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Appendix A 

TEST 'EHICLES : 2ATA AIVE SPECIFICATIONS 

Pro-~i3.e6 i n  t h i s  appendix a r e  s p e c i f i c a t i o n s  f o r  each v e h i c l e  t e s t e d ,  
a long  w i t h  d a t a  on t h e  brake system, t i r e s ,  and load c ~ n f i g u ~ a t i o n s .  

The t a b l e  of s ~ e c i f i c a t i o n s  i n c l u d e s :  type  of v e h i c l e ,  make, mxlel ,  
y e a r ,  i d e n 5 i f i c a t i o n  number, engine,  t r ansmiss ion ,  and r e a r  a x l e  d a t a ,  s i z e  
an6 t y p e  of t i r e s ,  s i z e  and type  o f  brakes  and brake l i n i n g s ,  and ty-pe of 
emergency and parking b rakes .  

The l o a i i n g  diagram con ta ins  a x l e  load ing  informat ion and dimensions 
such a s  wheel base  and load c e n t e r  o f  g r a v i t y  l o c a t i o n .  For combination 
v e h i c l e s ,  dimensions a re  given on t r a i l e r  l eng th ,  f i f t h  wheel l o c a t i o n ,  and 
l o c a t i o n  of t h e  t r a i l e r  a x l e ( s )  r e l a t i v e  t o  t h e  t r a c t o r .  

A brake system schemati2 i s  g iven  f o r  each v e h i c l e  ( excep t  f o r  Vehicle 
14)) d e t a i l i n g  l i n e  l e n g t h s  and s i z e s ,  connector  l o z a t  ions ,  and wheel c y l i n -  
d e r  3r brake chaxber s i z e s .  



A . l  Trucks 

A.1.1 VEHICLF: SPECIFICATIONS 

Vehic le :  Light  Truck Type: 2-axle van 
Itake : Chevrole t  Model: C30 y e a r :  1969 
I d e n t i f i c a t i o n  Number: CE 3 3 9 ~ 8 5 4 0 6 5  
Engine: 307 V8-200 HP Ga,s 
Transmiss ion:  Standard 3-speed Rear Axle: Standard 

T i r e  
T i r e s  Manufacturer - S i z e  P r e s s u r e ,  p s i  

Front  Axle Goodrich 7:50 x 1 6  50 
Rear Axle Goodrich 7:  50 x 16  Dua,ls 50 

Brakes Ma,nufacturer - S i z e  Type 
Front  Axle Delco 11-118 x 2-3/4 3uo-Servo 

Rear Axle Delco 13 x 2-112 3uo-Servo 

Brake Linings Manufacturer - Type 

Front  Axle General  Motors 218 ~ ~ 1 2 0 8 ~ ~  
Rear Axle General  Motors 218 F F / ~ O ~ G H  

Brake System: Hydraul ic ,  vacuum a s s i s t ,  d u a l  c i r c u i t  

~ m e r ~ e n c ~ / ~ a r k i n ~  Bra.ke: Hand l e v e r ,  mechanica.1 a ,c tua , t ion of r e a r  bra.kes 



YLE 2  TOTAL 

EMPTY 2 , 8 1 1  3 , 9 5 3  6 , 7 6 4  

LOADED 3 , 5 0 2  7 , 2 3 0  1 0 , 7 3 2  

A . 1 . 2  LOADING DIAGRAM, L I G H T  TRUCK: CHEVROLET C-30 VAN 





A .  1.1 VEHICU SPECIFICATIODIS 

V ~ ~ ~ l c l e :  ;4.:ecil l m  r r ~ ~ c k  rn ,ype : 2-axle  f l a t b e d  
: II~C 1 : CC-1700 y e a r :  1969 

i u t ~ ~ t i f i c a  t i o n  Number: 426730~036102 
Englne:  V 345 u-Cy1. Gas 
Transmiss ion :  ~ 3 6  >-speed d i r e c t  Rear Axle: 650/887 

T i r e  
T i r e s  Ma,nufa:turer S i z e  - P r e s s u r e ,  p s i  

Front  Axle Goodyem 1 0  x 20 7 5  
Hear Axle Goodyear 1 0  x 20 Dua.ls 6 3 

Brakes Manufac turer  S i z e  Type - 
Fron t  Axle Wagner 15 X 3 Two l e a d i n g  snoe  

Bear Axle Wagner 16  x 6 Twinplex 

Bra.ke L in ings  Ma.nufa,cturer 

F ron t  h l e  ABB 
Rear Axle A BB 

Type 

6 9 3 - 5 5 1 4  
693 -53 9 

3mergencY/~a , rk ing  Bra.ke : Ha.nd-operated, mecha.nica.1 a.c t u a t  ion t o  d r i v e  
sha.f t b rake  



YXLE 2 TOTAL 

EMPTY 6 ,340  4,580 10,920 

LOADED 7,490 18,010 25,500 

A .  1.3 LOADING DIAGRAM, MEDIUM TRUCK: IHC CO-1700 1 8 - ~ ~  FLATBED 





Vehic le :  Heavy Truck Type: 3 - a x l e  dump 
Make : Chevrole t  Model: 570 Year: 1968 
I d e n t i f i c a t i o n  Nlumber : ~ ~ 7 1 4 0 ~ 1 0 6 6 2 0  
Engine : 4 0 1 ~ 6  
Transmiss ion:  ~ ~ 6 5 2  Rear Axle: E30D SC 

T i r e  - 
T i r e s  

Fron t  Axle 
Rear Axle 

Tandem Axle 

Brakes 

r ' ront Axle 
Rear Axle 

Tandem Axle 

Manufacturer 

F i r e s  tone 
F i r e s t o n e  
F i r e s t o n e  

Manufacturer 

Wa,gner 
Rockwell 
Rockwell 

Brake Linings  Manufacturer 

Fron t  Axle ABB 
Rear f a l e  ABB 

Tandem Axle ABB 

Brake System: Air 

S i z e  - 
9.00 x 20 

9.00 x 20 Dual 
9.00 x 20 Dual 

S i z e  - 
15 x 3-1/2 

15 x > 
13 x 3 

Type 

63 9-551.c 
639-539 
639-539 

P r e s s u r e ,  p s i  

Type - 
S- Ca.m 
Wedge 
Wedge 

~ r n e r ~ e n c ~ / ~ a . r k i n g  Brake : Hand-opera,ted, mecha.nica,l a c t u a , t i o n  on d r i v e  
s h a f t  



\CXLE " 2 TOTAL 

EMPTY 6,100 9,500 15,600 

LOADED 9,000 30,000 39,000 

A. l .6  LOADING DIAGRAM, HEAVY TRCCK: CHEVROLET J-70 DUMP TRUCK 





. - ~ e c i z l t :  Schocl  39s Type: 66 passecger  (2-a .x ie)  
:4ake : E'ord 1 Br/>O ~ e 2 . r :  1969 
- i L n t i f i c s . 5 i o r l  Number: B7>E~d4600 1 -, L-  

b,:!gi:ie : 3 61iDTd-c, 21(IjIP 
. "  ~ r a n s m i s s i o r l :  233 V-:; speed Rear Axle: Si r ig le  speed b.c;G-1 

'Tire 
T i r e s  Mariufacti~rer S i z e  

Frorit Px le  F i r e s t o n e  9-00 x 20 
iiear Axle F i r e s  tolie j.00 x 20 D u a l  

B r  a.ke s Ma.nufa.ctlirer S i z e  - 
P'rori-i Axle Bendix 15 x j 

Rea,r Axle Bendix l* 3 

Brhke System: kir 

P r e s s u r e ,  p s i  

Type 

Wedge 
Idedge 

~rceri;:enc:dPa.rkiiig Bra.&: Mod~r la . t ed  sp r ing  b rakes  on rea . r  wneels 



LAXLE 2 TOTAL 

EMPTY 5 , 4 7 0  8 , 5 8 0  1 4 , 0 5 0  

LOADED 7 , 0 0 0  1 7 , 5 0 0  2 4 , 5 0 0  

A.2.2 L O A D I N G  DIAGRAM: F O R D  750 S C H O O L  B I J S  





A .  2.4 VEHICLE SPECIFICATIONS 

Vehicle : I n t e r c i t y  Bus 
Make: Motor Coach Indus. 
I i e n t i f i c a t i o n  Number: 7686 
Engine : 8V-71N 567.5 1n3 
Transmission: 4-speed Spicer  

Type: Deluxe Coach 
Model: MC-7  Year: 1969 

Rear Axle: ~163, 3.56-1  

T i r e  
T i r e s  

Front  Axle 
Drive Axle 

Tag Axle 

Manufacturer S ize  - 
Fires tone  11.5 x 22.5 
F i res tone  11.5 x 22.5 Dual 
F i res tone  11.5 x 22.5 

Pressure,  p s i  

100 

7 5 
7 5 

Brakes 

front Axle 
Drive Axle 

Ta.g Axle 

Man~fa~c tu re r  

Rockwell 
Rockwell 
Rockwell 

S ize  - 
14.3  x 5 
14.5 x 8 
14.5 x 5 

Brake Linings Manufa,cturer 

Front Axle ABB 
Drive Axle ABB 

Tag Axle ABB 

Brake System: Air 

3mergencY/~arking Brake: Sepa,rate ac tua t ion  of r e a r  brakes 







Venicle:  C i t y  BLS Type : 33 pa,ssenger ( 2 - a x l e )  
Make: GMC Model: T ~ H  5303 y e a r :  1969 
I d e n t i f i c a t i o n  Number: 247 
dxgine:  D e t r o i t  ~6 
Transmiss ion:  A l l i s o n  I n f i n i t e  Rear Axle: Rockwell 5.14 

T i r e  - 
'Tires Mariufa,ct d r e r  S i z e  P r e s s l x e ,  p s i  

Front  Axle F i r e s t o n e  11 x 20 8 0 
Rea,r Axle F i r e s  tone  11 x 20 80 

Brakes Manufacturer S i z e  Type - 
Front  Axle --- 14.5 x 5 S-Cam 

Rear Axle --- 14.5 x 1 0  S-Cam 

Brake Linings  Manufactdrer Type 

Front  Axle ABB 80(206 FF) 
Rea.r Axle ABB 80(206 FF) 

Brake Sys tea :  Air 

13mergency/~erking Brake: S e p a r a t e  a c t u a t i o n  o f  r e a r  brakes  and hand- 
opera ted parking brake on d r i v e  sha , f t  



a vr 
C 9 

N C l n  . . 





A.3 T r a c t o r - T r a i l e r s  

T r a c t o r - T r a i l e r  2-S1 
T r a c t o r  Type: CBE, 2-axle  
Make: Ford Model: F-7000 Year: 1970 
I f i e n t i f i c a t i o n  Number: K 704 UG 31185 
Engine : C a t e r p i l l a r  V-200 
T r a i l e r  Type: Van, s i n g l e  a x l e  
Ma,ke : Tra i lmobi le  Mode 1 : A 3  2DAAE Year: 1970 

T i r e  - 
T i r e s  Manufa,cturer - S i z e  P r e s s u r e ,  p s i  

T r a c t o r  Front  F i r e s t o n e  1 0  x  20 60 
Tra ,c tor  Rear Goodyear 1 0  x 20 Duals 75 
T r a i l e r  Rear Uniroyal  1 0  x 20 Duals 7 5 

Bra.kes Manufacturer - S i z e  - Type 

T r a c t o r  Front  ---  16 x 2.5 S-Ca,m 
T r a c t o r  Rear Eaton 16.5 x 6 S-Cam 

T r a i l e r  --- 16.5 x 7 S-Cam 

Brake Linings  Manufacturer Type 

T r a c t  o r  Front  Bend i x  H-3 1 4 9 ~ 1 ~ - 3  149 
T r a c t o r  Rear Molded M a t ' l s  MMD-16 

T r a i l e r  ABB 693 - 551 

Emergency System: Standard a i r  









A .  3 . 5  VEHICLE SPECIFICATIONS 

T r a c t o r - T r a i l e r  2-S2 
T r a c t o r  Type: CBE, 2 -ax le  
Make: Ford Model: F-7000 Year: 1970 
I d e n t i f i c a t i o n  Number: K704 UG 31185 
Engine : C a t e r p i l l a r  V-200 
T r a i l e r  Type: Van, tandem a x l e  
Make : Fruehauf Model: VB-6-~2-40 y e a r :  1967 

T i r e  - 
T i r e s  Ma,nufac t u r e r  - S i z e  P r e s s u r e ,  p s i  

T r a c t o r  Front  F i r e s t o n e  1 0  x 20 60 
Tra.ctor Rear Goodyear 1 0  x 20 Duals 7 5 
T r a i l e r  Rear Goodyear 11 x 22.5 Duals 60 

T r a i l e r  Tandem Goodyear 11 x 22.5 Duals 60 

Brakes M a n ~ f a ~ c t u r e r  - S i z e  - Type 

T r a c t o r  Front  --- 16 x 2.3  S-Cam 
T r a c t o r  Rear Ea t  on 16.5 x 6 S-Ca.m 

T r a i l e r  Rockwe 11 16.5 x 7 Wedge 

Brake Linings  Manufa,cturer - Type 

T r a c t o r  Front  Bendix H-3 1 4  9 ~ /  H-3 1 4  9 
T r a c t o r  Rear Molded Mat ' 1 s  MMD-16 

T r a i l e r  Molded Ma,t ' 1 s  MMD-16 

Emergency System: Standa,rd a , i r  



ffi 
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H . 3 .6  VEHICLd SFZCITICATIONS 

Tra .c tor-Tra . i ler  3-S2 
Trac to r  Type: CBE, 3 -ax le  
Make: 3iamona Reo Model: ~ 1 1 4 6 4 ~ ~  Year: 1970 
I l j e n t i f i c a t i o n  Nuniber: DRE 6 5 ~ ~  ;81128 
3ngine:  I l e t r o i t  8V-7lN 
T r a i l e r  Type : Va.n, t a.naem Axle 
Ma,ke : Fruenauf Model: VB-6-~2-40 y e a r :  1967 

T i r e  - 
T i r e s  Manufacturer S i z e  - Pressure ,  p s i  

T r 2  c t o r  iik'o,l+i Gooclyea r 11 x 24.; 95 
T r a c t o r  Rear Goodyear 11 x 24.; Duals 55 

T r a c t o r  Tanliein Goodyear 11 x 24.3 Duals 33 
T r e i l e r  Rear Goodyear 11 x 22.5 Duals 6 0 

T r a i l e r  Tanden-. Goodyear 11 x 22.5 Duals 60 

Brakes Manufacturer - S i z e  Type 

Tra.ctor Front None ---  
T r a c t o r  Rear Rockwell l 5  X 7 

T r a . i l e r  Rockwell 16 .5  x 7 

Brake Linings Manufacturer Type 
Tra.ctor Front  --- --- 
Tra ~ t o r  Rea.r ABB b93 - 551~ 

Tra . i l e r  Molded Mat ' 1 s  MMD- 16 

Wedge 
Wedge 

Emergency System: Standard a i r  w i t h  s p r i n g  b rakes  on t r a c t o r  



0 0 * m  
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TYPE 1 2  T Y P t  I ?  

A.3.10 BRAKE SYSTEM SCHEMATIC: DIAMOND RE0 ~ 1 1 4 6 4 ~ ~  (6x4) 



Doubles Combination 2-S1-2 
T r a c t o r  Type: COE, 2-axle  
Make: IHC Model: C04070A y e a r :  1969 
I d e n t i f i c a t i o n  Number: 2294716358744 
Engine: D e t r o i t  
T r a i l e r s  Type : Double Van 
!.lake : Brow, ( C l a r k )  Model : 2 2 6 ~ ~ ~ 3 ~ 1  Year: 1969 

T i r e  - 
T i r e s  Manufacturer S i z e  P r e s s u r e ,  p s i  

T r a c t o r  Front  F i r e s  tone 11.00 x 22.5 95 
T r a c t o r  Rear F i r e  s tone  11.00 x  22.5 Duals 75 

T r a i l e r s  Cla rk  ( ~ e n e r a l )  10.00 x  20 Duals 75 

Brake s  Manuf a , c tu re r  S i z e  - Type 

T r a c t o r  Front  Rockwell 15 x 5-1-12 Wedge 
T r a c t o r  Rear Rockwell 15 X 7 Wedge 

T r a i l e r  Schuler  16.5 x  7 S-Cam 

Brake Linings  Manufacturer - Type 

T r a c ~ o r  Front  Molded Ma.t '1s MMB-62 
T r a . c ~ o r  Rear Molded Mat ' 1s  MMB-16 

T r a i l e r  ABB 693 - 551 

Emergency System: Standard a i r  w i t h  s p r i n g  b rakes  on t r a c t o r  





R l < l l T  c B r \ :  
R Q 4 Y t  f l i 4 ' 1 L E P  R I f ; l l l  R F 4 R  

I Y P I  I ;  R Q i \ k t  I ' H 4 ' I R I  R 
L I ' 4 I T I N G  

r Y P t  1 2  - - 

F O O T  C O N T R O L  
B R A K E  V A L V E  

G O V E R N O R  

G I  A11114~11 

C O ' I P R E S S O R  S W I T C H  
T R A C T O R  

P R O T E C T I O N  
V A L V E  

L I ' f I T I U Z  - 
\' A L \' F 

WET T A N K  D R Y  T A Y K  

C H E C K  
V A L V E  

C H E C K  

V A L V E  - C O N T R O L  S P R I N G  B R A K E  V A L V E  
T A N K  

L E F T  Rt.AR 
B R A K E  C H A M B E R  

TYPE 1 2  

A.3.13 BRAKE SYSTEM S C H E M A T I C :  I H C  ~ 0 4 0 7 0 4  TRACTOR (4x2) 



rYPt  io 

RIGHT W H E E L  C I I A M B E R  

L E F T  WHEEL C H A M B E R  

TYPE 30 

A .  3.14 BRAKE SYSTEM SCHEMATIC : TRAILER DOL,LY 





>. .4 ' ie i l icles Equipped w i t h  Aava.nced Systems 

A.4.1 VEHICLZ SPECIFICATIONS 

Venicle Type: 2-axle f l a t b e d  
blake: Forcl Model: F-1000 Year: 1966 
I j e n t i f  i c a t i o n  Number: 76059j 
Engine: Ford V-8 534CID 
Transmission:  3-speed manual Rear Axle: 2-speed 

T i r e s  Manufacturer S i z e  - 
Front  Axle Fi rescone 10 x  20 

Zear Axle F i r e s  tone  10 x  20 Duals 

T i r e  - 
Pressure ,  p s i  

Brakes !4aMa,nufa.c t u r e r  S i z e  Type - - 
Front Axle Bendix 13.63 Dia. Disk S e r i e s  B - 1  
Rear Axle Bendix 15.63 Dia. Disk S e r i e s  B-2 

Brake System: F u l l  power hydrau l i c ,  f ron t1 rea . r  dua l  c i r c u i t  

~ m e r g e n c ~ / P a r k i n g  Brake : Spring brakes ,  r e a r  a x l e  



WXLE 1 2 

EMPTY 6 , 4 8 0  7 , 1 0 0  13,580 

A.4.2 LOADING DIAGRAM, DISK BRAKE: TRUCK: FORD F-1000 PIATBEXI 





A .  4 . 4  VEHICLE SPECIFICATIOTJS 

T r a c t o r - T r a i l e r  3-S2 ( v e h i c l e  1 2 )  
T r a c t o r  Type: CBE, 3 - a x l e  
Make: White Model: 4 5 6 4 ~ ~  ~ e a ~ r :  1967 
I d e n t i f i c a t i o n  Number: 695855 
3ngine:  Cummins ITHC7-270 
T r a i l e r  Type : Pla t fo rm,  tandem a x l e  
Make : Fruehauf Model: P B - ~ 2 4 0 ~ ~  Year: 1969 

T i r e  

T i r e s  Manufacturer - S i z e  P r e s s u r e ,  p s i  

T r a c t o r  Front  Remington 1 0  x 20 85 
T r a c t o r  Rear Reming ton  1 0  x 20 Duals 7 0 

T r a c t o r  Tandem Remingt on 1 0  x 20 Dua,ls 7 0 
T r a i l e r  Rear Remington 1 0  x 20 Duals 70 

T r a i l e r  Ta.ndem Remington 1 0  x 20 Duals 7 0 

Brakes Manufacturer S i z e  - Type 
T r a c t o r  Front  Rockwell 15 x 4 Double Wedge 
T r a c t o r  Rea.r Eat  on 16.5 x 7 S-Ca.m 

T r a i l e r  Fruenauf 16.5 x 7 S -Ca,m 

Brake Linings  Manufacturer Type 

T r a c t o r  Front  - - - --- 
T r a c t o r  Rear Raybes t o s  RM 3 2 2 0 / ~ 2 l g ~  

T r a , i l e r  Molded Mat '1s  MMD -3 9EE 

Emergency System: Standa,rd w i t h  s p r i n g  b rakes  on t r a c t o r  



\XLE 1 2  TOTAL 

EMPTY 8 , 6 2 0  8 , 2 8 0  1 6 , 9 0 0  

/\. 4. $ LOADING DIAGRAM: WHITE 4 5 6 4 ~ ~  TRACTOR 





-\-AXLE 1 2 3 TOTAL 

COMBINATION EMPTY 8,910 12,415 8,035 29.360 

COMBINATION LOADED 10,235 33.915 33.630 77.780 

A.4.7 LOADING DIAGRAM: WHITE 4 5 6 4 ~ ~  TRACTOR, FRUEHAUF 40-FT FLATBED T R A I L E R ,  
LOW-C.G. LOAD 
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A. 4 .8  BRAKF: SYSTEM SCHEMATIC : WHITE TRACTOR 4 6 6 4 ~ ~  ( 6 x 4 )  





A.L.10 VEHICI.2 SPECIFICATICNS 

T r a c t o r - T r a i l e r  2-S2 ( v e h i c l e  1 4 )  
T r a c t o r  Type: COE, 2-axle  
Make: Brockway Model: IV-4977-4 y e a r :  1963 
I a e n t i f i c a t i o n  Number: 6 ~ 4 3  
Engine: Cumrnins TJH-25C 
T r a i l e r  P jpe :  Lowboy 
blake: Arrow Model: SCR-22-35 year :  1967 

T i r e  

T i r e s  Manufacturer S i z e  P r e s s u r e ,  p s i  

T r a c t o r  Fron t  Goodyear 1 0  x 22 3 5 
T r a c t o r  Rear Goodyear 1 0  x 20 Duals 8 5 
T r a i l e r  Rear Goodyear 1 0  x 20 Duals 3 5 

T r a i l e r  Tandem Goodyear 1 0  x 20 Duals 85 

Bra.kes Manufacturer S i z e  - Type 

T r a c t o r  Fron t  Ea t  on 16.5 x 4.5  S-Cam 
T r a c t o r  Rear Eat  on 16.5 x 7 S-Cam 

T r a i l e r  Eaton 1 6 . 5  x 7 S-Cam 

Brake Linings  Ma.nufacturer - Type 

T r a c t o r  Front  ABB 551DPC 
Tra.ctor Rear C a s l i s l e  ~ 1 6  

T r a i l e r  C a . r l i s l e  m ~ 1 6  

Emergency System: S tandara  





Appendix B 

TSST PROCEDURES AND INSTR~ENTATION 

B. l  TEST PROCEDURES 

The f o l l o w i n g  i s  a  d e t a i l e d  d e s c r i p t i o n  of t h e  purpose,  procedure ,  mea- 
surement, and d a t a  p r e s e n t a t i o n  f o r  each of t h e  t e s t s  performed on t h e  v e h i c l e s  
inc luded  i n  t h i s  program. Z s s e n t i a l l y ,  t h e  t e s t s  were conducted i n  t h e  same 
way f o r  each v e h i c l e ,  w i t h  excep t ions  a s  noted.  Where a  v e h i c l e  could n o t  
r e a c h  t h e  v e l o c i t y  r e q u i r e d  i n  t h e s e  procedures ,  t h e  t e s t  was conducted a t  
t h e  maximum speed a t t a i n a b l e  and t h e  d a t a  c o r r e c t e d ,  i f  p o s s i b l e ,  f o r  v e l o c i t y  
e r r  o r .  

B . l . l  EFFECTIVENESS TEST 

Purpose: Determine t h e  b rak ing  c a p a b i l i t y  of t h e  t e s t  v e h i c l e  under 
normal o p e r a t i n g  c o n d i t i o n s .  

Procedure:  With t h e  v e h i c l e  t r a v e l i n g  i n i t i a l l y  i n  a  s t r a i g h t  l i n e  on 
zpproximately l e v e l  ground ( maximum il% g r a d e )  a t  t e s t  speed, app ly  brake- 
peda l  f o r c e  necessa ry  t o  mainta in  t h e  s p e c i f i e d  b r a k e l i n e  p r e s s u r e  u n t i l  t h e  
v e h i c l e  s t o p s  complete ly .  Th i s  t e s t  w i l l  be conducted w i t h  t h e  h o t t e s t  b rakes  
a t  200°F before  t h e  a p p l i c a t i o n  of t h e  brake.  Conduct t h e  t e s t  a t  no l e s s  
than  f i v e  c o n s t a n t  l i n e  p r e s s u r e  l e v e l s ,  i . e . ,  23, 50, 7 5 ,  90, and 100 percen t  
of t h e  l i n e  p r e s s u r e  r e q u i r e d  t o  l o c k  t h e  wheels.  I n  t h e  event  t h a t  wheels 
do n o t  lock  up, l i n e  p r e s s u r e  l e v e l s  w i l l  be based on 25, 50, 75, 90, and 100 
p e r c e n t  of t h e  l i n e  p r e s s u r e  r e q u i r e d  t o  main ta in  maximum ach ievab le  v e h i c l e  
d e c e l e r a t i o n .  Test  speed f o r  t h e  a r t i c u l a t e d  and i n t e g r a l  v e h i c l e s  and i n t e r -  
c i t y  bus s h a l l  be 60 mph and f o r  t h e  c i t y  bus and school  bus ,  40 mph. I n  
locked wheel s t o p s ,  peda l  f o r c e  w i l l  be mainta ined throughout t h e  complete 
s t o p  only  i f  t h e  v e h i c l e  remains d i r e c t i o n a l l y  s t a b l e .  

b'easurement: Speed, l o n g i t u d i n a l  d e c e l e r a t i o n ,  b r a k e - l i n e  p r e s s u r e  a t  
each a x l e  and a t  t h e  brake c o n t r o l  valve ,  i n d i v i d u a l  b r a k e - l i n i n g  t empera tu res  
( b o t h  be fore  ?r,d a f t e r  t h e  t e s t ) ,  i n d i v i d u a l  wheel r o t a t i o n  ( t o  i n d i c a t e  wheel 
l o c k u p ) ,  and s topp ing  d i s t a n c e  by means of f i f t h  wheel d i s t a n c e  coun te r  f o r  
a l l  s t o p s  and a c t u a l  mezsurement wi th  d e t o n a t o r  i n  minimum d i s t a n c e  s t o p s .  

Data P r e s e n t a t i o n :  Compute peda l  f o r c e  f o r  t e s t  b r n k e - l i n e  p r e s s u r e s .  
1'1 ot rt.t3~1 force  versus  d t l ce le ra t ion  f o r  ?ach v e h i c l e  lond c o n d i t i o n .  I n d i c a t e  
i ~ t \ c r ~ l t ~ r n t i o n  1e.vt.l n t  which whcel( s )  lockup ;ind s t ~ t t .  which wheels lockup.  
Tpbulnte s topp ing  d i s t ~ n c t ~ s  a t  a l l  l i n e  p r e s s u r e s  f o r  a l l  v e h i c l e s .  



Purpose: Determine t h e  braking c a p a b i l i t i e s  of t h e  t e s t  veh ic le  under 
~ o s s i b l e  f a i l u r e  modes. 

Procedure: The procedure w i l l  be e x a c t l y  a s  s p e c i f i e d  f o r  t h e  e f f e c t i v e -  
n e s s  t e s t s ,  except t h a t  t e s t s   ill be repea ted  i n  t h e  loaded and unloaded con- 
d i t i o n s  f o r  t h e  system f a i l u r e s  a p p l i c a b l e  t o  t h e  p a r t i c u l a r  t e s t  veh ic le .  

( 1 )  Small t r u c k ,  Chevrolet  C j O :  power boost  f a i l u r e ,  f r o n t  hydrau l i c  
l i n e  f a i l u r e  , r e a r  h l ~ ~ d r a u l i c  l i n e  f a i l u r e .  

( 2 )  Nedium t r u c k ,  I.H. Loadstar  1700: power boost  f a i l u r e .  

(3 )  Large t r u c k ,  Chevrolet  570: a i r  brake s y s t e n  has  no f a i l u r e  p ro tec -  
t i o n  modes. 3ne s t o p  w i l l  be made wi th  pa rk ing  brake.  

(4) School bus, Ford F-750: emergency system c o n s i s t s  of s e p a r a t e  a i r  
supply t o  brakes  c o n t r o l l e d  from hand l e v e r .  Brakes can be modulated. 
This system w i l l  be used f o r  emergency braking t e s t .  

( 5 )  I n t e r c i t y  bus, PC-7: emergency system c o n s i s t s  of s e p a r a t e  a i r  supply 
t o  brakes.  Control  i s  no t  modulated. This system w i l l  be used f o r  
one emergency s top .  

( 6 )  T r a c t o r - t r a i l e r  combination: from an i n i t i a l  speed of 20 rnph, t r a i l e r  
brakes  only e r e  s e t  i n  emergency a p p l i c a t i o n  by a c t u a t i n g  t h e  t r a c t o r  
p r o t e c t i o n  valve.  I f  t h e  t r a c t o r  i s  equipped wi th  s p r i n g  brakes ,  one 
s t o p  will be made from 20 mph a c t u a t i n g  t h e s e  brakes  only.  

( 7 )  GblC coach: make one s t o p  from 40 mph wi th  t h e  hand operated mechani- 
ca.1 parking breke.  P,lso one s t o p  w i l l  be made by opening t h e  r e a r  
door,  which au tomat ica l ly  a c t u a t e s  t h e  r e a r  brakes .  

(8 )  Disc  brake t r u c k :  f r o n t  hydrau l i c  l i n e  f a i l u r e ,  r e a r  hydrau l i c  l i n e  
f a i l u r e .  

Peasurements: Same a s  f o r  e f f e c t i v e n e s s  t e s t s .  

Data Presen ta t ion :  P l o t  average pedal  f o r c e  a s  a  f u n c t i o n  of d e c e l e r a t i o n  
f o r  t h e  loaded and unloaded c o n d i t i o n s  under each type  of system f a i l u r e .  Note 
occurrences  of wheel lockup. Tabula te  minimum stopping d i s t a n c e s  f o r  a l l  vehi-  
c l e s  i n  t h e  loaded and unloaded c o n d i t i o n  under each type  of system f a i l u r e .  

1 .  FADE ATD RECOVERY TEST 

P ~ r p o s e :  Determine t h e  braking c a p a b i l i t y  of t e s t  v e h i c l e  under c o n d i t i o n s  



which produce fade.  

Procedure: The t e s t  i s  performed wi th  t h e  vehic le  f u l l y  loaded. Before 
performing t h e  t e s t ,  warm up t h e  brakes u n t i l  t h e  h o t t e s t  bra.ke l i n i n g  temper- 
a t u r e  i s  2 0 0 " ~ .  One base l ine  snub w i l l  be made from 40 mph t o  20 mph a.t a, lie- 
c e l e r a t i o n  of 10  fpsps.  The fade t e s t  w i l l  fol low immedia.tely a f t e r  t h e  ba.se- 
l i n e  snub. Apply successive snubs a t  a  dece l e ra t ion  of I:, f t / s e c 2  ( o r  ina.xirnurn 
dece l e ra t ion  achieved during Post-Burnish Effect iveness  ~ e s t )  reducing speed 
from 60 rnph ( c i t y  bus and school bus, 40mph) t o  10  mph u n t i l  t h e  bra.king system 
P a i l s  t o  maintain t h e  dece l e ra t ion  of 15 f t / s ec2  ( o r  d e ~ e l e r a ~ t i o n  used f o r  t h i s  
t e s t )  f o r  t h e  f u l l  brake snub. Upon rea.ching 10 rnph speed a.t t he  end of each 
snub, the  vehic le  i s  t o  be accelera , ted a.t t h e  maximum engine c a p a b i l i t y  t o  t h e  
spec i f i ed  t e s t  speed (60 rnph f o r  t r a c t o r - t r a . i l e r  combinations and 40 rnph f o r  
c i t y  bus and school bus) .  Vehicle must remain d i r e c t i ~ n a ~ l l y  s t a b l e  i n  t h e  12 - f t  
l ane  during each brake snub. Snubs a r e  t o  be made in  high gea,r with manual 
t ransmissions and i n  d r ive  pos i t i on  wi th  a.utoma.tic t ransmissions.  Due t o  l i m i t -  
ed a .cce le ra t ion  ca .pabi l i ty  of t h e  t r a c t o r s  used wi th  s e m i t r a i l e r s ,  t h e  t ime t o  
a c c e l e r a t e  from 10  rnph t o  60 mph may be such t o  al low t h e  brakes t o  cool,  making 
it impossible t o  fade t h e  brakes.  The t e s t  w i l l b e a b o r t e d  i f  t h e  b rakesdono t  
fade even a f t e r  10  snubs. If t h e  fade t e s t  i s  successfu l ,  a, recovery t e s t  a s  
spec i f i ed  i n  SAE Recommended P rac t i ce  5786 w i l l  be conducted. This t e s t  in-  
volves app l i ca t ion  of 10 snubs a t  a  dece l e ra t ion  of 1 0  f t / s e c 2  a t  i n t e r v a l s  of 
2.0 miles  maintaining, i f  poss ib le ,  a  speed in te rva , l  of 40-20 rnph a t  each snub. 

Measurement: Speed, l ong i tud ina l  dece lera t ion ,  brake l ine  pressure  a t  each 
ax le ,  and brake l i n i n g  temperature a t  each wheel, elapsed time f o r  fade t e s t ,  
elapsed time f o r  recovery t e s t .  

Data Presentat ion:  Calcu la te  pedal f o r c e  f o r  t he  average l i n e  pressure  
during each snub. P lo t  pedal fo rce  and h o t t e s t  brake temperatures verses  snub 
number f o r  both fade  and recovery t e s t s  f o r  each vehicle .  Tabulate number of 
snubs achieved during fade  t e s t ,  and h ighes t  l i n i n g  temperature during fade, 
f o r  a l l  t h e  vehic les  t e s t e d .  

B. 1 . 4  BRAKE RATING TEST 

Purpose: Determine the  horsepower absorpt ion c a p a b i l i t i e s  of t h e  braking 
system of t h e  vehic le  t e s t e d .  

Procedure: Calcu la te  t h e  braking fo rce  required t o  maintain the  f u l l y  
loaded t e s t  vehicle  a t  a constant  downgrade speed on a  7 percent grade. Tow 
the> f u l l y  l o ~ d c d  t e s t  vehic le  on a  l e v e l  sur face  a t  t e s t  speed with brakes o f f ,  
engine running a t  i d l e  speed and t ransmission i n  neu t r a l . "  Using the i n s t r u -  
mented tow bar ,  measure t h e  r e s u l t i n g  fo rce  which i s  the  sum of aerodynamic 

*Test speed f o r  the  l i g h t  t ruck  was 40 mph, and f o r  a l l  other  vehic les  
t e s t e d  ranged from 22 t o  30 rnph depending upon weight of t h e  t e s t  vehicle  and 
power ava i l ab l e  i n  t he  towing vehic le .  



d r a g  f o r c c s  and r o l l i n g  r e s i s t a n c e .  Add t h e  c a l c u l a t e d  brake f o r c e  t o  t h i s  
sum t o  o b t a i n  t h e  t o t a l  t e s t  towing f o r c e .  Again towing t h e  t e s t  v e h i c l e  on 
a l e v e l  s u r f a c e  a t  t e s t  speed, engine a t  i d l e  speed and t r a n s m i s s i o n  i n  n e u t r a l ,  
g r a d u a l l y  app ly  t h e  brakes  on t h e  tow2d v e h i c l e  u n t i l  t h e  t o t a l  t e s t  towing 
f o r c e  i s  obta ined.  I'lote t h e  b r a k e - l i n e  p r e s s u r e  on t e s t  v e h i c l e .  With t h e  tow 
v e h i c l e  ma in ta in ing  t e s t  v e l o c i t y ,  a~nd t h e  towed v e h i c l e  ma in ta in ing  t h e  same 
b r a k e - l i n e  p r e s s u r e ,  con t inue  t h e  t e s t  u n t i l  t h e  towing f o r c e  d e c r e a s e s  by 15 
p e r c e n t ,  o r  t h e  temperature  i n  any of t h e  brakes  exceeds t h e  maximum achieved 
i n  t h e  f a d e  t e s t .  For a r t i c u l a t e d  v e h i c l e s  t h e  fo l lowing  procedure w i l l  be 
used. 

( a )  Calculate t h e  t e s t  towing f o r c e  f o r  t h e  combined v e h i c l e  by adding 
t h e  r o l l i n g  r e s i s t a n c e  and t h e  b rak ing  f o r c e s .  

( b )  C a l c u l a t e  t h e  t e s t  towing f o r c e  f o r  each v e h i c l e ,  i. e . ,  t r a c t o r  and 
each t r a i l e r  s e p a r a t e l y .  The t e s t  towing f o r c e  f o r  each v e h i c l e  i s  
i n  t h e  same p r o p o r t i o n  t o  t h e  t e s t  towing f o r c e  f o r  combination a s  
t h e  weight on t h e  a x l e s  of t h e  v e h i c l e  i s  t o  t h e  t o t a l  weight of t h e  
combination.  

( c )  Tow t h e  loaded v e h i c l e  on a  l e v e l  t r a c k  a t  a  t e s t  speed w i t h  engine  
of towed t r u c k  a t  i d l e  speed and t r a n s m i s s i o n  i n  n e u t r a l .  Apply t h e  
t r a i l e r  brake of t h e  towed v e h i c l e  t o  produce t h e  t e s t  towing f o r c e  
f o r  t h e  t r a i l e r  a s  c a l c u l a t e d  i n  ( b )  above. Mainta in  t h i s  b r a k e - l i n e  
p r e s s u r e  and a  tow v e l o c i t y  u n t i l  t h e  towing f o r c e  d e c r e a s e s  by 15 
p e r c e n t  o r  t h c  temperature  on any of t h e  brake l i n i n g s  exceeds t h e  
maximum achieved i n  t h e  f a d e  t e s t .  

( d )  Repeat t h e  t e s t  a s  p e r  procedure  i n  ( c )  above by app ly ing  t h e  t r a c t o r  
brakes  of t h e  towed v e h i c l e  t o  produce t h e  t e s t  tawing f o r c e  f o r  t h e  
t r a c t o r  a s  c a l c u l a t e d  i n  ( b )  above. I f  t h e  t r a c t o r  brakes  cannot be 
a p p l i e d  a lone  wi thou t  app ly ing  b rakes  on t r a i l e r ,  then  t h e  t r a i l e r  
w i l l  be d isconnected.  

Pleasurements: Forward v e l o c i t y ,  brake l i n e  p r e s s u r e ,  towing f o r c e ,  and 
brake l i n i n g  temperatures .  

Data  P r e s e n t a t i o n :  P l o t  brake f o r c e  ve r sus  t ime f o r  each v e h i c l e  t e s t e d .  
For a l l  v e h i c l e s ,  t a b u l a t e  horsepower absorbed by t h e  b rakes  and r e s u l t i n g  
maximum brake t empera tu res .  I f  p o s s i b l e ,  c o r r e l a t e  t h e  t e s t  r e s u l t s  w i t h  t h o s e  
of t h e  f a d e  t e s t  f o r  each veh ic le .  

B. 1.5 BRAKE BALANCE TEST 

Purpose: To determine i f  brakes  a r e  balanced t o  a x l e  l o a d s ,  f o r  o v e r a l l  
s a f e t y  of t h e  v e h i c l e  and f o r  ach iev ing  optimum e f f e c t i v e n e s s  of t h e  brakes .  



Procedure: Follow t h e  procedure given i n  Sect ign C ( I )  37 SA3 Ze:oranenLle3 
P rac t i ce  Jg92a. Stops a i l 1  be made using an intermediate  brake- l ine  p re s su r s ,  42 
ps i .  Make a warrnop s top frorn h O  mph. Next make t h r e e  s tops  each from 20 mph a t  t he  
same opera t ing  pressure  a t  l /2-mile i n t e r v a l s  recording dece lera t ion  obtained 
by ( a )  t r a c t o r  and t r a i l e r  ( a l l  b rakes) ,  ( b )  t r a c t o r  brakes only, and ( c )  
t r a i l e r  brakes only. The brakes a r e  then checked f o r  balance by in su r ing  t h a t  
t he  r a t i o  of t he  p a r t i a l  brake-system dece l e ra t ion  t o  the  f u l l  brake-system 
dece lera t ion  i s  equal t o  t he  r a t i o  of t he  weight of each t r a c t o r  or t r a i l e r  
( on i t s  ax le  or  ax l e s )  t o  the  t o t a l  weight of t he  combination, wi th in  a  reason- 
ab le  tolerance.  

Feasurement: Speed, l ong i tud ina l  dece lera t ion ,  brake-l ine pressures .  

Data Presenta t ion :  Tabulate and compare the  r a t i o  of weights t o  the  r a t i o  
of dece lera t ions  f o r  a l l  t h r  t r a c t o r - t r a i l e r  combinations. 

B. 1 .6 MINIT4UM STOPPING DISTANCE TEST 

Purpose: Determine the  minimum stopping d is tance  t h a t  can be a t t a ined  by 
t h e  t e s t  vehicle  under the  spec i f ied  loading and road sur face  condit ions and 
braking system conf igura t ion  with no wheel lockup. 

Procedure: With the  vehic le  t r a v e l i n g  i n i t i a l l y  i n  a  s t r a i g h t  l i n e  a t  
t e s t  speed on the  spec i f i ed  road surface with cold brakes,  i . e . ,  h o t t e s t  brake 
temperature a t  20O0F, i lO°F, apply maximum brake pedal force  a s  r ap id ly  as  
poss ib le  t o  s top  the  vehic le  i n  t he  s h o r t e s t  d i s tance  without locking any 
wheels. Make a t  l e a s t  t h ree  s tops  f o r  each t e s t  condi t ion.  However, a s  many 
a s  5 s tops  may be required.  

Measurements: Decelerat ion,  forward ve loc i ty ,  stopping d is tance ,  brake- 
l i n e  pressures ,  and ind iv idua l  wheel r o t a t i o n  ( t o  i n d i c a t e  lockup).  Ind iv idua l  
brake temperatures w i l l  be noted before and a f t e r  t e s t .  

Data B e s e n t a t i o n :  For each s top,  t a b u l a t e  maximum and average decelera-  
t i o n s ,  stopping d is tance ,  and i n d i c a t e  occurrence of wheel lockup, i den t i fy ing  
which wheels locked. 

B. 1.7 STATIC RESPONSE T I b E  TEST-AIR BRAKE VEHICLES 

Purpose: Determine the  brake app l i ca t ion  and r e l ease  response charac te r -  
i s t i c s  f o r  each s e t  of brakes on the vehicle.  

Procedure: With the  vehicle  a t  r e s t  on a f l a t  l e v e l  surface,  t he  brake 
pc~dal i s  dcpressed a s  r ap id ly  a s  poss ib le ,  11ild f o r  t h ree  seconds, and then 
r ~ ~ l c n s t ~ d  R S  r ~ p i d l y  a s  poss ib le .  Test i s  performed thret.  times. 



Measurement: Stop l i g h t  swi tch  a c t u a t i o n ,  pedal  f o r c e ,  a i r  p r e s s u r e s  a t  
output  of t r e a d l e  valve ,  a t  f r o n t  a x l e ,  r e a r  t r a c t o r  a x l e ,  and a t  t r a i l e r  ax le .  

Data P r e s e n t a t i o n :  On t h e  same c h a r t ,  p l o t  curves  of a i r  p r e s s u r e  ve r sus  
t ime a t  t r e a d l y  valve  output  and a t  each ax le .  Time i s  measured from s t o p  
l i g h t  swi tch  a c t u a t i o n .  

B. 1.8 PEDAL FORCE-LINE PRESSURE CALIBRATION 

Purpose: Determine t h e  r e l a t i o n s h i p  between t h e  f o r c e  app l i ed  t o  t h e  
brake pedal  and t h ~  r e s u l t i n g  a i r  p r e s s u r e  output  of t h e  t r e a d l e  valve.  

Procedure: With t h e  v e h i c l e  a t  r e s t  on a f l a t ,  l e v e l  s u r f a c e ,  brake peda l  
f o r c e  i s  g r a d u a l l y  inc reased  u n t i l  maximum l i n e  p r e s s u r e  i s  achieved.  The 
brake peda l  i s  then  r e l e a s e d .  For those  v e h i c l e s  wi th  power boost systems 
t h e  engine s h a l l  be running and f o r  a i r  brake v e h i c l e s  t h e  r e s e r v o i r  s h a l l  be 
a t  maximur opera t ing  p ressure .  Tes t  i s  performed t h r e e  t imes .  

Measurement: Pedal  f o r c e ,  and l i n e  p r e s s u r e  a t  output  of t r e a d l e  valve .  

Data P r e s e n t a t i o n :  P l o t  pedal  f o r c e  ve r sus  l i n e  p ressure .  

B. 1 .9 PARKING BRAKE TEST 

Purpose: To determine e f f e c t i v e n e s s  of s p r i n g  parking brakes.  

Procedure:  With t h e  t e s t  v e h i c l e  loaded and r z s t i n g  on a f l a t ,  l e v e l  ---- 
surf 'ace, a t t a c h  t h e  ins t rumented t o ~  bay b e h e e n  t h e  to8.q v e h i c l e  and t h e  t e s t  
Tiehicle. S e t  t h e  pa rk ing  brakes  on one a x l e  o f  t h e  t e s t  vehic le .  S l o v l y  ap- 
p l y  .z load through t h e  tow bar  by means of t h e  towing v e h i c l e  u n t i l  t h e  t e s t  
Tiehicle s t a r t s  t o  rn12ve. liepeat t h e  t e s t  t h r e e  t imes  f o r  each a x l e  equipped 
wiuh a pa rk ing  brake. 

P;easurement: Torxr bar  f o r c e ,  v e l o c i t y  f r o n  f i f t h  wheel, i n d i v i d u a l  wheel 
r o t a t i o n .  

Data - 9 e s e n t a t i m :  Using t h e  average tow b a r  f o r c e  from t h e  t h r e e  t e s t s ,  
c a l ~ u l a t e  t h e  maximm grade  a t  -,qhish t h e  s p r i n g  pa rk ing  brakes  would hold t h e  
vehic le .  Tabula te  average tow b a r  f o r c e  and maximum grade f o r  each - ~ e h i c l e ,  
i n d i c a t i n g  which, if any, wheels s l i d e  dur ing  t e s t s .  

3.1.13 FINAL TNSPZ2TION. As soon a s  a l l  o f  t h e  t e s t s  a r e  completed, 
make a f i n a l  inspec t io i l  and measurement o f  l i n i n g s ,  drums, and t i r e s .  Record 
r e s u l t s  of t h i s  inspec t ion .  



B.2 INSTRUMENTATION 

Instrumentat ion of t h e  v e h i c l e s i s  spec i f i ed  f o r  each t e s t  i n  Table 5 .  
Brake l i n i n g  temperatures w i l l  be monitored manually through a pyrometer head 
f o r  e f f ec t i venes s  and emergency t e s t s  but w i l l  be recorded cont inuously on 
t h e  osc i l lograph  f o r  fade,  recovery, and brake r a t i n g  t e s t s .  In  t h e  e f f ec t i ve -  
ne s s  and emergency t e s t s ,  b rake- l ine  pressure  w i l l  be displayed t o  t h e  d r i v e r  
f o r  making cons tan t  l i n e  pressure  s tops.  I n  t h e  fade  and recovery t e s t s ,  
dece l e r a t i on  w i l l  be displayed t o  t h e  d r i v e r  on a U-tube decelerometer so  t h a t  
t h e  required dece l e r a t i on  l e v e l s  a r e  s t r i c t l y  maintained. In  t he  brake r a t i n g  
t e s t ,  b rake l ine  pressure  w i l l  be displayed t o  t h e  d r i v e r  of t he  towed vehic le  
so  t h a t  cons tan t  l i n e  pressure  corresponding t o  t he  des i red  towing f o r c e  may 
be maintained. Meanwhile, t h e  observer s h a l l  monitor t he  osc i l lograph  t r a c e s  
of towing fo rce  and brake l i n i n g  temperatures  f o r  terminat ing t h e  t e s t  when 
requi red  c r i t e r i a  have been met. 

Spec i f i ca t i ons  f o r  t h e  instrumentat ion a r e  as fol lows.  Instrumentat ion 
and osc i l lographs  were provided f o r  and i n s t a l l e d  i n  each t e s t  veh ic le  by 
BADC, with t h e  except ion of Vehicle 1 4 ,  which was supplied by Eaton, Yale, 
and Towne with instruments  and osc i l lograph  already i n s t a l l e d .  A l l  of t h e  
instruments  w i l l  be c a l i b r a t e d  before  use i n  t e s t i n g .  

B. 2 .1  INSTRUPENTATION FOR BASE-LINE VEHICLES, DISK BRAKE m U ? K ,  PrJD 
VEHICLE 12 

Accelerometer: CEC Nodel 4-202, k2.3 g,  strain-gaged type,  accuracy 3/4% 
of f u l l  s c a l e  or  Statham A-3-1-350,+lg, s t ra in-gaged type. 

F i f t h  Wheel: Performance Measurements Model 1625, 120 mph maximum, accu- 
racy  112% of f u l l  s ca l e .  

Pedal-Force Transducer: Bendix, stra,in-ga,ged type,  0-430 l b  range, 
accuracy 1/2$ of f u l l  s ca l e .  

Pressure  Transducer: CEC Model 4-313-0001 g ,  0-250 p s i ,  a.nd 4-313-0001 g, 
0-2500 p s i  s t ra in-gaged type,  accura.cy 1/q0 of f u l l  sca.le. 

Thermocouples : Bendix, chromel-alwnel, 1600" maximum i l ° F  accuracy, 
Lewis Manufacturing Co. Pyrometer readout.  

Pjrometer : Lewis Engineering 23 a, 0-1200°F, each d i v i s i o n  23 O F .  

Wheel Lockup I n d i c a t o r s :  Bicycle generators  t o  produce cur ren t  fo r  go, 
no-go readout on osc i l lograph  (accuracy s p e c i f i c a t i o n  not  app l i cab l e ) .  
Vehicles 12 and 14  used ~ t p u t  from 'vheel speed sensors  used i n  a n t i l o c k  
systems. 



Oncill~~fraph: C11,i: i;l:><i~.l ' - ~ ' ' ! I A  1ii:ht bi'am, l?? rhannol. E'oc temperature 

l - f>:- f i t*  1 in!);, t l l ~ i :  ~IL-I 1 ~;~lvn,norr~c~I.cr~s \ i i t , h  i '  h e r - i , ~  t'rcriucnc,y rvsponse. 
Ii'o?. re , ~ 7 r -  i i l i , r  o I '  ~l:, na~nir. v ~ t l ' l a b l r \ , ~ ,  i. f. , spr ei  , -1~celerat ion, brake- 
linr pressures, C (: bodel p7'r1 and Wod.1 - qalvanometers with 60 
hertz freq~~nr; response. 

Line Pressure Gage: Marsh, 0-160 psi, accuracy 21%. 

Instrumented Tow Bar: Lebow Model 3116-103, strain-gaged type, i20,300 lb 
with 5@ overload capacity. Linearity 0.15% rated capacity. Tow bar 
designed and fabricated by HSRI (Fig. B-1). The load cell is calibrated 
by the manufacturer and a calibration resistor is supplied with the cell. 

U-Tube Decelerometer: AM1CO Model #7350. 

B.2.2 INSTRWXNTATION FOR VEHICLE lb. Since Saton, Yale, and Towne fur- 
nished a complete vehicle ready for testing, separate instrumentation was used. 
The following is a list of the instrumentation used on this vehicle. 

Data Recorder: Brush instruments, Mark 260, pressurized ink writing, 6 
analog channels, 4 event chann~ls. 

Frequency Response: 
50 Div. : Fla,t within 22% full- scale to 40 Hz 
10 Div.: Flat within 12% full-scale to 100 Hz, 3 db down at 125 Bz 

Signal Conditioner and Amplifier: (for pressure transducers) Manufactured 
by Eaton, Yale, and Towne, Inc., Research Center. 

Amplifier Gain: 10 - 1 K variable 
Frequency Response: 10 KHz (filter off) 
Filter: Low pass, active filter, maximally flat, 3 db down at 

corner frequency, 40 db/decade roll-off 

Pressure Transducers: Manufactured by Eaton, Yale, and Towne, Inc., 
Research Center. 350-ohm strain gages. 

Nominal Output: 2.0 b~/volt - full scale 
Accuracy: +0.1% full scale 
Natural Frequency: 14 kHz (approx. for 100 psi unit at full scaie) 

-4ccelerometer: Genisco Podel GLH 402, potentiometric type, 1 K ohm 
resistance, +2 g, magnetically damped. 

Linearity: 1.25% of full scale 
Resolution: 1% 
Natural Frequency: 10 Hz 
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FIGURE B-1. INSTRUMENTED TOW BAR 



Camping: .5O a t  75°F 
Output F i l t e r :  RC type  f i l t e r  

Shor t  p o s i t i o n :  .1 sec t ime cons tan t  
Long p o s i t i o n :  .2 sec  t ime cons tan t  

F i f t h  Wheel: Track Tes t  made by LABECO. 26 i n .  x 2.125 pneumatic t i r e .  

Ve lcc i ty  Trrnsducer:  Weston tachometer g e c e r a t o r ,  type  J-2, Yodel 
750, Cju tp~t ;  r, ~ / 1 0 0  r2m. Resis tance:  20 chas 
Ve loc i ty  Readout: Weston meter,  d u a l  range,  Yodel 1971, 0-60, Q-120 
mph . 
Stopping Dis tance  I n d i c a t o r :  Standard E l e c t r i c  Time Company, S p e c i a l  
SelsynDrive Parisometer.  Accuracy t o  be determined by comparing wi th  
road marking device.  

Wheel Speed I n d i c a t o r :  Frequency t o  vo l t age  conver te r .  Nanufactured by 
Eaton, Yale, and Towne, Inc . ,  Research Center.  

Inpu t :  Frequency p r o p o r t i o n a l  t o  wheel speed, 0-1 kHz 
Output: 1 .02 v / l 2  mph, f u l l  s c a l e  - 1 0  v (117 mph) 
Response: from 1d0 t o  9% of f u l l  s c a l e ,  50 mi l l i seconds  
L i n e a r i t y :  .j% f u l l  s c a l e  

Wheel Lock I n d i c e t o r :  Manufactured by Eaton, Yale, and Towne, Inc . ,  
Research Center.  

Input :  S igna l  from wheel speed c o n d i t i o n e r  
Output: Closure  of c o n t a c t s  t o  opera te  event markers. W i l l  i n d i c a t e  

lockup a t  wheel speeds of 1 mph or  lower. Actnation t ime 
of r e l a y  i s  15 msec. 

Brake Tempera.ture Ins t rumenta t ion :  Iron-Constantan thermocouples, 16 
gauge ( I . C .  -P-16)!mounted i n  brake shoes i n  accordance wi th  SAY Brake 
System Road Tes t  Code S,4E 58436 and SAE 5786). Thermocouples and exten- 
s i o n  wi res  matched t o  t h e  fo l lowing  pyrometers:  

PPI Yodel 303 - 0-jOO°F, 1 0  ohm 
API Plodel 302 - 0-750°F) 1 0  ohm 



Appendix C 

TIRE-ROAD INTERFACE TESTS 

C .1 TRACK SKID LWMBER 

In  order  t o  determine t h e  sk id  number of t h e  Bendix Test Track and t o  
a s se s s  t h e  degree of change, i f  any, during t h e  t e s t i n g ,  a program was devel-  
oped incorpora t ing  per iodic  sampling of t h e  c o e f f i c i e n t  of f r i c t i o n  9n se-  
l e c t e d  a reas  of t h e  t rack .  Reference readings of t h e  sk id  number were made 
b j  t h e  Michigan S t a t e  Highway Department's sk id  t r a i l e r  i n  accordance with 
ASTM procedure E-274 (omi t t i ng  water de l ive ry )  and compared with surface co- 
e f f i c i e n t  measurements made wi th  an instrumented passenger c a r  equipped wi th  
ASTM E-249 t i r e s .  Several  t imes during t h e  t e s t i n g  program t h e  sur face  was 
rechecked wi th  t h i s  instrumented passenger car .  

C . 2  TEST SURFACE 

A l l  t e s t s  were conducted on e i t h e r  t h e  high speed oval  t r a c k  or  the l a r g e  
sk id  pad a t  t h e  Bendix Automotive Development Center, New C a r l i s l e ,  Indiana. 
For d ry  sur face  t e s t s  t h e  oval  t r a z k  was used and wet t e s t s  were run on t h e  
l a r g e  sk id  pad, w i th  t h e  exception of Vehicle 14,  for  which dry t e s t s  con- 
ducted on t h e  approach t o  t h e  sk id  pad f o r  s a f e t y  reasons. 

The ova l  t r a c k  c o n s i s t s  of two straightaways,  each 0.8 mile  long and 36 
f t  ( t h r e e  l a n e s )  wide. A l l  s tops  a r e  made on t h e  i n s i d e  ( l e f t -hand)  lane  on 
these  s t raightaways which have an  a spha l t  surface. The d i s t ance  markers used 
a s  re ference  marks f o r  t h e  f r i c t i o n  samples a r e  loca ted  along both s t r a i g h t  
por t ions  a t  0 .2  mile  separa t ion .  The layout  of t h e  t r a c k  and t e s t  po in t  l o -  
ca t ions  a r e  ind ica ted  on t h e  a t tached  road map of t h e  t e s t  s i t e  ( ~ i ~ .  C - 1 ) .  

Wet t e s t s  were made on t h e  l a r g e  sk id  pad which has a sur face  coated with 
Jenni te  a spha l t  s e a l e r  and was wetted wi th  t h e  Bendix sp r ink le r  t ruck.  The 

t r e a t e d  su r f ace  i s  80 f t  wide by ?00 f t  long and t e s t i n g  was done on t h e  long 
cen te r l i ne .  Skid numbers f o r  t h i s  a r e a  were taken along each s i d e  of t h i s  
cen te r l i ne .  

The sk id  pad approach l~seit  f o r  Vehicle 14 has an i n i t i a l  width of 30 it, 
wiL?enir\q t o  $0 f t ,  and a length  of a b ~ u t  409 Pt t o  t h e  poin t  where t h e  Jenr-ite 
t?.eatrnent begins. It has a new ( ~ u n e  1 9 7 ~ )  a spha l t  surfa- .e  anLi the  a r ea  dse? 
f o r  these  t e s t s  does not have Jenni te  s ea l e r .  
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C.5.1 PIICHIGMJ STATE KTGFFdAY DdPAHTbENT TRAILER. The Michigan S t a t e  
Highway Department sk id  t r a i l e r  used f o r  t h e s e  t e s t s  i s  not b u i l t  s t r i c t l y  i n  
accordance w i t h  t h e  s p e c i f i c a t i o n s  of ASTM Standard E-274, t h e  major d e v i a t i o n  
being i n  t h e  water  spraJring equipment, but  t h i s  i s  of no consequence f o r  our 
t e s t s  on d r y  pavement. The c o e f f i c i e n t  of f r i c t i o n  i s  recorded d i r e c t l y  on 
paper t a p e  from a  d i g i t a l  readout  instrcment.  

C.  3. 2 UNIK3RSITY OF MICHIGAN PASSENGER CAR - 247. The passenger c a r  
used f o r  t n i s  program was a  1968 Plymouth Fury ( U  of M No. 247) i~ which a  
3ournes Model 60% accelerometer was mounted near t h e  c e n t e r  of g r a v i t y ,  wi th  
t h e  s e n s i t i v e  a x i s  p a r a l l e l  t o  t h e  c e n t e r  l i n e  of t h e  vehic le .  The i n s t r u -  
ment was c a l i b r a t e d  t o  read  21 g  w i t h  an accuracy of 3/4$ of f u l l  sca le .  The 
accelerometer  reading was displayed on a peak read ing  meter mou~teci beneath 
t h e  dashboard where it could be monitored by both  t h e  d r i v e r  and observer.  
The meter held t h e  peak d e c e l e r a t i o n  read i% u n t i l  manually r e s e t .  The c a r  
was equipped wi th  f o u r  ASTM E-249 t i r e s  f o r  t h i s  t e s t .  

C. 3.3 PROCEDURE. The Skid t r a i l e r  was used on t h e  t e s t  s i t e  twice  dur-  
i n g  t h e  program: i n i t i a l l y  on t h e  o v a l  t r a c k ,  i n  September 1965, p r i o r  t o  
s t a r t  of  t h e  veh ic le  t e s t  program, and aga in  i n  J u l y  1970, p r i o r  t o  t e s t i n g  
veh ic les  equipped x i t h  advanced systems, t a k i n g  read ings  on both  t h e  ova l  t r a c k  
and t h e  sk id  pad. I n  each c a s e  t h e s e  t e s t s  were followed immediately by t e s t s  
wi th  t h e  instrumented passenger car .  The procedure w i t h  t h e  passenger c a r ,  
when t e s t i n g  t h e  o - ~ a l  t r a c k ,  was t o  make s e v e r a l  p re l iminary  s t o p s  t o  xarm ~p 
t h e  t i r e s  and brakes ,  t h e n  make t h e  record ing  s tops  i n  two c i r c u i t s  of t h e  
t r a ? k ,  making brake snubs a t  a l t e r n a t e  t e s t  po in t s .  On t h e  sk id  pad t h e  same 
procedure was followed, w i t h  a l l  s t o p s  being made whi le  t r a v e l i n g  south. The 
peak d e c e l e r a t i o n  was read  d i r e c t l y  from t h e  meter i n  t e n t h s  of a  g. 

Three techniques  of braking were i n v e s t i g a t e d  t o  f i n d  t h e  b e s t  c o r r e l a -  
t i o n  u i t h  t h e  sk id  t r a i l e r .  They were: ( a )  lock ing  a  diagonal  p a i r  of wheels 
and b r ing ing  t h e  v e h i c l e  t o  a  f a l l  s t o p ;  ( b )  locking a  d iagona l  p a i r  of 
wheels momentarily ( ~ 1 . 0  s e c )  t h e n  r e l e a s i n g ;  and ( c )  lock ing  a l l  four  wheels 
m m e n t a r i l y  t h e n  re leas ing .  The b e s t  agreement w i t h  sk id  t r a i l e r  d a t a  was 
f o ~ n d  w i t h  t h e  t h i r d  ( c )  method and t h a t  technique was used t h o ~ g h 2 u t  t h e  
program A l l  s t o p s  were made from an i n i t i a l  v e l o c i t : ~  or' 40 nph. These t e s t s  
w i t h  t h e  passenger c a r  were repeated s e v e r a l  t imes dur ing t h e  program, a t  
l e a s t  weekly, and more o f t e n  dur ing t h e  f i r s t  phase of t h e  t e s t  program. 

C.4.1 OVAL, TlXiCK. The t i r e - r o a d  c o e f f i c i e n t  on t h e  ova l  t r a c k  ( i n s i d e  
l a n e ) ,  a s  i n d i c a t e d  b;r t h e  s k i d  t r a i l e r  i n  1969, ranged from 0.833 t o  0.914 
w i t h  an  average of 0.879 f o r  18 t e s t  points .  I n  J u l y  1970, t h e  same t r a i l e r  



gave r e a d i n g s  t h a t  ranged from 0.844 t o  0.584 w i t h  a n  average  of  0 .865 f o r  
e i g h t  t e s t  p o i n t s .  These d a t a  i n d i c a t e  t h e  t r a c k  c o e f f i c i e n t  changed very  
l i t t l e  over  t h i s  p e r i o d  3f t ime.  Table C - 1  shows d a t a  f r ~ m  t h e  s k i 3  t r a i l e r  
campared w i t h  t h e  r e a d i n g s  t a k e n  v i t h  t h e  passenger  ca r .  

From t h e  f i r s t  s e r i e s  o f  comparison s t a p s ,  t h e  t e s t  c a r  was found t o  i n -  
d i c a t e  3 p e r c e n t  below t h e  s k i d  t r a i l e r  and t h i s  c ~ r r e c t i o n  was used t h e r e -  
a f t e r  f 3 r  t h e  dr;; t r a c k  r2ad ings .  The second s e t  oP s k i d  t e s t s  w i t h  t h e  
1 , : i c ~ i g a n  S t a t e  High-day Department ' s  t r a i l e r  showed s l i g h t l y  g r e a t e r  d e v i a t i o n  
between t h e  two v e h i c l e s  b ~ t  t h e  e r r o r  was cons ide red  s m a l l  enough t o  be i g -  
nored,  and t h e  u s e  o f  a  3 p e r c e n t  c o r r e c t i o n  f a c t o r  was ~ o n t i n u e d  f o r  d r y  s u r -  
f a c e  t e s t s .  Ambient t empera tu res  d u r i n g  t h e s e  t e s t s  ranged between 37 "F and 
93°F. From t h e s e  t e s t s ,  t h e  t r a c k  c o e f f i c i e n t  was 3emonstrated t o  remain r e l -  
a t i v e l y  c o n s t a n t  t h r o ~ g h o ~ t  t h e  t e s t  program. As shown i n  Fig.  C-2, t h e  a v e r -  
age  r e a d i n g s  f o r  F a l l  1963 v a r i e d  from 136.5 t o  90. : and f o r  Summer 1970 from 
"2 .3  t o  e6. j, t h e  ~ ~ i d e l y  d i v e r g e n t  r e a d i n g s  be ing  ignored.  

While it may be expected t h a t  t r a c k  t empera tu re  would a f f e c t  t h e  c o e f f i -  
c i e n t ,  d r i v e r  a p p l i c a t i o n  t e c h n i q u e s  seemed t o  have a  much g r e a t e r  e f f e c t .  
The r e a d i n g s  t a k e n  on t h e  t-do h o t t e s t  days  gave average  s k i 2  numbers o f  68.8 
(56"3) and 34.3 (88°F) .  These r u n s  TGere Ka!ie wi th  two d r i v e r s  who were bo th  
a b l e  t o  demonstra te  c o n s i s t e n t  r e a d i n g s  a t  a l l  p o i n t s  on the  t r a c k .  One 
d r i v e r ,  t h e  man who genera ted  most of t h e  s k i d  n ~ m b e r  d a t a  d u r i n g  t h e  summer 
o f  1970, v a s  a b l e  t o  produce s k i d  nurnbers o f  76 and 86 on s u c c e s s i v e  p a s s e s  a t  
t h e  same p o i n t  b ; ~  va ry ing  h i s  r a t e  of  b rake  a p p l i c a t i o n  on ly  s l i g h t l y .  For 
t h i s  r e a s o n ,  t h i s  same d r i v e r  Mas used t o  make a  inajorit:r o f  t e s t  r u n s .  

C. 4 . 2  SKID PAD. When t h e  s k i d  t r a i l e r  was opera ted  on t h e  s k i d  pad, two 
w a t e r i n g  t e c h n i q u e s  were used;  s e l f - w a t e r i n g  by t h e  s k i d  t r a i l e r ,  and ?qater  
a p p l i e d  by t h e  Bendix tanlqer. The f i r s t  w a t e r i n g  method gave r e a i i n g s  t h a t  
r ange1  from 3.19 t o  0.25 w i t h  a n  average  o f  0.27 f o r  1 0  t e s t  p o i n t s ,  The sec -  
ond w a t e r i n g  method, t h e  rnethod used by Bendix t o  wet t h e  pad f o r  t e s t i n g ,  
gave r e a d i n g s  t h a t  ranged from a  IOT~T o f  0.1: t o  a  h igh o f  0.2: w i t h  a n  average 
of  9 .22  f o ~  t h e  same 1 0  p o i n i s .  There was some i n d i c a t i o n  of  p o s s i b l e  hydro- 
p l a n i n g  when t h e  w a t e r  was s u p p l i e d  bj t h e  Bendix s p r i n k l e r  t r u c k .  The r e -  
s u l t s  o f  t h e s e  t e s t s  a r e  shown i n  Table C-2. 

The comparison r u n s  made on t h e  wet J e n n i t e  i n  J u l y  1970 gave i n c o n s i s -  
t e n t  c o r r e l a t i m  between t h e  s k i d  t r a i l e r  and passenger  c a r .  The d i f f e r e n c e s  
amounted t o  30 p e r c e n t  a t  some p o i n t s  and t h e r e  was no c o n s i s t e n c y  i n  t h e  r e -  
s u l t s  f o r  t h e  same p o i n t s .  The d e c e l e r a t i o n  recorded  i s  dependent on water  
depth ,  i n i t i a l  v e l o c i t y ,  v e h i c l e  weight ,  and t h e  d r i v e r ' s  brake a p p l i c a t i o n  
t echn ique .  Since  t h e  s u r f a c e  o f  t h e  s k i d  pad has some undu la t ions  ,causing 
w a t e r  p o o l s  o f  up t o  3/16 i n .  deep,  hydroplaning w i l l  be p r e s e n t  i n  v a r j i n g  
amounts. It i s  - l iff io,ult ,  t o  c o n t r o l  t h e  amount o f  w a t e r  on t h e  pad when h igh  
ambient t e n p e r a t u r e s  and high wind v e l o c i t i e s  cause  r a p i d  evapora t ion .  A t  
t h e s e  t i m e s ,  d r y  s p o t s  forrn r a p i d l y  w h i l e  o t h e r  s p o t s  r e t a i n  h e a w  c o x e n -  
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COEFFICIENT OF FRICTION- BETDIX SKI3 PAT 

Cornparison of d a t a  from bISHD skid t r a i l e r  
and U of I4 instrumented passenger c a r  
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t r a t i o n s  3:' water.  

C .  4.3 S<ID 2.42 .PFRdACS. Since t h e  use of  t h e  sk id  pad ap2roach a r e a  
for dry s tops  was not  a n t i c i p a t e d  a t  t h e  t ime t h e  hlichigan S t a t e  Yigh-gay De- 
pa r tment ' s  s k i 3  t r a i l e r  b-as a t  MDC, a f u l l  s e r i e s  of checks 3n t h i s  a r e a  was 
c 3 t  nacie. Only two s a ~ p l e s  of t h i s  s u r r a c e  were t a k e 2  g iv ing  a p of 0. 8G and 
6 These meager d a t a  i n d i c a t e  t h e  su r face  i s  much t h e  same a s  t h e  ova l  
t r a c k  (average  of O . ? 6 :  on t h e  same d a t e ) .  Two measurements made w i t h  t h e  
passenger z a r  a t  t h a t  time gave c o e f f i c i e n t s  of  O.9C and 0 .32 .  It shauld be 
noted t h a t  t h i s  7 ~ e r c e n t  d i f f e r e n c e  i s  about t h e  same a s  t h e  j i sc repancy  
no;ed f o r  t h e  comparison t e s t s  made on the  o r a l  t r a c k  on < h a t  date.  

Concurrzntly w i t h  t h e  t e s t i n g  of Vehicle 14 ,  t h e  passenger c a r  was used 
t o  t a k e  a d d i t i o c a l  c o e f f i c i e n t  of f r i c t i o n  d a t a  on t h e  a r e a  of t h e  sk id  pad 
apnraach xhich was being used f o r  t h e  d ry  t e s t s .  While t h e  d a t a  cannot be 
c m p a r ~ d  wi th  readings  taken by t h e  Michigan S t a t e  Highway Department's 
t r a i l e r ,  it can be conpared wi th  o the r  readings  t aken  w i t h  t h i s  passenger c a r  
cn :he o v a l  t r a c k .  Three snubs were made a t  each 07 t h r e e  spo t s  on t h e  a s -  
p h a l t ,  p r ~ d u c i n g  readings  t h a t  ranged from 0 . 8 0  t o  0 .86 w i t h  an  average of 
C. 2. I:' we apply  t h e  c o r r e ~ t i o n  f a c t o r  determined from t h e  J u l y  cgmparison 
t e s t s  (7$) ) t h i s  wauld g ive  an average s k i d  niunber of 87, e s s e n t i a l l y  t h e  
sane a s  t h e  o ~ a l  t r a o k .  To c3mpare t h i s  d a t a  wi th  t h e  measur?ments made w i t h  
t h i s  sedan dur ing  previous  t e s t i r g ,  a  c o r r e c t i o n  f a c t o r  of  103 should be used. 
This g ives  a s k i 3  numher of 63. 

COD"ICIE1U'T OF FRICTION BETdEEN TRUCK TIRES A!JD TRACK SiTRFfiC!E 

I n  Nolrember of  1970, some t e s t s  were conducted t o  determine t h e  c o e f f i -  
c i e n t  of f r i c t i o n  between t h e  t r u c k  t i r e s  used on Vehicles 11 and 12  ( a d -  
vanced s,rstems) afid t h e  t h r e e  d i f f e r e n t  t e s t  s u r f a c e s  a t  MDC. Vehicle 11, 
a 3 r d  P-1000 f l a t  bed t r u c k ,  equipped w i t h  d i s k  brakes was used f o r  t h e s e  
t e s t s .  The t i r e s  user1 :qere Remington Premium High-vajr Universa l ,  10  x 20, 12 
pl;: nylon, ttlbe type,  loa3. range F'. Two types  of t e s t s  were c3cducted:  
locked ;$heel s t o p s  and tow bar  w i t h  wheels locked. 

C. 5 . 1  LOCKED 'dHEEL STOPS, FRONT BRAIKES OlVLY. These s tops  were made from 
n m i n a l  speeds of 1C1, 20, 39, 40, 30, and 60 mph, on t h e  dry t r a c k  and speeds 
3f l C ,  2C, 3C, and SC o~ t h e  wet J e n n i t e .  Three s tops  v e r e  made from each 
speed wi th  t h e  f r o n t  wheels locked ( r e a r  brakes d i sconnec ted) .  During each 
s t o p ?  v e l o c i t y  ( f i r t h  whee l ) ,  d e c e l e r a t i m ,  b r a k e - l i n e  p r e s s u r e ,  and f r o n t  
wheel lock up were r e ~ o r d e d .  The c o e f f i c i e r t  of f r i c t i o n ,  11, was c a l c u l a t e d  
( u s i n g  t h e  d e c e l e r a t i o n ,  v e h i c l e  geometry, and s t a t i c  loads) , ,  a t  t h e  p o i n t  of 
i n i t i a l  wheel lock ur  and a t  each 10 mph v e l o c i t y  i rcrement  a s  t h e  v e h i s l e  
Zame t o  a s t o p  ( ~ i g .  C-5). The r e s u l t s  of  t h i s  t e s t  a r e  shown i n  t h e  graphs 
for each t r a c k  a r e a  t e s t e d  ( F i g s .  C-4, C-3, and C-6). 



lJ = 
Brake Force 
Normal Force (N1) 

W 13650 .. 
Brake Force = -- x = 32.2 x 

9 

Normal Force =(%W + (k) i 

F I G U R E  C - 3 .  CALCULATION OF LOCKED-WHEEL TIRE-ROAD F R I C T I O N  C O E F F I C I E N T  
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F I G U R E  C-5. LOCKED-WHEEL C O E F F I C I E N T  O F  P ' R I C T 1 O N  VS VEHIC I,!> VEi,OCI'r 'f,  SKIL) 1 1 1 ' 1  
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C . 5 . 2  TOW EAR TEST, FRONT WHEELS SOCKED. For t h i s  t e s t ,  t h e  v e h i c l e  
was towed over  each t e s t  s i t e  u s i n g  t h e  ins t rumented tud b a r ,  which had been 
used i n  t h e  b rake  r a t i n g  t e s t s .  Brake a p p l i c a t i o n s  were made, l o c k i n g  t h e  
f r o n t  wheels ( r e a r  b rakes  were d i sconnec ted)  w h i l e  ma in ta in ing  speed w i t h  t h e  
towing v e h i c l e .  This  t e s t  was r e p e a t e a  a t  i n i t i a l  v e l o n i t i e s  o f  10,  20, 30,  
and 40 mph, t h e  h i g h e s t  speed which cou ld  be mainta ined by t h e  t o v i c g  v e h i c l e .  
The t e s t  was r e p e a t e d  t h r e e  t imes  a t  each speed.  During t h e  brake a p p l i c a t i o n ,  
cont inuous  r e c o r d i n g s  were made o f  v e l o c i t y  ( f i f - ~ h  w h e e l ) ,  c i ece le ra t ion ,  
b r a k e - l i n e  p r e s s u r e ,  wheel  l o c k  up, and tow b a r  load .  Two va lues  o f  t h e  co- 
e f f i c i e n t  of  f r i c t i o n ,  p, were c a l c u l a t e d  ( f o r  each brake a p p l i c a t i o n ) ,  us ing  
t h e  d e c e l e r a t i o n  ( +  o f  - ) ,  tow b a r  f o r c e ,  v e h i c l e  geometry, and s t a t i c  load-  
i n g  ( F i g .  C-7). The peak va lue  r e p r e s e n t s  maximum tow b a r  l o a d  reached j u s t  
a f t e r  wheel  l o c k  up. The s t e a d y - s t a t e  va lue  r e p r e s e n t s  t h a t  l e v e l  o f  tow b a r  
l o a d  mainta ined throughout  t h e  remainder o f  t h e  b rake  a p p l i c a t i o n .  These 
q u a n t i t i e s  a r e  shown on t h e  b a r  graphs f o r  each t e s t  s i t e  ( F i g s .  C-19, C-9, 
and C-10).  

The d a t a  from bo th  t h e s e  t e s t s  show a n  i n c r e a s e  i n  f r i c t i o n  c o e f f i c i e n t  
w i t h  d e c r e a s i n g  v e l o c i t y  a l though  t h e  s l o p e s  o f  t h e  curves  do no t  ag ree ,  t h e  
 to^ b a r  t e s t  g i v i n g  a  g r e a t e r  r ange  between h igh  and low speeds.  The t e s t s  
a l s o  show t h e  s k i d  pad approach road  t o  have a  lower c o e f f i c i e n t  t h a n  t h e  
E a s t  s t r a igh taway ,  a l though  t h e  d i f f e r e n c e  i s  q u i t e  smal l ,  p a r t i c u l a r l y  a t  
t h e  h igher  speeds ,  a s  shown on F ig .  C - 1 1 .  The d a t a  from t h e  ins t rumented  
passenger  c a r  a l s o  i n d i c a t e  very  l i t t l e  dif-t'erenee between - these  a r e a s  a t  a  
q e e d  o f  40 mph w i t h  ASTM t i r e s .  



~2 N1 h = 36 in. 
H = 28.75 in. 
b = 79.83 in. 
a+b = 170.25 in. 
W = 13650 1b 
F = Tow Bar Force 

P =  
Tow bar force - Rolling Resistance 

Normal force (N1) 

F - R.R. 
13650 t ( k )  (m) 

170.25 32.2 1 70.25 

F I G U R E  C - 7 .  CALCULATIONS F O R  T I R E - R O A D  I N T E R F A C E  C O E F F I C I E N T  OF F R I C T I O N ,  
TOWING T E S T S  
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FIGLIRE C-9. PEAK AND S L I D I N G  C O E F F I C I E N T  O F  F R I C T I O N ,  SKID PAD APPROACH 
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FIGURE C -11. AVERAGED LOCKED-WKEEL COEFFICIENTS 
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Appendix D 

TRUCK AND TRACTOR-TRAILER BFAKING PERFOWNCE MODEL 

The model described i n  t h i s  appendix represents  e i t h e r  a 2-axle t ruck  or 
t r a c t o r ,  or  a  3-axle t r a c t o r - t r a i l e r  combination Motions a r e  constraiced t o  
t h e  plane of symmetry ( v e r t i c a l  p l ane ) .  Spec i f ica l ly ,  t h e  wheels can bounce 
and spin,  t h e  chas s i s  can heave and p i t ch ,  and t h e  vehic le  can acce l e ra t e  (de-  
c e l e r a t e )  i n  s t r a i g h t  l i n e  motion. The braking system i s  modeled such t h a t  
var iab le  time l ags  and delays i n  torque response can be introduced Any de- 
s i r e d  brake force  d i s t r i b u t i o n  can be spec i f i ed .  The model i s  so  devised 
t h a t  changes i n  vehic le  geometry, suspension c h a r a c t e r i s t i c s ,  loading condi- 
t i o n s ,  and t i r e - r o a d  i n t e r f a c e  c o e f f i c i e n t s  a r e  e a s i l y  introduced. 

D. 1 MECHANIZATION 

The model was mechanized on t h e  Applied Dynamics AD-4 IBM-1130 Hybrid 
computer system a t  t h e  Highway Safety Research I n s t i t u t e . "  The vehic le  equa- 
t i o n s  of motion and t h e  dynamics of t h e  braking system were modeled on t h e  
analog computer, while t h e  d i g i t a l  computer was used t o  i n i t i a l i z e  t h e  analog 
program, t o  s e t  t h e  c o e f f i c i e n t  devices,  and t o  run  a  s t a t i c  check ( v e r i f i c a -  
t i o n  3f t h e  vol tage outputs of t h e  analog program). 

D. 2 THE MODEL 

The model has eleven degrees of freedom, which a r e  l i s t e d  i n  Table D - 1 ,  
a l m g  with t h e  program var iab le  represent ing  each degree o f  freedom. To de- 
termine t h e  values of t hese  va r i ab l e s  a s  funct ions of time, t h e  eleven d i f -  
f e r e n t i a l  equations of motion l i s t e d  below a r e  solved simultaneously: 

Tractor  Heave --- 

*The hybrid computer f a c i l i t y  i s  described i n  SAE Paper No. 70015b, 
"A ,%brid Computer System f 3 r  t h e  Simulation of  Vehicle ~ ~ n a m i c s , "  by Ray 
ihj Murphj. 



TABLE D - 1  

DEGREES OF FREEDOM, BRAKING PERFORMANCE MODEL 

Program 
Variable 

Descript ion 

veh ic l e  forward displacement 

v e r t i c a l  displa.cement of CG of t ruck  o r  
t r a c t o r  

p i t c h  angle  of t ruck  or  t r a c t o r  

v e r t i c a l  displacement of CG of t r a i l e r  

p i t c h  angle  of t r a i l e r  

v e r t i c a l  displacement of t r a c t o r  f r o n t  wheels 

v e r t i c a l  displacement of t r a c t o r  r e a r  wheels 

v e r t i c a l  displacement of t r a i l e r  wheels 

angular  pos i t i on  of t r a c t o r  f r o n t  wheels 

angular pos i t i on  of t r a c t o r  r e a r  wheels 

angular  pos i t i on  of t r a i l e r  wheels 



Tractor  P i t ch  

T r a i l e r  Heave 

T r a i l e r  P i t ch  

(~ l ) (&i)  = ~ ( ~ 3 1  + ( ~ 4 )  i ( i~=) (s3)  + ( c e l l  - ( H ) ( D ~ )  

- t - L3 (83 + 533) 3 
(D-4 )  

Vehicle Forward Motion 

. . 
( M +  M1 + MS1 + MS2 + MS3)X = - ( i 3 ~ 1  + BF2 + B F ~ )  (D-3) 

Wheel HOD 

Wheel Rotat ion 

The terms used i n  t hese  equations a r e  def ined i n  Table D-2. Figure D-1 de- 
f i n e s  t h e  vehic le  geometry and coordinate  system used t o  devise t h e  e q u a t i o ~ s  
of motion. Anci l la ry  equations def in ing  intermediate  va r i ab l e s  a r e  giveE below: 



Suspension ! l e f l ec t ions  

S l  = z - (ZS1) + (Al )a  

S2 = Z - (ZS2) - (A2)8 

S; = ~1 - (ZS3) - ( A 4 ) ~ l  

Brake Forces 

BF1 = N 1  

EF2 = ( p 2 ) ~ 2  

Br'3 = (IJ3)N3 

Horizonta l  Force At 5th Wheel 

H = - ( M l ) X  - L: 

V e r t i c a l  Force At 5th Wheel 

Normal Forces On Ti res  --- 

~1 = N ~ S  - ( Z S ~  - RI.) ( KIT) 

N 2  = N2S - (ZS2 - R2) (K2T) 

N3 = IUS - (ZS3 - 3 3 ) ( G T j  



Ti re  Deflect ions 

Wheel S l i ~  

Tire-Road In t e r f ace  Coeff icient* 

The func t iona l  r e l a t i o n s h i p s  of t h e  various p a r t s  of t h e  dynamic model 
a r e  shown i n  block diagram form i n  Fig.  D-2. 

D.3 VEHICLE PARAMETERS 

For ty-s ix  parameters a r e  necessary t o  descr ibe  the vehic le  geometry, 
loading, suspension, brake system, and t i r e - r o a d  i n t e r f a c e  c h a r a c t e r i s t i c s  
f o r  a  t r a c t o r - s e m i t r a i l e r .  These parameters a r e  i d e n t i f i e d  i n  Table D-3. 
The numerical values l i s t e d  a r e  those  used i n  t h e  s imulat ion of Vehicle 6, 
t h e  Ford F-1000 t r a c t o r  i n  combination wi th  Trailmobile 35-foot van t r a i l e r .  

*The genera t ion  o f  p as a  funct ion of wheel s l i p  was a~colnpl ished on 
stored program diode funct ion genera tors .  The input-output  r e l a t i onsh ips  
f o r  t h r e e  d i f f e r e n t  simulated road sur faces  i s  given i n  Fig. 127. 
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TABLE D-2 

GLOSSARY OF TEKMS 

Program 
Variable  

Descr ip t ion  

h o r i z o n t a l  d i s t a n c e  from t r a c t o r  CG t o  MS1 

h o r i z o n t a l  d i s t a n c e  from t r a c t o r  CG t o  MS2 

h o r i z o n t a l  d i s t a n c e  from t r a i l e r  C G  t o  f i f t h  
wheel 

h o r i z o n t a l  d i s t a n c e  from t r a i l e r  C G  t o  MS3 

h o r i z o n t a l  d i s t a n c e  from f i f t h  wheel t o  MS2 

brake f o r c e  of road on w h e e l 1  

brake f o r c e  o f  roa,d on wheel 2 

brake f o r c e  of road on wheel 3 

viscous  damping i n  suspension 1 

viscous  damping i n  suspension 2  

maximum Coulomb f r i c t i o n  i n  suspension 1 

maximum Coulomb f r i c t i o n  i n  suspension 2 

maximum Coulomb f r i c t i o n  i n  suspension 3 

v e r t i c a l  d i s t a n c e  from f i f t h  wheel connect ion 
t o  t r a c t o r  CG 

v e r t i c a l  d i s t a n c e  from f i f t h  wheel connect ion 
t o  t r a i l e r  C G  

Dm 

DR2 

DR3 

GVW 

d e f l e c t i o n  of t i r e  s p r i n g  1 

d e f l e c t i o n  of t i r e  s p r i n g  2  

d e f l e c t i o n  of t i r e  s p r i n g  3 

g r o s s  v e h i c l e  weight 



TABLE D-2 (con t inued)  

GLOSSARY OF TERMS 

Program 
D e s c r i p t i o n  

Var iab le  
- 

H h o r i z o n t a l  f o r c e  between t r a c t o r  and t r a i l e r ,  
compression i s  p o s i t i v e  

c o e f f i c i e n t  o f  s l i p  f o r  t i r e  1 

c o e f f i c i e n t  of s l i p  f o r  t i r e  2 

c o e f f i c i e n t  of s l i p  f o r  t i r e  3 

p i t c h  moment of i n e r t i a  of t r a c t o r  

r o l l  moment of i n e r t i a  of wheel 1 

r o l l  moment of i n e r t i a  of wheel 2 

r o l l  moment of i n e r t i a  of wheel 3 

p i t c h  moment o f  i n e r t i a  o f  t r a i l e r  

v e r t i c a l  s p r i n g  r a t e  of f i f t h  wheel 

s p r i n g  r a t e  o f  suspension 1 

s p r i n g  r a t e  o f  t i r e  1 

s p r i n g  r a t e  o f  suspension 2 

s p r i n g  r a t e  o f  t i r e  2 

s p r i n g  r a t e  o f  suspension 3 

s p r i n g  r a t e  o f  t i r e  3 

h o r i z o n t a l  f o r c e  of t r a c t o r  on wheel 1 f o r -  
ward i s  p o s i t i v e  

h o r i z o n t a l  f o r c e  o f  t r a c t o r  on wheel 2 

h o r i z o n t a l  f o r c e  o f  t r a c t o r  on wheel 3 



TABU I)-2 (Cont inued)  

GLOSSARY OF TERMS 

Program 
D e s c r i p t i o n  

Var iab le  

M s p r m g  mass o f  t r a c t o r  

MS1 mass of  suspension 1 

MS 2 mass of suspension 2 

MS3 mass of suspension 3 

M1 sprung mass of t r a i l e r  

N l  normal f o r c e  on t i r e  1 

N 2 normal f o r c e  on t i r e  2 

@ normal f o r c e  on t i r e  3 

N1S s t a t i c  l o a d s  on t i r e  1 

N2S s t a t i c  l o a d s  on t i r e  2 

%s s t a t i c  l o a d s  on t i r e  3 

R 1  road i n p u t  t o  t i r e  1 

R 2 road inpu t  t o  t i r e  2 

R3 road i n p u t  t o  t i r e  3 

S 1 d e f l e c t i o n  of  suspension 1 

S 2 d e f l e c t i o n  of  suspension 2 

s 3 d e f l e c t i o n  of  suspens ion  3 

T1 a t tempted t o r q u e  i n p u t  t o  wheel  1 

t 
1 

a c t u a l  t o r q u e  i n p u t  t o  wheel  1; tl = T1 f o r  
r o l l i n g  wheel, tl = BF1 6 1  f o r  locked wheel 

T 2  a t tempted to rque  i n p u t  t o  wheel  2 



TABLE D-2 (cont inued)  

GLOSSARY OF TERMS 

Program 
Variable  

Descript ion 

t a c t u a l  torque input  t o  wheel 2  
2  

T3 attempted torque input  t o  wheel 3 

t a c t u a l  torque input  t o  wheel 3 
3 

V fo rce  i n  spr ing  a t  f i f t h  wheel, compression 
i s  pos i t i ve  

Z v e r t i c a l  p o s i t i o n  of t r a c t o r - s t a t i c  pos i t i on  
i s Z = O  

Z 1  v e r t i c a l  pos i t i on  of t r a i l e r  

ZS1 v e r t i c a l  p o s i t i o n  of MS1 

ZS 2 v e r t i c a l  pos i t i on  of MS2 

zs3 v e r t i c a l  pos i t i on  of MS3 

a 
1 

s t a t i c  v e r t i c a l  d i s tance  from MS1 t o  road 

a 
2  

s t a t i c  v e r t i c a l  d i s tance  from MS2 t o  road 

a 
3 

s t a t i c  v e r t i c a l  d i s tance  from MS3 t o  road 

61 
s t a t i c  v e r t i c a l  d i s tance  from M t o  MS1 

6 
2  

s t a t i c  v e r t i c a l  d i s tance  from M t o  MS2 

6 
3 

s t a t i c  v e r t i c a l  d i s tance  from M t o  MS3 

8 p i t c h  angle of t rac tor - f ront  end up i s  
p o s i t i v e  

8 
1 

p i t c h  angle of t r a i l e r - f r o n t  end up i s  
p o s i t i v e  

'5 c o e f f i c i e n t  of f r i c t i o n  between t i r e  1 and 
road 



TABLE D-2 (concluded) 

GLOSSARY OF TERMS 

Program 
Description 

Variable 

coefficient of friction between tire 2 and 
road 

I-1 3 
coefficient of friction between tire 3 and 
road 

roll angle of wheel 1 

roll angle of wheel 2 

Q 
3 

roll angle of wheel 3 



TABLE D-3 

VEHICLE PARAMETERS AND TYPICAL VALUES 

Parameter Typica.1 
D e s c r i p t i o n  

No Svmbol Value 

1 W T r a c t o r  sprung weight 3,736 l b  

Trac to r  p o l a r  moment of i n e r t i a  2,313 SLUG-ft' 

Front  unsprung weight 

Combined p o l a r  moment of f r o n t  
wheels 

Rear unsprung weight 

Combined p o l a r  moment of r e a r  
wheels 

H o r i z o n t a l  d i s t a n c e  from t r a c t o r  5.0 f t  
CG t o  f r o n t  wheels 

Hor izon ta l  d i s t a n c e  from t r a c t o r  7.0 f t  
CG t o  r e a r  wheels 

H o r i z o n t a l  d i s t a n c e  from f i f t h  1 .925 f t  
wheel t o  t r a c t o r  rea , r  wheels 

V e r t i c a l  d i s t a n c e  from f i f t h  wheel 1 . 0  f t  
t o  t r a c t o r  CG 

Spr ing r a , t e ,  f r o n t  suspension 48,000 l b / f t  

Viscous damping, f r o n t  suspension 1,000 l b - s e c / f t  

Spr ing c o n s t a n t ,  f r o n t  t i r e s  120,000 l b / f t  

I n i t i a l  d i s t a n c e ,  c e n t e r  o f  f r o n t  1.64 f t  
wheels t o  ground 

I n i t i a l  d i s t a n c e ,  c e n t e r  of f r o n t  1 . 3 2  f t  
wheel t o  t r a c t o r  CG 

Ma,ximutn Coulonib i ' r i c t i o n ,  f r o n t  
suspension 



TABLE D-3 ( con t inued)  

VEHICLE PARAMETERS AND TYPICAL VALUES 

Parameter Typic a 1  
D e s c r i p t i o n  

No. Symbol Value 

17  K2 Spr ing r a t e ,  r e a r  suspension 60,000 l b / f t  

18 C2 Viscous damping, r e a r  suspension 0  

1 9  K2T Spr ing c o n s t a n t ,  r e a r  t i r e s  240,000 l b / f t  

20 02 I n i t i a l  d i s t a n c e ,  c e n t e r  o f  r ea , r  1.64 f t  
wheel t o  ground 

21 62 I n i t i a l  d i s t a n c e ,  c e n t e r  o f  r e a r  1 .32  ft  
wheel t o  t r a c t o r  C G  

22 CF2 Maximum Coulomb f r i c t i o n ,  r e a r  1,800 l b  
suspension 

V e r t i c a l  d is5ance from f i f t h  wheel 1.81 f t  
connect ion t o  t r a i l e r  CG 

Hor izon ta l  d i s t a n c e  from f i f t h  13- 58 f t  
wheel t o  t r a i l e r  CG 

Hor izon ta l  d i s t a n c e  from t r a i l e r  11.38 f t  
C G  t o  t r a i l e r  r e a r  a x l e  

T r a i l e r  and load  sprung weight 34,000 l b  

T r a i l e r  and load  p o l a r  moment of 52,  000 SLUG-ft 
2 

i n e r t i a  

T r a i l e r  unsprung weight 1,417 l b  

Combined p o l a r  moment of t r a i l e r  41.6 SLUG-ftz 
wheels 

Spr ing  r a t e ,  t r a i l e r  suspension 72,000 l b / f t  

Maximum Coulomb f r i c t i o n ,  t r a i l e r  1 ,800  l b  
suspension 

Spr ing ra. te,  t r a i l e r  t i r e s  240,000 l b / f t  



TABLE D-3 (concluded) 

VEHICLF PARAMETERS AND TYPICAL VALUES 

Parameter 
Descript ion 

Typical  
No. Symbol Value 

33 Q3 I n i t i a l  d i s tance ,  cen ter  of 1.64 f t  
t r a i l e r  wheel t o  ground 

34 63 I n i t i a l  d i s t ance  center  of t r a i l e r  4 .49 f t  
wheel t o  t r a i l e r  CG 

5 TRAIL Logical va r i ab l e s  =1.0 i f  s i n g l e  2.0 
vehic le ,  

=2.O i f  t r a c t o r -  [ t r a i l e r  

36 plLOCK Locked wheel c o e f f i c i e n t ,  f r o n t  0.7 
wheels 

37 p LOCK Locked wheel c o e f f i c i e n t ,  r e a r  
2 0.7 

wheels 

38 p LOCK Locked wheel c o e f f i c i e n t ,  t r a i l e r  0.7 
3 wheels 

39 PERCF Percent of t o t a l  t r a c t o r  braking 39 
e f f o r t  on f r o n t  wheels 

40 POT 260 Tota l  torque appl ied t o  t r a c t o r  0.2157 
brakes divided by 50,WO f t - l b  

41  POT 262 To ta l  torque appl ied t o  t r a i l e r  0.2304 
brakes divided by 40,000 f t - l b  

42 ~1 Time constant  of f r o n t  brakes 0.23 sec  

43 T2 Time constant  of r e a r  brakes 0.23 sec 

44 T3 Time constant  of t r a i l e r  brakes 0.185 sec 

45 DELAY Transport delay between appl ica-  0.15 sec 
t i o n  of brakes and ac tua t ion  o f  
t r a i l e r  brakes 

46 vo I n i t i a l  v e l o c i t y  88 f t / s e c  



Appendix E 

BRAKING PERFORMANCE DIAGRAM CALCULATION PROGRAM 

The d i g i t a l  computer program described i n  t h i s  appendix was devised t o  
f a c i l i t a t e  the  making of t he  ca l cu la t ions  necessary t o  construct  the braking 
performance diagrams given i n  Section 4.4, using the  s e t  of equations described 
i n  Section 4.2. 

The program cons i s t s  of f i v e  s teps:  

(1) Input:  vehicle ,  brake data ,  loading conditions,  e t c . ,  a r e  entered 
i n t o  the program. 

(2) I n i t i a l i z a t i o n :  brake-l ine pressure i s  s e t  t o  a  given value, i . e . ,  
p1 = 5 ps i .  

( 3 )  Calculat ions:  necessary ca l cu la t ions  including brake force ,  decel- 
e r a t ions ,  and dynamic axle  loads a r e  made. 

( 4 )  Output: r e s u l t s  from ca lcu la t ions  a r e  pr inted.  

( 5 )  ~ n c r e m e n t / ~ t o p :  i f  l i n e  pressure i s  l e s s  than maximum value, i t  i s  
incremented and another s e t  of ca lcu la t ions  made. Otherwise the  
program i s  terminated. 

Table E - 1  d e t a i l s  each program s t e p  f o r  t he  version of the  program used t o  
construct  the  vehicle  performance diagram f o r  Vehicle 12. 

Table E-2 gives t he  t y p i c a l  input and output da ta  f o r  the  program. 



TABLE E-1 

BRAKE PERFORMANCE DIAGRAM CALCULATION 
PROGRAM FOR 3-S2 TRACTOR-TRAILER 

A .  INPUT 

1. Vehicle Geometric and Loading Parameters 
2. I n i t i a l  Velocity 
3. ~ i r e / ~ o a d  I n t e r f a c e  Coeff ic ien ts  
4. Brake Lining Data 
5.  Brake Response Time a.nd Push Out Pressures  
6. Brake Data 

a .  Front brakes: chamber s i z e ,  wedge angle,  dimensions, 
mechanical e f f i c i ency  

b. Tractor  r e a r  brakes:  chamber s i z e ,  cam ra,dius,  s lack  
a d j u s t e r  length ,  dimensions, mechanical e f f i c i e n c y  

c .  T r a i l e r  brakes: chamber s i z e ,  cam rad ius ,  s l ack  ad jus t e r  
length ,  dimensions, mechanical e f f i c i ency  

B. INITIALIZE BRAKE LINE PRESSURE 

C. CALCULATE 

Pressure a t  Each Brake (p i )  
Ef fec t ive  Lining Coef f i c i en t s  p i  = f ( p i ) ,  i = 1 t o  5 
Brake Factors  ( B F ~ ) ,  i = 1 t o  5 
Brake Force ( F ~ ) ,  i = 1 t o  5 
If F i  > mi, Set  F i  = pNi, Otherwise Continue, i = 1 t o  5 
Sum Brake Forces 
Decelerat ion 
Stopping Distance 
Normal Wheel Loads Due t o  Load Transfer ,  Including Tandem 
Suspension Ef fec t s  
Kingpin Forces 

1. Decelerat ion 
2. Nominal Line Pressure and Indiv idua l  Brake Pressures  
3. Brake Factors 
4. Brake E f f o r t :  $ Front,  % Rear, lo T r a i l e r  
5 .  Required F r i c t i o n  Coeff ic ien t  f o r  Each Axle 
6. Braking Eff ic iency ,  Each Axle 
7. Kingpin and Suspension Forces 
8. To ta l  Brake Force 
9. Brake Force Each Axle 



TABLE E-1 (concluded) 

BRAKE PERFORMANCE DIAGRAM CALCULATION 
PROGRAM FOR 3-s2 TRACTOR-TRAIUR 

10. Axle Loads 
11. Average Deceleration 
12. Stopping Distance 

E. INCREMENT LIrn PRESSURE 

If p, < 100 psi, Go Back to 3, Otherwise Stop 



TABLE E-2 

DIGITAL COMPUTER PROGRAM TYPICAL INPUT/OKCPUT 

Input Data 

VEHICLE GEOMETRY 

$ = s t a t i c  t r a c t o r  r e a r  ax l e  load divided by t r a c t o r  weight = 0.495 
1 

= s t a t i c  t r a i l e r  a.xle load divided by t r a i l e r  weight = 0.51 
2  

x, = weight of center  of g r a v i t y  of t r a c t o r  mass divided by t r a c t o r  
I 

wheel base L1 = 0.22 

x = weight of center  of g rav i ty  of t r a i l e r  mass divided by kingpin t o  
2  

t r a i l e r  ax l e  d is tance  L2 = 0.153 

z  = height  of kingpin divided by t r a c t o r  wheel base = 0.293 
1 

z = height  of kingpin divided by kingpin t o  t r a i l e r  ax l e  d is tance  L2 = 

0.12 

W = t r a c t o r  weight = 11,580 l b  
1 

W = sprung t r a i l e r  weight = 58,760 l b  
2  

y  = kingpin t o  t r a c t o r  r e a r  ax l e  d is tance  divided by t r a c t o r  wheel base 

L = t r a c t o r  wheel base = 162 i n .  
1 

L2 
= kingpin t o  t r a i l e r  axle d is tance  = 391 in .  

SUSPENSION GEOMETRY 

Leaf spr ings with equal izer  ( t r a i l e r )  

Leaf spr ing length  b  = 34 in .  

Equalizer l eve r  arm c  = 7.0  i n .  

Equalizer l e v e r  arm d = 7.0 i n .  



TABLE E-2 (cont inued)  

DIGITAL COMPUTER PROI:RAM TYPICAL I N P U T / O U T P ~  

Height of spr ing  attachment v = 16.8 i n .  

Height of cen te r  of g r av i ty  of ax l e  mass u = 21.0 i n .  

Weight of forward ax l e  W = 1500 l b  
F 2 

Weight of rearward a.xle W = 1500 l b  
R2 

Walking beam suspension ( t r a c t o r )  

Height of suspension attachment v = 19.6 in .  
1 

Height of cen te r  of g r a v i t y  of ax l e  mass u = 20.0 i n .  
1 

Pivot  t o  forward ax l e  d i s t ance  S = 25.0 

Axle t o  ax l e  d i s t ance  q = 50.0 i n .  

Weight of forward ax l e  Wn = 2,300 l b  
r l  

Weight of rearward a x l e  W = 2,300 l b  
R 1  

BRAKING SYSTEM 

Lining fade c o e f f i c i e n t  = 0.016, l i n i n g  f r i c t i o n  c o e f f i c i e n t  (h igh  
and low 

) C L ~ h  
pL1) 

Q = number of brakes per  ax l e  

= pushout pressure  ( p s i )  

A = brake chamber a r e a  ( i n . 2 )  

r = drum ra.dius ( i n . )  

p = l e v e r  r a t i o  between brake enamber and shoe a c t u a t i o : ~  

c = brake s e n s i t i v i t y  determined from t h e o r e t i c a l  brake f a c t c r  
curve 



TABLE E-2 (con t inued)  

DIGITAL COMPUTER PROGRAM TYPICAL INPUT/ OUTPUT 

Co = c o n s t a n t  determined from t h e o r e t i c a l  brake f a c t o r  curve 

7 = mechanical  e f f i c i e n c y  account ing  f o r  i o s s e s  between brake  
chamber and shoe a c t u a t i o n  

Front  Axle: Q =  2, po = 5.0, A = 12, r = 7.5, p =  4.76, c = 15.0, 
co = 2.7, q = 0.88, pLh = 0.47, p~~ = 0.30 

T r a c t o r  Tandem Axle: 
Forward: Q =  2, po = 2.5, A = 30.0, r = 8.25, p  = 6.5, c  = 9.2, 

Co = 1.0,  7 = 0.70, p ~ h =  0.36, pL1 = 0.70 

Rearward: Q =  2, po = 2.5, A = 30, r = 8.25, p =  5.0, c = 9.2, 
co = 1.0, 7 = 0.70, p L h =  0.36, pL1 = 0.20 

T r a i l e r  Axle: 
Forward: Q = 2, po = 2.5, A = 30, r = 8.25, p = 5.0, c  = 5.5, 

Co = 0.0, 7 = 0.7, p~~ = 0.35, p u  = 0.20 

Rearward: Q =  2, po = 2.5, A = 30, r = 8.25, p =  6.0, c  
C O  = 0.0, 7 = 0.70, pLh = 0.33, p ~ 1  = 0.20 

A p p l i c a t i o n  t ime t = 0.05 s e c  a  

Bui ldup t ime t o  r e a c h  100 p s i  l i n e  p r e s s u r e  t = 1 . 0  s e c  
b  

I n i t i a l  v e l o c i t y  v  = 60 mph 
i 

~ i r e / r o a d  f r i c t i o n  c o e f f i c i e n t  p  = 0.70 
road 

Output Data 

AT 42.5 p s i  

D e c e l e r a t i o n :  0.375 g 

Line p r e s s u r e  42.5 p s i  

Axle l i n e  p r e s s u r e  f r o n t  t o  rea , r  ( p s i )  37.5, 40, 40, 40, 40 



TABLE: E-2 (concluded) 

Brake f ac to r  = t o t a l  drum drag divided by ac tua t ing  force  of one shoe 
f ron t  t o  r ea r  3.353, 1.616, 1.616, 1.535, 1.333 

Required t i re / road  f r i c t i o n  coe f f i c i en t  t o  prevent wheel lock up f r o n t  
t o  r e a r  0.381, 0.295, 0.330, 0.361, 0.302 

Braking ef f ic iency  = decelera t ion  i n  g un i t s  divided by required f r i c -  
t i o n  coe f f i c i en t  f ron t  t o  r e a r  0.983, (1.268)) 0.706, 0.668, (1.239) 

Brake force d i s t r i b u t i o n  f ron t  t o  r e a r  0.169, 0.433, 0.393 

Individual  brake force f ron t  t o  r e a r  ( l b )  4,961, 7,190, 5,330, 5,253, 

6,303 

Individual  axle  1oa .d~ f ron t  t o  r e a r  ( l b )  13,010, 24,313, 10,422, 9,360, 
20,832 

INTERNAL PARAMETERS 

G, H, Y2, kingpin force Y = 31,566.984 l b  normalized hor izonta l  and 
v e r t i c a l  kingpin force FGN = 0.188, FKYN = 0.511, i . e . ,  Y = 0.311 x 
( W 2  W F ~  wR2) = 31,366 l b  

Total  brake force F = 29,239 l b  Total  

Average decelerat ion a = 10.49 f t / s ec  
2 

xm 

Stopping dis tance = 370.5 f t  



Appendix F 

FORMULATION OF MEASURES OF EXPECTED BRAKE PERFORMANCE 

Three design measures were employed t o  assess  expected vehic le  brake per- 
formance based upon vehic le  and brake system desigp da t a  ava i l ab l e  from vehicle  
manufacturers. These measures i nd ica t e  t he  c a p a b i l i t y  of the  braking system 
t o  convert mechanical energy i n t o  thermal energy ( q L ) ,  a c t  a s  a  d i s s i p a t i o n  
element f o r  thermal energy (m), and provide wear r e s i s t a n c e  (p,&). 

F .1 CONVERSION OF MECHANICAL ENERGY I N T O  THERMAL ENERGY 

The measure q~ gives t he  horsepower generated by the  brake per  u n i t  a rea  
of the  l i n i n g  i n  u n i t s  of hp/ft2.  The average k i n e t i c  energy t r ans fe r r ed  i n t o  
thermal energy a t  t h e  f r i c t i o n  surface during the  braking process i s :  

W ( V ~  + v2) * a  
- - btu  

( q ,  av 2 x 778 (-3 sec 

where W = vehic le  weight ( l b )  
V 1  = i n i t i a l  vehicle  ve loc i ty  
V2 = f i n a l  vehicle  ve loc i ty  
a = dece le ra t ion  i n  g-uni t s  

In  terms of hp: 

The horsepower i n t o  the  l i n i n g  i s :  

where AL = l i n i n g  a rea  of leading or  secondary shoe 
Qi = braking e f f o r t  a t  a given ax le  divided by the  t o t a l  braking 

e f f o r t  of the vehicle  
A = f r a c t i o n  of braking e f f o r t  contr ibuted by leading or secondary 

brake shoe* 

*Str ien (169) f i n d s  t h a t  A = 0.3 f o r  two leading shoe brake and 0.7 f o r  
l ead ing - t r a i l i ng  and duo-servo brake. 



F.2 DISSIPATION OF THERMAL ENERGY 

The measure qy, gives the heet f l u x  i n t o  the  drum i n  Eku/ft2 - see. 

where Pg = diam x n x width = swept a r ea  of drum 

F .3 WEAR MEASURE 

The wear measure i s  ca lcu la ted  from D = uN 

where D = t angen t i a l  drag fo rce  on one shoe 
u = l i n i n g  f r i c t i o n  coe f f i c i en t  
N = normal fo rce  between shoe and drum 

@ 
i R D = h e w .  a*- - and Ti = p . A  where 

2 r L~ 

R = e f f e c t i v e  t i r e  rad ius  
r = drum radius  

*L 
= projected l i n i n g  area of leading or secondary shoe 

P 

p, = average pressure of shoe aga ins t  drum 

Therefore,  the  wear measure i s  given by: 

F .4 S P,MPLE CALCULATIONS 

Sample ca l cu la t ions  a r e  given below f o r  two of the  vehicles  t e s t e d  i n  t he  
program. 

1. In t e rna t iona l  Harvester C O  4070 A 
Max. GVW 39,000 l b  
Front brakes 15  x 4  ( d a t a  book) (wedge) 

15 x 3 1/2 ( a s  t e s t e d )  wedge 
Rear brakes 15 x 7  (wedge) 



Employing Equations 4-2, 4-4, and 4-11 and brake system design da t a  f o r  
t h i s  vehic le ,  t he  brake d i s t r i b u t i o n  i s  given by 

4 - - 5.63 x 4.4 
Trac tor  5.63 x 4.4 + 4.06 x 2.0 

= 0.754 

i .e ,  , t he  r e a r  ax l e  braking e f f o r t  i s  75.4 percent  of t he  t o t a l .  ?"ne average 
energy i s  (v2 = 0)  

( hp) = ( q) x 1 , 4 1  = 2370 hp 
av av 

= 150 p s i  

2.  Ford F-7000 
Max. GVW 25,500 l b  
Front brakes: 16 x 2 112 (s-cam) 
Rear brakes: 16 112 x 6 (s-cam) 

Employing Equations 4-2, 4-3, and 4-11 and brake system design da t a  f o r  
t h i s  vehicle ,  t h e  brake force  d i s t r i b u t i o n  i s  given by 

4 - - 24.0 x 6 x 2.2 
Tractor  24 x 6 x 2,2 + 9 x 5 x 1.8 = 0.796 

i . e . ,  t h e  r e a r  ax le  braking e f f o r t  i s  79.6 percent  of the  t o t a l .  The average 
energy i s  (v2 = 0)  



- 3 t u  25,500 x 103 x 0.65 = lloO - (daV - 2 x 778 sec 

= 124 ps i  



Appendix G 

TRAILER BRAKE SYNCHRONIZATION DEVICE 

The purpose of t h e  t r a i l e r  brake synchronization device-the Syncron 
System*-is t o  decrease t h e  app l i ca t ion  and r e l e a s e  times of t he  t r a i l e r  
brakes on a combination vehicle .  

This system (shown schematical ly  i n  Fig.  G - 1 )  cons i s t s  of a l l  basic  nor- 
mal brake system components p lus  electromagnetic a i r  valves, an impulse valve, 
supplementary a i r  tanks,  an e l e c t r i c a l  delay re lay ,  a two-way check valve and 
pressure  r egu la to r .  Physical ly ,  a t a p  of t h e  t r a i l e r  r e se rvo i r  i s  made and 
brought through a pressure  regula tor  t o  a small  reserve tank,  and then 
through t h e  electromagnetic a i r  valve.  The electromagnetic a i r  valve suppl ies  
pressure  t o  t h e  r e l a y  emergency serv ice  p o r t .  A two-way check valve i s  i n -  
s e r t e d  f o r  flow con t ro l  and p ro t ec t ion  of t he  standard system. A l l  of t h i s  
piping i s  a s  sho r t  a s  poss ib le  t o  reduce t ransmission time t o  t h e  r e l a y  emer- 
gency valve. The e l e c t r i c a l  delay r e l a y  i s  posi t ioned where convenient near 
t h e  i n s t a l l a t i o n  with connections i n t o  a mechanically actuated switch on t h e  
brake pedal  and output t o  t h e  electromagnetic valve.** 

The system operates  a s  follows: 

Actuat ion of t h e  mechanical switch on t h e  brake pedal  app l i e s  vol tage t o  
t h e  de lay  timing c i r c u i t  ( s o l i d  s t a t e  component) which app l i e s  vol tage t o  t h e  
electromagnetic valve opening t h e  a u x i l i a r y  a i r  c i r c u i t .  A i r  i s  then  supplied 
by t h e  small  reserve  tank o f f  t h e  pressure  regula tor  valve t o  t h e  se rv i ce  a i r  
c i r c u i t  of t h e  r e l a y  emergency valve f o r  a predetermined length  of time ( t imer  
s e t t i n g ) .  The r e l a y  valve i n  t u r n  admits a i r  t o  t h e  brake chambers. Back- 
flow i n t o  t h e  se rv i ce  l i n e  i s  prevented by a two-way check valve. The t imer 
and r egu la to r  were s e t  on the  system used on Vehicle 12 t o  give an impulse of 
35 p s i  magnitude f o r  a dura t ion  of 0.150 sec.  

The se rv i ce  brake chambers w i l l  begin t o  f i l l  but never reach more than 
a few p s i  before t h e  t imer deenergizes t h e  a i r  c i r c u i t .  Meanwhile, normal 
s e rv i ce  a i r  s igna l  pressure  has r i s e n  i n  the  serv ice  l i n e  o r  i s  r i s i n g  and now 
takes  over t h e  command of s e rv i ce  l i n e  pressure  a t  t he  r e l a y  emergency valve. 
The system now r e v e r t s  t o  standard operat ion.  

*Trade name of t he  system supplied fo r  t h i s  program by t h e  Berg Manufac- 
t u r i n g  and Sales Company, Des Plaines,  I l l i n o i s .  

**The use of t h e  separa te  foot-pedal-actuated switch r equ i r e s  separa te  
e l e c t r i c a l  i n t e r f a c e  connections between t h e  t r a c t o r  and t h e  t r a i l e r .  



1 

Serv. Br. Chambe 

----- 

Spec. Check Valve 

N.C. El-Magn. Valve 

FIGURE G-1.  SYNCRON SYSTEM SCHEMATIC 



The impulse system dramat ica l ly  improves response times f o r  brake app l i -  
ca t ion ,  bu t  has no e f f e c t  on brake r e l ea se .  Improvement i n  brake r e l ea se  time 
i s  accomplished by t h e  incorporat ion of e l e c t r i c a l l y  cont ro l led  solenoid 
valves t o  exhaust t r a i l e r  brake chamber pressure  a t  each brake chamber. Actu- 
a t i o n  of t hese  valves causes t h e  maximum r a t e  of decay of pressure  i n  t h e  
brake chamber. Referring again t o  Fig.  G - 1 ,  r e l ea se  of t he  brake pedal  
switches on the  second c i r c u i t  incorporat ing a time delay r e l a y  which i n  t u r n  
ac tua t e s  t h e  solenoid valves a t  t h e  brake chambers, exhausting a i r  d i r e c t l y  
t o  atmosphere and c los ing  off t h e  supply t o  t h e  chambers. Upon completion of 
t h e  delay cycle,  t h e  solenoid valves a r e  deactuated, r eve r t i ng  t o  s tandard 
conf igura t ion  and thereby f a i l s a f e  i n  operation. 



"Automotive Brake D e f i n i t i o n s  and Nomenclature-SAE ~ 6 5 6 ~ , "  1968 SAE 
Ikndbook, Soc ie ty  o f  Automotive Engineers ,  1968, pp. 862-86. 

"Def in i t ions  f o r  Braking Terminology and Srake Q e r a t i o n  Terminology- 
SAE ~ 6 5 7 a , "  1.968 SAE Handbook, Soc ie ty  of Automotive Engineers,  1968, 
pp .863 -64. 

R .  Limpert, An I n v e s t i g a t i o n  of t h e  Brake Force D i s t r i b u t i o n  on Trac to r -  
S e m i t r a i l e r  Combinations ----) S K i  Paper No. 710044, Soc ie ty  o f  Automotive 
Engineers,  January 197 1. 

V. Leuzzi,  " h a k i n g  o f  Road Vehicles w i t h  Tandem Axles Equipped w i t h  
Equa l iza t ion , "  Automobiltechnische - Z e i t s c h r i f t ,  Vol. 59, No. 3, 19y, 
pp .?a-61. 

W .  Goerge,  he E f f e c t  of Tandem Axles on t h e  Dynamic Axle Loads Espe- 
c i a l l y  During Braking, " Automobiltechnische Z e i t  s c h r i f t ,  Vol. 65, No. 11, 
1963, PP. 349-53 

Hans S t r i e n ,  "Disc Brakes-Drum Brakes," Automobiltechnische -- Z e i t s c h r i f t ,  
V O ~ .  61, No. 9, 1959, pp.276-79. 

Franz Huber, "Fasic  Ze la t ions  f o r  Computing Reservoir  Volume and A i r  Corn- 
p r e s s o r  Power of A i r  ~ r a k e s ,  " Automobiltechnische Z e i t s c h r i f t ,  Vol. 61, 
No. E 8 ,  1959, pp.229-31, 

C h r i s t i a n  Toennies, "The Varia-Pr inciple  f o r  t h e  Braking of Motor Vehi- 
c l e s ,  " Automobiltechnische Z e i t s c h r i f t ,  Vol. 60, No. 4, 1958, pp.99-105. 

M. Kruegel and 3. Weber,  he Brake Fac to r  o f  Wheel Brakes a s  Dependent 
Upon Speed," W s c h e  Kraf t fahr t fo r schung  und Strassenverkehrstechnik, 
NO. 169, 1964. 

T.  P. Newcomb and R. T.  Spurr,  Braking of Road Vehicles,  Chapman and Hal l ,  

1967, pp.55-53. 

Ate B ~ a k e  Handbook, A l f r e d  Teves K. G. ,  Frankfurt-Main, Germany, 1960, 
~ ~ . 1 3 1 - 3 5 *  

Hansruedi Buehler,  he Dynamic Behavior of A i r  Brakes and Their  Simula- 
t i o n  on t h e  Analog Computer," Glaser  Annalen, Vol. 90, No. 5 ,  1966, pp. 
1-76-82. 



REFERENCES (Continued) 

R .  G. Mortimer, -- e t  a l . ,  Brake Force Requirement Study: Driver-Vehicle 
Braking Performance a s  a Function of Brake System Design Variables,  - - 
Contract No. FH-11-697 2, prepared f o r  t he  National Highway Safety Bureau, 
U. S. Department of Transportation, by the  Highway Safety Research In- 
s t i t u t e ,  The Universi ty  of Michigan, Apr i l  10, 1970. 

V. V. Ly-nbushkin, "Ways of Improving Air-Power Braking Systems, " Avtomo- 
b i l t n a y a  Promyshlennostt, No. 9, September 1963, pp.26-28. 

A .  Tross, "The Mechanism of ~ r i c t i o n , "  Glaser Annalen, Vol. 86, No. 5 ,  
May 1962, pp.133-49, and Vol. 86, No. 11, Nov. 1962, pp.L47-56. 

Guido Mueller, "Brake Tests  wi th  Passenger Cars, " Automobiltechnische 
Z e i t s c h r i f t ,  Vol. 70, No. 9, 1968, pp.301-07. 

K.  E .  Holmes and R .  D. Stone, "Tire Forces a s  Functions of Cornering and 
Braking S l i p  on Wet Road Surfaces," I n s t i t u t i o n  of Mechanical Engineers 
Automotive Division. Symposium, Paper 6, January 8, 1969. 

E. Hoerz, "Requirements on t h e  Brake Force Modulation of Passenger Cars," 
Automobiltechnische Z e i t s c h r i f t ,  Vol. 71, No. 6, 1969, pp.189-93. 

Experimental Studies  of Ti re  Shear Force Mechanics, Contract No. CST-928- 
5 ,  prepared f o r  Ti re  Systems Section, Office of Vehicle Systems Research, 
National Bureau of Standards, by t h e  Highway Safety Research I n s t i t u t e ,  
The University of Michigan, Ju ly  30, 1970. 

A .  H. Easton, Influence of Ti res  and Their Variables on Passenger Car 
Skidding, SAE Paper No. 205B, Society of Autonotive Engineers, 1960. 

" ~ o a d  Ti re  In t e rac t ion ,  " Mechanical Engineering, Vol. 90, May 1968, P. 49. 

J. D.  Kelley, Jr. and B. J. Albert ,   read Design of Ti re  Affec ts  Wet 
Tract ion ~ o s t , "  SAE Journal,  Vol. 76, No. 9, September 1968, ~ ~ . 5 5 - 5 6 .  

Walker E. DeVinney, Factors  Affect ing Ti re  Traction, SAE Paper No. 670461, 
Society of Automotive Engineers, 1967. 

K. N. Chandler, "Theoret ical  Studies i n  ~ r a k i n g , "  I n s t i t u t i o n  of Mechani- 
c a l  Engineers. Proceedings, No. 4,  1960-61. 

R .  C .  Parker, "~u tomob i l e  ~ r a k i n g , "  The Engineer, Vol. 209, March 25, 
1960, pp.498-501. 



REFERETJCES ( Continued) 

26. Truck Tire  Trends -) SAE Paper No. SP-244, Society of Automotive Engineers, 
1v1ay 1963. 

Fj'. H. J. Neu and J. Helling, " b a k e  Force Control for  a Light Truck," 
Automobiltechnische Z e i t s c h r i f t ,  Vol. 71, No. 3, 1969, pp.71-76. 

28. 3. J. Neu, " ~ l e c t r o n i c  i3rake Force Modulation of Motor Vehicles Equipped 
with A i r  Brakes, " Automobiltechnische Z e i t s c h r i f t ,  Vol. 72, No. 3, 1970, 
pp .83-91. 

29. T .  C .  Schafer, D.  i?. Howard, and R .  W .  Carp, Design and Performance Con- 
s idera t ions  f o r  a Passenger Car Anti-Skid System, SAE Paper No. 680459, 
Society of Automotive Engineers, May 1968. 

30. J. L. EIarned, L.  E .  Johnston, and G. Scharf, - Measurement of Tire  Brake 
Force Charac ter i s t ics  a s  Related t o  Wheel S l i p  (Anti lock)  Control System 
Design, SAE Paper No. 690214, Society of Automotive Engineers, January 

1969 

51. W .  Hauer,  h he Problem of Decelerating Heavy Combination vehicles ,  'I 
Automobil-Industrie, Val. 8, No. 1, 1963, pp.47-54. 

32. T. J. Csath3, Skidding and Skid Resistance, Report No. 46, Department of 
E-lighways, Ontario, Canada, March 1961. 

33. H. W. Kummer and W .  E .  Meyer, Tentative Skid-Resistance Requirements for  
 lain Rural Highways, Report No. 37, National Cooperative Highway Research 
Program, Highway Research Board, 1967. 

34. D.  C . Mahone, "Variation i n  Highway Sl ipperiness  Charac ter i s t ics  with 
Location, " ASTN Special  Technical Publ icat ion No. 326, 1962, pp.75-1131. 

3 5 .  Ifleasuring Skid Resistance, Bibliography, PB 17 3-586, Texas Transportat  ion  
I n s t i t u t e ,  1962. 

36. W. A .  Goodvin and E .  A.  Whitehurst,  he Minimization of Variables i n  
Equipment and Techniques fo r  Performing Skid Tra i l e r  Tests, " ASTM Special  - 
Tehnical Publ icat ion No. 326, 1962, PP. 29-49. 

37. J. A.  Davisson, Basic Test Methods fo r  Evaluating Tire  Traction, SAZ 
Paper No. 580136, Society of Automotive Engineers, 1968. 

38. E .  A.  Whitehurst, Pavement Skid Testing-Recent Developments and Present 
Status ,  SAE Paper No. 970B, Society of Automotive Engineers, January 1965. -- 



REFERENCES ( Contir-x~ed) 

" ~ e a s u r i n g  Road Surface S l ipper iness ,  " ASTM Special  Technical Publica- - 
t i o n  No. 336, January 1-96?. 

G. Kulberg, "Method and Equipment f o r  Continuous Measuring of t h e  Co- 
e f f i c i e n t  of F r i c t i o n  a t  Inc ip ien t  Skid," Highway Research Board Bulle- 
t i n  NO. 348, 1962, pp.1-35. 
-) 

G. L ,  Goodenow, T. R. Kolhoff, and D. S. Fraser ,  Tire  Road F r i c t i o n  
Measuring System-A Second Generation, SAE Paper No. 680137, Society of 
Automotive Engineers, January 1968. 

R.  L. Rizenbergs and H. A .  Ward, "Skid Testing with an Automobile, " 

Highway Research iiecord, No. 189, 1967, pp .ll5-37 . 

R. D. L i s t e r  and R.  N ,  Kemp, "crash Stop--Which Way i s  Best," The Auto- 
car  December 8, 1961, pp .962-64. -9 

A.D.M. Frood, K. K.  Mackenzie, and T. P. Newcomb, "~easurement  of Skid 
~ e s i s t a n c e , "  ASTM Special  Technical Publ icat ion No. 326, 1962, pp.3-28. 

J. A.  R ~ u s e ,  "The Dis t r ibu t ion  of Braking on Road Vehicles," I n s t i t u t i o n  
of Mechanical Ehgineers. Symposium, Paper 9, March 1963. 

R. Limpert, "An Experimental Inves t iga t ion  of Proport ional  Braking," 
M.S. t h e s i s ,  Erigham Young University,  1968. 

A. Troost, I '  On t h e  Dynamics of Vehicle Braking," Automobiltechnische 
Z e i t s c h r i f t ,  Vol. 65, No. 1, 19%) pp.l-4. 

H. S t r i en ,   rends i n  t h e  Development of Vehicle Brakes and Anti-Skid 
Braking Devices i n  Europe," presented a t  t h e  1961 SAE In t e rna t iona l  Con- 
gress  and Exposition of Automotive Engineering, January 1961. 

T. P. Chase, "Passenger Car Brake Performance-Limitations and Future 
Requirements, " SAE Quar te r ly  Transactions,  Vol. 3, No. 1, January 1949, 
pp 26-39 

R .  Limpert and C .  Y .  Warner, Proport ional  Braking of Solid Frame Vehicles, 
SAE Paper No. 7 10047, Society of Automotive Engineers, January 197 1. 

H. S t r i en ,  "Factors Influencing Stopping Distance of Motor Vehicles, " 
Automobiltechnische Zei t schr i f  t ,  Vol. 64, No. 7, 1962, pp. 208-10. 



32. P. Leucht, The Direc t iona l  Dynamics of t h e  Commercial Tractor-Semi- 
t r a i l e r  Vehicle During Braking, SAE Paper No. 700371, Society of Auto- 
motive Engineers, May 1970. 

. A.  L.  Alexander, Braking Performance of Cars with Different  Brake and 
Weight Dis t r ibu t ion ,  RRL Report LR BO, Road Research Laboratory, P d n i s t r ~  
of Transport, Crowthorne, England, 1967. 

54. E.  D. Hendrickson, iHistory of Truck Suspensions-Tandem Suspensions, 
SAE Faper No. 690096, Society of Automotive Engineers, January 1969. 

35 .  "Brakes, Brake Balance and GCT.~," presented a t  t he  25th Annual Conven- 
t i o n  of TTLW, Hollywood, Flor ida,  March 1966. 

36. G. F r i t  zsche,  r rake Force Dis t r ibu t ion  on ~ r a c t o r - s e m i t r a i l e r s  , " 

Automobiltechnische - Z e i t s c h r i f t ,  Vol. 63, Mo. 1, 1961, pp.13-18. 

57. 0. Bode a,nd W. Goerge, " ~ n a . l y t i c a 1  Inves t iga t ion  o f  t he  Brake Behavior 
of Tractor-Semitrai ler  Combinations," Deutsche b a f t f a h r t f o r s c h u n g  und 
Strassenverkehrstechnik, No. 149, 1961. 

58 .  R .  J. Morse, "Brake Balance-It can Be Improved," SAE Paper No. 660398, 
Society of Automotive Engineers, June 1966. 

3 9  E. Stump, "Brake Force Dis t r ibu t ion  on ~ r a c t o r - S e m i t r a i l e r s ,  " Automo- 
b i l technische  Z e i t s c h r i f t ,  Vol. 64, No. 7, 1962, pp. 203-07. 

60. I. Schmidt, "The Direc t iona l  S t a b i l i t y  of TFTo and Three Unit Vehicle 
Trains,  " d i s s e r t a t i o n ,  Technische Hochschule S t u t t g a r t ,  Germany, 1964. 

61. E .  C . IYiikulick,  he Dynamics of  Tractor-Semitrai ler  Vehicles-The 
Jackknifing Problem, " Ph. D.  t h e s i s ,  Cornel l  University,  June 1968. 

2 F. D.  Hales, -- e t  a l . ,  The Handling and S t a b i l i t y  of Motor Vehicles, 
Report No. 1966/3, The Motor Industry Research Association, Warwick- 
sh i r e ,  England, January 1966. 

63. 0. Bode and W .  Goerge, "2rake Tests with Tractor-Semitrai ler  Combina- 
t i o n s ,  " Deutsche Kraftf ahr t f  orschung und Strassenverkehrstechnik, No. 
150, 1961. 

6 .  H. -4. Wilkins, Assessment of t h e  Hope Anti-Jackknife Device, RRL Report 
LR 163, Road Research Laboratory, Crowthorne, England, 1968. 



REFERENCES (continued) 

65. " S t a b i l i t y  and Control of Coupled Vehi-les, Trucks, Truck Tractors ,  
Semi t r a i l e r s  and Tra i l e r s , "  Docket No. 69-1, Notice 1, prepared f o r  t h e  
Federal  Highway Administration, by the  American Trucking Association, 

%Y 1969. 

66. D. Runge, "Matching of t h e  T r a i l e r  Brake Forces t o  t h e  Loading of t h e  
Combination, I' Automobiltechnische Z e i t s c h r i f t ,  Vol. 69, No. 7 ,  1967, 
pp. 211-17. 

67. P. E. Nelson and J. W .  Fi tch,  Optimum Braking, S t a b i l i t y  and S t r u c t u r a l  
I n t e g r i t y  f o r  Long Truck Combinations, SAE Paper No. 68097 ,  Society of 
Automotive Engineers, August 1968. 

68. 0. Bode,  ruck-  railer Braking and Load Matching, I' Automobiltechnische --- -- 
Z e i t s c h r i f t ,  Vol. 60, No. 3, 1958, pp.79-85. 

69. F. Sido, "Analysis of t h e  Time Lag Charac t e r i s t i c s  of A i r  Braking Sys- 
tems through Scaled Tests,  " Automobiltechnische Z e i t s c h r i f t ,  Vol. 71, 
NO. 3, 1969, pp.95-100. 

70. J. G. Oetzel,  "Synchronization of Brakes on Multi-Axle Truck-Trailer 
Tra ins ,"  SAE Quar t e r ly  Transactions,  Vol. 6, No. 2, A p r i l  1952, pp.365- 

72.  

71. J. P. Garcia,  raking Improvement, " Automobile --- Engineer, Vol. 56, No. 
3, March 1966, pp.102-06. 

72.  H. Oberthuer and F. h u m ,  " b a k e  Force Dis t r ibu t ion  on m d r a u l i c  Vehicle 
~ r a k e s ,  " Automobiltechnische Z e i t s c h r i f t ,  Vol. 66, No. 6, 1964, pp. 222- 

25 

73. "Dunlop Braking S t a b i l i z e r , "  Automobile Engineer, Vol. ;3, No. 8, 
~ u l y  1963, pp. 318-20. 

74. "Ekaking Proport ional  t o  Load," Automobile Engineer, Vol. 55, No. 12, 
November 1965, pp .491-93. 

75. H. S t r ien ,  "Brake Force Di s t r ibu t ion  on Passenger Cars, " Automobil- -- 
technische Z e i t s c h r i f t ,  Vol. 67, No. 8, pp.240-45. 

76. R. T. Eddy and R. A.  Wilson, An Approach t o  Load Sensing Brake Propor- 
t i on ing  f o r  Passenger Cars and LightTrucks  -9 SAE Paper No. 660411, 
Society of Automotive Engineers, June 1966. 



NFERENCES ( Continued) 

E . L. C o r m e l l ,  "Automatic Load-Sensit i v e  A i r  Brake Control ,  I' Modern 
Transpor ta t ion ,  Vol. 94, No. 2416, 1965, pp. 8-9. 

A .  Fur ia ,  S. Schachter,  and P. Gancel, Trends i n  Braking Techniques of 
European Vehicles,  SKE Paper No. 670505, Soc ie ty  o f  Automotive Engineers,  
Yay 1967. 

C. Eaton and J. Schreur,  Brake Propor t ioning Valve, SAE Paper No. 
660400, Soc ie ty  of Automotive Engineers,  June 1966. 

F.  E .  Lueck, W .  A .  Gartland,  and M. J. Denholm, Propor t ioning Valve t o  
Skid Control-A Logical  Progress ion,  SAE Paper No. 690456, Soc ie ty  of 
Automotive Engineers,  1969. 

G. Mueller, "Improved Safe ty  i n  9raking o f  T r a c t o r - S e m i t r a i l e r s  and 
Truck-Trai ler  Combinations, " Automobiltechnische Z e i t s c h r i f t ,  Vol. 62 
NO. 7 ,  1960, pp. 194-95. 

G. F r i t z s c h e ,  " S t a t i c  Modulation of t h e  Elmrtke Forces on Motor Vehicles 
and T r a i l e r s  According t o  Load and Decelera t ion,  " Automobiltechnische 
Z e i t s c h r i f t ,  Vol. 61, No. E ,  1959, pp.219-24. 

M. Mitschke and D.  Runge, "Load Dependent Brake Force Modulation on 
~ r a c t o r - S e m i t r a i l e r s ,  Automobiltechnische Z e i t s c h r i f t ,  Vol. 68, No. 2, 
pp.50-33, and Vol. 68, No. 7, pp.253-36. 

G.  H. C o l l i e r ,  Two Ivlethods of A i r c r a f t  Skid Control ,  SAE Paper No. 8B,  
Soc ie ty  o f  Automotive Engineers,  1958. 

" ~ o c k h e e d  Anti-Lock, " Autocar, September 14, 1362, p .423. 

"The Lockheed Anti-Locking Device, " Autombile Engineer, Vol. 52, No. 10,  
October 1962, pp.386-89. 

R .  D. L i s t e r  and R .  N.  Kemp, "Skid  reve en ti on," Automobile Engineer, Vol. 
48, No. 10, October 1958, pp.382-91. 

F. Beuchle,  he Anti-Lock Device," Automobiltechnische Z e i t s c h r i f t ,  
V O ~ .  65, NO. 8, 1963, pp.238-39. 

A .  C .  Gunsaulus, " ~ o l l i n g  Wheels Gather No Skids,  " SAE Transact ions ,  
Vol. 61, 1953, pp.189-95. 



REFERGNCES ( Continued) 

"Flywheel Overrun Senses Dece le ra t ion  t o  Open Brakes," Design News, 
November 1, 195'7, pp.32-33. 

" ~ l y w h e e l  I n e r t i a  Controls  Brake Pressure  i n  Ant i -Sk id  System, " Design 
News, November 9, 1559, p.13. 

Kels top;  The Kelsey-Hayes Anti-Wheel Lock Braking System, Kelsey-Hayes 
Company, Romulus , Michigan. 

"?Jew Begulator  Equa l izes  Braking Action,  " Automotive World, Vol. 33, 
May 1968, p.43. 

W .  D .  Lim>ert and H. Leiber ,  "A New Method f o r  Prevent ion of Wheel 
Locking on Motor Vehicles by Automatic Cont ro l  of T i r e  S l i p , "  Automo- 
bil isrno e Automobilismo I n a u s t r i a l e ,  Vol. 16, No. 2, March-April 1968, 
pp .67 -81. 

H. Leiber  and W .  D. Limpert , "The E l e c t r o n i c  Brake ~ o d u l a t o r ,  " Automo- 
b i l t e c h n i s c h e  Z e i t s c h r i f t ,  Vol. 71, No. 6, 1969, pp.  181-89. 

R. H. Madison and H. E .  Riordan, Evolut ion of Sure-Track Brake System, 
SAE Paper No. 690213, Soc ie ty  of Automotive Engineers,  January 1969. 

J. L. Harned and L. E .  Johnston, "Anti-Lock Erakes," Automotive S a f e t y  
Seminar, Paper No. 21, General  Motors Corporat ion,  1968. 

W .  B. Horne, "skidding Accidents on Runways and Highways Can Be Ze- 
duced," A s t r o n a u t i c s  -- and Aeronaut ics ,  Vol. 5 ,  No. 8, August 1967, 
pp.42-53. 

G. S. Haviland, Automatic Brake Control  f o r  Trucks-What Good I s  I t?,  
SAE Paper No. 680591, Societ;! of Automotive Engineers ,  September 1968. 

B. S. Falkevich and 3. F .  Yudakow, " ~ n v e s t i g a t i o n  of t h e  Handling o f  a 
Vehicle w i t h  Anti-Locking Device During Braking i n  a Turn," Avtomo- 
b i l ' n a y a  Promyshlennost' ,  No. 3, IWj 1969, pp.22-24. 

"Anti-Skid Devlce Cont ro l l ed  by Suspension Movement," Engineering, 
February 7 ,  1964, p.  216. 

"Vacuum Servo Reverses Act ion t o  Correct  Wheel Skid ,"  Design News, 
Vol. 21, March 20, 1968, pp.29-25. 

"Anti-Skid Device, " Automobile Engineer, J u l y  1958, pp.  2 4 9 - 9 .  



REFERENCES ( Continued) 

104. " ~ n t i - S k i d  Systems, I '  A i r c ra f t  En~ inee r ing ,  January 1968, p .14 .  

l o .  "~ommercial Vehicle Braking: S t a t e  of t he  A r t , "  Automobile Design En- 
gineering,  November 1968, pp .44-52. 

0 G. Puleo, Automatic Brake Proport ior ing Devices, SA3 Paper No. 700575, 
Society of Automotive Engineers, Nay 1970. 

107. B. F. Latvala and R.  J. Yfrse, Adaptive Anti-Lock Braking-A Real i ty  f o r  
Air-Braked Vehicles, SAE Paper No. 700112, Society of Automotive En- 
gineer  s ,  January 1970. 

109. M. J. Denholm, -- e t  a l . ,  Y ~ k e  Trucks Stop Too, SAE Paper No. 700114, 
Society of Automotive Engineers, January 1970. 

0 D .  Fisher, Brake System Component Dynamic Performance Measurement and 
Analysis,  SAE Paper No. 700373, Society of Automotive Engineers, May 

110. Phase I1 Report on t h e  Study of Appl icabi l i ty  - of Anti-Skid and Load 
Proportioning, Contract No. FH-11-6859, 
prepared f o r  t h e  Federal .High.rsay Administration, by Booz-Allen Applied 
Research, Inc . , Ju ly  1, 1969. 

111. G. B. Hickner and D. W. Howard, Analog Simulation as a Design Tool f o r  
Advanced Braking Concepts, S-4E Paper No. 700157, Society of Automotive 
Engineers, January 197 0 .  

112. T .  C .  Schaefer, e t  a l . ,  Design and Performance Considerations f o r  a -- 
Passenger Car Anti-Skid System, SAE Paper No. 68&58, Society of Auto- 
motive Engineers, 1968. 

113. F. E .  Lueck, - e t  -- a l . ,  Proportioning; Valve t o  Skid-Control-A Logical 
Progression, SAE Paper No. 690456, Society of Automotive Engineers, 1969. 

114. A .  B. Gredeskul, " ~ n  Experimental Inves t iga t ion  of t h e  Locking of a 
Braked Wheel, Avtomobil'naya Promyshlennost ' , No. 3, 1965. 

115. I. S. Orzhevski, "on the  Analysis of t he  Operation of an Anti-Locking 
Device, " Avtomobil'naya Promyshlennost ', No. 10, 1966. 

116. V. D.  Balkin and M. A .  Petrov, "An Analy t ica l  Inves t iga t ion  of Wheel 
Braking with an Anti-Locking Device i n  t h e  Braking System," Avtomo- 
b i l 'naya  Promyshlennost', No. 11, 1965. 



XEFERENCES ( Continued) 

117. "Anti-Skid Device f o r  Commercial Vehicles ( ~ n t i - ~ o c k ) ,  " Engineer, Vol. 
224, ~ u l y  14,  1967, p.53. 

118. S .  I. Lomaka, " ~ n  Experimental  I n v e s t i g a t i o n  o f  Anti-Locking Devices 
f o r  t h e  Vehicle Braking Process ,  " Avtornobil'naya Promyshlennost ' , 
NO. 12, 1963. 

119. D.  K.  F i sher ,  Report on Brake Force Requirement; A Review of t h e  L i t -  
e r a t u r e ,  Contract  No. FH-11-6952, prepared f o r  t h e  Federa l  Highway Ad- 
m i n i s t r a t i o n ,  by t h e  Xighway S a f e t y  Research I n s t i t u t e ,  The Univers i ty  
o f  Michigan, Novenber 1968. 

120. R.  M. Vijuk, "Control  of t h e  Vehicular Braking Process Using An Opti-  
mizing Technique, I '  M. S. t h e s f  s ,  Pennsylvania S t a t e  Univers i ty ,  Decem- 
ber  1964. 

121. R.  A .  McFarland and R .  G. Domey, "Bio-Technical Aspects o f  Driver Safe- 
t y  and Comfort, " SAE Transact ions  -9 Vol. 68, 1958, pp.63~-48.  

122. Kazuhiko Aoki, "~uman Fac to rs  i n  Braking and Fade Phenomena f o r  Heavy 
Applications-Problems t o  Improve Brake Performance, " B u l l e t i n  of Japan 
Soc ie ty  of Mechanical Engineers, Vol. f , No. 12, 1960, pp.  3e7-94. 

123. F.A.E. Martin,  he Right Sea t ing  f o r  Commercial Vehicles,  " Automo- 
b i l i smo e Automobilismo I n d u s t r i a l e ,  Vol. 11, No. 3, May-June 1963. 

124. G. F r i t z s c h e ,  " ~ n v e s t i g a t i o n s  on t h e  Connect i o n  Between t h e  Ac tua t ion  
and E f f e c t  o f  Motor Vehicle Brakes, " Deutsche iCraftfahrtforschung und 
Strassenverkehrstechnik, No. 116, 1'958. 

2 .  " ~ a w r i c k - G i r l i n g  i3rake System f o r  Trucks, T r a i l e r s  and Buses," Automo- -- 
t i v e  I n d u s t r i e s ,  Vol. 116, No. 10, IvIay 15, 1937. 

126. I1Girl ing Vacuum-Servo Brake Control ,  I '  Aut ornobile Engineer, Vol . 47, 
NO. 3, August 1957, p p . j ~ ~ - ~ 6 .  

127. "~acuum-Hydraulic Brake Servo," Automobile Engineer,  Vol. 52, No. 1, 
January 1962, pp .26 - 29. 

128. "LOC kheed Parer Brakes, " Automobile --- Engineer, Vol. 48, No. 9, September 
1958, pp.341-45. 

9 .  R. T. & n e t t ,  -- e t  a l . ,  "An Advanced Brake System f o r  Heavy Trucks," 
Bendix Technical  Journa l ,  Autumn 1969, pp. 15-25. 



mFERENCES ( ~ o n t  inued)  

James TI. Low, Advances i n  European 3rake Systems, Ekndix Brake and 
S tee r ing  Division,  November 20, 1967. 

" A i r  W d r a u l i c  Brake Servo, " Automobile Engineer, Vol. 51, No. 3, Ma? 
1961, pp. 190-33. 

"~mproved Servo Braking Equipment, " Automobile Engineer, Vol. 31, No. 2, 
February 1961, pp. 5 0 - 9 .  

General S p e c i f i c a t i o n s  [Maintenance Ihnua l ]  Challenger Nodel 142-7 I n t e r -  
c i t y  Coach, I4otor Coach I n d u s t r i e s ,  Pembina, North Dakota, 1969. 

A .  J. White, Brake Dynamics, Research Center,  Motor Vehicle Research, 
Lee, New Hampshire, 1963. 

" A i r  Pressure  Braking-A New %stem f o r  Light-Weight Vehicles," Autono- 
b i l e  Engineer, Vol. 45, No. 9, September 1955, pp.397-96. -- 

H. Hauer, " ~ i r  Brakes on European Vehicle combinat ions ,  " Automobil- 
t echn ische  Z e i t s c h r i f t ,  Vol. 66, No. 8, pp.238-40. 

E . Moeller, "Pneumatic Eraking Systems on Trac to r -Tra i l e r  combinations, " 
Automobiltechnische Z e i t s c h r i f t ,  Vol. 56, No. 12, 1954, pp.321-25. 

S. Johnson, Pneumatic Power Control  Systems for  Trucks, T r a i l e r s  and 
Euses, SAE Paper No. 72C, Socie ty  o f  Automotive Engineers,  June 19%. 

11 I t  R .  Hildebrandt,  A i r  b a k e  Control  System on t h e  New L S e r i e s  Trucks, 
S U  Paper No. 700304, Socie ty  of Automotive Engineers,  May 1970. 

C .  F .  Smith, Dual A i r  Brake Control  Systems, SAX Paper No. 70050fS, 
Socie ty  of Automotive Engineers, Thy 1970. 

J. W e r s ,  "Xhat t h e  M.G.M. Brake I s  and How It ~ u n c t i o n s , "  SAE Pre- 
p r i n t ,  Northvest Sect ion Meeting, December 6, l 9 Y .  

G.  A l f i e r i ,  "Contr ibut ion t o  t h e  T r a f f i c  Safe ty  of T r a c t o r - T r a i l e r  
Combinations," presented a t  t h e  Conference on t h e  Safe Design and Con- 
s t r u c t i o n  of Automobiles, Duesseldorf,  Germany, 1963. 

L.  Hakka, Anti-Skid Means f o r  Vehicle T i r e s  and t h e  Like, Patent  No. 
3,230,996, Pa ten t  Off ice ,  Washington, D.C., January 25, 1966. 



REFE2ENCES (Continued) 

144.  "Anti-Skid Device: Prel iminary Report on a Dunlop Development That I s  
a S i g n i f i c a n t  Cont r ibu t ion  t o  3oa'd Safe ty , "  Automobile Engineer,  Vol. 

I ;; I 48, No. 7 ,  J u l y  1935, ?p.)qn-?~+. 

1 .  A. S. Brikov, -- e t  a l . ,  "investigation of  t h e  Operat ion o f  an  Anti-Lock- 
i n g  D e ~ i c e  i n  a Vehicle Pneunati c Braking System, I '  Avbmobi l rnaga  
Prornyshlennost --J ' No. 11, 1962, pp . 2-ll. 

146. "Automatic 3 a k e  c o n t r o l ,  " Automlotive News -7 January 29, 1968, p.40.  

147.  H. A .  Wi lk ins ,  An Assessment of t h e  Dunlop Maxaret Anti-Locking Braking 
-em F i t t e d  t o  a n  A r t i c u l a t e d  veh ic le ,  RRL Report LR 161, Road Re- 
s e a r c h  Laborator,, Crowthorne, Enqland, 1968. 

148. E. C .  Maki, Re ta rders  f o r  Xighway Vehicles,  SAE Paper No. 3 9 6 ~ )  Soc ie ty  
o f  Automotive Engineers ,  S e p t s ~ b e r  1361. 

149. H. S t r i e n  and 0.  Mehmet,  onti tin do us Braking Systems f o r  Truck-Trai ler  
Combination, " Automobi l - Indust r le ,  -. 7 ~ 1 .  12,  No. 3, September 1967, 
pp.83-8'7, Pg-92.  

l o ,  J. A.  Deal1 and E. Neiss ,  "Exhaust 8rake Ef fec t iveness ,  " Automobile 
Engineer, Vol. 32, -io. L, P-pr l l  lr:t2, pp.136-j9. 

l W. E.  Neyer,  rucks Coul3. Use I~lanifold Braking i n  Addi t ion  t o  Wheel 
Erakes, I '  - - _ - j  SAE J o u r n a l  December 1955, ~ 1 ; .  20-22. 

2 ,  C .  T.  H m i d g e ,  " 3 ~ o  14il l ion Miles ~ r i t h  Exhaust ~ ~ a l r e s ,  " Bus and Coach -9 

Vol. 32,  No. 8, August Ij60, pr.24:-45. 

153. R .  N.  Kemn, " ~ x h a a s t  Rrake PerPorl-ance, I '  Automobile Engineer,  Vol. 47, 
No. l G ,  Oc'ccSer l":7, -OF, 14-1 I .  

155. A .  G. S lee  and 7 .  K.  C O Y ,  " ~ x h a u s t  b a k e  Design and Operation,  " I n s t i -  
t u t i o n  Road Transpor t  Engineers .  Paper.  Lecture  Sess ion,  1956-1937. 

156. 0 .  Bode and C .  I rmle r ,  " ~ n t e r s u c h u n g e n  ueber d i e  Zweckmaessige Kopplung 
d e r  Betaetigungsanlagen von Motor- und Radbremsen b e i  ~mnibussen , "  
Automobiltechnische Z e i t  s c h r i f t ,  Vol. 62, No. 1, January 1960, pp. 1-5, 
and Vol. 62, No. 2, February 1900, pp.42-47. 



" ~ x h a u s t  Srake Equipment, I' Autonobile Engineer,  Vol. 44, No. 3, March 
1954, pp.98-100. 

"Auxi l iary  Braking Systems, " Automobile Engineer,  Vol. 47, No. 7 ,  July  
19y, pp. 232-86. 

"Zxhaust Brakes and Retarders-A Review of t h e  Uni ts  Ava i lab le  and Their  
Performance, " Automobile Engineer,  March 1970, p . l 0 3 .  

E .  Rohne, " ~ e b e r l e g u n g e n  zur  Ausfuehrung von Dauerbremsen f u e r  Kraft  - 
fahrzeuge,  Automobiltechnische Z e i t s c h r i f t ,  Vol. 69, No. 5 ,  1967, 
pp.14:-4?. 

D.  D .  Curnmins, ---- The Jacobs Engine Brake Appl ica t ion  and Performance, 
SAE Paper ?Jo. 660740, Socie ty  o f  Automotive Engineers,  October 1966. 

"Retarders  Help Prevent Runaway Trucks," SAE Journal ,  Vol. 65, No. 2, 
February 1957, pp.34-40. 

W .  S. Nagel, Truck Retarder  Design and Development, SAE Paper No. 
630625, Soc ie ty  o f  Automotive Engineers,  August 1965. 

H. Mueller,  he Voith H,ydraulic Retarder  f o r  Vehicles ,"  Automobil- 
t echn ische  Z e i t s c h r i f t ,  Vol. 69, No. 5 ,  1967, ~ p .  lb2-44. 

E . J. Herbenar, " ~ e s i g n  and Performance Fea tu res  of t h e  T h o q s o n  
Hydraulic ~ e t a r d e r ,  I '  SAE P r e p r i n t ,  Paper 28U, 1959. 

E .  E i s l e ,  " ~ d d i t i o n a l  Brakes f o r  H e a ~  Motor Vehicles,  " Automobiltech- 
n i sche  Z e i t s c h r i f t ,  Vol. 54, No. 2, 1952, pp.31-33. 

W .  Endres, " ~ n v e s t i g a t i o n s  on t h e  Down xi11 Brakes o f  Heavy Motor 
Vehicles,  " Automobiltechnische Z e i t s c h r i f t ,  Vol. 58, No. 5, 1956, 
pp.165-71. 

H. Aicner t ,  " I n v e s t i g a t i o n s  on Eddy-Current Re ta rders  f o r  Vehic les , "  
Autornobiltechnische Z e i t s c h r i f t ,  Vol. 71, No. 8, 1969, pp. 275-81. 

H. S t r i e n ,  "Computation and Tes t igg  of Automotive Brakes," d i s s e r t a t i o n ,  
Technical  Univers i ty ,  Braunschweig, Germany, 1949. 

R. 0. Kroeger, "Gra2hical  Method f o r  Shoe Brake Design," Product En- 
g ineer ing ,  Vol. 27, No. 3,  March 1956, pp.142-47. 



3LFE'EFE?JCES ( Continued) 

171. F.  W. Bielecke,  "3imenslonir,g of Brake S y s t e m ,  " Automobiltechnische 
Z e i t s c h r i f t ,  Voi. ;+', Kos. 1; aK; 1&, 1?45, 32.367-72. 

172. A .  Grotewohl, " ~ n t e r n a l  Drw Brakes w i t h  S l i d i n g  ~ b u t m e n t ,  'I  Automo- 
b i l t echnf i sche  Ze!-l;sehcifi, \ -o l .  f r ~ ,  !do. 8, 1 5 9 ,  ~2.197-202. 

173. H. W. Lindermnn, " ~ n ' i e r n a l  Shoe Srakes ,"  Automobiltechnische Z e i t -  
s c h r i f t ,  'vol. 45, 'Jos. LC) ~ n d  LC, I~L:, pn.:C7-"2. 

174. W. Steeds ,  " b a k e  ~eometr;.," k l~ tomobi le  Engineer,  Vol. 50, No. 6,  June 
1 9 6 ~ )  -pp. 261-62. 

175. H. KZaue, "3 i se  ?rakes, " A:~",omobiltechnisohe ----- Z e i t s c h r i f t ,  Vol. 58, 
No. 9, 19>6, pp.2<5-oJ. 

176. -9. M. O l d e r s h a ~ ~ ,  ''~:.a:ce 3esi.gn Cons idera t ions ,  ' I  Automobile Engineer,  
- < Val. 50, 7 : ~ .  b ,  Ac?-:i 1963, -g,-. 1':; -78.. , 

177. J. G.  Eiobinson, " 9 r ~ k e  9eslgn Cons ice ra t ions ,  I '  Automobile - Engineer,  
Val. 49? I.rs, 9, ey,$emblel- ~~~~~ 3p.l lO-b" ~.) . 

178. " ~ e n d i x  Disc Srai\;es," kctornobile ----______- - L i Q n e e r  -J Vol. 5 5 ,  No. 4, A p r i l  1963, 
pp.139-4:e 

179. G. B. Strgl-? P, I, L t i ~ r - , ? c t ~  and ", 5 .  Deibel ,  E f f e c t s  of Shoe Force 
Geometr,j on Heai,~; Il~t;-- TnC,ernal Snoe Brake Performane e, SAE 'aper 1Jo. 

68~32, Soc ie ty  o f  i ' iutonotive Enr i l ieers ,  !lay if.6E. 

180. J. L. Winge, Ins",ruer,'Jatior, -- -- and .i~letnols f o r  t h e  Eva lua t ion  --- of  Var iab les  - 
i n  Passenger Czr -- F;~a;rr-s_, ?q-- ';o. 3619, So2ie ty  of Automotive En- 

g i n e e r s ,  l'kl. 

181. 5. G. Oetzei ,  "I?>.o:aY.~x; I j i n ing  C"lara,c-teristics t o  Brake Design, " - SAE 
Pre~r i~ i ; ,  l8;- '<L,  -.---- 

2 W .  S te inh i l -oe r ,  " ~ f ? t e r i i l n a t i o n  o .' t h e  Temperature C h a r a c t e r i s t i c s  i n  
F r i c t i o n  E ~ a k e s  and Clutches  ?I> !!cans o f  an  Analog Procedure,  I' A&- 
mobiltfichnische Z e i t s c h r i i ' t ,  -"01. f4 110. h, 9p.  2PQ-37, and Vol. 66, 
No. l?, p-p.365-71. 

153. T. P. Newcornb, "'Temperatures Reached i r i  P ~ ~ i c t i o n  Clutch Transmissions," 
J o u r n a l  of ----- Mechanl.ca1 E,n&c!er*ini. --- Science,  'v'ol. 2, 1960, pp.  273-97. 



EFERENCES ( Continued) 

G.A.G. Fazekas, "Brake ~ o r ~ u e , "  Automobile Engineer,  Vol. 41, No. 540, 
May 1951, pp. 185-89. 

A .  Boege, The Technicians Handbook, Vol. 2, F r i e d r i c h  Vieweg, araun- 
schweig, Germany, 1965, Chapter Kraf t fahrzengtechnik.  

Y .  E .  Farobin,  "The S t a b i l i t y  of Vehicle arakes ,  I '  Avtomobil' naya 
Promyshlennost ' , No, 1, January 1968, pp -14-16. 

G. A .  G. Fazekas, " b a k e  Design, " Automobile Engineer,  Vol. 41, No. 537, 
February 1931, pp.  53-60. 

J. Odier, "Contr ibut ion t o  t h e  Study of Brakes and t h e  Ra t iona l  Use of 
F r i c t i o n  Y a t e r i a l s ,  " B u l l e t i n  No. 16,  S o c i e t e  Franca i se  des Mechaniciens, 
Second Q u a r t e r ,  1955. 

J. Odier, "A Cont r ibu t ion  t o  t h e  Study of  t h e  Dynamics of Vehicles 
During Braking, " p resen ted  a t  t h e  Ninth I n t e r n a t i o n a l  Automobile Tech- 
n i c a l  Congress FISITA, I n s t i t u t i o n  o f  Mechanical Engineers,  London, 
England, 1962. 

M. blitschke, " ~ i r e c t i o n a l  S t a b i l i 5 y  and F r i c t i o n  U t i l i z a t i o n  During 
b a k i n g ,  I f  Automobiltechnische Z e i t s c h r i f t ,  Vol. 69, No. 3, 1967, pp. 
73-80. 

G.  k e l l e r ,  "Fading I n v e s t i g a t i o n s  on Motor Vehicle Brakes, I f  Automo- 
b i l t e c h n i s c h e  Z e i t s c h r i f t ,  Vol. 61, No. 8, 1959, p7.210-15. 

J.N.B. Percy, B a k e  Fade; A Brake Lining Tes t ing  Flachine and Some Pre- 
l iminary  Resu l t s  Report No. 1951/10, The Motor I n d u s t r y  Research As- - ,  
s o c i a t i o n ,  Lindley,  England, September 1951. 

J. b?, Herring, The Mechanism of Brake Fade i n  Organic Brake Linings,  
SAE Paper No. 670146, Soc ie ty  o f  Mechanical Engineers,  January 1967. 

W. M. Spurgeon and A. R .  Spencer, " ~ e l i a b i l i t y  and D u r a b i l i t y  of Auto- 
motive F r i c t i o n  Mate r ia l s ,  " Bendix Technical  Journal ,  Autumn 1967. 

F.P. Bowden and D .  Tabor, F r i c t i o n  and L u b r i ~ a t i o n ,  Methuen and Co., 
1967 . 
A.  humgarten,  " r ' r i c t ion  and Wear on Disch Brakes High S p e c i f i c  F r i c -  
t i o n a l  Loads, " Automobiltechnische Z e i t s c h r i f t ,  Vol. 71, No. 7 ,  1969, 
pp. 227-30. 



WFERENCES ( cont inued)  

K. C .  Ludema, "The E f f e c t  of Temperature and Deformation Rate on F r i c -  
t i o n a l  and Visco-Elas t ic  P r o p e r t i e s  of Polymers, " Ph. D. d i s s e r t a t i o n ,  
Univers i ty  o? Cambri'lge, England, August 196i;. 

J. F. Archard, " ~ l a s t i e  Deformation and t h e  Laws of F r i c t i o n , "  Royal 
Soc ie ty  o f  London. Proceedipgs,  S e r i e s  A,  Yathematical  and Phys ica l  
Science,  Vol. 243, Febrdary 11, 1955. 

0 .  Bode and H. Dorner, " ~ ~ x p e r i m e n t s  t o  Determine t h e  Optimum Design of 
Plotor Vehicle Brakes f o r  High Continuous Loading, " Deutsche ICraftfahrt-  
forschung unb Strassenverkehrstechnik,  -- No. 121, 1955. 

W. Bielecke,  " ~ h e r m a l  Analysis  of Plotor Vehicle-Fr ic t ion Brakes, " 
Automobiltechni sche Ze i t schr i f t ,  Vol. 58, No. 9, September 1956, pp. 
242-46. 

T.  P. Newcomb, "Transient  Temperatures i n  Brake Drums and Linings ,"  
I n s t i t u t i o n  of Mechanical Engineers,  No. 7 ,  1958-59, pp. 227-44. 

T.  P, Newcomb, "Thermal Aspects of Vehicle Braking, " Automobile En- 
g i n e e r ,  Vol. 50, No, 7 ,  J u l y  1960, pp.288-9:) and IVo. 8, August 1960, 
pp .326- j j .  

F. K. Bannis ter ,  " ~ r a n s i e n t  Tenperatures i n  Racing Car Brake Drums," 
Engineering,  Vol. 183, No. L748, !+larch 1957, pp . 3&-~8 .  

D. S i n c l a i r ,  " ~ o r a u e  Trans fe r  i n  Automotive Brakes," I n s t i t u t i o n  of 
Mechanical Engineers .  Proceedings, No. ?, 1962-63, pp. 263-70. 

T. P. Newcomb and N. X l l n e r ,  ' ' ~ o o l i n ~  Rates o f  Brake Drums and Discs,  'I  

I n s t i t u t i o n  o f  Mechanical Engineers .  - Proceedings, Vol. 180, P a r t  2A, 
1965-64. 

T. P. Yewcomb, " F r i c t i o n  Surface  Area Reouired i n  Brakes, " Engineering,  
Vol. 195, No. 50y, March 1963, pp.L2?-29. 

T .  P. Newcomb, "Flow of Beat i n  a Composite So l id , "  B r i t i s h  Journa l  of 
Applied Physics,  No. 10, May 1939, p p . 2 & - ~ 6 .  

W .  S t e i n h i l p e r ,   h he Time Var ia t ion  of Temperature i n  F a s t  Operated 
F r i c t i o n  Clutches  and Brakes," Automobiltechnische Z e i t s c h r i f t ,  Vol. 
63, No. 8, August 1963, pp.225-29. 



REFERENCES ( ~ o n t  inued)  

209. F. Kre i th ,  P r i n c i p l e s  of Heat - Transfer ,  I n t e r n a t i o n a l  Textbook Company, 
Scrant  on, 1965. 

2 1  T. P. Newcorib, "Determination o f  t h e  Area of F r i c t i o n  Surfaces  of Auto- 
motive Vehicles,  " Journa l  of Mechanical Engineer ing Science,  Vol. 2, 
No. 4 ,  December 1560, pp.312-24. 

211. D .  J. Evans and T. P. Newcomb, " ~ e m p e r a t u r e s  Reached i n  Braking When 
t h e  Thermal P r o p e r t i e s  of Drum o r  Disc Vary wi th  ~ e m p e r a t u r e , "  J o u r n a l  
of Mechanical Engineering Science,  Vol. 3, No. ', 1961, pp.315-17. 

212. A .  G. Fazekas, " ~ e m p e r a t ~ r e  Gradients  and Ifeat S t r e s s e s  i n  Brake Drums," 
SAE Transact ions ,  Vol. 61, 1553, pp. 8 9 - 3 0 8 .  

2 ,  W. D .  Soon, S. L. Smith, and P. A .  Bocking, "A D i g i t a l  Computer Tech- 
nique f o r  Eva lua t ing  Commercial Vehicle Brake Systems, " General  Motors 
Engineering Journal ,  4 t h  Q u a r t e r ,  1964. 

2 1  T .  P. Newcomb, " ~ r a n s i e n t  T e m ~ e r a t u r e s  At ta ined  i n  Disc Brakes, I '  B r i t i s h  
J o u r n a l  o f  Applied Physics,  Vol. 13, Ju ly  1959, pp.339-40. 

215. T .  P. Newcomb, "Temperatures Reacned i n  Dis: Brakes," J o u r n a l  of Me- 
c h a n i c a l  E n g i n e e r i z  Science,  Vol. 2, No. 3, 1960, pp. 167-77. 

216. H. R. Endres, "conversion o f  Energy i n  F r i c t i o n  ~ r a k e s , "  p resen ted  a t  
t h e  Second Conference on T r a f f i c  Safe ty ,  Hamburg, Germany, October 28 - 
Kovember 8, 1963. 

217. 3. Dorner, "~unf iamental  P r i n c i p l e s  f o r  t h e  C a l c u l a t i o n  o f  t h e  Braking 
P o t e n t i a l  o f  Motor Vehicle Brakes During Continuous and I n t e r m i t t e n t  
Appl ica t ion ,  " Deutsche Kraf t fahr t fo r schung  und Strassenverkehrstechnik, 
NO. 165, 1963. 

218. H. Dorner, " ~ o n t  inuous Braking of Motor Vehicles,  I '  Aut omobiltechnische 
Z e i t s c h r i f t ,  Vol. 60, No. 4 ,  1958, pp.95-99. 

219. K.  Mil lsap,  mi eat Trans fe r  by Laminar Flow from a Rota t ing  P l a t e , "  
Journa l  of t h e  Aeronau t ica l  Science,  February 1952, pp. 120-26. 

220. P. D. Richardson and 0. A .  Saunders, " s t u d i e s  o f  Flow and Heat Trans fe r  
Associa ted wi th  a Rota t ing  ~ i s c , "  Journa l  of Mechanical Engineering 
Science,  Vol. 5 ,  No. 4 ,  1963, pp.336-42. 



REZERETCES ( Continued) 

221. R .  C .  Parker and T .  P. Newcomb, The Performance and Charac t e r i s t i c s  of 
t h e  Disc Brake, SAE Paper No. 5 5 6 ~ )  Socl?ty of Automotive Engineers, 
Apr i l  1964. 

222. J. L. Winge, Disc Brakes for  American Cars, SAE Paper No. 5593, Society 
of Automotive Engineers, March 1363. 

221. F.A.E. Martin, "Temperature Measurements on a Truck Brake, I '  Automobil- 
ismo, &lay-June 1966, pp 361-72.  - 

224. S. K.  Rhee, e t  a l . ,  An I n e r t i a l  Dynamometer Evaluation of Three Alloys 
f o r  Automotive Drums, SAE Paper No. 700138, Society of Automotive En- 
gineers ,  January 1370. 

225. R .  M, Rusnak, -- e t  a l . ,  A Comparison by Thermal Analysis of Rotor Alloys 
f o r  Automobile Disc Brakes, SAE Paper No. 730137, Society of Automotive 
Engineers, J anua r j  197 0.  

226. R .  A .  ~hzechuk,  New Devices t o  Ass is t  i n  F r i c t i o n  Mater ial  Development, 
SAE Paper No. 670512, Society of Automative Engineers, May 1967. 

227. P. G. Wil ler ,  Brake Drums Designed f o r  C o m p a t i b i l i t ~ ,  SAE Paper No. 
670500, Society of Automotive Engineers, May 1967. 

229. H. Eruan, -- e t  a l . ,  "~empered Cast and Gray Cast I ron  a s  Brake Mater ial  
f o r  Automotive U S ~ ,  " Automobiltechnische Ze i t s ch r i f t ,  Vol. 68, No. 5 ,  
pp.187-91, and Vol. 58, No. 12, pp.L22-27. 

229. H. T .  Angus, e t  a l . ,  "Condition Leading t o  Fa i lu re  of Cast I ron  Brakes," 
Metals and Mater ials ,  January 1967, pp .18-28. 

230. 0 .  Smalley,  rake Drurns, " Metals and Alloys, February 1942, pp. 256-62; 
March 1942, pp.103-11: Apri l  1942, np.595-35. 

231. V. A .  Crosby and G. .4. Tirnmons, " ~ e t a l l t l r ~ i c a l  Aspects of Brake Drums 
f o r  Heavy. Duty Service, " The Foundry ----) 1940, pp .32-34, 83-54. 

23 2. Youngdahl and Sternberg, " ~ r a n s i e n t  Thermal S t resses  i n  a Ci rcu lar  
Cylinder, " ASME -- Journal  - --- o f  Applied !vlechanics, 1961. 

233. T. R .  Hsu, " ~ r a n s i e n t  Thermal S t resses  on a F in iL ,e  Disk Due t o  a Con- 
t inuous Point Heat Source, " Transa-tion of t h e  ASME, Ma:< 1970, pp. 

357-65. 



REF'ERENCES ( ~ o n t  inued) 

234. E .  W .  Parkes, "The S t r e s ses  i n  a P la t e  Due t o  a Local ~ o t s p o t , "  A&- 
c r a f t  Engineering, Vol. 29, No. 3, 1957. 

235. G. Horvay, "Transient Thermal S t r e s ses  i n  Ci rcu lar  Disks and Cylinders,  " 

American Society of Mechanical Engineers, Vol. 76, No. 7 ,  1954. 

236. H. Hasselgruber, "On t h e  Calcula t ion  of Thermal S t r e s ses  i n  Brake Drums 
of Motor Vehicles During Braking t o  a Stop," Automobiltechnische 
Z e i t s c h r i f t ,  Vol. 56, No. 2, February 1 9 9 ,  pp.47-50. 

277. M. M. Filonenko-Boroditsch, S t r e s s  Calculat ions,  Vol. 11, Verlag Tech- 
nik,  Berl in ,  1953. 

238. Component Degradation Braking System Performance, F i n a l  Report, Con- 
t r a c t  FH-11-6964, prepared f o r  t h e  National Highway Safety Bureau, by 
TRW, Redondo Beach, Cal i forn ia ,  December 30, 1969. 

239. A.  J. Bolwell, "cam-Operated Drum Brake Loads Brake Shoes Equally," 
Design News, Vol. 22, Ju ly  19, 1967 . 

240. J. W .  Kourick, Wedge Brake Versus Cam Brake-Theoretical Comparison, 
SAE Paper No. 9 4 ~ )  Society of Automotive Engineers, October 1964. 

241. E .  J. Beatty, Wedge Brakes Versus Cam, Brakes-Road Test Comparison, 
SAE Paper No. 9 4 1 ~ )  Society of Automotive Engineers, October 1964. 

242. H.  Dorner, " ~ h e r m a l  Comparison Tests  on Disc and Drum ~ r a k e s , "  Auto- - 
mobiltechnische Z e i t s c h r i f t  , Vol. 63, No. 1, 1961, ~ p .  18-26. 

243. H. Klaue,  he Self-Energizing Disc Brake i n  P r a c t i c a l  Operation, " 

Automobiltechnische Z e i t s c h r i f t ,  Vol. 60, No. 4 ,  A p r i l  1958, pp.105-06. 

244. H. Klaue, " ~ i s c  Brakes wi th  Convection Brake Housing, " Automobil- 
technische Z e i t s c h r i f t ,  Vol. 65, No. 9, September 1963. 

243. E .  Meier, " ~ x p e r i e n c e s  wi th  Cal iper  Type Disc Brakes i n  Motor ~ e h i c l e s , "  
Automobiltechnische Z e i t s c h r i f t ,  Vol. 59, No. 9, September 1957, pp. 

250-55. 

246.  rum Brakes Will Live On, " The Commercial Motor, Vol. 102, No. 2625, 

September 1955, pp. 128-31. 

247. P. Koessler,  "44 Fac ts  About Brakes, " Automobiltechnische Z e i t s c h r i f t ,  
Vol. 54, No. 3, 1952, pp.110-11. 



FZFERENCES ( Continued) 

Engineer ing Handbook, Bendix-Westinghouse, Automotive A i r  Brake Com- 
pany, E l y r i a ,  Ohio, September 1948. 

Technical  Data, Bendix-Westinghouse, Automotive A i r  Brake Conrpany, 
E l y r i a ,  Ohio, No. 15-1, January 1968, pp. 1-3. 

G. P. Mathews, A r t  and Science of Braking Heavy Duty Vehicles,  SAE 
Paper No. Sp-251, S o c i e t J ~  of Automotive Engineers,  January 1964. 

0. Bode and H. Meyer, " ~ x p e r i m e n t s  f o r  t h e  Determination o f  Character-  
i s t i c s  f o r  t h e  Di rec t  Brake Tes t ing  of Motor Vehicles,  " -- Deutsche 
Kraf t fahr t fo r schung  und Strassenverkehrstechnik,  No. 96, 1956. --- 

" b s i c  Brakes," SAE Journal ,  Vol. 64, No. 6, June 1956. 

"Disc Brakes f o r  Motor Vehicles ,"  The Engineer, November 25, 1966. 

F. J. Bradbury and F. G .  P a r n e l l ,  " ~ i s c  Brakes f o r  Motor v e h i c l e s , "  
Engineering,  Vol. 200, No. 5209, November 25, 1955, pp.722-73. 

V. Arpaci ,  Conduction Heat Trans fe r ,  Addison-Wesely, Reading, Massa- 
c h u s e t t s ,  1966. 

H. Brinkmann and S. Genz, "The In f luence  o f  V e n t i l a t i o n  Openings i n  
Commercial Vehicles on t h e  Convective Cooling o f  T i r e s ,  R i m s ,  and Brake 
Drums, " Automobiltechnische Z e i t s c h r i f t ,  Vol. 70, No. 10, 1968, pp. 

355-57 

0.  Liege1 and H. Bosselmann, Strassenverkehrs-Zulassungs O r d n u ~ ,  
Kirschbaum Verlag, Bad Godesberg, Germany, May 1965, PP. 213-42. 

"Commercial Vehicles-Engineering and Operation,  " I n s t i t u t i o n  -- of 
Mechanical Engineers,  London, 1967, pp. 153 -7 6 .  

S. K. Rhee, 9. M. Rusnak, and IV. M. Spurgeon, A Comparative Study of 
Four Al loys  f o r  Automotive Brake Drums, SAE Paper No. 593443, Soc ie ty  
o f  Automotive Engineers,  1969. 

F ranc i s  J. Markey, ma he Importance o f  Heavy Duty Brake F l u i d  t o  Safe 
Motoring," Chemical S p e c i a l t i e s  Manufacturers Assoc ia t ion .  Proceedings,  - 

Paper No. 4 3 ~ )  December 1956. 

"Rrake Spider  Mounting-SAE 3664," - 1968 SAE Handbook, Soc ie ty  of ~ u t o -  
motive Engineers,  1968, p.887. 



REFERENCES ( cont inued)  

262. A .  Ker, Brake F l u i d s  w i t h  Low Moisture Avid i ty ,  SAE Paper No. 680006, 
Soc ie ty  o f  Automotive Engineers,  1968. 

263. R, W. S h i f f l e r ,  - -  e t  a l . ,  A Look a t  New Types of Brake F l u i d s ,  SAE Paper 
No. 690007, Soc ie ty  of Automotive Engineers,  1968. 

264, D .  H. Hanson and S. W .  Corye l l ,   rake F l u i d  and Proper Brake Main- 
tenance,"  Chemi2al S p e c i a l t i e s  Manufacturers Assoc ia t ion .  Proceedings,  
Paper No. 47A, December 1960, pp.90-99. 

265. G. F. Sharrard  and D. H. Hanson, " ~ f f e c t  of Va te r  i n  Automotive Brake 
S y s t e m ,  " Chemical S p e c i a l t i e s  ~%nufac tu re r s  - Assoc ia t ion .  Proceedings,  
Paper No. 43A, December 1965, pp.80-83. 

266. C .  Toennies,  h he Time Dependent Braking of a Vehicle,  " Automobil- 
t echn ische  Z e i t s c h r i f t ,  Vol. 5 8 ,  No. 9, September 1956, pp.261-65. 

267. Ot to  Bode, "Brake Tes t ing  Procedures,  " Automobiltechnische Z e i t s c h r i f t  , 
Vol. 56, No. 10, October 1954, pp.278-93. 

268. N. Carpenter  and A .  P. Lees, " ~ u t o m o b i l e  Brake Usage Under P r a c t i c a l  
c o n d i t i o n s , "  I n s t i t u t e  of t h e  Motor Indus t ry .  Proceedings,  Rome, 1956, 
pp.  1-13. 

269. G.  Mueller ,  " ~ a d e  Tes t s  w i t h  Motor Vehicle Brakes, " Automobiltech- 
n i sche  Z e i t s c h r i f t ,  Vol. 61, No. 8, August 1959, pp.210-15. -- 

270. G. Mueller, " ~ r a c t i c a l  Brake Tes t s ,  " Automobiltechnische Z e i t s c h r i f t ,  
Vol. 60, No. 4 ,  1938, pp.89-93. 

271. R .  D .  L i s t e r ,  "Brake Performance ~ e a s u r e m e n t  , " Automobile Engineer,  
Vol.  49, No. 7 ,  J u l y  1959. 

2 R.  T .  Spurr and T.  P. Newcomb, "Test ing o f  Commercial Vehicle Brakes," 
p resen ted  a t  t h e  1 2 t h  I n t e r n a t i o n a l  Congress FISITA, Barcelona, May 
19-28, 1968. 

273. D.  M. Frood, D .  K .  h c k e n z i e ,  and T. P. Newcomb, "Brake Usage i n  a 
Heavy Vehicle ,"  I n s t i t u t i o n  of Mechanical Engineers Automotive Divis ion,  
December 29, 1561. 

274. R .  H. Noore, Heavy Duty Brake Maintenance and Brake Balancing Procedures,  ---- ---  
SAX Paper No. 209, Soc ie ty  of Automotive Engineers ,  1954. 



REFEriENCES ( continued) 

275. R .  J. Morse, - Brake System Performance a t  Low Operating Pressures ,  
SAE Paper No. 700512, Socie ty  of Automotive Engineers,  A.lay 1970. 

276. R .  R.  Svenson, Foundation - Brake Performance. SAE Paper No. 700513, 
Soc ie ty  o f  Automotive Engineers,  May 1970. 

277. R.  K. Super, Basic Maintenance Requirements f o r  Comxercial Vehicles,  
SA3 Paper No. 202, Soc ie ty  of Automotive Engineers, 1954. 

278. R .  A. !hepf r i ch ,  Brake Maintenance Pays, SAE Paper No. 203, Soc ie ty  of 
Automotive Engineers,  1954. 

279. W. Tauss, Brake Maintenance and - Brske Development, - SAE Paper No. 582, 
Soc ie ty  of Automotive Engineers,  February 27, 1958. 

280. S. Johnson, Pneumatic Aspects of Brake Balancing, SAE Paper No. 205, 
Socie ty  of Automcltive Engineers,  1954. 

281. J ,  E .  Nelson, Vehicle Brske Performance Evaluation,  SAE Paper No. 
700514, Socie ty  of Automotive Engineers,  May 1970. 

282. P. R. J. L%rding, "Decelera t ion Measurement, " Automobile - Engineer, Vol. 
51, No. 5, Ivlzy 1961, pp.172-79. 

283. Horsepower Rating of Highway Commercial Vehicle Brake Systems (Snub 
Test  Procedure) ,  R e p o ~ t  of t h e  J o u r n s l  of Automobile Manufacturers 
Assoc ia t ion  and TTM Brake Committee (Revised) , Motor Truck Divis ion,  
Automobile Manufacturers Associa t ion,  September 1967. 

284. T. Spurr, " sub jec t ive  Assessment of Brake Perf~rrnan~ce,  " Automotive --- 
I n d u s t r i e s ,  Vol. 55, No. 10, January 1956, pp.393-95. 

283. W. 0 .  Robbins and L. L .  Beaham, Truck Brake Tes t ing  Procedure, SAE 

Paper No. 4 7 1 ~ )  Socie ty  of Autornotiv2 Engineers, January 1962. 

286. Braking Regulations f o r  Motor Vehicles,  T r a i l e r s ,  and Mopeds, 
~ / ~ r a n s I d ~ - 2 9 / 1 5 l / ~ e v  2, Econornic Commission f o r  Europe, In land Trans- 
p o r t  Committee, m y  23, 1967. 

287. D. P. Fisher ,  The Why and How o f  Rating Commercial Vehicle Brakes, 
SAE Paper No. 3 6 4 ~ )  Socie ty  ol" Automotive Engineers,  1961. 

288. Serv ice  Brake System Perforrnanc e Requirements f o r  Automotive Vehicles,  
SA.E Paper No. SP-299, Soc ie ty  of Automotive Engineers,  January 1968. 



REFERENCES ( Continued) 

289. "Servi<:e Zirake System Performance Reauirements-Truck and &IS-SAE 
J992," 1969 SA3 Handbook, Socie ty  of Automotive Engineers, 1969, 
pp.99-315. 

29C. - -  Truck 3 a k e  Tests  P repared f o r  t h e  Virginia  'Itain T r a i l e r  Study Com- 
miss ion by t h e  Virginia  Highway Users Associa t ion,  March 1969. 

2 1  G.  P. !&thews, "~oad-Torque Analysis i s  Basis f o r  Legal Stop A b i l i t y  
Design," SAE Journal ,  Vol. 72, go. 1, January 196L. 

292. Y. Kruegel and H.  Weber,  he C o n s t r ~ c t i o n  C h a r a c t e r i s t i c s  of S t a t i o n -  
a r y  3rake Test  Stands and Their  Present S t a t e  of t h e  A r t , "  Deutsche 
Kraf t fahr t forszhung und S t r a s s ~ n v e r k e h r s  technik,  No. 179, 1965. 

293. H. J.3. S-tarks, - The ---- Braking Performance of Motor Vehicles and Brakg 
T e s t a ,  Road Research Laborator ies ,  Midllesex, England, 1953. - 

294. A. J, Wilson, 7 .  G. Belford, and G. T. Bo~rs52r, " ~ e s t i n g  l?llachines f o r  
Scale Vehicle Brake ~ n s t a l l a t i o n ,  " The Engineer, Vol. 225, No. 58@, 
February 25, 196i?,, pp ,317-23. 

293. A .  J. Wilson, W. G. Belford, and G. T.  h a h e r ,  "Scaled Vehicle Brake 
Ins  ta l1 ,z t ions  for  F r i c t i o n  % t e r i a l  Assessment, " Lucas Engineering 
Review Vol. 4, No. 1, January 1965, pp.lb-25. 
-) 

36. P. Koessler,  '"Testing of F r i c t i o n  P a i r s  f o r  Conventional Motor-Vehicle 
Brakes," Deutsche Kraf t fahr t forschung und Strassenverkehrstechnik, 
No. 98, 1955. 

297. P. Koessler and G. !Iollmann,, "one Year o f  O f f i c i a l  Test ing of Motor 
Vehicle Brake Linings,  " Autornobiltechnische Z e i t s c h r i f t ,  Vol. 61, 
No. 4, 4ugust 1359. 

292. Y, I. Kosterin,  g. ,   he Work of F r i c t i o n a l  Forces i n  Vehinle Brake 
blechanisms and I t s  Reproduction i n  Bench T e s t s ,  " Avtomobil'naya Promy- 
shlennost  ' , IJo. 1, January 1967, pp. 21-24. 

299. 9. L. Levenstern, "&nch Tests  on Brake ~ i n i n ~ s ,  " Avtornobil'naya 
Promjrshlennost ' , No. 7, Ju ly  1959, PP. 15-19. 

300. 4 .  E .  Anderson, S .  Cirat-h, and 11. P. 'iiayes, A Ne$ Laboratory F r i c t i o n  
and Wear Test  f o r  t h e  Charac te r iza t ion  of Brake Linings,  SAE Paper No. 
570079, Socie ty  of Automotive Engineers, January 1,367. 



REFERENCES (Continued) 

R .  A. Goepfrich, Proposed Legislation-Its Effect  on Hydraulic Brake 
Systems, SAE Paper No. 650495, Society of Automotive Engineers, May 1963. 

Minimum Standards f o r  School Buses, Revised Edition, National Education 
Association, 1964. 

G. Pocci, The Problem of Road-Vehicle Braking Considered from the Point 
of View of Technical Regulations, Eighth In te rna t iona l  FISITA Congress, 
Preprint  C-2, 1960. 

SAE hndbook, Society of Automotive Eng in~e r s ,  1968, pp. 6 4 - 9 6 ,  

S. C.  Tignor, "Braking Performance of Motor Vehicles a s  Found Opersting 
on Public ~ i ~ h w a y s ,  " SAE Transactions, Vol. 73, 1965. 

E .  T. Andrews, Current and Proposed Legislation-Its Ef fec ts  on Com- 
mercial - Vehicle A i r  Brake .- System Development, SAE Paper No. 550496, 
Society of Automotive Engineers, May 1965. 

R .  K. Super, Emergency Braking Systems fo r  School Buses, SAE Paper No. 
650716, Society of Automo-tive Engineers, October 1965. 

R. C .  Buehler, Vehicle Braking Systems Can Be Safer, SAE Paper No. 
670283, Society of Automotive Engineers, April 1967. 

P. G. Hykes, Truck Downhill Control-Prediction Procedure, SAE Paper 
Ho. 63OA, Society of Automotive Engineers, January 1963. 

R. E.  Dix, Parking Requires Brakes, Too, SAE Paper No. 3 9 6 ~ )  Society 
of Automotive Engineers, September 1961. 

" ~ o m e r c i a l  Vehicles on Winter Surfaces," Traf f ic  Safe&, Vol. 69, 
No, 2, February 1969. 

J. H, King, "~orsepower Rating f o r  Commerzial Vehicle ~ r a k e s , "  
Transactions, Vol. 68, 1960, pp.646-52. 

R .  L ,  Wehe, "Brake Rating fo r  Automo Live vehicles,  " SAE Transactions, 
Vol. 65, 1957, pp.219-31. 

C . C . Saal, "A P rac t i ca l  Stopping AbilZty Regulation, " SAE Transactions, 
Vol. 64, 1956, pp.229-40. 



1 .  R. AhnorlA,   he Inf luence  of Regulation on t h e  Development o f  A i r  Brake 
S;.stems f o r  Combination Vehicles ,"  presented a t  t h e  Cana:iian F lee t  
blaini;s:rlan?e Serni~i%r, Toronto, Canada, October 3, 1965. 

316. "3ervice  Brake System Performance Sequirements-Trilck and 31s-SK J992,11 
SAX 3andbooB Soc ie ty  of Automotive Engineers,  1968, pp. e91-92. ---.-J 

317. 3. S t r i e n ,  "Dual Brake Systems," Automobiltechnische Z e i t s c h r i f t ,  Vol. 
70,  fio. l o ,  13ct3Se?.- 1943, pp.339-11-3, 

31n). A i r  Brakes on Trucks, ---_ BL~ses and T r a i l e r s  Nat ional  Hiqhvaj Safety  
Sureau, DCT 4: CFR, P a r t  1, Docket Nos. 70-16~17, June 2'5, 1970. 

1 H. Perr ing,  " ~ u t u r e  Commercial Vehicle Braking Requirements, " The 
Commercial blotor, Vol. 120, No. 3084, September 1964. 

32C. H. Kleinan, Technical  Regulations f o r  Motor Vehicles,  Er ich  Schmidt 
Verlag, Ber l in ,  Germany, 1966. 

2 E .  G. V a l l i n ,  L e g i s l a t i v e  E f f e c t  on Srake Design, SAE Paper No. 
630017, Societir of Automotive Engineers,  January 1968. 

2 .  W .  Hauer, "3i? Gestaengelose Handbremse i n  ~ u t z f a h r z e u g ,  " Automo- 
b i l t e c h n i s c h e  Z e i t s c h r i f t ,  Vol. 69, nTo. 7,  1967, pp.217-20. 

325. " N ~ X  D e t a i l  Developments on Disc Brakes, I '  A u t o m o b i l - I ~ d u s t r i e ,  Vol. 
13, No. 1, Pebruary 1968, pp.65-70. 

324. G. h r t m a n n ,  "Automa ti;: Brake A d j u s t i x  on Commercial Vehicles,  " 

Automobiltechnische Z e i t s c h r i f t ,  Vol. 71,  No. 9, 1969, pp ,332-33. 

I t  - 325. H. G. Dugoff, -- e t  a l . ,  Jeh ic le  Perfornance Simulation,  Appendix B, " 

Vehicle L%ndling -- ----> Test Procedures Contract  No. FZ-11-72??) prepared 
f o r  t h e  Ya t iona l  Highway Safe ty  Bureau, U.S. Department of Transpor- 
t a t i o n ,  by t h e  Highway Safe ty  Research I n s t i t u t e ,  The Univers i ty  of 
Michigan, November 1970. 

326. P. bf. Leuchf,, D i r e c t i o n a l  Djnamics of t h e  ~ r a c t o r - S e m i t r a i l e r  Vehicle,  
Ph. D.  d i s s e ~ t a t i o c ,  The Univers i ty  o f  Michigan, 1970. 

327. G. W. Y a r b e ~  2nd 5. B. .4 i rhear t ,  Control led  Rotat ion of B~akecl Yheels,  
SAE Paper No. 700113, Soci?t;r o f  Automotive Engineers,  January 197C. 



REFEREIJCES ( Concluded) 

328. H. Dugoff and R. N. blurphy, The Dynamic Performance of  A r t i c u l a t e d  
Highwajdehizles-A 3eview of  t h e  Sta te-of- the-Art ,  SAE Paper No. - 
710223, Soc ie ty  of  A u t o m ~ t i v e  Engineers,  January 1971. 

329. H. Dugoff, L. Segel ,  and R .  D .  Ervin,  Measurement of  V e h i d e  Response -- 
i n  Severe Braking and S t e e r i n g  Maneuvers, SAE Paper No. 710080, Soc ie ty  
o f  Ailtomotive Engineers,  January 1971. 






