t  A H/W. Whi le combining these 
Y 

two non-dimensional pararrieters may tend  t o  obscure t h e  phys ica l  

unders tanding o f  each parameter 's  r o l e  i n  de te rmin ing  performance, 

t h e  interdependence of  A and H/W i s  po in ted  o u t  t o  a l l o w  i n t e r p r e -  
Y 

t a t i o n  o f  t he  c a l c u l a t e d  changes i n  A, as changes i n  H/W i f  des i r ed .  
J 

(For  example, t h e  BE c a l c u l a t e d  f o r  i nc reas ing  A by 502 may a l so  be 
Y  

used f o r  t h e  case o f  A he l d  cons tan t  and H/W increased by 50yi.) 
Y 

The e f f e c t s  o f  l a t e r a l  a c c e l e r a t i o n  on t h e  s i n g l e  c o e f f i c i e n t  

su r faces  a r e  presented i n  F i g u r e  5 . 9  f o r  t h e  case o f  Veh ic le  No. 1 

w i t h  80% p r o p o r t i o n i n g ,  dnd C va lues as shown. Here we see t h a t  t he  
4 

e f f e c t s  o f  A on e f f i c j c n c y  a l s o  depend s t r o n g l y  on the  type  o f  
Y 

su r face  i n v o l v e d  . 
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The BE behavior i s  complicated when made a function of A so 
Y '  

we will again "walk through" a representat ive curve to understand 
t h i s  behavior. For the sake of t h i s  discussion,  we assume tha t  the 

car  i s  making a left-hand turn,  thus the  e f f e c t  of the A i s  to 
Y 

load the  right-hand s i de .  

Curves @ and @ both represent performance on the high coef f i -  

c i en t  surface,  and i n i t i a l l y  show improved eff ic iency whcn a l a t e r a l  

accelerat ion i s  invol ved. Because the 80% proportioning i s  not 

optimal f o r  t h i s  surface,  the performance l in l i ta t ion a t  A = 0 
Y 

( s t r a i gh t - l i ne  braking) i s  the rear  axle ,  which i s  about to  lock u p .  

By following curve No. a , we see the  e f f ec t  of adding the 

l a t e r a l  accelera t ion,  which increases the normal load on the r ight-  

hand s ide  of the vehicle.  This allows more pedal force to  be applied 

before the f r i c t i o n  l imi t  of RR ( the  r ight- rear  wheel) i s  reached. 
The braking force a t  the f ron t  ax le  has a lso  increased due to  the 

ext ra  pedal force,  such t ha t  even though LR now s l ides  and loses some 

braking force ,  the  loss  i s  more than made by the other three wheels 
and t h e p e r f o r m a n c e i m p r o v e s w i t h A  Until t h e p e a k a t A  = . 1 3 g 1 s ,  

Y '  Y 
the l imi t  on eff ic iency i s  impending lockup a t  R R .  After the peak 
i s  reached, B E  i s  limited by impending lockup a t  L F ,  and when 

A = .15 g ' s ,  e f f ic iency i s  be t t e r  with LF locked, and performance 
Y 

i s  again limited by R R .  . The efficiency climbs as more of the load 

i s  t ransferred t o  the r igh t  s ide ,  as g rea te r  pedal forces may be 

applied before RR will lock. The next peak, a t  A = .26 g ' s ,  when 
Y 

both r igh t  wtieels a re  about to  lock, occurs because of the re la t ion 

between C a n d  p; tha t  i s ,  the rea r  axle receives 50% of the l a t e r a l  
4 

load t r an s f e r ,  b u t  only 20% of the incremental ( t o t a l )  braking torque. 
The front  catches u p ,  and performance decreases s l i g h t l y  with in- 

creasing A because not enough extra loading i s  appl ied a t  RF for 
Y 

the  brake force  to increase enough to o f f s e t  losses  froui the l e f t  

wheels. A t  Ay = .3 g ' s ,  the l e f t - r e a r  wheel tias no normal loading 
a t  a l l ,  due to  the conhined longitudinal and l a t e r a l  accelerat ions.  

Therefore, changes in C have no e f f ec t  on the r ea r  ax le ,  as the 
9 



en t i r e  rea r  load i s  on R R .  BE increases s l i g h t l y  over the r e s t  of 

the curve, as the increase in braking force from RF (p = .95) i s  
P 

more than the decrease from LF ( p s  = .go).  

The general character of curve a can be described by the 

following observations: 

1 ) With small s ide  forces ,  ef f ic iency increases because 

one of the rear  wheels will remain unlocked when 
pedal force i s  increased. 

2)  A change of the l imit ing axle from front  to rear  

occurs because of the re la t ion  p has to  C 
9 ' 

3 )  When pedal force i s  limited by the poss ib i l i ty  of 

r e a r  axle lockup, performance increases with A 
Y 

s ince the torque threshold needed fo r  lockup of the 

loaded rea r  wheel increases.  

4) Eventually, one' wheel goes t o  zero load, and BE 

h i t s  a "plateau . " 

A di f fe ren t  r o l l  proportioning changes the overall shape of 

the  plot ,  a s  evidenced by curve @ , where C = . 9 .  The same type 
$ 

of behavior occurs with small 1 a te ra l  accelera t ions  , a1 though the 

performance improvements a re  not as g rea t  a s  before because only 

10% of the load t rans fe r  occurs a t  the rea r  axle .  An opposite trend 
from curve a i s  observed when two wheels a r e  locked, however, 
because extra load on R R ,  which l im i t s  the pedal, force,  increases 

slowly while the load on LF decreases quickly. The trend in t h i s  

case i s  fo r  perforniance to su f fe r  as the l a t e r a l  accelerat ion increases. 

When the f ron t  torque proportioning i s  near optinial fo r  the 
surfaces ,  1 a te ra l  accelerat ion can only de te r io ra te  pcrfor~nance, as 

seen in curves @) - @. As A increases,  pedal force must be de- 
Y 

creased to prevent lockup and a loss  of t r a c t i on .  lllhen a cer ta in  

amount of l a t e r a l  accelerat ion i s  reached, i t  becomes be t t e r  to 
increase pedal force,  even though braking force  i s  reduced i n  t h e  

locked wtieel(s). After t h i s  point ,  the curves a re  qua l i t a t ive ly  



similar  to  those two discussed, in t ha t  the braking behavior includes 

lockup, and slopes and plateaus a r e  determined by one wheel which i s  

on the verge of lockup. When the location of the l imit ing wheel 

changes, the observed discont inui t ies  in slope occur. 

Discrete A values a r e  sel ected for  the comprehensive sensi t i v i  t y  
Y 

matrix f o r  performance on the s ingle  coef f i c ien t  surfaces.  The 

l a t e r a l  accelerat ion s ens i t i v i t y  on these surfaces shows reduced 

change in eff iciency a f t e r  A = .2 g .  For meaningful comparisons, 
Y 

a "low" accelerat ion of A = .1  g  and a "high" accelerat ion of 
Y 

A~ 
= , 3  g a r e  selected for  a l l  s ingle  coef f i c ien t  surface combina- 

t ions  (along with A = 0 - s t r a i gh t - l i ne ) .  
Y 

Lateral Acceleration Sens i t iv i ty  - Spl i t  Coefficient Surfaces 

Braking performance s ens i t i v i t y  to  1 a te ra l  acceleration was a1 so 

calculated fo r  the s p l i t  coef f i c ien t  surfaces ,  and shown in Figure 

B.10. 

Here we see that  when the s ide  force  tends to load the high 

coeff ic ient  s ide  ( A  (O), performance increases to  over 100% 
Y 

ef f ic iency,  with both wheels locked on the  low coeff ic ient  s ide .  

Again, the deta i led  shape of the curves depends on which unlocked 

wheel i s  about t o  lock. 

When the loading due to  A occurs on the low coef f ic ien t  s ide  
Y 

(AY 
>O), behavior gets a b i t  coriipl ica ted.  An overall t rend,  however, 

i s  t ha t  perfor~tance doesn It suf fe r  great ly ;  the lowest eff iciency 

anywhere i s  90%. There a r e  so many possible pedal force levels  and 

lockup combirlations t ha t  one of them i s  usually suited to  a pa r t i -  

cular  A l eve l .  In f a c t ,  curve @ shows be t t e r  perfc,rrnance fo r  
Y 

loading the low coef f ic ien t  s ide ,  f o r  a l l  l eve l s  u p  to A = . 2  g .  
Y 

Applying a small s ide  force makes the condition of  a  lower pedal 

force  and four unlocked wheels nure e f f i c i e n t  ( b u t  puts the ~rlleel s  

which a r e  on the high coef f i c ien t  surface below their  ~ilaxiniuni braking 

fo r ce ) .  Increasing A allows increasing braking force on the low 
Y 

coef f ic ien t  surface and to ta l  braking increases.  





The o v c r s l l  t r c n d  w i t h  t h e  s p l i t  c o c f f i c i c n t s  i s  t h a t  BE s e n s i -  
t i v i t y ,  even w i t h  a l l  t h e  jagged peaks and depress ions ,  does n o t  

respond as much t o  l a t e r a l  a c c e l e r a t i o n  as w i t h  t h e  s i n g l e  c o e f f i -  

c i e n t  s u r f a c e  c o n d i t i o n s .  A t  l e v e l s  o f  A = .3 g and g r e a t e r ,  t h e  
Y 

cu rves  a r e  more s t a b l e  t h a n  a t  l o w e r  l e v e l s .  The va lues A 2 . 3  g 
Y 

were t h u s  chosen f o r  use i n  t h e  o v e r a l l  s e n s i t i v i t y  s t u d y  o f  b r a k i n g  

performance on  s p l  i t  c o e f f i c i e n t  s u r f a c e s .  

The e n t i r e  b r a k i n g  e f f i c i e n c y  s e n s i t i v i t y  c a l c u l a t i o n  m a t r i x  i s  

shown s c h e n i a t i c a l l y  i n  F i g u r e  B.11 w i t h  a l l  o f  t h e  parameter va lues  

chosen f r o m  t h e  p r e v i o u s  s e c t i o n s .  Tab les  B.3 t h r o u g h  B.6 summarize 

t h e  compu ta t i on  r e s u l t s ,  and bes ides  g i v i n g  BE, a l s o  i n c l u d e  t h e  

s t o p p i n g  d i s t a n c e s  w h i c h ' w o u l d  o c c u r  w i t h  t h e  q u a s i - s t a t i c  model , a t  

i n i t i a l  speeds o f  20, 40, and 60 mph. 



120 C a l c u l a t i o n s  

Figot-e B.11. S c h e n ~ a t i c  o f  conlp le tc  c a l c u l a t i o ~ l  s a t r i x .  



T a b l e  B . 3 .  S e n s i t i v i t i e s  o f  Car NO. 1 o n  U n i f o r n i  F r i c t i o n  
S u r f a c e s .  



Table 8.4,  S e n s i t i v i t i e s  o f  Car No. 1 on  S p l i t  C o e f f i c i e n t  Surfaces .  



Table  8.5. S e n s i t i v i t i e s  o f  Car l,Jo. 2 on  Un i fo rm F r i c t i o n  Surfaces.  



T a b l e  0.6. S e n s i t i v i t i e s  o f  Car No. 2 on S p l i t  C o e f f i c i e n t  Surfaces.  



APPENDIX C 

DATA FROM IN DEPTH TEST PROGRAM ON FIVE CARS. 
VEHICLE DISCRIPTIONS AND DATA SUMMERIES. 



wtrrcrx I ~ I F O ~ T I O N  SIICET 

vchic ict  H ~ ~ C I  h) r / u f  u ~ / ' L  0 IIIITSA 1.40. - - 
' '  1.1odc1: ~ D J ? .  S/'r/,'7 C ~ V P L '  CVWR: 5'j087 

~ o i l c l   car: * 1 9 2 6  Manufacture Datc: 7/76 
x ~ / ' ' J ' - '  -- Whcolbare: llL 

3 
Cnginr Typc: VY ~ i s ~ l a c c m e n t : ~ ~ ~  - Hpr 1 7 ~ '  

E n g i i ~ c  Idle Spccd:  - Engine ~im-ing : y 

, Transmission: Typc:  Ij, [)TO Spccds : 2 
, ' No, of Axles: * 2 Ratio(s)  - 

GAHR: Front: 2 -) 4 4 Rear* , 2 8 3 9  

Rccommcndcd Prcsourc a t  CIVk'R: 23  poi front 
. . _ L f' psi rear 

Brakest Front: ( ) Drum ( 4 Disc Didrnr 

I Donded ( ) Rivctcd 

Frict ion Surface Is'ldth: Lcng th: 

Rcnrt ( /) Drun ( ) Disc Dib: 
1 

( ) .Dondcd ( ) Rivctcd ' 

Prictfon Surface Wldthr  Lcngth: 

/ Varlablc Proportioning Syn tcm: Ycs No -- 
Brokc Pwcr  Asaist Unit: ~ c a  J N O  ' 

Dr,*c Pwer Unit w/~ccunulator :Ycs N o / 
Povcr A s s i s t  or PokB*:r Unit, 
w/11acAup: 

Nfr . -C 

Yo0 -- No 



Prakca 
(contdl t Friction-typc Parking Draka: Wand Opcrntcd ( ) 

Foot Operated ( /  

Nonservlco Drakc Typc Parking Drakc: Hand Opcratcd ( ) 

Foot Opcratcd ( ) 

. Hastcr Cylindcr Dimcter: 

. . . . Hhccl Cylinder D i m t c r r  

Dcscribe Hydraulic Circuit S p l i t :  
' .  

F-6 47 /fl&2?d 

tli l l  adjusters bc lockcd out for t h i s  t e s t  serics? 

Yes NO tf 
. . .  



Vchlc le r  
. @ 

Tires 2 

Hakc I [nz 4 l - 7 ~  M!TSh N O ,  - 
H ~ C  1 : PC/' /L-P/~A/ awn; 6297 
~ o d c l  y e a r :  : / Cj 7 6 Manufacture Datc: 2/74 

V . I . N . I ~ L ? ~ ~ N / ~ L / ~ * ~ O  Whco lba~c :  / 2 /  Ln' 

Engine 'Type : YY ~ i s ~ l a c c r m n t :  3j.I h J H p r  - 
_1__ 

Enginc I d l c  Spccd: - EngincTiming:  - 
Transmiss  ion :  Typc : d~73 Spceds : 3 

No, of Axlcs: 2 R a t i o  (s )  - 
GWR: Fron t :  _ 2/77 Rear: 3 2 6 6  

sire: R / : ~ Y A  /( nfr: 600 D ~ L * I . ' ~  

rypc: ~ V Y T ~ J , ~  ~ ~ ~ y . r m r ~  /7 / /mn~ 
Rccommcndcd P rc s su re  a t  CVh'R: 2 6 psi f r o n t  

0 .  . , . 2S' psi  rear 

Brakcsr Front :  ( ) Drum ( I/) Disc Diarnr 

( 1 Bonded ( 1 Riveted  

F r i c t i o n  Su r f ace  Width: Length: 

Reart ( V)  Drum ( ) Disc Diam: 

( Dondcd ( 1 Riveted 

P r l c t i o n  Su r f .~cc  Widthr Lenq th :  

Vmiablc Propor t i on ing  Syotcm: Yc. L/ NO ' 

Drake P w c r  A s e i s t  Uni t :  Ycs 1/ No 

Drdc P w c r  U n i t  w / h c ~ ~ m u l a t o r  :Yes w- - 
Power A s s i s t  o r  Power Un i t  
v/nackup: 

. 
L, 30 -- 

Ant i sk id  D C V ~ C C I  ' Yca - !lo w 

Fnrklnq H c c h n n i s m :  Hfr - - 
( ~ C C  dcf l n i  tion) YOD No 



Britkca 
(contd) t Frlctlon-type Parking Drako: !{and Opcratcd ( ) 

Foot Opcratcd (Lf 

Wonscrvlco Drakc Typc Parkinq Brakc: Hand Opcratcd ( ) 

Foot Opcratcd ( 1 

. HaoLcr Cylindcr Dimstcr: 

. . Uhccl Cylinder Diamctcrr 

Dcscribc Hydraulic Circuit S p l i t :  

Fflwr/4/t-r;7/7 

+I111 adjusters bc locked out for th i s  t c s t  ser ies?  



Vch ic l c t  Makcr f l g / , ' c u f y  NHTSA No. - . ' 
Hodcl: / ~ P L ? c / I ~  pl. t / / l t -  WR: 2 k Y 2  

Hodcl Year: , / $ 7 7  Manufacture Datc:  9 Y/77  

Engin? Typc: ~ C Y L .  Displaccmcnt: /q' ' / f13,Hp: 

Enginc I d l e  Spccd: + 

/ Engine Timing: 

. Transmiss ion :  Typc: 4 ~ ~ 0  Speeds: .? 

. ' No, of Axlcs: 1 R a t i o ( s )  - 
CAWR: Front :  I F 1 3  Rcar 1 2 ~ 6 5  

Rccommcnded Prcsoure  a t  CNWR: 2 p o i  f r o n t  

. j'3 ps i  r e a r  

Brakes8 Front :  ( ) Drum ( /) Disc Diarnr 

' ) Bonded ( ) Rivctcd 

F r i c t i o n  Su r f ace  Hldth:  Lcng th: 

Rcar: ( 4 Drum ( 1 Disc D i m :  . ' 

( ) Dondcd ( ) N v c t c d  

I ' r i c t i on  Su r f ace  I.lldthr Length: 

Varlablo Propor t i on ing  Syo tcrn: Yes No 

f l r d c  P w c r  Asais t  Uni t :  Yca No V 

Srakc Pwcr u n i t  w/Accumulator:Ycs No 

Povcr A s s i s t  o r  Power Uni t  
w/llsckup: w --- No -- 
Antlakid Dcvicct ' YCO * !lo v 
Phrklnq Hcchaniarn: Hfr 
( G C C  dcfinitlon) Yo8 No 



Briikca 
(contd) r F'riction-type Parking Drakc: Iland Opcratcd (Y/ 

root Opcrntcd ( I 

Honscrvlco Drakc Typc Parking Brakc: Hand Opcratcd ( ) 

Foot Opcratcd ( ) 

. . Hhccl C'ylindcr D i m t c r r  

Dcscribc tiydraulic Circuit Sp l i t :  . 
)cflo4r/ fl~'%fl 

);ill adjustcrs bc locked out for th i s  tes t  serics? 

Yes NO V' 
, ,' ' . . 

. . 



Vchiclcr Hakc: / M L  f//~ L?? MITSA No. - 

Engine  I d l e  Spccd:  - Enginc  Timing:  - 
. T r a n s m i s s i o n :  Typc : /i' uj-d Spccds  : 3 

. No. of h x l c s :  L R a t i o ( s )  - 
CAWR: F r o n t :  2 ) YJ' Rear r 2. Z Q !  

R e c m n d c d  P r c s s u r e  a t  CVWR: 2L/ p o i  f r o n t  

_ '?ps i  rear 

Ora)ccs~ Front: ( ) DTM ( ~ ' D ~ S C  D i m 1  

( 1 Bonded ( I Riveted 

Friction S u r f n c c  Width: 'Length: 

( ) Oondcd ( ) R i v c t e d  

Friction Surfacc Wldth: Length: 

Variable P r o p o r t i o n i n g  Syntcm: Yes No ' 

Brakc P w c r  A s n i s  t Unl t: Y ca No 

Brake P w c r  U n i t  w/Accumulator:Ycs NO 4 

Povcr A s s i s t  or Powr U n i t ,  . 
v/llrrckup: --- * No -- 
C i n t i 3 k l d  Dcvicct ' Yca !to 1, 

Phrklnq Hcchanism: 
(scc d c l l n i t l o n )  

Hf r 
Yoa No 



Orakcs 
(contd) a Friction-typc Parking Draka: Hand Opcratcd ( ) 

root Opcratcd (4 
Uonscrvlco Drakc Typc Parking Brake: Hand Opcratcd ( ) 

I .  

Foot Opcratcd ( ) 

. Haotcr Cylindcr Dimcterr 

. . Hhccl Cylinder D i m  t cr  r 

Dcscribe ilydraulic Circuit  S p l i t :  

tlill adjusters be locked out for  t h i s  t c s t  ser ies?  

Yes NO 

. .  . 
' # '  

I 



'~chfcler HJkcr N L ' V H  WT5A No. 

W c l  yeart * /576 ~ a n u f a c t u r c    ate: / / / 7 I '  

V.I.N.~ ) X 6 4  1- 6 W / 1 / / / 1 7  Wheelbase: / /  . ' 
/ /M 

. , Englnr Type : 1/ 8 Di~placcmcnt: ~ 7 ~ ' ~ ~  Hpr 
. . 

" Engine Idlo  Spccd: -. Engine Timing: -" 

. . .  . . .. . Transmission: Type:  TI? Speeds: 3 

. . . . ' )to. of Axles: 2 Ratlots) - . . .  
. . 

W R t  Front: 2 3 // k a r t  . z ~ L .  3/ 
1 

Tirerr S i z e *  FR 7 0 X Y Hfrr ) -: / k'~' J 7 =3h~.f  . . . 
. vpct S V Y ~  ~ I J P I I ? L  . 

.. 
% , &commended Pressure a t  GWR: 2 $' pai  front 

. -.. 
. .  4 2 8 psi rear 

, . 
Drake8 r Front i ( ) Drum ( 6 Disc Dianz 

. . . . , . .. . . . I  

: . 1 Bonded ( I Riveted 

Wfction Surface Width: Length: 
, . . 
, hart  ( I4 Drum ( I ~ i s c  ~iam: 

. .  . . . - .  . .  . . . .  . ( 1 Bonded ( I Riveted 
3 .  . . . . . l'rictfon Surface Width: Lcng th r 

. . : Vatiablc Proportioning System: Yes No 

Drake Pwer hsaist Unit:  Yes . .Y No 

Pwcr Assist or Power Unit, . , . . .  
, , 

w/Backup: Yo6 No'  I/ 

hntf skld Dcvica t y e 6  I /  30 

Patklnq ticchanlsrn: Uf r /<LfL JLOY ~ / P Y P I  
[cco dcf l n i t l o n )  YO@ No 

, . 
e 



wf(ICLL: Il4t'OlL'lATION SIIEET 

Brakcs 
(contd) t Frict ion- type  Parking Drilko: lland Opcratcd ( ) 

Poot Opcratcd (< 

tlonscrvico Drakc Type Parking Drakc: Hand Opcratcd ( ) 

Poot Opcratcd ( ) 

. Maotcr Cylindcr D imcter :  

Whccl Cylindcr D i m  t c r :  

boscribc tlydraulic C ircu i t  S p l i t :  

j 2  J ~,!!-f..fl - 
r LJAL/A &J - ~ - f f  , /A drw rd 

f l i l l  adjusters  be lockcd out for  t h i s  t c s t  s e r i c s ?  

Ycs No L" 
. a . . 

.' 

, , .i . . . . ,  . .  



Minimum Stopp ing D is tances  and Wheel Lock Cond i t i ons  

Tab les  C.  1 th rough  C. 5 summerize t h e  minimum s topp ing  d i s tances  

and t h e  wheel l o c k  c o n d i t i o n s  f o r  t h e  minimum d i s t a n c e  s tops f o r  

each o f  t h e  f i v e  t e s t  v e h i c l e s  i n  each o f  t h e  28 t e s t s .  F igu res  C.6 

shrough C.10 g i v e  t h e  peak t o  peak s t e e r i n g  wheel d isp lacement  ang le  

and t h e  number o f  s t e e r i n g  wheel r e v e r s a l s  f o r  each v e h i c l e  i n  each 

o f  t h e  28 t e s t s .  A b r e v i a t i o n s  used i n  t h e  Tab les  d i s c r i b i n g  t h e  

t e s t  c o n d i t i o n s  a r e :  

HI-CO. ST. 

LO-CO, ST. 

HI-R, SP. ST. 

HI-L. SP. ST. 

HI-CO, T-R 

HI-CO, T-L 

LO-CO, T-R 

LO-CO, T-L 

HI-R, SP. T-R 

HI-R, SP. T-L 
HI-L,  SP. T-R 

HI -L  SP, T-L 

High C o e f f i c i e n t .  S t r a i g h t  

Low C o e f f i c i e n t .  S t r a i g h t  

S p l i t  C o e f f i c i e n t .  S t r a i g h t .  HI-CO on R i g h t .  

S p l i t  C o e f f i c i e n t .  S t r a i g h t .  HI-CO on L e f t .  

H igh C o e f f i c i e n t ,  Tu rn  R i g h t .  

H igh C o e f f - i c i e n t ,  Turn L e f t .  

Low C o e f f i c i e n t ,  Tu rn  R i g h t .  

Low C o e f f i c i e n t ,  Turn  L e f t .  

S p l i t  C o e f f i c i e n t .  Tu rn  R i g h t .  HI-CO on R igh t .  

S p l i t  C o e f f i c i e n t .  Turn  L e f t .  HI-CO on R i g h t .  

S p l i t  C o e f f i c i e n t .  Tu rn  R i g h t .  HI-CO on L e f t .  

S p l i t  C o e f f i c i e n t .  Tu rn  L e f t .  HI-CO on L e f t .  



Table  C.1. 1976 Monte Car lo ,  Minimum Stopping Distances and 
Wheel Lock Cond i t i ons .  

STOPPING DISTANCE - FEET 
TEST CONDITION 1 s t .  EFF. 2nd. EFF. 3rd.  EFF. 

60 m.p.h. H I  CO. ST. 174.0 (LF) 179.0 (LF) 161.0 (RF) 

40 m.p.h, LO CO. ST, 110.1 - 116.6 (LF) 95.7 - 
40 m.p.h. HI-R,SP.ST. 96.4 (LF,LR) 109.1 (LF) 107.9 (LF ,LR) 
40m.p.h.HI-L,SP.ST. 1 0 8 . 0 ( R F )  113.1 (RF) 102.6 (RF ,RR) 
4 0  m.p.h. H I  CO. T-R 

40 map. h, H I  CO, T-L 

40 m.p.h. LO CO. T-R 

40 rn.p.h. LO CO. T-L 

40 m.p.h. HI-R,SP. T-R 

40 m,p.h. HI-R,SP. T-L 

40 m,p.h. HI-L,SP. T-R 

40 map. h, HI-L,SP. T-L 

72.9 - 
72.2 - 

132.8 - 
120.1 - 
116.2 ( I F )  

108.5 (LF) 

115.9 (RF) 

109.3 (RF) 

69.7 (RR) 

67.1 (LR) 

109.4 - 
96.8 - 

110.1 - 
109.1 (LF ,LR) 

112.5 (RF,RR) 

102.6 (RF) 



Table C.2. 1976 Ford LTD, Minimum Stopping Distances and Wheel 
Lockup Condi t ions.  

TEST CONDITION 
- - 

60 m.p.h. H I  CO. ST. 

40m.p.h. LO CO. ST. . 

40 m.p.h. HI-R SP. ST. 

40 map, h. HI-L SP. ST. 

40 mvp.h, H I  CO, T-R 

40 m.p.h. H I  CO, T-L 

40 n1.p.h. LO C O Y  T-R 

40 m.p.h. LO CO, T-L 

40 m.p.h. HI-R, SP. T-R 

40 M . P . ~ .  HI-R, SP. T-L 

40 m.p.h. HI-L, SP. T-R 

40 m.p.h. HI-L, SP. T-L 

STOPPING DISTANCE - FEET 
1 s t .  EFF, 2nd. EFFv 3rd.  EFF. 

124.1 (LF) 118.5 (LF) 122.4 (LF,LR) 

126.8 (RF) 129.6 (RF) 113.1 (RF,RR) 

82.4 - 66.8 (RR) 

81.5 ( I F )  67.4 (LF) 

153.1 - 11 4.4 (RF ,RR) 

147.4 (LF) 107.0 (LF) 

135.2 (LF) 125.1 (LF) 

122.0 (LF) 105.2 (LF,LR) 

133.4 (RF) 117.0 (RF,RR) 

133.0 (RF) 120.5 (RF) 



Table  C. 3. 1977 Mercury Bobcat S t a t i o n  Wagons, Minimum Stopping 
Dis tances and Wheel Lockup Cond i t i ons ,  

STOPPING DISTANCE - FEET 
TEST CONDITION 1 s t .  EFF, 2nd. EFF. 3rd.  EFF. 

60 m.p.h, H I  CO. ST. 167.3 (RF,RR) 192.6 - 151 .1 (LR) 

40 m.p.h. LO CO. ST. 110.6 (LF) 119.3 - 102.8 - 
40 m.p.h. HI-R SP. ST 117.5 (LF) 115.5 (LF) 11 0.2 ( I F  ,LR) 

40 m.p.h. HI -L  SP. ST 114.2 (RF) 123.4 (RF) 103.3 (RF ,RR) 

40 m,p. h. HI-CO, T-R 85.4 (RF) 70.0 (RF) 

40 m.p. h. HI-CO, T-L 

40 n1.p.h. LO-CO, T-R 

79.0 (LF) 67.8 (LF,LR) 

134.2 (RF) 115.0 (RF) 

40 n1.p. h. LO-CO, T-L 124.8 (LF) 107.8 - 
I 40 m.p,h. HI-R, SP, T-R 121.3 (LF) 114.9 ( I F )  

40 m.p.h. HI-R, SP. T-L 106.6 (LF) 104.2 (LF,LR) 
I 

I 

40 m.p. h. HI-L, SP. T-R 116.8 (RF) 108.0 (RF,RR) 

40 m.p.h. HI-L, SP. T-L 118.1 (RF) 108.1 (RF) 



Table  C.4. 1977 AMC Pacer, Minimum Stopping Dis tances and Wheel 
Lockup Condi t ions.  

TEST CONDITION 

60 m.p.h. H I  CO. ST. 

40 m.p.h. LO C O O  ST. 

40 map. h. HI-R, SP. ST. 

40 m.p.h. HI-L,  SP. ST. 

40 m.p.h. HI-CO, T-R 

40 m.p. h. HI-CO, T-L 

40 m.p. h. LO-CO, T-R 

40 m.p. h. LO-CO, T-L 

40 m.p. h. HI-R, SP. T-R 

40 m.p.h, HI-R, SP. T-L 

40 rn,p.h. HI -L ,  SP. T-R 

40 m,p.h. HI-L, SP. T-L 

STOPPING DISTANCE - FEET 
1 s t .  EFF, 2nd. EFF. 3rd.  EFF. 

141.8 (RF) 180.7 (RF) 143.7 - 

123.3 (RF,RR) 125.5 (RF) 112.4 (RF,RR) 

75.8 (RF) 84.4 (RR) 

71.2 (LF,LR) 73.8 (LR) 

194.1 (RF) 136.0 (RF) 

159.6 (LF) 144.1 - 
169.0 (LF) 125.5 ( I F  ,LR) 

125.3 (LF ,LR) 133.9 (LF,LR) 

136.2 (RF) 133.9 (RF,RR) 

139.8 (RF) 132.9 (RF) 



Table  C.5. 1976 Four Wheel An t i -Lock  Equipped Nova, Minimum 
Stopping Dis tances and A n t i  -Lock Cycl i n g  Cond i t i ons .  

TEST CONDITION 

60 m.p.h. HI-CO. ST, 

40 m.p.h. LO-CO. ST. 

40 rn.p,h. HI-R, SP. ST. 

40 m.p.h. HI -L ,  SP. ST. 

40 m.p.h. HI-CO, T-R 

40 m.p. h. HI-CO, T-L 

40 rn.p.h. LO-CO, T-R 

STOPPING DISTANCE - FEET 
1 s t .  EFF. 2nd. EFF, 3rd. EFF. 

169.2 F&R 172.2 (F) 152.1 F&R 

104.6 F&R 102.9 (F) 99.8 F&R 

112.2 F&R 116.1 F&R 125.3 F&R 

121.9F&R 1 1 % . 1 ( F )  128.7 F&R 

75.2 F&R 74.7 F&R 

71.9 F&R 70.6 F&R 

110.4 (F) 99.0 F&R 

40 m.p. h. LO-CO, T-L 106.9 F&R 103.1 F&R 

40 m.p.h. HI-R, SP. T-R 

40 m,p.h. HI-R, SP. T-L 

I 40 m.p.h. HI-L,  SP. T-R 144.2 (F) 147.1 F&R 

40 m,p,h. HI-L,  SP. T-L 113.6 F&R 125.9 F&R 



Table C.6. 1976 Monte Caro l .  Peak t o  Peak S tee r i ng  Wheel D isp lace-  
ment Angle and Nun~ber o f  Reversal s. 

TEST - 
HI-CO, ST, 

LO-CO, ST. 

HI-R, SP. ST. 

HI-L,  SP. ST. 

HI-CO, T-R 

HI-CO, T-L 

LO-CO, T-R 

LO-CO, T-L 

HI-R, SP. T-R 

HI-R, SP. T-L 

HI -L ,  SP. T-R 

HI-L,  SP. T-L 

1s t .  EFF. 2nd. EFF. 

MAX. NO. OF MAX. NO. OF 
ANG. P-P REV. ANG, P-P REV. 

F a i  1 ed S tee r i ng  lclheel Angle Sensor. 

3rd.  EFF. 

MAX. NO. OF 
ANG. P-P REV. 



T a b l e  C.7. 1976 F o r d  L T D .  Peak t o  Peak S t e e r i n g  Wheel D i s p l a c e -  
ment  Ang le  and Nuniber o f  Reversa ls .  

TEST 

H I - C O ,  ST. 
LO-CO, S T .  

H I - R ,  SP, ST, 

H I - L ,  SP, ST. 

H I - C O ,  T - R  

H I - C O ,  T - L  

LO-CO, T - R  

LO-CO, T-L 

H I - R ,  SP. T - R  

H I - R ,  SP. T-L 

H I - L ,  SP. T - R  

H I - L ,  SP. T-L 

1 s t .  EFF. 2nd. EFF. 3 rd .  EFF. 

MAX. NO. OF: MAX.  NO. O F  MAX. NO. OF 
ANG. P-P REV. ANG. P-P REV.  ANG, P-P REV.  

F a i l e d  S t e e r i n g  Wheel Ang le  Sensor.  5 5 2 ( L o  

100 3 - 



Table  C.8. 1977 Mercury Bobcat S t a t i o n  Wagon. Peak t o  Peak 
S t e e r i n g  Wheel D i  s p l  acement Angle and Number o f  Reversa l  s. 

1 s t .  EFF. 2nd. EFF, 3rd .  EFF. 

MAX. NO. OF MAX. NO. OF MAX. NO. OF 
TEST ANG.P-P REV, ANG. P-P REV. ANG. P-P REV. 

HI-CO, ST. 270 3 (RF,RR) 20 7 - 30 3 (LR) 

LO-CO, ST. 150 5 (LF) 3 0 4 - 50 3 - 
HI-R, SP. ST. 230 5 (LF) 80 4 (LF) 7,360 3 (LF,LR) 

HI-L, SP. ST. 240 5 -(RF) 180 3 (RF) 7,200 2 (RF,RR) 

HI-CO, T-R 

HI-CO, T-L 

LO-CO, T-R 

LO-CO, T-L 

HI-R, SP. T-R 

HI-R, SP. T-L 

HI-L, SP. T-R 

HI-L, SP. T-L 

100 3 (RF) 80 2 (RF) 

145 4 (LF) 120 2 (LF,LR) 

80 5 (RF) 80 4 (RF) 

140 3 (LF) 90 4 - 
130 6 (LF) 180 5 (LF) 

240 4 ( L o  230 2 (LF,LR) 

220 2 (RF) 120 I(RF,RR) 

170 4 (RF) 160 5 (RF) 



Table C.9. 1977 Pacer. Peak t o  Peak S tee r i ng  Wheel Displacement 
Angle and Nunlber o f  Reversals.  

1 s t .  EFF. 2nd. EFF. 

MAX. NO. OF MAX, NO. OF 
TEST ANG. P-P REV. ANG. P-P REV, 

HI-CO, ST. 7 2 7 - 160 3 (LR) 

LO-CO, ST. 112 3 (RF) 112 5 (RF) 

HI-R,SP. ST. 152 3 (LF,LR) 200 6 (LF,LR) 

H I -L ,SP .ST .  240 ~ ( R F , R R )  240 6 ( R F )  

HI-CO, T-R 

HI-CO, T-L 

LO-CO, T-R 

LO-CO, T-L 

HI-R, SP. T-R 

HI-R, SP. T-L 

HI-L, SP. T-R 

HI-L, SP. T-L 

40 1 (RF) 

120 2 (LF,LR) 

40 3 (RF) 

152 2 ( L o  

3rd.  EFF. 

MAX. NO. OF 
ANG. P-P REV. 

148 3 (LF) 

220 5 (RF,RR) 

190 2 (RR) 

l o o  2 (LR)  

160 1 (RF) 

120 3 - 
340 2 (LF,LR) 

280 2 (LF,LR) 

240 1 (RF) 200 1 (RF,RR) 

270 4 (RF) 200 5 (RF) 



Table  C.10. 1976 Nova Anti-Lock, Peak t o  Peak S t e e r i n g  Wheel 
Displacement and  Number o f  Reversal  s.  

1 s t .  EFF. 2nd. EFF. 3rd .  EFF. 

TEST - 
HI-CO, ST. 

L0-CO, ST. 

HI-R, SP. ST. 

HI-L, SP. ST. 

HI-CO, T-R 

HI-CO, T-L 

LO-CO, T-R 

LO-CO, T-L 

HI-R, SP. T-R 

HI-R, SP. T-L 

HI-L, SP. T-R 

HI-L, SP. T-L 

MAX. NO. O F  
ANG.P-P REV. 

MAX,  NO. OF 
A N G .  P-P REV. 

MAX, NO.  OF 
A N G .  P-P REV. 



T a b l e  C. 11. Rcpeatab i  1 i ty  o f  Exper imen ta l  S topp ing  D i s t a n c e  
Measurements Expressed as t h e  Percentage D i f f e r e n c e  Between Two 
S h o r t e s t  Stops.  

MONTE 
TEST NO. CARL0 - 

Average 

FORD 
LTD - 
2.4% 

28.9 

3.2 

9.3 

0.2 

0.6 

BOBCAT 
WAGON PACER 

1.6% 2.1% 

2.3 5.2 

0.5 3 .7  
2.5 2.5 

0.2 0.8 

1.4 0.3 

NOVA 
ANTI-LOCK 



Tab le  C. 12. Avcraqc S topp inq  D i s t a n c e  V a r i a b i l i t y  f o r  E i g h t  
Su r face  and Brs  k i  ng T e s t  C o n d i t i o n s .  Average Values D e r i v e d  
From C h a r t  i n  T a b l e  C . l l .  

H I  - CO S t r a i g h t  

LO - CO S t r a i g h t  

H I  - CO Tu rn  

LO - CO Tu rn  

SP - CO S t r a i g h t  

SP - CO Tu rn  ( H e a v i l y  Load T i r e  on H I  - CO) 
. . 

SP - CO Tu rn  ( H e a v i l y  Load T i r e  on LO - CO) 

SP - CO Tu rn  



Tab le  C.13. D i f f e r e n c e  Between R i g h t  T u r n i n g  (TR) and L e f t  T u r n i n g  
(TL) S topp ing  D is tance  on High and Low C o e f f i c i e n t  Surfaces. Average 
o f  2nd. and 3 r d .  E f f e c t i v e n e s s  Tes t .  

VEHICLE 

Monte C a r l o  

Ford LTD 

Bobcat Wagon 

Pacer 

Nova A n t i - l o c k  

1.6 ft. (2.3%) 

0.1 ft. (0.1%) 

4.3 ft. (5.8%) 

7.6 ft. (1  0.5%) 

3.7 ft. (5.2%) 

Average 4.8% 

12.6 ft. (1 1.6%) 

6.6 ft. (5.2%) 

8.3 ft. (7.1%) 

13.2 ft. (8.6%) 

0.3 ft. (0.3%) 

Average 8.2% 



Table C.14. D i f f e r e n c e  Between R i g h t  Turn ing  (TR) and L e f t  Turn ing  
(TL)  Stopping Dis tance on the  Spl i t  C o e f f i c i e n t  Surfaces w i t h  the  
H igh  C o e f f i c i e n t  Sur face on t h e  Veh ic les  R i g h t  Side ( H I  - R )  and on 
t h e  Veh ic les  L e f t  Side ( H I  - L ) ,  Average o f  2nd. and 3rd.  E f f e c t i v e -  
ness Test ,  

VEHICLE 

Monte Ca r l o  

Ford LTD 

Bobcat Wagon 

Pacer 

Nova A n t i - l o c k  

SP - co 
H I  - L 

(TR - TL) 

4.4 ft, (4.0%) 

16.6 ft. (14.6%) 

12.7 ft. (12.0%) 

17.7 ft, (13.7%) 

-16.9 ft. (13.0%) 

Average 11.5% 

8.2 ft. (7.8%) 

-1.6 ft. (1.3%) 

-0.7 ft. (0.6%) 

-1.4 ft. (1.0%) 

25.9 ft. (21.6%) 

Average 6.5% 



Table C.15. D i f f e rences  Between R i g h t  Turn ing  (TR) and L e f t  Turn ing  
(TL) Stopping Distances on t he  S p l i t  C o e f f i c i e n t  Surface w i t h  t he  , 

Heavily Load T i r e  on t h e  High C o e f f i c i e n t  Side (HLTR - HRTL) and on -+ .. 
the Low C o e f f i c i e n t  Side (HRTR - HLTL). 

VEHICLE 

Monte Ca r l o  

,. Ford LTD 

Bobcat Wagon 

Pacer 

Nova An t i - 1  ock 

SP - co 
{HLTR - HRTL) 

SP - co 
(HRTR - HLTL) 

5.4 ft. (5.0%) 

11.6 ft. (1 0.2%) 

7.0 ft. (6.6%) 

5.5 ft. (4.2%) 

-1.0 ft, (0.7%) 

Average 5.3% 

7.2 ft. (6.8%) ' 

3.4 ft, (2.7%) 

5.0 ft. (4.4%) 

10.9 ft. (8.0%) 

10.0 ft. (8.3%) 

Average 6.0% 



Tab le  C.16. D i f f e r e n c e  i n  Stopp ing D is tance  i n  t h e  S p l i t  C o e f f i c i e n t  
S t r a i g h t  L i n e  Brak ing  T e s t  w i t h  t h e  High C o e f f i c i e n t  Sur face on t h e  
R i g h t  and L e f t  Side o f  t h e  Veh ic le  [ ( H I  - I )  - ( H I  - R)]. Average o f  
2nd. and 3rd.  E f f e c t i v e n e s s  Test .  

D i f f e r e n c e  i n  S t r a i g h t  L i n e  (ST) and In-A-Turn ( T )  Stopp ing D is tance  
(T - ST) on t h e  S p l i t  C o e f f i c i e n t  Sur faces.  T  i s  t h e  Average o f  a l l  
SP - CO In-A-Turn T e s t  and ST i s  t h e  Average o f  Both S t r a i g h t  L i n e  
T e s t  i n  t h e  2nd. and 3rd .  E f f e c t i v e n e s s  Tes t .  

VEHICLE [ ( H I  - L )  - ( H I  - R)] (T - ST) 

Monte Car10 0.7 ft. (0.6%) 2.3 ft, (2.1%) 

Ford LTD 0.9 ft. (0.7%) 3.0 ft. (2.4%) 

Bobcat Wagon 0.5 ft. (0.4%) -0.8 ft. (0.7%) 

Pacer 5.5 ft. (4.6%) 15.3 ft. (12.6%) 

I Nova A n t i - l o c k  2.7 ft. (2.2%) 13.3 ft. (10.9%) 

Average 1.8% Average 5.7% 



Peak and Slide Surface Frict ion Measurements 

Peak and s l i d e  surface f r i c t i on  n~easurernetits were made on the 
several t e s t  surfaces used a t  the Bendix Automotive Proving Grounds 
once each week during which vehicle t e s t  were conducted. Measure- 

ments were made with the DOT Surface Frict ion Dynamometer, SFD, and 
with the Bendix ASTM skid t r a i l e r .  Both machines u t i l i zed  the ASTM 

E-501 t e s t  t i r e  loaded t o  1100 pounds with a t i r e  pressure of 24 psi : 
This data i s  graphed in Figures C.1 through C.6. Data from the 
Bendix skid t r a i l e r  i s  incomplete because o f  several break downs 
during the t e s t  period. Data points f o r  the  Bendix skid t r a i l e r  are  

the average values of the l e f t  and r i gh t  wheels over one t o  three 
runs. Both data points a re  ploted f o r  the two runs made on each date 
with SFD. No data was taken with the Bendix skid t r a i l e r  on the 

S p l i t  Coefficient Curved Test Surface because i t  was impossible t o  , 

operate the t r a i l e r  in a s t r a i gh t  path with both i t s  wheels on the 
curved t e s t  surface over a distance long enough t o  obtain a measure- 
ment, 
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t 1 I 1 1 I I 1 1 I 1 I 1- 
Date 619 6 /16 6/24 7/9 7/20 7/29 8/4 8/12 8/19 8/26 8/31 9 / 8  9/15 9/22 9 /28  

H I  - CO Straight 

IlI - CO Curve 

F i g u r e  C.1. Peak arid Slide Surface Frict ion Fileasurerlients on High . 
Coefficient Straight a n d  Curve Test Surfaces .  ( , )  Dot 
Surface F r i c t i o n  Dynsinometer. ( x )  Bendix S k i d  Trdi lcr .  



1 1 I I I 1 '  1 t 1 I I 1  1 I I 
Date 6/9 6/76 6/24 7/9 7/20 7/29 8/4 8/12 8/19 8/26 8/31 9/8 9/15 9 /22 9/28 

LO - CO S t r a i g h t  and Curve 

Figure C.2. Peak a n d  S l ide  Surface Fr ic t ion  Measurements on the Low 
Coef f i c i en t  S t ra ight  and Curve Test  Surfaces.  ( . )  Dot 
Surface Fr ic t ion  Dynamometer. ( x )  Bendix Skid Tra i l e r .  



SP - CO S t r a i g h t ,  HI - CO Side 

t 
' 0  . , -  
-I- . +' 

I 
U 

, -I- 

0.60' LL 

Figure C.3, Peak and Sl ide Surface F r i c t i on  Mcasurements on the High 
Coeff ic ien t  Side o f  the S t r a i g h t  S p l i t  Coef f ic ien t  T e s t  
Surface.  ( t  ) Dot Surface F r i c t i on  Dynanlonicter. ( x )  
Bendix Skid Tra i l e r .  

. . 

, . 

. , I  - 

Date b /9  6/16 6 /24 7 /9  7/20 7 /29 8 /4  8 /12 8/19 8/26 8/31 918 9 /15  9/22 9/28 



Figure C.4. Peak and Slide Surface Friction Measurements on the Low 
Coefficient Side of the Stra ight  Spl i t  Coefficient Test  
Surface. ( ) Dot Surface Friction Dynamometer. ( x )  
Bendix Skid Trai ler .  

# 
' . Date 

I I I I 1 1 I 1 1 1 f I 1 I I 
6/9 6/16 6/24 7/9 7/20 7/29 8/4 8/12 8/19 8/26 8/31 9/8 9/15 9/22 9/28 

SP - CO S t ra igh t ,  LO - CO Side 



SP - CO Curve, H I  - CO Sides.  - I n s i d e ,  ----- Outs ide .  

Date 

F i g u r e  C.5. Peak and S l i d e  S u r f a c e  F r i c t i o n  Measurenlents on t h e  Two 
H igh  C o c f f  i c i e n t  S ides  o f  t h e  Curved Spl  i t  C o e f f i c i e n t  
T e s t  Sur face.  Fleasurernent's niade w i t h  t h e  Dot  Su r face  
F r i c t i o n  Dynamometer. 

1 I 1 1 I I I 1 1 t I I I 1 t 
6/9 6/16 6 /24 7 /9  7/20 7/29 8 /4  8/12 8/19 8 /26 8/31 9/8 9/15 9/22 9/28 



L 
I.L 

D a t e  6!9  6/16 6/24 719 7/20 7/29 814 8/12 8/19 8 /26 8/31 9 / 8 9 / 1 5  9/22 9/28 

SP - CO Curve, LO - CO Surface. 
- - 
Figure C.6. Peak and  Slide Surface Frict ion Measurements on the Low 

Coefficient Part of the Curved S p l i t  Coefficient Test 
Surface. Measurements Mark w i t h  the Dot Surface Frict ion 
Dynarnome t e r  . 



Surface Friction Characteri zstion as a Function of 
Velocity and Vertical Tire Load. 

Peak f r i c t ion  of the dry asphalt and wet jennite s t ra igh t  l ine  

t e s t  surfaces a t  the Bendix Autoniotive Proving Grounds was measured 

as a function of t i r e  load and velocity for  application of the 

Braking Efficiency Technique ( r e f l ) .  This data i s  plotted in Figures 

C.7 through C.9. The curves plotted are a l e a s t  squares f i t  of the 

expression p = A V *  + Bv + C t o  tho data points plotted. The equation 

of each curve i s  given in the figures. The three figures give data 

collected on the same surfaces on three di f ferent  dates,  June 8,  

July 19, and October 3, 1977; 
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Rear : bp = 1.53 x 10-4v2 - 1.42 x 10-2v + 0.81 

V e l o c i t y  M.P.H. 

Figure C.7, Surface F r i c t i o n  Dynan;oii7cter Peak F r i c t ion  
blcasuremcr~ts on Dry A s p h ~ l t  ant! \,Jet J cnn i t e  
Taken on June 8 ,  1977 a t  t h e  Bcndix Antonlotivc 
Proving Grounds. 
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Figure C. 8. Sur face  F r i c t i o n  Dynarnonietcr Peak F r i c t i o n  
bleasurc~ilcnts on Dry Asptial t and Wet Jcrlni te  
Taken on J u l y  1 5 ,  1977 a t  the  Bendix Autoniotive 
Proving Grounds. 
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Rear : bp = 1.56 x I O - ~ V ~  - 1.88 x + 1.05 

LO - CO . 
Wet Jennite 

Front: = 9.46 x 1 0 - ~ ~ ~  - 1.14 x i b - 2 ~  + 0.,797 
P 

Rear : pp = "3.02 x - 5.72 x I O - ~ V  + 0.761 

1 I 1 I 1 1 
10 2 0 .30 4 0 #5 0 6 0 

Velocity M . P . H .  
1;. 1 ... . . 

Figure C.9. surface Frict ion Dynamometer Peak Friction 
Measurcrncnts on Dry Asphalt and Wet Jennite 
Takcn on October 3 ,  1 9 7 7  a t  the B e n d i x  Auto- 
n i o t i v c  Proving Grounds. 
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APPENDIX D 

SIMULATION RESULTS USING DYNAMIC BRAKING MODEL 

A tremendous amount of information was compiled during the 
simulation a c t i v i t i e s  in t h i s  study - in the form of parametric , 

inputs to  the computer program, and in the form of processed and 
unprocessed simulated time h i s t o r i e s ,  The purpose of t h i s  appendix 
i s  t o  present t h a t  information which supports the main t e x t  of the 
repor t ,  as well as simulation resu l t s  which characterize braking 

perforniance by means other than stopping distance.  Thus, documented 
here a re  the parameter values needed f o r  the simulations, time 
h i s to r ies  which i l l u s t r a t e  the nature of the anti-lock system tha t  
was modelled f o r  t h i s  study, and processed data which quant i fy  the 
capabil i  t i e s  of the vehicles t o  maintain a  constant path-curvature 
when braking in a  turn. 

D.1 Vehicle and Tire  ~ai-ameter Values. The def in i t ions  f o r  
the vehicle and t i r e  parameters are  provided in Reference 

[ 5 1. Each vehicle required two s e t s  of descr ip tors ,  one f o r  the 
l i gh t l y  - laden condition and the other fo r  the GVW condition. 
Also needed were tables  describing the spring ra tes  a t  each wheel, 
the shock absorber cha r ac t e r i s t i c s ,  and the f ron t  end camber, cas te r ,  
and toe data,  The sources of t h i s  information a re  summarized in 
Table D.1. Following a re  the parameter values f o r  each veh ic le ,  
consist ing o f :  

1 )  Computer l i s t i n g s  of non-tabular inputs ,  for  both 
l ightly-laden and G V N  conditions, 

2 )  tabu1 a r  inputs , and 
3) plots  of the t i r e  model cha r ac t e r i s t i c s ,  made a t  APL 

and based on the data pub1 istied in Reference [ 73 .  



T a b l e  D.1. Sources o f  V e h i c l e  and T i r e  Parameter Values 

KEY: M - Measured a t  HSRI 

E - E s t i m a t e d  f ron i  o t h e r  parameter  v a l u e s  

C - Calspan T I R F  d a t a  

G - G e n e r a l i z e d  e s t i m a t e  

N - Value f o r  Nova p r o v i d e d  by  APL 

DC - Measured on Dodge Coronet  

MS - Measured on 1971 Mustang 

B - Measured on Brookwood s t a t i o n  wagon 

S - S p e c i f i c a t i o n  

Parameter Source 
Monte F o r d  Chevy Bobcat  AMC 

APL No. Symbol C a r l o  LTD Nova Wagon Pacer 

1 MS M,E M,E M,E M 9 E M,E 

2 9 3  MUF,MUR E . E E E E 

4 9 5  ZF, ZR M M M M M 

6 9 7  A,B M M M M M 

TF,TR S S S  S 

TSR M M M E 

I X ,  I 2  E E E E 

I Y M,E M,E M,E ,M, E 
I XZ G G G G 

I R D C B G G 

R F M M M E 

AFKi M M M S 

R R M M M S 

CFiP ,CRiP M M M G .  

KRS DC B G  G 
RbI E E C C 

3 3 FOT C C C  C  

34- 38 A i C C C C 



Tab le  D.1. (Cont . )  

APL Wo. 

4 2 

4 7 

49,50 

51 

5 2 

55 

56,57 

58,59 

77-80 

85-88 

92,93 

130 

131 

132,133 

134,135 

136 

137 

'- 138 

169 

182-1 85 

196,197 

202-205 

206,207 

219,220 

221,222 

231,232 

212,243 

244 

245-2118 

249-254 

255-262 

290 

291 - 2 9 5  

Synlb01 

N G 

D C 

IWF, IWR 

I DR 

ARR 

PT 

YSAi 

PHSi 

KT i 

B i 

DELF, DELR 

AMCR 

ESP 

KSL i 

AAi 

CCR 

CFCR 

AP 

S NT 

S I  I 

E K I  

APFi ,APRi 

MUSF, MUSR 

FEE1 

7'14 E I 

H I  

KCF, KCR 

KSR 

RU i 

ATKi ,ARK1 

O F C i  , O R C i  

ROT 

fd i 

Monte Ford Chcvy Bobcat AMC 
C a r l o  LTD Nova Wagon Pacer 

DC B S S DC 



The data used t o  simulate the 1976 llonte Carlo i s  given in 

Tablcs D.2 - 0.4 a n d  Figures D.1 - D.3; the Ford LTD d a t a  i s  in 

Tables D.5 - D.7 a n d  Figures D.4 - D.6; the Chevrolet Nova data i s  

i n  Tables D.8 - D.10 and Figures D.7 - D.9; the data f o r  the 

Mercury Bobcat i s  in Tables D.11 - D.13 and Figures D.10 - D.12; 

and the AMC Pacer d a t a  i s  in Tables D.14 - D.16 and Figures D.13 - 
D, 15. 

The t i r e s  f r o m  which the parameter values were measured were the 

fo l l  owing : 

1 )  Uniroyal GR-70-15, which has TPC speci f ica t ion number 

o f  1007, f o r  the Monte Carlo, 

2 )  Goodyear HR78x15 -Custom Polysteel Radial, f o r  the Ford LTD, 

3)  Goodyear E70x14, be1 ted b ias ,  f o r  the Nova police package, 

4 )  Firestone BR78x13 Steel Radial 500, f o r  the Bobcat, and 

5) Goodyear D78x14, Custom Power Cushion Polyglass, f o r  the 
Pacer. 

Parameter values selected t o  simulate the Kel sey-Hayes anti  -lock 

system are  l i s t e d  in Table D.17, while the mathematical model of the 

system i s  in Appendix F. 

D. 2 Simulated Anti-lock Time t{istories.  Figure D.16 i l l u s t r a t e s  

the operation of the anti- lock system by showing time h i s to r ies  of 

the primary dynamic variables.  The inputs t o  the anti-lock control ler  

are  W and r4, shown in the uni ts  radians/sec and radians/sec/sec. 

(With the assumed ro l l ing  radius of 12.1 inches, a 10 rn.p.h. speed a t  

the t i r e  surface corresponds t o  14.5 rad/sec, and a 1 .Og acceleration 

corresponds t o  32 rad/sec/sec.)  The manner in which the volume in 
the expansion chamber a f fec t s  the pressure re-apply r a t e  can be seen, 

as can the dependency of S ( t he  logical variable which defines the 

s ta tus  of the soletloid actuator)  on H,  the "HOLD ON" c i r c u i t  output. 
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Tab le  D.4. T a b u l a r  I n p u t s  f o r  Monte Car lo .  

S p r i n g  Ra tes  (Measured a t  H S R I )  

Front  Rea r 
a ( i n . )  F  ( I b s )  6 ( i n )  F ( ~ b s )  

Brake Torque (Measured a t  H S R I )  

Front  Rear 
P ( p s i )  TQ ( in -1  bs )  P ( p s i  ) TQ ( in-1  bs)  



T a b l e  D.4 .  ( C o n t . )  

Shock Absorber  Data ( G )  

F r o n t  and Rear: C = 3.0 I b / ( i n / s e c )  i < 0 

= 1 0 . 0  1 b / ( i n / s e c )  i > 0 

Camber, Caster ,  and Toe F u n c t i o n s  (Dodge Coronet ,  Ref .  [ 5 I) 

D i  s p l  aceinent Camber 

0. 0.  

1 .  .41 

2. .98 

3. 1.26 

4.  1 .22  

5. .95 

6. . .43 

Cas te r  Toe 

.75 0. 

.75 - .37 

.75 - .57 

.75 - .85  

.75 -1 .05 

.75 -1 .21 

.75 -1 .36 



NORIi i lL LORD = 690.000 -L6S 

A IIORI1RL LORD = 1035.000 -LOS 

p N i l R t i f l L  LORC = 1380.000 -LO$ 

NOflElnL LORD = 1725.000 -LCS 

' X  NORHRL LORD = 2070.C00 -LRS 

N O R t i R L  LORD z 2416.000 -LOS 

28 SEf" 77 

Fiqurc D.1. T i r e  s i d e  force v s .  s l i p  a n g l e ,  w i t h  nol-rr\c?l l o a d  
v a r y i n g ,  f o r  t h e  Monte Carlo. 



( 4 8 4  GR70-15 UN R PRG SLIP QNGLE=8* ,  C R M B E R )  

S L I P  

NORHRL LOnD = 400.000 -LBS 

A N O R t l R L  LORD = 000.000 -LOS 

N O R H R L  LORD = 1200.000 -LBS 

N O R t l R L  LORD 1600.000 -LBS 

X N O R t l R L  LORD = 2030.000 -LDS 

+ HORHRL LORD = 2400.000 -LCS 

Figure n.2. Tire side force v s .  s l i p  r a t i o ,  with nornlal load varying, 
f o r  thc  l9ontc C,lrl o .  



( 4 8 4  GR70-15 U N  R PR6 SLIP f lNGLE=Oa, CRMBER) 

% 1 S L I P  v ,  

C, 

14 NORHflL LORD = 400.OCO -LES 
r NORHRL LORD = 800.000 -LO.$ 

I NORHPi LORD = 1230.030 -LBS 
ir3 
i t NORKAL LOGO = 1600.000 -LBS 
I 

' X  RORHRL LORD = 2000.030 -LBS 
e NOHHRL Lono = 2400.003 -LBS 

Figu1.c D.3. T i t - c  t)r~kit \g f o r c e  i t s .  sl i p  rat io ,  \ v i t t l  normal l o a d  
V " I ' Y ~ ~ ~ < I ,  for f,lol\tc Car lo .  

121 







Table  D.7. Tabu la r  Inputs for Ford LTD. 

Spr ing  Rates (Measured a t  H S R I )  

F r o n t  Rear 
6 ( i n )  F ( I b s )  6 ( i n )  F ( I b s )  

Brake Torque (Measured a t  HSRI ) 

F r o n t  Rear 
P ( p s i )  TQ ( i n - 1  bs) P ( p s i )  TQ ( i n - 1  bs)  

0. 0. 0. 0. 
150. 0. 150. 0. 

1400. 40000. 925. 10500. 

Shock Absorber Data (G) 

F r o n t  & Rear: C = 3.0 I b / ( i n / s e c )  



T a b l e  D.7 .  (Cont , )  

Camber, Caster ,  arid Toe F u n c t i o n s  (Broo kwood Wagon) 

D l  acanlen t ---- Caniber - Ca s t d G )  Toe 

0. 0. 1. 0. 

1. 0.85 1 .  -0.24 

2, 1.68 1. -0.53 

3. 2.18 1. -0.73 

4. 2.43 1. -0.89 

5. 2.47 1. -1 .01 

6. 2.29 1 .  -1 .I0 

7, 1.96 1. -1 .I7 



( 039  ttR70-15 GY R CSR C R I ~ B E R Z O - ,  SLIP=O. I 

S L I P  RNGLE -DEGREES 

NORhRL LORD = 756.000 -LBS 

A NORHflL LOnD = 1134.000 -LO$ 

NORHRL LCflD = 1512.000 -LO$ 

NORHRL LOnD = 1090.000 -LBS 

X NORIIflL LOilO = 2260.000 -LBS 

NORIlRL LOilII = 2G46.000 -LBS 

13 OCT ' 1 7  

F i g u r e  D . 4 .  T i r e  s i d e  f o r c e  v s .  s l ip  a n g l c  w i t h  norr~ial l o a d  v<it.yir:g, 
for thc Ford LTD.  



[039  tiR78-15 GY R CSR SLIP RNGLE=8 , CRtIDER I 

SLIP 

N O R H f l L  LORD = 400.000 - L D S  

* N0Rt;RL LOR0 = 000.000 -LBS 

NORhflL LOaD = 1200.000 - L B S  

w NORtlRL LOAD z 1000.000 - L O S  

13 O C T  77 

F i r  5 T i r e  s i d e  f o r c e  v s .  s l i p  r a t i o ,  w i t h  nor~nal load varying, 
f o r  the Ford LTD. 



(039 HR7D-15 CY R CSR SLIP RNCLE=O. .  CRMBER l 

SLIP 

NORHRL LOnD = 400.000 -LUG 

4 NORHRL LORD 1 800.000 -LO6 
y: 

r tlORtlflL LORD = 1200.000 -LO6 
i ' 

NORHRL LORD = 1600.000 -LBS 

X NORHnL LORD = 2000-000 -Lo8 

, NORRRL tonu = 24oo.000 -LEIS 

F i g u r e  0.6. T i r e  b r a k i n g  f o r c e  v s .  s l i p  I - a t i o ,  w i t h  t ~ o r ~ ~ i a l  l o a d  
vary ing,  f o r  t t ic  Ford L T D .  



Parameter  Values Needed t o  S imula te  t h e  Nova, Under t h e  L i g h t l y  Loaded Condi t i o n .  

PLNAMETEP V L L C E S  - WOCEL c - 
1 r : -  r.+500 . 2 
6 A= 47.900 . 7  

11 1x1 5SOJ.O . 12 
16 % J C F =  30.000 . 1 7  

- 2 1  A 145.03 . 22 
26 CFLFa t O . 4 3 C J  r 27 
? 1  F b 5  12. 7 0 0  . 32 
36 1 2 1  c S 7 b . 9  + 37 
41 KSC= 5CO.00 . 42 
46 = 0.0 r  47  - 51 IDE= C.73230 r  52 
56 YS '  1- 5.CS00 . 57 
6 1  I L F =  0.0 6 2  

A t 6  u - ~ h =  4c.000 . 6 7  
71 L-I!.= -2) -106 r  72 
7 b T h =  !tJ.QJO l 77 
f31 K P S  1- 5.p.225 . 82 
13 b ez= C.J r  a7 
5 1  i)3(JT= C.0 . 9 2  
46 P H i i -  0.0 . 97 

1 C l  J 3 ? h =  C.0 9 102 
165 S 4 ? r =  C.C . 107 - 111  K T C =  L.u r  112 
110 CSLP. lL5.00 . 117 
121  ?FL= 233.00 122 
1 S d 1 5 = 0 . 0  r  127 
1'1 E < > =  C.0 . 132 
:>s C C G =  1L.300 . 137 
1 6 1  A L d C .  C.0 r  I 4 2  
143 C Y P  = 0.0 . 147 
1:: CLL = C.0 152 

- 1  S F  = C . C  + 157 
I c l  = C . S  r  162 
: th  = C.3 . 167 
171  S\S1= 25.000 . 172 
116 = :.GO00 , 177  
1 t 1  - C.S - . l a 2  
1Eb I. C - C  . I d 7  
1G1 I C . 3  r  192 
1;s E K I -  C.3 r 197 
2 C l  %1,= C.J 202 
2;5 PJSF- u.91320 237 
t! :1 =-L-l 'r94lJE-03. 212 
2 16 = C.0 . 217 
221  T H c l =  0.0 . 222 
2 i C  = C . 0  r  227 
231  H I =  435.00 . 232 
,735 = C . 0  + 237 
241 O - 2 4 ~  1.C300 . 242 
266 p a z -  0.3 247 
2 5 :  ZF\?= 1.5320 . 252  
255 C ~ C I = - G . 1 2 3 2 ~ E - 0 2 .  257 
2 t l  CjLZ--C.1533eE-02. 262 
2 c n  CpC;= C - O  . 267 
2 7 i  C a Z t - C . 0  r 272 
i 16 x C . 0  t 277 
2  ll = u.3 . 232 
2cb  S - S h -  C.2  , 237 
2 1  Rb0  = 7 ? 3 . 2 3  . 292 

VEHICLE M03EL - 1976 CHEVROLET NOVA 
PdF* 0.55000 3 HU9- 0.89000 . 4 

0;. 43.100 8  TF= 61.300 . 9 
1 Y =  33500. 13 11-  42500. r  1 4  
R F = 0 . 4 1 0 0 0 E 0 6 .  18 STOP= 10.000 r 19 

AKR4= 145.00 . 23 = 1.0300 . 24 
Cfi3P- 65.000 28 CR4?= 65.000 . 29 
SCAL= 30C0.0 3 3  FOT- 0.50000 . 34 

A31 1.4o60 r 38 A+= 6135.9 . 39 
F:G= 26.000 . 43 = 0  - 0  44  

IFh=  8.00CO . 48 I F  = 0.0 r 4 9  
L R R =  3.0800 - r  53 TSF = 0.0 54 

YSAZ- -5.0000 . 5 8  PHSl=-0.17000 r  59 
AXF- 0.3 6 3  P-IY= 0.0 . 6 4  

V-IN= 0.0 . 6 8  W - I K -  0.0 . 6 9  
THIK=-0.Z2655E-01r 73 PtiIN= 0.0 l 74 

KT1= 1281.0 9 78 KTZa 1281.0 + 79 
RPS2= 59.225 + 83  RPS3= 58.517 . 84 

E3- 1.0750 r 88 H~=-O.SR050E-07. 89 
DELhX 0.0 . 93 OELR= 0 - 0  9 4  
DFa l=  0.0 . 58 DFh2- 0.0 l 9 9  
L4PP- 0.0 1 0 3  SIPK=' 0.0 r  104  
PPRT= 1.0000 r  1 0 8  F h E O -  0.50030 r 1 0 9  

VC= 0.0 r  113  blTSa= 1.0000 r  114  
CLAM= 0.0 . 118  CS= 0.0 * 119  

: I= 0.0 . 123 DSW= 0.0 r  124  
PCSh= 0.0 128  VTPS- 1.0000 r  129  
K L  1  SoOOO. . 133  KSL2= 56000-  , 134  
CFCRx 70.000 138  AP= 7.0000 r 1 3 9  
V Y W  = 0.0 , I C l  CP.Xw= 0  - 0  9 144  
C Y X  = 0.0 1 4 8  C L A L =  0.0 l 1 4 9  
CPLL= 0.0 , 153  C ~ Q  = 0.0 . 154  
V L E % =  0.0 1 5 8  REkv= 0.0 t 159  

= 0 - 0  r  163  = 0.0 r  1 6 4  
= 0.0 1 6 8  = 0.0 . 169 

SlrSK= 2 - 0 0 0 0  r 1 7 3  OXST= 0.0 r 176  
= 0.0 r  1 7 8  = 0.0 r 179  

51 1% 0.15800 . 183 S I2=  0.15800 184  
= 0 - 0  r  188 a 0.0 1 8 9  

MT29= 0-20000  . 1 9 3  OCSUa 0.0 . 1 9 4  
EL(Z= 0.J r  198  BHPL* 0.9 + 1 9 9  

APF1= 1.3102 . 2 0 1  APF2=-0 -27600E-03. 204 
HLSRx 0 -93320  r  208  RCON= 0-30000E-01. 209 

= 0.0 r 2 1 3  = 0.0 r  214 
= 0.0 r 218  = 0.0 219  

THE2= 0.0 2 2 3  = 1.0000 . 2 2 4  
* 0.0 r 228 = 0.0 r 229  

HZ= 400.00 . 233  LAWD= 1.0000 . 2 3 4  
= 0.0 v 238 8R1= 1.0000 . 239 

KCF= 0.3 2 4 1  KCK= 0.0 244 
kR3= 1.0750 r  248  R94=-0.58050€-07r 2 4 9  

APUl=-0.2 793bE-02. 253 ARKZ= 0.24828E-02. 2  54 
OFCZ=-0-15336E-021 258 OFC3= -7.2960 r 259  
ChC3= -7.2960 263  CPOF= 0.0 + 264 
CP19= 0.0 . 2 6 8  CP2%= 0.0 . 269 
CFah= 0.0 r  273 CRlR= 0.0 r  274 
aP'pr;= C.0 r  278  TC30= 0.0 r  279  

= 0.0 . 283  = 3.0 2  84 
AXLE= 1.0300 . 208  DUAL= 0.0 , 289 
RAL = 13.550 . 293 RAL = 2976.0 . 2 9 4  

ZF- 8.2000 + 5  
TR= 59.000 + 10 

IXZ=  0.0 15 
AKF 1= 155.00 . 23 

RR= 62030. r 25 
Z B A S -  0.0 r 3 0  

A53 733.23 T 35 
TIR = 0.0 +a 

= 0.0 . 45 
IUF= 13.000 . 53 

KFS = 0.0 . 55 
PHSZ= 0.17000 r 60 
0-1 h= 0.0 r 45 
X-IN= 0.0 70  
PSIFi: 0.0 . 75 

KT?= 1281.0 t 80 
RPSC= 50.517 . 8 5  
DlDT= 0.0 90  
DEL 3= 0.0 l 95 
UlPRa 0.0 r  I O J  
SZPR- C.0 , 105 
R X S  F= 0.0 r 110 
DSKH= 0.0 . 115 

TGR= 0.0 r  120 
= 0.0 r  125 

VnTP= 1.0000 . 130 
AAl= 6.2500 r 135 
€ P I =  0.0 . 1 4 0  

C%ZW= 0.0 r  165 
CZU 1 0 - 0  r  1 5 J  
CNP = 0.0 . 155 

= 0.0 . 160 
= 0.0 r  :65 

SNT= 85.000 r  170 
PL = 0.0 , 175 

= 0.0 . 180 
S I J = 0 . 1 5 8 0 0  r  135 

= 0.0 . 190 
LOF= 0.0 • 1$5 

BRPS- 0.0 200  
APR I =  1.3102 . 235 
FCSW- 0.0 . 210 

= 0.0 r 215 
FEEl= 0.0 r  220 

= 0.0 . 225 
= 0.0 . 2 3 0  
= 0.0 r 235 

AR2= 1.0000 , 2 4 0  
KSA= 0.0 . .?+> 

AFK1=-0.27936€-3Zr 250 
AqX3= 1.9320 , 2 5 5  
CRCd= 0.0 r  2G-I 
CP1F= 0.0 . 2S5 
CROF= 0.0 . 270 
CR22.= 0.0 . 275 
T 3 d l =  0.0 285 

HFC= 0.0 r  285 
TIXE- 4.0000 r 293  
RA3 1.4660 . 295 

2 2 -  3.10CJ * 

153-  I;l= 535.33 43. 503 . . 
AKF2- 155.00 
CFi'* 60.C39 * 

KFS= 3.0 
1  13.553 . 

TCa = 0.0 * 
= 0.3 

I d ? =  15.003 . 
PT= 0.710C3 . 

cTSd= 1.0009 
P.-I\= 0.0 . 
y-1:<= d.9 . 

OT= 0.53033E-02. 
KTC* 1 2 b l - O  r 

91=-C.6318OE-W. 
D2ST- 0.0 
Pt3DT= 0.0 . 
U2?3* 0.0 
S 3 P i =  0.0 . 
T U u X =  0.0 

TST= 0.0 * 
TS'= 0.0 . 

IS.S= 0.0 
AHC9- 0.70000E--01. 

A b.2500 r 

E?Z= 0.0 r 

R H E A =  CLP = 0.0 0.0 
ChR = C.0 • 

= 0.0 
= 0.3 

S%S0= 31.003 r 

TSCP=0.25000 
PASS= 0.3 

SI i :  3 - 1 5 8 0 0  + 
= 0.9 . 

LDRF= 0.0 . 
53Pri= -1.5303 . 
APX2=-0.276CSF-03 r  

=-O.lC9+SE-03. 
= 0.0 

FEEZ= 5.0 
= 0.9 
= 0.5 
= 3.3 l 

8R3= 1.0300 . 
RAl=-2 .63183-04 .  

A F K Z =  0.2482$€-02. 
OFCJ= 0.0 
CRCl=-3. IZJ24E-02. 
CP2F= 0.0 
CRIF= 0.3 . 

= 0.3 . 
= 0.3 . 

 KC= 0.3 . 
RCT = 0.55003 r 
RA4 = 6135.9 . 





Table 0.10, Tabular I n p u t s  f o r  Chevro le t  Nova. 

S p r i n g  R a t e s  (Measured a t  H S R I )  

F ron t  
6 ( i n )  I= ( l b s )  

Rear 
6 ( i n )  F ( l b s )  

Brake Torque (Measured a t  H S R I )  

F r o n t  Rear 
P ( p s i )  TQ ( i n - l b s L  P ( p s i  TQ ( i n - l  bs)  



Table D.10. ( C o n t . )  

Shock Absorber Data  (Measured by Systcins Technology, Inc)  
7- - 

Front Rear 

Camber, Caster ,  and Toe Functions (Measured by Systems Techno1 ogy, Inc)  

(Functions approximated by third-order polynomial s )  

Polynomial Coefficients:  

Camber Caster Toe 



S L I P  ANGLE -DEGREES 

a I!DRtlRL LORD = 1190.000 -LCS 

rlaritin!. LORD = I ~ , C ~ . G O O  - L U ~  

X IIf lHtinL LORD = 1706.000 -LOS 

, H O R I ; ~ L  Lono = ~ ~ . E O O  -LUO 

0'7 DEC 77 
Figure D . 7 .  T i r e  s i d e  force v s .  s l i p  a n g l c ,  w i t h  n o r i ~ ~ a l  l o a d  v a r y i ~ l g ,  

f o r  t h e  Cllcvrolct Nova. 



7 
1 
1 

' ( 057  E70-14 GY 1313 CWTP SLIP RNGLE=Ba, CRMBEK)  

S L I P  

a NORHnL L O R D  = 400,030 -LO8 

IIORKRL LORD = 000*000 -LDS 

N O R l i R L  LORD 1200.000 -LO3 

r N O R l I R L  LOflD t 1600.000 -LBS 

X H O R l l n L  LORD 2 2000,000 -LUS 

N O R l l R L  LOOD = 2 4 0 0 ~ 0 0 0  -LO$ 

07 DEC 77  

Figure D.0. T i r c  s i d e  force v s .  slip, with normal load varying, 
for t;lw Cticvrol t:t Nova.  



(057  E70-14 GY BB CWTP SLIP RNGLE=Ouo CRMBER)  

r NOSllnL LOND = 000.000 -LOS 

F i g u r c  D.9. T i r e  b r a k i n g  fo rce  v s .  s l i p  r a t io ,  w i t h  nornlal l o a d  
varying, for the  Chevt'ol c l  Nova. 
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T a b l e  0.13. T a b u l s r  Inputs for '  t h e  Bobcat Wagon. 

S p r i n g  Rates (Based on MVMA S p c c i f  i c a t i o n s  ) 

F r o n t  Rear 
6 ( i n )  F ( l b s )  - 6 ( i n )  F ( l b s )  

Brake Torque (Measured a t  H S R I )  

F r o n t  Rear 
P ( p s i )  TQ ( i n - l b s )  P ( p s i )  TQ ( i n - l b s l  

0, 0. 0. 0. 
50. 0. 50. 0. 
1800. 1 7000. 900. 3500. 

1800. 1050. 

Shock Absorber  Data (Measured from 1971 Mustang) 

F r o n t  Rear 

C = 3 . 5 5  i > 2 4  C = 4 .6  i > 25.5 

C = 1 .44  < 24 C = 3 . 4 8  12 < < 25.5 

C = 5.94 0 < i < 12 

C = 2 . 1 3  8 < O  



T a b l e  D.13. ( C o n t . )  

Camber, C a s t e r ,  and  Toe Da ta  (1971 Mus tang )  

Di spl  acement 

-2.82 

-1 - 8 2  

-0.82 

0. 
0.18 

1 . I 8  

2.18 

3.18 

4.18 

Toe 

- .54 

-0.44 

-0.35 

-0.2 

-0.17 

0.05 

0.3 

0.61 

1 . 2  

Caster 
(No t  Measu redL  



[290  B1278-13 FI R RDC CRMBER=O., SLIP=Oa 1 

a NORWRL LORD = 490e000 -LBS 

NORNAL LORD z 73Ge000 -LBS 

.NORHRL LORD = 980e000 -LBS 

r NORHRL LORD 2 1226.000 -LBS 

X NORHRL LOnD = 1470e000 -LRS 

+ NORHRL LORD = 1716e000 -LBS 

F i g u r e  11.10. Tiri. s i d e  f o r c e  v s .  s l i p  a r ~ q l c ,  with rlorr~ial l o a d  
va ry i ng  , f o r  t l ~ c  Mcrcur*y Col)ca t . 

140 

8 . .  

22 DEC 77 



( 2 9 0  BR78-13 F I  R RDC S L I P  f I N G L E = 8 , ,  CRMBER) 

A NORHRL LOflD = 000.000 -LBS . . 
. . 

NORflnL Lon0 = 1200.000 -LBS . . . .  . . 
I N O R f l A L  L6nD = 1800.000 -LBS 

X N O R t l n L  LORD t 2000.000  as . , 

6 NOHHRL LORD a 4400.000 -LB3 

. 22 DEC 77 

Figure O , 1 1 .  T i r e  s i d e  f a r c e  v s .  s l i p  r a t i o ,  w i t h  normal load 
vat.yirlq, for tllc t.lcrcury Gohca t . 



( 2 9 0  BR78-13 F I  R RDC SLIP RNGLE=O*, CRMBER)  

' SLIP 

r NORMRL LOnD = 0000000 -LBS 

# NORliflL LOAD 3 1200~000  

s N O R l i R L  LORD - 1600.000 -LBS 

X NORHnL LORD = 20000000 - t B S  

+ HORHRL LORD z 24000000 -LUS 
. . 22 DEC 77 

F i g u r e  0.12. T i r e  b r a k i n g  f o r c c  v s .  s l i p  r a t i o ,  w i t h  norl~ial l o a d  
v a r y i n g  , f o r  t t i c ?  blcrcury Oobca t . 



Tz51e D.74. Parameter Values Needed t o  Simulate the  AMC Pacer, Under t he  L igh t1  y Loaded Cnndition. 

PARA 
1 
6 

11 
16 
21 
26 
3 1 
3n 
41  
46 
51 

6 1  
06 

7 1 
76  
8 : 
P n 
9 1 
96 
:3 1 
1 C h  
11 1 
1 l b  
171 
I2 6 
131 
126 
141 
1-5 
I 5 1  
15+ 
101 
!M 
171 
176 
le :  
I nh 
10: 
I?., 
231 
i O h  
211 
214 
221 
22b 
ill 
23h 
2- 1 
ikh 

251 
256 
i bl 
* +A 
i 7 1  
2 76 
281 
Z R b  
291  

. Y E 7 E 9  VALUES - MODEL C - 
"f=  E.4500 T Z 

A= L3.30C . 7 
1 x =  t5CS.O I t  

9CnR= 30.000 . 1 7  
hZ23= 1C5.GG . 2 2  
CF2P= 7i .C59 . 2 7  - - Y =  12.920 . 3 2  

b Z -  2452.5 ' 3 7  
K S C =  E003.0 . 4 2  

= 0.0 * c7 
13Q= 0.70500 52 

YSb l=  4.6260 . 5 7  
r :,;= 0.0 * 6 2  

V-I::= LG.GOO , 6 7  
2-1':- -23,713 . 7 2  

TN= 1U.300 . 7 7  
9 P S l =  58.660 . 8 2  

t 2 =  0.0 + 8 7  
rv3;T= b.3 + 9 2  
2 U l ' ~  3.1) . 9 7  
U I - i f =  0.0 12% 
? < ' a =  0.3 v 107 

% TC= 0.0 r 112 
Z S L P =  1C7.00 . 117 

P c L =  230.00 . 122 
5 h . l > =  0-3 . 127 

F % > =  0.2eC~O0 . 132 
CC?= li .GOO . 137 

~ E c . 3 =  0.0 . 142 
CYP = 3.0 T 147 
CLP. = C.0 9 152 
S F  = 0.0 + 157 

= 0.0 r 162 
= 0.3 r l h 7  

SWS1= 85,000 172 
= 1.0000 , 177 
= 0 - 3  + l b Z  
= 0.0 + 187 
= 0.0 192 

EK1= 0.0 , 197 
XP= 0.9 T 202 

WUSF= 0.89900 + 207 
=-C. 19700F--03. 712 
= 0.0 T 717 

THE:= 0.0 + 222 
.- G.C , 227 

H1= LC3.00 , 232 
= 0.6 . 237 

4 1.0000 7 2 i Z  
Fa2= 0.0 . 247 

rFY3= l - s e e o  . 252 
f! iCl=-O-15Z5ZE-02. 257 
C'PCZ=-0.E 6092E-03. 262 
CDi ; l=  0.12 , 2h7 
5 9 2 F =  0.9 + 272 

= 0.0 277 
= 0.3 232 

3 Q C W -  0.0 , 2&7 
QAO = 3445.0 . 292 

VEHICLE K m E L  - 1977 AHC 
HUF= 0.4Qh00 3 

B =  56,700 + 8 
XY= 21000. I3 
RF= 0.0 r 1 8  

AKkL= 105.00 . 23 
C?.3P= bG.000 . 28 
SCAL= 3030.0 . 3 3  

A3= 1.5040 + 3 8  
NG= 14. 000 . 4 3  

I f U =  6.0COO . 4 8  
A .  3 - 0 a 0 0  . 53 

YSk2= -4.6000 . 58 
AKFr 0.0 6 3  

V-:u= 0.0 9 6 8  
TH:N=-0- e2 1565-01. 7 3  

KT l=  1117.0 . 78 
RPS2= 58.660 . 8 3  

R 3 =  1 - 2 7 4 0  . 88 
DELF- 0.0 . 9 3  
DF#41= 0.0 T 9 8  
~ 4 2 2 -  0.0 T 103 
P P R T =  1.0000 - 1 0 8  

VC= 0.0 r 113 
CGAV,= 0.0 . 118 

T l =  0.0 r 123 
POSH= 0 - 0  128 
KSL l=  SCBOO- 133 
CFCK= 54.000 . 138 
V Y W  = 0.0 143 
CYR = 0.0 T 148 
CHAL= 0.0 . 153 
VLEtJ= 0.0 v 158 

= 0.0 . l h 3  
= 0.0 , 168 

SNSW= 2.0000 . 173 
= C . 0  178 

SI1= 0-18403  . 183 
= 0.0 108 

HTQY= G.20G00 . 193 
EKZ= 0.0 . 198 

APF1= 1.1862 + 703 
EUSR= 0.69900 . 208 

= 0 - 0  T 213 
= 0.0 r 718 

THEZ= 0.0 + 223 
= 0.0 . 228 

HZ= 400.00 , 7 3 3  
= 3-0 r 238 

KCF =-0.39flOCF-04, 7 4 3  
R 9 3 =  1.2740 . 248 

ARK1=-0.316Q2E-02, 253 
flFCZ=-0. ~ ! f109?F-03~  7 5 8  
C R C 3 =  -5.2h80 , 263 
CPLP= 0.0 , 267  
C909= 0 - 0  , 773 
OMPY= 0.0 , ?-re 

= 0.0 . 283 
AXLE= l.O(X)O + 288 
R A l  = 6.2000 + 293 

PACFR 
MU?= 0.8C300 . 4 

TF= 61.500 . 9 
I Z =  27000. 14 

STOP= 10.000 . 1 9  
= 0.0 T 2'. 

CQ4P= 6O.COO . 29 
FCT=0.50G30 . 34 

A4= 4286.6 . 39 
= 0.0 T 4 4  

I F  = 0.0 T 49 
TSF = 0.0 T 54 
PHS1=-0.13000 . 59 
P - l : ~ =  0.0 T 64 
W - I Y Z  0.0 T 69 
Pt< IN=  0.0 T 74 

K i Z =  l l l 2 . O  . 79 
RPS3= 57,967 . 84 

R 4 =  0.75170E-07. 09 
DtLK= 0.0 + 94 
DFW2= 0.0 . 99 
s l t x =  0.0 . l o +  
FR+O= 0 - 5 0 0 0 0  . 109 
HTSh'= 1,0000 + 114  

CS= 0.0 T 114 
D S V =  0.0 T 124 

VTPS= 1- OC00 . 129 
K S L 7 =  56000, . 134 

AP= 5.2000 . 139 
OHXW= 0.0 . 144 
CZAL= 0.0 T 149 
CHQ = 0 - 0  . 154 
REWV= 0 - 0  , 159 

= 0.0 T 1 6 4  
= 0.0 T 169 

D I c T =  0.0 T 174 
= 0.0 T 179 

S I 2 =  0.18400 . 184 
= 0.0 . 189 

DCSW: 0 - 0  194 
B M ? L =  0.0 . 199 
APF2=-0.28670E-03. 2 W  
BCON= 0.30000E-01, 209 

= 0.0 , 214 
= 0.0 + 219 
= 0 - 0  224 
= 0.0 . 229 

LAHn= 1.0000 . 234 
B R 1 =  1 - 0 0 3 3  . 239 
KCR=--0.33003E-04. Z r 4  
RH+= 0.751706-07, 249 

AKKZ= 0.277QZE-42, 254 
OFL3= -5- 2680 . Z > Y  
CPJF= 0.0 . 264 
CP2%= 0.0 269 
CRl?= 0.0 , 274 
r a s u =  0.0 , 279 

= 0.0 2P4 
I):JLL= 0 - 0  r 289 
RA? = 2 4 5 2 - 5  294 

ZF= 1l ,h50 
T?= an,ooo 

I X Z =  0 - 0  
AKFl= 116.00 

R X =  0.0 
ZBAS= 0.0 

n3= 3 4 ~ 5 - 0  
T I R  = 0.0 

= 0.0 
I W F =  9,4000 

K F S  = 0.0 
PHS2= 0.13000 
0- IN= 0 - 0  
X-IN= 0.0 
PS!N= 0.0 

K13= 1 1 1 2 - 0  
RPS4= 57.967 
DlOT= 0.0 
U f  L3= 0.0 
U l?R= 0.0 
SZP9= 0 - 0  
R k S F =  15,000 
DSuY= 0 - 0  

TCR= 0.0 
= 0.0 

VHTP= 1.0000 
CAI= b -6003  
€ P I =  0 - 0  

0!4Zk4= 0.0 
CZC = 0 - 0  
CNP = 0.0 

= 0.0 
= 0.0 

SNT= 55.000 
PL = 0.0 

= 0 - 0  
S13= 0.18400 

= 0 - 0  
L D F =  0.0 

B V P S =  0.0 
APal= 1.1862 
FCSw= 0 - 0  

= 0 - 0  
F£E1= 0 - 0  

= 0.0 
= 0.0 
= D-0  

B R Z =  1 - 0 0 0 0  
KSQ= 0 - 2 1 0 0 0 ~  

AFKl=-0. TL602F- 
ASK3= 1-49PO 
c9co=  0 - 0  
CPIF= c.0 
CKOF= 0.0 
C F @ =  0.0 
TCSl= 0 - 0  

HFC= 0 - 0  
T I R E =  4 -0099  
RA3 = 1 -5040  

LO.= I!-+:" . 
TSD= 45-'C3 T 

I R =  6 i O . C 3  . 
.e'Cp2= 1 . 
C F I ? =  ; L . i ; - , 3  

KQ.5- 0.Zu2C;k-G:7 
A l =  o - 2 i C u  . 

TCR = 0 - 0  . 
= 0 - c .  

IWS= 9 - 4 J M  , 
Pl=d.ZJ"CC . 

CTSX= ; - : ; G 3  . 
R-1'4; 0 - 3  
Y - I > =  0 - 0  

DT = C, .>C';CCF--G2, 
K T & =  61 =-C-3F17 1112." tLF-€3 .  

~ 2 n l =  0 - 5  . 
P V D 1 =  0 - 9  . 
u2p<.= 0.0  . 
s 3 2 = =  ( j - 0  * 
TJ.".*= 3.3  

T S T =  0 - 0  s 

T3F= 0.0 7 

I S M ? =  Q . 0  
AYCr= @-5O~~COE-C*1. 

A 4 7 =  EPZ= G - G  b.biCO . . 
FnCA- 0 - 0  * 
C L P  = 0.0 T 

C N R  = 0 - 0  . 
= 0.G . 
= 0 - 5  

SNSO= 20,000 . 
TSCF= 0.25G00 . 
PASS= (1-Q * 
SIi= 0 - ' 8 4 2 ~  . 

= 0 - 0  t 

LC?== 6 - 0  v 

b r % =  - : - S G C ~  s 

APQZ=-O-ZEb7GE--C3, 
=-3.1472CF--C3. 
= 0 - 0  . 

FEE2= 0.0 . 
= 0.6 * 
= (.,3 . 
= C P - J  

693=  1.22CJ + 
9 4 1  =-0.3Q7 b3E--C3. 

hFK2- 0.17792E--02. 
OFCO= 0.C a 

CQC? =-9,l5252E--OZr 
CP2F= 0 - 0  
CRLF= 0-0 f 

= u.3 
= 0-3 T 

H 9 L =  u-'3 . - 
C O T  = 0-52GCO , 
9A4 = s2bt-,6 + 



Table D.15. Parameter Values Needed t o  Simulate t h e  AMC Pacer, Under the GVW Condition. 

A= k9.C.30 . 7 
1 "= 7607-0 +  1 2  

Q C X =  3 3 . 3 3 5  17 
U ?  l C > . C C  , 2 2  
CF:P=  7 3 - 2 3 3  r 2 7  

3 Y =  1 2 - 9 2 0  3 2  
t 2 =  2 k > 2 . 5  3 7  

X:C= 0 0 0 3 . 0  4 2  
= 0.3 47 

l C D =  0 .7C '330  + 5 2  
Y S A i =  +,hSOO . 5 7  
IPz= 0.6 9 6 2  

U-I?.= 1 3 , 0 7 3  . 0 7  
2-1%; -22.632 + 7 2  

T'.= 1 0 - 0 0 0  . 77 
1 0 8 2  

f 2 =  0.0 +  8 7  
P 3 ? T =  0.0 9 9 2  
PPI?= 0.0 97 
u3:-= 0.0 * 1 0 2  
: + p a =  0 .0 + 1 c 7  

KT:: 0 .9  * 1 1 2  
DS:P= : 23 .00  , 117 
? E L =  209.90 * 1 2 2  

Sd15= 0.0 r 1 2 7  
F < P =  o.zecmo . 1 3 2  
CC'= 11.COO + 1 3 7  

L E S Z =  0.0 + 1 4 2  
CYP = 0.0 T 1 4 7  
C L Q  = 0.0 1 5 2  
I F  1 0 . 0  . 1 5 7  

I 2.0 T 1 6 2  
= 0 - 0  r 1 6 7  

S H S l =  E5.GOO 1 7 2  
= 1 .OC00  . 1 7 7  
n 0.0 T 1 8 2  
= 0.0 1 8 7  
= 0.0 , 1 9 2  

EK:= 0.0 +  197 
t l =  0.3 , 2 3 2  

FUSS= 3 - 8 9 x 0  + 2 3 7  
=-0 .14700E--03.  2 1 2  
= 0.0 +  2 1 7  

T H E l =  0.0 * 2 2 2  
= 0.0 . 2 2 7  

HI=  4 C O - 0 0  + 2 3 2  
= C.0 2 1 7  

E t 4 =  1.OC30 , 2-2  
9tZ= 0.0 + 247 

A c X 3 =  : . 4 S O  2 5 2  
C F C l = - C .  1 5 2 > 2 € - 0 2 +  2 3 7  
C c C 7 = - 3 . 8  @ J * 2 E - 0 3 .  232 
(PO?= 0.0 267 
C D 2 F =  0.0 2 7 2  

= 0 .0  r 2 7 7  
= 0.0 , 2 e 2  

t)QSW= 0.0 * 9 6 7  
9 A O  = 3 s 4 5 . 0  292 

VEHICLE nccEL - i o n  AMC 
X U c ~ 0 . 4 9 6 0 0  + 3 

R =  5 1 . 0 0 0  + 8 
IY= 2 f?On0 -  13 
K c =  0.0 * 1 8  

A T O k =  1 0 5 . 0 0  T 2 3  
CR3P= 6 0 . 0 0 0  + 2 8  
SCFL= 3COC.0 , 3 3  

n3= 1.5+.0 * 3 e  
X= 1 4 . 0 3 0  * 4 3  

I F U =  6,OOOO + 4 8  
A 9 9 =  3 .0nCO 5 3  

YSAZ=  -+.6000 * 5 8  
ARF = 0.0 T 6 3  

V-:'I= 0.0 6 8  
T H I U = - 0 . ~ 6 7 9 3 ~ - 0 i r  73 

K T 1 =  1 1 1 2 - 0  . 7 8  
RPS2=  5 8 . 6 6 0  . 8 3  

B 3 =  1 . 2 7 4 0  r 8 8  
o E ~ F = - O . ~ 0 0 0 0  . 9 3  
O c d l =  0.0 r 9 8  
UL99= 0.0 I 0 3  
P P d T =  1 . 0 0 3 0  . 1 0 8  

V C =  0.0  7 1 1 3  
CGLV.= 0.0 , l ? E  

T l =  0 .0  1 2 3  
p c s u =  0 - 0  . I 2 8  
K S L ~ =  5 6 0 0 0 .  T 1 3 3  
CFC9-  5 4 . 0 0 0  + 1 3 8  
VY.4 = 0-0  , 143 
C Y "  = 0.0 r 1 4 8  
CY.AL= 0.0 . 1 5 3  
V L i Y =  0.0 1 5 8  

= 0.0 1 6 3  
= 0 - 0  r I h P  

SUSw= 2 . 0 0 0 0  . 1 7 3  
= 0.0 r 1 7 8  

5 1 1 5 0 . 1 8 4 0 0  , 1 8 3  
= 0.0 * 1PD 

UTQS= 0 - 2 0 0 0 0  1 9 3  
E K 7 =  0.0 103 

A P F l =  1 . 1 8 6 2  . 7 0 3  
UUSR= 0 . 6 9 9 3 0  7 0 8  

= 0.0 . 2 1  3 
= 0.0 * 2 1 8  

THE2= 0.0 + 7 2 3  
= 0.0 . 728 

HZ= 4 0 0 - 0 0  + 2 1 3  
= 0.0 , '38 

KCF = -0 .5903CE-041  7 4 3  
9931 1 - 7 7 4 0  + 2 4 8  

L R K l = - 0 . 5 1  692E-02 ,  2 5 3  
C F i 2 = - 0 .  eBC9?C-C31 2 5 %  
ORC3-  - \ . 7 6 0 0  , 7 0 3  
C P l P =  0.0 * 768 
C R 0 9 -  0.0 r 2 7 3  
MU.PT= 0.0 + 2 7 8  

= 0.0  . 2 3 3  
A X L E =  1.OC00 + ZY8 
R A l  = 6 , 2 0 0 0  +  2 9 3  

PACCR 
H V i = O - 8 0 3 0 0  r 4 

TF=  61 - 5 0 0  T 9 
1 2 -  3 4 0 0 0 .  T 14 

STCP=  1 0 - 0 3 3  r 19 
= 0.0 T 2 4  

C R 4 P =  60.C03 29 
F O T = 0 . 5 0 C 0 0  . 3 4  

A + =  4 2 8 6 - 6  +  3 9  
= 0.0 * 44 

I F  = 0 .0  v 49 
7 S C  = 0.0 5 4  
P H S l = - 0 . 1 3 0 0 0  + 5 9  
P - I N =  0.0 T 64 
W-:\l= 0 . 0  T 6 9  
P H I N =  0 - 0  s 74 

K12: 1 1 1 2 . 0  79 
R P S 3 =  5 7 . 9 6 7  T €!4 

9 4 =  0 - 7  5 170E-07,  09 
OELR= - 2 . 3 5 0 0  94 
@ F w f =  0.0 99 
S 1 t J Y =  0 . 0  , 1'54 
F P c 3 =  0 - 5 0 0 0 0 '  . 1 0 9  
P T S H =  1 . 0 0 0 0  . 1 1 4  

CS= 0.0 119 
n\w= 0-0  T 1.24 

V T P S =  1- 0 0 0 0  T 129 
K S L 2 =  5 6 0 0 0 ,  r 1 3 4  

AP= 5 . 2 0 0 0  . 1 3 9  
OKXW= 0.0 . 1 4 4  
C Z A L =  0 - 0  r 1 4 9  
C M Q  = 0.0 l 1 5 4  
R E h V =  0 - 0  159 

= 0.0 l 1 6 4  
= 0.0 +  l b 9  

D I % T =  0.0 , 1 7 4  
= 0.0 1 7 9  

5.121 0 - 1 8 4 0 0  T 1 8 4  
= 0.0 T 1 8 9  

DCSW= 0.0 T 1 9 4  
B x P L =  0 . 0  , 199 
ADF2=-0.2  6 6 7 0 E - 0 3 .  2 0 4  
BCON= 0 . 3 0 0 0 0 E - 0 1 .  2 3 9  

= 0 . 0  . 2 1 +  
= 0.0 T 219 
= 0.0 2 2 4  
= 0.0 r 2 2 9  

L A X D =  1 - 0 0 0 0  . 2 3 4  
B K l =  1. OC00  . 2 3 9  
KCR=-0 - 3 3 0 C O E - 0 4  t 2 4 4  
RY+= 0 . 7 5 1 7 0 E - 0 7 ,  2 4 9  

AHK2=  0 . 2 7 7 9 2 E - 0 2 .  2 5 4  
C F C 3 =  -5 .  2 1 e 0  * 2 5 9  
C P < ' F =  0.0 r 2 6 4  
C P 2 P =  0.0 r 2 6 9  
CRlH: 0.0 r 2 7 4  
T @ h U =  0 .0  , 2 7 9  

= 0.0 r 234 
D U A L =  0.0 T 2 8 9  
R A 2  = 2452 .5  T 294 

ZF=  
TR = 

I X z =  
A Y C 1 =  

P.9 = 
ZBAS=  

r 0 =  
T I R  = - - 

IWF= 
K F S  = 
PH 52 = 
9- IN= 
X - I U =  
P 5  I N =  

K T 3 =  
P .ps4=  
O l C T =  
Dt L 3 =  
U!P?= 
S 2 P ? =  
WWSF= 
c5*:4= 

7 C R =  
= 

VHTP= 
A A I  = 
E P l =  

O?r24= 
C Z C  = 
CNP = - 

- - 
SNT= 
P L  = 

= 
SI3= - - 
L D F =  

8XPS = 
A P R l =  
FCSW= 

- - 
F E € l =  

= - - 
- - 

8 R Z =  
KSR=  

A F K l z -  
AHK3= 
CSCcJ= 
CP l F  = 
CP OF = 
CP.?R = 
T @ R I =  

HFC-  
T l Q E =  
R A 3  = 

ZR= 1 0 - 6 0 0  * 
TSP.= --5m * 
141 6 G C - G O  9 

A K F 2 =  1 0 7 . 0 0  * 
CF:P= ?>.C 'G * 

K R S =  Q.2C C C F - O l .  
A ? =  6 - 2 5 3 3  . 

TCP. = 0-0 . 
= u.0 9 

I U D =  9.4clCO T 

P T =  0 , 2 l r ( r C 3  
C T 5 H =  1 - 0 0 0 0  . 
P-l\c= 0 - 0  
Y-!Y= 0.0 

nr = L - > 5 C L G E v 2 .  
K T  ? : l i - u  . 

hl= -u -3 ' 17oSE-03 .  
DZD1: 0-0 . 
Pti:'T= 0.0 . 
U 2 9 R =  6.0 
S 3 P " =  0-L 
T 3 V k =  0-3 T 

T \ T =  0 - 0  
T c G =  6-6 . 

l S n c =  0 - 0  T 

L t 'LR-  O - o t O C d E - - O l r  
A A 2 :  t . 6 0 0 0  s 
F ? ? =  0 - 0  

R H 3 A =  0.0 . 
C L P  = b.0 
CN< = 0 -4  • 

= 0-0 
= c l - 0  T 

SNSG= 20-00S * 
T S C P =  0 , 2 5 0 0 0  . 
P A S S =  0.0 T 

S I 4 =  O . I h 4 6 . ~  T 

= 0 - 0  s 
L C 4 F =  0.0 * 
='Ma-= - I - s D c o  * 
APQZ=-u.Zbb73E--35*  

=-C* -1 9 7 6 C E - 3 3 .  
= 0-0 * 

F F E 2 =  u-0 
= 0.0 
= 0-0 . 
= 0.0 t 

3 1 - 0 1  GO . 
P a 1  =-0,347t..IF-C3. 

AFK?= 0,,?7792E--'~2. 
OFLO=  0.0 T 

@ P C 1  =-u-! 5 2 5 2 E 4 2 .  
C P 2 F =  b . , ~  
C R l F =  0 -0  

= 0.0 * 
= 0 - u  

H?C=  C..L. 
Q r T = O ~ C C C O O  
v p 4  = L - r : . t  



Tab le  D.1G.  Tsbular I n p u t s  f o r  AMC Pacer 

S p r i n g  R a t e s  (Measured a t  H S R I )  

F r o n t  Rear 
6 ( i n )  F ( l b s )  6 ( i n )  - F [ l b s )  

Brake Torque (Measured a t  EAPG)  

F r o n t  Rear 
P ( p s i )  TQ ( i n - 1  b s )  P ( p s i )  TC) ( i n - l b s )  

Shock Absorber  D a t a  (G) 

C = 3.0 L O  
Front & Rear 

C = 10.0 E i > o  



Table D . 1 G .  (Cont.) 

Camber, Caster, a n d  Toe Functions (Dodge Coronet, Ref .  [ 51)  

Displaceinent Carnber Caster Toe 

0. 0. 0.75 0. 

1 .  0.41 0.75 -0,37 , 

2. 0.98 0.75 -0.57 

3. 1.26 0.75 -0.85 

4 .  1.22 0.75 -1.05 

5. 0.95 0.75 -1.21 

6. 0.43 0.75 -1 -36 



, SLIP RNGLE --DEGREES 

F i g u r e  0.13. T i r e  s i d e  f o r c e  v s .  s l i p  a n g l e ,  w i t h  nornlal l o a d  
varying, fot* t h e  AiilC P a c e r .  



( 0 6 2  073-14 GY CU CTCP SLIP f INGLE=Ca, C r l l I D E R )  

SLIP 

e I{ORMflL LO40 = 400.000 -LC8 

6 NOREIRL LORD E 1C00.000 -LBS 

11 O C T  77 

fq F i g u r e  D.14.  Tire s i d e  for-cc v s .  s l i p  r ~ t i o ,  w i t h  norliial l o a d  

t varying,  f o r  t l l ~  AtvlC f ' ,~ccr.. 



086  
SLIP 

+ NORtlRL LOflU z 2400.000 -LQS 

t i  O C T  77 

F i g u r e  D.15 .  T i r c  b r a k i n g  f o r c e  v s .  s l i p  r a t i o ,  w i th  nornnl l o a d  
vat-yi n g ,  for t l i c  AMC P a c e r .  



Tab1 c D . 1 7 .  Antilock Parar~~clcr  Values. Unless noted othcrwisc, 
ttlc v i \ l u ~ 1 ~ 3  t)elow v~(!re estinldted from recorded time 
histories of the 1 inc pressure, "t1OLD Of{" c i r c u i t  
vol tagc, and whccl spin ve loc i t i e s .  

Cl = 140.* 

C2 = 4 2 0 . *  

C3 = l o .  

C4 = 0 , 4 *  

HO -8. 

HTH = -1.5 

HTL = -2 .5  

K1 = I .  

K2 = 5 ,  

K3 = 7500. 

TAU1 = -09 

TAU2 = .014 

RRW = 12.1 

vo = -20, 

vol t s l s c c  

vol t s / s ec  

vol t s / sec  

vol t s  .scc/rad 

vo l t s  

vol t s  

vo l t s  

volume/ (secepsi ) 

volume/ ( s e c i w )  

psi /sec 

s ec 

secl  

i n  

vo1 uine 

*These va lues  were s e t  by t r i a l  and error  to bet tcr  match the 
recorded time h i s t o r i e s ,  and  t,o rilatch the  sirrlulated Nova 
perforniancs t o  the s i l i iul  ated Bobcat performance. 





Fiyurc D. 17 depic ts  the  simulated titile h i s to r i e s  of the  long- 

i tudinal  s l i p  r a t i o s  of the  four individual wheels, along with the 

history of the vehicle dccclcra t ion ,  fo r  the case of the non-anti-lock 

equipped Nova. The vehicle i s  operating under the basel ine conditions 
defined f o r  the s e n s i t i v i t y  s tudies in Sections 3 ,4 .2  and 3.5.1 in the 

main repor t ,  which are  t h a t  of GVW loading,  braking in a  turn such 

tha t  i n i a t i a l l y  the vehicle i s  faced with a  0.29 l a t e r a l  accelera t ion ,  

and having a  road surface with high f r i c t i o n  propert ies .  We see t h a t  

during the f i r s t  0.25 seconds, the s l i p  r a t i o  i s  la rger  f o r  the wheels 

on the right-hand s ide  of the c a r ,  as  would be expected due t o  the 

i n i t i a l  l a t e r a l  accelera t ion .  Fron, the time his tory  of the r ight - f ront  

wheel, we see t h a t  a t  a s l i p  r a t i o  of about 152, the wheel quickly 

decelerates towards lockup, The t i r e  data shown back in Figure D.9 

indicates t h a t  the maximum braking force occurs a t  20% s l i p ,  b u t  t h a t  

the fo rce / s l ip  function changes slope a t  15% s l i p ,  such t h a t  the s l i p  
r a t i o  i s  much more sens t ive  t o  the braking torque a t  values over 15% 

than a t  values l e s s  than 157;. ' After the  f i r s t  0 . 5  seconds, the r ight -  

f ron t  wheel i s  locked u p ,  the  l e f t - f r o n t  t i r e  i s  producing a braking 
force very near the t r a c t i o n  l i m i t  of ~ ih ich  i t  i s  capable (about 95% 

o f  the maximum), and both rear  wheels a re  ro ta t ing  with identical  

s l i p  r a t i o ' s ,  such t h a t  the  t i r e s  are  producing s l i g h t l y  l e s s  braking 

force ( 7 5 - 8 0 O f  the  maximum). 

Similar t races  are  shown in Figure D.18, f o r  the same braking 

condition b u t  fo r  the case of the Nova equipped with a two-module 

anti- lock systern in which each axle i s  separately control led.  Clith 
both the f ront  and rear  a x l e s ,  we see t h a t  the r i g h t  wheels cycle a t  

s l i p  r a t i o ' s  between 10% a n d  2 5 X ,  while the l e f t  wheels, loadcd by 
the l a t e r a l  accclcrat ion o f  the turning maneuver, cycle between s l i p  
r a t i o ' s  of 7% and 15%. Clearly the  t i r e  adliesion c a p a b i l i t i e s  on the 
loaded s i d e  are n o t  being a s  e f fec t ive ly  u t i l i z e d  as they piere in the 

case of the vehicle with no anti-locl: system. Thc vehicle deceleration 
f l u c t ~ r ~ t c d  betviccn . 5  and .8 g ' s ,  as  opposed t o  the niore o r  l e s s  

cons t s~ i t  value of .75 g ' s  acliicved w i t h  the non-anti -lock equippcd car .  



Front Wheel s 

0 1 .Q 2.0 
Tinie ( sec )  

0 1 .o 2.0 
Tinie ( s e c )  

- Rear Wheels 

Figure 0.17. Sin lu l a t cd  tillic h i s to r ies  of 'the four wheel -sl  i p  
rs ' t ios and  of t l i c  ve i~ ic le  dece le ra t ion , fo r  the ; 
non-ant i  lock-equipped t iova. , I  



"- 1 - . I  +--.t-..-l...I ...I 4-&-.-I -4-4-L.1-.-)---I-/.- .1-- .(-.f+-f-_t.-f--( .. I -f-{-+ - I . 4 . .  
1 

.... 
- 
..* 

.... 

... . .  
. .  

. . . .  
. ..... . . . .  i... ;... I.. .I. ! 

I 
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Figure D. 111. Simul  atctf tirlic h i s  t.orics of  the four ~!liec>l -sl  i p  t-iltios 
a n d  o f  ttrc v c h i c l  c t i ~ c c l c t . ~ ~  t.iorl for t i i c  ! l o v ~  c q u i l ~ p c d  
w i t h  ;I t ~ : o - ~ i ! o ~ l i ~ l c  L ~ ~ l t i l o c k  sys tc~t l .  



The bchaviour o f  the three-nlodule anti-lock system, in which the 

f ront  wheels are  independently controlled,  i s  shown in Figure D.19. 

The conditions are  the same as fo r  the preceding two f igures .  tiere, 

we can see t ha t  both f ront  wheels are  operating over the same ranges 

o f  s l i p  r a t i o ,  and tha t  the vehicle deceleration f luctuates  with much 

smaller variat ions than in the case 07 the two-n~odulc system. 

Figure D.20 shows the behaviour of the four-module anti-lock 

system, which controls each wheel independently, under the same base- 

l ine  conditions, Although both rear  wheels are now cycling in the 

same manner, we see l i t t l e  change from the three-module system in 

e i the r  the character or the level of the vehicle deceleration history. 
This i s  because the rear  loading of the vehicle i s  so l i g h t  compared 

t o  the fron't t h a t  small changes in rear-wheel braking efficiency are  
no t  s ign i f i can t .  

D. 3  Path Curvature Performance. A1 1 of the conventionally 

braked veliicles were found to . lose  t he i r  path curvature during the 

braking in a turn simulations which were discussed in Sections 3.4.2 

and 3.5.1. This tendency i s  i l l u s t r a t ed  fo r  the Nova in Figures D.21 

and D.22, which depict  the t ra jec tory  of the sprung mass center during 

the maneuvers under the conditions of GVW loading and a high f r i c t ion  

surface. Figure 0.22, which concerns the 1 imi t braking performance, 

actually shows a negative curvature. This i s  because the r ight- f ront  

wheel locks u p  while the l e f t - f r on t  t i r e  operates very near i t s  peak 
t rac t ion cspabil i  t i e s  (see Figure D. 17) .  Thus a force imbalance 
ex i s t s  which ac t s  t o  turn the car  to  the l e f t  - the opposite direction 
of the original  turn.  The Nova without any anti-lock systenl was the 
only vehicle which reversed di rect ion,  as the l e f t - f ron t  t i r e  was not 

operating a t  peak t rac t ion levels  with the other ca r s ,  under any of the 
conditions. 

Figures D.23 a n d  D . 2 1  show the t ra jec to r ies  of the two- a n d  three- 

nloduie allti -lock equipped Novas, under the same base1 i ne condiliotis. 

We see that the two-r:~odulc equipped vehicle maintains the original 
curvature very wel l ,  b u t  has a longer stopping distance than the 
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non-anti-lock cqui ppcd vehicle. Thc three-module equipped vehicle 

shovrs an inlproved stopping dis tance ,  b u t  also shows sonie loss  of 

path curvature. 

The path-holding perforniance of the Nova Pras i l l u s t r a t ed  in 

Section 3.5.1 f o r  a l l  of the conditions simulated by considering 

the normal i  zed curvature (R,a (1 / R )  , averaged over the f i r s t  one 

second of each braking maneuver. When t h i s  quantity i s  plo t t ed  as 

a function of the average decelerat ion,  A x ,  a se r ies  of simulations, 

in which the brake l i n e  pressure i s  increased with each subsequent 

simulation, defines a s e r i e s  of points which can be quickly inspected 

t o  determine the behaviour of the vehicle during braking in a  turn 

maneuvers, with the s t e e r  angle f ixed.  Plots of t h i s  type were made 

fo r  the four vehicles with non-anti-lock brakes used fo r  the in-depth 

t e s t  program. They a re  presented here as Figures 0.25 - D.28. 



.2 .4 .6 
Ave rage  D e c e l e r a t i o n  Ax  ( g  ' s )  

F i g u r e  D.25. S imu ln tcd  113th c u r v a t u r e  o f  Elcrcury B o b c a t  wagon d u r i n g  
b r a  k i  n g - i  n - a - t u r n  n l ~ n c u v c r s  . 



,2 . 4 .6 .8 
Average Deceleration A x  ( g e l s )  

F i g u r e  D.2G. S i m u l a t c d  p a t h  curvature o f  AMC P a c e r  d u r i n g  b r a k i n g -  
i n - a - t u r n  n lanct lvcrs  . 



Average Deceleration A x  ( g  ' s )  

Figt11-e 0 .27 .  Si~iiul atcd pat. /)  curva t . i~rc  of Ford LTD d u r i n g  brsking- 
in -a -  turn ~nar~cuvers . 



A v e r a g e  Decel era t i on A x  ( g  I s  ) 

F i g u r e  0.28.  Silllul a t e l l  patll curvature o f  Chevrol c t  Monte Carlo 
d u r i n g  b r a k i n g  i t )  a t u r n .  



APPENDIX  E 

A LOOK AT THE ACCURACY OF S I F 4 P L I F I E D  lilET110DS FOR 

COMPUTING REFERENCE V E H I C L E  I D E A L  STOPPING 

D I S T A N C E  FOR THE BRAKING E F F I C I E N C Y  T E S T  TECHNIQUE.  



Under a research contract  with the National tli ghway Tra f f i c  

Safety Administration, Contract No, DOT-11s-031-3-765, the Highway 

Safety Research I n s t i t u t e  of the llniversi t ,y of Michigan advanced 

the "Braking Efficiency Test Technique" and developed hardware fo r  

obtaining accurate peak f r i c t i on  nleasurcnients of road surfaces as 
a function of t i r c  load and vehicle veloci ty ,  This hardware i s  

generally referred to  as the Surface Frict ion Dyrianlometer o r  the 

SFD. The r e su l t s  of t h i s  work were reported in report  No. DOT-tlS- 

801-551 dated March 1976 and t i t l e d  "Braking Efficiency Test Technique". 

I n  t h i s  technique the measured stopping performance of vehicles 

on a given surface i s  compared to  the ideal stopping performance of a 

hypothetical reference vehicle on the same surface.  The performance 

measure or "Braking Efficiency" i s  the r a t i o  of the ideal stopping 

distance of the reference vehicle t o  the measured stopping distance 

of the real vehicle expressed in a percentage. Thus: 

Ideal Stopping Distance 
Braking Efficiency = x 100% (E-1) 

bleasured Stopping Distance 

The diniensions (weight, wheel base, longitudinal and ver t ica l  center of 

gravity location) of the reference vehicle a re  established as average 

values representing the to ta l  U. S. passenger vehicle population. The 

ASTM E-501 t i r e  i s  defined a,s the reference t i r e . '  The ideal stopping 
distance of the reference vehicle i s  computed assuming optimuni u t i l  iza-  

t ion of the avai lab1 e t i r e l road  f r i c t i o n ,  where the peak f r i c t i o n  i s  
defined by an equation of the forin jlp = AV* + Bv + C.  The constants 

A ,  B ,  and C are derived from a l e a s t  squares f i t  of t h i s  curve t o  the 

peak f r i c t i on  nieasureinents made with the SFD using the ASTM E-501 t i r e .  

A 111i riin~um of f ive  peak f r i c t i o n  incasurelncnts. are  taken a t  each of four 

veloci t ies  spanning the range of ve loc i t i e s  experienced by the real 

ve l~ ic lcs  i l l  t h e  braking t e s t  and a t  each of two t i r c  loads noininally 

equal t o  the f ron t  and rear  t i r e  loads tile refcr .~nce vehicle would 

achicvc while braking on the t e s t  surface.  Tl~ci  two t i r e  loads are 
dcte~.i~iincd as tlic f ron t  and rear  t i r c  l o ~ d s  the reference vehicle 



would experience in  a  constant dccel e ra t ion  s top  where the  decelera- 

t ion  i s  the  value which would accurc i f  the  reference vehicles 

weight were equally d i s t r ibu ted  between i t s  four t i r e s  and the 

f r i c t i o n  level were equal t o  the nominal value, lnOm. The ,bnom 
value i s  defined as  the peak f r i c t i o n  of the  surface averaged over 

f i v e  SFD rneasurcmer~ts which a re  made with a t i r e  load equal t o  one 

fourth of the reference veh ic le ' s  weight and a t  a  ve loci ty  equal to  

0.707 tinies the i n i t i a l  ve loci ty  used in the  braking t e s t .  Thus the 

surface f r i c t i o n  characteriza$ion requi res  a  minimum of fo r ty - f ive  

SFD measurelnents deriving from ( 2  loads x 4 speeds x 5 r epea t s )  + 

( 5  )-mom runs) .  These nieasurements c o n s t i t u t e  the bulk of the  e f f o r t  

in applying the  Braking Efficiency Technique. 

In the current  cont rac t  the  coniplete matrix of peak surface 

f r i c t i o n  measurements required f o r  appl ica t ion  of the Braking 

Efficiency Technique were made with the  SFD on dry brushed concrete 

and on wet jenni te  a t  the  ~ h r J s l e r  Proving Grounds and on dry asphalt  

and on wet jenni te  a t  Bendix Autoniotive Proving Grounds ( B A P G ) .  At 
BAPG the  rneasurenxnts were repeated three  times on each surface over 

a  four month period, These d a t a ,  along with measurenients made in 

1975 a t  BAFG during the Eraking Efficiency Test Technique Contract 

on dry aspha l t ,  dry jenni t e ,  wet a spha l t ,  and wet jenni t e ,  cons t i tu te  

a subst.antia1 bank of data on the peak f r i c t i o n  c h a r a c t e r i s t i c s  of a  

va r i e ty  of surfaces t o  which the  braking ef f ic iency conputation has 

been applied.  Table E.1, along with the  following discuss ion,  pro- 
vides a  sunnnery of these data and suggests a  means by which the 
niechatiics of applying the Braking Efficieticy Technique rliay be sirilpl i f i e d  

considerably, Speci f ica l ly  t h i s  data s e t  indica tes  t h a t  an adequate 

value f o r  the ideal stopping d is tance  of the reference vehicle i s  
obtained, f o r  t he  surfaces represcntcd,  sinlply by eniployi n g  \ lno ln  

(one t i r e  load and one veloci ty)  in the  computation of the  ideal 

stopping distance from the si~iiplc expression: 
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Ts5ie E.l Data Conparing Methods o f  Computing the  I d e a l  Stopping Distance o f  t h e  Reference Vehicle 

SURFACE 
Vo D I D In An 

MPH FEET FEET FEET 
D 1 a a a 

FEET FEET 

93s Cry Aspha l t  1975 
h " n m  c r f o  Dry Jenni t e  1975 
p ?r. 
vL.rJ "0s  I , - ,  A;p?z? t 1 975 

BFFS C!ct Jenni te  1975 

Ek?S Dry A;p:7al t June 1377 

! 3 ? 5  2i-y As?ha l  t July 1977 

EA.FG Dry Asphal t Oct. 1977 

2C?G C e t  Jenni t e  June 1977 

EAFG L'3t Jenni t e  J u l y  1977 

A ?.c.?G J:et Jenni t e  k t .  1377 
u 
0 Chrysler Dry Concrete 1976 

Ckrysler \let Jenni t e  1976 

-1.8 137.1 2.1 0.940 0.957 

-0.4 119.4 2.1 0.830 0.909 

2.6 79.5 1.4 0.770 0.759 

-3.1 55.9 I -1 0.500 0.538 

-3.9 121 - 4  3.3 0.935 0.933 

-1.4 120.5 4.7 0.930 0.993 

3.4 120.7 2.2 1.006 0.936 

3.7 91 - 5  4.8 0.577 0.585 

-1'2.0 92.9 8.8 0.470 0.575 

2.7 89.4 5.1 0.582 0.5'38 

1.9 122.6 5.3 . 0.954 0.981 

0.8 73.2 3.5 0.704 0.730 
- 

-0.63 Avg. 3.7 Avg. 



This expression i s  derived assu~iri ng  t h a t  the t i r e l road  f r i c t i o n  

coe f f i c i en t  i s  constant  arid equal t o  jlnonl. 

Table E.1 suiiill~crizes r e s u l t s  obtained with the twelve s e t s  of 

data whicti have bccn col lec ted  by IISRI Tor appl ica t ion  of the  Braking 

Efficiency Technique. Colunin 1 gives the  i n i t i a l  ve loc i ty ,  Vo, 

employed on each of the  surfaces .  Coluriin 2 gives the ideal stopping 

d i s t ances ,  DI , conlputed per the Braking Efficiency Technique. 

Column 3 gives the ideal stopping d is tance  DIn computed with equation 

E-2,  and the d i f fe rence ,  DI - DIn, i s  tabulated in colunin 4 .  Column 

5 gives the ideal stopping d i s t ance ,  DI,, computed with equation F-2  

with p,,,,, replaced by t h a t  i s  the average value of the  surface 

f r i c t i o n  measurements made a t  the two values of t i r e  load and f r o r  

v e l o c i t i e s .  The d i f ferences  DI - DIa a r e  1  i s t e d  in  column 6.  Column 

7 and 8 give the  values of ) . J ~ ~ ~ ,  and iravg respect ive ly .  

Referring t o  colunin 4 ,  i  , e .  DI - DIn, the  l a r g e s t  d i f ference  

value i s  found f o r  the  wet j e k i  t e  da ta  taken in  July 1977. While 

t h i s  d i f ference  value i s  a  r a the r  l a rge  twelve f e e t ,  the d i f ference  

f o r  a l l  o thers  i s  l e s s  than four f e e t ,  Furthermore in s i x  cases DI 

i s  g rea te r  than DIn and in the  o ther  s i x  cases DI i s  l e s s  than Dln. 

On the average the d i f ference  i s  only -0.63 f e e t ,  The average 
magnitude of the d i f ference  i s  only 3.1 f e e t .  Although the  differences 

between values of and havg  i s  not very 1  arge the computed stopping 

distance d i f ferences  in colurnn 6 a r e  seen t o  be a l l  the same po la r i ty ,  
i . e ,  DI l a rge r  t h a n  DIa, with the average d i f ference  equal t o  3.7 f e e t ,  

indicat ing t h a t  s t a t i s c a l l y  l ~ ~ ~ , ~ ,  i s  a  b e t t e r  value t o  use than jiav 
g  ' 

Thus these data indica te  t h a t  u t i l i z i n g  pnonl in equation E-2 t o  

coinputc the ideal  stopping d is tance  of the reference vehic le  i s  
s u f f i c i e n t l y  accurate t o  be a  cos t -e f fec t ive  approach; one which should 

be invest igated fu r the r  before any large sca le  appl ica t ion  of the 
Braking Efficiency Eletllod i s  i n i t i a t e d .  



Figures E.1 through C.4 contain plots  of the data collected by 

HSRI during the Bra king Cfficiency Technique Contract. These 

f igures along with f igure 3.1 and f igures  C.7, (2.0, and C.9 which 

contain the data collected a t  the Chrysler Proving Grounds and a t  

t h e  Bendix Autori~otive Proving Grounds, respect ively ,  during t h i s  

contract  present the cornplete s e t  of data collected by HSRI f o r  

application of the Braking Efficiency Test Technique from which 

Table E.1 tras derived. 
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ANTILOCK [:RAKING MO[)CL 

The a n t i l o c k  systern nlodcl irsed i n  t h i s  s t u d y  i s  based on a  

d e v i c e  des igned and niarketed by t h e  Kelscy-Hayes Co~i~pany, wh ich  

was i n s t a l l e d  on  t h e  1976 Nova i n c l u d e d  i n  t h e  i n - d e p t h  t e s t  p ro -  

gram. Thc system has a c t u a l l y  been used by Kelsey-Hayes i n  t h r e e  

f o l l o w i n g  c o n f i g u r a t i o n s :  

1. one (comptr t c r  and m o d u l a t o r )  u n i t  wh ich  c o n t r o l  s  

b o t h  r e a r  brakes,  

2. two u n i t s ,  one c o n t r o l 1  i n g  t h e  r e a r  b rakes  and 

t h e  o t h e r  c o n t r o l l i n g  t h e  f r o n t  brakes,  and 

3. t h r e e  u n i t s ,  one c o n t r o l 1  i n g  t h e  r e a r  b rakes  and 

t h e  o t h e r  two i n d e p e n d e n t l y  c o n t r o l  1 i n g  each o f  

t h e  f r o n t  b rakes .  

The u n i t s  r e q u i r e d  f o r  any o f  t h e  above systenis a r e  i d e n t i c a l ,  so 

o n l y  one rnathema t i  c a l  niodel o f  t h e  systetn ' s  f u n c t i o n  i s  r e q u i r e d .  

The same model i s  a l s o  used f o r  a  f o u r t h  s e t - u p  w h i c h  w a s  cons ide red  

i n  t h i s  s tudy ,  namely 

4 .  f o u r  u n i t s ,  each c o n t r o l  1  i n g  one b r a k e  i n d e p e n d e n t l y .  

Each u n i t  c o n s i s t s  o f  two components wh ich  conlbine t o  r e g u l a t e  

t h e  b rakc  1  i n e  p ressu re .  The f i r s t  co~i iponent, a  p r e s s u r e  modu- 

l a t o r ,  i s  a  n iechanical  d c v i c c  wh ich  c o n t a i n s  a  s o l e n o i d  wh ich  i s  

a c t i v a t e d  by t h e  second co~nponcnt ,  an e l e c t r o n i c  c o n t r o l l e r .  The 

p ressu rc  niodul a t o r  has t h r e e  niodes o f  o p c r a l i o n  wh ich  a r e  t i~odcl  cd  

i t1 t h i s  append ix .  They a r e :  

1.  No n l o d ~ r l a t i o n  - Brake 1  i l i c '  p r e s s u r e  i s  unchanged f rom 

t h e  p r o p o r t i o n e d  I eve1 . 
2. P rcssu rc  r e l e a s e  - Cltlcn t l l c  s o l c t l o i d  i s  c l c t i v a t e d ,  

t h e  b rake  1  i r i e  p ressu re  i s  r-cducod, 



3 .  Pressu re  r e - a p p l y  - Wticr~ t h c  s o l c n o i d  i s  t u r n e d  

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

up t o  t h e  p r o p o r t i o n e d  l e v e l .  

The e l e c t r o n i c  c o n t r o l l e r  i n c l u d e s  a tachometer  wh ich  senses t h e  

s p i n  r a t e  o f  t h e  w t ~ e e l  whose b rake  i s  b c i n g  c o n t r o l l e d .  (When 

one u n i t  i s  c o n t r o l  1  i ng two bra  kes, t h e  average o f  t h e  two wlieel 

s p i n  r a t e s  i s  scnsed.)  A s i g n a l  i s  t hen  genera ted w h i c h  ' i s  p r o -  

p o r t i o n a l  t o  t h e  wheel s p i n  a c c e l e r a t i o n .  The s p i n  r a t e  and s p i n  

a c c e l e r a t i o n  a r e  t h e  i n p u t s  t o  t h e  l o g i c  c i r c u i t s ,  w h i c h  then  

a c t i v a t e  o r  d e - a c t i v a t e  t h e  s o l e n o i d  i n  t h e  p r e s s u r e  modu la to r  when 

a p p r o p r i a t e .  

The equa t i ons  wh ich  d e s c r i b e  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  

u n i t s  a r e  p resen ted  i n  t h e  n e x t  two s e c t i o n s ,  and t h e  coniponents 

a r e  e x p l a i n e d  i n  nlore d e t a i l .  The parameters needed t o  d e f i n e  t h e  

mathemat ica l  model a r e  p resen ted  i n  Tab le  F.1.  The FORTRAN sub- 

r o u t i n e  wh ich  imp lements . the  model i s  l i s t e d  i n  t h e  f o r m  i n  wh ich  

i t  now appears i n  t h e  APL H y b r i d  Computer V e h i c l e  t-landl i n g  Progranl, 

docuniented by Reference [ 6 3 .  

F. 1  P ressu re  Modul a t o r  

The a c t u a l  p r e s s u r e  n iod i r la to r  i s  a  mechanical  d e v i c e  wh ich  

per fo rms s e v e r a l  t a s k s ,  sonie o f  w l l i ch  a r e  o f  no i n t e r e s t  when 

conduc t i ng  a  s t u d y  o f  t h e  n a t u r e  o f  t h a t  d e s c r i b e d  i n  t h i s  r e p o r t .  

F i g u r e  F.1 d e p i c t s  a  s i n i p l i f i c d  concep t  of t h e  dev i ce ,  wh ich  bca rs  

l i t t l e  rese~r ib lancc  t o  t h e  a c t u a l  module, b u t  wh ich  se rves  t o  

i l l u s t r a t e  t h e  behav io r  o f  t h e  u n i t  niore c l e a r l y ,  e s p e c i a l l y  w i t h  

r e g a r d  t o  t h e  n i ; r t l le~ i ia t i ca l  model . 
A t  t h e  s t a r t  o f  a  b r a k i n g  maneuver, t h e  a n t i l o c k  systcr l l  i s  

n o t  i n  o p e r a t i o n ,  t h e  l o g i c c ~ l  v a r i a b l e  ANT1 = F, and t h e  b rake  

p ressu re  i s  cqual  t o  t l i e  p r o p o r t i o l i c d  p r e s s u r e .  As  shown i n  

F i g u r e  F . lA ,  t h c  p i s t o n  i n  t h e  e ~ p ~ ~ n s i o r ~  chamber h o l d s  a  chcck 

v s l v c  open, t he reby  d i r e c t l y  c o t i ~ l c c t i r ~ g  thc i n p u t  l i n e  t o  t h e  

o u t p ~ r t  1 i n c .  



Table F.1. Ar~ t i l ock  Vdrisl)lc arid I'atLanictcr L i s t i n g .  

Type: R - l og i ca l  v d r i a b l e  d - dynamic va r i ab l e  c - constant  

- 

Pararrleter Type Units Descr ipt ion 
----.-- --. 

A 2 T when L, Rld - > 1 g 

T a f t e r  a n t i l o c k  u n i t  i s  in  
operat ior)  

C 1 c vol t s / s e c  bas ic  charge down r a t e  of ti 

C 2 c v o l t s / s e c  high charge down r a t e  of 1.1 

c v o l t s / s e c  g a i n f o r ; t e r r n i n d i s c h a r g e  
r a t e  of H 

DH R T when; * BW - < -4.0 g 

9 c i n / s e c 2  g r a v i t a t i o n a l  cons tan t  = 386.0 
d v o l t s  ou tpu t  o f  'HOLD O N '  c i r c u i t  / 

c vol'ts s a t u r a t i o n  leve l  o f  H 

H T H ,  HTL c v o l t s  high and low threshold l e v e l s  
i n  'HOLD O N '  c i r c u i t  

c vo l / sec /  cons t an t  i n  flow r a t e  r e l a t i o n  
psi  when S = T 

c vo l / sec /  cons tan t  in  flow r a t e  r e l a t i o n  
1!9- when S - F 

d p s i  

d psi 

f. 

d scc 

d vol  

high w t . c  of brake pressure  i n -  
c r e a s e  

T when u Rlll - .: 7 0 . 4  ( 7 0 . 4  i n / s ec  
= 4.0 nlph) 

brake l i n e  pressure;  ou tpu t  of 
p ressure  1r;od~rl a t o r  

proportioiiocl p ressure ;  input t o  
p ressu tv  nlL)dul i~ t o r  

gain  s e t  i11 assu~iird t-ollitig 
r a d i u s  

T \vI~cn sol c ~ ~ o i d  i s  on 



Table F . 1 .  (Cont.) 

Paramet;er Type Units Description 

c vol i n i t i a l  volume o f  f l u i d  i n  
exparlsioll chalnber 

c s ec time cor~s tant  of pressure modu- 
l a t o r  whcrl S = T 

' 2 c scc/l/psi tinie constant of pressure nlodu- 
l a t o r  wl)cn S = F 

d rad/sec spin veloci ty of wheel (average 
value when t w o  wheels a r e  
involved) 

'D' 'DH d rad/sec reference ramps, t r iggered by 
D and D H ,  respectively 



Brake  L i n c  P Pressure P 

I, . 
Check Valve 

.------- -- -- 
- . - - - I _ _ - - - - I  - 

-i --. ---A 

C. Brake  Reapply 



When the sol cnoid i s  turned on ( S = T ) ,  the configuration i s  

t h a t  shown in Figure F . 1 I I .  The pressure supply t o  the rigtit- 

hand s i de  of the piston i s  cu t  o f f ,  and the f lu id  t o  the  r igh t  
o f  t he  piston i s  allowed to escape to the reservoir .  This causes 

the piston to  niove to the r igh t  as  shown, which closes the check 

valve and cor~~pletcly seal s the f l u id  from the master cylinder (or  

the proportioning valve, i f  there i s  one) froill the brake 1  ine 

pressure. The brake l i n e  pressure drops as  the f l u id  escapes into 

the expansion chamber, t o  the l e f t  of the piston. This action i s  

modeled by a  f lu id  capacitor discharging through a  f l u i d  r e s i s t o r .  
The flow i s  assumed t o  be laminar, which r e su l t s  in the 1  inear 

r e l a t i on  

where r l  i s  a function of the l i n e  dimensions, the s t i f f ne s s  of 

the  l i n e  and chamber materials ,  the brake f lu id  propert ies,  e t c .  

The volume of f l u id  in the expansion chamber i s  given by the 

re la t ion  

When the solenoid i s  then turned o f f ,  as  depicted in Figure 

F.lC, f l u i d  from the proportioning valve enters  the expansion 

cl~an~ber on the r igh t  side of the piston,  whereupan the f l u id  o n  

the l e f t  s ide  of the piston i s  forced back t o  the brake l i n e .  The 
r a t e  a t  which the pressure i s  re-appl ied i s  s l o ~ e d  somewhat by the 

presence of an o r i f i c e ,  a s  sliowti in the f igure .  Due to the prusellce 
of the o r i f i c e ,  tlie I-elation describing. tlic re-apply r a t e  has a  
quadratic fot-111, viz.  

whct+c r2 depcnds on the sniile type of c l~n rac t c r i s t i c s  a s  T , ,  a s  



we1 1 a s  ttlc o r i f i c e  charac tcr i  s t i c s  . The equation desc r i  bin9 the  

volunie of f l u i d  t o  thc  l e f t  o f  t l ~ c  piston in the  expansion chamber 

i s 

If  the  piston moves a l l  the way t o  the  ' l e f t  s ide  o f  the chamber, 

indicated by the  condition V=O, the  check valve i s  opened, as 

shown o r ig ina l ly  in Figure F . 1 A .  When t h i s  happens, the  pressure 

r a t e  increases d r a s t i c a l l y  unt i l  the brake 1 ine pressure reaches 

the  proportioned pressure.  T h i s  i s  approximated as 

I f  P does reach P P ,  then the  ant i lock i s  r e - i n i t i a l  ized .  

then ANTI = F 

F.2 --- Electronic Control ler  - - Lo& 

The logical variabl c! D i s  turned on when the wheel accclera- 

t ion  drops below - 1 . 5  g/RW, and s t ays  s e t  unt i l  the  wheel accel- 

e ra t ion  i s  g rea te r  tlnn -1 , t i  g/RN --- 2 n d  the v~hc!el ro ta t iona l  velocity 

i s  greater- than a reference ratlip v,hich i s  t r iggered  vihcri D i s  

turned o n .  

The logical  v a r i ~ b l c  Dl4 \ a r k s  in a s imi lar  manner, except t t \ c  

accelera t ion  lcvel i s  - 4  g/RW. 

The logical vari;il)lc S irldicatcs the s t i ~ t c  of  t h e  solenoid. 

S i s  tllc o :~tput  of ttic c l cc t ron ic  scctiorl of  the an t i lock  module, 

a r ~ d  the o n l y  inp~r t  t o  t l i r !  ~ ~ r t ~ s s u r c  1liodu1 ator*, S i s  p r i ~ ~ i ~ r i l y  
tictcn,\it\c!d t ~ y  tilt. 'ti01-[1 014' c i r c u i t ,  ctl t l lnkrg t~  thc '11011) 0;I' c i r -  
c u i  t c a ~ \  l)r over-I-iddttil by t ~ o  othct- l o g  icsl  variabl c 5 ,  A l t ,  ~ l l i c h  

t ~ t ~ t ~ r i i l ; l t i ~ ~ l l  l y  f.utSns o f f  S, 2 n d  [ I l l ,  \ t l l icl~ c iu to~ i i , \ t i c~ l  l y  tlrt-~rc i t  0 1 1 .  



The l og i ca l  v a r i a b l e s  A and Al l  a r e  both a c t i v a t e d  when 

wheel acccl  cra t i o n  exceeds 1 . 0  y/RW o r  4 . 5  g/RW, r e s p e c t i v e l y .  

The low v e l o c i t y  i n d i c a t o r ,  L ,  i s  a c t i va t ed  when wheel velo-  

c i t y  i s  below 4 . 0  nlph/RW. wD i s  t he  value of a  r e f e r ence  ramp, 

which i s  t r i gge red  wtlcli D changes from F t o  T. Otherwise,  WD 

fol lows w .  

'DH i s  t h e  same, on ly  with r e spec t  t o  DH. 

F.3 H O L D  ON C i r c u i t  

The HOLD O N  c i r c u i t  provides most of t h e  l o g i c  determining 

whether t o  turn the  solenoid on o r  o f f .  This i s  done by genera t -  

i n g  a vo l tage  tl and comparing i t  with one of two th resho ld  vo l t age s .  

The equat ion which de sc r i be s  H depends on a l l  of  t h e  l og i ca l  

v a r i a b l e s .  The th resho ld  vo l tage  i s  a l s o  determined by t he  l o g i -  

ca l  va r iab l  c s .  The var ious  coriibinations a re  suriiriiarized in  Tab1 e 
F.2,  along with S ,  the  ou tpu t  of t he  c o n t r o l l e r .  Note t h a t  H i s  

' a nega t ive  vol tnge ,  and s a t u r a t e s  a t  the va lue  H,. 

F .4 ---- F O R T R A N  111)pl eriicnlc7tion -- of Anti1 ock Flodel ----- 

The subt50utinr! KtIALS (Kc1 scy-Hayes Ant i lock S y s t c n ~ ) ,  wl~ich was 

addcd t o  ttlc hybrid co i~~pu t e r  vcllicl e  hand1 ing program ilt APL during 

t h i s  p r o j e c t ,  i s  l i s t c d  on t h e  following pages. 



Table F.2. Sumrriary o f  Anti lock C o n t r o l l e r  Logic.  

*DH has no e f f e c t  on  H ,  which  i s  determined by t h e  D . E .  

r e l e v a n t  t o  the  o t h e r  l o g i c a l  v a r i a b l e s .  

S 

F 

T 

F  

T 

F  

T 

F I 

H ( S a t u r a t e s  
a t  Ho ) 

fl= -C 1 

0. -C, 

s e e  comr~lent* 

H=O 

fi=c3+c4 *; 

H=O 

- --- 
~ z n t r o l  V a r i a b l e s  

D 
-- 

T F  

-- 

- 
F 

- 
- - 

DH 
-- 

T - 
F 

- 

A 

F F F  

-- 

T 

---- 

t i-HTH --- 

> 0 

< 0 

> 0 
- - 

-- 

L 
- 

- 
T 

--  

A t i  

T 

F 

- - 
ti-}ITh 

.. - 

> 0 

< 0 

> 0 
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TEST S E Q U E N C E  A N D  P R O C E D U R E  

F i  t t c d  within t h e  format o f  the exis t ing  Standard Plo. 105-75; 

Hydraulic Brake Systcnis, the t c s t  procedure i s  o u t 1  incd below. 

Plcase note t h a t  scctiori nuinbers S5, S6, c t c . ,  denote portions of 

the exis t ing  standard, sonle of which apply t o  the conducted t e s t  

a c t i v i t y  a s  i s ,  while cer ta in  others  a re  t o  be applied in the modi- 

f i ed  forin which i s  presented. Plcase note t h a t  the following pro- 

cedure fornlat cons t i tu tes  our view of hypo the t i  cal modifications t o  
FMVSS 105-75 which were su i t ab le  f o r  t h i s  research a c t i v i t y  b u t  n o t  
necessari 1 y deserving of recomnienda t ion as means t o  enhance the 

safe ty  qua1 i  t y  of motor vehicles.  

The scope, purpose, appl i ca t ions ,  and de f in i t ions  o f  FMVSS 

105-75, Sections S1 through S4,  remain unchanged. The "Require- 

ments" associated wi t h  additional t e s t s ,  such as those being con- 

ducted here, would replace those speci f ied  in Sections S5.1.1.2 and 

S5.1.1.3. Instead of the s tandard ' s  ex i s t ing  requiretnents pertaining 

t o  service  brake systeni e f fec t iveness ,  a  s e t  of addit ional  require- 

ments would be c i t e d ,  perhaps in  a t a b l e ,  covering the  various t e s t  

conditions under which stopping distances wil l  be measured. Test 

conditions (appearing as, Section S6 in the standard) wil l  be followed 

as  wri t ten in 105-75 except as regards ce r t a in  conditions as follows: 

S6.8 - Wind ------- Velocity. -- - Tests wil l  be conducted with prevailillg 
steady wi r\cl vcloci t i e s  not exceeding 1 5  nlph. 

$ 6 . 9  .- Road -- -- - - Surfacc. - . - . - Tcsts i ~ r e  t o  he conducted u t i l i z i n g  selccted 
surfilccs providing t i i g l l ,  low, and spl i t  f r i c t io t i  condit ions.  su i tably  

laycd-out t o  perillit i ~ t h  st.rai:lilt-line I ~ r o k i n g  a n d  brakillg in a turn 

as tlcscril)cd in S 7 . 3  a l ~ d  S 7 . 5 .  All t c s t  scctioris a r e  t o  be 12 f c c t  
\vi dc . 



SG.10 V o t i i c l c  - P o s i t i o r i .  - - - The v e h i c l e  i s  a1 i g n c d  a t  t h e  c c n t c r  

o f  t t i c  roadway a t  t l i c  s t a r t  o f  ~ a c t )  b r a k c  a p p l i c a t i o n .  S t o p s  a r e  

made w i t h o u t  any p a r t  o f  t h c  v c h i c l c  l e a v i n g  t h c  roadway .  Excep t  

a s  n o t e d  below, s t o p s  a r e  made w i t h o u t  l o c k u p  o f  two w h e e l s  on  a  

s i n g l e  a x l e  a t  speeds g r e a t e r  t h a n  1 0  niph. There  may a1 so be any 

cornbins t i o n  o f  c o n t r o l  l e d  l o c k u p s  o n  an a n t i l o c k - e q u i p p e d  v e h i c l e .  

SG.12 --- 1n.i t i a l  ------.- R rake  T c m ~ r a t u r e .  I n i t i a l  b r a k e  t e m p e r a t u r e  

i s  t o  be  n o t  more t h a n  200°F. 

SG.13 --- C o n t r o l  Fo r ces .  .-- The f o r c e  a p p l i e d  t o  a b r a k e  c o n t r o l  

i s  n o t  more t h a n  150  l b s .  

T e s t  P r o c e d u r e s .  P rocedu res  t o  be employed c o v e r  t h e  

e q u i v a l e n t  s e c t i o n s  o f  FMVSS 105-75 f r o m  S7 t h r o u g h  S7.8. The 

p r e c i s e  p rocedu res  o f  105  a r e  t o  be empl o y c d  e x c e p t  as c i t e d  

be1 ow: 

S7, S7.1, S7.2 -- P e r  e x i s t i n g  p r o c e d u r e .  

S7.3 -- S e r v i c e  B r a k e  Systeni, F i r s t  ( P r e - B u r n i  s h )  E f f e c t i v e n e s s  

T e s t s .  S tops  a r e  t o  be made a c c o r d i n g  t o  t h e  sequence o f  Tab1 c  G. 1  

T e s t s  No. 1  t h r o u g h  4 .  

T a b l e  G.  1 .  P r e - B u r n i s h  E f f c c t i v c n c s s  S e r i e s  

No. Spced --- S t r r f acc  . ----.- ---.- D i r e c t i o n  Load ---- 

1 60 niph H i  F r i c t i o r i  S t r a i g h t  GVW R 

2 4 0 riip t i  Lo F r i c t i o n  S t r a i g h t  GVWR 

3 40 aiph S p l  i t  ( H i  - R t )  S t r a i g h t  GVNR 

4 40 111l)h S p l  i t  (ti i -1ft) S t r a i g h t  GVI4R 
-_ ---- - - - -  - ---------_--- -----.---I----- 



t f f c c t i v e n e s s  t c s t s  a r c  t o  bc Tun i n  a  s e r i e s  o f  i n c r e a s i n g  

pcda l  f o r c e  appl  i c [ ~ l i o n  up l o  t t i c  co r i c l i t i on  a t  wh ich  two wheels 

on one a x l e  a r e  l o c k c d  ( w i t h  v e h i c l e  specd s t i l l  above 10  mph) o r  

up t o  a  peda l  f o r c e  o f  150 I bs.  Two s tops  a r e  then  t o  be corlt lucted 

a t  a pedal f o r c e  wh ich  i s  t h e  n~ini lnuln p r n c t i c a b l e  i r icre l i lent  below 

t h a t  riccded f o r  a x l e  lockup,  w i t h  t h e  t o t a l  nurrlbcr o f  s tops  a t  each 

t e s t  c o n d i t i o n  n o t  t o  exceed 10 ( t h u s  c o n s t r a i n i n g  the  b rake  work 

h i s  t o r y  t o  a  f i  xet! niaxitnu~n) . 

D r i v e r  ad jus tn ien t  o f  s t e e r i n g  wheel i s  p e r m i t t e d  th roughou t  

t h e  s top .  Tes t  d a t a  f rom any s t o p  i n  wh ich  the  l a n e  edge i s  

t ransg ressed  i s  t o  be vo ided  i n  t h e  d e t e r i n i n a t i o n  o f  niinirnum 

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

The we t  pavement c o n d i t i o n s  i n  a l l  e f f e c t i v e n e s s  t e s t s  a re  t o  

be ach ieved  u s i n g  a con t i nuous  w a t e r i n g  systeni o r  a  t r u c k - b o r n e  

w a t e r i n g  system w e t t i n g  t h e  t e s t  1  ane between t e s t  v e h i c l e  runs .  

S7.4 S e r v i c e  . - Brake Svsteni k- - B u r n i s h  ----- Procedure.  The e x i s t i n g  

b u r n i s h  procedure  o f  S7.4.1 w i l l  be conducted ( t h a t  i s ,  p e r t a i n i n g  

t o  v e h i c l e s  whose GVbIR i s  10,000 I b s  o r  l e s s ) .  

S7.4.1.2 Brake A d j u s t m ~ n t  ------ - P o s t - G l ~ r n i s l i .  (Per e x i s  t i r i g  

p r o c c d ~ r r e .  ) 

S7.5 --.---- S e r v i c e  G r a k e A s t . c i i l  ---.------ - Second E f f e c t i  vencss -- T e s t .  Stops 

a r e  t o  be ~ ~ l a d e  a c c o r d i n g  t o  t he  sequence o f  Tab le  G . 2 .  S t r a i g h t -  

1  i n e  s tops  are  t o  bc conductet i  p e r  t h e  proceclure o i r t l  i n e d  above, 

i n  S7.3, 

Rr i~ l : i r ig  e f f e c t i v e ~ i e s s  i n  a  t u r t i  t e s t s  (Nos. 6, 7, and 11 

t.hro~r!jll 1 6 )  a r e  conducted accot.cling t o  t l i c  p r o c c d ~ r r c  i clent i  f i p d  

i n  S7.3 csccpt. ttlClt s tops  a r c  ~i indc v r l i i l e  t t l c  vehicle i s  t r a i l c l i n g  

i n  a ltrri~ of 5 3 5 - f t .  r a d i ~ r s .  llic vc lh i c l c  i s  t.cq[ril.cci t o  t ia~le bccn 

t r a v c l  i ri:] s lor ig t h i s  cu rvcd  11,1111 for n  1 1 1 i  t~i~l:lli:i o f  2 sccorids ( a t  

40  i;tpt~) ~) t ' io t -  t o  i lli t i ~ t i r l g  tlt.,>kirlg. 



Table G. 2. Post -Eurn i  sh (211d) E f f c c t i  vencss Ser ies .  

No. S p c c d  -- Surface D i r e c t i o n  Load 

5 60 mph t i i  I ' r i c t i o n  S t r a i g h t  GVW K 

6 40 rnph H i  F r i c t i o n  Turn-Ri gh t GVW R 

7 40 mph H i  F r i c t i o n  T u r n - L e f t  GVW R 

8 40 mph Lo F r i c t i o n  S t r a i g h t  GVW R 

40 n~ph 

40 rnph 

40 mph 

40 rnph 

40 mph 

40 mph 

40 rnph 

40 niph 

Spl i t ( H i  -Rt)  

S p l i t  ( H i - L f t )  

Lo F r i c t i o n  

Lo F r i c t i o n  

Spl i t  ( H i  -Rt )  

Spl i t  ( t l i - R t )  

Sp1 i t (H i  - L f t )  

Spl i t  ( H i  - L f t )  

S t r a i g h t  

S t r a i g h t  

Turn-Right  

T u r n - L e f t  

Turn-Right  

Turn-Lef t 

Turn-Righ t 

Turn -Le f t  

GVW R 

GVWR 

GVWR 

GVW R 

GVNR 

GVWR 

GVWR 

GVW R 



S7.C ---- F i r s t  a Kctj~rt*r~ish. - ---- - (Exis t ing  'proccdurc w i  11 bc 

conducted . ) 

, !< ' /  a, S7.7 t l~rough S7.7.4 ---A- Parkiry  ------.--- Brakc T e s t s .  (Tllcsc procedurcls 

were not conducted in  t h i s  stutly, l ~ u t  w o ~ ~ l d  r e t a i n  t h e i r  

pos i t ion  2nd fori11at i n  a hypottieti cal ly-pxpanded s tandard .  ) 

S7.0 ----- Scrvi cc Rt-ake Systcn~ - 'L igh t ly -~oaded  --- -- - Vciiicle - (Third -.- 

Effect iv(!~icss)  Tes t .  Stops a r e  to  be ~ ~ l a d e  according to  the ------ -. - 
sequence of Table G.3 per the  procedures out1 iried i n  Sect ion S7.3 

( f o r  s t r a i g h t - l i n e  s t o p s )  and i n  Sect ion S7.5 ( f o r  stopping in a 

turn). 

Table G . 3 .  Third Ef fec t iveness  Se r i e s  

No. Speed Surface Direct ion Load 

1 7  60 mph tli F r i c t i on  S t r a i g h t  Light 

18 40 mph Hi F r i c t i on  Turn-Right Light 

19 40 mph Hi F r i c t i on  Turn-Left Light 
20 40 rnph Lo F r i c t i o n  S t r a i g h t  Light 

2 1 40 rnph Spl  i t  (Hi-Rt) S t r a i g h t  Light 

22 40 mph S p l i t  ( I i i -Lf t )  S t r a i g h t  Light 

2 3 40 mph Lo F r i c t i on  Turn-Right Light 

2 4 40 mph Lo F r i c t i on  Turn-lef t Light 

2  5 40 nlph Spl i t (Hi -Rt) Turn-Right Light 

2 6 40 mph Sp1 i t  ( l{ i  -Rt) Turn-Left Light 

2 7  40 mph Spl i  t ( l l i  - L f t )  Turn-Right l i g h t  

28 10 inph S p l i t  ( l i  i - IT t )  Turn-Left Light 
.----_I_------ --- 



S 7 . G  - i .. - - I -- - I ~ i s  - . - - - -. - - - - (Ex  i s  t i n g  p roccdurc  w i  11 be 

contluct,tt l . ) 

I ! < {  a 

S7.7 t h rough  S 7 . 7 . 4  --- P a r k i r q  - - - Brakc -- - Tes ts .  -- (Tllcse procedures 

wclre n o t  conducted i n  t h i s  s tudy ,  b u t  would  r e t a i n  t l i e i r  

p o s i t i o n  and f o r l ~ i a t  i 11 s h y p o t h o t i  c a l  ly -erpanr led s tanda rd .  ) 

57 .0  . S e r v i c e  - - - ---. iit.al.:c - a s t e r n  - - -- - ' ~ i g h t l y - i o a d e d  - . - -- - --- - - Vel i i c leJTh i rd  - -.-A - 

Kffect. ivcr ir .  _) Tes t .  S tops  a r e  t o  be lrladc acco rd ing  t o  t h e  
. .ZS . ---- 
sequence o f  T a t ~ l e  G . 3  pe r  t h e  p rocedures  ou t1  i n e d  i n  S e c t i o n  57.3 

( f o r  s t r a i g h t - l i n e  s t o p s )  and i n  S e c t i o n  S7.5 ( f o r  s t o p p i n g  i n  a 

t u r n ) .  

Tab le  6.3. T h i r d  E f f e c t i v e n e s s  S e r i e s  

No. Speed Su r face  D i r e c t i o n  l o a d  

17 60 niph H i  F r i c t i o n  S t r a i g h t  L i g h t  

18 40 mph H i  F r i c t i o n  Turn-Rig h t  L i g h t  

19 40 mph H i  F r i c t i o n  T u r n - L e f t  L i g h t  

2 0 40 niph Lo F r i c t i o n  S t r a i  gh t  L i g h t  

2 1 40 nip11 S p l  i t  ( H i  - ~ t )  S t r a i g h t  L i g h t  

2 2 40 n~ph S p l  i t  (Hi -Lf  t )  S t r a i g h t  L i g h t  

2 3  40 ~nph Lo F r i c t i o n  Turn-R igh t  L i g h t  

24 40 rllph 1-0 F r i c t i o n  T u r n - l c f  t L i g h t  

2 5 40 nil~h Sp1 i t (lti -Rt) Turn-Ri  g i ~ t  L i g h t  

26 4 0 11ip11 Spl  i t  ( t l i - - k t )  T u r n - L e f t  L i g h t  

27 40 i:;j)h S p l i t  ( l l i - L f t )  .Tur-n-Right L i g h t  

2 8 40 11ii1h S p l i t  ( I l i - 1 . f ' ~ )  T u r n - L e f t  Ligll t .  
.---- ---- 

---1 -.-_I _ - 


