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1.0  I N T R O D U C T I O N  

This document cons t i tu tes  the summary f ina l  r epor t  on a 

research study en t i t l ed  "Motorcycle Braking Performance" which 

has been conducted under Contract Number DOT-HS-5-81264 from 

the U .  S .  Department of Transportation (National Highway Tra f f i c  

Safety Administration). 

The purpose of t h i s  study has been to  conduct a n d  evaluate 

the  exist ing motorcycle brake systems standard, FMVSS 122, and 

to  develop a revised method which resolves shortccmings in t h a t  

standard. In HSRI's approach toward t h i s  projec t ,  a  cer ta in  pre- 

conception was held tha t  FMVSS 1 2 2  was fundamentally inadequate in 

areas re1 a t i  ng t o  the object ive characterizat ion a% motorcycle 

braki ng performance. I n  addition t o  observations t h a t  the  standard 

was conceptually wanting, i t  a l so  appeared t h a t  c e r t a i n  pro- 

cedural requirements of 122 inposed a substantial  level  o f  hazard 

t o  the t e s t  r ide r .  Accordingly, the project  was designed from 

the outset  t o  pemi t a large portion of the overal l  e f f o r t  t o  be 

devoted toward developing a revised t e s t  methodology. 

The braking performance of a  sample of four motorcycles, per 

the procedure of  FMVSS 122, was f i r s t  measured as a means of 

evaluating the standard i t s e l f ,  and also t o  provide a s e t  of t e s t  

data upon  which could be based judgments concerning t e s t  condition 

speci f ica t ions .  

I t  should be noted tha t  conceptual inadequacies of the type 

observed in t h i s  standard do not ac tual ly  require experimental 

t r i a l  for  t h e i r  demonstration. Nevertheless, i t  was f e l t  t h a t  

cer ta in  portions of the indust r ia l  and government communities 

would more readily receive the reconmendations resul  t i  ng from t h i s  

project  i f  they were cas t  in the l i g h t  of relevant  t e s t  experience. 

The primary consideration requiring special treatment of the 

two-wheel ed motorcycle , of course, i s  i t s  independent actuat i  on 

of front  and rear  brake systems. By t h i s  f e a t u r e ,  the typical  



m o t o r c y c l e  d i f f e r s  f undamen ta l l y  from, say, t h e  m o t o r  c a r  i n  t h e  

demands i t  p laces  on a  b r a k i n g  performance t e s t .  A c c o r d i n g l y ,  

i t  was f e l t  t h a t  t h e  b a s i c  requ i remen t  f o r  an o b j e c t i v e  n:easure 

o f  m o t o r c y c l e  l i m i t  b r a k i n g  c a p a b i l i t y  was t h a t  a means f o r  

d i s t r i b u t i n g  b r a k i n g  e f f o r t  be s p e c i f i e d .  Thus, i n  t h e  new t e s t  

concept  which has been deve loped,  an o b j e c t i v e  f o r m a t  f o r  b rake  

a c t u a t i o n  i s  t h e  p r i m a r y  f e a t u r e .  

Wh i l e  t h e  ma jo r  r e s u l t  o f  t h i s  s tudy  i s  t h e  recomniendation 

o f  a  new f o r m a t  f o r  a  m o t o r c y c l e  b rake  system s tandard ,  a  c e r t a i n  

q u a l i f i c a t i o n  o f  t h i s  recommendation and o f  t h e  p r o j e c t  e f f o r t  

l e a d i n g  t o  i t  i s  i n  o r d e r .  T h i s  p r o j e c t  has been s t r u c t u r e d  t o  

a p p l y  t h e  p r i n c i p a l s  o f  c l a s s i c a l  v e h i c l e  mechanics t o  t h e  des ign  

o f  a  measurement methodology.  By t h e  conta inment  o f  scope w i t h i n  

t h e  boundar ies  o f  such an e n g i n e e r i n g  d i s c i p l  ine ,  t h e  r e s u l t i n g  

t e s t  t echn ique  y i e l d s  measurements o f  a  f o r m  comparable t o  t h o s e  

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

n o t  serve  t o  c h a r a c t e r i z e  b r a k i n g  q u a l i t y  f r o m  a human f a c t o r s  

p o i n t  of v iew.  I n s o f a r  as m o t o r c y c l e  b r a k i n g  i n v o l v e s  r i d e r  con- 

t r o l  t asks  wh ich  may be s u b s t a n t i a l l y  more demanding than  i s  t h e  

case f o r  c a r s  and t r u c k s ,  we m i g h t  hypo thes i ze  t h a t  t h e  match 

between o p e r a t o r  s k i l l  and v s h i c l e  p r o p e r t i e s  i s  o f  g r e a t e r  

re levance  t o  s a f e t y  i n  t h e  case o f  t h e  mo to rcyc le .  A c c o r d i n g l y ,  

w h i l e  t h e  f o l l o w i n g  r e p o r t  summarizes a  t e s t  method wh ich  appears 

t o  o f f e r  ma jo r  improvement o v e r  t h e  e x i s t i n g  brake s tanda rd ,  i t  

shou ld  be viewed w i t h  t h e  r e c o g n i t i o n  t h a t  t h e  r e s u l t i n g  measure- 

ments may n o t  p r o v i d e  f o r  a  comprehensive assessment o f  t h e  s a f e t y  

qua1 i t y  o f  a  m o t o r c y c l e  ' s  b r a k i n g  performance. 



2.0 TECHNICAL DISCUSSION 

I n  t h i s  s e c t i o n ,  r e s u l t s  and obse rva t i ons  d e r i v i n g  f rom t h e  

ma jo r  tasks  o f  t h e  p r o j e c t  a re  summarized. 

2.1 FMVSS 122 Tes t  Program 

The i n i t i a l  program o f  t e s t s  conducted i n  t h i s  s tudy  i n v o l v e d  

t h e  use o f  f o u r  contemporary mo to rcyc les ,  as l i s t e d  i n  Tab le  1,  

and t h e  f u l l  complement o f  e f f e c t i v e n e s s ,  bu rn i sh ,  fade,  and 

wa te r  recovery  procedures as s p e c i f i e d  i n  FMVSS 122. Resu l t s  o f  

t h i s  program o f  t e s t s  revea l  t h e  f o l l o w i n g :  

Tab le  1  

Engine Displacement, V e h i c l e  
Mo to rcyc le  Brake System c c Weight, 1 bs 

Har ley-Davi  dson Hydr. D i sc  1  200 580 
FXE 1200 F r o n t  & Rear 

Honda, CB 400F Hydr. D i s c - F r o n t  408 
Mech. Drum-Rear 

Kawasaki F9C Mech. Drum 347 
F r o n t  & Rear 

Suzuki TS-125 Mech. Drum 123 230 
F r o n t  & Rear 

1 )  Ease o f  Compliance. The most v i s i b l e  r e s u l t  o f  a l l  

t h e  122 t e s t s  was t h e  s u b s t a n t i a l  marg in  o f  compliance i n d i c a t e d  

i n  most  performance c a t e g o r i e s  w i t h  each b i k e  when opera ted by a  

p r o f e s s i o n a l  r i d e r .  I n  s tops  f rom 60 mph, f o r  example, t y p i c a l  

s topp ing  d i s t a n c e  performances f e l l  i n  t h e  range o f  150-170 f e e t ,  

compared t o  1 2 2 ' s  p re -  and p o s t - b u r n i s h  e f f e c t i v e n e s s  requ i rements  

o f  216 and 185 f e e t ,  r e s p e c t i v e l y .  



The only s ign i f i can t  challenge t o  the profess.iona1 r i d e r ' s  

ski1 l s ,  as presented by the 122 stopping distance requirements, 

occurred in cer ta in  of the 30-mph stops.  

2 )  Hazards of H i g h  Speed Stops. The 122 procedure requires 

t h a t  the second and f ina l  effect iveness t e s t s  be conducted a t  

elevated speeds, including maximum speed j u s t  below tha t  a t ta inable  

in a  one mile distance from a standing s t a r t .  A l t h u g h  a l l  high- 

speed t e s t s  conducted in t h i s  study yielded stopping distances 

which complied with the standard, the element of hazard t o  the t e s t  

r i d e r  was qui te  apparent. In t e s t ing  of the Harley-Davidson vehicle 

from an i n i t i a l  speed of 105 mph, the professionaT r i d e r  did cause 

a front-wheel lockup upon f i r s t  applicat ion of the brakes.  

Fortunately, he quickly recovered control , a1 though t h i s  condition 

would normally have resulted in a  s p i l l  with r i d e r s  of l e s s e r  

s k i l l .  

A considerable amount of informal testimony from industry 

sources indicates tha t  the  above-cited experience 73 not uncommon 

and occasionally r e su l t s  in a  serious injury-producing accident.  

Accordingly, i t  would seem t h a t  the unique nature ai' the two- 

wheeled motorcycle, especia l ly  as regards the hazar-ds imposed by 

wheel lockup a t  high speeds, c a l l s  f o r  a review o f  the  need fo r  

performance requirements a t  such highway-i 11 egaf speeds. 

3 )  Influence of Surnish and "FadeH-Type Work Inputs .  A 

major observation of the 122 t e s t ing  was a general i n s e n s i t i v i t y  

of brake torque effect iveness t o  the work history provided by the 

burnish procedure and t o  the thermal loading incurred during the 

fade and recovery t e s t s .  Comparison of most single-wheel pre- 

and pos t-burni sh effect iveness da ta ,  fo r  example, shows more 

var ia t ion  among the t e s t  repeats t h a n  between the pre-  a n d  post- 

burnish averages of these repeats .  



With regard t o  the fadelrecovery t e s t s ,  no brake demonstrated 

a s ignif icant  sens i t iv i ty  to  the imposed thermal loading. Even 

through temperatures exceeded 300°F on some brakes, the actuator 

force levels  remained re la t ively  unchanged from baseline to  the 

subsequent recovery t e s t s .  

4 )  Response t o  the Wet Brake Recovery Procedure. The 

immersion-type wetting procedure of FMVSS 1 2 2  was found t o  

severely reduce the torque effectiveness of drum-type brakes. 

The sens i t iv i ty  of torque effectiveness to  the water immersion 

procedure i s  assessed through comparison of required actuator 

forces before and a f t e r  the water immersion. All drum brakes, as 

measured by the recovery t e s t  sequence, suffered a residual loss of 

effectiveness following the water immersion. The apparent expla- 

nation fo r  the indicated loss in brake gain i s  that  the immersion 

condition provides a hydrostatic pressure mechanism for  forcing 

water past the drum brake assembly's dust sea l .  Upon removal of 

the vehicle from the immersion t a n k ,  a prolonged drainage period 

i s  needed. Given th i s  observation, i t  might be argued t h a t  the 

positive pressure condition i s  unreal i s t i c  f o r  highway-type riding 

and  thus ef fects  an a r t i f i c f  a1 assessment of wet-weather braking 

qua1 i ty .  

Disc brakes were also found t o  be affected by the water 

immersion t e s t ,  b u t  less  so in degree and only temporarily. I t  

was concluded that  the immersion method imposes a n  inadequate 

degree of challenge t o  the wet-weather braking capabil i t i e s  of 

di sc-type brake assembl i  es .  

2 . 2  Rider Skil l  Sensit ivi tv Tests 

In addition to  the di rect  conduct of the FMVSS 122 t e s t s ,  

a s e t  of experiments were performed t o  assess the influence of 

r ide r  sk i l l  level on 122-type t e s t  r e su l t s ,  These t e s t s  involved 

conduct of the minimum stopping distance procedure by three r iders  

of sk i l l  levels c lass i f ied  as ( 1 )  professional, ( 2 )  s k i l l ed ,  and 



( 3 )  novice. Each of these c lass i f i ca t ions  are re f l ec t ive  of a n  

assumed 1 eve1 of riding s k i l l  deriving from riding experience. 

General observations of the r ide r  s k i l l  t e s t  r esu l t s  follow. 

1 )  A most s ignif icant  finding of the r ider  s k i l l  t e s t s  

derives from the d i f fe ren t  r iders  ' a b i l i t i e s  t o  

achieve performances which comply with FMVSS 1 2 2 .  

I t  was seen t ha t :  

a )  the professional r i de r  passed a l l  stopping 

distance requirements 

b )  the ski l led  r ider  passed about half of the 

stopping distance requirements-fail ing the 

Hondal30 m p h ,  Kawasaki160 m p h ,  and Suzuki 

t e s t s  a t  b o t h  i n i t i a l  speeds 

c )  the novice r ide r  passed a l l  stopping distance 

requirements b u t  the Honda/60 mph t e s t .  

The professional r ider  made greates t  use o f  the 

f ron t  brake, while the sk i l l ed  a n d  novice r i de r s ,  

apparently fo r  lack of confidence i n  control 1 ing 

front-wheel braking, made greater  use of the rear  

brake. One might concl ude from the superior overall 

performance of the professional r ider  t ha t  a t e s t  

r i d e r ' s  sk i l l  in conducting 122-type effectiveness 

t e s t s  depends upon the degree and  consistency of 

usage of the front  brake. 

3 )  The margin of superiori ty of the professional r ide r  

over the ski1 led and novice r i de r s ,  par t icular ly  

demonstrated in stopping distance capabi l i ty ,  

increased a t  higher t e s t  speeds. 

4)  The repeatabi l i ty  in stopping distance and brake 

actuator forces at tained by the professional r ide r  

f a r  exceeded that  of the sk i l l ed  and novice r ide rs .  



2 . 3  A New Methodology for  Measuring Motorcycle Braking Performance 

Within th i s  project ,  the review of FMVSS 1 2 2 ,  together with 

a basic examination of the problem of measuring motorcycle brak- 

ing performance, led to  formulation of a new t e s t  method. 

This t e s t  methodology which i s  conceived as providing a l l  

of the elements of a n  objective procedure fo r  motorcycle brake 

tes t ing has two basic fea tures ,  v i z . ,  

1. the t e s t  motorcycle i s  towed by a support vehicle 

a t  constant velocity fo r  a l l  of i t s  dynamic per- 

formance measurements, and  

2. a l l  t e s t s  are conducted with braking control e f fo r t  

being applied t o  only one actuator a t  a time. 

The tow-test method renders a tow force measurement as i t s  

fundamental performance measure. Knowing the t o t a l  weight of motor- 

cycle a n d  r i de r ,  the force measure i s  interpreted in normalized 

form as an equivalent deceleration. The attachment of the t e s t  

motorcycle t o  a tow vehicle,  shown in Figure 1 ,  involves a r o l l -  

r ig id  coupling, such tha t  the tow vehicle provides ro l l  s t a b i l i t y  

t o  the motorcycle thereby permitting indiscriminate lockup of 

f ront  or rear  wheel. 

The t e s t  motorcycle i s  supported by a 1 inkage arrangement, 

shown in Figure 2 ,  which provides a s t e e r  a n d  ro l l  constraint  

while incorporating the tow force measurement load ce l l  as a 

longitudinal const ra int .  

The t e s t  motorcycle i s  mounted by a r ide r  whose only function 

i s  t o  provide control inputs t o  the brake actuators according to 

a prescribed sequence. The r i d e r ' s  instructions a re  t a i  1 ored, of 

course, to  the type of t e s t .  In "conditioning" t e s t  sequences 

such as burnish and  thermal loading, or  fade, procedures, the 

r ider  i s  instructed t o  sustain a prescribed level of tow force for  







a determined time in terval .  As shown in a photo taken froni the 

r i de r ' s  posit ion,  Figure 3 ,  the tow force signal i s  continuously 

displayed on a meter mounted for  d i rec t  monitoring by the t e s t  

r ider .  

I n  "effectivenessH-type t e s t s ,  the r ider  i s  instructed to  

apply the front  or rear brake input actuator i n  a ramp-type 

fashion up  t o  the braking l imi t .  I n  e i the r  type of experiment, 

the tow vehicle serves as the data acquisition s t a t i on ,  thereby 

disemburdening the t e s t  motorcycle of v i r tual ly  a71 instrumentation 

and power supply functions. 

The wet weather condition procedure involves a feature of 

the towing support vehicle which i s  peripheral t o  the tow and data 

acquisition features.  I n  t h i s  capacity, the tow vehicle incor- 

porates a water storage and del i very sys tern which i s  configured 

t o  provide a r e a l i s t i c  wet weather condition. The water delivery 

system dispenses a stream onto the pavement in l ine  with the wheel 

p a t h  as well as a stream above the ground-in the form of a dense 

spray. Together, the two-nozzle system i s  intended t o  .provide a 

thorough, yet  authentic impingement of water on brake assembl i e s ,  

such as may occur during a 1 inch/hr ra in fa l l  on a t raff icked 

highway. The dynamic wetting procedure i s  especially pertinent 

in the motorcycle case, i t  i s  reasoned, because of the exposed 

nature of motorcycle brake assemblies. On the other hand, the 

described technique avoids a r t i f i c i a l l y  "over exposing" motorcycle 

brakes, by forcing water through zero-pressure s ea l s ,  such as 

occurs in "immers ionH-type wetting procedures 

The application of the tow-test concept t o  the characteri-  

zation of braking capabil i ty l imi ts  requires that an analogy be 

established between the contrived tow experiment and the free- 

stopping process of the dual-braked motorcycle. Specif ica l ly ,  

there i s  a need t o  establish the t rac t ion l imits  of f ront  and 

rear t i r e s  under respective vert ical  load conditions such as would 

derive in a two-wheel-braked stop. As i l lus t ra ted  in Figure 4 ,  





F i g u r e  4. The towed m o t o r c y c l e  i s  t o  expe r ience  t i r e  loads e q u i v a l e n t  
t o  t h e  f r e e - s t o p p i n g  c o n d i t i o n .  



t h i s  c r i t e r ion  implies t h a t  the towed motorcycle experience a 

forward t ransfer  of ver t ica l  load in the f ront-  and rear-only 

braking t e s t s  which i s  equivalent with tha t  experienced by the 

hypothetical , dual-braked, free-stoppi ng motorcycle. 

The key consideration, here, i s  t ha t  the t r ac t ion  l imi ts  of 

pneumatic t i r e s  are constrained by f r i c t i o n  mechanisms which are  

inherently sens i t ive  t o  the normal force which i s  imposed upon 

the t i r e .  Thus, s ince each motorcycle's mass location and wheel- 

base determine i t s  dynamic t i  r e  1 oadi ng and, consequently, t rac t ion-  

limited braking capabi l i ty ,  i t  i s  paramount that  the towing t e s t  

method accrue real i s t i c  t i r e  loads during i t s  traction-1 imi ted 

experiments. 

I t  should be c lear  tha t  a vehicle being towed a t  c o n s t a n t  
velocity wi 11 experience 1 oad t ransfers  i n proportion t o  

a )  the braking forces which are  generated a t  the 

t i re / road in te r face ,  and 

b )  the height a t  which the tow force i s  applied. 

Accordingly, fo r  the towed, s i  ngl e-braked motorcycle in 

Figure 4 t o  experience load t ransfer  equivalent t o  t ha t  of the 

free-stopping vehicle,  i t  i s  necessary t ha t  the tow height ,  hn,  

be adjusted t o  e f f ec t  the needed pitch moment. Additionally, i t  

shoudd be apparent tha t  d i s t i nc t  values of h n  will be found 

appropriate fo r  front-  and rear-wheel-only braking, v iz .  , 
h n = h , h  f r '  

Thus we have formulated a t e s t  procedure which permits 

determination of the braking l imi ts  of the  to ta l  motorcycle by way 

of individual assessments of f ront  and rear  t i r e  t r ac t ion  l im i t s .  

The procedure involves a sequence of tow height se lec t ions ,  brak- 

ing force measurements, and simple ari thmetic calculat ions t o  y ie ld  

a measure of to ta l  vehicle performance. 



Within t h i s  project ,  the t e s t  hardware shown in Figures 1 

through 3 was constructed. The t e s t  system, together with the 

formulated tow-test procedure, was demonstrated in a f u l l  comple- 

ment of experiments using the Harley-Davidson and Kawasaki motor- 

cycles ident i f ied  e a r l i e r  in the sample of vehicles tested per 

FMVSS 122. The demonstration t e s t  se r ies  i l l u s t r a t ed  t ha t  the 

tow-test method01 ogy const i tu tes  a practicable procedure in the 

f i e l d  t e s t  environment. Further, t h i s  t e s t  se r ies  served t o  pro- 

vide a s e t  of example measures according t o  the tow-test method, 

thereby permitting fur ther  examination of whatever contrasts  ex i s t  

with FMVSS 1 2 2 .  

2 .4  Other Tasks 

In addition t o  the e f fo r t s  directed a t  development of the new 

t e s t  procedure, a task was a lso  undertaken t o  survey the prospects 

of evolution in motorcycle brake technology and t o  assure t ha t  

t h e  new method remained viable over the foreseeable fu ture .  

The survey was conducted by way of a questionnaire sent  o u t  

t o  motorcycle manufacturers. Respondents t o  th i s  inquiry provided 

a valuable basis u p o n  which the future  appl icabi l i ty  of the 

developed method can be assured. 

The general matter of motorcycl e braking-in-a-turn performance 

was a l so  examined within the project .  A simplified analysis  of 

the braki ng-in-a-turn maneuver was employed to  i l l u s t r a t e  the 

mechanisms by which a yaw perturbation i s  generated, and to  

estimate the const ra int  on deceleration capabi l i ty  which might be 

expected in example cases of braking in a turn .  I t  i s  hypothesized, 

however, that  the abst ract  treatment of the vehicle mechanics 

involved in such maneuvers const i tu tes  an inadequate means of 

assessing the safe ty  implications of t h i s  realm of cycle behavior. 

Indeed, no s ign i f i can t  enlightenment of the safety question of 

motorcycle braking in a turn appears l ike ly  unti l  the d i f f i c u l t  

matter of closed-loop behavior i s  e f fec t ive ly  explored. 



The project has concluded with a recomendation fo r  imple- 

menting the tow-test method in the form of a next-generation 

motorcycle standard. The recommendation incl udes a formal s t a t e -  

ment of the tow-test procedure as well as an itemized statement 

of remaining knowledge gaps. 



BLANK 



3.0 CONCLUDI NG REMARKS 

This study has served to  examine the basic methods and 

supporting ra t ionale  appl icable to  a motorcycle braking perfor- 

mance standard. The study has provided a f u l l - s ca l e  t r i a l  of 

the exist ing standard, FMVSS 1 2 2 ,  permitting an assessment of the 

adequacy of the written standard as a t e s t  procedure. The 

exercise of the standard was seen t o  i l l u s t r a t e  a broad s e t  of 

shortcomings which tend to  compromise the meaningfulness, t e s t  

sa fe ty ,  and enforceabil i ty of FMVSS 1 2 2 .  

The study has proceeded from the observations of the short-  

comings of FMVSS 122 t o  develop a new method for measuring 

motorcycle braking performance. This method serves t o  object i fy  

the t e s t  process, specifying a l l  brake control inputs within a 

sequence of front-only and rear-only applicat ions.  The t e s t  

procedure n o t  only ob jec t i f i e s  the d i s t r ibu t ion  of burnish braking 

inputs a n d  thermal loading appl i ca t ions ,  b u t  a lso el iminates the 

r ide r  s k i l l  influence from l imi t  braking measurement. I n  f u l l -  

scale  t e s t s ,  t h i s  procedure has been found t o  be practicable and 

suited t o  the general scenario of a federal rule on motorcycle 

braking performance. The developed method01 ogy has a1 so been 

found adaptable t o  advanced motorcycle braking systems such as 

may be anticipated within the next ten years of evolution in the 

motorcycl e market. 

On the bas is ,  then, of the conceptual foundation of the 

developed methodology, i t s  successful demonstration i n  fu l l - sca le  

t r i a l s ,  and i t s  app l icab i l i ty  t o  fu ture  brake systems, the 

technique i s  recommended fo r  development in t o  a next-generati on 

motorcycle braking standard. Together with th is  recommendation, 

however, we must draw at tent ion t o  those l imi ta t ions  in the 

current  s t a t e  of knowledge which tend t o  place the general value 
of a motorcycle braking standard i n  question. This matter concerns 



the lack of a sound basis fo r  specifying the rnodulabili ty of the 

brake system o r ,  p u t  another way, t ha t  qua1 i  ty w h i c h  permits a 

typical r ide r  to accrue the vehic le ' s  innate stopping capabi l i ty  

without suffering wheel lockup and the attendant l o s s  of control .  

Accordingly, together with the recommendation that  the new t e s t  

method be considered for  standard revis ion,  we l ikewise recommend 

tha t  research be conducted to  es tabl ish  the grwncis; f o r  a 

motorcycle brake system modulabi 1 i  ty requirement. Further,  i t  

should be noted t ha t  requirement levels  concerning 1 imi t stopping 

capabi l i ty  may have t o  be adjusted fo r  compatibility with an 

eventual modulability speci f ica t ion.  

Moreover, motorcycle brake systems are  seen as meriting a 

unique methodology f o r  t h e i r  performance measumemt; much as 

motorcycles, themselves, represent a unique class among motor 

vehicles. Further, i t  may be hypothesized that  the sa f e  braking 

o f  motorcycles depends as much, o r  more, upon the r l d e r ' s  a b i l i t y  

t o  in te rac t  with his machine properly as i t  does upan the machine's 

physical 1 imitations in braking capabi l i ty .  


