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used i n  the  so-cal l e d  tow- tes  t method o f  measuring the  brak ing performance o f  

motorcycles. The work was t o  p rov ide  a more simp1 i f i e d  procedure than t h a t  

developed i n  a preceding study e n t i t l e d  "Motorcycle Braking Performance" and was 

t o  p rov ide  a redesigned package o f  t e s t  hardware. 

I n  t he  preceding study, t he  f e a s i b i l i t y  o f  the tow-test  concept was demon- 

s t ra ted .  Th~e concept was developed as a candidate f o r  eventual replacement o f  t he  

convent ional s topping techniques employed i n  the  cu r ren t  motorcycl  e brak ing 

standard, FPlVSS 122. The cu r ren t  standard was, i t s e l f ,  seen as d e f i c i e n t  s ince 

i t s  experimental method lacked o b j e c t i v i t y  and s ince c e r t a i n  po r t i ons  o f  the 

method were found t o  be h i g h l y  hazardous t o  t h e  t e s t  r i d e r  due t o  the  1 i ke l i hood  

o f  front-wheel lockup and subsequent capsize. 

The tow- tes t  approach was shown i n  the  e a r l  i e r  study t o  y i e l d  completely 

o b j e c t i v e  measures o f  performance wh i l e  a1 so e l i m i n a t i n g  the  hazards associated 

w i t h  the  convent ional method. The new method did, however, e n t a i l  c e r t a i n  t e s t  

procedures tihat were l a t e r  deemed t o  be unnecessari ly complex. Also, t he  package 

o f  hardware developed f o r  the f e a s i b i l i t y  demonstration was r a t h e r  bu lky  and 

requ i red  tha,t s p e c i a l l y  t a i l o r e d  p a r t s  be fab r i ca ted  f o r  a t tach ing  the towing 

l inkages t o  each motorcycle. 

I n  t he  present p ro jec t ,  t he  t e s t  procedure was s i m p l i f i e d  by'el iminat ing an 

i t e r a t i v e  procedure from the  e f fec t iveness  t e s t  sequence i n  which maximum braking 

c a p a b i l i t y  i s  assessed. The s i m p l i f i c a t i o n  was j u s t i f i e d  on the basis  o f  an 

e r r o r  s e n s i t i v i t y  ana lys is  which shoved t h a t  no s i g n i f i c a n t  improvement i n  

measurement accuracy was accrued through the more r igorous  technique. 
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The hardware package used t o  connect the test motorcycle t o  a towing 

vehicle was completely redesigned and one set of parts was fabricated and 

assembled. The new hardware system is  much 1 ighter than the original package 
and incorporates adjustable fasteners capable of mounting any conventional 
motorcycle wlithout modification. An automated digital da t a  collection system 
was constructed as a complement t o  the new mechanical system. The digital 
system controls the test  sequence by advising the operator of each step of the 
procedure and providing a printed paper tape of results, as they are gathered. 

The test system was applied in a demonstration program in which three 
motorcycles were subjected t o  the refined test  procedure. The sequence of 
experiments i ncl uded a preburni sh effectiveness series, a 200-appl ication burnish 
series, a postburnish effectiveness test  and, finally , a thermal fade sequence. 
The test  experience and resulting data confirm that the revised methodology and 

hardware represent a very efficient and accurate means to measure the braking 
performance of motorcycles. 

The test  package exists as a complete system, with tow vehicle, for future 
use in the sponsor's follow-up efforts towards reformulating FMVSS 122. A 

second volum~e of the final report has been prepared as a manual for those who 

may use the test  package subsequent t o  this study. 
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1 .0 INTRODUCTION 

This document cons t i tu tes  the f ina l  report  on Contract DOT-HS-9- 

02314 en t i t l ed  "Motorcycle Brake Test Procedure Changes--Equipment 

Upgrade," sponsored by the National Highway Traff ic  Safety Administration 

of the U.S. Department of Transportation. This research project  follows 

from an e a r l i e r  HSRI study conducted under NHTSA Contract DOT-HS-5-01264 
en t i t l ed  "Motorcycle Braking Performance. " In the earl  i e r  project ,  a 

concept fo r  towing a motorcycle in t e s t s  of i t s  brake system performance 
was developed and the f e a s i b i l i t y  of t h i s  concept was demonstrated through 
fu l l - sca le  t e s t s .  The i n i t i a l  package of t e s t  hardware, however, con- 

s t i t u t ed  a prototype apparatus which was in need of some refinement. Thus 

the e f f o r t  reported herein was undertaken to  ident i fy  those refinements 

and t o  construct  and demonstrate an upgraded t e s t  system. 

The tow-test concept of motorcycle braking performance measurement 
was o r ig ina l ly  formulated t o  include the fol lowing features :  

1 )  The motorcycle i s  aff ixed t o  a towing vehicle (usually a 
1 ight  t ruck)  such t ha t  the tow force needed t o  react  
motorcycle braking forces can be measured d u r i n g  constant 

velocity operation. 

2 )  The motorcycle's yaw and ro l l  motions a r e  constrained so 
tha t  the t e s t  r i de r  does not r i sk  injury during wheel 
1 oc k u p  conditions . 

3 )  The independent f ron t  and rear  brake actuators a re  applied 
only one a t  a time. Thus the tow-test procedures comprise 
a sequence of front-only and rear-only experiments. 

4 )  The measured tow forces a r e  interpreted in terms of equi- 
valent "free-stopping" conditions i n  which the motorcycle 
i s  considered t o  decelerate.  

5 )  The tow-test sequence i s  modeled around the basic elements 
of the federal safe ty  standard fo r  motorcycle brake systems, 
FMVSS 1 2 2 .  



Refinement of the tow-test methodology i s  presented in th is  
report by means of two separate volumes. Volume I i s  written as a 
technical report describing the refined procedures and apparatus, and 

reviewing the results of a demonstration t e s t  program. Appendix 1 t o  
this  technical volume also presents a "classification scheme" which was 
developed as a t o o l  for organizing the Government's sampling of the 
motorcycle population in future compl iance testing of motorcycle braking 

performance. Appendix 2 of Volume I presents a complete statement of 
the refined tow-test procedure. In Appendix 3 are presented the detailed 
t e s t  data deriving from demonstration tes t s  on three motorcycles. 

The second volume of the report presents a user 's  manual for those 
who will l a t e r  employ the t e s t  apparatus constructed during this  project. 
I t  should be noted that ,  while a specific t e s t  system was developed 
through the work reported here, the t e s t  procedures presented in Appendix 
2 of Volume I are written t o  apply generally; that  i s ,  independently of 
any specific t e s t  system design. 



2.0 REFINEMENT O F  THE TOW-TEST METHOD 

The original tow-test methodology that was developed for measuring 
motorcycle brake sys tern performance had shortcomings in b o t h  procedural 
and hardware de ta i l s .  A single refinement in t e s t  procedure was accom- 
plished in this  project, providing a significant reduction in the com- 
plexity of the effectiveness experiments. Further, a l l  of the actual 

t e s t  procedures were implemented in a demonstration t e s t  program using 
an on-board computer system which provided for  an objective and  e f f i -  
cient process of data collection. Of course, development of the computer- 
implemented t e s t  method required that previously implicit steps in the 
t e s t  procedure be made expl ici t  and objectively stated. I n  order t o  
ful ly appreciate the discussion of t e s t  procedure refinements that  
follows, the reader should be familiar with the basic rationale and 
theoretical formulation behind the tow-test concept as presented in the 
"Motorcycle Braking Performance" reported cited earl i e r  [ I ] .  

The primary refinements accompl ished within th is  study involved 
the t e s t  apparatus i t s e l f .  A completely new t e s t  system was designed, 
constructed, and then demonstrated in an example t e s t  program. This t e s t  
system can be reproduced according to a drawing se t  which has been sub- 
mitted t o  the NHTSA and i s  described in an overview discussion within 
this  section of the report. 

2 . 1  - Test Procedure Refinements 

The on ly  procedural change that was seen t o  be necessary following 
the original study concerned the effectiveness t e s t  procedure, and 
specifical ly the rear-wheel -only i teration requirement. 

I n  the tow-test procedure concept, an adjustable tow height i s  
needed so as t o  achieve t i r e  vertical loads which authentically repre- 
sent the reference case of the free-s topping motorcycle. Authentic t i  re 
loads, of course, are required so as t o  properly account for the sensi- 
t i v i ty  o f  normalized peak t i r e  traction ( p )  t o  vertical load. For some 
hypothetical t i r e  which would exhibit no sensi t ivi ty  of  normalized peak 
traction t o  vertical load, tow height selection would be of no importance 



since any tow height ( i  .e .  , any vertical load) would produce the same 
measure for  normalized peak traction. 

During the in i t i a l  development of the tow-test effectiveness pro- 
cedure, i t  was n o t  known how significant the normalized t i r e  traction 
sens i t iv i ty  influence might be in affecting the measurement of 1 imi t 
braking performance. Consequently, a complete effectiveness t e s t  pro- 
cedure was developed t o  ensure that a1 1 such influences would be included 
and could be evaluated. Hence, i t  was assumed t o  be necessary that  the 
procedure involve an i te ra t ive  search for the exact value of tow height 
in the rear-only effectiveness t e s t .  The "exact" value of tow height 
would, by defini t ion,  yield an authentic level of vertical load on the 
rear t i r e  and a corresponding authentic measurement of normal i zed peak 
t i r e  traction. 

Subsequent t o  the original development o f  the tow-test method, an 
analysis was performed to ascertain the effect  o f  errors in front and 
rear tow heights on the accuracy of the proposed tow-test effectiveness 
measurements. This analysis was included as Appendix E . 1  of the Motor- 
cycle Braking Performance final report [ I ] .  The principal conclusion of 
the analysis,  concerning errors in rear-only tow heights, finds that even 
for moderate levels of normal ized t i r e  traction load sens i t iv i ty ,  large 
errors in rear-only tow heights have l i t t l e  influence on the accuracy of 
the tow-test measurement of  total  bike decel eration capabil i t y .  For 
example, selection of a rear-only tow height a t  a level which i s  arbi-  
t r a r i l y  lowered t o  a value equal t o  twice the height of the rider/cycle 
center of gravity results in a maximum error of 0.003 g ' s  in total  bike 
deceleration on a high f r ic t ion  surface, assuming that the t i r e s  display 
moderate to 1 arge levels of normal ized traction-load sensi t ivi ty .  The 
assumption that the rear tow height be limited to a value equal t o  twice 
the height of the riderlcycle c.g. represents an error in rear tow height 
of approximately 10 to 20 inches for  typical motorcycles on high f r ic t ion  
surfaces. 

Further, experience from the original demonstration tow-test pro- 
gram indicated that tes t -  to- test  variations in rear t i r e  peak traction 



measure~nents derived f a r  more from random properties of the t e s t  surface 
and measurement process than from load sensi t ivi ty  in t i r e  traction 
properties. 

Therefore, based on the cited analysis and t e s t  experience, i t  was 
determined that  the rear-wheel i teration requirement of the tow- t e s t  
effectiveness procedure coul d be el iminated. Such a modification simp1 i - 
f ies the se t  of instructions currently defining the effectiveness t e s t  
procedure. This modification reduces the flow diagram shown in Figure 1 

(representing the original procedure) t o  that  shown in Figure 2 ,  wherein 
the rear-wheel i terat ion loop i s  seen t o  be absent. The single rear- 
wheel t e s t  in the modified procedure (Item 2.  i n  Figure 2 )  i s  now con- 
ducted using a tow height of 48 inches. 

Constraining the rear-wheel t e s t  tow height t o  a fixed and rela- 
t ively low level provides a number of benefits. F i r s t ,  there i s  the 
advantage of a simp1 er  and more compact hardware package, as wi 1 1  be 
described in the following section. Secondly, there i s  a reduced influ- 
ence of' the aerodynamic pitch moment which becomes a large fraction of 
the total  pitch moment during rear-wheel t e s t s  using high tow heights. 

A 1  though the influence of the aerodynamic drag force is  approximated 
and  accounted for in the effectiveness t e s t  procedure, i t s  influence can 
be substantially minimized by use of a lowered rear-only tow height. 
And, f ina l ly ,  there i s  the advantage of conducting rear-only tes t s  a t  
the resulting higher level of vertical load than would be specified by 
the original procedure. In some cases, the original procedure required 
rear-wheel testing a t  very l ight  vertical loads (i . e . ,  a t  h i g h  values of 
tow height) for which small random variations in tow force measurements 
(deriving principally from surface i r regular i t ies )  produced significant 
variations in the estimate of normalized peak traction. Limiting the 
rear-only tow height t o  48 inches, therefore, helps reduce the polluting 
influence of  the background noise condition by "scaling up" the measure- 
ment of peak rear t i r e  force through use of a larger rear-wheel vertical 
1 oad . 
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Figure 1. O r i g i n a l  e f f e c t i v e n e s s  t e s t  pt-ocedure. 
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I n  summary, the refined effectiveness t e s t  procedure i nvol ves a 
single se t  of  rear-only t e s t s ,  conducted a t  a single value of tow height. 
When the rear-wheel t e s t s  are completed, the remaining t e s t s  are con- 
ducted using the front brake only, with the front-wheel tow height being 
varied i n  an i te ra t ive  manner until the final "reference" condition i s  
reached. 

2 . 2  A Refined Tow-Test Apparatus 

A complete package of apparatus was designed and assembled con- 
s t i  tuting a refined version of the tow-test hardware developed earl i e r .  
Figure 3 shows the new system comprising a pickup truck, with extended 
cab, to which i s  affixed a 1 inkage system fastening the t e s t  motorcycle. 
Note that  the overall assembly i s  of quite low profile compared t o  the 
original t e s t  package since the 48-inch maximum tow height cited ear l ie r  
el iminates the need for a high " towerH-1 i ke element. 

I n  the foreground of Figure 3, a heavy tubular structure extending 
back from the truck can be seen. This structure i s ,  in turn, fastened 
t o  another heavy frame assembly which bolts directly to the truck load 
bed, as shown in the overhead view presented in Figure 4 .  Together, the 
main truck-mounted frame and the extended side frame structures provide 
the rigid foundation to which are affixed a towing connection and three 
la teral  links which locate the motorcycle. 

Figure 5 i s  a plan view showing four motorcycle constraints. The 
tow connection i s  made by means of an adjustable length chain which 
connects a yoke-type element on the motorcycle to a load cell  affixed t o  
the truck. The yaw, roll  and la teral  degrees of freedom are rigidly 
constrained by the three 1 inks connecting the motorcycle to  the extended 
side frame. From front to back, respectively, the la teral  links fasten 
t o  the motorcycle by means of special brackets a t  the steering head, the 
foot peg, and the rear shock absorber bolt. As shown in the rear view o f  

Figure 6 ,  the three la teral  links are separated from one another ver t i -  
cally so as t o  provide a roll  constraint. The outboard ends of each of 
the la teral  1 inks are fixed t o  adjustable brackets which can accommodate 
the longitudinal and vertical variations in the location of the three 





the bed 





Figure 6.  Rear view of motorcycle constraint 1 inks. 



cited motorcycle mounting points. Width  variat ions,  from one motorcycle 
to the next, are accormnodated through screw adjustments i n  the length of 
each la tera l  link. Each l a te ra l  link terminates i n  a spherical rod end, 
thereby allowing freedom in the ver t i ca l ,  longitudinal,  and pitch motions 
of the motorcycle. 

Figure 7 i s  a rear view of a motorcycle s e t  u p  fo r  demonstration 
test in~g.  The la tera l  links are seen t o  serve as convenient members for  
routin~g instrumentation cab1 ing and connectors. 

Figure 8 i s  a close-up of the foot peg-attaching bracket. Note 

that  t,he rubber foot-peg sleeve has been removed and the foot peg welded 
to an intermediate plate which i s  bolted t o  the primary bracket. The 
towing yoke element (seen as the tube a t  upper r ight  in Figure 8 )  fastens 
to an extended tab on  the foot-peg bracket while the la tera l  l i n k  fastens 
by means of the tapped hole seen i n  the foreground. The foot-peg bracket 
i s  welded t o  both pegs, and employs a rigid tubular piece spanning the 
underside of the motorcycle to connect both sides of the bracket. 

Figure 9 shows the motorcycle t e s t  setup in the side view. The 
towing yoke i s  seen t o  be attached a t  the foot-peg bracket and, by means 
of adjustable length cables, to the "strongback" element which fastens t o  
the maltorcycle frame a t  the normal position of the fuel tank. The strong- 
back i s  connected, a t  i t s  forward end, t o  the motorcycle frame by means 
of a pair of clamping plates w i t h  which the f ront  frame section becomes 
"sandwiched." One hole i s  dr i l led  through the f ront  frame for fastening 
the strongback clamping pla tes ,  wi t h  shims of appropriate thickness, t o  
the motorcycle. A t  the rear of the strongback, a separate bracket in- 
corporates a short length of ro l l e r  chain in a loop around the motorcycle 
frame as a versa t i le  fastening element. 

Figure 10  i s  a frontal view of the t e s t  motorcycle i l lus t ra t ing  the 
adjustment cables extending from the top of the strongback to  the two out- 
board sides of the towing yoke. Note that  the 1 ateral member of the 
towins1 yoke incorporates several holes pemi t t ing an adjustabl e spacing 
of the side s t r u t  elements t o  account for variations in w i d t h  across the 
foot Flegs of differing motorcycles. Along the length of both side s t r u t s ,  
a pattern of holes i s  provided t o  permit adjustment of the height of the 











towing yoke. The height adjustment i s  effected by varying the free span 
of each cable between the towing yoke and the strongback. Locking pins 
a t  the end of each cable are inserted into the selected holes in the side 
s t r u t s  to establish th i s  adjustment. 

Shown in Figure 11  i s  the chain element which connects the towing 
yoke to the truck. The chain passes through a quick-release locking 
mechanism whose purpose i s  t o  permit an easy adjustment in effective 
chain length such as i s  needed each time the tow height i s  adjusted. 
(Note that  tow chain length i s  dependent upon tow height because the tow- 
ing yoke device i s  rotated about the foot-peg bracket to ef fect  a change 
in the height of the yoke. This rotation causes the distance from the 
yoke to  the truck to vary, thus necessitating an adjustment in chain 
1 ength. ) 

The chain-locking mechanism i s  fastened t o  the tow-force load cell  
which, in turn, i s  fastened t o  a col lar  which clamps on a vertical column 
a t  the selected tow height. Above the chain-locking mechanism are mounted 
two e lect r ica l  l imit  switches whose purpose i s  to detect the angular 
incl ination of the tow chain. The inclination variable requires moni- 
toring since the height of the towing yoke (and thus the aft-end of the 
chain) drops by a certain distance due t o  pitching of the motorcycle on 
i t s  suspensions during braking). The switches are s e t  such that  an " O K "  

s tatus lamp i s  lighted i n  the tow-vehicle cab when the inclination angle 
cr i ter ion i s  sa t is f ied .  

Two additional constraints can be seen i n  the rear-view photo 
presented previously as Figure 7 .  These items comprise a forward-stop 
cable connecting the motorcycle to the r igid side frame and a pair of 
short tether ropes between the handlebars and the strongback. The 
forward-stop cable provides res t ra in t  t o  the motorcycle when the tow 
vehicle i s  decelerating. In normal t e s t  operations, the tow vehicle 
runs a t  constant velocity such that  the forward-stop cable i s  slack, with 
the towing 1 i n k  reacting motorcycle braking force. When the tow vehicle 
driver applies his brakes, however, the towed motorcycle would overrun 
the truck except for the constraint afforded by the forward-stop cable. 





The handlebar te ther  ropes serve t o  prevent osc i l la t ions  i n  the 
motorcycle s teering fork assembly. In early test ing of the new tow 
hardware system, i t  was observed t h a t ,  even a t  very low speeds, a strong 
wobble osci 11 ation occurred unless the motorcycle r ide r  firmly restrained 
the motion of the handlebars. Using the handlebar tether  ropes, the 
r ide r  can "lash down" the steering freedom of the handlebars during a l l  
normal straight-ahead tes t ing  and then release the te thers  to reduce 
s t r a i n  on the motorcycle d u r i n g  short-radius maneuvering of the t e s t  
vehicle. The te ther  ropes a re  clamped t i g h t  using a pair of sai lboat-  
type jam c lea t s  mounted on the strongback, as shown i n  Figure 1 2 .  

I t  should be noted tha t  the refined package of tow-test apparatus, 
as  described above, has been designed to accept any modern fu l l - s i ze  
mo torcyc 1 e .  

I n  addition to  the apparatus which locates the motorcycle during 
t e s t ing ,  a self-contained hand-1 ever force transducer was a1 so constructed. 
This device was developed to  p e m i t  a ready measurement of the hand-lever 
force without requiring one to apply e i the r  s t r a i n  gauges d i rec t ly  to 
the hand lever ,  i t s e l f ,  or t o  ins ta l l  a pressure transducer in the hydraulic 
brake 1 ine. Figure 13 shows the integral hand-lever force transducer 
developed in t h i s  project.  This device i s  attached t o  the hand grip by 
means of a hose clamp and to  the brake lever by means of a small clamping 
bracket. An end view of the hand grip in Figure 14 further  i l l u s t r a t e s  the 
lever-attachment clamp. The device incorporates a pre-packaged force 
transducer which i s  placed in tension when the r ide r  pulls on the curved 
outer end of the "wand." The device i s  clamped onto the hand gr ip  such 
tha t  the hand-lever force i s  nearly normal t o  the hand gr ip  throughout 
the hand-1 ever stroke. 

The remaining elements of t e s t  hardware a re  unchanged from conven- 
tional pract ice,  as employed in the conduct of FMVSS 122--namely, the 
foot-pedal force transducer and the thermocouples ins ta l led  in the front  
and rear  brake 1 inings a re  implemented according to normal practice. On 
most motorcycles , however, the foot-pedal force transducer must be shimmed 
u p  by approximately two inches to permit the r ide r  to eas i ly  access the 
transducer with his foot.  









Figure 15 presents a view of the instrumentation system instal led 
in the cab of the tow vehicle. The system incorporates a Hewlett-Packard 
HP 9825T computer and HP 6940B mu1 tiprogrammer chassis. The computer i s  
programmed such that i t  will accept typed-in values of the t e s t  motor- 
cycle's parameters and then guide the t e s t  operator through the entire 
procedure for effectiveness, burnish, and thermal fade tests .  The tes t  
operator advises the driver of the tow vehicle and, by means of a head- 
set  intercom, the motorcycle r ider ,  on the actions required for each test .  

Test data are outputted directly in the form of a printed paper 
tape record, while each t e s t  i s  underway, and by means of an automatically 
summarized paper tape printout af ter  the computer reads information from 
a permanent record stored on a magnetic tape cassette a t  the conclusion 
of the t e s t  sequence. 

A detailed description of the data collection system, together with 
the program which was written t o  accommodate the step-by-step tow-test 
procedure, i s  given in Volume 11, "User's Manual." 







3.0 DEMONSTRATION TEST PROGRAM 

Five motorcycles were originally selected for t e s t  in a demon- 

s t ra t ion program and subsequently reduced t o  three as an economy measure. 
Listed in Table 1 are  the originally selected motorcycles, along with 

measured values of weight, WB, deflected seat  height, Hs, wheel base, L, 

and c.g. height, H B ,  of the cycle i t s e l f .  The l i s t ed  value of the 

height of the c.g. of the cycle plus r ide r ,  h, was calculated w i t h  the 

following equation: 

This expression, developed to represent the cyclelr ider c.g.  height 

accruing with a 50th percentile male U.S. r ider ,  ref lec ts  a c.g,  location 

of the r ide r  which i s  9.8 inches above the deflected sea t  height. The 

c.g. height of a seated motorcycle rider-+ 50th percentile male-is 

derived in Appendix 1. The c.g. height of the motorcycle alone, H B y  
was measured with a f ix ture  which located and balanced the motorcycle on 

i t s  principal longitudinal axis while the vehicle was a t  a 90-degree roll  

a t t i  tulde. 

'The "front (and rear)  t e s t  weights" l i s t ed  a t  the r ight  of Table 1 

fo r  thle three motorcycles actually tested represent the front  and rear 

s t a t i c  loads prevail ing with ful l  tow-test apparatus attached, and with 

the actual t e s t  r ide r  seated on the motorcycle. Of the parameters l i s t ed  

in Table 1 ,  only the following are  used di rect ly  in the computation of 

tow-test conditions and in the processing of resul ts :  

L, wheelbase 

I ,  c.g,  height of the cycle with 50th percentile male r ider 

Idf ,  s t a t i c  t e s t  weight on f ront  t i r e  

W r ,  s t a t i c  t e s t  weight on rear t i r e  





The three motorcycles actually tested in the demonstration t e s t  

program were selected to  represent each of the three primary classes of 

vehicle s ize  that  had been identified in the "c lass i f ica t ion task" (see 

Appendix I ) ,  viz. ,  

Range of Empty Motorcycl e Motorcycle Dry 
Class - Weiuhts fo r  the Class Model Weight, Ibs. 

A Be1 ow 250 1 bs Suzuki TS 185 231 

B 250 t o  500 Honda CB 650 443 

C Above 500 Kawasaki KZl 000 562 

The Kawasaki t e s t  motorcycle has a1 ready been seen in figures presented 
in Sec1:ion 2 . 2  to show the refined tow-test apparatus. The Suzuki and 

Honda niotorcycles are shown in Figures 16 and 17. 

3.1 Test S i t e  

The demonstration t e s t  program was conducted on the 1-3/4 mile oval 
track of the Dana Corporation in Ottawa Lake, Michigan. The Portland 

cement concrete track i s  characterized by ASTM skid numbers equal t o  87 

(dry) and 62 (wet) as measured with the E-501-73 standard t i r e .  The Dana 

f a c i l i t y  provides a high qua1 i t y  t e s t  surface with very well engineered, 
superel evated curves conducive t o  the conti nuous-runni ng character of the 

tow- t e s t  method. Since, in the burnish- and thermal -fade-test sequences, 

brake applications must be made a t  specif ic in tervals ,  i t  i s  most advan- 

tageous that  the t e s t  f a c i l i t y  provide curved sections which are properly 

superelevated so that  data can be taken in both curved and straight-away 
portions of the track. 

3.2 Vehicle Preparation 

As outlined in Section 2 . 2 ,  the tow-test package i s  designed t o  be 
affixed to any conventional motorcycle without the need to fabricate 
special parts .  Neverthel ess,  certain adaptations of the vehicle are 
required, namely: 







1 )  The rubber foot-peg covers are removed and the steel 
foot-peg stubs are welded t o  blank plates which esta- 
blish the mounting connection t o  the foot-peg bracket 
assembly. 

2 )  The fuel tank i s  removed and the "strongback" bracket 
i s  affixed t o  the motorcycle frame. Typically, one hole 
i s  drilled through the gussetted front head section t o  
secure the forward portion of the strongback. 

3 )  Thermocouples are installed in front and rear brake 
linings as per FMVSS 122 .  

4 )  The n u t  on the t o p  right-hand rear shock absorber bolt 
i s  removed and the appropriate fastening bracket i s  
installed for connection t o  the rear-most lateral link. 

5 )  Load cel ls  for measuring the actuating forces are attached 
t o  the brake hand 1 ever and foot pedal . 

Each motorcycle begins the t e s t  series with new t i res  inflated t o  
the manufacturer's recommended cold inflation pressure and with new 
("green") brake 1 inings. All tests are run with the engine off ,  the 
transmission in neutral, and, i f  necessary, the drive chain or shaft 
disconnected. 

Pre-Demonstration Developmental Testing 

Although the basic tow-test procedure had been exercised in demon- 
stration testing in the preceding "Motorcycle Braking Performance" study , 
certain features of the new tes t  system required that further development 
be considered. The primary areas requiring development with the new test  

system involved the on-line treatment of effectiveness tes t  data. By way 
of explanation, a l l  data from burnish and thermal fade tests  are treated 
as steady-state samples with the actual performance measure defined as a 
mu1 tip1 e-second average. Effectiveness tes t s ,  on the other hand, involve 
a ramp input of actuator force. I n  response t o  this transient input, the 
peak tow force occurring prior t o  wheel-locking i s  t o  be measured. 

The primary problem encountered with the measurement of the pre- 
lockup value of peak force is  that the tow-force signal typically becomes 



rather oscil latory due to wheel-hop vibrations of the motorcycle a t  high 
levels  of brake torque. As shown in Figure 18, the raw value of the 
digitized tow-force signal exhi b i t s  peak-to-peak osci l la t ions  which are  
on the order of 40 percent of the magnitude of the nominal peak value of 
the tow force i t s e l f .  Such osci l la t ions  must be accounted fo r ,  since a 
peak vail ue drawn from the raw tow-force signal would f a i l  to characterize 
the t i r e  tract ion force representing the equil ibrium value of t i r e  load 
assumed in the formulation of the tow method. Examination of the example 
raw tow-force signal reveals that  the superimposed osci l la t ion i s  primarily 
a 7-8 Hz noise component. 

l'hi s osci 11 atory component was virtual ly el iminated from the tow- 
force signal by using a d igi ta l  f i l t e r i ng  technique which dramatically 
attenuates frequency components above 4 Hz, without introducing phase lag 
The f i l l ter  employs a d igi ta l  sampling and weighting scheme of the modi- 
fied "Hamming" type, yielding an improvement in the qua1 i t y  o f  the tow- 
force signal as i s  shown in Figure 19. The f i l t e r ed  signal shows a trun- 
cated leading edge since the f i l t e r i ng  technique requires that a 0.4- 

second--long data sample have elapsed before the f i r s t  f i l t e red  data point 
i s  determined. The peak value of tow force i s  identif ied by the digi ta l  
data processing system and "flagged" w i t h  the vertical spike appearina 
a t  the peak of the reproduced signal. The digi ta l  f i l  tering method i s  
described in detai l  in Section 3.0 of the User's Manual, Volume 11. 

A second developmental problem was encountered in which the com- 
puterized detection of peak tow force occasionally produced an erroneous 
measure because of a peculiar feature of the effectiveness t e s t  process. 
When a wheel becomes locked as a consequence of the r i de r ' s  application 
of braking e f fo r t  a t  the hand lever or brake pedal, the desired "peak tow 
force" i s  that  which typically accrues jus t  prior t o  the "spin-down" of 

the wheel--at, say, 20 to 30 percent longitudinal s l i p .  As shown in 
Figure 20, however, one occasional ly observes a "spin-up" peak, fol 1 owing 
the r i d e r ' s  release of the brake, that  exceeds the level of the i n i t i a l ,  
desired value. The higher spin-up peak appears to resul t  from a coin- 
cident vertical load osci l la t ion occurring just  as the t i r e  passes back 
through the peak of i t s  p-sl ip curve. To correct the problem of the 





Figure 20. Brake actuator force and tow force time histories from an 
effectiveness test producing wheel lock up. 



erroneous peak reading, the computer was reprogrammed so as t o  cease i t s  
search for a tow-force peak whenever the actuator force was seen t o  drop 
by more than 80 percent of i t s  peak value. Thus, the computer detects 
that the brake i s  being released and confines i t s  inspection for the peak 
condition t o  only that portion of the tow-force signal which precedes 
brake re1 ease. 

Demonstration Test Results 

The three motorcycles cited ear l ier  were subjected t o  the developed 
tow-test procedure, excl uding the water exposure procedure, during 
January and February, 1981. The winter weather of southern Michigan 
during that period made for typical ambient temperatures in the range of 
10 t o  30°F. Because of the low temperatures, special measures were taken 
t o  keep the t e s t  rider warn during steady running a t  40 mph, and addi- 
tional brake warming sequences were needed t o  attain the 1 30°F minimum 
brake temperature required for testing. 

Test results are reviewed in summary form below, with a complete 
l is t ing of the effectiveness and thermal fade results being presented for 
each motorcycle in Appendix 3. 

A summary of  the pre-burni sh and post-burnish effectiveness tes t  
results (for a l l  three motorcycles) i s  given in Table 2. Looking a t  the 
column labeled "Equivalent Decel, g 's" a t  the far  right,  we see that b o t h  

of the larger motorcycles, the Honda C B  650 and Kawasaki KZ1000, attained 
approximately .90 g ' s in deceleration performance on the dry, Portland 
cement concrete surface. 30th of these vehicles were able t o  achieve wheel 
lockup such that the equivalent deceleration levels represent a braking 
1 imi t determined by t i  re traction. Interestingly enough, the rather 
uniform levels of total vehicle deceleration exhibited by b o t h  of these 
bikes were obtained despite a significant spread in the measured friction 
coefficient, urea,, of the rear t i res .  Since the load experienced by the 
rear t i r e  during 1 imit braking on a dry pavement i s  so low (approximately 
20 t o  25 percent of total bike weight), the value of prear has 1 i t t l e  
influence on the total deceleration exhibited by the motorcycle during a 
stop with b o t h  front and rear brakes active. 



Table 2. Ef fec t iveness Test Resul ts 

(R  & F)TBF - Rear & Front  Tow-Bar Force, I b s  
(R & F)AF - Rear & F ron t  Actuator  Force, l b s  

'rear - Rear T i r e  T rac t i on  C o e f f i c i e n t  

Rear Front  
Equivalent  Equivalent  Stopping 

Vehicle Test RTBF RAF 'rear FTBF FAF Decel . , g ' s Distance,6o mph 

Honda CB 650 Pre-Burnish 212 41 1.02 452 38 .88 

Post-Burnish 203 41 0.94 493 40 -91 

Suzuki TS 185 Pre-Burni sh 146 48 0.85 243 44 -74 163 

Post-Burnish 153 47 0.92 217 40 .72 167 
Cd 
-4 

Kawasaki Pre-Burnish 226 43 0.80 575 43 -88 137 
KZ 1 000 

Post-Burnish 235 41 0.85 569 42 -88 137 



O n  comparing the performance of the two larger motorcycles with 
that of the Suzuki TS 185, we see that the torque-limited behavior of 

the Suzuki's braking system results in a substantially lower equivalent 
deceleration level. Note that the value of urea, yielded by the Suzuki 
i s  otherwise on a par with the values exhibited by the other two bikes. 

I t  i s  interesting t o  note that the calculated values of "equivalent 
stopping distance from 60 mph" indicate values which are much lower than 
the 21 6-foot and 785-foot distances required, respectively, by the pre- 
and post-burnish tests  of FMVSS 122.  The heavier motorcycles would only 
require that a rider ut i l ize  63 percent of the vehicle's inherent braking 
capability t o  meet the pre-burnish requirements of  FMVSS 122  and 74 per- 
cent of the inherent braking capabil i ty  t o  meet the post-burnish require- 
ments. Meeting the post-burnish requirements of FMVSS 122 with the 
Suzuki TS 185, on the other hand, would require a 90-percent utilization 
of the motorcycl el s inherent capability. 

Shown in Table 3 are the thermal fade t e s t  results. The table 
1 i s t s  measured values of performance for the average of the three base1 ine 
runs conducted with each bike in addition t o  the average of the las t  
three runs conducted in each of the respective thermal fade sequences. 
The primary performance measures in this  tes t  are the rear and front gain 
values, RFG and FFG, representing the ratio of the tow-bar force t o  the 
actuator force obtained in the rear-only and front-only brake fade experi- 
ments. The performance of the bike i s  established through inspection of 
the decrement, i f  any, between the "baseline" and "faded" gain values. 
We see that the only "significant" decrement in gain i s  observed with the 
Suzuki rear brake, whose gain dropped from 4.5 t o  3.6.  The practical 
significance of such a change could only be determined through closed-loop 
braking performance research in which the interaction of the rider with 
the motorcycle i s  evaluated for conditions employing various levels of 
braking gain. Indeed, i t  may be of as much significance t o  vehicle con- 
t rol labi l i ty  that the front-brake gain on the Suzuki increased by almost 
50 percent, from a "baseline" value of 6 .4  t o  a "faded" value of 9 .0 .  



Table 3. Thermal Fade Tes t  Resu l ts  

(R  & ~ 1 - i ; ~  - R~~~ & ~~~~t ~ ~ - 3 ~ ~ -  F ~ ~ ~ ~ ,  :bs 
(R & F)AF - Rear & F r o n t  Ac tua to r  Force, l b s  
(R & F)FG - Rear & F r o n t  Ac tua to r  Force Gain ( ~ i m e n s i o n l e s s )  
Max. (R & F)T - Rear & F r o n t  Temperature i n  t h e  Thermal 

Fade Sequence, OF 

Rear F ron t  

Veh ic le  Test  RTBF RAF RFG Max. RT FTBF FAF FFG Max. FT 

Honda CB 650 Base1 i n e  124 22 5.6 2 04 13 16.1 

Faded 126 21 6.0 165" 199 13 15.7 21 5" 

Suzuki TS 185 Base1 i ne 92 20 4.5 133 21 6.4 
W 
~3 Faded 88 24 3.6 21 2" 133 15 9.0 282" 

Kawasaki K Z I  000 Base1 i ne 134 22 6.2 238 11 21.1 

Faded 153 20 7.6 323" 243 12 21.0 1 90" 



As a general ru le ,  the data in Table 3 show tha t  v i r tua l ly  no 
change i n  performance i s  the norm-the same r e s u l t  as  was observed in 
the  preceding study, "Motorcycle Braking Performance. " 



4.0 CONCLUSIONS 

The tow-test concept has been refined such that the procedures and 
the t e s t  equipment are  more di rect ly  suitable as a standard t e s t  method. 
The refined method, together w i t h  the hardware package constructed in 
t h i s  study, provides fo r  a highly e f f i c ien t  and accurate measurement of 
motorcj~cle braking performance. The hardware package, i t s e l f ,  i s  
especiellly notable for  i t s  f l ex ib i l i t y  in adapting to  v i r tual ly  any con- 
ventional motorcycle bui l t  for  use on the road. The t e s t  package i s  
l i gh t ,  affords a secure working stat ion for the t e s t  r ider ,  and ca l l s  for  
l i t t l e  or no experience on the part of the r ider  for  conducting high 
qua1 i t y  experiments. 

The use of a computer-control 1 ed data col 1 ection system provides 
fo r  a highly objective and precise t e s t  technique, although i t  also intro- 
duces a f a i r l y  sophisticated instrumentation system into a f i e ld  
appl icatiow-thus cal l  ing for  a somewhat higher 1 eve1 of maintenance and 
troubleshooting capabil i ty among the t e s t  s t a f f .  When everything functions 
we1 1 , the computer-control led system requi res a minimum of technical 
preparation on the part of the t e s t  operator. When problems occur, how- 
ever, a person experienced i n  digi tal  data systems i s  needed. Since most 
components of the system are  standard products of the Hewlett-Packard 
Company, however, the H-P service faci 1 i t i e s  personnel can general ly  be 
called upon when service i s  required. 

As in the previous study, which was ent i t led  "Motorcycle Braking 
Performance," the demonstration t e s t  data gathered here show that  modern 
motorcg~cles possess a re la t ively  high level of braking capabil i ty,  or 
"effect;iveness." Further, the data indicate that  v i r tual ly  no loss in 
torque effectiveness occurs as a resu l t  of a severe thermal loading cycle. 
On the other hand, various researchers (e .g . ,  [ 2 , 3 , 4 ] )  have indicated 
that  the primary safety problem which may be posed during the severe brak- 
ing of motorcycles concerns rider/cycle interactions, rather than the 
inherent torque capacities of the motorcycle brake system. Thus, while 
the tow-test method appears to serve the role of quantifying braking 



capac i t y ,  t h e r e  e x i s t s  a  need f o r  a  methodology, w i t h  suppor t i ng  research 

j u s t i f i c a t i o n ,  capable o f  q u a n t i f y i n g  those p r o p e r t i e s  o f  motorcyc le  

brake systems which p e r t a i n  t o  t h e  a b i l i t y  o f  t y p i c a l  r i d e r s  t o  u t i l i z e  

t h e  v e h i c l e ' s  i n h e r e n t  b r a k i n g  c a p a b i l i t y .  
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APPENDIX 1 

CLASSIFICATION OF MOTORCYCLES 

A number of a1 ternative measures were examined as potential means 
for breaking down the motorcycle population into classes representing 
different  levels  of brake system "loading," or torque demand. Data were 

gathered on 48 current-model motorcycles to permit computations of each 
of the following measures: 

-empty weight 
-weight w i t h  a 50th percentile male r ider  
- s t a t i c  front  t i r e  load of motorcycle w i t h  r ider  
- s t a t i c  rear t i r e  load of motorcycle with r ider  
- ra t io  of c.g. height to wheelbase, for  motorcycle 

w i t h  r ider  
-dynamic front t i r e  load accruing during a steady 
deceleration of 0.8 g 

While empty weight was obtained directly from motorcycle specifica- 
tion data, the weight of the 50th percentile male r ider  was seen to add 
165 lbs to the empty bike weight. The four following measures required 
that  both the longitudinal and vertical location of the seated r i d e r ' s  
mass center be located. 

Parameters describing the motorcycle i t s e l f ,  namely, wheel base, s t a t i c  
weight distr ibution,  the empty weight, and seat  height, were obtained from 
road t e s t s  pub1 ished in Cycle World magazine in 1979 and from data made 
available from specific manufacturers. A wide variety of motorcycles 
were measured by Cycle World, and an almost complete s e t  of data was ob- 

tained for  current-production motorcycles. Since the Cycle World data 
did n o t  include small s t ree t  bikes ( <  400cc), data were also sol ici ted 
di rect ly  from manufacturers. 

Since no new sources of data describing the c.g. height of the 
motorcycle were identif ied,  i t  was necessary to employ an average c. g .  

height obtained from a s e t  of seven measurements reported in the technical 



l i t e r a t u r e  [ l Y 2 ] .  The measurements o f  c.g. h e i g h t  ranged f rom 16.9 t o  

21.5 inches w i t h  an average va lue o f  19.2 inches. Since no u s e f u l  co r -  

r e l a t i o n  was seen t o  e x i s t  (such as seat  h e i g h t  o r  t o t a l  we igh t ) ,  i t  was 

determined t h a t  c.g. h e i g h t  f o r  t h e  composite r i d e r / c y c l e  system would be 

de r i ved  u s i n g  a  constant  va lue  o f  19.2 inches f o r  the  c.g. h e i g h t  o f  the  

motorcycle,  i t s e l  f. 

For r e p r e s e n t a t i o n  o f  t h e  motorcycl  e  r i d e r ,  anthropometr ic  data  on 

the  50th p e r c e n t i l e  American male were obta ined f rom crash t e s t  dummy 

s p e c i f i c a t i o n s  [3] and f rom a r e p o r t  e n t i t l e d  " M o t o r c y c l i s t  Anthropo- 

m e t r i c s "  [4]. Data f o r  body segment weights and c e n t e r  o f  g r a v i t y  l oca -  

t i o n s  were used t o  c a l c u l a t e  t h e  c.g. p o s i t i o n  o f  a  seated r i d e r .  I n  

F igu re  1  a r e  l i s t e d  t h e  segment weights,  t h e  l o c a t i o n  o f  t h e  coord ina te  

system f o r  t h e  seated r i d e r ,  and the  l o c a t i n g  coord inates  o f  i n d i v i d u a l  

body members. 

The c. g. l o c a t i o n  o f  t h e  re fe rence  r i d e r  seated on a  motorcyc le  was 

de r i ved  by f i r s t  e s t a b l i s h i n g  t h e  r i d e r ' s  c.g. l o c a t i o n  w i t h  respec t  t o  

t h e  r i d e r ' s  X - Z  a x i s  system shown i n  F igu re  1. The r i d e r  c.g. coord inates ,  

XR and Z R y  were mere ly  determined by t h e  moment summations i n  Equations 

(1 )  and ( 2 ) .  

= 8.9" ( f o r  50th  p e r c e n t i l e  male) ( 1 )  

= 9.8" ( f o r  50th p e r c e n t i l e  male) ( 2 )  

I n  o rde r  t o  g e t  a  composite b i  k e l r i d e r  c.g. l o c a t i o n ,  t h e  r i d e r  

must be placed on t h e  motorcyc le  and t h e  o r i g i n  o f  h i s  coord ina te  system 



Anthropometric Data (50th Percenti 1 e Male) 

bleiqhts ( 1  bs)  
d 

Head ( W H )  = 10 

Neck ( w ~ )  = 3.1 

Upper body ( w U B )  = 38.2 

Lower body (wLB) = 50.8 

Upper arms (w,,~) = 8.5 
Lower arms & hands (i! ) = 7 . 5  

LA 
Upper legs ( w U L )  = 26.8 

Lower 1 egs (liLL) = 19.0 

TOTAL BODY WT. ( w ~ )  = 163.9 

Center of Gravity Positions (from Dunlap & Associates "Motorcyclist - 
Anttlropometri cs"  ) - 
The coordinate  system used to  loca te  c.g. posi t ions of the  par t s  of 

the body i s  pictured below. 

Head ( H )  

Neck ( N )  

Upper body ( U B )  

Lower body ( L B )  

Upper arms ( U A )  

Lower arms (LA) 

Upper 1 egs ( U L )  

Lower 1 egs (LL) 

X ( i n . )  

Miscel 1 aneous Data 

A = 21.37" 

B = 23.33" 

C = 3.5" 

E = 29.03" 

2 ( i n . )  

Figure 1 



must be placed a t  an es tab l i shed  p o s i t i o n  w i t h  respec t  t o  t h e  motorcyc le  

coord inate system. Regarding the  v e r t i c a l  placement , a 1  i m i  t e d  number 

o f  measurements were made on t e s t  motorcycles t o  determine t h a t  a  1.5- 

i nch  d e f l e c t i o n  o f  seat and suspension c o n s t i t u t e d  an appropr ia te  

"adjustment" f o r  t he  use o f  pub l ished "sea t  he igh t "  data i n  l o c a t i n g  the  

r i d e r ' s  c.g. he i gh t  above t he  ground. Accordingly,  r i d e r  c.g. he i gh t  was 

de f ined  as f o l l ows :  

R ide r ' s  c.g. he igh t  above ground = ZR + (HS - 1.5) 

where Hs = seat he igh t  

Regarding l o n g i t u d i n a l  placement o f  t he  r i d e r ' s  mass center ,  scaled 

layou ts  o f  a l l  o f  t he  motorcycles evaluated by Cycle World were used t o  

determine a  standard bas is  f o r  l o c a t i n g  t he  r i d e r  on t he  seat.  Lacking 

a  d e f i n i t i v e  r e g i s t r a t i o n  p o i n t  on the  seat  i n  most cases, the r i d e r  was 

s imply  placed a t  an apparent ly  reasonable p o s i t i o n .  When a  "stepped" seat  

was shown, t he  r i d e r ' s  back was made tangent t o  the  step. Review o f  t he  

r i d e r  placement dimensions revealed a  genera l l y  use fu l  scheme f o r  l o c a t -  

i n g  t he  r i d e r ' s  coord ina te  system forward o f  the r ea r  ax l e  by a  constant  

f r a c t i o n  o f  the  wheel base, v i z .  : 

Long i tud ina l  d i s tance  from the  r e a r  a x l e  
t o  the  r i d e r ' s  mass cen te r  = XR + (.11)L 

Der ived Parameters 

Having t he  empty weight,  seat  he ight ,  wheelbase, and s t a t i c  l oad  

d i s t r i b u t i o n  parameters f o r  each motorcycle,  as we1 1  as the  a1 gor i thm 

needed t o  l o c a t e  t h e  r i d e r  mass, the  parameters shown i n  Table 1  were 

computed. Shown from l e f t  t o  r i g h t  a re  the f o l l o w i n g  

-empty weight o f  each b ike,  l b s  

-weight o f  b i k e  p l us  the  50th p e r c e n t i l e  male r i d e r ,  I b s  

- s t a t i c  load  on f r o n t  wheel, 1  bs 



KAW KXAO 

soz WnRo 

A YZRO 

HnNn xR80 

Y A Y  YZ175 

KAW KX125 

SUZ PV125 

R0r .T  T350 

ROAD CR125 

Y A *  YZ240 

KAW KX250 

HOND XWlR5 

suz Rnano 

SW'I 250  

Y A l  1-175 

KAU 1.'*2*0 

111150 r-R390 

~ ~ I I S Q  nu390 

nA rc  250E 

RnND X1.1 115 

c r n  600  

Y A Y  I T 2 5 0  
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KAW DXUOI) 

novn X Q Z S O  

RAW K4259 

I lOYP XPSQO 

ttnNn lrr.soo 

STATIC LOADS 
FRONT REAR RAT. 

Table  
LOAD 

TRANSFER 
GAIN 

- 6  28 

-592  

- 6 9 1  

-624  

-550  

,539 

-540  

- 5 3 9  

,549 

- 5 1 7  

- 5 2 3  

.549 

- 5 2 4  

.5 17 

.523 

- 5  29 

- 5 0 6  

- 5  16 

-501  

. 5 3R 

- 5  06 

- 507  

-517  

-519  

.507 

.a 74 

- 492  

. 491 

DYNAUIC FRONT 
T I P E  LOAD BIKE 

A 6 

24.6 21.9 

25.6 21.9 

25.2 21.5 

25.4 19.5 

30.0 25.5 

30-2  26.6 

30.0 26.7 

28.4 23.7 

29.7 26.3 

31.0 26.5 

31.2 26.7 

29.1 22.8 

30.7 26.8 

3 1  26.2 

29.4 25.6 

30.2 2 5 - 8  

32.3 27.0 

32.6 25.7 

3 0  27.0 

29.0 22.6 

30.6 27.. 

31.3 24.7 

30.4 26.1 

30.7 26.4 

31.1 24.4 

32.6 24.6 

31.6 24.9 

29.9 25.2 

MASS LOCATIONS 

RIDER 

XR ZR 

14.0 37.4 

14. 1 36.3 

10.0 36.3 

11.8 36.3 

15.0 44.3 

15.1 44.8 

15.1 44.8 

14.6 39.3 

1 5 - 1  45.5 

15.2 44.3 

15.3 45.8 

19.6 41.8 

15.2 45.8 

15.2 45.0 

14.9 42.8 

15.1 45.0 

15.5 46.6 

15.3 46.3 

15.3 43.9 

14.6 40.8 

15.3 4 4 - 8  

15.1 42.9 

15.1 44.9 

15.2 46.2 

15.0 42.0 

15.2 40.8 

15.1 42.9 

15.0 41.6 

COMPOSITE 

X z 

17.4 28.9 

17.8 28.1 

17.6 28.1 

16.6 28.0 

20.R 30.5 

21.5 70.6 

21.5 30.6 

19.7 28.1 

21.3 30.8 

21.7 29.8 

21.9 30.3 

19.5 28.5 

22.1 30.1 

21.7 29.7 

21.3 28.8 

21.5 29.6 

22.6 70.2 

21.5 30.1 

22.3 29.1 

19.U 27.R 

22.6 29.3 

21.0 2A.4 

21.8 29.2 

22.0 29.6 

20.9 28.2 

21.1 27.1 

21.4 27.8 

21.6 27.0 



Table  1 (Cont . )  
MASS LOCATIONS 

WTIGHT STATIC LOADS LOAD DYNAnIC FRONT 
BIKF. RIUS+RTDER FRONT RFIR RAT. TRANSFER T I R E  LOAD BIKE RIDER COMPOSITE 

G A I N  A 6 X Z XR ZR 

K A Y  KZ400 386. 550. 221. 329. - 402  -472  429.1 29.2 29.5 14.0 39.9 21.6 25.4 

?Am XS400 390. 554. 222. 3 2  .401 - 4 6 6  

SlIZ 65425 799. 563. 225. 33n. . 3 9 Q  - 4 5 7  

HOND CX500 473. 617. 259. 378. - 406  - 4 3 1  

HOND CR65O 474. 638. 265. 373. 1 -432 

HOWD 750F 530. 694. 295. 399. - 926  -409 519.8 31.3 28.5 15.5 40.2 25.5 24.2 

SllZ 1000L 5-36. 700. 290. 4 1  .a15 - 3 9 5  511.5 32.5 28.0 15.6 39.3 25.1 23.9 

nnav 1000 541. 705. 276. 42q. - 3 4 1  -403 502.6 33.9 25.7 15.5 39.8 23.3 24.0 

R R U  lOORT 550. 714. 298. 416. .41R -418  537.1 31.0 26.9 15.3 40.8 24.1 2U.2 

KAY HK2 571. 735. 319. 1 - 4 3 4  .PO4 556.4 30.5 28.5 15.9 40.0 75.6 23.R 

11nwn c n x  qsa.  749. 3 1  471. - 410  -406 554.3 31.5 27.4 15.4 40.5 24.8 23.9 

suz G S R ~ O  qR7. 751. 311. PUO. .415 .39R 

K1W 1000 602. 766. 325. 441. - 4 2 4  - 384  

KAW 1300 692. 856. 366. 990. .42R -372  



- 5 ;  t a t ic  1 oad on rear wheel , 1 bs 

-ratio of front s ta t ic  load t o  total s ta t ic  load 

-''load transfer gain" (referring to the ratio of the height of 
the riderfcycle c.g. to  the wheelbase) 

-dynamic front t i r e  load accruing during a braking condition 
of 0.8 g deceleration 

-1longitudinal distances, A ,  from the front axle and, B y  from 
rear axle t o  mass center of bike alone 

-1longitudinal distance, X R ,  from rear axle and vertical dis- 
tance, ZR, from ground t o  mass center of rider alone 

-11 ongi tudinal distance, X, from rear axle and vertical distance, 
it, from ground to mass center of combined cyclelrider system 

From among the numerics 1 isted in Table 1 , selections have been made 
for cross plotting in Figures 2 and 3 .  I n  Figure 2 are shown the s ta t ic  
and dynamic ( i  . e . ,  in an 0.8 g stop) values of front t i r e  load that 
derive for each of the 48 sampled vehicles as a function of the corres- 
ponding empty weight of each motorcycle, We see that b o t h  of these t i r e  

load measures are very clearly related t o  the empty vehicle weight. Since 
the front brake i s  clearly the most heavily "loaded" motorcycle brake, 
the uniform correlation between empty weight and either of the front-brake 
loading measures suggests that the empty weight parameter can serve as a 
re1 iabl e predictor of actual s ta t ic  and dynamic brake loading. Clearly, 

this result must derive from a remarkably uniform, t h o u g h  unregulated, 
set  of engineering practices by which the wheelbase, c.g. height, seat 
height, s ta t ic  weight distribution, and total weight of motorcycles are 
determined. 

Shown in Figure 3 i s  the ratio of c.g. height t o  wheelbase for each 
of the 48 vehicles, plotted as a function of empty motorcycle weight. 
While ii more distinctly nonlinear relationship is  seen, again we find that 
rather l i t t l e  scatter exists away from the nominal curve for this measure 
which characterizes the rate a t  which t i r e  loads change as a function of 







increasing level of deceleration. Moreover, the "classification" task 

has provided the basis for suggesting t h a t  the empty weight of motorcycles 

may be useful t o  the government as a design parameter classifying vehicles 

according t o  the magnitude of the torque demands which will be placed 

upon motorcycle brakes in conditions of b o t h  low and high deceleration 

1 eve1 s . 
One very simp1 e scheme of delineating the range of motorcycles accord- 

ing t o  "brake loading," or torque demand, i s  shown in Table 2.  Here the 

sample of 48 motorcycles, ranging in engine size from 80cc t o  1300cc, has 

been divided into three classes of empty weight so as t o  i l lus t ra te  the 

very small amounts of overlap in other parameters which results. Since 

empty weight i s  a clear predictor of brake loading for contemporary motor- 

cycles and since the itlustrated breakdown by empty weight rather clearly 

divides the domain of brake loading values, i t  i s  suggested that the 

Table 2 scheme may be a11 t h a t  i s  needed t o  effect a viable classification 

of motorcycles for NHTSA1s purposes in braking performance regulation. 

Table 2 

Ratio of 
Empty Static Front Tire C.G. Height t o  Dynamic Front 

Motorcycle Loads Wheel base Tire Load 
Class Weight, 1 bs. (Range of  Values) (Range) (Range) 

B 250 t o  500 lbs 158 t o  261 .507 t o  .435 329 t o  484 

Above 500 1 bs 
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APPENDIX 2 

PROCEDURE FOR CONDUCTING THE TOW-TEST METHOD OF 
MOTORCYCLE BRAKING PERFORMANCE MEASUREMENT 

The f o l l o w i n g  i s  a genera l l y  app l i cab le  statement o f  the t e s t  pro- 

cedures t o  be employed i n  conduct ing motorcycle brak ing performance 

measurrtment by the  towing method. The procedure app l ies  f o r  any s u i t a b l e  

design of t e s t  apparatus. 

Vehic le  Setup 

The t e s t  motorcyc le  i s  t o  be o u t f i t t e d  w i t h  new t i r e s  and brake 

l i n ings , .  The brake adjustments and t i r e  i n f l a t i o n s  a re  t o  be according 

t o  the  manufacturer 's recommendations. The veh i c l e  i s  t o  be connected 

t o  a tawing system p e r m i t t i n g  appl i c a t i o n  of a s ing le ,  measurable towing 

f o r ce  a t  a v a r i a b l e  he igh t  above the  ground. A l l  t e s t s  o f  the  veh i c l e  

are t o  be conducted w i t h  engine o f f  and w i t h  t ransmiss ion i n  neu t ra l .  

Th~e brake temperature i s  measured by p lug- type thermocouples i n -  

s t a l l e d  i n  the  approximate cen te r  o f  the  f ac i ng  l eng th  and w id th  of the 

most heav i l y  loaded shoe o r  d i sc  pad, one per brake, as shown i n  F igure 

FIGURE 1 - TYPICAL PLUG TYPE THERMOCOUPLE INSTALLATIONS 

5 7 



Hand-lever and foot-pedal forces a re  to  be measured in each t e s t .  
The point of i n i t i a l  application of the lever forces i s  1.2 inches from 
the end of the brake lever grip. The direction of the force i s  perpen- 
dicular to  the handle grip on the plane along which the brake lever 
ro ta tes ,  and the p o i n t  of application of the pedal force i s  the center 
of the foot contact pad of the brake pedal. The direction of the force 
i s  perpendicular to the foot contact pad on the plane along which the 
brake pedal ro ta tes ,  as shown in Figure 2 .  

(BRAKE LEVER) (BRAKE PEDAL) 

Brake Warming 

I f ,  within 112 minute prior t o  the in i t i a t ion  of any of the below- 
described t e s t  sequences, the temperature of the brake being tested i s  
below 130°F, a warming procedure will be conducted. A t  a steady speed 
of 30 mph,  the brake will be applied to yield a tow force,  FT,  equivalent 
to  an acceleration level of 10 f t / sec2.  The respective front-only and 
rear-only steady tow force conditions, FTf and FTr,  a re  as determined i n  

Equations (1 ) and ( 2 ) ,  w i t h  A, = 10/g. 



FTf = Ax [Wf + h l a  Ax W ]  , ( f rontonly)  ( 1  

and 

FT, = Ax[Wr - h l a  Ax W] , (rear only) ( 2 )  

where 

A ,  i s  the specified equivalent deceleration in g ' s  
1, 

W f  is  the s ta t ic  front wheel load 

W, is  the s ta t ic  rear wheel load 

h i s  the c.g. height 

R i s  wheel base 

W i s  the total weight 

The brake application (for warming) can be continuously maintained for a 
maximuni of 22 seconds or until a 130°F ini t ia l  temperature i s  attained. 

Pre-Burni sh Effectiveness Test 

Tests are t o  be conducted a t  a steady speed of 40 mph and, in a 
sequence of runs, are t o  be initiated only when the tested brake exhibits 
a temperature below 180°F. 

The effectiveness tes t  sequence invol ves the fol 1 owing steps : 

1 )  The tow height ( a t  which the rear-only tes t  i s  t o  be 
conducted) i s  placed a t  48 inches. 

Four successive tests  are conducted in which the force 
input t o  the rear actuator i s  applied in a ramp fashion 
causing either ( a )  wheel lockup or ( b )  a 90-1 b actuator 
force level t o  be obtained between two and five seconds af ter  
init iating the brake application. The brake actuator i s  
t o  be released a t  least  one second and no more than three 
seconds af ter  a wheel 1 oc k u p  has occurred. The resul ting 
average of the four peak tow-force readings i s  used t o  cal- 
culate the value of peak p r  using Equation ( 3 ) .  



where 

FTR i s  average of the peak tow force* values measured 
in the four rear-only tests 

W r  i s  the s ta t ic  rear wheel load 

h t r  i s  the rear-only tow height 

and R i s  thewheelbase. 

The calculated value of p r  will be used for selecting tow 
heights in subsequent front-only effectiveness tests.  

3)  The tow height t o  be used in the f i r s t  front-only tes t  
i s  placed a t  the position equal to :  
(c.g. height + 6 inches). 

4) Three front-only effectiveness tes ts  are conducted. In 
each, front actuator effort  is  applied in a ramp fashion 
causing either (a )  wheel lockup or ( b )  a 55-lb actuator 
force t o  be obtained within two t o  five seconds af ter  
init iating the brake application. 

5) I f ,  in two o u t  of the three tests  in step 4 ,  front-wheel 
lockup occurred, the procedure advances t o  step 8. I f ,  in 
two o u t  of the three tests  in step 4 ,  lockup did no t  occur, 
the procedure advances to step 6. In conducting steps 6 

or 8, the value of NEXT TOW HEIGHT ( h i t l  ) must be calculated 
per Equation ( 4 ) .  

*Due t o  noise which i s  typically encountered on the raw tow force 
signal, some f i l ter ing is  needed t o  permit a real is t ic  determination of 
the peak tow-force value. A1 t h o u g h  a high qua1 i ty  digital f i l ter ing 
scheme was used in this study, no generally required tow-force f i l t e r  has 
been recomended. Neverthel ess, the peak tow-force val ue is  defined as 
the maximum value of tow force which is  accrued prior to wheel lockup and 
without exceeding an actuator force value of 90 1 bs. 



where 

hitl i s  nex t  value of tow he igh t  t o  be employed 
i n  f r o n t - o n l y  t e s t s  

FTi i s  the  average value o f  peak tow f o r c e  a t t a i ned  
i n  th ree  repeats o f  the previous brake appl i ca -  
t i o n  

h  i s  t he  c y c l e l r i d e r  c.g. he igh t  

i s  the rear -on ly  normal i zed  f o r ce  c o e f f i c i e n t  
pr determined from step 2 .  

6 )  The procedure i s  d i r e c t e d  t o  t h e  appropr ia te  next step on 

the  bas is  o f  t he  d i f f e r e n c e  between the previous tow he igh t  

and t he  nex t  tow he igh t  (hi+l) from Equation ( 4 ) .  I f  the  

NEXT TOW HEIGHT i s  one o r  more inches lower than t h e  pre- 

v ious tow he ight ,  proceed t o  s tep  7 .  I f  the  NEXT TOW HEIGHT 

i s  no t  one o r  more inches lower than the  previous tow he ight ,  

proceed t o  step 9. 

7 )  Set the  tow attachment mechanisms t o  t he  NEXT TOW HEIGHT 

value. Proceed t o  s tep 4. 

8) I f  i n  two o f  the th ree  t e s t s  i n  step 4  wheel lockup d i d  

occur, a  determinat ion i s  made as t o  whether t he  NEXT TOW 

HEIGHT shows (a )  one o r  more inches d i f f e r e n c e  from, o r  (b )  

l ess  than one i n c h  d i f f e r e n c e  f rom the  previous va lue o f  

tow he ight .  I f  ( a ) ,  then the  sequence proceeds t o  step 7; 

if (b)  , then t h e  sequence proceeds t o  s tep 9. 

9) One add i t i ona l  repeat  r un  i s  conducted 'using the  previous 

value of tow he igh t  and app ly ing  t he  f r o n t  ac tua to r  force 

i n  a  ramp fash ion causing e i t h e r  ( a )  wheel lockup o r  ( b )  

a  55-lb ac tua to r  f o r c e  t o  be obtained w i t h i n  two t o  f i v e  

seconds a f t e r  i n i t i a t i o n  o f  t he  brake app l i ca t i on .  

10) STOP. 



Burnish Procedure 

The front brake will be burnished by attaining prescribed values of 
tow force using front-only brake applications over a sequence of 200 

constant level applications. A tow force level equivalent t o  A, = 1219 
(in the front-only Equation ( 1 ) )  will be applied, a t  a constant tes t  
speed of 40 mph, for a duration of four seconds a t  each application. The 
tow force i s  t o  be applied a t  an elevation equal t o  the height of the 
mass center of the cycleltest-rider system. The braking interval will be 
either that distance needed t o  reduce brake temperature to 150°F or one 
mile, whichever occurs f i r s t .  Following burnishing, brakes will be 
adjusted t o  manufacturers ' specifications . 

The rear brake will be burnished by a procedure identical t o  that 
described above, except that tow force level shall be as specified by 

Equation ( 2 ) ,  with A, = 12/g.  

Post-Burni sh Effectiveness 

The basic effectiveness procedure described previously as the "pre- 
burnish" effectiveness procedure wi 11  be repeated here. 

Thermal Capacity (Fade) Procedure 

A thermal loading sequence will be conducted involving a baseline 
check followed by a series of high energy brake applications. 

Base1 ine Check. At a constant speed of 30 mph, the front brake 
will be applied for a duration of four seconds, achieving a tow force 
equivalent t o  Ax = 1519 in the front-only Equation ( 1 ) .  Three braking 
inputs shall be applied, each w i t h  an ini t ia l  temperature between 130°F 
and 180°F. The same three-appl ication sequence shall be conducted using 
the rear brake, and employing a tow force as specified by Equation ( 2 )  
using A, = 15/g.  

Thermal Loading. A total of ten brake applications using front- 
only braking will be applied a t  a constant speed of 30 mph, achieving a 
tow force value corresponding t o  Ax = 1519 in Equation ( 1  ) .  The ini t ia l  



tempera~ture b e f o r e  t h e  f i r s t  brake a p p l i c a t i o n  s h a l l  be below 150°F. 

The cor ls tant  tow f o r c e  l e v e l  s h a l l  be sus ta ined  f o r  s i x  seconds a t  each 

a p p l i c a ~ t i o n .  The i n t e r v a l  between i n i t i a t i o n  of each brake a p p l i c a t i o n  

s h a l l  be 0.4 m i l e .  The tow force i s  t o  be a p p l i e d  a t  t h e  h e i g h t  o f  t h e  

mass c e n t e r  o f  t h e  c y c l e l t e s t - r i d e r  system f o r  t h e  fade t e s t  sequence. 

The above procedure s h a l l  be repeated us ing  r e a r - o n l y  b r a k i n g  and a  tow 

f o r c e  va lue  cor respond ing t o  Ax = 1519 i n  Equat ion  ( 2 ) .  

Perfomlance Measures 

Thte b r a k i n g  performance o f  t h e  t e s t  mo to rcyc le  i s  d e r i v e d  f rom t h e  

tow- tes t  da ta  p e r  t h e  measures descr ibed below. 

E f f e c t i v e n e s s  Tests .  Performance i s  a1 t e r n a t i v e l y  expressed by - 
e i t h e r  an average e q u i v a l e n t  d e c e l e r a t i o n  measure, Ax, o r  an e q u i v a l e n t  

s topp in~g  d i s tance ,  D, achieved f rom an i n i t i a l  v e l o c i t y  of 60 mph. The 

d e c e l e r a t i o n  measure i s  d e f i n e d  by Equat ion  ( 5 ) .  

where 

FT i s  t h e  average o f  t h e  f i n a l  f o u r  va lues o f  peak tow 
f o r c e  r e s u l t i n g  f rom t h e  f r o n t - o n l y  e f f e c t i v e n e s s  t e s t s  

ht i s  t h e  convergent  tow h e i g h t  ob ta ined  d u r i n g  t h e  f r o n t -  
o n l y  e f f e c t i v e n e s s  t e s t s .  

The f ree -s topp ing  d i s tance ,  D, i s  c a l c u l a t e d  as 

where 

V i s  t h e  re ference f ree -s topp ing  i n i t i a l  v e l o c i t y  ( f p s )  

For t h e  d e s i r e d  r e f e r e n c e  c o n d i t i o n  o f  60 mph, 



Thermal Capacity (Fade) Procedure. For the base1 ine check appl ica- 
tions, the tow and actuator force values are obtained by averaging the 
actuator force time histories over the l a s t  two seconds of the four- 
second-duration input. An average of the three tow force values obtained 
using the front brake is  then ratioed to the average of  the three front 
actuator force values yielding a gain value, viz. ,  

Fi[average of 3; Front Base1 ine Gain = A average of 

Likewise, a gain value characterizing the rear baseline checks i s  derived, 
viz . ,  

Fiiaverage of 3; Rear Baseline Gain = A average of 

The vehicle's resistance t o  thermal loading i s  established by com- 
paring the above front and rear baseline gains with the respective front 
and rear "faded" gains, viz. , 

FT(average for the l a s t  3 of 10  thermal loading runs) 
Front Faded Gain  = Af(average for the l a s t  3 of 10 thermal loading runs) 

FT(average for the l a s t  3 of 10 thermal loading runs) 
Rear Faded Gain  = Af(average for the l a s t  3 of 10 thermal loading runs) 



APPENDIX 3 

DEMONSTRATION TEST DATA 

The following is the computer printout of data from the demonstration 

tests on three motorcycles; namely, a Honda CB 650, a Suzuki TS 185, and 

a Kawasaki KZ1000. 



Honda CB 650 

B 5, i ,: fl t I-,; y c. ,;,: c. 1  F; 

P 13, y iJ. i', p t, 5' t' 5 
I 
I 

i 1:: e  Pi 12, !;.; p : 
,. - - HOt.jDA CB $ ~ I U  

. .- .- ,. ,-, 1 ..a, L t, : 12 '; - .. - 
i Ct.!?.l W5'iqhi. : 

5: 7 ::; , 8 0 

1 
F  r~:lr~t.' l ihpe 1 L ~ Q I J  

.-, .-, - 
t d ~ ,  

Rear  l - j hee l  L o a d :  
3 8 1 . 0 0  

C G  H e i ~ h t . :  2 4 ,  2 0  
l . . j h~e lbase :  5 ' 3 . 8 8  

Run# 
I 

! I .  

1 
'd . 39. 1 

RT: I 128.48 , 
RTBF: 2n0 .31  
RAF: 41.82 

Run# 
!:/ 

1 
40.85 

FT: i 5 5 .  39 
FTBF: 463 ,48  
FRF: 36,. 7 4  

Run# r, 
3 

1 1 %  Q r r 
Y .J .. .,I .-I 
FT: 159 .52  
FTEF: 4  6, 1 , .-I 7 3 2 

FAF: 39 .72  

Run# 4 
0: 39.90 
F f :  I E,@. 53 I 

i 
FTBF: 439 .27  i 

FRF: .> - 
.-8 { * 6 i i 

! 
Rea r  B r a k e  

Avs Data  I 
Av-3 RTEF 211.84  
Alv-3 RFiF 46.76 1 
R e a r  F r i c t i l ~ n  
C~:tef f i o i ent. : 

1 .82  

A v - ~  FPBF 452, 39 
Av.3 FHF PJ n 

L, 13. , 8 3 
1 

F i n a l  T o w b a r  
i.i e i s t-t t. 3r 3 1 , .-a .-I 

Eq F r e e  S t . 1 3 p ~ i n ~  
CIec.8 1 . 0.8845 
Es F r e e  S t . l : t ~ ~ i  n s  
Dist, From 
68  m ~ h  135.95 



Honda CB 650 

Run# 2 
i i .  
8,' . 4L3.98 
RT: i75 .5Ct  
RTBF: ' 1'3 1 , 1 
RAF: 44 .58  

I,) : 48 .88  , 
R T :  1 :3r3. g<, 
RTBF: 198 .15  
RHF: .- 7 

J'i , g 1  

RT: . . 136.  89 
ETBF: ~ 8 9 ' ~  23 

F y is yi t. Ei i' !I, i:: E 
i 

5 5 t. i?, 

R 1.4 1-1 # 
!:,? ; 

1 
4 Q r  (,a 

FT: 1 7 7 ' 5 3  
F I E F :  498,  6 1 
FAF: 48.  :34 

i? 1.4 t l  # 2 
i i  I 
1: 8 48 .45  , 
C T :  152.35 
FTBF: 4  '3 3 , <, $3 
FAF: ,d - y k j .  34  





Honda CB 650' 
F: 1.4 r-I i: 
I,/ : 11, 2. 5. # h 13 

Ci : 8 = 2;g 
i i .  
':i . .ii 8 , 3 c, 
s: T : 4 ..- :-, c r c: , .-I *I 
RTPt. .-; .:! - 
: . . I  i l l  a & .-. , 1:; 1 
:SAF: 2 3 . 1 4  
F: F I: : 6, .  12 

Pas.. # 3 
D: 0 , :! 9 
I,) : 29 ,46 ,  
F:T: 1 & 2 ,  :31 
i;:TBF: 124.  6,1 
RHF: 9 - 21  , 
RFG: 5 . 9 El 

FTBF: 
FAF: 

Rtrr # 
i l  I '1' I 

FT: 
FTBF: 
FHF: a 5.2. # 18  

[I : - .-8 1'5 L j  1 ,:I c, 
I,,! : :39,11 
RT: 165 .84  
RTBF: 125 .35  
RHF: 21.133 
RFr;: F,. 8 1  

R 1.4 n # 
$ 1 ,  I,' a 

FT: 
FTBF: 
FAF: 

F:as,s # 
9: 
I ! .  
11' . 
RT: 
RTBF: 
RAF: 
F.:FG: 

R 1.4 t i  # 
! I .  
'1' 1 

FT: 
FTBF: 
FHF: P a s s  # 

[I : 
V :  
RT: 
RTBF: 
RHF: 
RFG: 

R 1.4 1-1 # 
$': 
FT: 
FTBF: 
FHF: 

# C 1st ((1 P 1 E. t.. e d 
B u r n i s h  Runs  

F ron t ,  : 208.88  
R e a r :  208 .  88 

P a s s  # 
[I : 
1 1 .  
c,' 1 

ET: 
RTBF: 
RHF: 
RFr;: 

Rut  # 
11.. 
f a  

FT: 
FTBF: 
FHF: 

F r c ~ n t  E u r n i s h  
Oat, a R 1.4 f i  # 

1 1 I  
1,' a 

FT: 
FTBF: 
FHF: 

P n s s  # 
D :  
l l I  
11' 8 

RT: 
RTBF: 
RAF: 
RFG: 

Rcrn # 10 
I,) : 3 9 . 4 1  
FT: 175 .11  
FTBF: 159 . 38 
FAF: '3 , 9 8 Run # 

1,) : 
FT: 
FTBF: 
FHF: 

Run # .-, - rlJ 
1 1 .  i' . *-, ,- r 

.:I $ , .-I 1  
FT: - .- - P, 1 < b .  i . ~  

F I E F :  147, 8 7  
FFIF: 18 .27  

P 11 5, # 
9: 
1 1 .  '1' a 

R T :  
RTBF: 
RAF,: . 
FT:FG': ' 

Run # 
i f 8  
I,' 1 

FT: 
FTfiF: 
FAF: 

126 
- 3 c  4u. L a -  

1go. o( 
153.81- 

11. l f  
. - 



Suzuki  TS 185 
1 p p I 2 1.4 fi $ 4 + !G rj p F: 1.4 n # A ,-I -I $4 u I i L i l .  - - 

:a g, 0 !:) ; .4 '-4 .:I E: 
I # /  : .-I .. s i i  a 2.0 2 1  ? +:I s .A ,- . '; I - - i ? . -  , i c  j ? i :  1 - 3  El.  

I t : ,  v.! 1-5 .  $7 i { j , .-!t 
T I :  F:T: 

< $ ,q 3 g  F: T E: F : 4 i"1' " F T E F :  155.151 L7TBF: i .. ; i , .-. - , L ,  b ;  
REF: r; - ,- c  re 1 ci, 52 *! :q 4 4 L iJ , 3 .-. RfiF: r , , ,  rn A -  l 

5:ut-l # 
\,' I 

I 

FT:  

?, 4c? - - 5: i.4 n # ':; 8 , 9 8 F: 1.4 TI # 
4 3 ,  $ 8  i l .  :i , (, 1  I t .  

1; . .k. - I? 1 

rJT * 178 .55  F:T: IT(:, L i '31 ,.. I * 
1  d ~ , ,  2 , ~  RTBF: j 1 :, .-T .'- 

A - kt . LC: RTBF: 
11.4'3 F:fiF: ':: b 1  n 3  8 RHF: 

R 1.4 n # 160  
I,,! ; 48 .48  
FT :  17(, , 47 

r' " 
Ri.4 n # .-! ~j , lj ~j Rut-i # 14$3,8t  

I ! .  ,-. ,-, .-, ,- 43 .28  ',,! : 7 , .:I k: 

172.7'3 RT: 1713, 8c RT: 
RTBF: 115.15 RTBF: 1  12 , 
RHF: e-, 4Et EHF: 18.9: 

R 1.4 n # 6$3.68 R u n  # 150 ,  $36 
!,I' : .:I q c r 

I I. 
11' . 4 8 . 7 1  .-I .. I .-I .- 
F T :  RT: 

178 .92  174 .54  
FTBF:  1 4 5 . 5 1  R T B F :  1134.45 RTBF: 183 .5 [  

fir RHF: .-, - - 
FHF: RHF: 18 .98  L Lj a LJ '! 1  1  . 1=1 *-1 

Run # 1138 
1 1 ,  .:, r 13 
'I' m .-I '-1 . .-I , 
FT:  1 7 6 . 8 2  
FTBF:  151 .98  
FHF: 1 2 . 5 4  

R u n  # 130.68 Run # f 7 0 . 0 1  
I,/ ; .-, r, 

I Im 48 .36  .:, t:, , 5  
1; 8 

FT:  1 7 ~ ~ .  63 1 RT: 174 .8 :  . . 
FTBF:  156 .18  RTBF: 1 ~ 8 . 8 ~ ~  1 RTBF: '35,hi 
FAF:  11.53 RHF: 1 3 . 9 3  RHF: 14 ,  g,t 

.?, - - 
R 1.4 t-~ # rL jL j  313.@8 , Rut-! # 1 ;:; (i , 8  i Rut- # 
1 1 .  y . 48 .15  1 1 .  48 .81  1; : 4$3.5i 

1: I 

1713.41 179 n 28 RT: 178 ,  :I;! 
FT:  RT: 
FTBF :- 1.4(,.73 I R T B F :  118 .18  RTBF: 1 8 4 . 1  
FHF: 1 0 . 7 1  / RHF:  183.@1 RHF: 1  $3 , ;:I I 

R 1.1 t i  # 1$3.@9 
1 1 :  >zt r, - - '; .-8 !:! L j  iJ 

R T :  1 5 3 . 5 6  
~ T B F :  1 1 3 . 4 1  / 
RHF: 1'3.15 

7 0 

'Run # 2$3$3,8 
I,,/ : 48.  E2 
R T :  1 7 3 ~ 3  
RTEiF: 120 .8  
RHF: .-t L O .  5  



Suzuki  TS 185 

R e a r  B r a k e  
Dat.a 

Run# 
1 1 .  

1  
8,' a 49 .80  . 
RT: 138 .16  
RTBF: 145 .99  

R 1.4 n # 
I,/' : 
RT: 
RTBF: 
RAF: 

Rut-1# 1  
( I  m 5: '3 
I'. .,I .. , 8 0 
F f :  1 3 4 . 5 1  
FTEIF: 

.- .-, 7 d r i ,  41 
FAF: 38 .12  

F: u n # 3 
L 

1 1 .  '/ . 4 8 . 4 5  
FT: 135,  
FTBF: 24'" "4 

.-I , 0 .. 
FAF: 41 .82  

Run# 3 '-' 
1 1 .  a:, q 12 ' 
1: . .,I .. . .. .-I 
FT: 1 .:: .-I 12 0 

.,t L , 1-1 

FTBF: 2 5 5 . 8 1  
FHF: 3 9 . 3 1  

Run# 4 
I t .  
Y = 4 9 . 4 5  
FT: 13:3,22 
FTBF: 246 .15  
FHF: 5  5  , : I  6, 

A t , . ~ q  FTBF 243 ,  12 
A 1.) F  A F  43,  PI- ,:, ij 

F i n a l  T o i t r b t 7 ~  

H g i ~ h t .  48 .37  
E q  F t-ee 57. 8:1pp i y i q  - .-, .' r 
[I E. 1:. e 1 . @ , r' .I b ,I 
E q  F  r e &  S t .  c~pp i r1.3 

Cl i s t. . F r o ili 
6 8 1.1 p h 163 .27  





Suzuki TS 185 

1 

R t.4 n # a-, 

L 
I,/ : 38.54 
K T :  1$,1,27 
H T B F :  9 0 , 3 '3 
R A F :  19.79 

F 1-ant, E yg. k ~ .  
- T h e r ~ i a l  Fade 
Gain T e s t  Data  

P a s s  # .-, cl 

[I : 9.39 
1 1  a 
V . 38. 4'3 
FT:  152- '35 
FTBF:  139. 90 
FAF: - 7s '9 , ( .-I 
FFG:  14.:35 

p 12, 5 5. # 4 
[I : 0 .  3'3 
I,) : 5 8 . 1 9  
E T :  298, 7 ~ ,  
F T B F :  128.59 
FAF: 15 .88  
FFG: 8 . 1 8  

5 
Tr s 
Ll . 0 , ::; 13 
! I .  
I, 3 8 , 2 ?  
F T :  .-I era, ,- !j7 
F T B F :  114,  18 
FAF: ,Y .-, 1 8 , r 
FFG:  1 1 . 1 1  

p 13. 5. 5. # g 
[I : 0 , .a 1-1 "1 

1 1 .  i' * 29.99 
F T :  .:, .-, .' .- 

L .:t k, , I. ,:; 
F T B F :  125,  3 4  
F R F :  1 8 ,  ,34 
FFC;: i,, 5S-I 

p a s s  # 3 I. 

[I : 0,  '"0 .-, C' 

1 1 ,  y .  30.14  
FT: $7 c .-a L,IL, 48 
F T B F :  134 .23  
FAF: 17.37 
FFC;: 9 7 7  

< . I  I 

p 12. 5% 5 # I-, 
8:s 

0: 8.  :39 
1 1 .  .- - . .- 
$'I LI j .  6. j  
FT:  267,411 
F T B F :  1.jr . .  .- -. 19 
F A.F : 15,. 5 2  
FFG: 8 .  :38 

F T :  - 1 .- .;, .-' 2 ( , .-8 & 

F T B F :  133.44 

P g . 5 , ~  # 1 8 
[I : 8 ' .:I .-6 12 ,-a 

' 8 )  : 38.2 '3  
F T :  L 703, 1-1 2 1  
F T B F :  1  ::io. 25 
F R F :  . . 1 2 , k! k, 
FFC;: 1 8 . 2 9  

F i n a l  3  FFG 0.1.!4: 
'3, 17 



I , Suzuki TS 185 
R i.4 n 4 
i l  I 
1) I 

F T :  
F T S f :  
F -. ' 
p h p :  

2 1.4 n # 
1 1 .  
I:! . 
FT:  
FTBF: 
FAF: 

f 1.4 Yl # 
L I  a 
'/ * 
FT:  
FTBF: 
FHF: 

f 1.4 n # 
i l .  
1,' I 

FT: 
FTBF: 
FAF: 

RT: 1 (,4, 80 R 1.4 n # 9 ( u  - 
131.25 RTEF: P I,,! : 

p i t-1 17, 1 13 2 F G 11, I..! 7 : 4 8 , 1 8  
F:WF: .:v c 

& .-I , 8 '3 FT:  1 7 9  , 7:3 
3 . 6 4  3.  ( $ 2  RFG: FTBF: 1 8 2 . 0 3  

# I : ~ F ~ P  1 ed ecf 
. B u r n i s h  Runs 

C p t- I:I n t. : . 288 . 88 
P I - -  - -  

E ~ a y :  LIJM. M u  

i? 1.4 n # 
it': 
FT:  
_FTBF: 
FAF: 

Rut-I # 
1 1 .  
: ' I  

FT: 
FT8F:  
FAF: 

Run # 
1 1 .  '? . 
FT:  
FTBF: 
FFIF: 

.Run # 
r/ : 
FT:  
F?EiF: 
FAF: 

R1.rt-i # 
1 1 .  
1) . 
FT: 
FTBF: 
FHF: 



w' , : +-, - 4 : ! ii 
! i  I . 
F T :  
7 T r. I r st: 
Fi"iF: 

- ii !. fi j$ 

I ! .  
:;I I 

C T :  
FTEiF: 
FAF: 

R 1.4 n # 
I ! .  
1: m  

FT: 
FTBF: 
FHF: 

iT: 1.4 n # 
1 1 .  
\I s 

FT: 
FTBF: 
FAF: 

Run # 
1 1 .  Y .  

FT: 
FTBF: 
FAF: 

R u r ~  # 
I ! .  '11 . 
FT: - 
FTBF: 
FAF: 

E 1.4 n # 
I,/ : 
FT: 
FTBF: 
F i jF :  

Run # 
!',I . 

f ' 
FT: 
FTBF: 
FAF: 

h r. 1.1 t-! # f8.8Q 
1 1 .  
~~l . 48.50 
R T :  2 8  
RTBF: 7 ; 3 , 7 4  1 
RAF: 16,. 34 / 

.? 1.4 $ 
i l .  
I/ . 

T : - ?-.I 
F: 1 p : 
F:RF: 

R i-4 tj # 
1 1 .  ill . 
R T :  
F:TBF: 
RAF: 

Riir # 
1 1 m  :' a 

R T :  
RTBF: 
RHF: 

Run # 
! I .  I,' m  

R T :  
RTBF: 
RAF: 

R i:i t-i # 
V :  
R T :  
RTBF: 
RAF: 

Run # 
1 1 .  Y .  

R T :  
RTBF: 
RHF: 

Run # 
I t  m  

m  

RT: 
RTBF: 
RAF: 

Run , #  
It,,' : 
RT: 
RTBF: 
RAF: 

Run # 
I t .  
1: I 

R T :  
RTBF: 
FS;#F: 

7 5 

Riin # 
I I I  '11 m  

FIT: 
RTEIF: 
EAF: 

R 1-4 n # 
1 1 .  'I' m  

R T :  
RTBF: 
RAF: 

Rut-I # 
I I m  '11 I 

R T :  
RTBF: 
RHF: 

R 1.4 rl # 
r/ : 
R T :  
RTBF: 
RAF: 

Run # 
1 1 .  4 .  

R T :  
RTBF: 
RAF: 

Run # 
1 1 .  
1,' . 
R T :  
RTBF: 
RAF: 

R u 1-1 # 
I,( : 
R T :  
RTBF: 
RAF: 

Rut7 # 
7 :  
R T :  
RTBF: 
RAF: 



Kawasaki K Z l  000 

R i.4 t-i # 
i i I  
1: . 
2 T :  
RTBF:  
R R F :  

F r1:1n?, Brake 
A 1.) 9 [I 12. < 13. 



Kawasaki KZlOOO 

R ?i t-l # 
i t .  'f . 
RT: 
RTBF: 
RHF: 

- Run# 
I 1  I y .  

RT: 
RTBF: 
RHF: 

R u YI # 
!,,I * 
I 

FT:  
FTBF: 
FAF: 

E 1.4 n # :z 1 
i i: ',' L J .  ':' q 6, 4 r 
FT :  7 5 . 3 4  
FTBF: 5 4 8 . 0 8  
FAF: 44. <,4 

Run# 
I I .  

4  
'f 8 4 0 . 3 5  
FT: 1 4 2 . 2 4  
FTBF: r ,-lo I-, - (. . 313 
FHF: 41.136 

Au.3 RTBF 235 .  6,7 ' 

Rv -3  RHF 4 1 . 3 8  i 
R e a r  F r i c t i o n  
C I ~ I F ~  f i c i e n t  : 

13. $ 5  

H ~ l q  FTBF 5i,9. 03 
Ry.3 FHF 4 2 a a:, .-I .-, L 
F i n a l  T i jwbar  
HE. i qht. 3 1 , 8 4  
E l l  F r e e  S t o p p i n q  
D B C E . ~ .  0 ,  81340 
E q  F r e e  f t,i:ippiylg 

[I i 2. t . F r o (11 

g o  (qph 1 :3&. 0 3  I 



I Kawasaki KZIOOO 

R u n  # 
t i .  
V 

FT:  
FTBF:  
FAF:  

P 11. 5 5 # 
D:  
i l m  

a 
- 

FT:  
FTBF: 
FRF: 
FFG: 

Bg.5.e 1 i i'ie FBG 
2 1  13 

Run ti. 
I ! .  
'I' I 

FT:  
FTBF: 
FAF:  

p a s s  # 1 
il : 0 . 8 2  
! I .  .-t 'I' m .j@ p 44  
FT :  139 a(t? 1,' a 3 0 . 2 ;  1 1 .  

FTEF:' ~ 4 4 ~ 4 ~  FT:  187,  2;; 
l . z m  32 FTBF: - L .-I 12 . t: - t ' 
1  4 , " ' ,> .-: Ff iF:  1 1  . 4:: 

FFG: 2 Q , 3:: 1-1 1: . 

"I" ; 
FIT: 14E,. 413 
RTEF: 1 3 4 . 8 4  F'T : 

RAF: 2 1 . 7 ~ ~  FTBF: 
FRF: 

Rut7 # 7' b 
FFC;: 

. . .. . 

I I I  
1: m 38,  fl4 

i & : 3 . 8 4  p 17, 5 # F.1-r: 
RTBF: 1 4 3 ,  713 D: 

1 1 .  

RAF: 
SI' * 2 1 . 5 5  I FT :  
FTBF :  258 .87  : .-, ' FT: 1 ' 3 8 . 4 ~  Ruri  # 3 

3 ,a 7 FF;F: 1 1 , 4 7  FTBF: 2 4 9 ,  z t  
I,(! : L- .. . I .-' 
RT: 1 4 8 .  1'3 
RTEiF: 1 4 9 ,  9 4  
F:AF: 2 1 , 9 7  

FFG: i & A *  8 7  FF;F: 1  1  , 6: 
FFI;: ~ 1 , ~ -  

p a s s  # 4 
[I : 9 . 4 0  
1 1 .  .-: t q  ? 8:s 
1: . c .. , i 1-1 F i i.i 13. 1 3  F F  G 11 I,.) 7 .- - 
FT :  ! 8 1 , . j u  2 1 . 8 ;  
FTEF: .-,.;,,-, *-.-, 

L .,, '5' , .j .I' 

FRF: 1 1 . 2 5  
4-, 4 1 

FFT;: rL.l'E: i 



r. * F. j: . . - -. 
? '  
! p; ;- 

.-I . 
iJ 1:. f i  

b' .9 ,- - : ,.,.:.=. # 
-8 r 
i i  I 

i l  i t i  , 

':'EiI ; 
T. I L. , 
RRF: 
RFI;: 

p I), 5 # 
il : 
I f .  

8 

RT: 
F: T  E; F  : 
RFtF: 
RFG: 

p  I). 5 # 
0:  
1 1  I Y .  

R T :  
RTBF: 
RAF: 
F:FG: 

p I). 5 5 # 
[I : 
I t .  
'/ 8 

F:T: 
RTBF: 
RHF: 
F;.'FG: 

P a s s  # 
[I : 
1 1 .  y .  

RT: 
RTGF: 
RHF: 
RFG: 

P a s s  # 
[I : 
1 1  8 
1,' s 

F:T : 
RTBF: 
RHF: 
RFl:: 

F' 17. 2. f. # 
0:  
1 1 .  '11 . 
FIT :  
RTBF: 
RHF: 
FIFE: 

1 1 .  '11 I 

R T :  
RTSF: 153. 5 8  
RHF: 19.44 
RFr;: T r . .  98 

p I:! 5. 5. # 10 
: 8 . 4 8  

I,,! ; :38.74 
R T :  .- .- .-JL&, 78 
RTBF: lCa 1 , 99 
RHF: 21 ,2# 
RFG: 9 

I' , El4 

F r o n t  B u r n i s h  
[I a t 13 

Rur: # 18 
1 1 .  
V * 39,9@ 
FT: 137, 83 
FTBF: 18:3. 7 5  
FHF: . 11,7g 

R 1-1 n # 29  
1 1 .  
I? . 48.50 
FT: T C  1 L t: . I 8-1 

FTBF: 173.8" 1-1 

FHF: 11.75 

Kawasaki KZ1 
i: . 
!-, :.; fi 
i i I  
l;i i 

F-T: 
- - r  - - ( t i / - :  

FAF: 

i-4 n # 
I:' ; 

FT: 
F TE iF :  
FHF: 

F: 1.4 n # 
;,,I I 
I 

FT: 8 

FTEiF: 
FAF: 

Run # 
i/ : 
FT: 
FTBF: 
FAF: 

R 1.4 t-1 # 
1 1 .  
1,' s 

F i :  
FTBF: 

i FHF: 

Rut-: # 
I!! : 
FT: 
FTBF: 
FHF: 

F: u r1 # . 
1 1 .  'I' I 

FT: 
FTBF: 
FHF: 

Run # 
I I a 1,' I 

FT: 
FTBF: 
FHF: 

R lr t-I # 
: 

FT: 
FTBF: 
FAF: 

! Rurr # 
I I,!. 
1 I '  

i FT: 
FTBF: 
FHF: 

,I; ;:, 
,-' '3 

::; 13 , :;: 5 
, ;3 7 

; :-> :-, ,-, - 
i n : , ? :  i T  
; .-, ,- 
* c, ,> 

4 5  
:I; 3 , 7 5 

4 ,:; .- 1 , ;:; 2 
1 ;:; 11; 4 :; 

I - 
12,4E; 

50 
48.75 
124. EL& 
17R - , "85 
18, 7 3  

.- .- 
birl 

48.40 
1:; 1 , 73 
184, 14 
1 1  * 8'3 

- (0 
48.15 

1:;q , 127 .. I 
181,47 
11,24 

;3 0 
40,45 

l:;i, 22 
171, ;34 
1 1  ,I37 

9 0 
.:, ,q 
a-1 .. , 9 8 
3r  .-,r 1 .-! 3 I, ,L 

1 E; 3 ,, ,2, ,:: - L 

1 8 ,, 5 6. 

:L og 
-:I q ,:, 1 
L' ., ,I '-8 A 

152 ,, 8:; 
1 55 ,, 9 1 
1 1 ,, 6, ': 

:; 1 f 
40,. 56 

1 5 ;:: , 6, 2 
17:3, T c  
10, 34 

1, Z f  
4 1.'t 'I' 1 

- I  L - A  

170, i: 
173.51 
11.84 



,;: , 8 
Kawasaki KZl 000 z: : 1 - 1 ' .  'b.  : , - - - . ' -  ! Z  ~ 3 f i  

FTBF: 
FAF: 

R u n  # 
! l a  1,' a 

FT: 
FTBF: 
Ff lF: 

R 1.4 t-l # 
! I .  f< a 

FT:  
FTBF: 
FAF: 

R 1.4 ri # 
!,/ : 
FT: 
FTBF: 

7 0 . 8 8  Run # 
48 .05  ! I S  

\' 

1 7 5 . 1 5  R f :  
1 '3 4 r, '7 
d .-I s - L RTE:F: 

2 :I; @ 1 RAF: 

Fi 1.4 t.1 # 
I,/ : 
FT: 
FTBF: 
FAF: 

5 0 , @ @  R u n  # 
4 ~ 3 ~ 8 6  i 1,' i I i 

172  , 6,9 37:  
.-c ,-, n:, r f J 0 . .-t . J RTBF: 
3 1 . 7 3  IIHF: 

2i;t-I # 
!,,I a , a 

F:T: 
RTBF: 
RAF: 

FT: 
FTBF: 
f f lF :  

38.08 Rur~ t 
49.4Et 1,) : 

175.  5 4  R T :  
1213, <,8 RTBF: 
.-, .-, 't - 
L L  a .L:( RAF: 

Run # 
i !  I 5' 1 

FT: 
FTBF: 
FAF: 

Run # 1 8 . 8 8  
! I .  
1: * 4L3,28 
R T :  176,. 5 8  
WTBF: 156 .  3 5  
F:AF : L "' 1 s b t l  '> " 

R ii r.1 # 
I:,! : 
R T :  
RTBF: 
RAF: 


