
MOTORCYCLE 3RAKIFIG PERFL7RbIAXCE 

C o n t r a c t  N u ~ b e r  DOT-HS-5-01264 

Appendix A 

Rober t  D.  E r v i n  

Char1 es C .  I,lacF.dam 

Yosh ino r i  :p!atanabe 

Highway S a f e t y  Research I n s t i t u t e  
The U n i v e r s i t y  o f  M ich igan  

December, 1 976 



P r e p a r e d  f o r  t h e  3 e p a r t m e n t  o f  T r a n s p o r t a t i o n ,  
N a t i o n a l  Highway T r a f f i c  S a f e t y  Admini s t r a t i o n  
u n d e r  C o n t r a c t  !lo. DOT-HS-5-01264. The o p i n i o n s ,  
f i n d i n g s ,  and c o n c l u s i o n s  e x p r e s s e d  i n  t h i s  
p u b l i c a t i o n  a r e  t h o s e  o f  t h e  a u t h o r s  and n o t  
n e c e s s a r i l y  t h o s e  o f  t h e  Fla t ional  tliahviay T r a f f i c  
S a f e t y  Adni n i  s t r a t i o n .  



T u h n ~ c o l  Roport Documentot~on Page 
- - - - - - - - ---- -. 

Gov.r--t Ac<*ss~om No I. R.PO,I No 3 R*rnp*rnt s Cololog N o  

UM-HSRI-76-30-3 
- - - . - - - - - - - - - - . . . 

4 1011. and Sub~atl* 5 R.po,t Oat. 

December 1976 
MOTORCYCLE BRAKING P E R F O R M A N C E  -- -- ---- 

6. Pn fo rn f ing  O v g o n ~ r a t ~ o n  Code I 

A s tudy  was conducted t o  eva lua t e  t h e  e x i s t i n g  Federal Motor Venicle 
Sa f e ty  Standard f o r  blotorcycle Braking Sysienls and t o  develop an a l t e r r , a t ?  
tes t  methodology which r e so lve s  c e r t a i n  shoricomi ngs t h e r e o f .  F u l l  - scai  e 
veh i c l e  t e s t s  were conducted,  pe r  the  e x i s t i n g  s t a n d a r d ,  and t h e  
a l t e r n a t e  t e s t  concept was developed and demonstrated.  The s tudy f i n d s  
t h a t  a procedure involving a process of towing t h e  t e s t  motorcycle does 
r ep r e sen t  a v i a b l e  approach sui  tab1 e f o r  adap t a t i on  i n  a next-generat ion 
r u l e  concerni ng motorcycle braking performance. 

7 A " h 0 r ' l )  Robert D .  Ervin ,  Char les  C .  MacAdam, 
and Yoshinori Watanabe 

9. P*rformdng O,gmtzot~on Ham. m d  Address 

Highway Sa fe ty  Research 1 n s t i  t u t e  
The Univers i ty  of Michi an 
Huron Parkway & Baxter  8oad 

-Ann Arbor, Michiqan 48109 
I ?  Sponsortnp Agency HP* md A d d r * ~ ~  

National Highway T r a f f i c  Sa f e ty  Adminis t ra t ion 
U .  S .  Department of Transpor ta t ion  
Washington, D . C .  20590 

I 

8. P*rforc*ng O r O r n < z o ~ ~ o n  Rmport No 

UM-HSRI-76-30-3 
10 Work Unvt N o  (TRAIS) 

I I Conrrsct O, t r o n t  HO 

DOT-HS-5-0126d 
I 

1 3 .  o f  Report and Pmrood Covered I 
Final i 

7/75 - 10/76 
14. Sponrortng Agency cod. 

I 

Forn DOT F 1700.7 (8-72) Roprobctimn of corpletrd pope outhorixrd 

17. Words 

motorcycle ,  b r akes ,  tow-tes t , 
e f f e c t i v e n e s s ,  f ade ,  rulemaking 

! 
I 

18. Dishibuhon S r a c ~ m t  I 
UNLIMITED i 

! 

19. k c u d t y  C1.sstf. (o f  *IS v w t )  

NONE 
m. kar.19 Classif. (of h s  pop.) 

N O N E  



TABLE OF CONTENTS 

APPENDIX A . 2 .  R I D E R  S K I L L  S E N S I T I V I T Y  TEST DATA ( B A P G ) .  . . . . 139 

APPENDIX B .  KAWASAKI F 9 C  AND HARLEY-DAVIDSON F X E - 1 2 0 0  
DEMONSTRATI ON TOi4-TEST DATA . . . . . . . . . . . 245 

APPENDIX  C .  D E S C R I P T I O N  OF TOW-TEST HARDWARE. . . . . . . . . 293 

APPENDIX D. COMMENTS OF MOTORCYCLE M4MUFACTURERS 
CONCERNING EVOLUTION OF BRAKE TECHNOLOGY. . . . . 307 

APPENDIX  E .  A N A L Y T I C  DEVELOPMENT OF THE TOW-TEST 
CONCEPT . . . . . . . . . . . . . . . . . . . . .  337  

APPENDIX  F. COMBINED S L I P  TRACTION DATA OF 
MOTORCYCLE T I R E S .  . . . . . . . . . . . . . . . . 355 



APPENDIX A. l  

FMVSS 122 TEST DATA (BAPG)  

The t e s t  da ta  appear ing  i n  t h i s  appendix r e p r e s e n t s  t h e  

conduct  o f  t h e  FMVSS 122 t e s t  p rocedure  a t  t h e  Bendix Automot ive  

P rov ing  Ground (BAPG) t e s t  f a c i l i t y  near  South B m d ,  I n d i a n a .  

The t e s t s  were conducted on each o f  t h e  f o u r  t e s t  :motorcycles 

by t h e  Bendix s t a f f .  A  p r o f e s s i o n a l  r i d e r  was employed f o r  a1 1  

p o r t i o n s  o f  t h e  t e s t i n g  b u t  t h e  b u r n i s h  procedure, 

The t e s t  l o g  sheets  wh ich  f o l l o w  p r e s e n t  t h e  d a t a  i n  t h e  

sequence s p e c i f i e d  by FMVSS 122: 

Pre-Burn ish  ( 1  s t )  E f f e c t i v e n e s s  

F u l l  system ; 30 and 60 rnph 

F r o n t  o n l y  ; 30 and 60 mph 

Rear o n l y  ; 30 and 60 mph 

B u r n i s h  Frocedure 

2nd Ef fec t iveness  

F u l l  system ; 30, 60, 80, t o p  

Fade and Recovery 

F i n a l  E f f e c t i v e n e s s  

F u l l  system ; 30, 60, 80, t o p  

F r o n t  o n l y  ; 30, 60 

Rear o n l y  ; 30, 60 

Water Recovery 

The f o l l o w i n g  paragraphs a r e  p r o v i d e d  to c l a r i f y  and d e f i n e  

t h e  column headi  ngs : 



Columns 1-2 show maxiniuni f r o n t  and r e a r  b r a k e  a c t u a t o r  

f o r c e s  ( l b )  ach ieved d u r i n g  t h e  e n t i r e  s t o p .  

Colunlns 3-4 show i n i t i a l  speed a t  t h e  t ime o f  t h e  brake 

a p p l i c a t i o n .  Column 4 i s  t h e  speed i n  f t j s e c ;  column 3 t h e  

d i g i t a l  meter  e q u i v a l e n t  as d i s p l a y e d  t o  t h e  r i d e r .  

Columns 5-8 show s t o p p i n g  d i s t a n c e  and c o r r e c t i o n  f a c t o r  

e f f e c t s .  Column 5 i s  t h e  cha l  k -mark - to -s top  measurement; 

column 6-7 t h e  c o r r e c t i o n  e r r o r  and d i s t a n c e  due t o  d e l a y  i n  

t h e  c h a l k  gun f i r i n g  mechanism; column 8 t h e  f i n a l  c o r r e c t e d  

s t o p p i n g  d i s t a n c e  accoun t i ng  f o r  i n i t i a l  v e l o c i t y  v a r i a t i o n s  f rom 

t h e  nomina l .  

Columns 9-10 show f r o n t  and r e a r  b rake  tempera tures  ( O F )  

j u s t  p r i o r  t o  t h e  brake a p p l i c a t i o n .  

Data s e t s  f o r  each o f  t h e  f o u r  b i k e s  f o l l o w -  Data p l o t s  

f o r  t h e  f u l l  system t e s t s ,  wh ich  summarize t h e  t a b u l a r  l i s t i n g s ,  

a r e  i n c l u d e d  a t  t h e  end o f  t h e  append ix .  































/5 r- REBURNISH TEST 
VEHICLE NO. : / 1.. . " , 

TEST NO. : 

DATA TAKEN FROM: VISUAL READOUT - TAPEREADOUT DATE / - ' - J PAGE of 
ODOM: FINISH STAYT TOTAL MILES / 7 AME, TEMP. : WX, “4 M I N  , 
DRIVER : 

With the vehicle at load& test weight, conduct 35 s ~ o p s , 2 0 - 0  inph at 12 fpsps, Stop  interval to be the distance necessary 
to maintain initial brake temperature between 1 3 0 " ~  and /so0~ or the distance of 1 mile, whichever occurs first. Make Stops 
d m  c~bru Record initial brake temperatures endhndd?3;? forc&, 

t- o , ~ ' u c ~ ) c ~ ~ .  *L idT / D  > F&r 7a &4e & , 6 g i i r ~ n , , a ~  ) 

SPECIAL INSTRUCTIONS: 

REMARKS : -- 















~ L ~ K I L  E F F E C T I V E N E S S  TEST 
VEHICLE NO, : # 

TEST NO. : - 
DATA TAKEN FROM: VISUAL READOUT TAPE READOUT DATE 1 ,J- : 1 PAGE of 
ODOM: F I N I S H  START TOTAL M I L E S  AMB, TEMP. : MAX. 9' 2- M I N  , 
WIND: VELOCITY 7 DIRECTION .< cl D R Y E X  k + / / ) ~ / c . ~ )  OBSERVER 
TEST LOCATION S K I D  NO, 

S e t  t i res  t o  s p e c i f i e d  pressure.  W i t h  v e h i c l e  a t  loaded test  w e i g h t  and CLJTCH D ~ S ~ N ~ ~ M D ,  conduct 6 s t o p s  f r o m  3<7 m p h  
0 0 

w i t h  initial brake t e m p e r a t u r e  b e t w e e n  WO F t o  !SO F, , G ~ & s r & ~ f ? ? / c ~ ~ W t / f & ~ r  70 Em# ~ i ~ j w P E @ f l ~ i / R u '  SI-30 h d ~ y  ,PC' (*li;r///-J 

/O  i & a r r  . ~ c r u f i  roe ~ ~ c t '  ~//cl/rs M ~ E  a -* a Rme A>P/OL ~ d , e c g  L,-/.~S /jr& /d  &, 90 Lf 
fEsr R e ~ u l e t 5 . 4 ~ ~  &?-- m. &%,oprd& 3 I-STANLG* 

NO VEHICLE I N  f * LUX: YES 
REMARKS : 



' L ZFFECTWEP\rESS TEST 
V E H I C L E  NO,: )J-LJ 

T E S T  NO. : 

DATA TAKEN FROM: VISUAL READOUT TAPE READUU'T DATE . I -  PAGE o f  
I 

ODOM: F I N I S E  START TOTAL M I L E S  AMB. TEMP. : MAX. I/Z MIN . 
WIND: VETBCITY 

.-) 

,- DIRECTION , 7 ( >  DrCIVER OBSERVER 
TEST LC)CATION S K I D  NO. 

S e t  t i r e s  t o  s p e c i f i e d  p re s su re .  With v e h i c l e  a t  igaded t e s t  w e i g h t  and U d T c H  DISKk~i lKo~conduCt  6 s t o p s  from d@mph 
w i t h  initial Erake tempera ture  between DOOF t o  I50 F, ;:/&ST ~ P / ~ / C H ~ ~ M F & ' & M ~  YG R66R 7 - 2 3 ~ ~ 2 & / 3 7 i / & ~  s W D  & ( ~ J S T  2; ( * / i rM/ r /  
/O @Fa  fkm7- 4~r~fin.c ,CO~CC- L,A/.TS 4e.c s-*;~d S ~ b T ,  Rme A?PA~. F & , ~ E -  ~ i - ~ # ~ s  / d L t  & 9 0 e  , 
7 ' 2 3 ~ -  R e g u ' r z e . + ~ q - :  .L, FT. ~ro,op, .d& O I S T A N L G ~  

/'-NO VEHICLE XN 5' LANE: YES - 
REMARKS : 









- ,-/e~ EFTfiCTIIrENE5S TEST 
VElIICLE NO. : /As  ,, 

TEST NO. : 

DATA TAKEN FROM: VISUAL READOUT ' TAPE READOW- DATE ,/(9 -/ ' PAGE of  
ODOY: F INISH START TOTAL MILES AMB. TEMI?.: MAX. - ,-.> MIN, , - 
VIND: VELOCITY 2 DIRECTION - I L. DRIVER. !>, # I - ,  9 A / :  OBSERVER 
TEST LOCATION SKID NO. 

S e t  t i r e s  t o  s p e c i f i e d  p r e s s u r e .  With v e h i c l e  a t  Loaded test weight and Ct-UTCM DISK~;l&eZ~,conduct 6 stops f r o r n 2 ~ ;  mph 
w i t h  i n i t i e l  b rake  t empera tu re  between WOOF' t o  /SOOF, , G / C S ~ ~ P & / C ~ ~ ~ ~ ~ / F E O N ~  70&68k? TG*PER#TL/&~~' s I w ? O  pG ui7//1J 
/c ? F ;  f&*,*r C?L PC ~ L \ C L C  L/,L,,+s 4&C S& tn fr _ KKBp A-OAL ~fi lec .6  L/-/.ri #kZ /* dt & 90 C 
f d r  /ZC~?C, Ed,- yy Fi, SFO,O,~ t . 4 ~  b i S 7-17 flC 6- 

- , -- - - - - - 

"0 VEHICLE I N  ' ' LANE: YES - - 
XE XA?K.S : 





?PO Sp ~ a a  >(/ A 7 N U  =w"'d_5/ S 7709 HZ< DL- 



> ,  

* O N  aIxs 
r I 

NOIJ.V30? LSXL 
XXAXBS80 .-d X B N W  - N O I L 3 3 H I a  '4 LXI 3 0 1 3 A  : CLlIll I .  

' N I N  0 I! ' :',ir.K!l;L 'KW S3TIM ?VLOJ, A W L S  H S I N I d  :KOCIO 
30 z3vd - mva uioav~x 3 n ; ~  

/' 
moavm ~ S I A  :WOXJ NWI vLva 

: 'ON I S 3 L  
: ' f f ,*  0 ['/ :'ON a ? 3 I H 3 A  





XFlTCTIVENESS TEST +7Pp>,- - . , 

VEHICLE NO.:  / / e . , . d  i t , :  

TEST NO. : 

DATA TA:(EN FROM: VISUAL READOUT TAPE READOUT DATE PAGE of 
GDOM: FINISH START_ TOTAL MILES . AMB. TEMP. : MAX. c ' M I N  . 
WIND: V E T 3 C I T Y  I ,  D I l E C T I O N  - - DRTVEEI /; .,. ' ;rlc . OBSERVER 
TEST t C C A T I O N  S K I D  KO. 

S e t  t i r e s  t o  s p e c i f i e d  pressure. With vehicle n t  loaded t e s t  w e i g h t  and U U T C + j  D I S K ~ ~ O X M D ,  conduct 6 stops from mph 
.c:ith i n i t i a l  brake temperature between 130'~ to  ISOOP, i - ' / . c ' s ' ~ ~ ~ ~ ~ / c f l ~ @ F E o , v r  TO rC6HR ' ~ E ~ - + E ~ O T ~ R G  sI4CG70 *,JAY pc' LJ;TM/~ 
/ O  ' p a  f&',il.i- AC T U f l  nc? F.LL?C&/ 1/1(1/+< 9&< S& & -fF, f?&&& &=PAL F&t&.e' L./&/-Cg /d & 90 &= . 
fcrf- E c g u : e ~ . + ~ n / , ' :  -- p r  . ~ 3 p p r . ~ ~ -  0 157AnlCg. 

9 

c- - - - - _ _ _ - -- - - -- 
-jiyO VEHICLE IN I(,-' LILT: YES - 

mzXePKs : 

STOP _ KO. 
1 

1 
3 . 

-- 
~ ~ C ~ J J T O C  FORCE z ~ , ~ f i d ~  S C Y ~ O  STO I 

B A X .  
F .  

4 
5 
6 

/4&1-\-. c C 4 c)c.+. RIMAiKS 
ak91rc 

1 -- -- 

I 
1 



- -- / 
/ 

5 :  EFIXCT-LVEHESS TEST 
VEHICLE NO.  : !,' ' " . 

TEST NO.:  

DATA TAKEN FROM: V I S U A L  READOUT TAPE READOUT DATE //- G$ - ;) 5e PAGE of 
ODOM: FINISH START TOTAL MILES LIMB. TEMP. : MAX. & &  M I N  . , . . 
WILQ: lTEZX)CITY .*  DIRECTION ' DRTJEK J. 1 A. - J  ,-, , : OBSERVER 
TEST LQCATI9N SKID XO. --, 

Set tires to specified pressure. With vehjcle at l o a d c d  test weight and u u T C H  DIJ1E~G?GK~,conduct 6 stops from 3, mph 
0 with initial brake temperature between l . 3 0 ~ ~  to / S O  F, c ~ / R s Y ~ P ~ ~ ~ c ~ ~ , ~ ~ F R c / ~ / T ~ P P ~ & R  ' ~ E - F E @ D T ~ R ~  ~ - 0  ~ J J T  2; L J i 7 M / r J  

/o ' p a  7 h 3 ~ ' ~ 9 7  ,Q~r~l / ; l72C /c'd,Ciie ,L//17/75 92g S& Sr< .# . p . 3 ~  / ~ B X ? L  ,=i , . f~& L/-/~CS ld Lt & 90 Cf 
-fCC(r ~2tr3~ia?E&.r~d,,? - L/; Fi. .S=ppc.~r- cliS7i'ldCC. 

17~7dr?;~UZ F9 RCE Td,'T//,?.. SPE€.O STOC%%~~'L R /-iTfl,b'Ck 
STOP J-AX'. M.4 x REMAlXKS 
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\-_ _ - _ - - - - ----_ -- - - . ---.-/ 

b L - 4  EPFECTIVENISSS TEST 
VEHICLE hT3. : 

TEST NO.: 

DATA TAKEN FROM: VISUAL READOUT TAPE READOUT DATE PAGE o f  
OD011: FINISH START TOTAL h1ILES AMB. TEMP.: MAX. d' < M I N ,  , 
!sJI?;D: VELOCITY 3 DIRECTION DRIVER OBSERVER ' .  
TEST U)CATIO?: S K I D  NO. 

&E ?IPH L SYST;C>*-/ :RO.JT~ O ~ Y   CARS W L Y  

s e t  t i r e s  t o  s p e c i f i e d  p r e s s u r e .  With v e h i c l e  a t  loaded t e s t  weight  and adrcu  L V S K f i K D ,  conduct  &'stops from -* mph 
wi th  i n i t i a l  brake t empera tu re  between DO"? t o  /SOOF.  r ~ / C ~ l ~ ~ f ~ / c . / ~ ~ ~ d f r ~ o , u r  70~68k? ~&mPERfljr~/R6 r;-0 AJJT 2; ~ ~ i 7 ~ / d  

/ c ' F ,  T~Pc=~'~- Acr~;n72f r'a.tcc' L,,t.,,rs 4ctE S&t%) KG&& /%.?PA?.! ~ r * & c t  L/ - / r r  4/26 & ( 7 o e  
f6.n- r L 7 r ~ ~ , , . , - , *  -?*/\A Fr. &>oppr.Jfi DiS'rAdLC. 

1 H L ~ L ' * ~  7-02 FORCE fd; f i x ? !  SPc'E.0 S TOPi%/L'6 R (-JZfj?/9/C.k - 4  R k ,  +I ps 
I 

STOP E x .  f-7': K, ./Ju'o, ACT, 
f ic.L't>. roc .; ~Cr4-Z) 

coq::li.. W t J r  P?4c 
E M A R K S  

I<O+ I rzagr . . t ~ ~ c .  , b ~ i ~ f i  +',Jc. (?IS% C L I ~ - - ,  - 
1 I , . I , . . .  , , .  

2 1 I . . I 













-- : 'ON L S 3 3  
? - * I  : ' ON 313IlI2A 



7; ,d.tz/ EFFECTIVENESS TEST 
VEHICLE NO.: , , ' \ .  f l j : - /  

TEST NO.: -.. 

DATA TAKEN FROM: VISUAL READOUT TAPE READOUT DATE / /  . PAGE o f  --- 
ODOM: FINISH ST ART TOTAL MILES AMB. TEMP.: MAX. ;i - M I N  . 
I VELOCITY .' DIRECTION ' DRIVER . I 1 OBSERVER 
E S T  LOCATIOX SKID NO. 

S e t  tires t o  s p e c i f i e d  p r e s s u r e .  Wi th  v e h i c l e  a t  l o a d e d  t es t  w e i g h t  and UdrCu D I S ~ ~ o M M o , c o n d u c t  6 s t o p s  f r o m 6 ~ r ,  mph 
w i t h  i n i t i a l  b r a k e  t e m p e r a t u r e  be tween  1 3 0 ~ ~  t o  ISOOF, F / & ~ # P P L / C A ~ ~ & F R O / V ~ ~ O R ~ & R  TE.*#E@D;~JRG- s;-30 A C I J ~ ~  pC C L I ; ~ + ~ &  

z r  r%v,yr & c r u / l Z ~  F'd,tct' L/,t,,rs 4.CG Sea RKr9t. &=A~&L ~ R C L  . L / - / ~ s  /d lL  t; q c ~ f  
/- ,err / ? C Q C : ~ ? E ~ L ~ E ~ , - < -  /$iT pi-. L%,OPI.JC- 3 i S T A N L C .  

I - 
i / l~c7i /~i-or? FORCE I ZW;  fix:^ S I C ~ ~ ~ . O  STOPP,,V~ n T ; C I . C L :  

+ 
-- 4 R k , r t ' ~ P 5  

- ,  c o2'~'. Rr s, a clfJ3 
i ,-, - 3  

/ RGT, c o , ~ , ~ ' ,  Wdi PZM o,sz 

r 
REMARKS 

7 &I R j-IJC, I S  ,t)/57-, 
1 , t > ' >  

j ,  

2 I I 
-, 

3 i 

4 I 
5 ..- .- 
G 1 

. -I 















VEHICLE NO. : WATER RECOVERY TEST . , 

TEST NO.: 
DATA TAKEN FROM: VISUAL READOUT TAPE READOUT DATE / - d  ':? PAGE of 
ODOM: FINISH ST ART TOTAL ?.fILES AMB. TEMP.: MAX. f-7 j MIN. -- ' 

W I K D  : VELOCITY 7 DIRECTION - c DRIVEP. . J ,a',, , OBSERVER 
TEST =CAT139 : 

S e t  tires t o  specified gressure. With the vehicle  at  loaded t e s t  weieht conduct 3 stops from 30-0 mph with i n i t i a l  brake 
0 

tezperature between 130 F t o  1 5 8  F. F.257- d ~ o , ~ l C t ? t - l b . ~  t=,co.uY 7% k ? e ~ ~  ~ ~ @ L : - o T J E ~  SP/r&&O +?JJ*I d31~c: c c / / T H / d  / D  &+- L 

/ I L L  SyCt'J ,7.cc TO L'C / 4BDc W I T H  TH i ?tY~~~- ~ / ~ & - ; r / ~ . j c c ; O  47 p ag~g-, c e r k c -  $ / B  // sP,.r . /caii~ .\ ,e 1) ,-U: 
4 m ~ t . Q  Tb1-d e 5 . 

2 A'.TK/YF5. 1 srzi? T ' 

f 

REELASIKS 

- 

1 
I 1 1 

I 

-J.'IC;~Ie -z  6 -  i 

& bvernge nasimun pedal force3 for Baseline Checks f F 4 ,  E G & e  Ad&. 
" d+2*&= * i d, Rtquirernent f o r  Recovery Test:  &A$.'. Affd.9W Fcr,-c-.s c0 r p c , ~ ~ - 7  A + zce=  . ,, zC- - &~AC 

in /+ 4.3. /qc Td.4 &?.la Grc-e j Fpo//f .-!g--k- /', QSL = a+ 
& 

N K~'A& --- /&= - 
PECOVCXY TEST 
Sfi?.vSO/fl7iv rOeCk? & ~ ~ ~ . - . . , / r / r s -  ,';c&f L J n d d J c -  / ~ ~ & c & i ~ ~ ~ ~ .  ~ C L ~ * ~ . C ~ - J - Z ~  9s 7 d C  &AY/-u* E59- 7~ 3 2 t y ~ A  HAD d r ) ~ r 3 u C r  

A S?J,+~ n7 4 ACcS~, Lce~(.& 0 5  18 Z ,/ ~ P J P S  w,'-t-d -pic C L J T C M  O I J - ~ J G A ~ - ~ O  , 4- EAGJ J = ~ ~ O ,  / / ~ , - . P , ~ , . , J ~ ~ L ~  pcr&e-&m 
7 , : ~  ~ e 4 , c c Q  ~ t ~ ~ ~ & ~ y d - - i . -  ~ n r e  &&a , e , ~ ~ n ; -  FCC s ~ k - 4 ~  o f  S ~ ~ P S  . ,P~,,PA ,vfly,.+do A C ~ M ~ ~ F C R ~ ~  6,- c n c ~  mp9 
y6~1- . , 3 e ~ ~ o r C ~ - . ~ & ~ r ~ -  : r - S - Y n  F@?...-< L 6 - q ~  /2ezA~2 go.- S r o p J 1  1 4 ~ , ~  9 r ,=,JrrJ sxd) ,ku=y Qtr. c . ' .~w,rr ,  --P C L > d  

,%., ,4,r 4 r z A d  &&*4L? , 
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I - 7 

I I 

I 

RE blARKS 
I S-LO p -'~c-i/rnz F;-t rc s 

1 7  

I - .  

1 3 1 ~  m-+3zf. 1 

L KO. , G ? L , J ~  L C  
I 
2 

I ; z ~ : "  Ci.1/2 I 1 I 1 

, / /  
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- 

. 

I 
". ? -. , 

/ L C  

1 

-- - 

--- 

- 
-.----...- 

1 
--. 

- 
* 

bi', 

- 

I I 
1 

--- 

I 









f r8wIL3ncYxw/r 7el93ds 

- . - -  - -- - 
.34pvr,tr? Q + r t d d c y ~  '.. 7~- : C3/Y3waatndaa) A% 

* a Oh 9 q, 3 3 / 9  S-l1*/7 3 W V 9  ?Hdr~-2&3a * # -ST W I#.S 2 ~ b .  r+/*J.7 -37799 _2i?l tf'nJ3Y * 9 a  0 

p///~!ruu 2a ASOW o m s  92m t1,5+3yts."/-~ ama 0.~: ~ ~ o a . ; /   auk^/ WJCV ~ - s g / d  'd ,O 3 a 02 j OEa- -~aa~r )aq  alna=;radurar) ay3xq ~ B T ~ F U T  q3rl 
0 

qdm 33 woz3 sdor)s g ~anpuoafupyppN3s1~ H ~ J J ? ~  gun ~q5Tam ass? papno1 aIayqarr 9 2 ~ ~  -aanssazd paT3~aads or) saqr)  aa 

: 'ON L S 3 3  
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S T  EFFECPNEhITSS TEST 
VEHICLE NO. : k'? . 

TEST NO.: 

\TA T E N  FROM: VISUAL READOUT TAPE READOW DATE - ,  PAGE of 

)OM: FINISH START TOTAL MILES AMB. TEXP,: MAX, , I M I N  . I I 

3 :  VELnCITY DIRECTION DRIVER 1 '  , . . OBSERVER 
:ST LOCATION SKID NO, 

t t  t ires  t o  specified pressure. With vehicle at Igaded test weight and CLUTCH D/%~6~M~,conduct  6 stops from 3omph 
I t h  initial breke temperature between WOOF to E P O  F. ~ / E S I ~ P P P L / C ~ T ~ ~ F P D / ~ ~ ~ ~ E ~ # R  T & ~ P E @ D T '  5-0 h 3 s 7  2; &;7///-' 

* ,  fk37,rri- AcrunlCC .c>,&&'' L/&+s zt&& kc-;#- &?&#t &~&.4 FDRc€ rL/-/TS &Pd lbLY & 9 O b .  
37- R e ~ u r e e r ? ~ ~ ~ :  L?L. m. Pra,opcd& 01.6'TRflJLg. - 

-- - 
' KO VEHICLE IN . :' LANE: YES 

- 

REMARKS : 

/ ? G i / / ? ~ O k  FORCE fd177dd S ? i E O  

I S ! ,  ' AGT. 
. , 

'7A xf 
&%R- 

- 

STOP k fc7X .  
KO. T . g r  - 
1 t ,:::' 

STODP/N& D ~xT@&cE 1. fik,;nzMp.% 

2 
3 

d' 

/,,,l 

-- -- - - - - - 

< ?  

5 (3 
r;  
5 7 ,  L' 

* ,  

flEMARK5 

, 1 1 1 I 
4 1 , -  1 t 
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*/ 

3 '! 
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1 I I 
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'I~-'J,-' - (. i * 
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' : 'ON Z I 3 I H 3 A  









EFFECTIVENESS =ST 
VEHICLE NO.: Kt'a'j' L*' 

. TEST NO,: 

DATE / DATA TAKEN FROX: VISUAL READOUT - TAPE READOUT PAGE of 
3DOX: FIXISH ST ARZ: TOTAL MILES AMB. TEMP,: MAX. M I N  , 
K I N D :  VEMCITY 2 - DIRECTION .Y I ,  . - DRNER 1, ',!A' 2 5 s ,,:' 0 BSEZVER 
TEST mCATION SKID NO. 
75- 

~ N ? H  ~ O L L  S Y s r E I  < E o K d  OdLY Zk4des UdLy 
d , - 

/ ' 

Set t i res  to  specified pressure. With vehicle at lgaded test weight and CLmcU DIS~B~IGCD, conduct stops f r o m  30 mph 
w i t h  i n i t i a l  brake temperature between 130 F to  1 6 0  Fe F ~ & S - ~ B P / ? L / ~ A ~ M ' ~ R O / V I ~ D E & P  T E ~ H E P R T ~ R ~  ~ - 0  &ysr &'G w i ~ # Y  
10 O F .  Fa,w . L ~ L T O ~ P ~  P>,CL~++ L,.,+S 4.c~- sea R&#e A=PAL ~ i & (  L/-/VS /52Rd M a  tl, q o e  , 

I -- .. . . . ,  - -  - - - -  - . -- . .. - . - .- . . . -  -. - . .. - . . . - \ .  ' -1: , . \. - -  - .  . -  -- -7 -- . . 
VEHICLE IN . :' LA%: YES ' NO . - 

, ,( ,# . . REMA1Ti : . , . . .  . , 

( '  !.. f , , . .  , , . . ,  7 ,*' . . 
; ,'? 

, - . b ,  ? > .  

i ./ . I :  . I '  ' / ' 

- .- --. _--__ _ ~. -- - .. -- _--- --- - . - - . .  .. . - - . --  - 
. - ..- - - - -. . - - .  . . . . .  - .  - - -  . . . 

- .  - .  . . -  .I. 
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' NIH . -. -m :*mZL "fJl<V sx-1114 TVXOL ~ 3 s  HSINIJ : W O ~ C  
30 33vd mva .?.nmm a u 3  , u o ~ ~  W ~ S I A  :xorra m v ; ~  v ~ v a  

: 'ON 5S3& 
. . d l  : 'ON 3'I3IH3A 





: s ~ v / ~ 3 ~ l a ~ r s n / x  7ut33ds 

/I Ic 7," 

- * 3 3 s ' ~ v j r l ~  e c v l d d w  'r?-- : > 3 ~ 3 a r o O a a  &3J 
* 301 (?r mfl 3J/4-v/7 mC?? 7@d+fdr&59 *$P35. a#S 2a6' 9 ~ / w / 7  37ed &fVflJ7@ &'eA C d d O /  - . -  

p/HL!m 3a ASflw o m ' s  39~!1&9.gd~3-1  d@a 01 I n / o 7 j ~ u ~ 9 / 7 ~ d 4 ~ . r y / j  'J,O~SI 03 d ~a uaawaq ainwxadura~ ayaxq 1aTslTuT q3yn 
0 

qdm 0 ~ u r o z j  sdoas g ~ ~ n p u o a f u ~ y ~ p ~ 3 ~ ~  pue 3qSyan gsaa papr?ol av a ~ q q a ~  qs)-~fi *aanssaxJ p a ~ 3 ~ a a d s  02 s a q a  aas  
, h 
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: 'ON LS3& - . '7 ;* : ' ON XI3IHiIA 



: 'ON 3S3& 
: 'ON X I 3 I H 3 A  



ON BIXS NOILV~UI 3sa 
X X A X 3 S 8 0  . ., / ~3mx(1 - . N O I ~ ~ ~ I I ~  ... XI3018A :(ZkIP 
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: 'ON L S 8 3  
> '  : 'ON 3 I 3 I H 3 A  





/?flcrcl L - EFFECTIVENESS TEST 
VEHICLE NO.: K;: ' * .  

TEST NO .: ' 

IATA TkYEN FROM: VISUAL READOUT TAPE WADOW DA'IX k,: PAGE of 
IDOM: FINISH START TOTAL MILES AMB, TEMP,: M I N  ., 
ClXXl: VELOCITY D I R E C T I O N  DRIVER OBSERVER 
E S T  LOCATION S K I D  NO. 

Set t i r e s  t o  specif ied pressure. With vehhcle a t  lgaded t e s t  w e i g h t  and U U T C U  DtS€fiG?M~,conduct 6 s tops  f rorn3a  mph 
~ i t h  i n i t i a l  brake temperature between WO F to I50 F. G ~ / ~ ~ S ~ ' & P P L / C M ~ M F R O # ~ I O E & R  T ~ I . ~ P E R ~ ~ T L / R G  .c-0 &d&7 83G ~J~TY/J 
'o 'F *  f k ? d e f l  C?cru#W ~ h , i ? c ~ r  ,L/&+s 4lctZ S&a kc#, R8;2?e Pc?~/c t~  Fi&c,f h/mpTc /;LPG5 & Q o ~  
f€r R e Q u l e C & E W :  77 ~7. w , o p t . d &  D I J T A ~ C C ,  - - 

- - - - - 

- . . . . 
I - -- . .  . - - - - . 

< .  . - - .  .- - - . - 
- - -. - \ '  - - -  . -- . . 

. . ' KO VEHICLE N 9:' LANE: YES 
EMKS : 









IIE BURNISH TEST 
VEHICLE NO. : /,,.. , .,.J/- / 

TEST KO. : 

2ATA TAKE?! TROY: VISirAL READOUT TAPE READOUT DATE / ? - d - Y > )  FACE o f 
020Y: FITISX S T X T  TOTAL >11'IdES A>lB.TEMP.:  MAX. -5-c I -, c 

3?.37EX : /--. > ; ,,. , 1 L ,*< 
5:ith the veliicle at loaded test weight, conduct  3 5  stops, 3Q-0 mph at 12 fpsps. Stop interval to be thc distance necessnrv 

o 0 
to zai3tcin initial brake temperature betwecn 130 P ailJ / S O  F, ':or the distance of 1 :nile, whichever occurs  firs^. ?!aicc s t o p s  
. -J f r~  L L U F I J  Xecord initial brake temperatures a n d  OCrd-~JrUi: forces, 

j. 

L a.>-*dL+bct I] 7 12 'F /7&-,7 TC ,>,? fi, cr-~rL~&,q, 4 

S?ECIAL I?;STP,ZCTIOTS : 















VEXICLE NO, : 
TEST XO. : 

3DOM: FINISH START 'L'OTcZY, MILES DATE / /  PAGE of 
Am, TEMP.: MAX, M I N  , 

Zith the vehicle at loaded test weight, conduct 200 burni~h~stops, 30;0 mph at 12 fpsps, Stop interval KO  be the distance 
necessary to maintain initial brake temperature between /30 F and 150  F or the distance of I mile, whichever occurs first. 
PLL- STOPS 4AD.5- W / W  THE LLUTCN ~ ~ s € ~ ~ . ~ G E - - ~ ,  Record initial brake temperature and &Lr9%'/c34? 

Force every 20th stop. 

R E 3 W  : 

-- L- 

-4 

SERVICE BRAKE ADJUSTmNTS 

Adjust all service brakes to the manufacturers specification, Note any operations performed and problem areas if any. 

BRAKE ADJUSTNEhT NOTES : 



,J ,*e( E F F E C T I V E N E S S  T E S T  
V E H I C L E  NO. : . ., --.. - 

T E S T  NO,:  

DATA TAKEN FROX: V I S U A L  READOUT -, T A P E  READOUT DATE PAGE of 
ODOX: FINISH START TOTAL MILES AMB. TEMP.: MAX, M I N .  
WIKD : V E M C  I T Y  D I R E C T I O N  3 0 ,  DXIVER A', ,pf'c 1 / ) ; , i f i s  - OBSERVER 
TEST LOCATION S K I D  NO. 

Set t i r e s  t o  s p e c i f i e d  pressure. With v e h i c l e  at lgaded r e s t  weight  and U t f 7 C M  DlSLNLjlKD, conduct  6 stops f r o m  f mph 
wi th  i n i t i a l  brake temperarure betweer. U O ~ F  to /SO P. F / E ~ ~ R P ~ L / C ~ - ~ ~ ~ ~ F R O / V ; ~ I ~ ~ ~ ~ P  r f iw~Ef lD~UPoC .s,~&%w ndz7 cg r r , ~ / , . d  
l c U F .  f k d ~ r  Mcruflne L//*/T.z ~ . c C  -(;&-a ;?gl--- <&&e RWNL FDPCC L,-/rc RPz / d a  & 90.e a 

~ e Q c r ~ ~ ~ 5 r c l ~ < ~  97 r';?: ~ , o , o r . u ~ -  b1S7-A/LICCc 

VEHICLE IN ' LANE : YES - 
REMARKS : 

- 

- 
- 

5 7 t ~ c i . 9 4  ~ f l J 9 , ~ p 1 : ~ ~ ~ ~ / ~ . ' ? ;  ,P 
- 
- 

C E  
l _ " _ l _ l . - - _ I  -- 

- m 

,RcTJATOP FORCE 
STOP A A X ,  mA K t  

t NO, F&gr , 4 5 2 4 '  

1 1 .  i 0 

3 I 9 -? 
4 .4' c/ I 

I 5 4 f3 
6 F 3  I 

." --- - -- - f 

- 
fd,'fi86 SE-',€O STOP?,M& /sT&jt&CE . -- 1 fSkBJE'MP5 

- 

57.1 
j' / >  

.? .0 .; 
' 2 g  
a,(./  I 

---1 

Y 

RE WKS 

/ I  * ) 

' 4 ~  I • 

I I I 









f i ~ d  BASELINE AhQ RECOVERY TEST 
VEHICLENO.: - < I * : '  . ,> /  

TEST NO. : 

DATA TAKEN FROM: VISUAL READOUT TAPE REPJX)U"L' DATE // /8-75 PAGE of 
O W N :  FINISH ST ART TOTAL MILES AM3. TEN??.: MAX, MIN , 
w IND : VETLOC ITY -a DIRECTION SO ~ ~ 3 5 2  ;I' A'",,,;! ,',, ; OESERVEX 
TEST U C A T T C N :  

BASELINE ,&vnwre ~ ; ~ - ~ ~ r n n ~  U- IQ"F L-SS hfl 
F 1 e s - r  , 

Set  t i r e s  t o  spec i f ied  r s ssure .  ~t loaded t e s t  weight conducc 3 s tops  from 30-0 m p h  with i n i t i a l  brake g temperature between d.30 F t o  st EO T i  Fp5p.5 Test  Requirements : FRodl 9c;rua~~r  Faye 
c' 5-S sj k'c$~? J C ~ O ~  r c 7 ~  Force 80 - l a  s, ? D e c e L  wiry LLvrcH D ~ s c Z ~ G ~ ~ E ~ .  

Requirement f o r  Recovery Test: Max. 4 . F ,  LXrnits: g&,c- - k + z ~ d =  9 &'ZR 
CD 

M i n * 4 * F * L F m i t s : , ~ ~ ~ , ~  & - J d L f =  
r\: 

f 

STOP 
NO, 
1 

RECOVERY TEST (See next pege f o r  Fade Resul ts)  /* 11 

J?]Px : k c f  I 
/ 

-2 i e c  2 1 37.c 7&~/,) 
/ f 2 - , -  r j7E/l/<- 1 P ~ Z  ,/-I q 2 I 1 I 1 I I 

I I t 

REMARKS 
I 

2 I 

tf Y Conduct 5 recovery s t ops  a t  30 t o  0 mph a t  '10 fpsps and ac 1.0 mile i n t e r v a l s .  Record m a x i m u m ~ a u I I ~ ~ f o r c ~ f o r  each s top .  
Test Requirements: P ~ a ~ o R f o r c e  not t o  exceed 55 d& F c ~ r  f o r  s tops  1 through 4 .  F i f t h  (5th) recovery s t o p  must be w i t h i n  

/ /  # t o  &/ #R.F.  inc lus ive  40,  A c  S o u r  -/NO 90 &4e 
dra k6 d -t;! -* &, 6 /MCL US/#< -Eo t- ecnr &'PA kP . 

I I I I I I I 
3 j I f I I I 
~ v e s g e  rdy, ac.ru.aro& ffsrce f o r  ~ a s ' e l i n e  -- ~t 

Mm. /c-Tu~~&%?LcI 84. 7f#P5, 
 FRO^ 

1 I 
RETMKS R&&R I I 

i : 
2 I I  

3 
4 
5 
6 
7 

A- 

I I I 

8 
9 
10 I 

-* 
I I I I 

I 

I I 

I I 

f 
! -!-.--.- 

i 

I 1 





















kdr~ BPPLCTNEhTSS TEST 
V E H I C L E  NO. : :. . - , . 

TEST NO. : 

DATA TAKEN FRON: VISUAL SXADOTST TAPE XEADOUT DATE PAGE of 
ODOM: FINISE START TOTAL MILES AMB. TEMP, : MAY, , . , , . , X I N  , 
WIND: VETACITY f. D I F E C T I O N  5,  D R T E S  OBSEXVER 

SKID NO. 

Set tires to sprci f  ied pressure. With vehicle at l o a d e d  test weight acd O d 7 C H  U ! 5 K U e i H i J  conduct 6 stops from GT mph 
0 with initial brake tempereture between 1 3 0 ~ ~  to I S 0  F. F / ~ S Y ~ P P L / C H ~ ~ F E O , U T  TQ .c?&P ~ z - A E P R T u R ~  s-0 A,ST gg w ; ~ ~ / r i  

10 ' F a  Fa.2; /)cru#ZIC ,cs.~cC L / ~ , r s  9et~ cL1.m 5 ~ 5 ~  Rs&~ Aw.4~ ~ 4 -  L,-,TS & 90.e 
f ~ r r  ReQolec.+,-e : E, ~ , O P W S  c I S - ~ A ~ L S ,  

- 

VEHICLE IN ' LANE: YES V NO 
REMAR,T(S : 

-- 

- - 



/ 

p,d A L E F k X C T I V E h i S S  TEST 
V E H I C L E  NO. : C- , -,. 

TEST NO. : 

3ATA TAKEN FROM: VISUAL READOUT TAPE READOUT DATE ' PAGE of  
IDOM: F I N I S H  START TOTAL MILES WB. TEN?.: MAX, M I N  , 
I :  VEMCITY DIRECTION DRIVER J:. .L ,*, J k t ? , l ,  OBSEXVER 
E S T  LOCATION S K I D  NO. 

S e t  t i r e s  t o  s p e c i f i e d  pressure .  With v e h i c l e  a t  loaded t e s t  weight and CLJTcH D f S ~ f i 6 ~ 6 C i i I  conduct 6 s t o p s  f r o m  7 L  m p h  
with i n i t i a l  brake temperature between WOOF t o  1 ~ 0 ~ ~ .  F/&s-r # ~ / ' l / c / ~ n w t / F P o / i / ~  JO rf?&t?R T;WPERRTL/RU' s , W D  A J J ~  pG (JI'TMI~J 
to F , ~PA~C fit run 72.c G ~ R C  E ~/,t,,.+-r .peg S& to s JT - .J?G#C &.WL ~ 4 , t ~ g  Lr- / . rs &PC'. 6 0  6t & 90 . 
~ E V  E ~ Q U I ~ E ~ E W  : 7 3 F. . ~ ~ , o ~ I . G &  D ISTAKILG~ 

VEHICLE IN ' LANE: YES . NO 
R E W K S  : 





:KOI;LV302 ;LSX 
XZAXBSE~O , , -  i , x 3 ~ x a  • -*-c NOI 33m1a - X L I ~ O ? ~  :amM 

SziIJ< 1V;CO;L A W L S  R S I K I ~  : xoao - 
30 ~ L V G  moavm X ~ J ,  moavm TWSIA :woxa NWL v L v a  
:*ON LSIIL . 

' 3 : 'ON 3T31HjIA LS3J AX3A038X HBLVM 
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A P P E N D I X  G . 2  

R I D E R  S K I L L  SENSITIVITY TEST DATA (FAPG) 

The r i d e r  s k i l l  s e n s i t i v i t y  data presented i n  t h i s  appendix 

show the re su l t s  of minimum stopping distance t e s t s  using three 

r iders  c l a s s i f i ed  as ( a )  professional ,  ( 5 )  ski t lect ,  and ( c )  novice. 

Each ski1 1 level c1 a s s i f i c a t i  on  r e f l e c t s  a  genera? #riding 

experience fo r  each of the  three t e s t  r i d e r s .  ilesunes fo r  each 

of the  r iders  appear a t  the  end of t h i s  appendix. 

The data i s  presented as log sheet l i s t i n ~ s  f n  the same 

manner as the  FMVSS 1 2 2  data of Apspendix A . 1 .  The effec t iveness  

t e s t  format sheets are  used and show f u l l  system, f ron t  only, 

and rear  only re su l t s  f o r  each r ide r .  

The f u l l  system r e s u l t s  a r e  a l s o  summarized on data p lo ts  

s imi lar  t o  those used in Appendix G . 1 .  These data ? l o t s  follow 

the  t e s t  log sheet l i s t i n g s .  
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S E & S / ~ ~ / ~ - Y  

EFEZCTIVEh'ESS TEST - 
VEHICLE NO.: I d , ,  A. -,, /' - , ,- ,' 

TEST NO.: 

DATA TAKEN FROM: VISUAL READOUT ' TAPE READOUT DATE //- 11-1  3'- PAGE of 
ODOX: FINISB START TOTAL MILES AMB, TEMP. : MAX. & .3 M I N ,  ( 5  
'WILT: V E L O C I P  2 DIRECTION - -- DRIVER - L / i - > , v  1 p , ~  OBS ERVEEZ. 
~ C C P  T A P  A T T A ~ T  C V T ~  w n  

S e t  t i r e s  tc spec i f ied  pressure, With vehlcle st loaded cest weight and u U C t +  D!~t'JIfl(ri?G&~,conduct 6 stops from(, mph 0 w i t h  init: ' ,al 5r2ke temperature between ECOF to 1.98 I?, ~ Y ~ E ~ ' - T & P P L / c / ~ ~ O ~ F R ~ N I - ~ Q E & R  ~-E~PERRTL/ ,O~Z s W D  .nbo~y BS c ~ i 7 M / / J  
/ O  *Fa f&.;:.- /irrufi 7 2 ~  p=$~itC ,~,,t.j/~s &.ec L-#Y= m X EKXJC- A 4 ~ & ~  I-J-JTS -/SP& C d  Ct & (70 0 a 

f6-3- k?cQd,.eCec.<: /j> m. S?n,opc.d& &!S-l-.qwdg" 
- 



VEHICLE NO, : IS/,; ,:A, 5 f - , .' , . 
TEST NO ,: 

DATA TAKEN FROM: VISUAL MADOUT L' TAPE M-4DOUT DATE // -/-A - .> - PAGE of 
ODOM: FINISH START TOTAL MILES - .  - -- AMB, TEMP.: MAX, M I N  , 
WIXD: V E M C I T Y  DIRECTION . J.  DRIVTS 2 x ' L ,/7~. .. , OBSERVER 
TEST LOCATION .- S K I D  NO.-- -a lJ. 5 --- A, -- 

Set t i r e s  tc specif ied pressure .  With vehicle at Igade6 t e s t  wetght and U U c d  D/SLfi1;4&5~, conduct 6 stops from i, mph 
w i t 3  i n i t i a l  brske  temperature Setweer. WO F to E S O  F, , F ~ ~ s ~ B P F L / c ~ ~ ~ F R ~ / ~ ~  ~oR6f fR  TE-PEPAIURG s,%G?D ~ 3 5 7  2; U;TM/J 
/O ' F a  f&#r.- fScrun PCC F O ~ C ~ L ~  L/h/~-s '4&C S* a :rr &- r ~ & i Y . g -  &C.-RL ~ g -  LJ-/.IYS - &/2d /d a & 90 tf 
fL-w Rc~c)tee.+~.dr: , 7 5 5  r. S r o p p r d c .  B1STANL" - -  

- 







W 

, '  < 

Sr: 

S: $ rd 

W E :  

z 
8 6 
t-1 Z 

g O $L& 
H M  9 R m  

H 
3 

. 
Clcvluo 

b 3 .. .. 
2 g g E  
e a H ~  
a o s  



E,---e - K / d  

S,",- .JS/~~~//-YY 

EFITCTTVKNESS TEST 
VEHICLE NO. : //:.. 4 ; v  L? . . , . . ,L A 

T E S T  NO. : 

DATA TAKEN FXON: VISUAL E A D O W  TEE READOUT DATE /2 - GG - 1.1' PAGE of 
ODOY: FINISB S T P X  TOTAL MILES &lB, TEMP, : MAX. L7 h' M I N  . < 

WIND: VEMCITY / >* DIRECTION A'‘ . DRIVER T T <  A,C c - OBSE3YER 
TEST M C A T I O X  S K I D  NO. -2 1 .- -5 3L nr -- 

Set  c i r e s  t o  specif ied pressure.  With vehicle a t  losded test weight and C L ~ C ~  DI%*~XMD, conduct 6 s t o p s  from mph 
0 w i t h  i n i t i a l  brake temperature betwee= 1-;3o0~ to 1 5 0  F;', ,~/R~~r~.~~~/~flwr/fEo/vr r ~ ~ 6 f i R  ~ E M P E @ r Q i r o e a ' s i W D  /rrd~.r 6c' U J ; T M / ~  

/O * f , fpk7.c- ALIU/;I nc g3.c . i~ ~,&75 4 x 3 ~  . ~ c &  a 2s'- S- - .~Q&?~.A*.~,QL F&- L/-/TS -4Pd Cd Zr 90 Lf , 
f d ~  ,& 'cQu~(?E&EM~:  4 3  F i e  & ' r o p p r . ~ s  I ) I . S T / J N C ~ .  

s . 5 ~ ~ : ~ ~  ~ / 1 / ~ ~ p J C ~ / d / l , ' . j  ---- 





VEHICLE 
TEST 

NO. 
NO. 

DATA TAKEN FIIOM: VISUAL READOUT TAPE READOLT DATE /2 -d - 7 3/ PAGE of 
ODOM: F I N I S H  ST ART TOTAL MILES AMB. TEMP. : MAX. 7 S M I N ,  3 :[ 
W I P ~ :  VEZXICITY 13- DIRECTION A/ c 4  D R X V E K ~ , L  A ~ C ~  L= OBSERVER 
TEST I B C A T I O N  S K I C  NO. f - '  5 &- A.J 

Se t  t i r e s  t o  spec i f i ed  p ressure ,  With vehicle at loaded t e s s  weight and U U C H  D!S~.O'AG&D, conduct  6 s t o p s  f r o m  mph 
with i n i t i a l  brake temperature betwee3 BOOF t o  I ~ O ~ F ,  . G ' ~ . & / P P ? / C ~ ~ ~ ~ ~ ? P O # ~  YQECUR T&WE~HTL/R~~ '  S~WD A J J ~  LJ;~A/ /P-  

/O *Fa FP~?.c ~t ru f inc  .C~RC~* ~//cr/~s &&K skt'a ++---, RAG#.~~-&.PAL ~ 4 s  ~/-/rs_&Pd / d l t  2, got+ 
72-rr geQu!eek=ntr l  (I? F i ,  m . 0 p t . d ~ -  ! ~ I S T A N C & "  - 
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- -- J *ON a x ) ~ ~  NOILV~UI  LSX 

XZAXSS~O 7 ;)<Y 7< / C /  aauxa 2-c.- NOI;L~'RIIG k - h ; i 1 3 m x ~  : ~ N I M  
- " N I W  .: L- : * U Z J ,  + 8hI\T SZ?Ih! 1VL03 ZkTLS XSINId :110Cl0 
30 33Vd 3L-L&?-/ 3LVQ ;inomzx 1.m~ moavm W ~ S I A  :KOEJ NWL v ~ v a  

:'ON LS83 
> .  ? 

i ,. , 
, c  f : 'ON 333IH3A 









- 5 7 , -  - s -7J 'ON ~ I X S  NOI;L'~'~OI LSX 

' v  / '  >I'Y 'CL XBAXSSElO f.' Q J 'r; 
' -7 XxNxa 6 '  - -  NOIL32XIG :. 2 L 2 3 V l Z A  :&TIM 

, . -, L NIK I ' xm SZ'XIK U:VLCC;L LIJT 3s X S i N i 6  :WOaO 
30 33Vd C g/- &/ Z V Q  L l O W 3 ? 3  ~ a \ r ~ ~ J . Q o a \ r X t I  W2SiA :XOXd N W L  VLQa 
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: 'ON LSZJ, 
:'ON 373IH38 



, A s r- 
,TE/\Is / 7 7  g/7-y 

EFFECTIVEW,SS TEST 
VEHICLG KO. : /A.d d')/j 

TEST NO .: 
DATA T A ~ S  FXOFI: VISUAL READOUT ' TAPE mmour DATE //- 7- 7 5 PAGE of 
030Y: F I X I S H  START TOTAL MILES AMB, TEMP.: WX. M I N ,  - .  7 -3 
WIND:  I'ELOCITY C D I R E C T I O N  S c  D'rlmER 4: ~ ' ~ ~ . , p n , ~ ~ '  ORSEXVER 
TEST LOCATION S K I D  NO. f l u  - - /Z r ./.I/ - ------. 

Set tires to specified pressure. With  vehoicle at. leaded t e s t  weight and U U T C g  DlS lr~ ( i 'AW~,conduct  6 s t o p s  f r o m  6 ~ :  mph 
w i t h  initial Erakc temperature between 130 F to ~ S O ~ F ,  F / P s - r k ~ P ? / c ~ ~ ~ F R o / v r  70E6r)R T&~PERDIdRcl' s t w O  A J S ~  2: CJ;T#/- 

l o  ' $ 9  f hwr  H c r u n n C  f9c?ib L/h,r< 4CK s t k t o  krfi- A?K4@ R.?AL Fa&& L,n,Ts-&Pd & 9 0 6  
7- 5 - / J p * .  & - p P P t . d &  I_)lST/1R'LG-* - 



EPFECTIVEhJESS TEST 
VEHICLE NO.: //o. J z q  

TEST NO.: 

DATA TAICER FROM: VISUAL READOUT Y TAPE READOUT DATE //- J-- 2 3- PAGE o f  
030Y: FISISH START TOTAL MILES MfB. TEMP. : MAX. - - M I N .  7 :- 

,- W I S D :  VEL3CITY ( DIRECTION - ,,I; DRIVER - / ' 1  
1) ,f c / / > t / l , L . )  

n 
OBSERVER 

TEST LOCATIOS SKID NO. - - \ x ~ , c  t * ~ ,  - nlbl, ct. -- 

S e t  t i r e s  t o  s p e c i f i e d  p ressure .  With v e h i c l e  a t  lgaded test weight  and U n c V  DISK~~XMD,  conduct  6 s t o p s  from 22 mph 
x ~ i t h  i n i t i a l  b r a k e  tempera ture  between W O  F t o  I S ' O  F, ,G/~'S'T,~P~~L/CA.?~F&N~ 70k68R T&&~~ER/~TL/R~~'  s ~ W D  4 ~ ~ 7  2; c*/c'~#/rJ 

l o c F .  fm.vr A C ~ U ~ ~ T ~ C  <&,C.CLC L,&,+T. 4.~6 s-tf.ro kr.ly. E67?4?A7n~~ F'.ECC L,-,TC /Ilk% / d l t  4, 90" . 
yc'crr E ~ = - Q U I ~ . = ~ E ~ , + :  ' j - l  FT. ~ , O , - , . J L  a r s - r / ? ~ ~ .  -. 

A 

REMARKS 
r ~ / n / ? ~  SPZEO 1 . STOP TI^^/^: R /sz?r/vck .- -1- Rx, 3~ w . 1 ~ ~ 1  

/$Q,'A-, &2p. RLX s&Za I 2.r. I' : 
LG,:,?, W d J ;  { G d c  Y , . , , L - .  J N D f  I RGT* 1 ~ ) ~ ~  j J , J c '  D,Ix & ( S T ,  

STOP 
SO. 
1 
2 

~ L T ~ A T O P  FORCE 

'i y 
./ 7 

A . 4 X .  
F .c ,~T  . 

3 
4 
5 

- G 

I 

/9''X' 
.t&JrC_. 

I;<.(-- 
/ < :  , ). / 

;, ., f / ,LY ; l C -, *., .. 1 . -, . , , - , 1 

- 
/ '+ 

L / ( .  

J-c  

~4 j Ti 
1 -> .J - .  

f '., .;, / / ( I  I 1 >!.( 5. 
/ j ' / ,L  ~ f ~ . j [  >,-. /, / ". / 1 :', /, / 52 '. . / 
/ './, L -/.{. c 

/ j : , )  r.-'.c- 

I/ 7 ,/ , / 2. ;> 

,/.I ,/. 7 .J 

{!-/ -2, -) ' 1 
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-- , > a  - .a. - 0 >7 71/73  - ,, - '- .'t ON ~ I X S  NOILV~CYI  LS= 
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: 'ON LSXL 
! /  - - : 'ON 3 T 3 I H Z A  



VEHICLE NO. : //. 1 ' T  

TEST NO. : 

DATA TAKES FROFI: VISUAL READOUT 
I 

TA~E m~~~ DATE I/- y -  7 >- PAGE of 
START TCTAL PlIjLES 020Y: F I N I S 2  M B .  TEMP.: MAX. 7 c  .2 MZP?. c 

WIYD: VELOCITY ( D I R E C T I O N  5 .  DRIVER f )  ,i A / / / j ~ 7 / 1 )  OBSERVER 
TEST LOCATTOY S K I D  NO. n 

/ - .  . i . . i / ~ r t 3 -  A'-,  C *  ------- 

Set  t i r e s  t o  spec i f i ed  pressure .  With vehkcle a t  lgaded t e s t  weight and Umcu DlS€k~'AMo,conduct 6 s t o p s  f r o m  i.. nph 
with i n i t i a l  brake temperature between I30 F t o  t S ' O  F, ~ / ~ ' s r ~ ~ ~ ~ / ~ ~ ~ ~ f E o f l t . r  70 T&~PERCITL/RS S ~ ~ J ?  2; cJ, ' . r / / / r~ 
/G @ F a  /=~Y.YT ~ ~ l o / ; l i T c  G~,CC~' L/&,+J: 4ICE S-*t;o .j-yzF, RC/$.c &PAL F~&C& L/M/TX ffp4 /dt & 90c - -- , ~ r r ~ r r ~ u ~ e E e ~ ~ ~ :  ~ ~ . S ~ ~ ~ I , ~ ~ F D I S T / : N C ~ .  

. .. 
. - -  -- 

A 
- -- - -  - --- 
/ VEHICLE-  ,! .T-.-L~h\T: YES - - -- - d - - - :- 

NO - 
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: 'ON LS8L 
-' ,.J : 'ON 313IH3A 





";IF/ S/C"i. 

-TE&s / 7-7 u/ 7-Y 

EFECTXVEhTSS TEST 
VEHICLE NO.: . 7 

TEST NO.: 

DATA TAKES FXOM: VISUAL READOUT TAvE READOwJl' DATE / 2 L 15- PAGE of 
G28X: FINISH START TOTAL ImIILES AFlB. TEMP.: MAX. -?L M I X .  2v 4 

WISD:  VELGCITY 4 DIRECTION 4 ,  DRIVER OBSERVER 
TEST LOCATIOS SKID NO. /"-" .-- ~/=/LI .  C-LI) LP>- .LC- - 

S e t  t i r e s  t o  s p e c i f i e d  p r e s s u r e .  With vehicle a t  loaded t e s t  w e i g h t  and U f l C H  DISK~bXC(D,conduct 6 s t o p s  fr~rnC.~ mph 
0 

~ i t h  i n i t i a l  b r a k c  temperature between WOOF' t o  1 5 0  F, F / . C S T . B P P L / C ~ ~ ~ ~ ; ~ / F R O N T ~ O R ~ U R  TEI-PE@ATURG 519S37l.3 A J J ~  gc' c*li7U/1. 

/ c  / P  T ~ ~ ~ . J T  /;cru/3 5%' / c S r C ~ t -  L//(I/T< CPdK SI* a ft- , E~54.f &PAC! Fa&( L/.l-r/Ts 14 L% Qo 
fcC- ~ c ~ Q c ~ L ? E & ~ ~ , - * ~  2.x  FT. &%p,ar.dr~ 0 1 S ? - / 1 f l C F .  -. 

-- . ----- - - . . . -- - . -. . -. . - -. -- --- - -  .---- - -- . - -- - .. . - a . 

~ ~ ~ : ~ I ~ - ~ ~  r-: 7 -T--L&\'E: YES - ..- --. - ~- - . -  - - NO - 
x?yL2.y- : 



VEHICLE NO,: I ,  

TEST NO. : 
, - 

DATA TkKEX FROM: VISUAL READOUT TAPE READOUT DATE ... 
, , FAGE of 

033Y: FISISH ST ART TOTAL MILES AYB. TEMP. : MAX. M I N  . 
Ts'IXD : VELOCITY C I R E C T  ION I' . DRIVER 1 ' l ,'-*, '  3., ' -  OBSERVER 

S K I D  KO. TEST M C A T I C H  ,4 -,: - f&,,/<r-,> -- .*LZ J .  re- 

Set tires t o  specified pressure. With veh5cle at loaded t e s t  weight and U f l c u  D1S~*6';4#~,conduct 6 s tops  froml,  mph 
x ~ i t h  i n i t i a l  brake temperature between 130 F to /SOOF. /ri'Pser J P P L / c ~ ~ ~ F R o / ~ ~  70 P64R T~WPERDTOR~ SI-D &cru.s.r ~ c '  t ~ i 7 / / / r  

/C f ~ 7 , r  ~ c r u n  nc ~'d ,cc t -  ~,&,75 ~ Z E  S* a 2 ~ -  a, Rrli;&e. A*?AL L/-~T'S_&P~ C* &, 90 ~f , 
fcr L ? C Q U I P ~ & E ~ , ~ :  '17 pi-. '.,O?d.J?r.JL b l S T / 1 f l C K +  - 
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q f . * ) ' C  

,f€&S / 77 Q/ 7L y 

EFiTCCTTVENESS TEST 
VEHICLE NO.: 

TEST NO.: 

DATA TAKEK FROM: VISUAL READOUT L' TQE READOUT- DATE / - , PAGE of  
OC3Y: FINISH ST ART TOTAL MILES,  AMB. TEMP.: MAX. 4 L.  M I N  . 
VIED : VELCCITY ,'A DIRECTION I * DRIVER I OBSERVER 
TEST 'LOCATIOS S K I D  NO. / - IAY,~~L c LJ &-a,;c c - 

S e t  t i r e s  t o  s p e c i f i e d  pressure. With v e h i c l e  a t  lgnded test weight  and CLUTCH DlS€fibXGc'~, conduct 6 stops from ( L mph 
w i t h  i n i t i a l  brake tempera ture  between WO F t o  i s 0  F, F / l e ~ r g ~ P ~ / c / m ~ f P o / v r r o A ? 6 # R  T Z W P E R ~ T O , ~ ~  SWD / ' *o~yc$  cJi7#/0 
/ c 0 F ,  r A k 3 7 . 9 r  ~ ~ r u i l 7 2 ~  /Id&cC L,,t,/is 4cE s f i - r o  kr*. ffG&e &PAL F d & C  ~ r n , T s - # =  (O" b q o c ,  

rC- - f c ' ~ E ~ Q ~ ~ i ? e & ~ ~ :  ~ ~ . X ~ P ~ I . ~ ~ F ~ J S ~ - / ~ N C G .  

REMARKS . 5 ~ -  I 
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- 
?E S / - - - L  

C E N S / ~ L / / ~ - Y  - 
EFEX'TIVZ?J!SS TEST 

VEHICLE NO. : /{'a , - 4 / ) / 1  
TEST NO.: 

DATA T;V(ES FR3X: VISUAL REAi2OU'r TAPE READOUT DATE ' / g - d  72' ?AGE of 
O2OX: FISTSH START TOTAL MILES PNB. TEMP.: MN(. '?cp M I N ,  ..;~CJ 

1 :  17EI,QCIlY / 6 DIRECTION n,'. c ' D-: 2 p -  OBS EWER 
TEST ~ ~ Z - Y l " Y O B  S K I D  NO. vC.3=-- WL~%'--- I LC J * c c 

Set t i r e s  t o  s p e c i f i e d  pressure.  With vehicle a t  Igaded t e s t  w e i g h t  and Uflc44 DISE~~. 'P&5~~conduct  6 s t o p s  frorr, 60 mph 
with i z i t l a l  brake t empera tu re  between WO F to PC0 Fo ~ / L ' S ~ / P P L / C ~ ~ ~ & F R ~ / V ~  ydRE&R ~ - G M ~ ~ ~ ~ ~ ~ Q T L J R s  S~WD & J S ~  pCC CJi77//. 

/ o  O F ,  f&?.vr c7sron7q ga,ect' L,/(?,T_~: . Q C ~  sea ST*, Krlj;Z?pAz~&~ F~RCC L / - - / T C _ ~ P Z  lddt  & Q o ~  a 

fcr g C ~ ~ ; c E & ~ d ~ :  / C 3 /  FT. pp,opt.4ff l  ~ I S T A ~ ~ C C .  





VEIlICLE NO, : H.,,. */7r2; 

TEST NO.: 
- / 

DATA TASK FilOX: VISUAL READOUT TAPE: XEADOL? DATE - 5  PAGE o f  
ODOX: FINISH START TOTAL MILES N5B. TEMP.: MAX. j c M I N .  3 9 

YISD:  VELOCITY ,/5' D I R E C T I O N  , DRIVER 5 i /2y<3Klc/L OBSERVER 
E S T  LOCATICS SKID NO. 1'-.. .: - gk,G.c c i ~  .- A- .: c.. 

Set tires t o  specified pressure. With vehicle a t  lgnded t e s t  weight and U 1 ' 7 C I  D/S~&(.%MD, conduct 6 s t o p s  f r o m  Li mph 
with initial brake temperature between 1;30°P t o  1 5 0  F, ,C /d s . r , ?~P~/c f ln~FRo/ r / r  70 lerffk' TzPEAOTUR,- sSXEk?lY A J J ~  2; c ~ l ' 7 i i / r J  

/G  fkz,~r pcrvnrcC ,L/&T~ 4 6  s*za > g p S -  KG#&. Fi&h L,-rrr Ipd ld IY & 90 C+ , 
fcr R c g o : e ~ , + c r , d r :  . 3 5 ' >  ,T. LT~ppr.~r-  D I S T A N C K .  

.A' - -. - -. - -- -- __ , _ _ _  ____ .- - 
p-r7Ex Ic u--m*-z-fiT 7-- - - - 2 7  ---- - - ---- - 

If0 - . . . . .--C- - - _ -  YES Y 



VEHICLE NO. : ,/ , e - 7  

TEST NO, : ' 

DATA TAKES FRON: VISUAL READOUT C' ' TAPE READOUT DATE - 5  PAGE o f  
0P3Y: FINISR S T A R T  T O T A L  MILES ANB. TEMP,: MAX. ?'/ M I N .  qi, 
I VELOCITY / 4' D I R E C T I O N  . , DRIVER 2 OBSERVER 
TEST 'LOCATIOS S K I D  KO. , 

, -- b / < ' / d C  fd - A t :  < <  .- - . 

S c t  t i r e s  t o  spec i f i ed  pressure .  With v e h i c l e  a t  loaded test: weight and U U C U  DtS~fi6~&5ioJ conduct 6 s t o p s  from 3,, mph 
0 0 w i t h  i r , i t i a l  brake temperature between D O  I.' t o  Is0 F, , C / ~ s r ~ ~ ~ ~ / c - f l ~ f R o / v r  70rf?gffe T-E-PE~~~OTURC~' S~~;CWD ~ s r ~ ~ y  pG &cJl'77//~~ 

/C ' 7 2  r=&?..~r A C I U / Z ~ ~ _ ~ ~ ~ . C C ~ -  L/,t,r~f: 4/t& Sd-a kc*, EGAe A-~)AL ~ b & b  L / & / ~ L  4PLC- & Q O ~  
f ~ r  E ' C T Q L ' I ~ E ~ ~ ~ E ~ ~ :  / /  F. &T,opt .3re  DIST-ZNCG. 



, . 
VEHICLE NO, : j r ,< . I  

TEST NO. : 

DATA T A E K  FROM: VISUAL READOUT TAPE READE. DATE / 2 - - d m .  7 s  PAGE of 
- ODOY: ' FINIS: START TOTAL MILES H f B .  TEMP.: MAX. - M I N  . +'-* 

W I S D :  VELOCITY 
-A 

/I/ D I R E C T I O N  /v D- 5 /&<;FL-~' OBSERVER 
.=ST LOCATIOS S K I D  NO. , ! -a - - S t . L- . , . ' c - -L..--- 

Set tires to specified pressure. With vehic le  at  Igaded test weight and U U T C U  ~tS~~6i%&3Jconduct 6 stops f r o m 4 6  mph 
with i2it  i t r l  brclke temperature between WO F to  Is 0 F, F/dsl / ~ t ? ' / ~ f l r j 7 &  FRONI 70 &6&R TE*PE@/~TL/R~ S I W D  - 3 5 7  2; ~ i 7 ~ l - j  

/C C ~ ,  ,==A~.PT ~ c r u f i 7 ; ' ~  ,=~,ccc~ L&,+T. 4 . t ~  .rb=a +-s, Zgnp AP,QL FdlecC L / - / ~ c _ & &  & 9 0 s  
" -2: 4 ;r;: - , O P , . ~ G  0 16T/1dLG. -f~r R t r ~ c ~ c e l c ? ~ d , - - ,  

RcT~/JTOC FG XCE , , , , 
STG? /Ctt7X. /'*A X >r-  r REMliiKs 
vn F c 3 z 9 r  . L ~ C  7-1 #I ]  L- 





X7fY.7 S P # z  A-JPQ r.Pc?2f> . . 7 . - 3 & / ; S  7703' HOG: 3& 









EPZCTnvEWSS TEST 
.A. . . . // VEHICLE NO. : f \  f 1' t 1 / - *  </ - 

TEST NO.: 
/ 

DATA TAKEN FROK: VISUAL ICEADOUT L' TAPE READOUT DATE //-/g--?J PAGE of 
030X: FnfSH STAYT TOTAL MILES .Am, TEKF,: YAY. L.> - MIX., L/ 

C: DIRECTION I :  VELOCITY DRIVE2 / ! t . , v < / ~ / , : j  OBSERVER 
TEST TBCATIOS SKID NO. - Y X  s/vI-L--- 

Set t i r e s  to spec i f ied  pressure. With veh6cle at loaded test wc2ght  and CLUTCH D t S f # e ' ; 9 ~ ~ ,  conduct 6 stops f r o m 3  0 mph 
with i n i t i a l  brake temperature between S O  F to 1S'o0% F ~ . ~ w & P / ~ / c ~ & F P o / v I  T O - P ~ ~ ?  T-z@@T~flo' s-0 2s u;7#/& 
/ o  " F a  Fm..vr p c r u n ~  ~ o . e i ~  ,L/&+s MK?C -set, $&xi., F & R ~ . & - ~ ~ A ~ L  - - ~ b r d ~ & . ~ / ~ r ~ ~ . ? W  -d.D It d 90 , 
7 ' 6 ~  R ~ Q V I I ; S ~ & = ~ :  F. mso50,0pd.d~ b157-dh'C6. .-- 











89ECTIVEXESS TEST 
VEHICLE NO, : /P;+.  4 >,*Tk /- 

TEST NO. r 
! - ,- 

DATA TAKEfU7 FROM: VISUAL READOUT RI?>BOlir= DATE , .  . P A C ~  nf - - .-- - - - 
ODOM: FLNISH START TOTAL MILES A ? ,  TEMP.: XnX. 4 q  M I N  , , - 
WIh9: VEUlClm !- D I E C T I O N  RIYCW 

TEST LOCATIO? SKTD NO- - A w . - - 

S e t  t i r es  to spec i f i ed  pressure. With vehAcle at loaded test weight and CLUXU DIS@c"AMo, conduct 6 s t o p s  f r o m  4 c: m p h  
w i t h  i n i t i a l  brake temperature between WO F to 1 6 . 0 ~ ~  F/,Ps..I ~ ~ P ~ ~ c f l @ F f i o ~ r  70 PG(LIPE~RT~&S s(-0 h ~ z v  pc' u i 7 h  
/o Fam- acrunmc /='d~?i& . ~ /~ / i -  . Q X ~  s l ~ - t d  >$" XG&~;AZ+U FDM.  - r n * a  -cQ * t 90 

?. 
f d r  R c g u : . e e & ~ ~ :  x, m. SYZJ,O~J&G a aaT/JuvLgs . -- 



EFFECTTVXNESS TEST 

ODOX: FINISH STAqT 

VEHICLE NO. : /, ..-. . . . -..X / 

TEST NO. : 

S e t  t i r e s  t o  specified pressure. With vehgcle at loaded test weight and CLUTCH D/SgfifiXd;c'~~ conduct 6 stops from3 o niph 
wi th  i n i t i a l  brake  temperature between 3.30 F to 1 5 0 ~ ~ ~  F / C P J - , Q P ~ ~ / C ~ ~ ~ F R O N ~  ZQ-&.~P r ~ r n P E 4 R ~ u . e ~  SI-0 r4ys. r  ~ i 7 H b  
/O * F a  F@.w ACTUG @&LC- &/&;/jz .rap T &CC;;&@~&>?AL F&&&. ~lht?%1&.% . (01 & 940 
-Idr Rcgur.ce&e-.+r: 3.7 . m, ~ , o , ~ J . . J I G  Q ~ s l / l d i L G ,  - - -  

S P E C I ~ ~ L  Z/JV~UCT,C~*S : = 

-.- - 
d - -r 

C 3  3-- 
c3 

7-- m- 





VEHICLE NO. : I 

TEST NO,: 

DATA TAKEN FROK: VISUAL READOUT T U E  READOUT DATE . PAGE of 
ST AYT M I N  , 000X: FIKISH TOTAL m3ES A X b I P , ,  TEMP. : MAX. 

t 
- - - -- .- 

dIN3:  VELOCITY DIRECT ION DRIVER , OBSERVER 
TEST ZOCATION SKID NO, 

Se t  t i r e s  t o  s p e c i f i e d  pressure. With vehfclc nl: loaded test weight and CLUtcU DISKNB'AWD~ conduct 6 stops f r o m 3 0  ?nph 
with i n i t i a l  brake temperature between W O ~ F  to I S . O ~ F ~  ~ / R s I # P P ? . ~ c H ~ # R D N ~  ro-R€&R T-E-PE~DTUEG s ~ D  *Q;T 2; iklilH/rJ 
10 O F .  F%.Y,A- ncrmnt G ~ L C  ,i,&,is *,etz s--*--, >&=; F ~ A C E . L R - W T ~ - I Z - - @ ~  & q o s ,  
Idv- R ~ ~ o ~ e ~ h c ~ :  $=?I-. S r a , o p t . ~ ~ -  OiS'b/fflLg* --- 

SPECIAL ~ ~ ~ s ~ p i r c ~ , d ~ ~  : ---- 



EFECTTVEhTSS TEST 
VEHICLENO,:  //: , , 

TEST NO.: - 
, I /  :. 

ATA TAKEN FROX: VISUAL READOUT TAPE IU3ADOUT BATE PAGE of 
33M: FINISH START - mB, TW,: MAX. TOTAL MILES M I N  . 
iE.rD: VELOCITY , ' DIRECTION DRnrER OBSERVER 

S K I D  NO. 3ST LaCATIOX - /?- s- ~lx----- 

et t i r e s  to s p e c i f i e d  pressure. With vehgcle se lgnded test wcfght and U m W  md5~6'19Ga~~conduct 6 stops from nph 
i t h  i n i t L e l  brake temperature between I30 F to is0 B. F ~ ~ ~ ~ ~ P P ~ L ~ C ~ ~ ~ R O N ~ ~ O ~ ~ ~ ~  ' b ~ ~ P E f l f f T ' r / ~ c l '  re-0 A4i.r pc' .J;TM/~-' 
, 3 7m.c ,qc,-ufine, $?,&g i,i+3 4eC . z ~ 3 = *  i S $ ~ ~ ;  R & / o ~ ~ ~ D ? ~  F & & ~ % . L I ~ / ~ ? C - / ~ ~ ~ . - C * ~ ~ &  T O O  , 
E r  ,QI-"Q";E~+.,<N: 1 LLL, c. Z T D , O ? ' h ' k  0 lST..filCG* --= 





DATA TAKEN FXOM: VISUAL READOUT TAPE .,.-,, 

VEHICLE NO. : 1- 
TEST NO,: - 

FU A M T T F  DATE PAGE o f  
- 

ODOX: FINISH START TOTAL NiLES - A.t.lB. TEMP,t MAX. M I N  . 
G JISD : V E ~ C I T Y  DIRECTION , .  DRIVER OBSERVER 
TEST S K I D  NO. 

S e t  t i r e s  to spec i f i ed  nressure. With vehkcle et lgaded t e s t  weight and UncU DtSffitiXW~, conduct 6 stops from mph 
w i t h  f n i t  is1 brake temperature between S O  F t~ F, 6/&5'a' APJP~-/C@~FPO#~ ;r0 T&hp?ERC7f~/Rcl' S,WO ~ Q J Y  2; J ; ~ A / / M  
lo O F o  ,fl%~~;.r acrufine bddis i,.,+- .peg -s*~o 25-s; R&&e..pze F ~ - . L J - I ~ ~ # & . - @ ~  & q ~ d  . 

r .- - I d r  Reguree&E< o' ';'YJ? t-i; m,opr . -ac;  D fSTAnlCGe --- 



SeNS i i . 7-Y 

EFFECTI3ThTSS TEST 
s .  

/ VEHICLE NO.: I . ,  , r /  

TEST NO.: 

DATA TAKEN PRCX: VISUAL ETEADOUT TaF, IuulmuT DATE / 2 :5' 13' PAGE of 
030X: FINISE STMT TOTAL E.LES M e  T E P P e 1  I4A.X. MZN . 
I :  VSMCI'JX DIPSCTION DRIVER OBSERVER 
TEST LL)CATIOX SKID NO. /"/ 3- e L  

Set tires to specified pressure. With vehAcle at igaded teat weight and U r n  D/O)SKfi6';4~~,~conduct 6 stops from 3fl kph 
~ 5 t h  i n i t i e l  brake tempereture between I30 F to PC0 & F/PS"~~JPPL/C~~~~MFPU/J I"  7dI"4?64R TE~PSRRTM?'  s-D & Z ~ J J ~  2s u;T?/& 

-. 
10 OF, j==s33.r H L I U ~ ~  n.c r ~ i t c  i/~-r;z. 9e& a Sj;- J;F J?JZ~~P=,PC:?~L F O ~ .  ~/-./1?;~(ed. - Ld dt A G qo 0 , 
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RESUMES OF RIDING EXPER1 ENCE POSSESSED 
BY 122 TEST RIDERS 

P r o f e s s i o n a l  R i d e r  - Roger Rien~ann 

Age: 35 y r s .  
( p s t )  LJ ,? i ch t :  5'9l' 

Weigh t :  1 5 5  l b s  

-Mr. Riemann has had e x t e n s i v e  e x p e r i e n c e  i n  c o n d u c t i n g  t h e  

FMVSS 122 t e s t  p r o c e d u r e  f o r  b o t h  f o r e i g n  and domes t i c  m o t o r c y c l e  

manu fac tu re r s .  Mr .  Reimann competes r e g u l a r l y  i n  v a r i o u s  r a c i n g  

even t s  and owns a  m o t o r c y c l e  shop. He f u r t h e r  has d i s t i n g u i s h e d  

h i m s e l f  as t h e  b u i l d e r  o f  m o t o r c y c l e s  employed by M r .  Eve1 K n i e v e l  

i n  h i s  n e f a r i o u s  f e a t s .  Moreover ,  M r .  Reimann i s  commonly known 

w i t h i n  t h e  p r o f e s s i o n a l  s e c t o r  o f  t h e  m o t o r c y c l e  community as an 

e s p e c i a l l y  capab le  and e x p e r i e n c e d  t e s t  r i d e r .  



Experienced, Non-Professi onal Rider - Lloyd Pierce 

Age: 43 

Height: 5 '8" 

Weight: 145 1 bs 

-Mr. Pierce, an employee of the Bendix Automotive Development 

Center, has ridden motorcycles for  20 years ,  t h o u g h  never in a t e s t  

capacity. He i s  presently riding as a primary means of personal 

transportation and part icipates in a cycle club with competitive 

involvement in d i r t  track racing, h i l l  climbing, a n d  moto cross 

events. Mr. Pierce has personally owned motorcycl es covering the 

fu l l  range of sizes and engine displacements, from 125 cc t o  1200 cc. 



Novice Rider - Ed Strychker 

Age: 37 

Height: 5 ' 9 "  

Weight: 165 lbs  

-Mr. Strychker has had one year  of r iding experience-five 

years p r io r  t o  h i s  involvement in the t e s t  program i n  t h i s  study. 

During h is  s ing le  year  of r i d ing ,  he operated only one vehicle ,  

a 1200 cc Harley-Davidson machine. 
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KAWASAKI F9C A N D  H A R L E Y  - D ~ I V  IDSON F X E -  1200 
DEMOIISTRAT 1611 TOM-TEST DATA 

The demonstration toer-test resul t s  appearing in t h i s  

appendix were conducted in accordance with the procedures 

recormended in the "Plan for  Demonstration Tes ts ."  The only 

departure from tha t  plan involved a  modification of the rear-  

only f r i c t i o n  coeff ic ient  calculat ion t o  include t h e  e f f e c t s  

of an aerodynamic pitching moment. The ra t ionale  f o r  t h a t  

modification i s  included in the introductory observations of 

t h i s  appendix. 

The demonstration t e s t s  were conducted using the Kawasaki 

a n d  Harley-Davidson motorcycles a t  the Dana Corporation t e s t  

track f a c i l i t y  near Ot tawa  Lake, Michigan. Each bike occupied 

l e s s  than two days of tes t ing  with the burnish procedure account- 

ing f o r  about half the to ta l  t e s t  time. 

Prior t o  presentation of the t e s t  r e s u l t s ,  a br ief  history 

of some observations and minor tow-test hardware modi f i  ca t i  cns 

which occurred during the t e s t ing  of the f i r s t  bike (Kawasaki) 

i s  reviewed. The following remarks have bearing only f o r  the 

effect iveness t e s t s .  

Examination of the e f fec t i  venss da ta ,  following t e s t ing  

of the Kawasaki, did indicate an inexpl icably l a rge  
variat ion of rear  f r i c t i o n  coe f f i c i en t ,  p r ,  with tow height.  

Higher tow heights (lower rear-wheel loads)  produced small e r  p r  

values than lower tow heights.  I n  search of a  reason t o  explain 
t h i s  var ia t ion ,  the additional weight of the tow hardware 

assembly, supported by the bike and inadvertently neglected, 

was measured and found t o  be about 100 l b .  The addit ional  

100-lb weight w a s  positioned s l i g h t l y  ahead of the f ron t  axle 

so as to  produce a small pitch nlo~nent as well a s  t a r e  weight 

acting upon the bike. The net r e s u l t  of t h i s  addit ional  weight 



and monlent was to  a d d  1 1 4  l b  or! the f ront  whct.1 and unload t i i c  

rear  wheel by 1 4  l b  from the nor111al s t a t i c  condit ion.  While 

t h i s  a r t i f i c i a l  pre-loading fa i l ed  to explain 

' r  va r i a t ion ,  i t s  main e f f e c t  was t o  place i n  question the f ron t  

wheel effect iveness t e s t s .  To remedy the a r t i f i c i a l  t a r e  weight 

condition, a  counter-balance boom and weight was added t o  the 

tow-test r ig  as shown in Figure B.1. Following i t s  i n s t a l l a t i o n ,  

a  f ina l  s e r i e s  of effect iveness t e s t s  was performed primarily 

as a  check on the previous r e s u l t s .  The main concern a t  t h a t  

time was tha t  the  Kawasaki would n o w  display (with 114 1 b  l e s s  

f ron t  wheel load) a  t ract ion-1 imi ted f r o n t  wheel in cont ras t  t o  

the previous torque-1 imi ted t e s t  resul t s .  This did n o t  occur 

and the tow force values obtained during these ef fec t iveness  re-  

t e s t s  coincided with the original  r e s u l t s .  These r e t e s t s  appear 

as par t  of the post-burnish effect iveness r e su l t s  a1 though t h e i r  

chronological order in the t e s t ing  sequence was l a s t .  

S t i l l  of some concern following the  Kawaski ef fec t iveness  

r e t e s t s  was the  presence of some in te rac t ion  between high tow 

heights ,  as  occur during rear-wheel effect iveness t e s t s ,  and a r  

var ia t ions .  The s i ze  of t h i s  var ia t ion  was c lea r ly  outside any 

reasonable range fo r  p -ve r t i ca l  load s e n s i t i v i t i e s  of the  t i r e .  r  
The explanation was found in the neglect of the moment induced 

by the aerodynamic a n d  ro l l  ing res is tance  forces ,  F T o ,  fo r  high 

tow heights.  Referring t o  Figure B . 2 ,  the height ,  h , a t  which 
FTO 

i s  applied the r e su l t an t  drag fo rce ,  FTo,  i s  not e x p l i c i t l y  known, 

but i s  c l ea r ly  in the v ic in i ty  of the  c .g .  height.  For Kawasaki 

rear-only t e s t s  the tow height ,  h , i s  on the order  of the  
r  

wheelbase, 2 ,  thus producing an addit ional  moment, M , here- 
FTo 

tofore neglected, equal t o  FT - h ) The r e s u l t  i s  an 
FTo unloading of the r ea r  wheel, during rear-wheel-only t e s t s ,  

approximated by the amount, 





Fiqure B . 2  Aerodynamic a n d  r o l l  ing r e s i s t ance  pi tch moments for 
h i g h  tow he ights .  



assuming here h I h and ( h t  - h )  - i .  Since FTo values 
FTo r  

obtained f o r  t he  Kawasaki a t  40 mph show an average of about 

40 l b ,  the e f f e c t  upon the u r  ca lcu la t ion  i s  s i g n i f i c a n t .  In- 

cluding the t o t a l  drag e f f e c t  in the  p, ca lcu la t ion  r e s u l t s  i n  

a new expression f o r  the Equation ( 1  2 )  of the "Plan f o r  

Demonstration Tests ," 

t r  The neglect  of the - - FT t e r n  appearins i n  the 
2 0 

denominator of the new y expression, explains t h e  erroneoLs r  
trend displayed in t he  or ig ina l  s r  ca lcu la t ions .  Using t h i s  new 

r  equation and an FTo average value of 40 l b ,  the Kawasaki , 
+ r  

values were re-calculated.  The new p r  values indicated no 

s i g n i f i c a n t  dependence on tow height and are  shown i n  the follow- 

ing sec t ion  f o r  the Kawasaki t e s t  r e s u l t s .  

The new p r  expression ( B . 1  ) , was a l s o  used during the  

e f fec t iveness  t e s t i ng  of the Harley-Davidson bike. However, 

f o r  the Harley-Davidson, actual  t o t a l  drag values,  FTo ,  were 

recorded during each t e s t  and then averaged t o  ob ta in  the  FTo 

value appearing in the Harley-Davidson u r  ca lcu la t ions  . 



9.1 Kaw;isaki  errio ion st^-ation Tow T e s t  Data - . - - .- - - - - - - - . . -. - - - - - -- - - .. - - - - - . - 

Pre-Burn ish  E f f e c t i v e n e s s  - 4-h -- - - - -. - - -- - - - -- 

Warm-up A p p l i c a t i o n :  Rear = 69 l b  

F i r s t  Rear-Only T e s t :  hT = 60" 

Tes t  
Repeat r r FT r A 

- - - 

1 130" 26 

2  130" 30 

3  136"  32 120 

4 144" 32 132 

FT average = 125 r 

*The 279 f i g u r e  r e p r e s e n t s  t h e  a c t u a l  r e a r  s t a t i c  w e i g h t ,  
( 293 -14 ) ,  produced by t h e  a d d i t i o n a l  hardware t a r e  w e i g h t  and 
mornent p r i o r  t o  i n s t a l  1  a t i o n  o f  t h e  compensat ing coun te rwe igh t  
and boom. 



Wanri-up Appl  i ca t i o n :  f r o n t  = 7 5  1 b 

F r o n t - O n l y  T e s t s  : hT = 2 7 + 6 = 3 3 "  

Tcs t 
f 

A 
Repeat f 

FTf 
- - 

1  153 44 185 

2  1 7 2  4 6 190 / 
3 166 4 4 192 

FTf average = 189 

The u r  = 1 . 0 5  t a b l e  ( ,hppend in  6 - 3 )  i n d i c a t e d  a  n e x t  f r o n t  tow 

h e i g h t  = 4 5 " :  

T e s t  
Repeat  Tf Af - - FT f 

1  133 5 4 220 

2 155 5 5 220 / FTf average = 221 

3  178 54 222  

The p r  = 1 . 0 5  t a b l e  indicated a c o r r e s p o n d i n g  r e a r  

o n l y  tow h e i g h t  = 5 5 " :  

T e s t  
Repeat  

T 
r 

A 
r FT 

- - r 

1  140 8  120 

2 153 18  130 FT average = 125 r 
3 173 16 125 

The u r  = . 95  t a b l e  i n d i c a t e d  a  f r o n t - o n l y  t ow  h e i g h t  

o f  42" f o r  an a n t i c i p a t e d  tow f o r c e  o f  221 l b .  



T e s t  : i! 
f 

r: + 

Repeat - -- - - -. . - - -  - -  - - 

1  135 5 4 2  20 

2 152 5 0 221 
7 1 - -  

i i l d  c' ? <- . - 
FT f  average = 222 

The pr = .95 t a b l e  i n d i c a t e d  a  r e a r - a x l e  tow h e i g h t  = 60" .  

S ince  t h e  60" r e a r - o n l y  t e s t  had been p e r v i o u s l y  

per fo rmed and t h e  l a s t  two f r o n t - o n l y  t e s t s  showed good 

agreement, t h e  p r e - b u r n i  sh e f f e c t i v e n e s s  t e s t i n g  was 

cons ide red  completed.  The r e s u l t s  showed a f r o n t  wheel 

f o r c e  c a p a b i l i t y  o f  222 1b and a  jr v a l u e  o f  0.95 o r  

119 I b ,  u s i n g  the e q u a t i o n :  

B u r n i s h  Procedure - 40 mph 

- 
A p p l i c a t i o n  = ' f  A f FTf T  r A r FT r - - - -  -- - 

F o l l o w i n g  t h e  f i r s t  s i x t e e n  b u r n i s h  a p p l i c a t i o n s  t h e  f r o n t  

b rake  tempera tu re  was approach ing 450°F and s t i l l  i n c r e a s i n g  

w h i l e  t h e  r e a r  b rake had reached an e q u i l i b r i u m  c o n d i t i o n  i n  t h e  

range o f  300°F. The b u r n i s h i n g  was i n t e r r u p t e d  a t  t h i s  p o i n t  

and b o t h  b rake  assembl ies  i n s p e c t e d .  Brake d r a g  was n o t e d  on 

b o t h  wheels w h i l e  s t i l l  h o t  b u t  tended t o  d i m i n i s h  w i t h  c o o l i n g .  

A t  t h i s  t i m e ,  t h e  f r o n t  b r a k e  was d isassembled and i n s p e c t e d .  

No unusual  mechanical  wear o r  i n d i c a t i o n s  o f  t h e  sou rce  o f  t h e  

e x c e s s i v e  h e a t i n g ,  o t h e r  t han  m i l d  b r a k e  l i n i n g  wear,  were 

n o t e d .  The f r o n t  b rake  was re-assembled a n d  b o t h  b r a k e  c a b l e s  



were r e - a d j u s t e d .  Subsctcjueni t cs  t s  o f  t h e  f r o n t  b r a k e  produced 

t h e  same b rake  d raq  pheno~l icr~ot i  b u t  on1 y when t h e  te~ i l pe rc t t u re  

exceeded about  200°F. Beyond t h i s  p o i n t  t h e  d r a g  i n c r e a s e d  

i n  s e v e r i t y  w i t h  i n c r e a s e d  tempera tu re .  A t  about  2309F,  s l a c k  

o r  f r e e - p l a y  n o r n i a l l y  p r e s e n t  i n  t h e  b r a k e  c a b l e  a t  amb ien t  

t empera tu res  was c o m p l e t e l y  t aken  up. The i i ~ o s t  p r o b a b l e  

e x p l a n a t i o n  1  i e s  i n  t h e  d i f f e r e n t i a l  t h e m a l  expans ion  between 

b rake  shoes and drum t h e r e b y  r e d u c i n g  and n e a r l y  e l i m i n a t i n g  

t h e  shoe/drum c l e a r a n c e  s e t  a t  l o w e r  t empera tu res  d u r i n g  b rake  

c a b l e  a d j u s t m e n t .  As an e x p e d i t i o u s  r e s o l u t i o n  t o  t h i s  p rob lem 

c a b l e  ad jus tmen ts  were r e l a x e d  on b o t h  b rakes  e l  i n i i n a t i n g  a1 1  

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

A p p l i c a t i o n  d f  A f FTf r FTr T  r A 
-- - -- - 

P o s t - B u r n i  sh E f f e c t i v e n e s s  

Rear-Only Tes t ,  Tow H e i g h t  = 60 "  

T e s t  
Repeat r A 

r 
FT 

- - r 

1  135 40 118 

2 140 4 0  125 FTr average = 121 

3  130 4 0  120 



J J .  J 

Firs t  front-only t e s t  performed w i t h  tow height = 40" 

(indicated by u r  = .95 table and an expected front  

tow force of  220 l b ) .  

Test 
Repeat Tf A f  - - FTf 

1 140 245 

2 160 5 4 245 

3 175 53 237 

FTf average = 242  

The remainder of the pest-burnish effectiveness t e s t s  a t  

t h i s  point in time demonstrated a suspicious p r  s ens i t iv i ty  t o  
large tow heights. The p sens i t iv i ty  problem resulted in an r  
incorrect sequence of tow height adjustments and force measure- 

ments which followed, and hence are  n o t  presented here as part 

of the normal sequence o f  effectiveness t e s t s .  

Effectiveness re- tes ts  (following ins ta l l a t ion  of the 

counterweight and boom) were subsequently performed t o  veri fy 

the torque l imitat ion of the front  wheel and the same effect ive-  

ness resul ts  obtained during the i n i t i a l  t e s t s .  These re- 

t e s t  resul ts  are presented here as part  of the post-burnish 

effectiveness test ing a1 t h o u g h  the i r  chronological order was, 

in f a c t ,  l a s t .  



E f f e c t i v e n e s s  R e t e s t s  - -- - - .- -- - -. - - - - - - - - - - -- - 

Rear-Only T e s t ,  Tow H e i g h t  = 60 "  

T e s t  
Repeat 

T A FT 
-- r r -- -- 

r - -- 

1  135 2  8 120 \ 

2  140 2  1  125 

3 150 2  6 130 

4  150 2  9 128 , 

FTr a v e r a g e  = 126 

The f r o n t - o n l y  t e s t  was n e x t  p e r f o r m e d  w i t h  a s t a r t i n g  

tow h e i g h t  o f  27 t 6 = 33".  

T e s t  
Repeat  T f  A f - - FTf 

1  170 5  5  242 ( f r o n t  l o c k u p )  

T h i s  f r o n t  wheel peak f o r c e  o c c u r r e d  d u r i n g  a l o c k u p  

( t h e  o n l y  Kawasaki f r o n t  wheel l o c k u p  a c h i e v e d )  a t  t h e  

l o w  i n i t i a l  tow h e i g h t  o f  33 " .  The pr = .95 t a b l e  

i n d i c a t e d  a  n e x t  f r o n t  tow h e i g h t  o f  39 " .  

T e s t  
Repeat  Tf Af - - FTf 

1 175 50 

2  177 4  6 ::t 1 FTf a v e r a g e  = 246 

3 175 4 9  247 

*The r e a r  s t a t i c  l o a d  (293 )  o f  t h e  c y c l e  and r i d e r  i s  now used 
f o l l o w i n g  t h e  i n s t a l l a t i o n  o f  t h e  c o u n t e r w e i g h t  and boo111. 



The t o r q u e - l i m i t e d  246-1b tow f o r c e  va lue  i n d i c a t e d  a 

co r respond ing  r e a r - o n l y  tow h e i g h t  o f  68": 

Tes t  
Repeat 

T 
r 

A r F  T  
- - r - 

1  147 2  0  120 

2 143 2  2  118 FT average = 119 r 
3 150 26 118 

The pr = 1 .00 t a b l e  i n d i c a t e d  a  f r o n t - o n l y  tow h e i a h t  

o f  39" f o r  an expected f r o n t  tow f o r c e  o f  246 7 b :  

Tes t  
Repeat - f - Af FTf 

1 178 5  5  

2 178 48 :l: 1 F T ~  average = 247 

3 179 5 2  247 

These l a s t  t e s t s  agreed w i t h  t h e  1  a s t  f r o n t - o n l y  t e s t s  

performed and served as t h e  f i n a l  average f o r  t h e  f r o n t  wheel 

e f f e c t i v e n e s s  t e s t s .  

The r e a r - o n l y  t e s t s  were repeated t o  o b t a i n  a f i n a l  

average u s i n g  t h e  l a s t  r e a r - o n l y  tow h e i g h t  o f  68".  

T e s t  
Repeat Tr A  r FT 

- - r 

1  175 28 115 

2 178 34 ' 1 1 4  FTr average = 115 

3 179 2 2 115 



The f i n a l  Kawasaki e f f e c t i v e n e s s  t e s t s  i n d i c a t e  a  f r o n t  

wheel f o r c e  c a a a b i l i t y  of 247 1b and a  r e a r  wheel peak f r i c t i o n  

c a p a b i l i t y  of  0 . 9 4  (113 I b ) ,  u s i n g  Equa t ion  ( ' 2 . 2 ) .  

Thermal Loading - 30 mph - 

Tow Height  = 27" 

FTf = 131 l b ,  FTr = 88 1b f o r  4 s e c o n d s / a p p l i c a t i o n  

Base1 i n e  T; FTf r T e s t s  r FT r A r - -- - -- 

Thermal 
Loading (&second  appl  i c a t i o n s  e v e r y  . 4  m i  1  e )  

T e s t s  



Wet ted  Brake  P r r f ~ t - r ~ ~ ~ ~ ~ c r :  (?O ~ l s r ~ t ~ )  - - - - - - - - - - - - - - - - 1  -- 

Tow H e i q h t  = 2 , [T i  = 75 1b. FTr = 69 1 b  

f o r  4  seconds every 0 . 5  mi l e  

D ry  
Base1 i n e  

T e s t s  f FTf A f r FT r T A r - -- - -- 
1 134 80  11 132  67 21 

Water  
Exposure  ( 1 0  M i n u t e s  A f t e r  S t a r t  o f  Water) 

T e s t s  

Kawasaki T e s t  Data Sumrnarv 

P r e - B u r n i  sh E f f e c t i  veness : 

F r o n t  wheel f o r c e  c a p a b i l i t y  = 222 1  b 

Rear wheel f o r c e  capab i  1  i ty  = 119 1  b 

222 + 119 T o t a l  p r e - b u r n i s h  d e c e l e r a t i o n  c a p a b i l i t y  = 465 

= .73  g ' s  

When t r a n s l a t e d  t o  60 mph ( 8 8  f t / s e c )  s t o p p i n g  

d i s t a n c e :  D = (w2 ( 6 4 . 4 ) ( . 7 3 )  



Post-Burnish Effectiveness: - -  - . . . - - - - - - -- - -- - 

Front wheel force capabi 1 i ty = 247 1b 

Rezr wheel force capability = 113 lb 

237 t 7 7 ?  
Toial post-burrtish deceleration = - - -  --- 4 6 5---' 

= .78 g's  

When translated to 60 rnph stopping 

(8812 distance: D = - ( 6 4 . 4 i  

= 154 ft. 

Thermal Capacity : 

130 + 130 + 140 Front Base1 ine Gain = 21 , 23 , 24 

90 + 95 -t 90 
Rear Baseline Gain = --- 27 + 25 + 26 

Thermal Loading Gains 

Application Front Rear 

1 6.1 4.1 

2 6.5 3.3 

3 6.1 3.3 

4 6.2 3.3 

5 7.1 3.8 

6 6.8 3.6 

7 6 .6  3.7 

8 6.7 3.5 

9 6.8 3.2 

10 6.7 3.2 



80 + 7 5  + 74 Front  Base l ine  Ga in  (Dry) = il- i-I-,-+ 70- 

67 + 70 + 70 Rear Base1 i n e  Gain (Dry)  = 
21 + 21 + 21 

Wetted Brake System Gains 

Appl i c a t i  on Front  Rear 

1 10 .0  3 . 6  

2 7 . 7  3.8  

3 7 . 5  3 .6  

6 .2  Harl ey-Davidson 3 e ~ c n s t r a t i o n  Tow-Tes t Data 

Pre-Burnish E f f e c t i v e n e s s  ( 4 0  mph) 

Warm-up A p p l i c a t i o n :  Rear = 121 i b  

Rear-Only T e s t :  h~ 
= 60" 

T e s t  
P,epea t T A 
- r r - -- FTo 

1 172 40 21 0 

2 179 45 200  202 
ave rage  

3 179 43 195 

The f i r s t  f r o n t - o n l y  t e s t  was performed w i t h  a tow 

h e i g h t  o f  19  + 6 = 25" :  



T e s t  
f 

4 
f F T f  Kcpea t s  - - -- -- - - ...- 

346 1b i n d i c a t e d  a n e x t  f r o n t - o n l y  tow h e i g h t  o f  

32' i n  t h e  u r  = .85 t a b l e  (Append ix  8 . 4 ) :  

T e s t  
Repeats - f - Af FT f 

170 42 1 FTf average = 405 
179 4 0 40 8 

405 I b  i n d i c a t e s  a n e x t  f r o n t - o n l y  tow he igh t  of 

30" : 

T e s t  
Repeats T f  A f - - FTf 

169 4 2 "I 1 FT4 average = 407 

178 4 0 41 3 

The 407-1 b measurement i n d i c a t e d  convergence f o r  t h e  

f r o n t  wheel t e s t s .  The ;r = .85 t a b l e  i n d i c a t e d  a 

co r respond ing  r e a r - o n l y  tow h e i g h t  o f  46" :  

T e s t  
Repeats 

T r A r FTo FT 
-- - r -- 

1 142 45 225 1 2 2 7  
2 178 44 230 average 



S i n c e  t h e  same . 'r v n l i ~ e  a s  b e f o r e  w a s  o b t a i n e d ,  t h e  

e f f e c t i v e n e s s  t e s t s  werc curis ider-cil coil ipl e t e d .  The rc<ul t s  

i n d i c d t e d  a  f r o n t  wheel f o r c e  c a p a b i l  i t y  o f  407 I b and CI r e a r  

= .84 o r  224 l b .  l r s i n g  E q u a t i o n  ( B . 2 ) .  
la  t" 

B u r n i s h  P rocedu re  ( 4 0  mph) 

FTf = 142 l b  , FTr = 139 1b f o r  4 s e c o n d s i a p p l  i c a t i o n  

A p p l i c a t i o n  = 

1 

10 

2 0 

3 0 

40 
5 0 

50 

7 0 

8 0 

9 0 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 



Pos t -Bu rn i sh  E f f e c t i v e n e s s  

Rear-Only T e s t ,  Tow H e i g h t  = 46" ( f r o m  p r e -  

b u r n i s h  e f f e c t i v e n e s s  r e s u l t s )  

T e s t  
Repeats T  r A r - - FTO -- 

The pr = .80 t a b l e  i n d i c a t e d  a  f r o n t - o n l y  t ow  h e i g h t  

o f  29-30" f o r  an expec ted  f r o n t  to\+ f o r c e  o f  abou t  

407 l b .  U s i n g  29" :  

T e s t  
Repeats - f - A f FT f 

1  140 44 387 

2 160 4  2  428 FTf average = 407 

3  176 44 406 

The 30" tow h e i g h t  s e t t i n g  r e s u l t e d  i n :  

T e s t  
Repeats f A f - - FTf 

1  170 4  4  41 0  

2  179 49 430 FTf ave rage  = 420 

3 167 49 420 



Since  converqcnce was e v i d e n t ,  the rear-only t e s t  was 

rt?pc;ltcd for  t h e  corrcsl)ontlinq rear-only tow heigtit of 4:;" 

i n  the l t r  t ab le :  

Test 
Repeats f f F T 
--- - - o FT r 

yielding the same b r  value as  before. 

1 145 3 5 52 ' 215 ' 

The front-only t e s t s  were pevformed again w i t h  the 

30" tow height t o  a t t a i n  a f ina l  average fo r  the f ron t  wheel: 

Test 
Repeats Tf A f - - FTf 

217 
' Average 

2 173 52 

3 178 5 7 ) 

The pos t-burnish effectiveness t e s t s  indicate a f ront  

wheel force capabil i ty of 422  1 bs and a rear  wheel p ,  = .80 or 

208 I b .  

4 176 46 ,, 220 , 

52 220 
Average 215 



Thcrnlal  L o a d i n g  ( 3 0  mph) - - - - - - - - - - - - - - - . - . - - - - - . - - - 

Tow H e i g h t  = 19"  

FTf = 191 l b ,  F i r  = 166 l b  f o r  4 seconds /app l  i c ~ t i o n  

Base1 i ne 
Tes t s  f FT f A f r FTr T A r - - - - - -- 

Thermal 
Load i  ng 

T e s t s  

Wet ted  B rake  Per fo rmance ( 3 0  rnph)- 

Tow H e i g h t  = 19"  , FTf = 115 l b  , FTr = 121 1b 

4 second a p p l i c a t i o n s  e v e r y  0.5 m i l e  

D ry 
Base1 i ne 

T e s t s  Tf FTf Af T FT A 
- -- r r r - -- 

1 131 110 10 130 114 2 0 



Exposure 
Tests Tf FTf A f r  FTr T A 

- - - - --- - - - - . . .- - - - r  
. - -  

Harlev-Davidson Test Data Summarv 

Pre-Burnish Effectiveness : 

Front wheel force capabil i ty = 407 1  b 

Rear wheel force capabil i ty = 224 1 b 

407 + 224 Total pre-burnish deceleration capabil i ty = 760 

= .83 g ' s  

When translated t o  60 rnph (88 f t l s e c )  stopping 

distance: D = (64.4) ( .834) 

= 144 f t .  

Post-Burnish Effectiveness: 

Front wheel force capabil i ty = 422 1 b  

Rear wheel force capabil i ty = 208 l b  

422 + 208 Total post-burnish deceleration capabi 1 i ty = -- 760 

= '83 g ' s  

yielding the sanie 60 mph stopping distance,  144 f t ,  as obtained 

for  the pre-burnish effectiveness.  This resu l t  i s  under- 

standabl e  since the Harl ey-Davi dson was not torque 1  i mi t e a ,  

thereby reducing the braking perforniance capabil i t y  of the bike 

to a  matter of re la t ively  s t a t i c  t i r e  t rac t ion propert ies.  



Therrlial C g a c i  -- t y :  

160 + 160 + 163 Rear Brake Gain = - 28 + 30 + 18 

= 6 .4  

Thermal Loading Gains 

Appl icat ions  Front 

1 9 . 7  

2 8 . 4  

3 9 .2  

4 9 .2  

5 9 . 5  

6 9 .5  

7 9 .5  

8 9 .6  

9 9.1 

10 10.0 

Rear 

5.9 

5 .9  

6 . 3  

6.4 

6 .3  

8 .0  

9.1 

7 . 4  

11 . I  

6 .8  

Wetted Brake Performance: 

Front Base l ine  Gain (Dry) = 
110 + 116 + 114 

10 + 10 + 12 

Rear Base l ine  Gain (Dry) = 
114 + 119 + 113 

20 + 26 + 2 7  



Wetted Brake Sys tell1 Ga i ns 

App1 i c a t i o n s  
. - - - - - - - .- - F r o n t  - - -  -- Kea r ---- 



B . 3  Kawasaki Tow-Test I t e r a t i v e  T a b l e  









+++ MI-I-PERF = 111. 75 +++ 

















B .4. Harl ey -Dav idson  Tow-Test  I t e r a t i v e  T a b l e  
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DESCRIPTIGN OF TOW-TEST HARDWARE 

The hardware systeir? elr,p?o.jcd t o  conduct  t h e  tow mettii-[I o f  

b rake  performance t e s t i n g  was compr ised o f  a  n iechan ica l  tow 

l i n k a g e  and an e l e c t r o n i c  d a t a  a c q u i s i t i o n  package. The t o w i n g  

f u n c t i o n  was a f f o r d e d  by a  1 / 2 - t o n  p i c k u p  t r u c k  wh ich  was o u t -  

f i t t e d  w i t h  t h e  towing l i n k a g e  and w i t h  m o b i l e  s u p p o r t  s e r v i c e s ,  

i n c l u d i n g  wa te r  s t o r a g e  tank ,  a i r  compressor,  and e l e c t r i c a l  

power c o n v e r t e r .  

The 1  i nkage  system was dev i sed  t o  assu re  a  v e r y  r i g i d  con- 

s t r a i n t  o f  t h e  r o l l  and l a t e r a l  m o t i o n s  o f  t h e  t e s t  m o t o r c y c l e .  

The d inkage,  diagrammed i n  F i g u r e s  C . l  and C.2, can be e x p l a i n e d  

i n  terms o f  members wh ich  a r e  employed t o  tow t h e  m o t o r c y c l e  

and wh ich  the reby  c o n s t i t u t e  a  l o n g i t u d i n a l  c o n s t r a i n t ,  and 

members wh ich  se rve  t o  p r o v i d e  a1 1  o t h e r  c o n s t r a i n t s .  The tow- 

i n g  f o r c e  i s  a p p l i e d  t h r o u g h  a  p u r e l y  t e n s i l e  l i n k  ( A )  t o  t h e  

motorcyc le -mounted frame ( 1  i n k s  B and C )  . The v e r t i c a l  member, 

By p r o v i d e s  a  graduated beam p e r m i t t i n g  p r e c i s i o n  s e t t i n g s  o f  

tow h e i g h t .  A t  t h e  bot tom o f  t h i s  member, a  f a s t e n i n g  i s  made 

t o  t h e  m o d i f i e d  f r o n t  a x l e  s h a f t  o f  t h e  t e s t  m o t o r c y c l e .  L i n k  

C p r o v i d e s  t h e  second element i n  t h e  a p p l i c a t i o n  o f  a  p i t c h i n g  

c o u p l e  t o  t h e  m o t o r c y c l e .  T h i s  t e n s i l e  l i n k  i s  o r i e n t e d  t o  

a r r i v e  a t  a  r i g h t  ang le  r e l a t i o n s h i p  w i t h  t h e  f o r k  tubes when 

t h e  f r o n t  suspension i s  compressed h a l f w a y  between i t s  s t a t i c  

and f u l  l y - d e f l e c t e d  l o c a t i o n .  W i t h  such an ar rangement ,  t h e  

v e r t i c a l  p o s t u r e  o f  l i n k  B i s  l e a s t  i n f l u e n c e d  b y  f r o n t  f o r k  

d e f l e c t i o n .  T h i s  f e a t u r e  i s  d e s i r a b l e  because i t  se rves  t o  sus- 

t a i n  t h e  c r u c i a l  tow h e i g h t  v a r i a b l e  a t  i t s  s e l e c t e d  v a l u e .  

The tow f o r c e  a p p l i e d  by l i n k  A i s  r e a c t e d  a t  t h e  t o w i n g  

v e h i c l e  by ano the r  g radua ted  beam, e lement  D.  T h i s  beam i s  

r i g i d l y  f i x e d  on t h e  tow v e h i c l e  and has i t s  g r a d u a t i o n s  c a l i -  

b r a t e d  t o  cor respond w i t h  tow h e i g h t  r e a d i n g s  on l i n k  B .  







O t h e r  c o n s t r a i n t  nlerribers w h i c h  a r e  s tiown c o r ~ i p r i s e  t h c  

a t t a c h m e n t  t r a i l i n g  f r o m  t h e  t r u c k  .ft-arne t o  t h e  n ~ o t o t ~ c y c l e ' s  

f r o n t  a x l e .  T h i s  assembly  i s  i n c a p a b l e  o f  r e a c t i n g  l o n g i t u d i n a l  

f o r c e s  as a  r e s u l t  o f  t h e  " i d l i n g  l i n k , "  F .  Thus t h e  t ow  f o r c e  

r e a d i n g  d e r i v i n g  froir.1 t h e  l o a d  c e l l  i n s t a l l e d  i n  l i n k  A i s ,  

i ndeed ,  r e p r e s e n t a t i v e  o f  t h e  t o t a l  f o r c e  needed t o  r e a c t  n i o t o r -  

c y c l e  r e t a r d a t i o n  f o r c e s .  L i n k s  E and  F c o n s t i t u t e  a  r o l l - r i g i d  

c o u p l i n g  and, i n  t h e  m o t o r c y c l e  t e s t  mode, p r o v i d e  f r o n t  wheel  

s t e e r  and l a t e r a l  p o s i t i o n  c o n s t r a i n t s  as w e l l .  The f o r w a r d  

t e r m i n u s  o f  l i n k  F compr i ses  a  d o u b l e - y o k e  u n i v e r s a l  j o i n t  whose 

deg ree  o f  f r eedom a b o u t  t h e  v e r t i c a l  p i n  i s  " l o c k e d  o u t "  d u r i n g  

m o t o r c y c l  e  b r a k e  t e s t  i ng . However,  when t h e  t ow  v e h i  c l  e /  

m o t o r c y c l e  sys tem i s  b e i n g  maneuvered a r o u n d  t i g h t  c o r n e r s  and  

i n t o  a  garage ,  f o r  example ,  t h e  f r e e  a r t i c u l a t i o n  ( i n  yaw)  o f  

1 i n k s  E and  F i s  pe rm i  t t e d .  

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

l a t e r a l  l i n k ,  G,  s u p p o r t e d  b y  a  s o l i d  beam p r o t r u d i n g  f r o m  t h e  

back  o f  t h e  tow v e h i c l e  and f a s t e n i n g  t o  t h e  m o t o r c y c l e  f r ame  

a t  t h e  s o l i d  f o r k  t u b e  s u p p o r t  j u s t  b e l o w  t h e  s t e e r i n g  head.  

T h i s  l i n k  i s  t e r m i n a t e d  a t  b o t h  ends w i t h  s p h e r i c a l  r od -end -  

t y p e  f i x t u r e s  and p r o v i d e s  a s o l  i d  r o l l - s t i f f e n i n g  complement  t o  

t h e  l a t e r a l  c o n s t r a i n t  p r o v i d e d  a t  t h e  f r o n t  wheel  c e n t e r  by  

l i n k  E .  The l a t e r a l  l i n k  i s  s u f f i c i e n t l y  l o n g  t h a t  i t  becomes 

n e g l i g i b l y  d i s p ?  aced i n  t h e  l a t e r a l  ( a n d  t h u s ,  r o l l )  d i r e c t i o n  

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

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

v e r t i c a l  beam, D, t o  p e r m i t  a p p l i c a t i o n  o f  a  c o u n t e r w e i g h t  f o r c e  

t h r o u g h  t h e  s h o r t  c a b l e  f a s t e n e d  t o  l i n k  B .  The s i z e  o f  t h e  

c o u n t e r w e i g h t  i s  e s t a b l i s h e d  as t h a t  w e i g h t  w h i c h  c o m p l e t e l y  

r e l i e v e s  t h e  m o t o r c y c l e ' s  f r o n t  a x l e  o f  t h e  a r t i f i c i a l  l o a d  

d r i v i n g  f r o m  t h e  w e i g h t  o f  t h e  l i n k a g e  assembly .  Thus m o t o r c y c l e  

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

m o t o r c y c l e  and r i d e r  niasses thenise l  ves .  



The fas ten ing  of  a giver) ~llotorcycle t o  t h e  bas i c  link,iqil 

assembly requ i res  preparat ion of t h r ee  p a r t s ,  narriely 

1 )  A c lev i s - type  bracket  fas tened by extended handle- 

bar bo l t  t o  provide the  a f t  connectiori of l i n k  C ,  

2 )  a  small s t r a p  permit t ing the  attachment of the  i n -  

board spher ica l  rod end of 1  ink G t o  the  motorcycle ,  

j u s t  below the  s t e e r i n g  head, and 

3 )  a  replacement f r o n t  ax le  p i n  which accommodates t he  

combined attachments of l i n k s  B and E .  , 

As shown in Figure C.3, a  typ ica l  f r o n t  a x l e  s h a f t  i s  simply 

a non-rota t ing pin which i s  clamped a t  t he  end of each fo rk  tube 

and which supports  the  i nne r  race  of t he  f r o n t  wheel bear ings .  

The replacement vers ion of t h i s  s h a f t  then provides f o r  achieving 

the  bearing preload while otherwise  a f fo rd ing  the  running 

su r f ace s ,  toge ther  with the  adaptor  spool a t  t he  l e f t ,  f o r  

loca t ing  the  pivots  of l i n k s  B and E .  

In add i t ion  t o  t he  tow l inkage assembly, t he  t e s t  system 

f u r t h e r  incorporated the  e l e c t r o n i c  da ta  a cqu i s i t i on  system 

d iagramed in  Figure C . 4 .  As shown on t h e  l e f t  s i d e  of t h i s  

f i g u r e ,  t ransducers  provide f o r  d i r e c t  measure of t h e  va r i ab l e s  

shown on page 

Various analog and d i g i t a l  c i r c u i t  elements on the  r i g h t  s i d e  

of Figure C.4  provide t he  following numeric p resen ta t ions  of 

t he  foregoing va r i ab l e s .  







Es t i r l la ted 
Descri ption Transducer Measurerrient Overa 1 1 
of Variable Symbol Rarlqe -- . . -TYP?- - -- - - - - - - - - Accuracy - - - - - -- -- - 

1 .  Force appl ied t o  
brake control 
element, f ron t  - Af s t r a i n g a u g e *  0-1001bs 1 .  

2 .  Force applied t o  
brake control 
element, rear  - A r  s t r a i n  gauge 0-300 I b s  0.  5", of 

(packaged pedal F . S .  
force ce l l  ) 

3. Brake l in ing  i  ron-constantan 0-500" 0.5'; of 
temperature, f ron t  if thermocoupl e  F . S .  

4. Brake l in ing  iron-constantan 0-500" ' 0.5:; of 
temperature, r e a r  Tr  thermocouple F .S .  

5. Tow force  F~ s t r a i n  gauge 0-500 Ibs  0.5:: o f  
(packaged 1 oad F .S .  
c e l l  ) 

6.  Test  vehicle DC tachometer 0.5:; of 
ve loc i ty  V & f i f t h  wheel 0-100 mph F.S. 

assembly 

*for mechanical ly-actuated f r o n t  brake, hand 1 ever i s  
strain-gauged; f o r  hydraul ical  ly-actuated f r o n t  brake, 
force-cal ibrated pressure transducer i s  used. 



1. Average va lue  o f  Af ( o r  Ar) measured over  a  2- 

second i n t e r v a l  f o l l o w i n g  a c t i v a t i o n  o f  an i n i t i a t i n g  

sw i t ch .  ( F o r  use i n  measur ing s u s t a i n e d  i n p u t s  such 

as i n  b u r n i s h ,  f ade ,  and w a t e r  r e c o v e r y  sequences.) 

2.  Average v a l u e  o f  FT measured c o i n c i d e n t  w i t h  t h e  2 -  

second sampl ing  t i m e  i n i t i a t e d  by t h e  s w i t c h  d e s c r i b e d  

above . 

3. Peak v a l u e  o f  tow f o r c e  ach ieved f o l l o w i n g  a c t i v a t i o n  

o f  a  r e s e t  s w i t c h .  ( F o r  use i n  measur ing t h e  peak 

t r a c t i o n  f o r c e  genera ted by  a  f r o n t  o r  r e a r  t i r e . )  

4. Value o f  tow f o r c e  acn ieved d u r i n g  f r o n t  wheel b r a k i n g  

c o i n c i d e n t  w i t h  t h e  occur rence o f  a  5 5 - l b  v a l u e  o f  Af. 

( F o r  use i n  c h a r a c t e r i z i n g  t h e  maximum b r a k i n g  f o r c e  

o b t a i n a b l e  by a t o rque -1  i m i  t e d  f r o n t  b r a k i n g  system. ) 

5. I ns tan taneous  v a l u e  o f  l i n i n g  tempera tures ,  Tf and Tr. 

6. I ns tan taneous  d i s p l a y  (on  an ana log  meter )  o f  v e h i c l e  

v e l o c i t y ,  V .  

The i n s t r u m e n t  system a l s o  i n c l u d e d  a  2-pen c h a r t  r e c o r d e r  

used f o r  v i s u a l  check o f  t h e  A f  ( o r  Ar) and FT t i m e  h i s t o r i e s  d u r i n g  

each b rake  a p p l i c a t i o n .  An a d d i t i o n a l  m a n i p u l a t i o n  o f  t h e  tow f o r c e  

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

bot tom of F i g u r e  C.4. T h i s  c i r c u i t  r ende rs  a  tow f o r c e  r e a d i n g  wh ic?  

i s  independent  o f  smal l  changes i n  g rade a l o n g  t h e  t e s t  course  and 

independent  o f  t h e  p r e v a i  1  i ng aerodynami c  d rag (wh ich  i s  somewhat 

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

a i r  f i e l d  because o f  t u r b u l e n c e  induced by t h e  t o w i n g  v e h i c l e ) .  

The t r a c k l h o l d  c i r c u i t  i s  t h u s  employed t o  s t o r e  t h e  " z e r o "  v a l u e  

o f  tow f o r c e  ( F T  ) wh ich  p r e v a i l s  j u s t  p r i o r  t o  b r a k e  app l  i c a t i o n .  
0 

A  d i f f e r e n c e - c i  r c u i  t then  p r o v i d e s  a  tow f o r c e  s i g n a l  whose average 

peak numer ics r e p r e s e n t  t h e  tow f o r c e s  o b t a i n e d  w i t h  r e s p e c t  t o  t h e  

s t o r e d  FT va lue .  P r i o r  t o  subsequent b rake  a p p l i c a t i o n s ,  t h e  FT 
0 0 

h o l d  c i r c u i t  i s  r e s e t  and an updated v a l u e  i s  o b t a i n e d  and s t o r e d .  



A photo of the instrumentation i n s t a l l e d  in the tow 

vehicle i s  shown in Figure C.5 .  The only instrumentation 

display provided t o  the t e s t  r ide r  i s  the  instantaneous value 

of taw force presented on the meter shown in the photo of 

Figure C.6. Meter damping was selected so as to  reduce the 

noise content of the display while avoiding an excessive level 

of phase lag such as was found t o  d is rupt  the r i d e r ' s  a b i l i t y  

t o  accurately apply a s t ep  function of tow force.  

The tow sys tem was a1 so o u t f i t t e d  wi t h  water del ivery 

apparatus t o  permit a dynamic brake-wetting t e s t .  This apparatus,  

consist ing of a 200-gal lon tank and associated plumbing, provides 

water flow d i r e c t l y  onto the  pavement (by way of a gravity-fed 

nozzle aligned ahead of the  motorcycle's t i r e  path) and a l so  in 

the  form of an atomized spray which i s  d i rec ted  a t  the motor- 

c y c l e ' s  brake assemblies. The gravi ty-fed nozzle de l ive r s  water 

a t  a nominal r a t e  of 14 gal/min, which, a t  30 m p h ,  y i e l d s  a 

water depth of .020 inch. An 0.020 in .  water depth was se lec ted  

as representing a water cover associated with a severe r a i n f a l l  

r a t e  on a crowned tangent sec t ion  of primary highway i n  the U . S .  

Although grea ter  water depths a re  possible in the case of unusual 

deluge conditions and on poorly drained sec t ions  of roadway, 

the se lec t ion  of 0.020 in .  was deemed a reasonable choice- 

considering the l imited water volume which can be car r ied  on a 

l i g h t  t ruck,  and considering the f a c t  tha t  wetting of the wheel 

path i s  seen merely as a mechanism f o r  permitting the  t r a n s f e r  of 

water onto the  ins ide  fender surfaces and thence onto the brake 

assembl i e s .  

The airborne spray directed a t  the  t e s t  motorcycle derives 

from a i r  atomizing nozzles which a s p i r a t e  water from the on-board 

storage tank. Compressed a i r  delivered t o  each of two nozzles i s  
pressure-regulated t o  obtain a flow r a t e  equivalent  t o  the travel  

of a motorcycle a t  30 m p h  through a r a in  f i e l d  characterized by a 

1 in /hr  r a in fa l l  r a t e .  To account fo r  the  addit ional  density of 





Figure C.6 



air-suspended water dcrivi  119 fro111 t h e  spray churned u p  by riiovi ng 

vehicles on a t r a f f i cked ,  t-din-cover-eci hiqhr.:ay, the t e s t  ~iiotor- 

cycle encounters an airborne spray of three times the r~oriiinal 

densi ty of the one in /hr  rain f i e l d  i t s e l f .  The two spray 

heads i n  t h i s  system a r e  arranged to  cause a more or  l e s s  

natural f lowimping ing  d i r e c t l y  on the f ront  brake, b u t  only 

via turbulent  "backwash" around the r i d e r ' s  legs t o  the r ea r  

brake. 





A P P E N D I X  D 

COMMENTS OF MOTORCYCLE MANUFACTURERS 
CONCERNING E V O L U T I O N  OF BRAKE TECHNOLOGY 

In t h i s  appendix, four documents are presented as received 

from certain motorcycle manufacturing companies. The docunients 

are  in response t o  an inquiry which was submitted t o  the Motor- 

cycle Industry Council, Inc. (MIC) requesting information on the 

expected trends in motorcycle brake system design. In the 
following pages are presented: 

1 )  the questionnaire, i t s e l f ,  which was 

submitted t o  the MIC 

2 responses provided by the Kawasaki, Suzuki, 
Honda, and Premier Corporations. 



QUESTIOKNAIRE ON T H E  LIKELY ADVANCEMENTS I N  
MOTORCYCLE B R A K I N G  TECHNOLOGY 

The purpose of t h i s  quest ionnaire  i s  t o  s o l i c i t  c e r t a in  views of 
corporat ions involved in the nanufacture of motorcycles and t h e i r  Sraking- 
r e l a t ed  co~2snen:s. Spec i f ica l ly  , tne  following questions a r e  direczed 
t o  ident i fy ing  the  charac te r  and t i v ing  of s i g n i f i c a n t  advznce-ents i n  
motorcycle brzking s y s t e ~ s  which nay esdolve over ,  say ,  t k ?  next 10 years.  
The provided respcnse t o  t h i s  request  wi l l  be e a ~ l o y e d  i n  a research 
program which seeks to  reco?,nend t o  the Xational Hisnway T r a f f i c  Safety 
Administrati on an advanced riet9od for neasuri  n g  notorcycle  braki ng per=or- 
mance. The quest icns address motorcycle braking s y s t e ~ s  i n  a r,echani s t i c  
fash ion ,  goin.3 i r o n  the veh ic l e ' s  control  inpu? devices {hand l e v e r  and 
foo t  pedal) t o  the f ina l  output e l e w n t ,  the  p n e u ~ a t i c  t i r e .  

The Highway Safety Research I n s t i t u t e  of The University of 
Michigan requests  t h a t  cooperating pa r t i e s  respond as f u l l y  a s  they se?  
f it. We recognize ~ h z t ,  in  sone iqs tances ,  p ropr ie t s ry  in toreszs  -2y 
c o n f l i c t  with the  divulgence of c e r t a i n  information. Our p r i r a ry  i n t e r % t  
is not i n  the i d e n t i f i c a t i o n  of s p e c i f i c  hard\;are improvements, 
b u t  r a t h e r  i n  the predict ion of gefieric advance~en t s .  Thus a r a n u f z c t ~ r e r  
is  not necessar i ly  encouraged t o  c i t e  advancements which he fo re ses s  in 
h i s  own product l i n e ,  b u t  r a the r  i n  the  market in  general.  Fur ther ,  -- 
respondents may submi t information on an anonymous basis  i f  they wish. 



1) Please c i t e  design concepts, not current ly  i n  common use b u t  
w h i c h  are l i ke ly  t o  be marketed in t h e  next 10 years ,  which 
will influence: 

a )  The manner i n  which brake control input elements .?re 
applied (e .g . ,  force or s t roke spec i f i ca t ion  changes, 
other ( o r  fewer) control e le -en t s ) .  

b) The nanner by which control i n p u t  e f f o r t s  become 
delivered to  and d i s t r ibu ted  znong the  f r i c t i c n  brake  
elements ( e . g . ,  fixed pro?ortioning s i ng l e  element 
control , pa r t i a l l y  proportioned sys tens ,  power-assisted 
brake ac tua to r s ) .  

C )  The torque prodaction prozer t ies  of f r i c t i o n  brakes 
(e.g., major changes in brake actuating fiecnanisrs, 
l in ing  f r i c t i o n  gain o r  t hena l /wa t e r  sensi t f  v i z y ) .  

d )  The control of brake torque so as t o  avoid wheel 
locking (e.9. , ant i  lock systems). 

e) The t rac t ion  1 imits of i n s t a l l ed  t i r e s  ( e . g . ,  t i re  design 
f o r  optirnizi ng shear force  production, vehicl e  mass 
center  location as i t  determines dynamic t i r e  loading).  

2) Y i  t h  each i t m  (a -e )  , please c i t e  the  t i ne  period wi'thin w h i c h  
you would  ( 2 )  f irst expect t o  see the  c i t ed  advancements marketst! 
and ( b )  expect t o  see the aavancenent i n  com,on usaSe. 

3)  With each item (a -e )  , please c i t e  the b a l l  park cost  which you . 
w o u l d  expect t o  accompany the  r e t a i l  sa les  p r ice  o f  each c i t ed  
advancement. 



KAWASAKI HEAVY INDUSTRIES, LTI.?. 

Our general  s-ie:,~ r egz rd inh  f ce;re tec:.lno!.ogiczl +veloogeLlts - 
- 9  t .  

in ~ o t o r c ; ; c l e  s r z c i n g  s-ystezs - . \part  fro^ tnz c ? & ~ e  of smzll - 
~ i z e d  E O ~ O ~  - Crlven c y c l e s  zszh a s  s o p e e s ,  :oolci2a j a c k  u p o -  - 
t h e  p a s t  t e n  Zrezrs, 7:s t>iin_1s ;hat the Icllcwisg c m  Se e i t e z  

(1 ) 3irst  of 211, corn-entionel , z e c h z n i c z l l y  c o x t r o l l e d  irc::t 
d-,,-n L L L  - ~ r 2 ; ( e s  li2-.-9 s ~ c c e s s l U i l y  been Ceveior)ed i n t o  oil ::F- 
ssure c o ~ t r o l l e d  d i s c  tzs.lces; 

& 3 .? ( 2 )  iiecer,tl:;, m e  s m e  ty22 C -  d i s c  b rakes  8L.e 3eina a8o:;e< 
P .  ir! t h e  r22r br&n s;~steys i n  y l zce  of x,Te s ~ : : ~ : e ~ t i c ; z ~ i  

d r u ~  t y r e  b rzkes .  ; a:< 

. -3 9 .  ( 3 )  Irore recez t l : .~ ,  t h e  rsc?wlce;l; c o ~ 5 r o ~ ~ e d  d Lac 5~3i135 

a r e  seer. ~ r ~ ~ i d e d  o:1 s c z e  2 a r t i c u l e r .  prc?,-tio?: 
~ o t o r c y c l e s .  

kie <hid: t h a t  ?ese a r e  t:iir.ya ?hat can be co r s ide red  s s  ac -- 

event  t h z t  has e l ~ e r e d  t k e  coz-ce!~tiosel desigr .  contests cf -;;:: 
motorcycle br&;ir.g cle-cices, 

Cone t o  thin': o f  i t ,  hovevc:?, i h e s e  c c r ~ c e p t s  a r e  not5ir .p b.;: 
\ -> 

the ones thet kzve bee3 taken Z r o x  t hose  which h ~ v e  long bee:! 

used on f ow-v:heeled veLFc1.e s , 

In  cons iCe ra t i cn  cf the  f o r e g c i c g ,  and on t h e  premise t h a t  t k c r e  

would be 110 C ~ L I I G I ~  i n  t h e  uap i n  v ~ ~ i c i i  t h e  notorcyc1.e is c : : , ~ ~ ; ,  

w e  v:ould assL:!::e thzt t h e r e  r:oule be  n o  c:;q-e in the f~~nd-;:;; . , :--;~.: 
. .. -. des ign  co:!ct?]?ts cf t h e  brd:i.:ir- s j7s tegs  f o r  ao to rcy  , ! e s  p f i l i c ? l  .,::: .. 

cone i n t o  t h e  z z r k e t  i n  the -e::t ten yeays .  
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, . ,;lf--,-cL~h ~ 3 -  r e s e a r c h  -ror ir  c:: :!?e Fey; i:r$~:i?l~ dz:;ic~':: i: C'-:.:,! ' 

! 

- ,  bein:- ccrz.;ctpd by  so-; ; ei?t' 1 : '  -- - , . K C  
- .  4.',?<: 7 . -  ,-,:, ; ,,,,- ..-,-...? so:;? 0: ',? c ~ ~ ~ i c c s  :71,'."; 21:~2.2-- 3ce11 t ? ~ L ' ~ ; i l  011 ..i~ui;i.. 

. . ef f ecti-,-?r;.?s,r, this ~,.:o~;l< zc--  7~ 'pe;-oy!o ;rye of ILK??.;:- 

gen t21  desigi? conce?ts  r - e z . L i ~ ~ ~ ~ e  above. 

- .  

$$eS$icf: 1-8) -- ~ B C Z - I I S ~  i?_-;-;-t ~ i l e r - T T  DV r e ~ n i r e d  f o r  2 , rp l ice t io r .  - - 
of b r 2 . k ~ ~  oc, cli-rent rc tc rc : ; r l es  i s  p i d e r T s  h a d  br&:e cr~d foe: 

I 1 '  . L A  br&e Tcrces ,  ;here i s  e L L Y ~ I - ,  1o t h e  rrZr=-er i n  vL?iclil br21ce 

c o n t r o l  ir>ut e l e c e n t s  e r e  z z z l i e d  - - i n  t e r z s  of brakirig ef.f.cti.i-- 
. . 

ness, 2 2egree  of Sr=::mg, c c r , ~ r o l l ~ $ i l i t y ,  e t c . .  The re fo re ,  :;a 
7 . 9  would ass7-cie t h a t  t h e r e  ;.:oun, ze  ?o na.Jor chazges i n  f o r c e  o r  

s t r o k e  s ~ e c i f i c a t i o n  1;xlees i r s r y  e f f e c t i v e  braking systems 2-e 
7 .  - ,  . 

developed i l c l u c l n g  gads. L; is expec ted ,  h c v ~ e ~ ~ e r ,  t h a t  t h e r a  

may be soae l r i r o r  chzyges ir. orde r  t o  acv- i re  - a bals--.ce betb;cer 

b r&i rg  s;,rstezs 2 tyge of T.rekicle t o  be develope2. 

7 a ,  Q~estFoz 4--2) -- rr3&cyzrcr-er  s ; ~ s t e ~ . s :  It S ~ O ~ J L ~  -2s kep t  i n  

rind thzi; Lche 3 0 t o ~ c ~ : ~ l e  br&1:1;_,~ C, sy  ste;-s, -~y1Fke t hose  f o r  Is-d.-- 

i;;heeleC f ;ehic lzs ,  ~2.7 l e a d  to ;:.ro2u.cing r 2z?sero:1s s i tua t io ! :  
where t h e  n o t o r c y c l e  227 2211 SOVM if the  ba izzce  zI" t h e  brdi!.::? 

f o r c e s  I s  l o s t  b2t1rsel; :lye f-oni; zrld r e a r  1::heels. 

I n  a i !di t ion,  f o r  notorc; ;zles,  t h e  r m c e  of ~ 1 - , a r a ~ + ~ r i ~ t i c $  0C-n 

road surfaces oz 12kick I;lx r .c tcrcycle  i s  rm ar; very  vric7,e zs 

conpzr~? .  ~ i i t h  t h o s e  of fou r - ; \ .hee led  r e k i c l e s  teczuse of j - t n  

na tu re .  T5i.s ~ s & e s  i t  ver:,? d i f f  icui-t  t o  zutomat i c z l l y  d i s t r i :3u<e  

t h e  braking f o r c e s  i n  propor'l-lcn t o  road s u r f ~ c e  c o n d i t i o n s  s r i  

the r i d e r T  s ? o s t u r e  a t  t h e  tir:;e of bridle a 7 p l i c a t i o n .  
. , i\'o n a t t e r  how exce l l en5  they  i.:(?.g be,  t he  sys t ens  w ~ ~ h o u t  ccxsi6cr-  

ing t h i s  very c c r ~ c i z l  7 c i n t  r.:a.:-- i ~ v i t e  E 2mgerouc s i t -02 t io11  i ; ~  

k ~ h i c h  t h e  n!ctorcyclz 2125' f z l i  dci.nz. li; is Z S E ~ C ~ ,  ~ ; ? I C ' I ' ~ ~ O ~ C ; ,  

t h a t  chzllccs a.ru very slirri t!12t this very  fundzncn-k]. praoblc:: 

co>dd  be solved i n  t h e  ~e :$ : t  +c-  years. 
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-. 
Zr3V:eT - z s c i s t e <  3 r ~ J : n  ~ : _ ~ ~ ~ ~ t ~ ~ ~  : T1e t ycc '21c  -- i - F ;..<;cyi? ' -17 " A  :'- ,, 

, - F , r s ~ i ~ ~  n - 7 3 - r ~ ~  iS st0yc.d. " q ~ .  - ' ' ' 
.>.; .. .,, lc:,er~-- :::z',- t:':c ~:-..stc?c:rc!.c 

L - -  . 
1 , s e l f  5s s i r l p l e  2:d ~ ~ 2 1 1  1- ~ i e e  9 t i l is  is 2 ye-g <i;'ficv-lt -'., -- b 7 -P,, ,- - -<.A,: . . -, 

,-. . t o  solve. :ne r ~ o t o r c y c l e  t.-oi~LZ 5ecoze a ver:? Cagerou.s 7;ehizlc 
,? . 7  i~ such 2 s y s t e n  were sro7~:ies t h 2 t  v;orics only ;;:hen $he en~ i : ?e  

is i n  c p e r a t i o ~ .  F o r  this r e a s o c ,  i t  i s  very i ; , i f_ ' icult  f o r  -cs 

+ bo p r e 6 i c t  how t h e  t e c k o l c g y  of t h i s  t-yse of d e v i c e s  will 

evolve ir, tPLe z e x t  i e ?  yez r s .  

c u e s t i o z  1-c)  -- The jr&:e s i - s t a s  tkex used t o  3e of d r m  ::-;e 

have bee2 c h a g e d  t o  t h o s e  o f  6 i s c  type.  This, x e  b e l i e v e ,  
h a s  made great cor_tzih,u+io_r: t o  bet temezL of k r d r e  e f f e c t i v e -  

n e s s  m d  fede recovery ~ e r l " o ~ c ~ c e .  :he br&e s y s t e r s  o f  t h i s  

t ype ,  hoeever ,  &re r o t  ~ i 5 ~ o v . t  zq- problezs .  12 f a c t ,  t h e r e  e r e  
p r o b l e n z  sxch 2s  s c e a i  zoi~e -::hie5 h a s  2 l o t  ts do ~ i t h  za?>:e$- 

a b i l i t y  of t i le systezs .  C-7--- di-eztly, res52rck  sork i s  be ing  cor2-2-c<- 

ed on the w a t e r  sensisi-:i:; ;ro5le-. as 7;.-~31l as t?is sc_ueal r s i s e  
- I' probler;. ?:?is Z E ~  r o d ~ c e  s0z.e r?.izor ~ ; : Z T S ~ S  ;r jy.f-i:n 

s y s t e m .  

, . Guestion I - d )  -- JJtf-o~g:~ p;e a r e s e x r c h  &u<y of t h e  22,:- 
. . l ock  s y s t e r s  . f a g  ccr8ccte: i.2 ~2q-r ?l~ces, ye $hi:-& tlla'; , - -  

\ ,  L' 

8 .  , .  , a r e  s t i l l  i:2 stise of 2 f e a s i b i l i t y  ST:;~?. :..e - -a7  L , b A - d  i ~ ? , r e  ::;T: 
. d-1 establis1y;ect of r e l i a j i l i r y  1 s  .~:e f - ~ y 8 a - e ? t a l  ~ - ~ o j l e n  yrit!-: f i l ~  sr? 

--,-,- L - 2 -  . S Y S ~ ~ Z S  < j ? ~ <  .:luo; A i l  s;; D2 + 2 , ~ : - 7  ..led. Ti ..o 'chis e ~ d ,  2 f2rth;ler r e -  
~ e a r c h  s';ac?;i s:?o-aid be r2aL.l o_' scch prob lexs  as  nen'iio~nd b51-a:.: : 

( 2 )  Can h o ~ i  ma;. accidc:?ts  o l  the f a l l  oi' a v e i i i c l c  be ? r e -  

vented  s i t h  the s:-sten ? 

( 3 )  Could t o o  much rel izizce on the s y c t e a  n o t  l o e d  to r o r c  
cccldcnts ? 
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\!e 60 not tFF?k t h c t  all of z h e s e p r o b l e r s  coldd b e  solved ax4:. -tll? 
. . .  motorcycle  :o:it:1 t h i s  tyne  cr" s:;stez cov_ld be _r;ut icto xzrlret: -,:::!?~r?_ 

A T  br,e 3e::'; t e ~  y e a r s  except  foz r o t o r c y c l e s  o f  Tel-9 p a r t i c - d 2 r  $:-re. 

. e. Questicz I - ? ?  -- It is f e l t  the+ t h e  c ~ x ~ 5 n t  rn33er t i r e  s p e c i z l -  

c a t i o ~  .r.:o-dd yenlain ~~cha? -gec i .  i n  t h e  f o~eseca i ? l e ,  d i s t a t  f u - t l r c .  
p +  &-en r,ov;, ?;or:.: betteril lent ol. bhe t i r e  trzcticri L h i t s  i s  

being co2ducte6 by t i r e  ~ ~ u f a c t ~ ~ z e r s  v i t ?  t h e  rzb 'cer  t i r e  s7eeifi- 
i ca t ion  k e 2 t  as it is. It i s ,  h e r e f o r e ,  ~ x p c t e d  that  t h e r e  i,,:culd 

be g r a 6 ~ 1  b p r o v e z e n t e  i n  t h i s  f i e l a .  

. - L 2uestio-r; 2 )  zrd. 5 )  -- i:e r e s r e t  ;hat t h e  situztio.1 mentiolzee c'cove 
. ,  

I-  3: c- z&es 1; h e s i t a t  f o y  9s t o  z&:e a c l e a r  s t ~ t e n e n t .  T h i s ,  1. , c  Fer, 

d.oes no': z e z l  tha t  r;;e ar=. lazily ne@ig~:-< 01" rr.d,.~~=ins e f f o r t s  $9 
3 - 7 .  1- i n ~ r o v e  OF, ';lie ~ o t o r c : r c i e  zrz_.: lng s y s t e s s .  a,.;_ .,LIE c o n t r a ~ y ,  -::*? ?"re 

2 ~ 2  r_igkn,t ~ & : f ~ g  o u r  b e s t  e f f o r k s  t o  ogre ~ y ~ y o v e r e ~ _ t s  L:: :er- - 
f o m a c e  l o r  br&e ef_"ec t i~ ;eness ,  fa5e ayd v;e'; 'cr&:e r ecover . i e s ,  

L It i s  ouz c o n s t z ~ t  p o l i c y  t?:2t ::re ~ransiz",e t5e  res i f ik  of ~:;-i-. 

e f f o r t s  i l l t o  prcc?u.ctiolz zaclzirss 2.s vie cozZi~2 i", r e l _ i z 9 ~ i l F t ; r  2nd 
. - o f f e r  t 3 e c  ?or sale s o  "s2t ::ore s a f e ty  z2y be assured to -;I:? 

?].8f?TS c 



I FREEWAY DRIVE, SANTA FE SPRINGS, CALIFORNIA 90670 

r.s. SUZUHI & i  
1 sULII<I I P. 0. BOX 2107 TEL.. (213) 921 - U 6 1  

Response of SMC to question No.: 

. 

1. a. At this time Suzuki envisions little or no change in 
either the operation, design or forces required to 
operate the brake systems of motorcycles. We feel 
that braking will continue to be accozpLished by hanci 
and foot activated systems and as a res-alt the size 
and shape of the levers and pedals an3 Forces required 
to activate the systems will remain the same as on 
current models. 

CABLE ADDRESS "COLLEDA" 
TELEX. 667.410 SUZUKI CO. SFES 

b. The operational characteristics of a moil-,orcycle require 
the separated operation of the front and rear brakes. We 
feel that a simple linked brake syste'~ which utilizes a 
portioned input force (either foot or hand) has potential 
for the future, however only a portion of this input 
element can be diverted and it must ultimately be supple- 
mented by another input force to obtakn the maximum hrak- 
ing effect at both wheels. 

c. We don't expect major changes in the basic design of brake 
systems. Automatic adjustment of the hrake linings is one 
feature Suzuki is examining for possible inclusion on cer- 
tain models. Suzuki doesn't expect any changes in the 
frictional characteristics of the brake lining material 
although improvements in the materials characteristics for 
water and heat dissipation are anticipated. 
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d. Some type of anti-lock brake system may be employed in 
t h e  future. Several systems are currently being evaluated 
including a mechanical type, electric-oil pressure type 
and an electric-air type. Once these systems have been 
evaluated they may be applied to a particular model after 
first resolving the size, weight and cost problems assoc- 
iated with each system. 

e .  Overall improvements in tire traction are expected but 
this development is going to be gradual- Suzuki does 
however expect significant improvements in the wet tract- 
ion capabilities of tires in the near future. 

2. Linked braking system (proportioned) 

a. system is already in market 

Anti-lock brake system 

3. We expect the retail price of a motorcycle equipped with an 
anti-lock brake system to be about $170.00 above the price of 
motorcycles currently in the same size and use category. 



HONDA'S RESPONSE TO THE HSRI QUESTIONAIRE ON THE LIKELY 

ADVANCEMENTS IN MOTORCYCLE BRAKING TECHNOLOGY 

The performance-oriented modern motorcycles have adopted nors 
and more hydraulic disc brake systems in place of drum brake 
systems in recent years with the latest introduction of the so- 
called mechanical disc brake sytems which are considered most 
suitable for motorcycle application in terms of reliability, 
maintenability, light weight and cost. 

Motorcycle brake systems, mainly one of the applications of auto- 
motive systems so far, would be developed in the future to meet 
more specific technical requirements derived from the inherent 
characteristics of motorcycles. 

As shown below, we don't see at present, based on the same 
inherent characteristics, any major changes in basic concepts 
of the brake system design adopted on the motorcycles to be 
marketed in the next ten years. 

One point to be noted, which might be irrelevant to the raise2 
questionarie, is the increasing needs for studying the software 
aspects of motorcycle braking like the correct usage of the 
hardware in various riding contitions encountered. 

Presented below are Honda's responses to the HSRI's questio~alre: 

1) a) The manner inwhich brake control input elements are 
applied. 

As long as typical motorcycles must be supported by 
rider's foot for standing still and sometimes pushed 
forward by a rider, braking input has to be a2plied by 
rider's hand or hand-foot combination. 

Therefore, the improvements in the area of stroke specifi- 
cations, element rigidity, element configuration, and 
so on from human engineering standpoint can be expected 
with no major change of the overall mechanism anticipated 
in the near future. 

b) The manner by which control input efforts become delivered 
to and distributed among the friction brake elements. 

Proportioned single element control. 

Considering the required delicate balancing of front 
and rear brake forces and based on our own experiences 
with this type of systems, it is felt that there would 



be little chance, if any, of marketing the proportioned 
brake systems uncoupled with the anti-lock brake systems 
to be described in 1) d). 

Power-assisted brake actuators: 

Straightforward adoption of power-assisted actuators to 
argument the input force or to increase the braking 
capacity is not anticipated as the rider's direct reaction 
feeling is one of the key points ir motorcycle riding. 

Brake effectiveness will be improved an mass production 
basis rather by such means as optimizing water sensitivity 
and heat dissipation, developing th? better materials 
for torque producing components, inproving the delivery 
efficiency, and hopefully by develo?img the system which 
utilizes the wheel rotating force or brake reaction force. 

It can be said, therefore, that the power-assisted systems 
will be seriously considered only after the practical 
refinement of the above mentioned items has been completed. 

The torque production properties of fkiction brakes. 

No major change can be anticipated although pad and disc/ 
drum will be iinproved For better warerdfade recovery, 
noise an6 durability characteristics. 

d) The control of brake torque so as to avoid wheel locking. 

The anti-lock brake systems, which have been pursued 
for other transportation vehicles, can be considered 
desirable for motorcycle applicatio~ as well. 

However, we don't think it likely t o  be able to market 
the motorcycle anti-lock brake systems in the next ten 
years from the technological feasibifity stand point 
such as system reliability, size, weight and cost. 

In parallel with the research works an the system hard- 
wares, it would be imperative to try to identify both 
the merits and demerits when those hardwares are introduced 
into the real world of motorcycle usage. 

e) The traction limits of installed tires. 

Except for the moderate improvements of the tire traction 
limits, especially those under the WE% conditions, no 
major change would be anticipated. 



2) and 3 )  T h e  time period and ball park cost 

As could be understood from the above description, it would 
be impossible at present to forecast the marketing time period 
and ball park cost of the possible advancements as requested. 

Research and development works on the motorcycle brakinq system 
are underway at our R & D Center in the various efforts both 
to improve the current systems and to develop the new devices 
with the possible effects to other vehicle performance like 
stability characteristics taken into considerations. 

Which one of them is likely to be put into practice? 
And when? To our regret, it is hardly to be identified. 



INTEGRAL BRAKING 
(PATENTED) 

THE lNT EGRAL BRAKING STANDARD 

To date all motorcycle braking systems have 
been based on the necessity to use two separate 
levers when wishing to slow down, or stop. 
The front brake being operated by a lever on 
the right of the handle-bar, and the rear brake 
by a foot pedal, which is fitted to the left or right 
hand side of the machine. 
Braking power has been considerably improved 
in recent years by the addition of twin leading 
shoe mechanism's, disc brake systems, and more 
recently the better big machines now carry twin 
front discs, and a single rear disc. Whilst these 
more improved brakes have much greater 
stopping power, they do not overcome the 
danger of the rider over braking on the front or 
rear brake. Over braking on one or 
both of these will cause loss of adhesion between 
tyre and road, resulting in many cases with the 
machine sluing sideways, causing the rider to 
fall from the machine. 
The possibility of this happening is magnified 
with wet road conditions, particularly on some 
machines fitted with stainless steel disc brakes. 
These require the brake to be operated some 
seconds before they actually produce braking 
power, when conditions are wet. 

IN SUMMARY all machines to date require the 
rider to apply the correct amount of power to 
each separate lever, and to maintain separately 
with hand and foot the required independant 
loads, to bring the machine to a controlled halt. 

THE INTEGRAL BRAKING SYSTEM - AS FITTED 
TO THE MOTO-GUZZI MODELS 

This hss a triple disc system with double front 
discs, and single disc layout of a cast iron 
material, eliminating the pause in wet conditlons. 
suffered by the stainless steel variety. The 
integral brake system is operated by the foot 
pedal on the right hand side of the machine, and 
the pressure on this pedal operates the brake 
pads on the rear and one front disc. This system 
produces automatically the correct amount of 
power for maximum braking efficiency, to the 
front and rear discs, and removes any 
responsibility from the rider to co-ordinate hand 
and foot pressures. This means that in normal 
braking conditions the machine will maintain 
it's natural line, without the rear or front of the 
machine breaking adhesion with the road 
surface, and eliminates the possibility of 
dangerous skidding. Even in the case of heavy 
emergency braking, the rntegrai system is set so 
that only in the last few feet, and only at the 
rear wheel, will there be some loss of adhesion. 
At this stage the machine has almost come to 
a stop. 

IN SUMMARY the Moto-Guzzi integral braking 
system offers the most powerful braking system 
available irrespective of the riders ability, and is 
without doubt the most major contribution to 
motorcycie safety in  recent years. The availability 
of the third disc operated by use of the normal 
hand lever offers a desirable alternative for 
extra tqraking power in dire emergencies from 
extremely high speeds. 

Stopping distance from 100 Krnlh 
48 

METERS I---- Integral braking system. 
60 

METERS - - I . IB I -  Standard braking system. 

319 

850 T3 - 850 T3 CALIFORNIA - 1000 I-CONVERT - 750 S3 - 850 LE MANS 





































APPENDIX E 

ANALYTIC DEVELOPMENT OF THE TOW-TEST CONCEPT 

T h i s  appendix c o n t a i n s  t h r e e  sub-appendices wh ich  address 

i n  some d e t a i l  t h e  p r i n c i p a l  conceptua l  concerns posed by t h e  

s ing le -whee l  t o w - t e s t  methodology.  The f i r s t  sub-appendix,  E. 1 , 
l o o k s  a t  t h e  e f f e c t  wh ich  tow h e i g h t  e r r o r s  can have on t h e  

d e t e r m i n a t i o n  o f  t o t a l  b i k e  d e c e l e r a t i o n .  The second sub- 

append ix ,  E.2,  c o n f r o n t s  t h e  q u e s t i o n  o f  r a t e  o f  convergence f o r  

a tow h e i g h t  i t e r a t i o n  scheme employ ing a Newton-Raphson s t r a t e g y .  

The l a s t  sub-appendix,  E.3, presen ts  t h e  s i m u l a t i o n  r e s u l t s  o f  

a s m a l l - s c a l e  computer s t u d y  wh ich  examined t h e  i n f l u e n c e  o f  

randomness i n  tow f o r c e  measurements and b rake  t o r q u e  i n p u t s  on 

t h e  i t e r a t i o n  procedure .  

E.l A n a l y s i s  o f  Tow H e i g h t  E r r o r  

E r r o r s  i n  tow h e i g h t  can be viewed i n  terms o f  v e r t i c a l  l o a d  

e r r o r s  by  c o n s i d e r i n g  t h e  l o a d  t r a n s f e r  e q u a t i o n ,  (5  ) ,  f o r  f r o n t -  

o n l y  b r a k i n g ,  

where pr imes denote measured va lues . 
By l e t t i n g  F; = F 

Z f  P f '  and assuming p f  i s  c o n s t a n t  f o r  
f 

s m a l l  tow h e i g h t  v a r i a t i o n s ,  t h e  above becomes 



The e r r o r  i n  v e r t i c a l  l o a d  r e s u l t i n g  f r o m  rn l a p p r o x i m a t i o n  

o f  c o r r e c t  tow h e i g h t ,  h*, by some o t h e r  tow h e i g h t ,  h, r e s u l t s  

i n  t h e  e x p r e s s i o n  

A u ~  = ( F  - FZ ) B  F; / W  r e p r e s e n t s  t h e  e r r o r  i n  t o t a l  n o r m a l i z e d  
f f f 

b r a k i n g  f o r c e  as a  r e s u l t  o f  f r o n t - w h e e l - o n l y  tcrw h e i g h t  e r r o r  

( B  r e p r e s e n t i n g  t h e  t i r e ' s  p - l o a d  s e n s i t i v i t y ) .  S u b s t i t u t i n g  f r o m  

above, AuT becomes: 

Fo r  h i / a  : h f / a  .5  , p f  1.0 , W f / W  . 5  , dpT becomes 

W i t h  B as l a r g e  as . l O / W f ,  a = 50" , a  1' e m r  i n  f r o n t  

tow h e i g h t  g i v e s  



F o r  rear--only A b r d k  i ny, 

For an n f %  - n I ,  f ron t - rea r  braking d i s t r ibu t ion  (n,/nr = F* /F: ) r  I 'f r  
in  the free-stopping case,  h: i s  given by 

Assuming h r  i s  constrained t o  a  height of l e s s  t h a n  2 h  by 

geometric and/or dynamic coup1 i  ng considerations, F* - F 
r z 

becomes r 



-- -- --- - kt?) I ( +  ?))tlL,) I 

The expression, a p T  = (F;  - FZ ) B F; i W ,  represents 
r  r  r 

the error in tota l  normalized braking force result ing from the 

rear-only tow height approximation 2h, where B f s  .the u-load 

sens i t iv i ty .  Using the above resul t  for  F: - F 
r 

s t i t u t i ng  for F* and h;, the apT expression becomes: 
r 

which i s  zero for  n f / n r  = 1 ( h ;  = 2 h  case) ,  and - O as 

nf lnr  i- m ( rear  wheel unloaded case) .  An extre~um ;af nu occurs T 
for some n f / n r ) O  between 1 and given by the expression 

For most motorcycles, ( ~ / h )  - 2 ,  high f r i c t i o n  surface 

- 1 .0 ,  and W r  - .5W, 'r 

n and  
r  



1 llllT)sax 
becou~es equal to  1;Wr/32. For LJ-load sensi t i v i  t e s  , 

I : ,  as ldrge as . 10/Wr. 1 ,gk!T)n,ax / = 11320 = .003. 

This resu l t  i s  in teres t ing since i t  suggests t ha t  for  rear-  

only tow heiqhts even as conservative as Z h ,  the maximum e r ro r  

in to ta l  norinalized braking force resul t ing from such an approxi- 

mation, i s  v i r tua l ly  negl ig ible ,  lying well within the e r ro r  

bounds imposed fo r  most engineering measurements. The practical  

s ignificance of t h i s  r e su l t  f o r  the rear-only tow t e s t  i s  tha t  

any reasonable tow height se lect ion f o r  rear-only t e s t s  i s  about 

as valid as another, thus eliminating the  need for any i t e ra t ions  

fo r  the rear-wheel t e s t s .  Clearly, then, the accuracy of the 

r e a r - t i r e  f r i c t i on  coeff ic ient  will be a  function primarily of the 

randomness surrounding the tow force measurements. 

E.2 Analysis of the Convergence of Tow Height I t e ra t ions  

The following analysis  i s  directed a t  the problem of 

determining r a t e  of convergence of the tow height i t e r a t i o n  f o r  

the front-wheel-only t e s t s .  The tow height adjustment f o r  sub- 

sequent i t e ra t ions  depends upon the difference between the 

ver t ica l  load, F '  , deriving from measurement [Equation ( 5 ) I ,  
f  

and FZ which occurs during f ree  stopping. 
f  

The expressions for  F and F; in the i t h  i t e r a t i on  a r e ,  
f  f  

and 



The d i f f e r e n c e  o f  Equa t i on  ( E .  1 ) and ( f  .2 ) y i e l d s  t h e  
1 

exp ress ion ,  , (h,) , f o r  v e r t i c a l  l o a d  e r r o r  o f  t h e  f r o n t - w h e e l -  

o n l y  case i n  terms o f  tow h e i g h t ,  h '  and tow f o r c e ,  F '  ' , i n  t h e  
f '  f 

i t h  i t e r a t i o n :  

S ince  t h e  purpose o f  t h e  i t e r a t i o n  i s  t o  d r i v e  IJ - 0 by 

f i n d i n g  t h e  c o r r e c t  h i  (and hence F )  a  s u i t a b l e  numer i ca l  
Xf 

t e c h n i q u e  can be used t o  f i n d  t h e  r o o t  o f  t h e  above e q u a t i o n .  

The Newton-Raphson method suggests  an i t e r a t i o n  scheme o f  

t h e  form: 

i where 5 '  denotes t h e  d e r i v a t i v e  o f  $ w i t h  r e s p e c t  t o  h f .  

I t  can  be shown f o r  t h i s  method t h a t  i f  r e a l  p o s i t i v e  

bounds A y  B, and C can be found  such t h a t  

and 

I 
I + ' ' ( h ? ) I  2 c 2 

0 1 whenever 1 h; - h 1 5 a ( 1  - m) f 



then the root ,  h f ,  ~ a t i s f i e s  the l a s t  inequali ty,  and the 

convergence ra te  i s  given by: 

i i  
In applying th i s  resu l t  t o  the o ( h f ,  F ' )  expression, two 

f 
d i s t i n c t  cases emerge. The f i r s t  case occurs fo r  the torque- 

i  
limited (front-wheel) bike fo r  which no var ia t ion in F occurs 

f 
f o r  adjustments i n  tow height. Hence, in the torque-limi ted case,  

i i  i  F~ i s  n o t  a function of h f  and the $ ( h f ,  F I )  expression can be 
f f 

simply di f ferent ia ted  with respect t o  h i  t o  provide the f i r s t  two 
der ivat ives ,  v i z . ,  

'an'd 

By inspection, the C bound i s  equal to  zero therefore 

guaranteeing by the convergence ra te  expression ( E.9, a one- 

s tep  i t e r a t i on .  Thus for  torque-limited bikes, only one i n i t i a l  

t e s t  a t  some guessed tow height i s  needed t o  predict  the correct  

convergent tow height. 

For the case of tract ion-l imi ted bikes, adjustments of tow 
i i height ,  h f ,  r e su l t  i n  corresponding changes in peak Fx . However, 

f 
the re1 ationship between peak ver t ica l  load and t rac t ion force 

can be described by: 

where p f  i s  assumed constant. 



S u b s t i t u t i n g  i n  Equat ions  ( E . 1 )  and ( E . 2 )  f o r  F:' r e s u l t s  

i f 
i n  two a l t e r n a t e  exp ress ions  f o r  F and F ~ '  f r e e  o f  ~i I . 

Zf  f f 

and 

The d i f f e r e n c e  o f  t hese  two exp ress ions  p r o v i d e s  t h e  v e r t i c a l  

l o a d  e r r o r  e x p r e s s i o n  f o r  t h e  t r a c t i o n - 1  i m i  t e d  case as a f u n c t i o n  
i o f  h f  a lone :  

i The f i r s t  two d e r i v a t i v e s  w i t h  r e s p e c t  t o  hf become: 

S u i t a b l e  bounds A, 0 ,  and C can then  be a t t a i n e d  by i n s p e c t i o n  

o f  $, + I ,  and I$'  : 



F o r  numeri c a l  va lues  ( H a r l  ey-Davidson) o f :  

Ay By and C become 

A = .10 

0 B = 5.7 assuming l h f - h ; l = 6 "  

C = .34 

Wi th  t h e  convergence i n e q u a l  i t i e s  b e i n g  s a t i s f i e d  f o r  t h e s e  

va lues ,  t h e  f o l l o w i n g  bounds occu r  f o r  t h e  f i r s t  three i t e r a t i o n s :  



Note t h a t  t h e  r a t e  o f  convergence i s  1  a r g e l y  i n f l u e n c e d  by 

t h e  i n i t i a l  guess. I f ,  f o r  example, 1 h* - h 0  = 4 " ,  t h e  second 

i t e r a t i o n  would be w i t h i n  .15" o f  ha. Even f o r  i n i t i a l  guess 

e r r o r s  as l a r g e  as l h *  - hO1 = 12",  t h e  t h i r d  i t e r a t i o n  would be 

w i t h i n  1  . I "  o f  h; f o r  t h i s  method. 

F i n a l l y ,  t h e  i t e r a t i v e  fo rmu la  f o r  s e l e c t i n g  subsequent tow 

h e i g h t s ,  hi+l , based upon t h e  p r e s e n t  tow f o r c e  measurement, F~ 
X f '  

i s  g i ven  by Equat ion (E.4) a f t e r  s u b s t i t u t i n g  from Equat ions 

( E . 4 )  and (E .6 ) :  

Th is  fo rmu la  i s  used f o r  b o t h  t o r q u e - l i m i t e d  and t r a c t i o n -  

l i m i t e d  cases. For  t o r q u e - l i m i  t e d  b i k e s ,  F~ ' w i l l  n o t  v a r y  w i t h  
f 

tow h e i g h t ,  t hus  r e s u l t i n g  i n  a  one s t e p  i t e r a t i o n .  

E.3 Computer S i m u l a t i o n  Study 

The s imu la ted  r e s u l t s  o f  t h e  t o w - t e s t  i t e r a t i o n s  shown i n  

t h i s  appendix were o b t a i n e d  by employing a  s imp le  p i t c h - p l a n e  

model o f  t h e  c y c l e / r i d e r .  The p i  t ch -p lane  dynamics were s in iu l  a ted  

w i t h  a  s imp le  two-degree-of- f reedom ( p i t c h  and bounce) model 

augmented w i t h  f r o n t  and r e a r  wheel speed degrees o f  freedom. 



A Newton-Raphson method ( E . 2 )  was used f o r  s e l e c t i r i g  subsequeri t  

tow h e i g h t s  d u r i n g  each i t e r a t i o n  sequence. T i r e  l o a d  s e n s i -  

t i v i t y  and e f f e c t s  o f  randomness i n  tow f o r c e  "measurement" and 

brake to rque  i n p u t  were a1 so i n c l  uded . ( "Meas urenien t , " he re  

meaning s i m u l a t e d  measurement-that va lue  o f  peak tow f o r c e ,  

e t c . ,  wh ich  occurs  d u r i n g  a  s i m u l a t i o n  r u n . )  

F o r  each s i m u l a t e d  t e s t  sequence, one r e a r - o n l y  t e s t  w i t h  a  

f i x e d  tow h e i g h t  o f  s i x  f e e t  was pe r fo rmed  f i r s t  t o  o b t a i n  an 

e s t i m a t e  o f  r e a r  t i r e  peak f r i c t i o n  c o e f f i c i e n t ,  3 . T h i s  v a l u e  
r 

was t h e n  used i n  t h e  i t e r a t i o n  compu ta t i on  p e r f o m e d  f o r  t h e  f r o n t -  

whee l -on l y  t e s t s  shown i n  t h e  f o l l o w i n g  f i g u r e s .  D u r i n g  an 

i t e r a t i o n  sequence, each new tow h e i g h t  was de te rm ined  b y  t h e  

p r e s e n t  tow f o r c e  measurement i n  accordance w i t h  Equa t i on  (E. 10). 

The f i r s t  t h r e e  f i g u r e s ,  E.l, E.2, and E.3, show r e s u l t s  o f  

a p r e l i m i n a r y  s tudy ,  p r i o r  t o  any f u l l  - s c a l e  parameter  measurement 

o r  t e s t i n g  a c t i v i t y ,  aimed a t  t h e  q u e s t i o n  o f  how randomness i n  

tow f o r c e  measurements and b rake  t o r q u e  i n p u t s  m i g h t  i n f l u e n c e  

t h e  convergence b e h a v i o r  o f  t h e  t o w - t e s t  i t e r a t i o n  scheme. The 

s i m u l a t i o n s  were p e r f o m e d  f o r  t h e  Har ley -Dav idson  u s i n g  e s t i m a t e s  

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

F i g u r e  E.1 shows t h e  f r o n t - w h e e l - o n l y  s i m u l a t e d  t e s t  assuming 

no randomness i n  b rake  t o r q u e  i n p u t  ( b r a k e  t o r q u e  was ramped i n  

a t  about  400 f t - 1  bs /sec )  o r  tow f o r c e  measurement. The assumed 

t i r e  t r a c t i o n  peak and s l i d e  c o e f f i c i e n t s  a r e  1 . 0  and 0.7, 

r e s p e c t i v e l y ,  a t  s t a t i c  l o a d s .  The convergence t o  t h e  c o r r e c t  

tow h e i g h t  o f  29.6 i nches  f r o m  t h e  i n i t i a l  guess o f  24 i nches  i s  

q u i t e  r a p i d .  The f r o n t  t i r e  peak t r a c t i o n  c o e f f i c i e n t ,  p , and 
f 

co r respond ing  tow f o r c e  a t  each i t e r a t i o n  i s  a l s o  shown. (The c.g. 

l o c a t i o n  was assumed l o c a t e d  a t  21.5 i n c h e s . )  

F i g u r e  E.2 demonstrates t h e  e f f e c t  on t h e  i t e r a t i o n  scheme 

when a  +30% randomness i n  b r a k e  t o r q u e  a p p l i c a t i o n  and t5"' 

randomness i n  peak tow f o r c e  measurement i s  assumed t h r o u g h o u t  an 

i n t e n t i o n a l l y  l ong  ( 1 0  i t e r a t i o n )  s i m u l a t e d  t e s t  sequence. 









Finally, Figure E .3  shows the sdnle r esu l t  as Figure E . ?  b u t  

for  three simulated t e s t  sequence repeats. (Two of the 

sequences s t a r t  w i t h  a n  i n i t i a l  guess tow height of 24  inches, 

the other w i t h  a n  i n i t i a l  guess height o f  42 inches . )  

These resul ts  suggested that  even for  sizeable rand0111 error  

e f fec t s  the proposed i t e r a t i ve  t e s t  procedure can achieve rapid 

convergence t o  a tow height whose accuracy i s  s t r i c t l y  a  function 

of the random effects  and measurements involved in the t e s t  pro- 

cedure. The maximum expected error  for  a  given i t e ra t ion  was 

primarily dominated by the accuracy surrounding the  tow force 

measurement. Reasonably 1  arge brake torque input ra tes  and t h e i r  

associated randomness appeared only as a  second order e f f e c t ,  

producing small dynamic lags between tow force build-up and load 

t ransfer .  

The f inal  two figures provide an in teres t ing comparison of 

actual t e s t  resul ts  and the simulation. Figure E.4 i s  a  summary 
of the f i r s t  three i t e ra t ions  for  the  pre-burnish and post-burnish 

effectiveness t e s t  resul ts  fo r  the Hsrl ey-Davi dson. The 

corresponding simulation resu l t  i s  shown in Figure E.5, now using 

measured parameter d a t a  ( c . g .  height = 19.2", wheelbase = 6 3 . 3 " ,  

e t c . )  and f inal  peak f r i c t i on  coefficient  values, r f  = .84, 

r  = .80, obtained during the ful l  -scale effectiveness t e s t s .  The 

agreement between the simulation and the tow t e s t s  i s  very c lose ,  

showing less  than a n  inch difference in f inal  convergent tow 
height. 









APPENDIX F 

COMBINED S L I P  TRACTION DATA OF YOTORCYCLE TIRES 

I n  t h i s  appendix,  d a t a  a r e  p resen ted  as measured f o r  

f o u r  m o t o r c y c l e  t i r e s  on t h e  HSRI F la t -Bed  T i r e  T e s t  Machine.  

The d a t a  d e s c r i b e  t h e  l a t e r a l  t r a c t i o n  response o f  each t i r e  t o  

c o n d i t i o n s  o f  combined a n g u l a r  s l i p  and l o n g i t u d i n a l  s l i p  o r  

combined i n c l i n a t i o n  (camber) ang le  and l o n g i t u d i n a l  s l i p .  W h i l e  

t h e  b a s i c  purpose f o r  g a t h e r i n g  t h e s e  d a t a  stems f r o m  a d e s i r e  

t o  examine t h e  need f o r  a  m o t o r c y c l e  b r a k i n g - i n - a - t u r n  measure, 

t h e  da ta  a r e  p r o v i d e d  he re  as a  genera l  resource.  

The f o u r  s e l e c t e d  t i r e s ,  shown i n  t h e  f o l l o w i n g  l i s t ,  were 

examined a t  l o a d  va lues  wh ich  were de te rm ined  on t h e  b a s i s  o f  

t h e i r  r e s p e c t i v e  p r o b a b l e  usage as e i t h e r  f r o n t  o r  r e a r  t i r e s .  

Fo r  t i r e s  presumed t o  be t y p i c a l  f o r  f r o n t  i n s t a l l a t i o n  

on m i d - s i z e d  mo to rcyc les ,  ( t i r e s  1  and 2 )  l o a d  v a l u e s  were s e l e c t e d  

t o  c o v e r  a  reasonab le  f r o n t  s t a t i c  l o a d  as w e l l  as an upward 

i nc remen t  i n  t h a t  1  oad r e p r e s e n t i n g  t h e  l o a d  i ncrease d e r i  v i n g  

under heavy b r a k i n g .  Converse ly ,  f o r  t h e  two r e a r - t y p e  t i r e s  

(numbers 3 and 4 ) ,  l oads  were s e l e c t e d  t o  r e p r e s e n t  t h e  r e a r  s t a t i c  

c o n d i t i o n  as w e l l  as a  g r e a t l y  reduced v a l u e  co r respond ing  t o  a  

heavy b r a k i n g  c o n d i t i o n .  

The d a t a  o b t a i n e d  f o r  each t i r e  i s  a r ranged  i n  f o u r  groups 

o f  p l o t s ,  namely, 

1 )  two-d imens iona l  p l o t s  o f  F versus s  a t  v a r y i n g  
Y  

va lues  o f  u 

2 )  c a r p e t  p l o t s  o f  F versus u and Fz f o r  each 
Y  

v a l u e  o f  s  

3 )  two-d imens iona l  p l o t s  o f  F versus s a t  v a r y i n g  
Y 

va lues  o f  

4 )  c a r p e t  p l o t s  o f  F versus y and FZ f o r  each 
Y  

v a l u e  o f  s .  
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