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1.0 INTRODUCTION

This report is the third in a series of three reports which contain the final
design and implementation plan for evaluating the effectiveness of three selected
Federal Motor Vehicle Safety Standards (FMVSS). .The three selected FMVSSs are:

' e TFMVSS 105 - Hydraulic Brake Systems in Passenger Cars
e FMVSS 108 - Side Marker Lamps and High Intensity Headlamps (Only)
e FMVSS 122 - Motorcycle Brake Systems
This report contains the final design and implementation plan for evaluating

the effectiveness of FMVSS 122 - Motorcycle Brake Systems.

1.1 Background for FMVSS 122 - Motorcycle Brake Systems

FMVSS 122, effective January 1, 1974, specifies requlred equipment relating
to motorcycle brake systems and establishes test procedures for these systems.
FMVSS 122 basically codified existing SAE recommendations which were last revised
on March 1, 1971, and were published by NHISA in the Federal Register that same
month. Most manufacturers had complied with the SAE recommendations relative to
brake systems, and few design changes were directly attributable to FMVSS 122 [1].
This, and other issues, make difficult the evaluation of the effectiveness of
FMVSS 122,

The original effective date for FMVSS 122 was September 1, 1973; it was

extended to January 1, 1974, to give the Japanesé——who accdunt'fpr 85 to 90 percent

ent model change-

of motarcycle sales in the U.S.--and other manufacturers suffici
over time [2]. This Standard has not been significantly changed or modified since
it first became applicable., Minor changes involving dynamic tesjting of the motor-

cycle brake systems have been made and are stated helow:

e Effective October 14, 1974: Service brake systems for motorcycles
with attainable speed in one mile of 30 mph or less were exempted from
three tests: fade and recovery, reburnish, and final effectiveness.

[
e Effective June 14, 1976: Change in tire type and test procedure
skid number.

This Standard applies to both two-wheeled and three-wheeled|motorcycles.

1.1.1 Purpose of FMVSS 122

The overall purpose of the Standard is to avoid accidents by insuring safe
motorcycle braking performance under both normal and emergency conditions. Safe
motorcycle braking performance is to be achieved by specifying required equipment
for motorcycle brake systems and éstablishing performance test procedures for

these systems.

* . I

The formal title of FMVSS 108 is Lamps, Reflective Deviees, and| Associated
Equipment. The Standard covers 15 separate lighting elements, of which only
two are considered.
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1.1.2 General Requirements of FMVSS 122

All motorcycles manufactured after January 1, 1974, are required to haﬁe
either a split hydraulic service brake system or two independently actuated
service brake systems. However, split hydraulic brake systems for motorcycles
are still in the developmental, experimental étage; they are not available on
commercially-manufactured motorecycles., According to the SAE motorcycle brake
subcommittee chairman, split hydraulic brakes are covered by FMVSS 122 for the
following reasons:

e The motorcycle brake Standard followed the passenger car brake
Standard. '

e When and 1f such systems become available, they will be covered
by an existing Standard.

o These systems do exist on some three~wheeled motorcycles, such as
those used by the Post Office [3].

Actuation of a service bfake system may be either mechanical or hydraulic.
If a braking system is hydraulically actuated, each master cylinder must have’
a separate reservoir for each brake circuit. In addition, the filler opening
for each reservoir must have a cover, seal, and cover retention device. The
minimum reservoir capacity must be equivalent to one and one-half times the
total fluid displacement resulting when all wheel cylinders or caliper pistons
servicéd by the reservoir move from a new-lining-fully-retracted position to
a fully-worn- fully-applied position.

In addition to the split or independent braking requirement, the Standard
requires that one or more electrically operated service brake system failure

*
indicator lamps be mounted in front of and in clear view of the rider. Each

* The use of the term motorcycle''rider" rather than '"driver'" throughout
this study is quite deliberate. Not only is it the term used by motor-
cyclists themselves, but it also serves as a reminder of the many dif-
ferences between the two types of operators. A car is far more '"for-
giving" than a motorcycle. There are many things a car driver can do
--light a cigarette, drink a cup of coffee, turn his head to talk to a
passenger~-which might be disastrous if done by a motorecyelist. 1In
addition, a sense of closeness develops between a cyclist and his cycle,
the more he rides it and becomes familiar with it. This characteristic
has been expressed well by writer R,M. Pirsig [4]: ‘

"On a cycle the frame is gone. You're completely in
contact with it all. You're 4Zm the scene, not just
watching it anymore... that concrete whizzing by
five inches below your foot is the real thing, the
same stuff you walk on... the whole experience is
never removed from immediate consciousness."

1-2



indicator must have a red lens with the 1egend "Brake Failure" on or adjacent

to it. The failure indicator lamp will be activated under the following con-

ditions:

e ————

e When not more than 20 pounds of pedal force is applied to
the service brake in the event of pressure failure in any
part of the service brake system.

e When level of brake fluid in a master cylinder reservoir
drops to less than the manufacturer's specified safe level
or to less than one-half the fluid reservoir capacity (with-
out application of pedal force).

e When ignition switch is turned from "Off" to "On'" or "Start" -
position.

'w—?ﬂﬁés 122 also requires'visual inspectability of the brake lining thickness
for both drum and disc brakes. Visual inspection of the drum brake shoe lining
either directly or with a mirror must be possible without removing the drums.

The disc brake friction lining must alsc be visually inspectable without removing
the pads.
Finally, a parking brake is required equipment on all three-wheeled motor-

cycles. This brake must be engaged By mechanical means and operated by friction

principles.

1.1.3 Measures of Effectiveness
The overall effectiveness of this Standard is the degree to which it achieves

its objective--accident avoldance. The primary conceptual measure of effective-
ness would be the number of accidents that were avoided and did not happen as a
result of compliance with the braking pe?formance requirements of the Standard.
However, since these occurrences are known only to the riders immediately in-
volved and are almost never recorded, using the number of accldents that were
avoided due to the Standard as a measﬁre‘of effectiveness would be quite dif-
ficult. As an alternative, the corollary measurement of accildents that oc-
curred but which could have been avoilded had the brake systems complied with

the Standard might be used. However, since data on motorcycle accidents are
either non-existent or inadequate, using this alternative as a measure of
effectiveness would also ﬁresent problems. Any attempt to evaluate FMVSS 122
using motorcycle accident data would require detailed investigations of
accidents. If enough data were available, it could be determined which make/model
year motorcycles complied with the Standard and which did not. -Then the relative



frequency of accidents in which brake performance could be a causal factor céuld
be compared for each group. Obtaining datda for this type of analysis wbuld ne-

- cessitate sending a team of motorcycle accident investigation experts to the
scene of an accident. From this it might beApossible toldetermine whether or
not the accident could have been avolded had the motorcycle brake system complied
with the Standard. ‘.

A quantitative measure of effectiveness would be the reduction in the number
of brake-related motorcycle accidents from Pre~Standard to Post-Standard vehicles.
However, as mentioned before, motorcycle accident data are scarce and, therefore,
this type of analysis would be very difficult. Also, there is no clear distinction
between Pre- and Post-Standard motorcycles gince most manufacturers complied
with the requirements of the Standard before it became effective January 1, 1974,
According to a NHTSA gpecialist on FMVSS 122, this Standard basically codified
existing SAE recommendations with which the industry had already complied.*

Another measure of effectiveness should be the number of accidents that
were caused as a result of compliance with the Standard. Brakes in compliance
with the Standard will decrease the stopping distance of the motorcycle and
could cause a greater number of front-rear collisions where the automobiie,
if following too closely, collides with the rear of the motorcycle.

On the other hand, if the Standard has led to an increase in braking
effectiveness [1.e., decreased stopping distances, ability to stop in a straight
line, smooth control of stop (front and rear wheels), reduction in fade, etc.],
then another measure of effectiveness might be a decrease in the number of
réar end collisions involving motorcycles colliding with the rear of automo-
biles.

Finally, as another quantitative measure of effectiveness, ?re—Standard
and Post-Standard motorcycles could be tested on a specially designed motor-
cycle dynamometer. Measurements could be made of the degree to which Pre-

Standard brake systems compare with Post-Standard brake systems.

*
The latest and most recent revisions to SAE Motorcycle Road Test Code J108a
rand Service Brake System Performarce Requirements J109a were March 1971,
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1.1.4 Means of Complying with the Standard

As mentioned before, most manufacturers were foliowing SAE recommended
practices for the design of safe braking systems before FMVSS 122 became effec~
tive on January 1, 1974. The most recent SAE recommendations and the first
published notice of FMVSS 122 both occurred early in 1971, This gave motor-
cycle manufacturers three years to "comply" before the performance specifications
officially became a Federal Standard. The SAE recommendations for independent
or split brake systems were, in general, sufficient to comply with the Standard.

Motorcycle manufacturers are providing independent front wheel and rear
wheel braking circuits which are either mechanically operated drums or hydrau-
lically operated discs. The choice of system configufationlis dependent on
the size and weight of the cycle, the purpose or use for which it 1s intended,
and consideration of the general ability of motorcycle operators. Although
there are no set rules, some generalities in the use of brakihg systems can
be observed. Large tour cycles and medium and large sport cycles tend to use
hydraulic disc brakes on the front wheel. Medium displacement cycles generally
use a double leading shoe drum system on the front wheel, but there appears to
be a trend toward discs here also. The light, small displacement commuter
motorcycles are usually equipped with a single leading shoe druﬁ system on the
front wheel. The rear braking circuit on most motorcycles is usually a single

leading shoe drum with only a very few employing rear disc systems [5].

1.1.5 Primary and Secondary Effects of Compliance

The primaryleffect of compliance with the Standard should be improved braking
performance during both normal and emergeﬁcy situations. In general, braking per-
formance is a function of stopping distance, abillity to maintain desired direction
of control (wsually in a straight line), and the force required to lock the brakes
(brakes which lock easily are undesirable). With proper operation of the brakes,
stopping distances for Post~Standard motorcycles will be less than for Pre~Stan~
dard cycles. Brake failure rates should also be 1ess'frequent for motorcycles
that are in compliance with the Standard. However, because the performance of
motorcycle brake systems is so highly dependent upon the proper operation of
the brakes by the rider, the primary effect of compliance (improved braking per-
formance) will be obscured. Proper operation of the brakes involves correct
coordination of the front and rear brakes. Many motorcycle riders rely primar-
ily on the rear brakes either because of inexperience or the fear of locking the

front wheel [6]. This severely reduces the effectiveness of the brake system.
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In summary, the degree to which compliance with the Standard.will result
in improved braking performance depends not only on the capability and condition
of the brakes, but also on at least the following: the rider's ability to
correctly modulate front and rear brakes separately to avoid wheel lock-up and
subsequent loss of stability; the tire tread characteristics; the road surface;
the wetness or dryness of the road; the lighting conditions; and, as much as
anything else, the braking skill of the operator.

The 1971 SAE specifications for motorcycle braking systems were based,
at that time, on what brakes should do, not on what they could do, according
to R. A. Little, who was Chairman of the SAE Motorcycle Brake Subcommittee [7].
At that point, the requirements of the Standard‘went.beyond the state-of-the-
art. Compliance with the Standard has resulted in motorcycle brakes providing
greatly reduced stopping distances and has had a substantial effect on per-

* ,
formance [7]. Potential secondary effects of the Standard include the follow-
ing: '

e Loss of motorcycle control while braking. The newer motorcycle
brake systems may be too effective, especially on wet or slip-
pery road surfaces. Brakes respond and perform as well when
road surfaces are wet or dry, but since there 1s less friction
between the tires and road because of the wet or slippery road
surface, the possibilities for brake lock-up and subsequent
skidding are increased [8]. This, of course, may cause the

operator to lose control and prevent him from otherwise being
able to avoid a collision. *¥*

e Rear End Collisions. Should newer motoxrcycles that comply with
the Standard stop suddenly in traffic and the vehicle directly
behind is unable to stop in time, this situation could very well
contribute to an increase in the frequency of rear end collisdions
between cars (striking) and motorcycles (struck). This situation
may be very difficult to define since there might be 4 tendency
for car drivers to follow motorcycles more closely than other
vehicles.

*For example, California highway patrolmen, on motorcycles with Pre-Standard
braking systems, would shout, as they stopped speeders, "Wait, I'm coming
back!" asg they braked past. They would then turn around and ride back to
the stopped vehicle, This no longer occurs with Post-Standard brakes [7].

*k .
"Anti-lock braking systems for motorcycles are now being developed, which
could improve this situation.
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1.1.6 Real World Performance of the Standard

Data on motorcycle accidents invoivihg‘brake‘performance are either non-
existent or inadequate. Therefore, estimating the real world performance of
PMYSS 122 is presently a very difficult task. In order to gather the necessary
amount of detalled data to evaluate the effectiveness of the Standard, teams
of motorcycle accident investigation experts would have to be sent to the
scene of motorcycle-~involved accidents. Since this type of investigation is
relatively expensive, little has been done on a widespread scale., In the exist-
ing data, it is difficult to find any significant causal link between motor-
cycle accidents and defective brakes. Section 2.0 discusses additional prob-

lems in the evaluation‘of the Standard.

1.2 Summary of Evaluation, Cost Sampling and Work Plan

The plan to evaluate the effectiveness and cost of FMVSS 122 comprises six
analyses. They are:

Analysis of Mass Accident Data

Motorcycle Surveys (Riders/Tires/Structural Modifications)
Analysis of NASS and California Accident Data

Motorcycle Dynamometer Brake Tests

Field Test of Braking Performance and Rider Behavior

Cost Data Analysis.

1.2.1 Analysis of Mass Accident Data

 This analysis is concerned with (1) determining whether accidents are avoided

or severity of injury reduced due to motorcycle brake specifications in the Stan-~
dard; and (2) investigating the effects of motorcycle brake failure. The mass
accident data that will be considered in the analysis include FARS, New York State,
North Carolina, Texas and Washington State. The first part of the study will be
undertaken by tabulating car—motorcycle front-rear coilisions and analyzing driver
and environment characteristics in relation to Pre; and Post-Standard braking sys-
tems. The second part of the study investigates the extent of ﬁotorcycle brake
failure in Pre-Standard and Post-Standard motorcycle . together with the effects
on the number and severity of motorcycle accidents. Because of the expected great
variability and lack of level of detail in the available data files, the above
analyses cannot be expected to estaBliSh the efficacy of the Standards if improve-

ments are small.



1.2.2 Motorcycle Surveys

This analysis is concerned with conducting a three-part data collection sur-
vey designed to obtain additional data on motorcycle rider experience, tire usage,
and motorcycle modification. Each of the three surveys will be conducted by mail.
Selected sets of potential recipients who could participate in the survey include
motorcycle owners, dealers and repair and maintenance shops. The first survey is
designed to estimate the important characteristics of the general population of
motorcycle riders. These characteristics include age, sex, weight, height, mari-
tal status, education, occupation, motorcycle experience, accident experience, etc.
The second survey has the objective of determining the types of tires which Various
classes of motorcycles are using. Data to be collected include motorcycle size,
type of tires originally on motorcycle, type of tires presently on motorcycle,
primary motorcycle use, etc. The third survey is designed to gather data on the
frequency and degree of motorcycle modification,rwith the emphasis on brake modi-
fication. Both motorcycle owners and motorcycle dealers/repairers will be ques-
tioned.

1.2.3 Analysis of NASS and California Accident Data

The analysis is very similar to that accomplished with mass accident data.

The effects of accident avoidance, injury severity and motorcycle brake failure
are analyzed using NASS and California accident data. The analyses are first un-
dertaken during the first year and repeated during the second and third year, as
more data become available.

1.2.4 Motorcycle Dynamometer Brake Tests

This part of the evaluation study is directed toward conducting laboratory
dynamometer tests of motorcycle brakes to test compliance with FMVSS 122 perfor-
mance characteristics that are independent of the effect of operator skill. The
controlled dynamometer brake tests are designed to consider such factors as brake
system type, motorcycle weight and structure, rdad surface conditions, weather
conditions, weight loading, vehicle pitch (roll), weight shifting, lever or pedal
force of brake application, sensitivity of front wheel brake, condition of hydrau~
lic brake system, deceleration capability, fade resistance, effects of water or
contamination and system life. The results of previous brake system tests that
used methods other than those specified in the Standard would first be reviewed.
Tests will be performed on a wide range of available current motorcycles. Brake
performance tests for front and rear brakes will be conducted separately, under

various simulated conditions.



1.2.5 Braking Performance Experiments

This portion of the evaluation study is designed to conduct laboratory-type
experiments with both professional and non-professional riders to (1) test the
performance capabilities of Pre- and Post—Standérd motorcycle brakes; and (2)
analyze the behavior of motorcycle riders. Both portions of the study will be
carried out at special test facilitles. . In the first part of the study, under
varying conditions (wet surface, curves, etc.) the performance of Pre-Standard
and Post-Standard braking systems will be compared. Riders and motorcycles wili
be selected for the experiments by means of a Latin square design. A second set
of experiments will be conducted with Post-Standard braking systems only. It
will be concerned with evaluating the effects of rider characteristics, habits,
and experiehce in relation to control of the motorcycle, stopping distahces, etc.
This experiment is concerned with determining the abiiity of typical motorcycle
operators to exploit the capabilities of motorcycles with different methods of
braking, including slip ratio control, wheel deceleration control and angular
jerk control.

1.2.6 Cost Sampling Plan

This analysis 1s concerned with the determination of direct costs to imple-
ment FMVSS 122, Cost categories are confined to direct manufacturing, indirect
manufacturing, capital investment (including testing), manufacturer's markup,
dealer's markup and taxes. A frequency sampling plan has been developed which
assumes that the manufacturer's cost of compliancé varies according to the manu-
facturef and engine displacement.

1.2.7 Work Plan

The work plan for the evaluation study of FMVSS 122 is divided into a total

of six Tasks. Assuming that all Tasks are carried out, the estimated resources
required for evaluating the effectiveness of FMVSS 122 are $348,000. This figure
includes estimated requirements of filve staff—yeafs. The entire study would re-
quire three years to complete.

Task 1 1s concerned with the analysls of mass accident data to evaluate the
effects of motorcycle brake specifications on injury reduction. It is estimated
that six months will be required for the completion of the Task 1 study. The to-
tal resources required for Taék 1 are estimated to be $30,000. This total in-
cludes accomplishing the Task effort with 0.5 staff-years and $5,000 for data pro-
cessing. The probability of satisfactorily evaluating the effectiveness based on
only Task 1 is estimated to be about 0.05.
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Task 2 involves a three-part data collection mail survey to obtain additional
data on motorcycle rider experience, tire usage, and motorcycle modification. It
is estimated that six months will be required for the completion of the Task 2
study. The total resources required for Task 2 are estimated to be $50,000. This
total includes accomplishing the Task effort with 1.2 staff years, $9,000 for
equipment costs and $2,000 for data processing.

Task 3 is concerned with the analysis of NASS and California accident data.
It is estimated that the initial analyses will be completed in six months, with
subsequent 2-month periods for additional analysis scheduled toward the end of
the second and third year. The total resources required for Task 3 are estimated
to be $30,000. This total ihcludes accomplishing the Task effort with 0.5 staff-
years and $5,000 for data processing.

Task 4 involves conducting laboratory dynamometer tests of motorcycle brakes.
It 1s estimated that six months will be required for the completion of the Task 4
study. The total resources required for Task 4 are estimated to be $100,000.

This total includes accomplishing the Task effort with 1.0 staff-years, $25,000
for equipment costs, and 52,000 for data processing.

Task 5 is designed to conduct field tests with professional and non-
professional motorcycle riders to both test brake performance and evaluate rider
behavior. It is estimated that nine months will be required for the completion
of the Task 5 study. The time perlod includes a 4-month preparation phase that
provides for obtaining motorcycles, selecting riders for tests and preparing the
test facilities. The total resources required for Task 5 are estimated to be
$97,000. This total includes accomplishing the Task effort with 1.2 staff-years,
$25,000 for laboratory costs, $7,000 for equipment and $5,000 for data processing.

Task 6 encompasses the cost sampling plan which 1s directed toward determin-
ing the direct costs of implementing FMVSS 122. Task 6 will be completed in six

months during the first year of the overall study. It 1s estimated that the total

- resources required are $41,000; this includes 0.8 staff-years of effort and $1,000

for computer processing.

In summary, the study to determine the effectiveness and costs of FMVSS 122
requires resources of $348,000 and three years to complete. It is judged unlikely
that the Standard will be successfully evaluated without undertaking all of the

Tasks described above.
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. 2.0 APPROACHES TO THE EVALUATION OF FMVSS 122 ~ MOTORCYCLE BRAKE SYSTEMS

The overall purpose of FMVSS 122 is accident avoidance. This purpose is
to be accompliéhed by specifying required equipment for motorcycle brake sys-
tems and establishing performance test ﬁrocedures for these systems. The ob-
jective of this Standard is to insure safe motorcyclé braking performance under
both normal and emergency conditions.

2.1 Problems in Evaluating the Standard

In evaluating the effectiveness of FMVSS 122, several problems will be
encountered which will make the evaluation of this Standard difficult.

The major problems with evaluating the Standard are:

® It is very difficult to find any significant causal link be-
tween motorcycle accidents and defective brakes. There are
several other more significant causal factors involved in
motorcycle accidents. These are discussed in Section 3.1.4.

® There is a lack of detailed data in both the mass accident and,
especially, existing detailed accident data bases. Also, existing
accident files which include variables on mechanical defects lack
specificity (i.e., was brake failure due to wet brakes or to
hose or cable failures, etc.).

e Since most manufacturers were following SAE recommended prac-
tices for the design of safe braking systems (which were suf-
ficient to comply with the Standard) before FMVSS 122 became
effective on January 1, 1974, there is no clear-cut distinction

~ between Pre-Standard and Post-Standard motorcycles.

® Increased capabilities (relative to the car) of motorcycles to
maneuver out of an accident situation by steering rather than
braking will influence the effectiveness measures for this
Standard.

e Rider charagteristics play an important role in evaluating the
effectiveness of this Standard. The most important character-—
istic is the rider's degree of experience. Other important
characteristics to consider include age, sex, fatigue, vision,
alcohol consumption, etc.

Other problems in evaluating the Standard are:

® Many motorcycle accidents occur which are never reported; this
affects and biases the total accident numbers in data bases,
and adds to the difficulties already encountered with utili-
zation of existing or future motorcycle accident data files.
Reasons for the under-reporting include lack of insurance
(to cover damage to the motorcycle), cost of repairs below the
minimum necessary for reporting, membership in cycle clubs,
and unwillingness to become involved with enforcement figures.



The influence of other Standards relating to motorcycles or
the performance of motorcycle brake systems will confound the
evaluation of FTMVSS 122, These Standards include FMVSS 106
(Brake Hoses), FMVSS 116 (Motor Vehicle Hydraulic Brake Fluids),
and FMVSS 123 (Motorcycle Controls and Displays). FMVSS 123 is
particularly important; it standardized location of motorecycle
brakes in September 1974, nine months after FMVSS 122 became
effective. This Standard will benefit inexperienced motor-
cyclists and borrowers of motorcycles.

Registration figures usually include motor bicycles and motor
scooters under the general motorcycle heading. If possible,
these vehicles, which are not covered by the Standard, should
be removed from the analysis. However, 1f this cannot be done,

they are expected to have a relatively small confounding effect.

Road conditions will have more influence on the effectiveness of
motorcycle brake systems than on automotive brake systems.

iﬁpfopéfwcodfdinéfibﬁ‘of the front and bé;k brake is another
real world factor that will influence the effectiveness of the
Standard.

In many car/motorcycle accidents, the car driver and not the
motorcycle rider has been found legally at fault.

The fact that most car/motorcycle accidents are affected by the
car driver's actions will have to be considered, since any
change in their attitudes and awareness of the dangers to
motorcyclists will affect the number of car/motorcycle acci-
dents which occur. ‘

2.2 Proposed Evaluation Approaches

To obtain information to evaluate the effectiveness of FMVSSS 122, six

approaches have been proposed:

Analysis of Front-Rear and Left Turning Collisions
Brake Fallure Analysis

Motorcycle Dynamometer Brake Test

Analysis of Braking Performance

Analysis of Rider Behavior

Survey of Motorcycle Riders, Tires, Modifications.

Table 2-1 addresses the results of each of the evaluation approaches.

It

should be emphasized that the survey of motorcycle riders, tires, and modifi-

cattons is an effort to gather data which will be useful in deve;oping evalu~

tion methodologies and in interpreting the results of other analyses.
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TABLE 2-1

SIX APPROACHES FOR EVALUATING THE EFFECTIVENESS
OF MOTORCYCLE BRAKE SYSTEMS -

‘ Description
Approach Section Results

& Analysis of Front-Rear 3.1 Estimate of the reduction in
and Left Turning motorcycle accidents and injury
Collisions severity due to the motorcycle

brake specifications of FMVSS
122.

® Brake Failure Analysis 3.2 Estimate of the effects and extent
of motorcycle brake failure .on the
number and severity of motorcycle
accidents.

e Motorcycle Dynamometer 3.3 Performance characteristics of Post-
Brake Test Standard motorcycle brake systems

independent of the operator skill
" factor.

® Analysis of Braking 3.4 Performance capabilities of Pre- and
Performance Post-Standard motorcycle braking

systems.

o Analysis of Rider 3.5 Information on the riding behavior
Behavior of motorcycle riders.

e Survey of Motorcycle 3.6 Estimates on (1) the characteristics
Riders, Tires, ‘ . of the general motorcycle rider
Modifications population, (2) frequency and degree

of motorcycle modification, and (3)
the number of motorcycles using the
various types of available tires.

A summary of the particular problems which may be encountered in each of

the suggested six approaches follows:

1. Analysis of Front-Rear and Left Turning Collisions. Lack of de-~
tailed data in both the mass accident and, especially, in detailed
accident data bases. Greater detaill is desitred not only on which
vehicle (automobile or motorcycle) was apparently at fault, but also
on brake~related causes, if there were any (for example, did the

motorcyclist misuse or not use his brakes).

2. Brake Fallure Analysis. Although many accident files include a
variable on mechanical defects, their lack of specificity (i.e.,
was brake failure due, for example, to the brake hose, or to wet
brakes, etc.) makes a detailed, meaningful analysis very difficult.
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Motorcycle Dynamometer Brake Test. This would measure braking
system compliance with the requirements of the Standard, but
since there 1s no rider involved, it would give no indication
of how the vehicle would react in a real world normal or emer-
gency traffic situation when the use of even the most responsive
braking system depends on the skill, perception and reaction of
the rider.

Analysis of Brake Performance. This test will indicate performance
differences between Pre~ and Post-Standard motorcycles with riders.
Unfortunately, it cannot test the reaction of these riders, or of
the brakes on the motorcycles they are test riding, in a real world
emergency situation (that 1s, immediately before a crash), since
one could hardly justify asking these riders to, essentially, risk
their lives.

Analysis of Rider Behavior. This would go beyond measuring brake
performance to give data on the characteristics of motorcycle
riders in general. Its major problem, however, is identical to
that presented in Approach #4--these riders would not be reacting
to real world emergency traffic situations, which is when their
skill 1s tested to the utmost.

Survey Data. This has been suggested as a means of obtaining
demographic data on motorcycle riders, their experience, and
thelr accidents. Presently available data are small in volume.
Information gathered from this survey will be useful in inter-
preting the results of the other analyses suggested. However,
we do not expect a very significant response to a survey of this
nature.,




2.3 Organization of the Effectiveness Evaluation Plan

The general approach to evaluating the effectiveness of any Standard is to
undertake first those evaluation tasks which:

e Can be done early.

e Show significant promise of achieving success in evaluating the
effectiveness of the Standard.

e Can be performed relatively inexpensively.

If appropriate data are avallable in the mass accident data files available from
states, and detailed accident data bases such as RSEP, MDAI, NCSS and (in the
future) NASS, then statistical analyses are usually the first recommended task(s).
In some instances, clinical analyses of available data, surveys, and/or prelim-
inary field or laboratory tests may be appropriate to augment and/or enhance the
results expected from the frist round of statistical data analyses.

The initial statistical and supporting analyses and tests usually occupy
approximately the first year of the evaluation program (time for preparation of
Requests for Proposals, proposal review, and coﬁtracting is inecluded). The first
major decision point is then reached. Fof some Standards, the initial analyses
may be adequate to evaluate the Standard with satisfactory statistical confidence
levels. In the case of other Standards, the initial analyses will only provide
the basié for conducting survéys, field and laboratory tests, and additional de-
tailed data collection and analysis efforts. As much as two, three or more years
of work may be required, and there may be several additional decision points,
where NHTSA can decide whether the evaluation process is adequate or should be
continued. ' .

CEM has outlined evaluation programs lasting from three to six years. In
each case, it is CEM's judgment that there is a reasonably high probability that,
by the end of the program, the effectiveness of the Standard will have beéen satis-
factorily evaluated. However, in the event the issue remains in doubt, a number
of "Next Possible Steps'" are outlined.

Figure 2~1 indicates a flow diagram/decision tree for evaluating the effec-
tiveness of FMVSS 122. A time-phased Gantt chart is found in Section 5, which
describes the Work Plan in detail. A brief description of the Tasks and Decision

Points is given below.



TﬁﬂAg—E"“;iﬁwfnr TASK # - 5 months

Survey of:

e Rider Character-
istics

e Tire Types Used

e Structural Modi-
fications

Analysis of Existing
Mass A;cident Data

Y

DECISION —3—11 months
POINT #1 :

Analysis
Adequate
?

Standard YES
Effectiveness J™€

Determined

P==0.05
TASK #3
First NASS/ NHTSA Analysis of Existing
California - Data, Plus Results of Survey
Data Analysis and First Set of Detailed Data
L

Analyses
Adequate
?

Standard
Effectiveness
Determined

Y

DECISION PQINT #2  «——i==13 months

P==0.09
~TASK #4

Perform Dynamometer Tests and Analyze Resuits

Standard Effectiveness
Determined
( Standard has no ), v
.

No .
Difference in
Pre- and Post-Standard
Brake Performance

-

recognizable effect DECISION POINT #3

P =0.001 TASK #3

Second NASS

Data Analysis $ ——t—22 months

Previous

Standard : Results Plus
Effectiveness § Dynamometer Test Re- DECISION POINT #4J
Determined sults Adequate

?

P =0.25

A Y 1ask #5 Y
Brake Performance Test T Rider Behavior Test with
with Volunteer Riders Volunteer and Professional Riders

TASK #3] Third NASS
Data Analysis

Standard YES Analysis
Effectiveness Adeguate
Determined ?

DECISION POINT #5 —Lﬁ months

No

P=0.,50

Next Passible Stcps:

e Acquire and Analyze Additional Years of NASS Motorcycle Accident Data
o Intensify NASS Motorcycle Accident Data Collection Effort

e Terminate Evaluation Effort

Figure 2-1. Flow chart for proposed evaluation of FMVSS 122: Motorcycle
Brake Systems. :
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Task #l: Analysis of Existing Mass Accident Data

Existing mass accident data from states will be analyzed to determine if
there is a reduction in motorcycle brake-related accidents/injuries‘as a func~
tion of introduction of the Standard. The study will also provide information
relevant to conditions associated with brake-related accidents. This informa-
tion will be useful in subsequent analysis.

Decigion Point #1

The mass accident data analysis will be reviewed to see if it is adequate
to evaluate the Standard. It is not expected that it will be.
Task #2: Survey of Rider Characteristics/Tires/Structural Modifications

This Task will be initiated at the same time as Task #1. It is a mail sur-
vey which will provide background information on potentially confounding effects
that may influence the mass accident data analysis, and/or subsequent analyses.

Task #3: Analysis of NASS and California Accident Data

In this Task, detailed motorcycle accident data from NASS and a California

study (now in progress) will be analyzed to determine the effectiveness of Pre-
and Post-Standard motorcycle brakes. In the event the evaluation requires per-
formance of later Tasks, subsequent addition to the NASS data base will be
evaluated at appropriate points.

Decigion Point #2

The combination of Task #1, #2, and #3 results will be reviewed by NHTSA

and a decision made concerning the adequacy of the analyses, It is not antici-
pated they will be adequate. If this is the case, laboratory dynamometer tests
of motorcycle brakes will be undertaken.

Task #4: Motorcycle Dynamometer Test

Pre- and Post-Standard motorcycles with essentially common tire types will
be tested on dynamometers tc determine braking differences.

Decigion Point #3

If the dynamometer tests show no difference between Pre- and Post-Standard
brake performance, it may be deduced that the Standard has produced no recogniz-
able effect, and the evaluation may be terminated. (Revision of the Standard
might be considered.) However, this outcome is considered highly unlikely.

Task #3 (Continued): Analysis of New NASS Data

Because an additional year of NASS data will be available, the previously-

developed analysis programs will be re-run, and the NASS analysis updated.
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Deaision Point #4

If, as may be expected, the dynamometer tests clearly establish
Pre- and Post~Standard brake characteristics, then this new information will be
used to reinterpret: the results ffom the previous tasks, including the updated
NASS analysis. It 1s possible--though not highly likely—~that this evaluation
will be adequate. In the more probable event that the evaluation cannot yet be
concluded, field tests will be made.

Task #5: Field Tests of Brake Performance and Rider Behavior

Professional and volunteer riders will be obtained to determine characteris-
tics of Pre-~ and Post-Standard motorcycles, and the variations in rider perfor-
mance. This additional information i1s expected to enhance the ability to interpret
previously derived results.,

Deaision Point #5

After updating the NASS data analysis all results will be reviewed. At this
point, the probability of having adequate results 1s estimated to be about 50
percent, If it is concluded the results are inadequate, there are at least three
possible next steps. |

Next Possible Steps

Several additional years of NASS data might be acquired and anaiyzed. As
the data base grows,thé analysis may become more adequate, although the inclusion
of new Pre-Standard mbéorcycle accidents will diminish., It may be appropriate
to fund an intense NASS motorcycle accident data collection and analysis effort,

or it may be appropriate to terminate the evaluation.



3.0 EVALUATION PLAN

3.1 Analysis of Front—Rear and Left Turning Collisions

3.1,1 Introduction

The purpose of this analysis is to determine the number of accidents
avoided or the decrease in injury severity because of the motorcycle brake
specifications of FMVSS 122,

If the requirements of FMVSS 122 have led to an increase in brake effec-
tiveness, it might be poésible to show this effect by using mass accident data

to investigate front-rear and left turning collisions between motorcycles and

automobiles (or other motor vehicles). That is, motorcycle brake systems com—
plying with the Standard ought to have increased stopping capabilities and de-
creased stopping distances. This might mean (and we must emphasize the specula-
tive nature of such an investigation; there are many other factors involved) that
in comparing Pre~ and Post-Standard motorcycles, we would find:
o A decrease in collisions involving mbtorcycles colliding with
the rear of automobiles.
e A decrease in collisions involving motorcycles colliding with
oncoming automobiles turning left.
These accidents involve the conspicuity, maneuverability and braking ability
of the motorcycle-rider combination. At least two types of accidents do not
involve braking ability to any serious extent. These are collisions in which
a motorcycle is hit by an automobile it is passing (side-swipe or the automo-
bile turns left) and collisions in which a left~turning motorcycle is hit
by an oncoming vehicle.
This analysis will require the use of mass and detailed accident data files.

3.1.2 Data Requirements

The following are the variables that should be included for this analysis.
Some of these variables cannot be obtained from the available mass accident data
bases, so that other means must be used.

e Vehicle Characteristics
- Vehicle type (make, model, model year)
- Vehicle size, weight

Vehicle modifications

- Vehicle defects

Vehicle tires ,
- Other measures of vehicle geometry

|

e Environmental Conditions
- Highway type
- Highway surface
Highway condition
Weather conditions
Light conditions

1



Rider Characteristics

Experience on motorcycles

-~ Age

- Sex

Status of rider (owner/borrower)

Types of Brakes on Motorcycle
- Front
~— Drum (single or double leading shoe)
-- Disc (single or double actuated pucks)
-- Double disc (single or double actuated pucks)
- Rear
-~ Drum (single or double leading shoe)
—-— Disc (single or double actuated puck)

Manner of Collision
Mechanical Defects Noted

Other
- Time of day
Use of helmet/shield
Protective clothing worn (pants, gloves, footwear)
Number of persons on motorcycle
Impact speed

Our search of the available mass accident data bases indicates that the varia-

bles not obtainable are:

Vehicle modifications

Vehicle tires

Type of brakes (pre- or post-Standard and detailed characteristics)
Rider experience on motorcycle

Protective clothing worn

Status of driver

Number of persons on motorcycle.

3.1.3 Data Acquisition and Preparation

Accident data tapes will be acquired and processed in order to obtain the

desired information. The sources of accident data include mass accident data

from Texas, North Carolina, New York, Washington State and the Fatal Accident

Reporting System (FARS), CEM's initial investigation of the mass accident data

files is summarize below.

Fatal Accident Reporting System (FARS). Motorcycle data are
available, In the 1976 FARS file, 6,34 percent (2,823) of the
44,483 vehicles involved in 31,619 accidents were motorcycles (11].
There are multiple variables available in this file which would be
useful in this type of analysis. They include:

~ Vehicle description: make, model, body type, model year.
~ Collision with other motor vehicles in transport, on other
roadways, parked, etc.

Manner of collision (rear end, head on, etc.).

Relation to roadway (on roadway, shoulder, outside right-of-

way, etc.).




Speed limit,

Time of day.

Pavement surface type.
Alignment and grade

~ Adverse surface conditions.
Light condition,

Adverse weather/atmosphere.
Character of roadway.

e New York, North Carolina, Texas and Washington State data files
contain similar information on accidents in which motorcycles
were involved.- In 1973, there were 242,883 motor vehicle acci-
dents recorded in the North Carolina data base. Of these, 2,905
(or, 1.2 percent) were motorcycle accidents. Texas variables in-
clude "other factor" columns which provide an opportunity to re-
cord information giving a more detalled picture of the accident,
such as what caused the vehicle to swerve or veer from 1lts inten-
ded course, or what caused it to slow or stop on the road.
Washington State data include "miscellaneous actions" and "other
action'" codes which list skidding, sudden slowing maneuvers,
special maneuvers such as "started to overtake--struck by over-
taken vehicle,”" and foot slipping off brake.

I

|

Investigation of the detailed accident data files in relation to motor-

cycle accidents indicates that the three major sources presently available--
RSEP, MDAI‘and‘NCSS-— are of no use; and the sample size in the one future
source~~NASS~-will be inadequate. Both the Restraint Systems Evaluation Pro-
ject (RSEP) and the Multidisciplinary Accident Investigation (MDAI) files

exclude motorcycles as primary case vehicles, but include them as a type of

vehicle struck. However, RSEP does not provide motorcycle make,model, or model
year, which makes this file unusable; and the frequency of the motorcycle being
the first object struck is so low (only 0.65 percent of a total of 8,795 in

the MDAI file) that it renders this file also unusable. Again, motorcycles are
not considered case vehicles in the National Crash Severity Study (NCSS), and

no injury data is provided for accidents in which motorcycles are involved, which

eliminates NCSS as a possible dgta source,
The National Accid;nt Sampling System (NASS) has been designed to collect

representative data on a large number of accidents. When completed, this system
will be a'probability sample of approximately 18,000 accidents annually (in-
cluding motorcycle accidents), which have been investigated by accident inves-
tigation technicians. The system has been designed to provide accident research
data to support evaluation of Federal Motor Vehicle Safety Standardd and
countermeasures [2]. ‘

In considering the mass accident data bases, one has to take into account
other FMVSSs for motorcycles to see if the effects of these might be confounded
with the bréke Standard. FMVSS 106 (Brake Hoses) became effective in January
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1968; FMVSS 116 (Motor Vehicle Hydraulic Brake Fluids) became effective in Decem-
ber 1968, Both of these certainly will affect brake performance and, for this
reason, 1t is proposed that 1968 and earlier motorcycles be removed from the

data analysis. Some other Standards will also have some effect, but in a more
restricted or accountable way.

3.1.4 Preliminary Results

There has been a significant increase in the use of motorcycles in the U.S.
over the past several years, Since 1969, 96 percent of the motorcycles sold in
the U.S. were imports and, of this number, approximately 85 to 90 percent were
Japénese. Table 3-1 compares motorcycle and automobile registrations; figures
have been rounded to the nearest ten thousand. Table 3-2 shows the number of

motorcycles manufactured, where they were manufactured, and comparative percentages.

TABLE 3-1

MOTORCYCLE AND PASSENGER CAR REGISTRATION, 1967-1976
(in millions)

Registrations | 1567 -| 1968 | 1969 | 1970 | 1971 | 1972 | 1973 | 1974 | 1975 | 1976
Total : 97 5.
Mol tes | 195 | 200 232 | 2.8 | 3.3 3.80) 4.36] 4.95] 4.9 10

New 0.93| 1.0 1.9) 1.02| 0.75] 0.78
Motorcycles
Passenger 80.41 | 83.62 | 86.87 | 89.26 | 92.74 | 92.10 |101.76 | 104.90 | 103.37

Cars

Sources: Motorcycle Industry Council, Inc.[3]; Motor Vehicle Manufacturers Association [4].

Table 3-3 is presented to show that the death rate for motércycles is approx-
imately four times that for all vehicles. This crude comparison can, however,
be misleading. Leaving aside questions about the accuracy with which vehicle
miles of travel are estimated, these rates may reflect characteristics of the
riders or occupants rather than differences between vehicles. In order to make
accurate comparisons between other vehicles and motorcycles, the rates for all
vehicles must be standardized to motorcycle rider characteristics (or calculated
on a population matched on motorcycle rider characteristics). It might then be
found that motorcycles are as safe or as lethal as any other means of transpor-

tation.
*
Between 1964 and 1975, the number of registered motorcycles in the U.S.

increased 404 percent, for an average increase of 16 percent a year [6]. Al-

though the rate of increase has slowed since the early seventies, there has

*
Many states do not require registration and licensing of off-road vehicles—~

motorcycles, minibikes, go-carts.
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TABLE 3-2

MOTORCYCLES MANUFACTURED OR IMPORTED IN THE U.S NUMBER, COUNTRY, AND PERCENT

(Thousands)
Country and Year
Number Produced
(000's) 1969 1970 1971 1972 1973 1974 1975 1976
Estimated U.S. 40 35 25 35 45 40 40 80
Production )
(% of Total) 6% 3% 2% 2% 4% 3% 4% 11%
U.S. Motorcycle 640 1,090 1,540 1,690 1,210 1,540 950] 660‘
Imports
(% of Total) 94% 97% 98% 98% 96% 7% 96% 89%
TOTAL 680 1,125 1,565 1,725 1,255 1,580 990 740
100% 100% 100% 100% 100% 100% 100% 100%
Distribution of
Imports
Japan 928 1,340 1,470 1,020 1,353 865 598
(% of Total) 85% 87% 87% 84% 90% 38% 81%
European 126 147 161 129 113 28 131
Countries 12% 10% 10% 11% 7% 10% 18%
(% of Total)
A1l Others 36 52 59 57 39 18 9
(% of Total) 3% 3% 3% 5% 3% 2% 1%
TOTAL ~ 1,090 1,539 | 1,690 1,206° | 1,505 9817 738°
100% 100% 100% 100% 100% 100% 100%

"mport totals for 1974, 1975 and 1976 exclude motor1zed bicycles (mopeds).

Differences in totals between the two parts of the table are found in the original source figures.
3hese figures for 1974, 1975, and 1976 include estimated imports of motorized bicycles (mopeds):

1974 13 000; 1975: '32,000; 1976: 78 000.
Source: Motorcycle Industry Council, Inc. [3].
TABLE 3-3

ANNUAL DEATH RATES: MOTORCYCLES AND ALL VEHICLES
(per 100 million VMT)

1971 | 1972 | 1973 | 1974 | 1975
ANl Vehicles” 8571 4.43] a.24] 361 3.47
Motorcycles 17.6 | 17.0 | 16.8 | 15.3 | 14.6

*National Safety Council [5].

**Ca1cu1ated from DOT/NHTSA [6] and Motor Vehicle Manufacturers
Association figures [4,7].
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been no other type of registered motor vehicle whose growth approaches that of

motorcycles. This rapid growth has two main consequences. First, drivers of

other vehicles are becoming more aware of motorcycles; second, the rider popu-—
lation is changing, so that patterns of use may also be changing. Both of these
factors may well produce trends in accident rates, obscuring any effects due to
the Standard. Table 3-4 presents the increase in motorcycles compared to popu-

lation and to other motor vehicles.

TABLE 3-4
GROWTH IN MOTOR VEHICLE REGISTRATION AND POPULATION
Ave. Annual
Percant Percent 1976 Percent
Increase increase ( Pretiminary ) increase
1964 J975 1964-19756 1964-1975 1975-1976
Total Registered Motor
Vehicles 87,294 543 137,917,200 4.25 57.99 142,397,000 3.26
Automobiles 71,984,540 106,712,600 3.64 48.24 109,676,000 2.78
Trucks 14,019,143 25,775,700 5.69 83.86 27,125,700 5,24
School Buses 222,098 368,300 4.1 65.83 387,600 5.24
‘Commercial Buses 83,317 93,800 1.08 12.58 98,700 5.22
Motorcycles, etc, 985,445 4,966,800 16.84 404.02 5,110,000 2.88
U.S. Resident Population, .
July 1 191,141,000 213,124,000 0.99 11.60 214,649,000 0.72
Registered Motor Vehicles
Per Capita 0.46 0.65 3.19 41.30 0.66 1.54

. Source:

DOT/NHTSA [g].

One of the problemé“that will be encounﬁé;;d in the analysis of auto-

mobile-motorcycle collisions is the overall lack of detailed data in both the

mass accident and, pérticularly, the detailed data bases.

MDAI files exclude motorcycles as primary case vehicles.

them as a type of vehicle struck, motorcycles account for

percentage of struck vehicles.

motoreycles accounted for only 0.85 percent.

make, model, or model year of the struck vehicle.
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Both the RSEP and
Although they do list
only a very small
The April 1977 MDAI Codebook listed 8,795
objects under "first object contacted in collision accidents [8]. Of these,

Also, the RSEP file does not give

These problems effectively




eliﬁinate these data files in any analysis of rear end collisions involving
cars striking motorcycles.

In motorcybié“;ccident data that do exist, it is difficult to identify
the role of brakes in causing or avoiding an accident. There are several other
more significant causal factors involved in motorcycle accidents. A major
cause'of‘motorcycle accidents appears to be the failure of car drivers to per-
celve and react appropriately to motorcycles on the road. In a Highway Safety
Research Center study of 935 reported motorcycles accidents in 1968, automobile
drivers were at fault 62 percent of the time in car/motorcycle accidents [9].

Another major cause of motorcycle accidents is improper operation of the
motorcycle by the rider. In regard to braking perfovmance, inexperience and/
or the fear of locking the front wheel may result in the improper application
of the brakes (front and rear brakes are separately applied on most motor-
cycles). However, when operated by an experienced motorcycle rider, these
brakes are probably the most effective of any vehicle on our roads. A skilled
operator, independently controlling brakes on each wheel, can stop in a re-
markably short time. Braking reaction time for a motorcycle rider is less
than the average 0.75 seconds for car drivers because the motorcyclist's
foot does not have to be removed from the gas pedal to apply the brake; the
rider's foot peg is in a convenient position to apply the brake by merely rock-
ing the left foot forward. Also, the front wheel hand brake may be applied
without removing the right hand from the handgrip and throttle control,.

However, because it does take a high level of skill to properly operate
the two sets of brakes on a motorcycle, improper operation of motorcycles is
common. A high degree of coordination between the front and rear brake is
required to attain levels of deceleration necessary to avold collisions.
Typically, the front brake accounts for approximately two-thirds of the total
retarding force during maximum braking on a motorcycle [10]. If the rider
applies too much front brake torque, the front wheel will lock-up and skid.
Since the side force cdpability of the tire vanishes as the wheel lock-up
occurs, the skidding front wheél will quickly slide out to one side or the
other, and a fall will occur. Therefore, there is a reluctance to use any
great amount of front brake. Even though modern motorcycle disc brakes have
stable force feedback which allows accurate modulation of the front brake, there'

is a general lack of use of the front brake [10]. The Highway Safety Research



Institute of the University of Michigan utilized riders with different degrees
of experience in their development of a new method for motorcycle brake test-~
ing [11,12]. They found that the professional rider made greatest use of the
front brake, while the skilled and novice riders, apparently for lack of con~
fidence in controlling front wheel braking, made greater use of the rear brake.

Road and weather conditions are also factors involved in motorcycle acci-
dents. However, these factors may be as insignificant and as difficult to
measure as is the role of defective brakes in causing motorcycle accidents.

It is difficult to find any significant causal link between motorcycle
accidents and defective brakes in studies that have been conducted on motorcycle
accidents. Several studies of motorcycle accidents have been conducted by the
University of North Carolina's Highway Safety Research Center (HSRC). In the
HSRC study mentioned earlier [9], only five accidents (0.5 percent) were attri-
buted to mechanical failures, none of which may have involved brake failure (no
further breakdown was given). In HSRC's 1974 analysis of 2,410 motorcycles
involved in reported accidents, only one percent of all single motorcycle acci-
dents and 0.6 percent of all car/motorcycle accidents occurred because of defec-
tive brakes [13].

The California Highway Patrol made a special survey of motorcycle accidents
between October 16 and November 30, 1967, and compared results to 1966 data.
During 1966, motorcycles accounted for approximately 5 percent of all fatal ac-
cidents and 5 percent of all injury accidents[14]. Of the 970 motorcycle acci-
dents investigated, 413 were found to be in some type of violation: licenses,
rules of the road, vehicle equipment, etc. Brake failure violations accounted
for 0.2 percent of the equipment violations; equipment violetions were 4,1 per-
cent of total violations.

It is evident that the role of brakes in causing or avolding motorcycle
accidents is small. This will make evaluating the effectiveness of FMVSS 122
difficult,
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3.1.5 Analysis

The analysis of the mass and detailed accident data will aim at answering
the following questions:
e Has the Standard allowed more motorcycles to avoid accidents?
e Is the degree of injury severiﬁy in accidents reduced?

To determine any increase in accident avoiﬁéﬁggjwfhe'ratio technique
discussed in relation to FMVSS 105 (Hydraulic Brake Systems in Passenger Cars)*
accident avoidance is recommended. To apply the technique, two kinds‘of acci-
dents need to be considered: one that is affected by the ability to brake
and a second that 1s freé of braking ability and also free of other Standards

or changes coming into effect during the time period in question.

For the first kind of accident, éﬁ& acéident.that involved (or should
have involved) the motorcycle trying to brake should be considered. The sec-
ond type of accident which is to be free of braking ability (to be used as
an exposure measure) could be an automobile striking a motorcycle while
the cycle is making a left turn. .FMVSSWifgwfﬁ3E5;2§Eigwéontrols and Dis-
plays, effective Septembér 1974) will clearly affect the ability to brake,
as this Standard required braking controls to be standardized on all vehicles,
so motorcycles with strange brake control arrangements should be removed, if
possible, FMVSS 119 (New Pneumatic Tires for Vehicles Other than Passenger
Cars, effective September 1974) is also a confounding effect, but one that
probably cannot be removed. If this is the case, this Standard will confound
the results.

A very speculative approach to determine if the Standard decreased the
expected number of accidents is by regression. One could try to regress
the number of accidents on factors such as the number of motorcycles on the
road, miles driven, use of helmets, speed limit, etc., and finally on the
percentage of motorcycles with brakes meeting the Standard. If the coeffic-
ient of this latter variable is significant in a negative direction, effec-
tiveness would be indicated. However, the variability of the data is expected
to be so great that not much hope is expected for this method. Regression
requires the assumption that any decresse is due to the Standard.

In attempting to determine any injury reduction due to the Standard, one

must realize that the data can only give the distribution of injury severity

*
CEM Report 4228-588: Final Design and Implementation Plan for Evaluating the
Effectiveness of FMVSS 105: Hydraulic Brake Systems in Passenger Cars [23].



conditional on an accident having occurred and been reported. More specifically,
let Ii be the event "an injury of class i" where i might represent thé AIS level
of injury severity. Let A be the event "an accident occurred and was reported."
Then, on the basis of accident data, one can only estimate the conditional
probability P(IilA) of an injury of level i, given a reported accident. If

it is assumed that all accidents resulting in injuries of level i are re-

ported (that is, Ii = Ii MA),then the unconditional probability P(Ii) of an in-
jury of level i is given by: ‘

P(L;) = P(I,NA)= P(Ii}A)-P(A).

So if one 18 interested only in the ratios of the probabilities of injuries,
the conditional probabilities are enough., If the specific values of the prob-
abilities are needed, then some estimate of the probability of an accident oc—
curring and being.reported must be obtained.

In this analysis, the dependent measure from an accident that involved
braking is,e.g., the AIS value, while the important independent variable is
whether or not the motorcycle had brakes meeting the Standard. Important con-
comitant variables include many of those listed earlier plus size and momentum
of the object struck.

The possible modes of analysis are the'énalyéis of covariaﬁce and the log-
linear model; the latter, as usual, requires making discrete several continuous
variables. Because of the large number of concomitant variables, some simpli-
fying data reduction techniques would be in order. '

The analysis of the mass accident and detailed accident data would follow
these steps:

1. Obtain mass accident data and detailed accident data (if available)
bases for the years 1969 and later.

2. Obtain exposure data on mototrcycles which will probably have Pre-
Standard braking systems (1969-1971) and on those which will prob-
ably have Post-Standard systems (1972 and later).

3. Process data to obtain overall tabulations on front~-rear and left-
turning collisions of car-motorcycle and motorcycle-car sets.

4, Analyze driver and environment characteristics (i.e., light and
weather conditions) in relation to Pre- and Post-Standard braking
systems.,

Figure 3-1 outlines how the proposed evaluation study would be carried out.
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Obtain
Mass Accident .
Data

Obtain Detailed
Accident Data
(Where Available)

!

Determine Exposure
Data for
Pre- & Post-Standard
Braking Systems:

® 1969-1971
. 1972 & later

Prepare Analysis Files
of Front-Rear &
., Left-Turning Collisions:

e Car to Motorcycle
e Motorcycle to Car .

Analyze Driver &
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® Weather |
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NASS
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o Light
o Impact speed
e Etc.

—

Figure 3-1. Front-rear and left-turning collisions approach.
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3.2 Brake Failure Analysis

.3.2.1 Introduction

The purpose of this analysis is to use existing data to determine the
extent and effects of motorcycle brake failure on the number and severity of‘
motorcycle accidents. |

Accident investigations indicate that vehicle mechanical problems Have far
more serious consequences for motorcycles than for passenger cars and other
motor vehiéles. Paucity of data, however, is a major problem; there is very
little information available on mechanical defects as a cause of motorcycle
&ccidents. In addition, for any analysis, the type of mechanical failure must
be carefully defined; was it a defect, a deterioration, a malfunction, or a
complete breakdown? Such detail does not appear in the availlable accident data.
car/motorcycle accidents than are motorcycle mechanical defects (especially brake
failures). The most common braking error is the overreaction at the rear brake,
causing a rear wheel skid; and underreaction at the front brake with little, if
any, utilization of that brake. Motorcycle brakés are, therefore, difficult to
use with maximum skill and accident avoidance effectiveness. They become even more
of a hazard if they are defective in any way.

3.2.2 Data Requirements

For the brake fallure analysis,the following variables are required:

e Brake Failure Types
~ Cable Failure
~ Hose Faillure
- Wet Brakes, etc.
e Motorcycle Make, Model, Model Year

e Weather Conditions

® Road Conditions (wet vs. dry)
® Vehicle Miles Traveled (VMT)
e Number of Registrations

- Pre-Standard
- Post-Standard

With brake failure, there are not many concomitant variables. The
most important is the age of the motorcycle. Since the Standard addresses
wet brakes and one might eipeet better results for the Post-Standard brakes
in such a situation, whether or not it was raining or snowing is another im-
portant variable. Initial speed should also be considered, but surrogates
will be necessary, since initial speed is not readily available. In order to

see if this Standard reduced deaths due to brake failure, an exposure measure
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is needed. The number of motorcycles struck making left turns ( a non-

braking accident for the cycle) is such a measure. The number of Pre- and Post~-
Standard motorcycles is another measure; The most important concomitant var—

- iable to be considered, however, is the age of the motorcycle.

3.2.3 Data Acquisition .

A detalled accident file, such as NASS or some other special study, might

be able to provide the multiple variables desired. However, because of the in-
creasingly small number of motorcycles on the road in the years deéired (1969,
1970 and 1971 motorcycle model years), NASS (or other) sampling will have to
include every one of the accidents involving motorcycles for these years.

Special research is béing'conducted at thé University of Southern California
under DOT/NHTSA sponsorship. This research consists of on-the-scene, in-depth
multidisciplinary investigation in the Los Angeles area of at least 900 motor-
cycle accidents and the acquisition of at least 3600 police traffic reports for
comparison [10]. It is expected that this data will become part of the NASS sys-
tem. Initial data collected indicates that vehicle mechanical problems have far
more serlous consequences for the motorcycle than for the contemporary passenger
automobile. The study is, however, focusing on '"certain critical human elements...
identified as common to a great part of the accidents investigated" [10]. These
include motorcycle conspiculty, rider gkill, training and licensing, and protec-
tive clothing and equipment. '

There is a small but detailed accident data base which could provide limited
data on accidents caused by motorcycle brake failures. The California Highway
Patrol (CHP) has one of the largest motorcycle patrol fleets in the country, and

has conducted various in-house studies of motorcycle accidents involving CHP

vehicles only (which does, of course, limit the size of the data base) * CEM's
contact with R. A. Little [15] a member of the CHP and chairman of the SAE
Motorcycle Brake Subcommittee, indicated his organization's willingness to con-
tribute to a brake system failure analysis but he suggested that very little, if
any, data on motorcycle accidents related to mechanical defects is available.
For this reason,va controlled laboratory or a test track experiment may be more
appropriate to attempt to see if the Standard has indeed improved braking per-

formance In everyday situationms.

*

Also, such a data base would be highly biased because only large motorcycles

and skillled riders are involved; the motorcycle operators have.frequent legally-
acceptable reason to engage in high speed riding; and the great majority of the
riding is on major highways with relatively little exposure in residential and
commercial areas.
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3.2.4 Preliminary Results

As discussed in Section 3.1.4, finding adequate existing data to analyze
the effects 6f brake failure will be difficult. CEM's contact with motorcycle-
related groups (NHTSA; Motorcycle Safety Foundation; Motorcycle Industry
Council; American Motorcycle Association; SAE Motorcycle Brake Subcommittee)
has led to the conelusion that accident data on brake defects are either not
available, not usable, not useful, or not detailed. '

The problems asso¢iated with the analysis of front-rear and left~turning

collisions, discussed in Section 3.1.4, also apply to this approach.

3.2.5 Analysis

The analysis of the mass and detailed accident data will aim at answer-

ing the following question:
e Has the probability of brake failure been reduced?

The discussion in Section 3,1.3 concerning the effects of various Fed-
eral Standards relating to motorcycle regulation also applies to the analysis
discussed in this section. For the analysis of brake failure, accidents in
which brake failure occurred need to be compared with some exposure measure.
These results will confound the various types of brake failure, e.g., hose
failure, wet brakes, etc., since they are not séparated in the data bases. This
is not the usual success/failure situation, since most of the "successes"
are not recorded. Frequently, no accident would have occurred had the brakes
not failed, but the information is collected only for accidents. However, if
the rates are on a per vehicle basis, they can be found directly, once the
number of motorcycles in each class (Pre-Standard and Post—Standard)* is known.
If the rates are based on some other measure of exposure, such as vehicle miles
of travel, then under assumptions of proportional exposure, certain other acci-
dents can be used to find the rates for Pre- and Post-Standard motorcycles to

within a constant of proportionality. Such accidents could be, for example,

‘motorcycles turning left and being hit by oncoming passenger cars. This type

of accident is affected mainly by the conspicuity of the rider/motorcycle
combination, which is likely to change only gradually from year to year.

If the ratio of the rates is of interest, no more than this is necessary.

* ‘
Since many motorcycles had brakes that already met the Standard before its
January 1, 1974, effective date, they would have to be included with Post-
Standard motorcycles.
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Using "control" accidents, the initial analysis proceeds as
follows. The accident counts are defined in Table 3-5. The model is that

these counts are Polsson, with means as defined in Table 3-6.

TABLE 3-5
DATA AND MODEL FOR BRAKE MALFUNCTION ANALYSIS
Actually Observed Expected Counts
Counts Under Model
Pre Post Pre Post
Brake
Malfunctions ™M M2 M8 A%
Control
Accidents M2 n22 "% nez

* [] I3 .

Accidents involving brake malfunctions occur at rate A1 for Pre-,

A2 for Post-Standard brakes. The control accidents occur at rate

n. The exposure measures are e] for Pre, e2 for Post-Standard brakes.

The null hypothesis is that‘k1= 12, and assuming the Standard is beneficial,
the alfernative is that the rate of occurrence of accidents involving brake

malfunctions has decreased; that is,)\2 A It is possible to argue that

the alternative is any change in the ratef i.e.,sz Al’ since the Standard
might cause brake malfunctions to increase. Conditioning on the number of
accidents involving Pre-Standard brakes and the number of accidents involving
Post-Standard brakes, one 1s led to a test for equality of two proportions
Pl V8. Pz, where

Pi = Ai / (Ai +n ), 1=1, 2.
Since for automobile/motorcycle accidents, about 0.6 percent involve motor-
cycle brake malfunction and 4.4 percent have the motorcycle turning left and
the automobile going straight (the control accident), Pi is about 0.12, or

A is approximately n/7.

*This might happen if the Standard led to an improvement in component relia~
bility just enough for riders to get out of the habit of performing routine
maintenance that was vital previously, but not enough for maintenance to be
unnecessary. '
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Let ratio Az/Al be r, where ¥ is expected to be less than 1. Under the
assumptions of the model,l/r is the odds ratio of the table of expected counts
in Table 3-5, and 1s estimated by the odds ratio of the corresponding table

of actual counts.

Let : n n;

L Y
T2 Poi
and s = 1 + 1 + 1 + 1 .
M1 P12 Pa1 P22
Then the expected value of 1n (r) is
g ~ -1 '1
E {Inr} = 1nr + terms of order (glxl) . (ezhz) s
-1 -
(en) (e,n)
and further

E {s} = wvar (In r) + terms of order
-2 ~2 ~2 -2
(edy) 5 (eyd))  , (gym) » (e,n)
To a good approximation, In r is normally distributed with mean 1n r and

variance s (the approximation is much improved if % is added to the observed
COUNLS Nyys «vv My, and t, s are calculated using these modified céunts).Hence,
confidence "intervals can be constructed for r using the standard normal
theory-—-the null hypothesis is that 1n r is zero, the alternative is that 1n r
is less than zero. Thus the null hypothesis is rejected at level o if

In r < Za
s

and a (1-a) confidence level for r is:

0=t r < r exp (le_a)

'
where Zu is the 100a th percentile of the standard normal distribution.

Sample sizes needed to achieve a level o test with power B lead to r, s

combinations satisfying

In(r) >>

l-a
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Assuming that the two smallest counts (corresponding to elkl, ezkz) are equal
and that there are seven times more control accidents, Table 3~6 is produced.
It shows the number of accidents related to brake malfunctions required (for
each of Pre- and Post-Standard brakes) for a one-sided test with level 0.05
(five peréent) and power at least 0.95 for the values of r smaller than or
equal to the value of r shown under the given value of n. This table assumes
that there are at least seven times as many control accidents, both Pre- and

Post-Standard.

TABLE 3-6
: *
TRUE VALUES OF v IN TEST OF LEVEL 0.05

*w
Smallest Number of

Brake Malfunction 10 20 40 100 200 400 1000
Accidents ’
Underlying True v 0.21 0.33 0.46 0.61 0.70 0.78 0.85

,*Needed to have power 0.95 against r=1.

*%
This count applies separately to Pre-Standard and Post-Standard
brakes, and there are at least seven times this many control
accidents for each of the Pre- and Post-Standard brakes.

In using mass accident and detailed accident data files to aﬁalyze acci-
dents caused by brake defects, the following steps will take place:

1. Obtain mass accident and detailed accident data (where
available) bases for the years 1969 and later.

2. Obtain exposure data for Pre-Standard motorcycle braking

systems (1969-1971) and Post-Standard systems (1972
and later).

Prepare analysis tapes of accidents caused by brake failure.

4. Perform analysis.

5. Evaluate results.
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3.3 Motorcycle Dynamometer Brake Test

3.3.1 Introduction

The purpose of the laboratory dynamometer testing of motorcycle brakes is
to test compliance with FMVSS 122 performance’characteristics independent of
the operator skill factor.

At present, the Standard requires extensive testing of motorcycle brake sys-
tems involving multiple stops and starts at a wide range of'speeds (30 MPH to
80+ MPH). These are field tests involving rider control. This method seems to
be fundamentally inadequate for objective evaluation of motorcycle braking perfor-
mance. FExamples of field evaluation of motorcycle brakes—-all of which comply
with FMVSS 122--are given in Appendix D. These evaluations were performed by
cycle guide magazine. A brief review of these evaluations reveals that motor-
cycle brakes may meet FMVSS 122 standards performance and still be considered un-
suitable by professional riders for use by inexperienced riders, and/or dangerous
when- involved in wet weather driving and/or panic stops. A series of selected
quotes illustrating these points is given in Table 3-7. It 1s to be noted that
all of these comments apply to 1974 and 1975 production motorcycles which meet
FMVSS 122,

TABLE 3-7
SOME COMMENTS ON BRAKE SYSTEMS BY MOTORCYCLE TEST RIDERS

@ "Our best panic stops were 140 feet, 3 inches from 60 mph and 39 feet, 10 inches from
30 mph; we could have bettered these figures considerably if the bike hadn't been
s0 squirrely.”

® "The stop from 60 mph was worse...because the rear wheel had a tendency to step out
to the left and get the bike sideways."

@® "...quite a few times, the bike wobbled badly during a quick stop. We kept the machine
under control, but it could have easily gotten away from a less experienced rider
under similar circumstances."

® "Our best tire-smoking, adrenaline-pumping panic stops brought the Four to a halt in
136 feet 6 inches from an actual 60 mph and in 37 feet 6 inches from 30 mph."

@ "In the rain both brakes lost much of their power and predictability. Initial pressure
at the lever or pedal had little effect, but additional pressure caused abrupt braking,
making it difficult to maintain control."

@ "An over-zealous applicant will Tock the wheel...the rear brake caused a few problems...
A1l of our testers had difficulty slowing the bike down without locking the rear wheel,
due to the on-off 'toggle-switch' behavior of the brake. And when this happened, it
usually stalled the engine."

@ "We liked it (front disc brakes), but some beginners may find it a little too powerfu1.
at first, especially considering the 1imited adhesion characteristics of the front tire."

@ "When wet, the front brake lost a little of its initial power. And on wet pavement the
rear brake became particularly touchy..."

Source: cycle guide magazines: volume 8 (1974) and volume 9 (1975).
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A controlled motorcycle dynamometer brake test is proposed in ordef to
estimate the effects of various factors on braking performance without the
invblvementvof a rider. Tests will be made on three different classes of
vehicles:! used Post-Standard motorcycles, new Post-Standard motorcycles,
and refurbished Pre-Standard motorcycles (these last two groups will have
their‘brakes properly broken in priér to testing). The points of interest
include what effect the Standard had, and how brake performance alters with
use.

3.3.2 Data Requirements

Factors to consider include:

e Type of brake system

e Motorcycle weight, geometry, structural stiffness
® Road surface conditions

e Weather conditions (wet or dry)

o Weight loading

e Vehicle pitch (roll)

o Weight shifting

e Lever or pedal force of brake application
¢ Sensitivity of front wheel brake

e Condition of hydraulic brake system

o Deceleration capability, including:

- Changes resulting from temperature variations
- Coefficient of friction variations, especially those
which result in a self-energizing or "grabbing" effect.

® Fade resistance
o Effects of water or other contamination

e System life, including pad and/or lining durability.

3.3.3 Data Acquisition and Preparation

Three classes of motorcycles will be tested (Section 3.3.1,above). Since
the effect of brake use on brake performance is of iInterest, the used Post~
Standard motorcycles will be divided into two groups, using mileage as a
use indicator: between five and ten thousand miles for the first group, and
between 15 and 20 thousand miles for the second. With the new Post-Standard
motorcycles and the refurbished Pre-Standard motorcycles there are a total

of four groups of vehicles to be tested.
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Motorcycles are made by a variety of manufacturers and come in a variety
of sizes. These factors will influence brake performance, so models to be
tested will be classified by:

o Manufacturer

-~ Honda

Yamaha

Kawasaki

Suzukdi |
Harley Davidson
- Other

¥

e Engine Displacement

- 125~349 cc
- 350-449 cc
- 450~749 cc
- 750 cc and over.

This cross classification gives at most 24 cells. Within each of these cells,
there are four groups of motorcycles. The reliability of the results will be
assessed by using three different motorcycles for each of the four groups in
each of the cells of the cross classification, so that at most 288 vehicles
'will be tested. |

| Tire characteristics play a significant role in the accident avoidance
capabilities of motorcycles [17]. Because the braking capability of a motor-
cycle is influenced byvtire age, type, purpose, and whether it 1s used or new,
etc., it is necessary that all motorcycles used in the dynamometer test have
gsimilar tires-~that is, ﬁew, standard type tires appropriate for the size of
the motorcycle to be tested.

The motorcycles to be tested will be mounted on a dynamometer test setup.
No rider will be involved. Instrumentation will be used on the motorcycle brake
system to measure line pressures, lining temperatures, brake pedal force, etc.
The dynamometer will be capable of measuring rotational speed, energy expended
in braking, simulated vehicle velocity, and other parameters associated with the
vehicle output. Brake line pressure or force recorders may be used to establish
the relative work done by front and rear brakes during the testing. Tests to
be performed could include measuring and recording:

e Brake fade at various speeds and stopping distances, during
fixed numbers of successive stops.

o Sensitivity (force vs. grab) under various speeds and stopping
distances.

e Lining temperatures.
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e Brake line pressures, forces, torques, or temsions to
all wheels during testing.

e Variation in all wheels.

e Any failures or malfunctions of the system.

3.3.4 Preliminary Results

In the Department of Transportation's 1976 annual report [16], NHTSA
suggested that its review of FMVSS 122 had led to the‘conclusion that its effec~-
tiveness is limited because it depends on riding skills to properly proportion
front/rear braking. In a NHTSA-sponsored study, the University of Michigan's
Highway Safety Reéearch Institute (HSRI) developed a method of measuring brake
performance independent of rider influence on front/rear proportioning [11,12].
This method may be used to formulate an amendment to the present Standard. In
its study, HSRI outlined what it considered the shortcomings of FMVSS 122's

present testing requirements, and then developed their tow-test method. The
shortcomings addressed were:

e Hazards of high speed stops. During its initial work, HSRI used
professional, skilled, and novice riders to go through the full
complement of effectiveness, burnish, fade, and water recovery
procedures as specified in FMVSS 122, In testing one vehicle,
the professional rider, starting from an initial speed of 105 MPH,
caused a front wheel lock-up with his first brake application.

His skill enabled him to recover control; riders with less skill
probably would have fallen.

e General insensitivity of brake torque effectiveness to the work
history provided by the burnish procedure and to the thermal
loading incurred during the fade and recovery tests.

® Reduced torque effectiveness of drum—type brakes during immersion
type wetting procedures.

e Margin of superiority of skilled over unskilled riders.

HSRI's test methodology for motorcycle brake testing had two basic
features:

1. The test motorcycle is towed by a support vehicle at constant
velocity for all of its dynamic performance measurements.

2. All tests are conducted with braking control effort being
applied to only one actuator at a time, That is, the rider
is instructed to apply the front or the rear brake input
actuator up to the braking limit.
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Another NHTSA-sponsored study relates to the development of motorcycle
accident avoidance test procedures to quantify the handling characteristics
of motorcycles. This work was performed by Calspan Corporation [17]. Although
motorcycle.braking performance was not addressed in this effort (it focused on
steady-state cornering, lane changing and tire performance), the method developed
is applicable to evaluate other performance characteristics.* The Calspan study
involves applying a computer simulation program of motorcycle dynamics to deter-
mine performance characteristics. Calspén's vehicle-rider model isla system of
three rigid masses with eight degrees of freedom of motion: six rigid-body
degrees of freedom of the rear frame, a steer degree of freedom of the front
wheel, and a rider lean degree of freedom. Although the Calspan team feels that
certain improvements in the model are '"essential" for broad application to
studies of motorcycle accident avoidance cépability, "the simulation has been
shown to yield reasonable representations of motorcycle-rider behavior in

selected applications" [17].

3.3.5 Analysis

In conducting a laboratory dynamometer test of motorcycle braking sys~

tems, the following steps would take place:

1. Review results of previous braking system tests which have
used testing methods other than those specified in the
Standard (i.e., HSRI, Calspan).

2. Prepare test facility and obtain selected number of motor-
cycles in various size and weight ranges.

3. Establish test procedures.
4., Instrument test motorcycles and mount of dynamometer.

5. Conduct braking performance tests for front and rear brakes
separately, under various simulated conditions (weather,
road surface, force of application, etc.)

6. Analyze and evaluate results of tests.

These steps are outlined in Figure 3-2,

*The'Calspan report indicated that the simulation studies could have been
extended to include braking characteristics, but this was deliberately not
done because ''detailed investigation of this aspect of performance would
have compromised the degree to which the directional control characteris-
tics could be studied" [17].
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Figure 3-2. Motorcycle dynamometer brake tests.

3-23




3.4 Analysis of Braking Performance

3.4.1 Introduction

The purpose of this task is to design an experiment to test the per-—
formance capabilities of Pre~ and Post-Standard motorcycle braking systems.

A "laboratory" type test is being suggested in which professional and volunteer
non-professional riders test-ride motorcycles equipped with Pre-Standard brakes
(also referred to as "old brakes'" in this discussion) and Post-Standard brakes
("new brakes") so that differences in braking performance can be measured.

The non-professional riders have been suggested so that the differences de-
termined are those which occur among the typical riders in reacting to every-
day motorcycle riding experiences., The professional riders will provide control
group data.’ '

This experiment has been suggested because the available data indicates a
decreasing population of Pre-Standard motorc&cle brakes. Few motorcycles re~
quired any change in brake systems when the Standard became effective in January
of 1974; they already complied with the 1971 SAE recommendations upon which the
Standard 1s based [18]. Therefore, in order to use real world accident data,
it woufd be necessary, in general, to look for pre-1972 models to find Pre-
Standard braking systems.

Evaluating the performance of the Pre~Standard brakes and comparing them
to the Post-Standard systems would only be possible if enough of each type had
been involved in accidents and there were data available. Unfortunately, police-
level accident Investigation reports generally lack the level of detail required
for Standard evaluation. In addition, what data are available indicate a very
low percentage of accidents caused by brake defects (around 0.6 percent). There-

fore, we are suggesting a "laboratory' type test.

*CEM believes that motorcycle policemen with at least 10 years of experience
may provide a pool from which "professional" riders can be obtained. Some
areas of the country (such as Southern California) have skilled precision~-
riding organizations, composed largely of law officers, who may be quite
willing to participate.
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3.4.2 Data Requirements

The following varlables are of interest for this experiment:

® Type of Brakes
- Disc
-~ Drum

¢ Motorcycle Make, Model, Model Year
o Motorcycle Size, Weight

e Rider Characteristics
~ Age
- Sex
- Experience (ability of rider)

o Age of Brakes
- Pre-~Standard
- Post~Standard.

In conducting this experiment, the major treatment difference in which we
are interested 1s the rew and old brakes. However, such variables as the size
of the motorcycle, the'type of brakes (disc, drum), and the ability of the rider
should also be considered. Further, the learning experience of the riders as

they pass through the experiment also merits consideration.

3.4.3 Data Acquisition

To obtain. the desired information required for the analysis of braking
performance, an experiment utilizing "typical" (i.e., non-professional) motor-
cycle riders and. professional riders will be conducted for both Pre- and Post-
Standard braking systems.

Measﬁrements will be taken on the length of time it takes to stop on re-
ceiving a signal after having passed through a water puddle. Other such measure-
ments will also be taken. Some of these will include:

a) Minimum straight line stopping distances in narrow lanes de-
fined by pavement markings or rubber cones. |,

b) Minimum stopping distances in curves of decreasing ratio,
: defined as above.

c¢) Same as b) with reverse camber road surfaces.

.d) a) through ¢) with different and intermittently uneven
coefficients of friction road surfaces, and rough road
surfaces (vertical curves).

Brake line pressure recorders are suggested to establish the relative work

done by the front and rear brakes during the events outlined above,

*
The stopping distances are useful since they indicate how controllable the
motorcycle is when performing a typical avoidance manuever.
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3.4.4 Preliminary Results

Data from the State of Connecticut Motor Vehicle Department for 1974
through 1976 indicate that 95 percent of all motorcycle registrations during
those years were model year 1964 or 1965 or later, as shown in the graphs in -

Figure 3-3, Of this 95 percent:

o In 1974: 48% were pre-1972; 52% were post-1972; total = 58,662.
e In 1975: 41%Z were pre~1972; 59% were post-1972; total = 60,645.
e In 1976: 347 were pre-1972; 66% were post-1972; total = 60,395,
10 +
4 Total = 60,395
8
Registered 5: /
. Motorcycles
1976 ] /é
(thousands) 2- r- . , _-l
dL L1 T
Pre'66 66  '68 ‘7o ‘72 7k 176
o KBodel Year :
g Total = 60,645
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Motorcycles 6: /
1975 b 7?
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24 7/é
(4 ¥ l T 1' v T - Y U T 1§
Pre'bb 66 168 [l t [}
¢ Model Year 7 7 7
10+
84 Total = 58,662
Reglstered :
Hoto:c:'cles i /
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Pre'6b '66 '68 '70 '72 74
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Figure 3-3. Age distribution of motorcycles registered in Connecticut,
1974-1976. ,

The shaded areas in Figure 3-3 indicate the number of registered Pre~Standard
motorcycles in the three years of interest for analysis purposes: 1969, 1970,
and 1971*. It is possible to derive the age mix of a motorcycle population for
a given model year if the probability that a cycle of a given age will still
be operable is known. This probability has Been developed by the Yamaha Motor

*
Pre-1968 cycles have been excluded to try to eliminate the confounding effects
of other Standards introduced in 1968 which affect motorcycles.
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Co., Ltd., and is pictured in Figure 3-~4 [3]. Note that the operability rate
of a motorcycle drops sharply when the vehicle age exceeds 3.5 years. It is
estimated that three out of every four motorcycles are operable after 4.5 years
and that the average (and median) operable life is about six years. An esti-
mate of the age mix of the 1976 motorcycle population is shown in Figure 3-5.

Again, shaded areas indicate the Pre-Standard years selected for analysis.

1.0 Y
0.8 -

Probab}lity

Q
Motorcycle 0.6 |-
Being ' '

Operable 0.4 k
0.2 p
0 ] ] ] L 1 1 ] ]

o 1 2 3 4 5 6 7 8

Age of Motorcycle (Years)

Source: 1977 Motorcyele Statistical Annual [3].
Figure 3-4. Prpbabi11ty of motorcycle being operable.

ln8 — Tota] - 8,277,000
20%
1.6 L
-t~ Post-Standard -JmedPre-~Standard
- (65.2%) 16.5% (34.8%2)
1.2 5 13.7%
Number of | 12.7% 11.9%
Motorcycles 'O | |
in the U.S. 10.47
in 1976 -
(mi11ions) 0.8 6.5%
06 + Y,
oh L Zéga .3y
%
02 %% -
: || vz
'76 ‘75 ‘74 '73 '72 '71 ‘70 '69 Pre
|69
Motorcycle Model Year

Source: Derived from figures in [3].

Figure 3-5. Estimated 1976 U.S. motorcycle population.
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3.4,5 Analysis

Suppose there are I different sizes of cycles; then the number of different

cycles is 2I, one of each size with new brakes, one with old. It would seem to

be most efficient to run a 2 x I factorial experiment with a 21 x 2T Latin
square. In the Latin square, the 21 treatments are the 21 different cycles;

the rows are 21 different drivers, while the columns are the 2T different time

periods. Latin squares and factorial designs are discussed in various design

of experiment books, such as Cochran and Cox's Experimental Designs [19].

The number of riders and motoreycles one can handle at about the same time
would limit the size of the Latin square, but a number of such subexperiments
could be run. Let us assume, again for preciseness, that three sizes of motor—
cycles are to be tested, giving us six cycles and six riders with each rider
making six rides. Suppose the particular 6 x 6 Latin square chosen at random
is the square pictured below [19, p.145]. 1If I, IL and III denote the three
gizes of motorcycles; O and N old and new brakes, then using Cochran and

Cox's notation, let A=L 0; B=I N; C=II O; D=II N; E-III O; and F=1III N.

The square is:

Driver Driver Number
Time

Periods 1 2 3 4 5 6
1. IO IN IT 0 IT N III O IIT N
2 IN ITT N II N IT O I0 IIT O
3 i1 0 II N ITI © ITI N IN 10
4 IT N TO ITI N III O IT O IN
5 ITII O ITO IO IN IIT N II N
6 ITI N III 0 IN I0 IT N 1T O

The first time Driver #1 rides a motorcycle in the experiment, he will ride
a Size I cycle with old brakes, the second time Driver #1 rides, he has a
Size I motorcycle with new brakes,...the fourth time Driver #5 rides, he has

a Size IT motorcycle with old brakes.
The advantages of this design are that (1) each driver rides each motor-

cycle and (2) each motorcycle is ridden in each time period, i.e., each exper-

ience period. Therefore, the fact that a rider is more experienced on his
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sixth ride than on his first is takenrinto account. There is flexibility
in how the experiment is run, because it is not required that, for example
Driver #1 takes his third ride before Driver #5 takes his fourth, although
that is possible. The experiment only requires that Driver #1 take his third
ride before his fourth. However, in the interest of avolding confusion, it
may be advantageous to insist that all riders' first ride be completed before
any rider may start his second ride.

One would expect that a number of such Latin squares would be run and
then combined in the analysis. If K such squares are run, one would have the
following partial analysis of variance (ANOVA) table. '

Source df

Brakes 1

Size I-1

Size x Brakes I-1

[Cycles] , [21-1]

Time Periods 2T-1

Drivers K(21-1)
Squares K-1 :
.Remainder 2(KI-1) (2I-1)
Total K x 412-1

analysis becomes more complicated. This should be avoided to the extent possible,
by making sure riders complete the test, which should be possible if the experi-
- ment is kept reasonably small.

The question of the physical safety of the motorcycle riders must, of
course, be considefed. In fact, a major criticism of the present Standard cen-
ters around the hazards of the high speed stops (up to and over 100 mph) re-
quired to test the brakes. Although the safety aspect must be taken into con-
sideration here, the number and type of tests required will hopefully be at a
low level of danger.

It has been suggested that a similar "laboratory" type test might be per-
formed by having the professional and volunteer riders use their own motorcycles,
which would be instrumented and which would then be measured for the deceleration
levels the riders achieve 1in everyday riding. Since the design of this test
is different from the design proposed above, the analysis will need to be modi-
fied. It will, however, remain straightforward. Since each rider only uses
one motorcycle, larger numbers of riders will be needed to determine the

effect of the brakes than in the more efficient Latin Square experiment.
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- To conduct the proposed analysis of braking performéﬁce, the following steps
will be necessary:

1., Obtain motorcycles with Pre- and Post-Standard braking systems., It
may be necessary to modify current motorcycles in order to have
brakes similar to those considered Pre~Standard.

2. Obtain enough professional and "typical" (non-professional) motor-
cycle riders to perform the tests (volunteer, or perhaps there will
be a small reward, in addition to the opportunity to ride motor-
cycles under test conditions).

3. Prepare test facility for various measures being tested (wet surface,
curves, etc.).

4, Have a sufficient number of riders complete prescribed braking tests.
5. Compare performance of Pre- and Post-Standard braking systems.

Figure 3-6 shows the suggested analysis approach.
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Figure 3-6. Analysis of braking performance.
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3.5 Analysis of Rider Behavior

3.5.1 Introduction

The purpose of this laboratory-type experiment is to obtain data on the
riding behavior of motorcycle riders. This would include, but would not be
limited to the rider's braking performance.

The inherent instability of motorcycles is closely linked to braking per-
formance. Stressing motorcycle brakes without inducing wheel lock-up requires
a high level of skill. Antilock braking devices are now being developed which
will allow the motorcycle operator to apply both front and rear brakes fully
iﬁ emergency situations without skid-controlling modulation, resulting in maxi-
mum stress on the braking system, Until these antilock braking devices are
fully developed, motorcycle braking systems are likely to be under-utilized
except by operators of professional levels of proficiency.

The rider behavior experiment is proposed to determine the ability
of typical motorcycle operators to explolt the capabilities of the machine

(and, spacifically, the braking system). The experiment would use a test track,
instrumentation of motorcycles of various types and sizes, and have "typical"
riders use the test track. Then, experienced professional motorcycle riders
will ride the same machines over the same track, to determine differences in
use of motorcycle brake capabilities.

3.5.2 Data Requirements |

The rider behavior experiment will be looking for the effects of:

e Rider characteristics (age, sex, experience, etc.)
e Road conditions

e Acceleration

e Weather conditions (wet vs. dry)

e Braking habits of riders

e Rider experience related to:
- Stopping distances
~ Motorcycle control

e How need for stability affects braking performance.

3.5.3 Data Acquisition

The data will be acquired from the results of the rider behavior experi-

ment. fhe riders in this experiment will use their own motorcycles, and allow
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a professional rider to use their motorcycles, also.* The "typical" riders
needed could be solicited through newspaper advertisements and other means.
The professional rider, used here as'a contol, might be a motorcycle patrol
policeman or a professional racer. The professional rider will be familiar
with tracks, since he rides a great deal, but he will need to familiarize
himself with each motorcycle used in the test before his performance is
recorded. The "typical" rider will be much more familiar with his machine,
but he will need some practice runs on the track before recordings of his
rides are made. Thus, this experiment will measure the extent to which the
capabilities of the motorcycle (including braking) as shown by the profess-
ional rider are not used by the typical rider.

The experiment might be conducted as follows. Volunteer riders arrive
at the test track. They have previously authorized instrumentation of motor-
cycles, signed any appropriate waivers, and fllled out a questionnaire de~
tailing age, sex, length of time with current motoreycle, prior on and off
road riding experience, past accidents, and other personal information as
deemed relevant. Information about the motorcycle has been recorded also:
make, model, repairs, modifications, tires, brake type, etc. The motorcycle is
instrumented; the condition of the test track and the weather noted; and the
volunteer rider and the professional rider ride around the track. TFach will need
several runs to familiarize himself with what will be unfamiliar to him (the
professional with the motorcjcle, the non-professional with the track) before
the test recordings are made. The instrumentation of the motorcycle is designed

to measure acceleration and deceleration levels and brake pressures.

3.5.4 Preliminary Results

Riding behavior of motorcyclists is a gignificant factor in the perfor-
mance of motorcycles and, especially, in the performance of motorcycle braking
systems. A discussion of the role of the motorcycle rider in causing or

avoiding an accident can be referred to in Section 3.1.4.

*
Questions of liability for motorcycle use, while important, are beyond the
scope of this study. The "typical" riders could receive some financial
compensation for participating in the study.

7
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3.5.5 Analysis

In conducting the rider behavior'analysis, the following steps will take

place:
1l
2,
5’
6.
Figure 3-7

Obtain "typical" (non-professional) riders through advertising
media (volunteer or otherwise is to be determined). These
riders must own motorcycles with Post-Standard braking systems
(1972 and later) and must be willing to use their motorcycles
on a test track.

Hire professional motorcycle riders.
Prepare test track for various conditions.
Instrument motorcycles.

Send "typical' and professional riders through the test track, with
the professional rider riding each volunteer rider's machine (after
a familiarization period).

Analyze the effect of rider characteristics/habits/experience in
relation to control of the motorcycle, stopping distances, etc.
demonstrated by the volunteer rider controlled for by the same
variables for the professional rider.

is an outline of the suggested approach.
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_ Figure 3- 7 . Rider behavior analysis.
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3.6 Survey of Motorcycle Riders, Tires, Modifications

3.6.1 Introduction
The purpose of this survey is to gather presently scarce data which will

be useful in developing evaluation methodologies, and in interpreting the re-

sults of other analyses. This three-part survey is meant to provide information
that will aid in evaluating FMVSS 122, The information it will develop is needed
to understand the potential effect of the Standard for the typical rider.

The survey is divided into three parts:

1. Motorcycle Riders. The purpose of this section of the survey is
to estimate the characteristics of the general population of
motorcycle riders. As mentioned before (Section 3.1.4), motor-
cycle brakes are probably the most effective of any vehicle on
the highways when operated by an experienced rider. However,
because a high level of skill is required to properly operate
the braking system, improper operation is common. Unfortunately,
many aspects of motorcycle riding can only be mastered through
experience. Therefore, this section of the survey, which is
devoted to motorcycle riders, seeks answers to both demographic
data and the experience of motorcycle riders,

2. Motorcycle Tire Use., The purpose of this section of the survey is
to determine which and how many motorcycles are using the various
types of tires available. One of the conclusions of a Calspan
study of motorcycle accident avoidance capabilities was their
identification of the significant role of tire characteristics in
motorcycle response[17]. Findings of particular significance
were the:

o Sensitivity of the response parameters to camber thrust
coefficient with respect to absolute value and to any
differences between front and rear tires.

e Importance of pneumatic steering torque requirements.

® Initial categorization of steer requirements at trim,

'Because tire characteristics play a role in accident avoidance,
it 1s of interest to know which and how many motorcycles are
using the various types of avallable tires. Tire usage will
obviously have an effect on the evaluation of the effectiveness
of FMVSS 122,

3. Modified Motorcycle Survey., The purpose of this section of the
- survey is to gather data on the frequency and degree of motor-
cycle modification, with the emphasis on brake modifications.
In this section, motorcycle dealers and repair shops will be
included, in addition to motorcycle owners.

Questions which thils section would attempt to obtain answers to
include:
® How important is brake adjustment?
e How frequently are brakes modified?
e Is FMVSS 122 of any value once motorcycle owners or shops
have adjusted the brakes so they are no longer in their
original condition?
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It may be most effective to send an overall survey-—-containing questions
for demographic purposes—-to the entire motorcycle population chosen, but send
the tire and modification sections to selected subsets of the whole population.

3.6.2 Data Requirements
The following are the questions that will be asked by each of the proposed

sections of the survey:

e Motorcycle Rider Survey
- Age
- Sex -
- Weight
- Height
- Marital Status
~ Education
— Occupation
- Number of years spent riding motorcycles
-~ Type (if any) of motorcycle driver education
~ Number of motorcycles owned ‘
~ Make, model, size of present motorcycle
- Primary type of riding done
-~ Accident experience with motorcycles,

e Motorcycle Tire Use Survey
- Motorcycle size :
-~ Type of tires originally on motorcycle (front and rear)
~ Type of tires presently on motorcycle (front and rear)
- Primary use of motorcycle
- Type of motorcycle (street, trail)
—~ Age of motorcycle
.~ How often tires have been changed :
~ ~ Information on tire blowouts and/or other problems encountered.

e Modified Motorcycle Survey
- Make, model, year, displacement of motorcycle
- Bought new or used
- Any accildents on this motorcycle
- Any modifications made on the motorcycle and description of
changes. Areas to consider include:
-— Seats
-— Brakes
—-- Foot rests
-~ Handlebars
~— Front forks.

3.6.3 Data Acquisition
Data will be acquired by means of surveys.malled to motorcycle owners

and motorcycle sales and repair shops, with telephone follow up of non-

respondents.,
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3.6.4 Preliminary Results

According to a survey conducted by the Gallup Organization, there were
approximately seven million motorcycles owned in the U.S. in 1974 [20]. Data
from that survey are discussed below and are summarized in Table 3-8,

§Sixty—six percent of all motorcycle owners were under 30 years old, and
nine out of ten were male. The type of brake system chosen by a manufacturer
for a particular-model is a function of cycle size or engine displacement,
intended use, and rider experience. The Gallup data breaks down ownership
into eight displacement classifications, ranging from 50 cc and under to 600
ce and over. Approximately one-half of the seven million motorcycles in 1974
were smaller than the 191-250 cc class. Each displacement class is further
divided into use categories of street, off-road and dual purpose. In general,
street motorcycles are of larger displacement and off-road cycles tend to be
smaller. Of all the motorcycles owned in 1974, 45 percent were considered
street cycles, 14 percent were off-road, and 41 percent were dual purpose. It
does not necessarily follow that a cycle designed for a particular purpose
will be used for that purpose. The Gallup survey shows that 37 percent of all
motorcycles surveyed were used only on the street, and 22 percent were used

only off-road. The remainder were used both on and off the road.
Rider experience is, at best, an abstract design criteria. A big dis-

placement, super-cycle may be designed for an experienced rider, but it will
not necessarily follow that the purchaser of such a machine will be experienced.
The American Motorcycle Association (AMA) conducted a survey in 1976 which,

in part, attempted to determine the experience level of motorcycle owners [ 21].
The data are presented in Table 3-9. Eighty-five percent of all motorcycle
operators responding to the survey had four years or more experience. It
should be noted that the AMA survey was conducted two years later than the
Gallup study and represented a much smaller sample size. A specific break-
down of experience level versus type of motorcycle owned was not developed in

either study.

%
Tables 3-1, 3~2, 3-3, and 3-4 give additional information on the growth
of the motorcycle population in the U.S.
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TABLE 3-8 |
SUMMARY OF 1974 GALLUP MOTORCYCLE SURVEY

Type of Cycle (%) Use of Cycle T3
Street 45 Street , 37
Dual Purpose 41 Dual Purpose - a
Off-Road or Other _14 Off-Road or Other 22

100 : 100
Egg;ze Cﬁl}es g;2$§§ ngglse ' gz:d
(%) (%) (%) (%)
50 cc & under 3 3 2 4
51 -100 cc 23 1N k1| 36
101-125 cc 8 2 12 18
126-190 cc 9 6 14 6
191-250 cc 10 . 7 10 17
251-400 cc 18 22 16 9
401-600 cc 8 15 3 3
Over 600 cc 13 26 3 1
Unknown 8 _8 9 6
100 100 100 100

Motorcycle Owners

Age Range (%) Sex (%)
Under 21 36,
21-29 30 Male 9]
30-49 29 Female 9
50 & Over 5

T00 100

Source: Gallup Organization Survéy [20].
| TABLE 3-9
MOTORCYCLE QPERATINQ EXPERIENCE - 1976 AMA SURVEY

Motorcycle Operating Experience Percent
1 Year or Less 3
2 to 3 Years | 12
4 to 5 Years 17
6 to 10 years 36
11 Years or More 32
Total 100

Source: AMA News Reader Profile [21]
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Because they felt that some modifications to motorcycles would increase
their accident probability, the California Highway Patrol (CHP) organized a
special study during November 1969 on motorcycle equipment modification., A
survey was made of 542.motorcycles‘involved in fatal and injury traffic acci-
dents for five equipment modifications suspected to affect driver control:
extended front forks, lowered seat, raised foot rests, ifregular handlebars,
and no front wheel brakes. Approximately eight percent of the 542 motorcycles
in accidents had equipment modification. Of this eight percent, about 1.3 per-
cent of the modifications were considered to be the cause of the accident [22].
An analysis of the accidents indicated the following rank ordering of modifi—
cations in decreasing importance to accident contribution.

e No front wheel brakes.-=&— Most contributory

Extended front forks.

Lowered seat.

Raised foot rests.

Irregular handlebars. = Least contributory

Thé imﬁortance of tire characteristics in the overall performance of
motorcycles has been verified by the Calspan study of motorcycle accident
avoidance capabiiities discussed in Section 3.6.1 [17]. There are four
basic functions of a motorcycle tire which are also common to most pnéeu-—
matic tires. Their function are to:

» Support and cushion a load.

e Transmit driving and braking torque.

e Develop cornering and directional stability forces.
e Envelop obstacles.

The functional requirements of motorcycle and automobile tires are quite
similar. The exception is that a motorcycle tire must operate at higher
camber angles and generate more of its cornering power through camber thrust.
Motorcycle tread designs can be broken down into three basic categories:
street, off-the-road, and combinations of the two that are intended for both
on and off the road use. Selection of the proper size and type of tire is an
imporfant factor in vehicle performance. On new motorcycles, where the tires
are fitted as original equipment, few problems are expected. However, indi-
vidual owners sometimes replace the original tire with another which may not
be the proper tire size or type. Misapplication of tire type can be a problem.
Therefore, it is the purpose of the section of the survey dealing with tires

to determine what motorcycles are using what tires.
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3.6.5 Analysis

The following steps will take place in conducting the survey:
1. Design the three-part survey.
2. Develop data collection methodology.
3. Select sets of recipients for each part of the survey:

- Motorcycle owners.,
- Motorcycle dealers. .
~ Motorcycle repair and maintenance shops.

4. Maill out surveys.
5. Process and analyze data.
This approach is outlined in Figure 3-8.
3.6.6 Sample Sizes

The 1974 Gallup sﬁrvey had 4,187 respondents. Since the proposed survey
will be analyzed in greater detail, a total of 7,500 respondents is suggested.
A pllot survey of, say, 500 individuals will show how many individuals should
receive the mailed questionnaire, given the response rate to both the mail-
ing and telephone followup. As for motorcycle sales and repair shops, a

sampie of between 500 and 1,000 should be adequate.
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Figure 3-8. Survey of motorcycle riders, tires, and modifications.
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4.0 COST DATA AND SAMPLING PLAN

4.1 Background
FMVSS 122 basically codified existing SAE recommendations last revised

on March 1, 1971 [1]. The Standard is designed to insure safe motorcycle
braking performance under normal and emergency conditions. It specifies re-
quired equipment relating to motorcycle brake systems and establishes test
procedures for these systems for all vehicles manufactured after January 1,
1974,

Most manufacturers had complied with the SAE recommendations relative
to brake systems and few, if any, design changes were directly attributable
to FMVSS 122 [1]. Compliance with the Standard requires each motorcycle to
have either a split service brake system or two independently actuated ser-
vice brake Systems. Split systems consist of two or more sub-systems actuated
by a single control designed so that a leakage, linkage,or cable failure of a
component in a single subsystem will not impair the operation of the other
subsystem. '

Actuation of a service brake system may be either mechanical or hydrau-
lic, If a braking system is hydraulically actuated, each master cylinder
must have a separate reservoir for each brake circuit. In addition, the filler
opening for each resérvoir must have a cover, seal, and cover retention device.
The minimum reservoir capacity must be equivalent to one and one-half times
the total fluid displacement resulfing when all wheel cylinders or caliper
pistons serviced by the reservoilr move from a new lining fully retracted posi-
tion to a fully worn, fully applied position.

Motorcycle manufacturers, in general, are providing braking circuits
which are either mechanically operated drums or hydraulically oberated discs.
Drum brakes may be either "single-leading-shoe'" or "doubleFleading—shoe."

Disc brakes are classified as either '"'single-action-caliper" or "double-action-.
caliper" [2]. | |

The basic components of a drum—-type brake are shown in Figure 4-1. To
actuate this system the motorcyclé operator squeezes the brake lever which
pulls on a brake cable or rod. This causes the brake arm to rotate, which
in turn rotates the cam lobe. The cam forces the brake shoe against the hub
and the friction between the lining on the shoe and the hub slow the motor-

cycle. This principal is illustrated in Figure 4-2. If the shoe is mounted
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BRAKE ARM

T

BRAKE CAM

BRAKE
LINING

@

THE BASIC BRAKE
PARTS

A basic brake consists of: the wheel
hub, whose inside circumference
serves as a brake drum, the brake
shoe, a curved piece of metal with
. a special lining on the outside; the
backing plate, a large, flat disc on
which the shoe mounis; the brake
cam, which makes the shoe move;
the brake arm, that connects to the
brake cable or rod and mounts on
the end of the brake cam; and the
pivot peg, which bolits onto the
backing plate and fits through the
hole at the bottom end of the shoe.

BACKING SHOE
PLATE HUB
PIVOT PEG
ILLUSTRATIONS BY DICK JONNSON
Source: ayecle guide [2].
Figure 4-1. Basic drum brake components.

DRUM BRAKE NOT IN
USE

When the brake is not in use, a
spring holds the shoe againgt the
low part of the cam lobe, and there
is a small space between the
outside of the shoe and the inside

|

LINING RUBS AGAINST DRUM

DRUM BRAKE IN USE

When the rider squeezes the brake
laver, the cable (or rod) pulls the
brake arm, causing the cam lobe to
turn. The lobe forces the shoe
outward until it rubs against the
inside of the drum. If the shoe rubs
hard enough, it will create enough

Source: cyele guide [2]

Figure 4-2. Operation of

circumterence of the drum. drag to stop the wheel.

the drum brake.
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on the front half of the backing plate, the brake is a '"single-leading-shoe"
drum brake. The double-leading shoe design incorporates two brake shoes.

Both single and double-leading shoe brakes are shown in Figure 4-3.

PIVOT PEG

A DOUBLE-LEADING
SHOE BRAKE

In order to-install a second teading
shoe, the brake must have another
cam lobe and another pivot peg,

LEADING SHOE

When the shoe is mounted on the

front half of the backing plate as
shown, it is called a ieading shoe. It
has a self-energizing effect because
the direction the drum is rotating
tries to force the shoe outward
further, which makes it press
against the drum even harder.

arranged so the rear shoe can
mount in a leading position.
Double-leading shoe brakes are
very powerful because both shoes
are self-energizing. They are usually
used on the front wheel of medium
and large displacement street bikes.

N

- Source: cycle guide [2]. ,
Figure 4-3. Single and double-leading shoe drum brakes.

The disc brake operates in a different manner than the drum system.
Braking friction is applied by pinching a spinning disc firmly attached to
the wheel hub. The major components of disc brake circuit are illustrated

in Figure 4-4. Actuation is hydraulic.. If the pinching forces are applied
from both sides of the disc the brake is called "fixed caliper, double action.”
The "floéting caliper, single action'" is designed to apply an active force on
one side of the disc.against a passive force on the other side. These differ-

ences are l1llustrated in Figure 4-5.
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DISC BRAKE CALIPER

The caliper is a large. slotted metal
housing shaped like a fat
upside-down “U*'. The inside
opposing surfaces of the slot each
have a large hole bored in them.

PISTON

7

7 AT
¢ I/WM y

PISTON

DISC

CALIPER PISTONS

Both of the caliper holes are fitted
with thin pistons which seal off the
holes and can slide back and forth.
There is a small hole drilled from

the outside of the caliper into each
piston bore. A small hydraulic hose

v

MASTER CYLINDER
AND BRAKE LINES

The brake Jever is part of the
master cylinder, which bolts on the
right handlebar. A large hose
connects the master cylinder to the
small crossover hose on the caliper.
The caliper baits tirmly onto the
fork slider leg, with the brake disc
running through the slot in the
caliper,

BRAKE HOSE

CALIPER

DIsC

A

connects the two bores.

PISTON

PISTON
B80ORE

'MASTER CYLINDER

Source:

eyele guide [2].
Figure 4-4.

Disc brake circuit components.
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(( PUCKS MQVE QUT AND MIT DISC

" The inside of the master cylinder,

14. DOUBLE-ACTION
FIXED CALIPER DISC
BRAKE AT WORK

brake lines, and caliper piston
bores is filled with brake fluid.
When the rider applies the brake,
the brake lever puts pressure on
the fluid in the master cylinder. This
pressure forces the caiiper pistons
outward until they hit the sides of
the spinning disc. The pistons
pinch the disc tightly, causing a
drag on the disc and making the
wheel stop. The sides of the piston
nearest the disc are covered with
small discs of brake lining material.
These discs are called “pucks.”

BRAKE HOSE

CALIPER MOUNY

PISTON BORE
FIXED PUCK

MOVEABLE PUCK
misc

15. A SINGLE-ACTION
FLOATING CALIPER DISC
BRAKE

Some calipers have only one piston
bore and one moveable puck. The
other puck bolts to the opposite
side of the caliper slot. The caliper
does not boit firmly to the fork
slider leg, it can slide back and
forth slightly on its mounting bolt.

BOTH PUCKS HIT DISC

' 16. SINGLE-ACTION
FLOATING CALIPER DISC

BRAKE AT WORK

When the brake is applied, the lever
puls pressure on the brake fluid in
the master cylinder. This forces the
caliper piston outward until it
touches the spinning disc. Then,
the pressure forces the entire
caliper to shift so the fixed puck
moves toward the disc. The caliper
shifts until the pucks are pinching
the disc tightly. The pucks then
pinch the disc in the same way as
the double-action caliper, stopping
the wheel.

Souréé; éyéle guide [2].

Figure 4-5.
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Manufacturers employ these various brake systems to provide independent
front wheel and rear wheel braking. Their choice of systems is dependent on
the size and weight of the motorcycle, the purpose or use for which the motor-
cycle is intended, and consideration of the general ability of motorcycle oper-
ators. Although there are no set rules, some generalities in the use of braking
. systems can be observed [2]. Large tour motorcycles and medium and large sport
motorcycles tend to use hydraulic disc brakes on the front wheel. The disc
brakes exhibit better fade characteristics and dissipate heat more effectively
under heavier loads. Medium displacement motorcycles generally use a double
leading shoe~drum system on the front wheel, but there is a trend toward disc
systems. The light, small displacement, commuter bikes are usually equipped
with a single-leading-shoe drum system on the front wheel. The rear braking
circuit on most motorcycles is a single shoe drum, with only a very few employ~
ing rear disc systems.

In addition to the split braking requirement, the Standard requires that
an eléctrically operated brake system failure indicator lamp be mounted in
front of and in clear view of the driver. Each indicator must have a red lens
with the legend '"Brake Failure" on or adjacent to it.

Three~-wheeled motorcycles must be equipped with a parking brake. This
brake must be engéged by mechanical means and operated by friction principles.

Since most manufacturers followed SAE recommended practices before the
Standard became effective and these practices were sufficient to comply with
the Standard, there are essentially no direct manufacturing costs linked to
compliance. There are some maintenance and labelling costs incurred through

compliance, but these costs are generally under one dollar per motorcycle [1].
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4,2 Relevant Cost Ttems

The major components and elements of a motorcycle brake system that
must be considered in evaluating the costs of compliance with FMVSS 122 are
shown in Table 4-1. Costs relating to changes in these items which were

made in response to the Standard should be included.

TABLE 4-1

MAJOR COMPONENTS AND ELEMENTS OF
MOTORCYCLE BRAKE SYSTEMS

¢ Drum Brake Circuit

- Mechanical Actuation Device
- Linkage and Brake Arm

- Hub

- Brake Shoe

- Brake Lining

- Backing Plate

- Brake Cam

o Disc Brake Circuit

- Actuation Device
~ Master Cylinder
- Brake Hose

- Caliper
~ Disc
o DBrake System Failure Indicator Lamp
- Bulb
- Sensor

Connectors and Associated Wiring
Red Lamp Shield

To establish total costs, other items must be considered in addition
to the costs of componenfs or hardware involved in modifications to a braking
system, At the very least, direct and indirect manufacturing costs and capi-
tal investment must be considered. Consumers certainly pay for the marginal
effect of manufacturers' markup, dealers' markup, and taxes when they pur-
chase a motorcycle. The NHTSA methodology also includes lifetime operating
and maintenance costs as part of the total cost of a system. We will not in-~
clude these life time costs.
The manufacturing costs are a function of:
e Material amount
e Material cost

e Labor required for component assembly
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e Wage rate
.® Overhead rate (indirect labor and materials)
e Labor required for component installation.
Capital investments should be amortized over the useful life of the
equipment and estimated level of production. Manufacturers' markup, dealers'

markup, and taxes are percentage amounts applied to the base costs.
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4,3 Frequency Sampling Plan

The purpose of this activity is to acquire reliable estimates of the
increased costs incurred by manufacturers in complying with FMVSS 122. The
manufacturers must be the source of information on cost figures, but account-
ing practices and design philosophies may well vary from manufacturer to man-
ufacturer, and this must be controlled for. We recommend that estimates be
obtained from the various manufacturers of the costs incurred in complying with
FMVSS 122,

For a given manufacturer, we expect that costs of compliance for brake
system components will vary according to the power of the motorcycle's engine.
This power 1s conveniently summarized by engine displacement. For labels and
indicator lamps, the size of the motorcycle may influence the cost, but this is
not very likely. Since size is also related to engine displacement, the sampling
plan must stratify on at least two variables:

e Manufacturer: Honda,.Yamaha, Kawasaki, Suzuki, Harley-Davidson.

e Engine displacement: Under 125 cc, 125-349cc, 350-499 cc,
450-749 cc, 750 cc and over.

The five manufacturers listed above are the major ones in the American market.
‘In the:period from 1971 to 1976 they accounted for between 90 and 94 percent

of all new motorcycle registrations each year [3]. The engine displacement cate-
gories are standard within the industry; for street motorcycles, the estimated

population breakdown in 1976 was:

e Under 125 cc: A
e 125-349 cc: 12 %
e 350-449 cc: 31 %
o 450-749 cc: 24 7%
e 750 cc and over: 26 %

When information on the costs of components and labels affected by the
Standard is collected for models both befofe and after the Standard became effec-
tive, the incremental cost of compliance can be found by extrapolation. It
must be ascertained, however, what portion of this increﬁental cost is due to
changes in the braking system and its components that the manufacturer would have
made even without the Standard, for many of these changes would have been intro-
duced anyway. ‘Since the qﬁestion‘of intent 1is an extraordinarily hard one to

determine, at best one can say that incremental costs mentioned above, when
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ascribed entirely to the Standard, will overestimate the cost of compliance.
Acquiring the necessary information for all models produced, in all relevant
variations, 1s costly and unnecessary. If we assume some structure for the
cost in relation to manufacturer and motorcycle characteristics, it is then
possible to design a sampling scheme whereby only some motorcycle models are
examined. The particular structure assumed for the cost will lead to the sam-
pling plan, and the stronger the assumptions, the smaller the sample size
needed. If it is assumed that costs are the same for all models and manufac-
turer, only one observation need be made. '

However, costs are assumed to differ according to manufacturer and to
engine displacement. At the most, 25 models need to be sémpled, if cost is
assumed to be the same for all models of fixed engine displacement aﬁd manu-
facturer. Within each cell of the cross classiflcation manufacturer by
engine'displacemeht, a model should be picked at random, possibly wejghting
the models by their share of the market. The naive approach of sampling only
those models with the greatest share of the market is likely to grossly
underestimate the true cost of compliance, since it is precisely for these
models that more cost effective techniques of manufacture may have been
developed.

If more models can be sampled, then estimates of the variability of the
overall average cost can be made. Also, various mathematical models for the
cost of compliance can be examined. If an additive model i1s assumed, then some
of the degrees of freedom can be assigned to the error term in the model,

trading off increased precision against the possible introduction of bias.

4.4 References for Section 4

1. Telephone conversation with NHTSA Specialist for FMVSS 122, November 3,
1977. ,

2. Dean, P. '"Braking the Works," Cycle Guide, v. 8, no. 7, July 1974,

3. Motorcycle Industry Council, Inc. 1977 Motorcycle Statistical Annual.
Newport Beach, Calif., 1977,
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5.0 WORK PLAN
The Work Plan for the evaluation qf FMVSS 122 is divided into five Tasks.

They are:
e Task 1: Analysis of Mass Accident Data

‘e Task 2: Motorcycle Surveys (Riders/Tires/Structural Modifications)
e Task 3: Analysis of NASS and California Accident Data

e Task 4: Motorcycle Dynamometer Brake Tests

e Task 5: Field Test of Braking Performance and Rider Behavior

e Task 6: Cost Data Analysis.

The logical sequence of subtasks within each Task is given in Figure 5-1.
The time sequencing within each Task and the estimated resources required are
given in Figure 5-~2 and Figure 5-3. For the purpose of developing this Work Plan,
the entire study is assumed to start on January 1, 1979.

The first two Tasks are scheduled to be completed during the first year of
the evaluation study. The adequacy of the analysis of mass accident data and the'
motorcycle surveys to evaluate the Standard will be assessed at the first Deci-
sion Point at Month 1l. The initial analysis of NASS and California accident
data under Task 3 will be completed two months later, permitﬁing a reevaluation
at the second Decision Point at Month 13. it is considered unlikely that the
evaluation of the Standard will have been completed at this time.

The fourth Task,conducted during the second year, 1s the laboratory dyna-
mometer tests of motorcycle brakes. Upon completion of this Task at Month 22,
two Decision Points are scheduled. NHTSA could evaluate (1) whether any differ-
ence exists between the performance of Pre- and Post-Standard brakes (Decision
Point #4) and (2) whether the dynamometer test results, the additional analysis
of NASS and California accident data and earlier results of the first three Tasks
are sufficient to evaluate the Standérd.

The third year of the evaluation study will focus on field tests of both
braking performance and riders. Both professional and non-professional riders -
will parﬁicipate. At the end of the third year, the final Decision Point to eval-
uate the Stéhdard is reached.

Assuming that all Tasks are carried out, the estimated resources required
for evaluating the effectiveness of FMVSS 122 are $348,000. This figure includes
estimated requirements of five staff years. The entire study would require three

years to complete,



Task 1.1 Obtain Mass Accident Data
Task 1 for Year 1969 & Later
mn——— e mmmm—
Analysis of Mass +
Accident Data
Determine Exposure for Pre-Standard
Task 1.2 (1969-1971) & Post-Standard (1972 &
Later) Motorcycle Braking Systems
Task 1.3 Analyze Data on Accident Avoidance
& Injury Severity Reduction
Task 1.4 Analyze Data on Motorcycle Brake
Failures which Caused Accidents
Task 2.1 Design Three-Part Survey & Develop
Task 2 Data Collection Methodology
S S
Motorcycle Surveys ¢
(Riders/Tires/
Structural Select Sets of Recipients for Each
Modifications) Task 2.2 Part of the Survey & Mail Out
Data Collection Forms
Task 2.3

J Process & Analyze Data I

Figure 5-1. Flow chart for proposed study to evaluate FMVSS 122:
Motorcycle Brake Systems.
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Task 3 Task 3.1 Obtatn & Process NASS
& California Accident Data
Analyses of NASS +
and California
Accident Data Task 3.2 Analyze Data on Accident Avoidance
& Injury Severity Reduction
Analyze Data on Motorcycle
Task 3.3 Brake Failures which
‘ Caused Accidents
Task 4 Task 4.1 Review Results of Previous
———— Braking System Tests
Motorcycle
Dynamometer |
Brake Tests . Prepare Test Facilities,
Task 4.2 Obtain & Instrument Motorcycles &
Establish Test Procedures
Task 4.3 Conduct Braking Performance
: Tests for Front & Rear Brakes
Task 4.4

! Analyze & Evaluate Results of Tests l

'Figure 5-1 (Continued).




Task 5

Field Test of
Braking
Performance and
Rider Behavior

Task 5.1

Task 5.2

Task 5.3

Task 5.4

Obtain Motorcycles &
Select Professional &
Non-Professional Riders

Y

Prepare Test Facilities for
Simulation of Various Conditions

Conduct Tests of Pre- &
Post-Standard Motorcycle Brakes
R .

Y

Conduct Tests of Effects of Rider
Characteristics, Habits & Experience
on Motorcycle Performance &
Analyze Results

Task 6

Cost Data
Analysis

Task 6.1

Task 6.2

Task 6.3

Review Frequency Sampling Plan
to Obtain Cost Data to Evaluate
Cost of FMVSS 122

Acquire Cost Data from Manufacturers,
NHTSA, & Other Relevant Sources

~ Establish Costs of Compliance
with FMVSS 122 by Manufacturer
& Engine Displacement

Figure 5-1 (Concluded).




’ ' Months After Study Initiation
Task DESCV‘"DtiOﬂ ™71 T T T
3 6 9 12151821 24 27 30 33 36
L " " 1 X 1 1, L 1 1 L L
1.0 | Analysis of Mass Accident Datéf ‘ /
1.1 | Obtain Mass Accident Data ' [m
1.2 | Determine Exposure for Pre- & Post-Standard UII
1.3 | Analyze Accident Avoidance & Injury Severity Reduction m
1.4 | Analyze Brake-Failure Accidents m
2.0 | Motorcycle Surveys (R*iders/Tires/Structura'l Modification) '
2.1 | Design Survey & Develop Data Collection Methodology Hm
2.2} Select Participants & Mail Qut Forms P m
2.3 ] Process & Analyze Data il
3.0 Analysis of NASS & California Accident Data ,
3.1 | oObtain & Progess NASS & California Accident Data [m . E m
3.2| Analyze Accident Avoidance & Injury Severity Reductfon m 1l m
3.3{ Analyze Brake-Failure Accidents ' ' m u |]
4.01 Motorcycle Dynamomeazr Brake Tests .
4,11 Review Results of Previoys Tests m
4.2 Prepare Facilities, Instrument Motorcycles & Establish Procedures [m]
4.3| Conduct Braking Performance Tests m
4,41 Analyze & Evaluate Results m
£.0| Braking Performance Experiments —
5,0| Obtain Motorcycles & Select Riders i
5.2] Prepare Test Facilities H
5.3] Conduct Tests of Brakes & Analyze [m
5.4 Conduct Tests of Effects of Rider & Analyze m
Evaluate Mass Accident Data @ <3> @
Decision Points Evaluate Survey & NA55|}1;‘-,/<‘> i
Evaluate Dynamometer Brake Tests / Evaluation
Evaluate NASS Data & NDynamometer Brake Tests
6.0] Cost Data Analysis . ' ‘
6.1] Review Frequency Sampling Plan m
6.2{ Acquire & Preprocess Data [m]
6.3] Analyze Costs & Report Results m

Figure 5-2. Schedule of tasks for evaluation of FMVSS 122: Motorcycle
Brake Systems.
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Data Equip-{ Field
Sl e i e
(8) ($) 1 (8) '
1.0 [ Analysis of Mass Acgident Data
1.1 |Obtain Mass Accident Data 0.1 5K - - - - 5K
1.2 | Determine Exposure for Pre- & Post~ 0.1 5K 1K - - - 6K
Standard
1.3 [ Analyze Accident Avoidance & Injury 0.2 10K 3K - - - 13K
Severity Reduction
1.4 | Analyze Brake-Failure Accidents 0.1 5K 1K - - - 6K
Total 0.5 25K 5K - - - 30K
2.0 | Motorcycle Surveys (Riders/Tires/
‘ Structural Modification)
2.1 | Design Survey & Develop Data Collection 0.2 10K - - - - 10K
Methodology
2.2 | Select Participants & Mail Qut Form 0.5 10K - - 9K - 19K
2,3 |Process & Analyze Data : 0.5 19K 2K - - - 21K
Total 1.2 39K 2K - 9K - 50K
3.0 Agalysis of NASS & California Accident
ata
3.1 | Obtain & Process NASS & California - 0.2 | 10K 2K - - - 12K
Accident Data
3.2 | Analyze Accident Avoidance & Injury 0.2 10K 2K - - - 12K
Severity Reduction
3.3 | Analyze Brake-Failure Accidents 0.1 5K 1K - - - 6K
Total 0.5 25K 5K - - - 30K
4.0 | Motorcycle Dynamometer Brake Tests
4.1 | Review Results of Previous Tests 0.1 5K - - - - 5K
4.2 | Prepare Facilities, Instrument Motor- 0.3 15K - 5K 25K - 45K
. cycles & Establish Procedures
4.3 | Conduct Braking Performance Tests 0.3 13K - 20K - - 33K
4.4 | Analyze & Evaluate Results 0.3 15K 2K - - - 17K
Total 1.0 48K 2K 25K 25K - 100K
5.0 | Braking Performance Experiments .
5.1 | Obtain Motorcycles & Select Riders 0.2 10K - - 7K - 17K
5.2 | Prepare Test Facilities 0.2 | 10K . 5K - - 15K
5.3 | Conduct Tests of Brakes & Analyze 0.4 20K 3K - 10K - - 33K
5.4 | Conduct Tests of Effects of Rider & 0.4 20K 2K 10K - - 32K
Analyze '
Total 1.2 60K 5K 25K 7K - 97K
6.0 1 Cost Data Analysis
6.1 | Review Frequency Sampiing Plan 0.1 5K - - - - 5K
6.2 | Acquire & Preprocess Data 0.3 15K 0.5K - - - -15.5K
6.3 | Analyze Costs & Report Results 0.4 20K 0.5K - - - 20.5K
Total 0.8 40K 1K - - - 41K
Grand 5.2 | 237K 20K 50k | 41K - | 3K

Figure 5-3. Schedule of required resources for evaluation of FMVSS 122,
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3.1 Task 1 - Analysis of Mass Accident Data

Task 1 is concerned‘with (1) determining whether accidents are avoided or
.severity of injury reduce& due to motorcycle brake specifications in the Standard;
and (2) investigating the effects of motorcycle brake failure. The mass accident
data that will be considered in the analysis include FARS, New York State, North
Carolina, Texas and Washington State. The first part of the study will be under~
taken by tabulating car-motorcycle front-rear collisions and analyzing driver and
environment characteristics in relation to Pre- and Post-Standard braking systems.
. The second part of the Sthdy investigates the extent of motorcycle brake failuré
in Pre-~Standard and Post-Standard motorcycles,‘together with the effects on the
number and severity of motorcycle accidents. Because of the expected great var-
iability and lack of level of detaill in the availlable data files, the above anal-
yses cannot be expected to establish the efficécy of the Standards if improvements
are small. ,

It is estimated that six months will be required for the completion of the
Task 1 study. The total resources required for Task 1 are estimated to be $30,000.
This total includés accomplishing the Task effort with 0.5 staff-years and §5,000
for data‘prqcessing.* The probability of satisfactorily evaluating the effective-
ness based on only Task 1 is estimated to be about 0.05.

5.2 Tagk 2 ~ Motorcycle Surveys

Task 2 is concerned with conducting a three-part data collection survey de-
signed to obtain additional data on motorecvcle rider experience, tire usage, and
motorcycle modification. Each of the three surveys will be conducted by mail.
Selected sets of potential recipients who could participate in the survey include
motorcycle owners, dealers and repair and maintenance shops. The first surﬁey is
designed to estimate the important characteristics of the general population of
motorcycle riders. These characteristics include age, sex, weight, height, mari-
tal status, education, occupation, motorcycle experience, accident experience,
etc. The second survey has the objective of determining the types of tires which
various classes of motorcycles are using. Data to be collected include motor-
cycle size, type of tires originally on motorcycle, type of tires presently on
The third survey is designed to gather

motorcycle, primary motorcycle use, etc,

o

*CEM's estimates are based on the assumption that this work will be conducted by
a contractor who already has most of the data tapes. We recopgnize that there is
a certain likelihood that this work will be done in-house by NHTSA, with appto-

priate cost savings.



data on the frequency and degree of motorcycle modification, with the emphasis
on brake modification. Both motorcycle owners and motorcycle dealers/repairers
will be questioned.

It is estimated that six months will be required for the completion of the
Task 2 study. The total resources required for Task 2 are estimated to be $50,000.
This total includes accomplishing the Task effort with 1.2 staff-years, $9,000 for
equipment costs and $2,000 for data processing. The probability of satisfactorily
‘evaluating the effectiveness of the Standard, based on information from Tasks 1

and 2 and the initial analysis in Task 3 is estimated to be about 0.09.

5.3 Task 3 —YAnalysis of NASS and Cglifornia Accident Data
The analysis in Task 3 is very similar to the first Task. The effects of

accident avoldance, injury severity and motorcycle brake failure are analyzed us-
ing NASS and California accident data. The analyses are first undertaken during
the filrst year and repeated during the second and third'year, as more data become
available. |

It is estimated that the initial analyses will be completed in six months,
with subsequent 2-month perlods for additional analysis scheduled toward the end
of the second and third years. The total resources required for Task 3 are esti-
mated to be $30,000. This total includes accomplishing the Task effort with 0.5
staff-years and $5,000 for data processing.

5.3 Task 4 - Motorcycle Dynamometer Brake Tests

Task 4 1s directed toward conducting laboratory dynamometer tests of motor-
cycle brakes to test compliance with FMVSS 122 performance characteristics that
are independent of the effect of operator skill. The controlled dynamometer
brake tests are designed to consider such factors as brake system type, motorecycle
weight and structure, road surface conditions, weather conditions, weight loading,
vehicle pitch (roll), weight shifting, lever or pedal force of brake application,
sensitivity of front wheel brake, condition of hydraulic brake system, decelera-
tion capability, fade resistance, effects of water or contamination and system
life. The results of previous brake system tests that used methods other than
those speéified in the Standard would first be reviewed. Tests will be performed
on a wide range of available current motorcycles. Brake performance tests for
front and rear brakes will be conducted separately, under various simulated con-

ditions.



It is estimated that six months will be required for the completion of the
Task 4 study. The total resources required for Task 4 are estimated to be
'$100,000. This total includes accompliéhing the Task effort with 1.0 staff-years,
§25,000 for laboratory costs, $25,000 for equipment costs, and $2,000 for data
processing. The probability'of satisfactorily evaluating the effectiveness of
the Standard at the end of the second year, ﬁsing results of the first four Tasks,

is estimated to be about 0.25.

5.5 Task 5 - Braking Performance Experiments

Task 5 1s designed to conduct laboratory-type experiments with both profes-—
sional and non-professional riders to (1) test the performance capabilities of
Pre~ and Post-Standard motorcycle brakes; and (2) analyze the behavior of motor-
cycle riders. Both portions of the study will be carried out at special test
facilities. 1In the first pért of tﬁe sfudy, under varying conditions (wet surface,
cufves, etc.) the performance of Pre-Standard and Post-Standard braking systems
will be compared. Riders and motorcycles will be selected for the experiments
by means of a Latin square design. A second set of experiments will be conducted
with Post-Standard braking systems only. It will be concerned with evaluating
the effects of rider characteristics, habits, and experience in relation to con-
trol of the motorcycle, stopping distances, etc, This experiment is concerned
‘with determining the ability of typical motorcycle operators to exploit the cap-
abilities of motorcycles with different methods of braking, including slip ratio
control, wheel deceleration control and angular jerk control.

It is estimated that nine months will be required for the completion of the
Task 5 study. The time period includes a 4-month preparation phase that provides
for obtaining motorcycles, selecting riders for tests and preparing the test fa-
cilities. The total resources required for Task 5 are estimated to be $97,000.
This total includes accomplishing the Task effort with 1.2 staff-years, $25,000
for laboratory costs, $7,000 for equipment and $5,000 for data processing. The
probability of satisfactorily evaluating the effectiveness of the Standard, using
information from all five effectiveness evaluatioh Tasks, is estimated to be

about 0.5.
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5.6 Task 6 — Cost Data Analysis

Task 6 is concerned with the determination of direct costs to 1mp1ement
FMVSS 122, Cost categories are confined to direct manufacturing, indirect manu-~
facturing, capital investment ( including testing), manufacturer's markup, deal-
er's markup and taxes.® A frequency sampling plan has been developed which as-
sumes that the manufacturer's cost of compliance varies according to the manufac-
turer and engine displaéemeﬁt. The two levels of interest for the Standard are:

1. Manufacturer: Honda, Yamaha, Kawasaki, Suzuki, Harley-Davidson.

2. Engine displacement: Under 125 cc, 125-349 cc, 350-449 cc, 450-749 cc,
750 cc and over.

The cost of compliance is of interest in two aspects: total cost and cost/
vehicle. For total cost, models should be assigned on the basis of their dollar
share of the market, and for per vehicle costs, models should be chosen on the
basis of vehicle share of the market. In this way, the standard error of the
overall cost estimates is minimized.

Task 6 will be completed in six months during the first year of the overall
study. It is estimated that the total resources required are $41,000; this in-

cludes 0.8 staff4years of effort and $1,000 for computer processing.

*These are the cost categories specified by NHTSA. One should realize that manu-
facturers' and dealers' markups are not easily obtainable for specific models (if
at all), The overall "markup" is the difference between the actual price set at
the time of sale,largely according to market conditions, and the total manufactur-
ing costs, which are to some extent determined years in advance,when the motor-
cycle 1s designed,and to some extent by the volume actually produced which results
from the market conditions,

Taxes play a different role; some are a factor which can enter the cost calcula-
tion (e.g., property taxes). Income taxes,however, are levied on profit,which is a
residual and not predictable (1f a manufacturer operates at a loss,no income taxes
are due).
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Effactive: January 1, 1974

MOTOR VEHICLE SAFETY STANDARD NO. 122
Motorcycle Brake Systems

$1. Scope. This standard specifies perform-
ance requirements for motorcycle brake systems.

$2. Purpose. The purpose of the standard is
to insure safe motorcycle braking performance
under normal and emergency conditions.

$§3. Application. This standard applies to
motorcycles. :

$4. Definitions.

“Braking interval” means the distance meas-
ured from the start of one brake application to
the start of the next brake application.

“Initial brake temperature” means the tem-
perature of the hottest service brake of the vehicle
0.2 mile before any brake application.

“Skid number” [means the frictional resistance
of a pavement measured in accordance with
American Society for Testing and Materials
(ASTM) Method E-274-70 (as revised July,
1974) at 40 mph, omitting water delivery as
specified in paragraphs 7.1 and 7.2 of that
method. (41 F.R. 24592—June 17, 1976. Effec-
tive: 6/14/76)]

“Speed attainable in 1 mile” means the speed
attainable by accelerating at maximum rate from
& standing start for 1 mile, on a level surface.

“Stopping distance” ‘means the distance
traveled by a vehicle from the start of the brake
application to the point where the vehicle stops.

“Split service brake system” means a brake
system consisting of two or more subsystems
actuated by a single control designed so that a
lenl‘mgeutype failure of a pressure component in
a single subsystem (except structural failure of
2 housing that is common to all subsystems) shall
not impair the operation of the other sub-
system (s).

$.5 Requirements. Each motorcycle shall
meet the following requirements under the con-
ditions specified in 36, when tested according
to the procedures and in the sequence specified
in S7. Corresponding test procedures of ST are
indicated in parentheses. If a motorcycle is in-

fRav, 6/8/76}

TABLE I

STOPPING DISTANCES FOR EFFECTIVENESS, FADE AND
PARTIAL SYSTEM TESTS

Stopping distance, feet

Effectiveness tests

Effective-
ness total
system
(85.4)
(85.7.1)

Effective-
ness partial
hydraulic
systems
(85.7.2)

Prebur-
nish effec-
tiveness
partial
mechani-
cal systems
(85.2.2)

Vehlcle Prebur-
test uish effec-
speed tiveness
m.p.h, total
: syatem
(85.2.1)

v

25
44
68
87
132
173
218
264
326
388
413
827
608
689
788
872
971
1076
1188
1302
1423
1549

Effective:

(30 ¥F.R,
10/14/74)1

32914—September 12, 1974,

TABLE I
BRAKE THEST SEQUENCE AND REQUIREMENTS

SEQUENCE L.C. Test pro- Require-
ceduro ments
1. Instrumentation check oo oo 87.2
2, First (Proburnish) effectivess tost:
(n) Service brake system ___...._.__ §7.3.1 85.2.1
(b) Partinl service brake system .__. 87.3.2 §8.2.2
3, Burnish  procedurs oo ooaes 87.4
4. Second effectiveness test _. ... ... __ 87.5 5.3
8. Firat fade and recovery test __.__.._._ 57.8 86.4
8. Reburnlsh oL 817
7. Final effectiveness test:
(n) Service brake system _.___..._.__ 87.8.1 §85.6.1
(b) Partinl service brake system __.. 8782 85.5.2
8. Parking Lrake test
(three-wheeled motoreycles only) ~_.. S7.0 35.8
9. Water recovery test o cenmecmn S87.10 85.8
10. Design durnbillty o 87.11 85.8
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Effective: Janvary 1, 1974

capable of attaining a specified speed, its service
brakes shall be capable of stopping the vehicle
from the multiple of 5 mph that is 4 mph to
8 mph less than the speed- attainable in 1 mile,
within stoppping distances that do not exceed
the stopping distances specified in Table 1.

$5.1 Required equipment—split service brake
system. Each motorcycle shall have either a
split service brake system or two independently
actuated service brake systems.

$5.1.1 Mechanical service brake system.
Failure of any component in a mechanical service
brake system shall not result in a loss of brak-
ing ability in the other service brake system on
the vehicle.

§5.1.2 Hydraulic service brake system. A
leakage failure in a hydraulic service brake system
shall not result in a loss of braking ability in
the other service brake system on the vehicle.
Each motorcycle equipped with a hydraulic
brake system shall have the equipment specified
in S5.1.2.1:and S5.1.2.2,

$5.1.2.1 Master cylinder reservoirs. Each
master cylinder shall have a separate reservoir
for each brake circuit, with each reservoir filler
opening having its own cover, seal, and cover
retention device, Each reservoir shall have a
minimum capacity equivalent to one and one-half
times the total fluid displacement resulting when
all the wheel cylinders or caliper pistons serv-
iced by the reservoir move from a new lining,
fully retracted position to a fully worn, fully
applied position. Where adjustment is a factor,
the worst condition of adjustment shall be used
for this measurement.

§5.1.2.2 [Reservoir labeling. Each motorcycle
shall have a brake fluid warning statement that
reads as follows, in letters at least 3/32 of an
inch high:

“WARNING: Clean filler cap before removing.

Use only __ fluid from a sealed container.”

(Inserting the recommended type of brake fluid

as specified in 49 CFR § 571.116, e.g. DOT 3)

The lettering shall be—

(a) Permanently affixed, engraved or em-
bossed; .

(b) Located so as to be visible by direct view,
either on or within 4 inches of the brake fluid
reservoir filler plug or cap; and

(Rev. 8/30/73)
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(¢) Of a color that contrasts with its back-
ground, if it is not engraved or embossed. (38

- F.R. 14753—June 5, 1973. Effective: 1/1/74)]

$5.1.3 Split service brake system. In addition
to the equipment, required by $5.1.2 each motor-
cycle equipped with a split service brake system
shall have a failure indicator lamp as specified
in S5.1.3.1.

§5.1.3.1.

(a) One or more electrically operated service
brake system failure indicator lamps that is
mounted in front of and in clear view of the
driver, and that is activated—

(1) In the event of pressure failure in any
part of the service brake system, other than a
structural failure of either a brake master cyl-
inder body in a split integral body type master
cylinder system or a service brake system
failure indicator body, before or upon appli-
cation of not more than 20 pounds of pedal
force upon the service brake.

(2) Without the application of pedal force,
when the level of brake fluid in a master cylin-
der reservoir drops to less than the recom-
mended safe level specified by the manufac-
turer or to less than one-half the fluid reservoir
capacity, whichever is the greater.

(b) All failure indicator lamps shall be acti-

Failure indicdtor lamp.

‘'vated when the ignition switch is turned from

the ‘“off” to the “on” or to the “start” position.

(¢) Except for the momentary activation re-
quired by $5.1.3.1(b), each indicator lamp, once

activated, shall remain activated as long as the

condition exists, whenever the ignition switch is
in the “on” position. An indicator lamp acti-
vated when the ignition is turned to the “start”
position shall be deactivated upon return of the
switch to the “on” position unless a failure exists
in the service brake system.

(d) Each indicator lamp shall have a red lens
with the legend “Brake Failure” on or adjacent
to it in letters not less than 34, of an inch hish
that shall be legible to the driver in daylight
when lighted.

§5.1.4 Parking Brake. Each three-wheeled
motorcycle shall be equipped with a parking
brake of a friction type with a solely mechanical
means to retain engagement.
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DISCUSSION OF STATISTICAL TECHNIQUES

INTRODUCTION

The field of statistics has grown out of a variety of disciplines such as
political science, economics, blology, geology and agricultural genetics. Sta-
tistical techniques address a variety of problems faced by each of these disci-
plines. During this century, various mathematical foundations have been con-
structed for the field of statistics and many of the seemingly disparate tech-
niques have been shown to be closely related in terms of their mathematical
content. This similarity between techniques developed in different fields is
due to the underlying similarity of the problems addressed in these fields:
namely, successfully making inferences about a larger parent population, given
the tremendous variation in the sampled data.

Statistics involves reducing the complexity of large amounts of data, so
hypothesized relationships can be tested, while controlling for possible sour-
ces of error and extraneous variation. Some researchers emphasize statistical
use of sample characteristics to make inferences about population characteris-
tics. Some emphasize statistical use of hypothesized models and the concomitant
techniques of parameter estimation, parameter testing and assessment of "good-
ness of fit."

Irrespective of particular emphasis, statistics i1s useful for the simple
reason that many of the facts we wish to know are only knowable at great cost
in time and effort and so we are forced to use a "sample" of manageable size
to provide us with an approximate understanding of the situation. Economically,
statistics allows us to arrive at highly probable answers by analyzing only a
small subset of information on the total population considered.

In a field such as statistics where techniques have been developed from
many different perspectives,it is not surprising to find that supposedly dif-
ferent techniques overlap in applicability and indeed sometimes may be shown
to be equivalent. With the advent of readily available computers and statis-
tical software, numerous investigators in the life sciences and natural sciences
are discovering for themselves the usefulness of using a multiplicity of tech-
niques to explore their data. For, while it is the rare data set that can
satisfy all the technical assumptions of any given statistical technique, it is
also the rare statistical technique that is so '"unstable" as to demand that all
of its technical assumptions be met exactly. This property of being "robust,"
i.e., continuing to produce reasonable answers under a variety of unreasonable
conditions, is enjoyed by many of the statistical techniques that are applicable
to the data bases avallable for the evaluation of the effectiveness of Federal
Motor Vehicle Safety Standards (FMVSS). Indeed, today many of the classical
statistical techniques are being rebuilt in more robust form and there are avail-
able a variety of robust modifications to the processes of estimation that are
amenable to any linear model situation, e.g., regression, analysis of variance,
and loglinear analysis [1].
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Besides both the creation of software packages supplying a variety of high
quality statistical procedures and the development of robust techniques of in-
ference, the last decade has also seen the development of new techniques, new
software and, indeed, a new way of thinking about data analysis. John Tukey
was one of the first to call attention to the split in statistical analysis
between those textbook techniques that are perfect for well controled experiments
and the less formal techniques and procedures that are useful for undesigned ex-
periments or when simply "exploring" new data. Tukey christened the former
"confirmatory data analysis' and the latter "exploratory data analysis.' The
original analogy used to contrast the two sets of attitudes was to point to the
differences between formal court proceedings used to arrive at 'the truth" versus
the more intuitive and less formal inferential behavior that a good detective,
such as Sherlock Holmes, would allow himself in the process of collecting evi-
dence that might or might not be used in a formal court proceeding at some later
data. While exploratory data analysis is never an answer in itself, experience
with its techniques has shown that it has unique value to the researcher when
faced with large, complex and perhaps faulty data bases. An introduction to the
wealth of techniques in exploratory data analysis is available from Tukey's text
and computer software for many of these techniques exists at a number of the larger
university computer centers [2].

Recently the field of data analysis (as differentiated from formal mathe-
matical statistics) has also been influenced by the development of useable
"Bayesian'" and pseudo-Bayesian techniques of inference. While these techniques
are firmly rooted in a purely mathematical foundation of inference, their ac-
ceptance has been limited, due to the continuing controversy among statisticians
as to their appropriateness in various situations. The nub of the problem is
that Bayesian techniques make a point of allowing prior information (sometimes
subjectively arrived at) to influence the results of estimation, model building
and, indeed, the complete process of inference from data. Such honesty about
the use of subjective information obviously is disturbing to those who feel that
data analysis both can and should be a totally objective process. However, the
benefits of Bayesian and pseudo-Bayesian techniques are quite attractive and
their use by a researcher in dealing with a real analysis problem should not be
seen as an endorsement of the full Bayesian philosophy of inference. Bayesian-
like techniques of data smoothing and of simultaneously estimating many param-
eters are of real value when trying to reduce the complexity and dimensionality
of multidimensional data sets. Similarly, such techniques allow a researcher
to incorporate previous data bases into the analysis of his present data base
in a logical, mathematically tractable and theoretically desirable way. Most
classical statistical procedures are hard put to find a way to use such prior

informdtion when exploring a new data base.

When addressing the particular problems of measuring the effectiveness of
various FMVSSs using the existing data bases, it would be unwise to become too
attached to any one approach to the analysis. Given the variety of data bases
and the variety of problems each data base presents, only a healthy electicism
towards statistical method and philosophy will provide the "robustness' of
inference and thoroughness of analysis necessary for adequate assessment of
effectiveness. The following discussion of different statistical techniques
is provided in the spirit of fostering such healthy electicism. Each technique
is applicable to some of the existing data sets and, in fact, it would often



be valuable to explore a particular data base using many such techniques
jointly or sequentially. For example, many data bases provide the researcher
with multidimensional tables of frequency counts in a number of categories.

Such data are amenable to many of the exploratory data analytic techniques to
look for potential structure; they are also amenable to a number of data reduc-
tion techniques such as principal component analysis and factor analysis in an
effort to reduce its complexity and dimensionality; more formally, the data or
some transformation of the data may be modeled, explored and smoothed using
loglinear analysis. Similar analyses may be tried using classical linear models
methods and "trusting' in the robustness of such methods [3]; finally, Bayesian-
like techniques are applicable when such tables of counts are updated periodi-
cally and one wishes to use the structure of past tables to influence the analysis
of the most recent table.

The point is that a thorough assessment of effectiveness demands a willing-
ness to apply many techniques to each collection of data and to assess findings
of each technique in light of the quirks of the data and in light of the findings
of other techniques.

This appendix is intended to provide an introduction to the concepts, vocab-
ulary and logic of some of the many statistical and data analytic techniques that
are applicable to the evaluation of the effectiveness of Federal Motor Vehicle
Safety Standards.
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ANALYSIS OF COVARIANCE

The analysis of covariance (ANACOVA) is a statistical procedure which pro-
vides a model for the behavior of a continuous dependent variable as a linear
function of a set of independent variables, some of which are continuous and
some of which are discrete. In this sense it combines the features of both a
regression analysis (continuous independent variables) and an analysis of vari-
ance (discrete independent variables). The entire problem is handled condi-
tionally on the values of the independent wvariables so that the only variation
assumed 1s in the dependent variables.

The most natural application of ANACOVA occurs when modeling observations
(Y's) which have been taken in the format of one of the usual analysis of vari-
ance designs, but other observable variables (X's) are available to the research-
er and they are suspected to be contributing significant effects to the magnitudes
of the Y's apart from any effects in the analysis of variance portion. Then one
ought to add to the model a regression of the Y's on these X's to better explain
the variability of the former. The X's are called covariates or concomitant
variables. The approach is to adjust the Y's according to the associated X's and
only then use the adjusted Y's for analysis and interpretation of the data accor-
ding to the original analysis of variance design.

An example will clarify the discussion of the previous paragraphs. Suppose
we wish to study the braking distance to full stop for different vehicles. We
take a set to such observation (Y's). Among the explanatory variables we might
consider are:

(a) Brake type - disc, drum, disc/drum (categorical/discrete).

(b) Vehicle speed at time brakes are applied (continuous).

(¢) Road surface condition - wet, dry, etc. (categorical/discrete).
(d) Vehicle weight (continuous).

etc.

1f, for example, we wish to compare brake types, it is clear that any effects
on stopping distance due to differences in brake types will be totally masked by
the effect of vehicle speed at the time the brakes are applied. Hence, to run a
meaningful test of differences in performance of brake types requires removing
the effects of differing vehicle speeds at the time the brakes are applied. 1In
this setting a test of differences among brake types would be handled by an anal-
ysis of variance while the differing vehicle speeds would be viewed as values of
an independent regression variable. The addition of further discrete variables
to this discussion elaborates the analysis of variance portion of the model while
the addition of further continuous variables results in additional independent
regression variables. However, the basic 1dea is unaffected. Ultimately,hyvpothe~
sis tests will be developed for the presence of effects for either type of variable,

The important assumption usually demanded for a valid analysis of covariance
is that the concomitant variables are unaffected by (i.e., independent of) the
analysis of variance variables. In the above example, for instance, it is rea-
sonable to assume that the vehicle speed at the time the brakes are applied is
independent of the type of brake system on the vehicle. Even when such indepen-
dence may not quite hold, one can still apply an analysis of covariance. However,



the interpretation of the results of such an analysis must be carefully considered
due to the confounding of variable effects.

We now formally develop the analysis of covariance (ANACOVA). For conve-
nience we assume one categorical (or discrete) varlable and one continuous
varable and then the model:

(1) ¥ =u~tfai+s(xij—x..)+e

ij 1]
j = l, cuo,‘ ni, i = l’ o0 ey k
with _ k ni , k
X..=L I X,.,n and n==1:x n
i/ i

1=1 j=1

In this model we would interpret Y,, as the observed stopping distance of
the jth vehicle (or jth stop of one vehigle) having brake type i. Xij is the
associated vehicle speed at the time the brakes were applied and is centered
about X. .3 the overall mean of the Xj 13 's and €44 is the model error for the
observations. These errors are assumed normally distributed and independent
(the latter being quite reasonable in our example). The parameter p is the
overall mean braking effect; a4 is the effect due to brake type i; and £ is the
regression coefficient for the independent variable, vehicle speed.

Two hypotheses are of interest to test

B 0, B ..0

2

k= 0, and

H,: B8 =20

Hy tests for the brake effects, i.e., no differences in performance of the
different brake types. H, tests whether the inclusion of the covariate actually
explained a significant amount of the variation in the Y's. Presumably Hp will
be rejected or else we would not be considering the X's in the first place. In
our example, certainly vehicle speed at the time the brakes are applied affects
the vehicle's stopping distance.

From (1) _

Yy = B (X, 3 - X..)
would be exactly the adjusted observation we would want for testing Hy;. Unfor-
tunately, since B 1s unknown, these adjusted Yij are not observable " However,
if b is an estimate of B we will define

Yij -b (xij - X..)

as the adjusted value of Y;. (usually said to be adjusted to X..). This adjust-
ment of the Y observations will change the entire picture of the experiment.

Let us introduce convenient and somewhat "standard" notation for the various
sums of squares to be considered.
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Sy L I (Y, - T )?
1=l jml j
k = |2

k n
i = 2
E =21 (Y, ~Y,.)
Vo ogm1 gm0
k ni - 2
S, =% z X,, =~ X .)
S T R 1]
k - e 2
T =3I n X = )
X i-l i 1e [
k o] :
i - .2
E_ =¢ z (X,. - X,)
gl oger HH
k ny -
§ =% T (X X )Y,,-Y )
{wl j-l ij ') ij e
k : .
T =73 = = =
i=]1 ni (xi;- x-o)(Yio- Yo‘)
k ni .
E =% I (x K, -¥))
w1 qm1 4 Le7TH3 T Tt
where
- oy - A
xi'-jfl xij/ni and X.. as before
k - k ni
- n - 1£1n1 T1e iEl jEl Yij
Y, =% Y, /u,andY = =
1. jul ij’ 1 ve n n

It i3 easy to verify that S =T <+ E , S =T <+ E and S_ =T + E_.
yy yy yyo o ®X xx x= Xy xy xy
Computational formulas for these quantities may be easily developed by expan-
sion.
First consider the hypothesis Hz. From (1) we may fit a regression line for

each of the n, observations at a fixed 1. The resultant estimators would be

i
ag - -
R T S I
bi - " ; > i=1, k
I (X, - Xy )
o T M
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Pooling these estimations we obtain:

k ni - -
Iz X,, ~ X, O0((Y,, -Y. )
E _ =l =l ij 1. ij i. i Exy
k. ni T 2 EXX
T b (X:ij - Xi )
i=1 j=1 *

52 E is the sum of squares associated with b while E__ - EZE 1s the
XX yy XX

appropriate error sum of squares. The former has one degree of freedom associated

with it while the latter has n - (k+l) = n~k~l. Thus, we can test Hz using:

=2
(2) b Exx

-2
(Eyy -~ b Exx)/(n—k-l)

The statistic (2) is distributed as F with 1 and n-k—-1 degrees of freedom
and we reject Hy for large values.

While b seems to have arisen in a rather arbitrary manner,one can show
that it is, in fact, the least squares estimator of B.

Returning to Hl’ under this hypotheses (1) becomes

(3) TR RIS R
The model in (3) is just a simple linear regression for the entire set of
n observations. The least squares estimate of B for such a model is

k .n{ _ _
Z 2 (Xij - X'O)(Yij - Y..) S
" i=]l =1 _Xy
b = " = S
k nq _ XX
) L (Xij - X.;)
{=1 j=1
b2 sxx is the sum of squares associated with b while Sy _p? S 4 1s the

error sum of squares for fitting (3). The difference between the error sum
of squares of the reduced model (3) and the error sum of squares of the full
model (1) is the sum of squares associated with the oy i.e., with H2 and
equals
T2 -2
S - b" 8 ~ E -b E_.)
¢ yy ) yy =

This sum of squares may be shown to have k-1 degrees of freedom associated
with it while as before the error sum of squares for the full model has n-k-1.
Thus, we can test Hl using



| ~2 2
(4) LSy = s ) - (E o -b B )/ (k-1)

-2 .
(Exx -b Exx)/(n—k-l)

The statistic (4) is distributed as F with k-1 and n-k-1 degrees of
freedom and we reject Hl for large values of F.

In addition to performing the F tests in (2) and (4) it is customary
to present a table of adjusted Yi's as an aid in interpretation. The adjusted

Yi's are defined as

Yi - b (Xi' - X”)

In our example the adjusted Yi would be the average stopping distance for
vehicle(s) with brake type i adjusted for speed when brakes were applied.
These adjusted average stopping distances can be compared directly to assess
differences in average performance of the various brake systems.

The reader seeking further detail on the analysis of covariance may con-
sult Bancroft or Snedecor and Cochrarn for elementary discussions [1,2].

To illustrate the Analysis of Covariance, consider the following fictitious
data set.

Number Brake Configuration 700 %0 7%, Dierunes
1 Drum 30 80 (4.38)"
2 Drum 40 105 (4.65)
3 Drum Type 1 50 | 170 (5.13)
4 Drum 60 240 (5.48)

Disc/Drum‘ - ‘ 30 ‘ 64  (4.16)
6 Disc/Drum Type 2 40 92 (4.52)
Disc/Drum : 60 226  (5.42)
8 Disc 30 60  (4.09)
9 Disc Type 3 50 140 (4.90)
10 Disc 60 , 210 (5.35)

*Values in parentheses are logarithms of stopping distances, which will be
used in the alternative analysis. These values are plotted in Figure B-1.
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Figure B-1. Plots of fictitious stopping distances.
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For ﬁhis set of data we compute:
S = 49,372,1 , S = 1450 , S__ = 8095
yy XX Xy ,

E_ = 47,830.1 , E_ = 1433,31 , E__ = 8048.3
vy XX Xy bl

T = 1542,0 , T = 16.7 , T._ = 46.7

vy XX Xy

Qur pooled estimate of B is

n E
B = EZX = 5.6

XX

The associated F statistic for Ho: B =0

2
(Exy/Exx)/l - 45,192.4

376.8

is = 119.9

2
(Eyy-Exy/Exx)/7

which is extremely significant,as would be expected.

To test HO: a, = ué = Og = 0, we compute the associated F statistic

2 2
[(SYY_SXY/SXX) - <Fiyy_Exy/Exx)]/z 771,01
€, B /B )/ " %e.g0 T
¥y Xy xx

which yields a description level of significance of approximately 0.2 under an
F distribution with 2 and 7 d.f. respectively. While this is not terribly sig-
nificant, it suggests that with more observations the hypothesis may be more
decigively rejected.

The adjusted Yi.'s are

adf T, = T, - 8 (X~ ) = 141.25 - 5.6 (45-45) = 141.25
adj ¥,, =¥, - 8 (X, - %, ) =127.33 = 5.6 (43.33-45) = 136.67
adj ¥, =¥, B (X, -X,) = 136.67 - 5.6 (46.67-45) = 127.33

A

Qur variance estimate is © 276.8 with ¢ = 19.4. Thus ¢

adj ¥, -adj Y,

= = = 15.8 d we see that the differ-
Cady T, - adj ¥ an

= 14,7 and ©
a

dj ¥ adj ?3.

3. 2.-.

ence in adjusted ?i‘ igs within the standard deviation, an insignificant finding.
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However, a bit of study of the data indicates that speed at time brakes
are applied (X) and stopping distance (Y) are not linearly related but are
related approximately exponentially; (this is in fact suggested by numerous
studies), i.e.,

Y = aebx

, Hence, log Y and X would be approximately linearly related. Suppose we
redo the analysis of covariance with log stopping distance as the dependent
variable. The log stopping distances are given in parenthesis in the last
column of the data table.

For this new ANACOVA we have

Syy = 2.47 | | SXx = 1450 Sxy = 58.8

E = 2.39 E = 143.3 E__ = 58.33
vy XX Xy

T = 0.08 T = 16.7 T = 0.47

yy XX Xy

This time B = 0,041 and the associated F statistic for HO:B = 0 is 1013.2.

Again to test Ho: 4 = dy = 0, we obtain

0.0666/2

0016477 - 142

F =

That is, now F is significant at level 0.005. The transformation of the
data has drastically improved the fit of the model and dramatically revealed
the differences between the brake systems. The differences are also shown by
the adjusted log ?i- which are:

I

adj log 1. = 4.91
adj log ¥ L= 4.77
adj log Y,, = 4.74

0.0023, we have o = 0,048. Thus, we have
= 0,036 and

Again, if we look at o

~

Gadj log Y, - adj log ?2. - adj log ?l-

- adj log Y3- = 0.039. Now the difference in adjusted log Y.,

1- -~ adj log Y3.

CIadj log ?2.

can exceed (between 1 and 3) 4 times the standard deviation, a highly signifi-
cant finding. ‘
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LOGLINEAR MODELS

Most of the classical statistical techniques such as regression analysis,
correlation analysis, analysis of variance and their multivariate extensions
concern themselves with the problems of finding, describing and assessing the
significance of relationships between continuous variables. Analysis of vari-
ance (and related techniques) provide methods to assess the variability of a
continuous variable on the basis of the presence or absence of discrete vari-
ables and so it provides a possible beginning point for the analysis of a dis-
crete dependent variable behavior as a function of discrete independent design
variables.

For many years the standard practice when faced with truly categorical or

- frequency count data was to use analysis of variance even though its use could not

be generally supported by theory. However, through the tricks of transforming
the original dependent variable, theoretical justification for analysis of
variance of discrete data could be argued.

Recently the problem of correctly analyzing discrete data has been put on a
solid theoretical footing with the development of loglinear models, which are
described by Haberman, and Bishop, Fienberg and Holland [4,1]. Rather than con-
tinue to belabor the mathematics of the normal probability distribution that
forms the backbone of the linear models involved in regression analysis and anal-
ysis of variance, a number of researchers have applied themselves to the develop-
ment of a body of theory that is specifically designed for the analysis of fre-
quency count data, especially frequency count data that take the form of cross-
classified . tables of counts.

The essentilal idea that allows development of such models is replacing most
of the normal distribution by the Poisson distribution as a starting point for
any theoretical discussion. The Poisson and the related multinomial distribution
are the basic sampling distributions used in frequency count data. Just as the
normal distribution enjoys the properties of being mathematically tractable,
broadly applicable, and theoretically justifiable for continuous data,so too does
the Poisson enjoy the same properties for discrete data. By modeling frequency
counts as random variables generated by Poisson processes, the problem of ana-
lyzing such sets of counts can be couched in terms of the well developed theory
of estimation for exponential families of frequency distribution [4,6].

In matrix notation the classical models can be expressed as follows: let
Y be a vector of observed values, let X be a design matrix, let § be a vector of
model parameters, then any of the standard regression and analysis of variance
models may be expressed as

E(Y) = X8 ' (L

where E(.) is the usual expectation operator. Loglinear models may be expressed
similarly by letting f be a vector of frequencies, T a design matrix and c a
vector of model parameters, then the loglinear model is given as

g E(f) =T c (2)

where 2n is the logarithm function.
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Once the model, (2), is set up, the problem of estimating the vector of
parameters c must be considered. Concomitantly the problem of estimating the
actual predicted values, E(f), must be faced. Fortunately, if one solves either
problem, the other is automatically solved.

Various researchers have suggested various techniques to solve the estima-
tion problem. The major schools of thought can be categorized as the maximum
likelihood approach [1,4], the minimum discrimination information approach [5]
and the weighted least squares approach [3]. All of these approaches are iden-
tical asymptotically and, more realistically, they all seem to agree on reason-
able size data bases. However, there i1s no proof that for finite samples they
would always "agree." The choice of technique is really a matter of specific
application, complexity of analysis desired, and ease of computation. For most
loglinear models as applied to cross—classified data, the maximum likelihood
approach offers the user an easy algorithm to be employed to compute E(f) under
the model and to, therefore, estimate the vector of parameters c¢. The algorithm
is called iterative proportional fitting and dates back to 1940 when it was used
to adjust tabled data so that the table's marginal distributions would "agree"
with some desired standard distribution [2]. (See the Adjusting Rates section
of this appendix for more discussion of the use of the iterative proportional
fitting algorithm.) For situations in which more than just "model fitting' is
desired, then a generalized Newton-Raphson technique must be used to solve the
maximum likelihood equations or one must forego maximum likelihood and turn to
one of the other techniques. Newton-Raphson maximum likelihood, weighted least
squares and minimum discrimination information techniques all demand the ability
to invert large matrices, but they all provide the user with the necessary
parameter variance-covariance matrix needed for testing and setting confidence
limits. Simply put, the detail of analysis desired is directly related to the
computational power to which one must have access.

Regardless of the particular estimation techniques used to fit and test
models for categorical data, it is now possible to explore such data from a
sound theoretical footing with the use of loglinear analysis.
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CLUSTERING

A cluster is a group of similar objects. As such, clusters are very famil-
iar; indeed, almost all words are cluster labels; car, house, physician, milk-
shake, green--all conjure in the mind generic objects or qualities. Clusters
serve many purposes, of which three major ones are swmmarizing, prediction, and
theory development.

Clusters summarize because objects are described by properties of the clus-
ters to which they belong. All the details particular to the object and irrel-
evant to the present purpose are ignored. For example, in response to "What bit
the mailman?" the reply, "a dog," or, "an Irish Setter," is better than "Sir
Oliver Flaherty,..." where the pedigree has been omitted, even though all those
responses describe the same animal.

Clusters predict because we expect objects in the same cluster to be sim-
ilar, or to share similar properties. When the clusters being examined are
sufficiently distinct (and particularly when this is unexpected), there is great
incentive to uncover the reasons underlying the clustering. This may lead to
new theory, and thus, the third major use of clustering.

The recent formal development of clustering techniques began in the 1950's
spurred on by biologists interested in numerical taxonomy. Many of the tech-
niques in use are eminently reasonable, but have as yet no sound statistical
basis.* In the introduction to his book, Exploratory Data Analysis, Tukey says
that it is well to know what you can do before you measure how well you have
done it [6]. :

To the extent that methods of measuring "how well one has done'" are still
unavailable, clustering remains an art to be practiced with care. The ready
availability of computer programs that cluster has probably led to an many un-
sound and incorrect analyses as the blind use of multiple regression.

Methods'of Clustering

Clusters can be grouped as follows:

® Partitions
e Hierarchical clusters

e Clumps

'In a partition, an object cannot belong to two clusters simultaneously, and every
object is in a cluster. In hierarchical clusters there are different levels of
clusters. At each level the objects are partitioned. At the highest level, all the
objects are in a single cluster. Lower level clusters are either wholly within or
wholly without higher level clusters~~the classic example being the clagsification of
animals: a lower cluster being "primates," which 1s part of "mammals," a subgroup

of "vertebrates," etc. The hierarchy is often described by a tree or dendrogram,

*
However, it is reassuring to note that many sturdy babies have parents totally
ignorant of genetics and physiology.
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with high level clusters as big branches, lower level ones as twigs. The objects
clustered would be leaves. Clumps are clusters that can overlap. In later sec-
tions, unique assignment of objects to clusters is the main interest and clumping
is not considered.

So far, the objects to be clustered have not been clearly defined. In most
applications the data are arranged as an array, with cases as rows and variables
as columns. Usually the objects to be clustered are cases and the variables are
used to determine cluster assignment. After clustering, the average or modal
value of a variable in a cluster is the typical value for a case in the cluster.
The cases have been reduced to a lesser number of clusters. The variables can
be reduced in a similar manner. If linear combinations of variables are consid-
ered, the first few principal components or some small number of factors from a
factor analysis might be kept. The clusters then correspond to the principal
components or factors. There are also techniques that simultaneously cluster
both cases and variables. :
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Some Specific Clustering Techniques

For each method described, the kind of data for which it is appropriate, the
nature of the clusters produced and an illustrative example are given. The de-
scription of the technique is pared to the motivating rationale; greater detail
and complete algorithms can be found elsewhere in the references.

K-means

This technique uses Euclidean distances. The variables used in the distance
calculation should be continuous and properly scaled. Given a specific number K
of clusters, it allocates objects to clusters so as to minimize the within-cluster
sum of squares. The allocation is achieved by iterative swapping of points be-
tween clusters, and a version of the algorithm is soon to be available in the BMDP
set of statistical computer programs.

The clusters produced by the K-means technique tend to be convex--if the
clusters are expected to be snakelike, then K-means is inappropriate, as the
"snake'" generally will be broken into more than one cluster. See Figure B-2.

When the number of clusters, K, is changed, the new clusters need have no
nice relationship to the old ones. Indeed, the question of how many clusters
to use is still open, despite recent theoretical developments.
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Figure B-2. K-means clustering.
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Single Linkage

This method uses Euclidean distances, and it produces hierarchical clusters.
Typical objects for which single linkage is a good technique are stars in the
sky, and the corresponding clusters are constellations. With this example in
mind (see Figure B-3) a clustering is determined by a threshold distance. If,
by moving from star to star with jumps less than this threshold, it is possible
to move from one star to some other star, then these stars are in the same clus-
ter or constellation. When the threshold distance is increased, early clusters
join to form larger omes. Single Linkage clusters are usually long and straggly,
and are most unlikely to be convex. As such, they do not correspond to one's
intuitive idea of a cluster being a distinct ball in multidimensional space. The

fault, if any, lies with intuition, which is but the unusual and incomprehensible
tamed by familiarity.

Figure B-3. The constellation Ursa-Minor, with its single linkage
cluster indicated.
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Some Difficulties with Clustering

Almost all clustering algorithms work with distances. Once the clusters
have been found, and compelling reasons for their existence unearthed, then good
variables that separate the clusters can be defined. However, it is exactly
these variables that we need to produce the clusters. This is not the ''chicken
or the egg" problem exactly, but it does show that the activity of clustering
should be iterative: one clusters, then scrutinizes the results, and clusters
again.

If variables are measured in different units--say speed in kilometers per
hour, lengths in millimeters and distances in meters--they are not immediately
comparable. They should be scaled before being used in calculating distances.
The usual scaling standardizes using an inverse covariance matrix, to produce
Mahalahobis-like distances. When doing this, it is most important to use the
within cluster covariance matrices; even if the clusters are real, their posi-
tioning may lead to an overall covariance matrix that cannot show the individual
clusters distinctly, as shown in Figure B-4.

c
/ .

Axes Based on
Within-Cluster
Covariances

Axes Based on
Overall Covariance
Matrix

Figure B-4, Scaling with different covariance matrices.

Another question that has to be decided by the practitioner stems from the
following: when many highly correlated measurements have been.made on each
object, the particular attribute measured is given importance corresponding to
the number of measurements taken. Taken to extremes, only that attribute will
be used in producing clusters. If Euclidean distance is used, this effect can
be satisfactorily dealt with by using the principal components, each standar-
ized to have unit variance, since the many essentially repeated measurements
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will tend to produce one principal component. However, by standardizing to unit
variance, those principal components associated with the smallest latent roots,
and which therefore correspond to random error in the data matrix, are given the
same weight as the components with most of the information. Knowledge of both
the clustering technique and the field in which 1t is applied is important if one
is to guard against such possibilities.

The focus of much current research in clustering is how can the reality of
clusters be assessed. For most clustering algorithms there is at best very lim-
ited theory leading to testable hypotheses. Most cluster validation is performed
bv running the algorithm on the data several times, omitting cases and/or vari-
ables at random. Those clusters that survive best are judged more likely to be
actually present in the data. While the statistical theory can be circumvented
by such devices, precise understanding of the relative merits of different clus-
tering algorithms will develop only in conjunction with the theory.
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MATCHING

Matching elements from two (or more) populations prior to making inferences
about the differences between the populations has a long history in statistical
studies. This is primarily due to the fact that matching is such an intuitively
reasonable procedure.

Comparing similar elements to assess ''treatment effects'" rather than com-
paring, say, the two sampled population means seems like a reasonable procedure
to use to reduce extraneous sources of variation that could possibly "mask" the
treatment effect itself.  Historically, it is this intuitively appealing notion
that matching is, in effect, a '"self blocking" technique useful for variance reduc-
tion that has made matching such a popular technique. Recently, matching has
received added status as a straightforward method to reduce sampling costs in
expensive experimental situations, e.g., experimental medical trials, surgilcal
techniques or cancer treatment programs. Another recent application has been
to apply matching in a post hoe fashion so as to 'increase ome's powers of in-
ference" in non-experimental situations such as survey data.

It is especially the latter application of matching that is germane to the
evaluation of FMVSSs using existing data bases, because we are often attempting
to compare Pre~ Versus Post-Standard vehicles '"free'" of extraneous sources of
variation. Matching is then very appealing as an easily understood method of
variance reduction in observational evaluation studies such as the evaluation
of Standards. However, there are definite methodological and even purely prac-
tical problems associated with matching. Over the last few years a number of
researchers have strongly argued that matching is:

(1) Over-rated as a variance reduction technique.

(2) Expensive to implement, because even reasonably large data bases
lose both in creating a large enough potential matching pool
and then in searching for matches.

(3) Capable of producing extremely non-representative samples of
* "matched-pairs" neither member of which adequately reflects
its parent population.

(4) Capable of actually masking certain effects related to the matching
variables.

(5) Easily replaced by well-understood techniques of analysis of co-
' variance and straightforward blocking, which is the most damaging
observation.

Entry to this literature is afforded by the review articles of Cochran and
Rubin, and McKinlay [1,2]. A less technical overview that sounds a cautionary
note is the more recent article by McKinlay [3].

ln conclusion, we do not recommend matching as one of the essential ap-
proaches to the analysis of the existing or proposed accident data bases. Our
recommendation is based on the simple fact that for such large data bases it is
" methodologically sounder and more cost effective to use analysis of covariance
and/or blocking as the basic approach to "controlled" comparisons of different
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groups. This is not to say that matching should not be used in the exploratory
gtages or even when asking specific questions-~it should. Like aspirin, matching
is not dangerous when used for specific small scale problems and when used in
modergtion. But is foolhardy when used to the exclusion of other more robust
techniques or when used in situations, such as comparisons of large data bases,
where it is expensive to implement, wasteful of potential data (the "ummatch-
ables"), and potentially faulty in its implications.
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ADJUSTING TABLES OF COUNTS OR RATES

There are many reasons why a data analyst must sometimes analyze and sum-
marize "adjusted" data rather than original data. Most of the reasons are
directly related to the fact that the raw data have certain undesirable prop-
erties due to difficulties that have occurred in: the data generation and data
collection processes.

Some frequently encountered situations and their related reasons for
adjustment are: '

The Direct and Indirect Methods of Adjusting Rates

These methods address the fact that rates of occurrence in various strata
of different populations are not directly comparable if the populations have
differing strata structures. This is true since the rates would reflect both
differing strata structure and (possibly) population differences of interest
to the analyst. It 1s necessary, therefore, to "hold" structure constant in
some sense and only then proceed to make inferences about possible differences
between populations. The direct adjustment method approaches the problem by
creating a standard population structure and then applying each particular
population's rates to this standard population. The result of such a process
is a set of expected rates for each population that are comparable in the sense
that they are all computed from an agreed-upon standard population structure
but reflect individual population rates. The indirect adjustment method ap-
proaches the problem by creating a standard set of rates and then applying
these standard rates to the number of exposed cases in each cell of the indi-

-vidual population's strata structure. The result is again a set of comparable

expectéd rates for each of the populations. The classic technique used for
creating a standard population structure is simply to use the sum of the indi-
vidual populations; similarly, the classic technique to derive a standard set
of rates is simply to sum the occurrences and exposures across population for
each strata group. When the standard population or rates are chosen from some
outside source, the decision is, of course, highly dependent on the analyst's
understanding of the implications that various choices have for his adjustment
procedure; in other words, the choice is a matter of subjectively choosing a
standard that is appropriate to the particular -analytic. purpose at hand. A
wealth of literature exists which discusses the usefulness and the dangers of
such techniques. Entry to it would be provided by the following references:
Fleiss (1973), Yerushalmy (1951), Kitagawa (1964), Kalton (1968), Goldman (1971)
and Bishop, Fienberg and Holland (1975).

The Adjustment of a Table's Margins to Show "Structure' in the Table and the

Adjustment of Different Tables' Margins to Allow Comparisons between Tables.

Often tables of counts are collected so as to allow assessment of associa-
tion between the variables that define the table structure, e.g., a table of
counts of accidents by age and sex of driver would be useful to explore the
age-sex association. Of course, we must first define a meaningful and manageable
measure of association. A useful reference to the rich field of measures of as-
sociation is Chapter 11 of Bishop, Fienberg and Holland (1975); however, for our
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purposes we will focus on the cross-product ratio (for a 2 x 2 table) and on sets
of such ratios for multidimensional tables. The essential characteristic of the
cross-product ratio that makes it an ideal index of association is that it remains
invariant under trow and column multiplications by positive comstants. Translated
into real tables, this means that tables such as below exhibit identical associa-
tion between factor A and factor B,

2.4 _ 4,40 12.20 .
(37 = 530 = 90.10 = cross-product ratio).
B | B B
A . A 4 30 A ;2 90
1 4 2 40 1 20

They are simply row and/or column multiples of one another (double the first
column and multiply the second by 10 to go from the first to the second table;
halve thé second row and multiply the first row by 3 to go from the second to
the third table). In fact, any table of the form »

B

2 rlc1 3 r;c,

1 r,cy 4 r,cy

exhibits equivalent association between factor A and factor B. With the equiva-

. lence of tables under row and column multiplications in hand, we may now approach
the problem of displaying association in a table 'free of marginal disturbance."

A useful approach to the problem of presenting the association in a table to an
audience would be to find an equivalent table that has simple margins, such as all
marginal totals being 100 or 1, and then use this table to discuss the association
structure exhibited by the data. The same idea of 'standardizing'" the margins is
extremely helpful when attempting to look for differences between the structures
of two or more tables. By standardizing, the individual cells are directly com-—
parable and similarities and differences stand out free of '"masking" caused by
marginal differences between the tables. References for the cross-product ratio
that are recommended would include Bishop, Fienberg and Holland (1975), especially
Chapter 2; Goodman (1964); Mosteller (1968); and Plackett (1973).

The Smoothing of Data to Provide More Precise Egtimates of Cell Probabilities

Another problem facing the data analyst interested 1n the analysis of multi-
dimensional tables 1s that he often has very small cell counts in a large propor-
tion of his full table. Only by collapsing across variables do reasonable cell
counts become available. In these situations (since the faith one can put in any
particular estimated cell probability is essentially a direct function of the
observed cell count), there are many cell estimates that the analyst feels unsure
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of. A solution to this problem is to use the lower dimensional "faces" of the
multidimensional table to model the full table and thereby provide smoothed
estimated cell probabilities with characteristically smaller variances than

the raw cell proportions. This technique is the heart of the approach to log-
linear model building that Bishop, Fienberg and Holland (1975) present. Their
whole approach to loglinear models and, therefore, to adjustment by providing
smoothed cell estimates, depends upon the process of marginal standardization
just presented in the last section. Namely, lower dimensional observed marginal
tables are used as the '"standards" while the initial cell entries in the full
table are all set to one so that no association (i.e., interaction term) will be
preserved other than what exists in the "standard" marginal faces. Of course,
other techniques of loglinear model building also provide smoothed estimates with
smaller variances too, but they are not so intimately related to the process of
marginal standardization. For example, for the mathematically inclined,Haberman
(1974), especially pages 376-385, is recommended.

Thus, the reasons for adjustment are: (1) to allow for meaningful inter-
pretation of data and meaningful comparison of separate sets of data; and/or
(2) to provide cell estimates in contingency tables that enjoy greater precision
than the original data's cell proportions.

Other than the techniques of rate adjustment already mentioned, there is
but one underlying technique that must be mastered to accomplish the various
"standardization" adjustments and most of the loglinear model building forms
of adjustment: namely, iterative proportional fitting (IPF). This iterative
technique was suggested by Deming and Stephan (1940) for the adjustment of
tables to make margins fit properly; they orginally had no thought of "pre-
serving association under marginal multiplications' but rather suggested IPF
as an approximation to a least squares procedure they were proposing.

IPF is easy to remember if one can just focus beyond the acronym to the
process of "iteratively proportioning the desired margins among the table's
cells until all margins converge on the desired margins." 1In three dimensions
we would begin with some margin, arbitrarily that of variable 1, and adjust
every cell in a given layer of the margin by the same multiplicative factor,
so that the adjusted layer adds up to the desired marginal total. Next, add
up the adjusted marginal totals for variable 2 and adjust each level by multi-
plying by a factor that makes them add up to the desired variable 2 margin.
This, of course, messes up the margin for variable 1, but proceed on to variable
3. Having completed the adjustment so that margin 3 adds up correctly jboth mar-
gin 1 and margin 2 will be out of kilter. Now simply start the cycle over again
with variable 1. The process of iteratively proportioning the margins converges
rapidly to a table of all counts with the property that they add to the desired
margins.

A simple example using a 2 x 2 table might be valuable:
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2 3 S 1.4 6] 1. 1
1 4 511 2 .81 1. 1
Actual margin 3 7 .6 1
Desired margins 1 1 1
667 429 11.096 1 . 609 .391
.333 471 904 |1 | <P .368 .632 111
! L | .977 1.023
| 1
.623 .382 1.005 1 .620 .380 1. 1
I > :
.377 .618 .995 1 .«379 .621 1. 1
1 1 .999 1.001
1 1 1 1

l‘STOP[

Notice that the process of IPF has in fact left the cross-product ratio unchanged

.620 x .621 , 8
.379 x .380 3/ °
IPF is the algorithm that one would use:

(i) To adjust table .entries to fit more up-to-date margins such as when
margins reflect recent low dimensional data but the table entries
are drawn from an older detailed sample. In modeling terms, this
situation is using the detailed sample for higher order terms and
the ‘low dimensional data for lower order terms,

(i1) To adjust table entries to fit hypothetical margins or some selected
set of marginal totals such as all ones (1) or all 100's. This
standardization of margins makes it easy to discuss table structure
without being bothered by different sample sizes and marginal totals
in various layers of the table and, of course, it provides a neat
way to allow for immediate comparison of structure between similar
tables unencumbered by marginal variation between tables.
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Besides these classical uses of IPF to adjust tables, the algorithm can be
used to create most loglinear models of interest in the analysis of multidimen-
sional contingency tables. The only new trick involved is to pretend that all
one has are the margins and then iteratively proportion them throughout the full
table that is initially filled with a constant value in each cell. (It is con-
venient to pick one (1) as the constant for each cell.] This process yields cell
estimates that are identical with those of the loglinear model which has terms
corresponding to each of the marginal faces used in the IPF.. Actually, there is
a techniical quibble here in that the use of, say, a two-dimensional margin in IPF
is equivalent to having both the corresponding two-factor interaction and both
single factor terms in the loglinear model. For detailed information, the reader
: is urged to refer to Bishop, Fiemberg and Holland (1975), and Fienmberg (1977) but
i a simple example would show the basics.

‘ 1 2 5 2.5 2.5 3 5
2 ~P 1 2.5 2.5 5 5
Fitted Margins 2 2 7 > >
Desired Margins 3 7 3 7
1.5 3.5 5
1.5 3.5 '
| 3 7
il
; 37

| Note that the cross-product ratio is one (1) indicating complete independence or
lack of association between factor A and factor B which corresponds to the log-
linear model with no two factor interaction term.

The IPF algorithm is also valuable because (8) it provides non-zero cell
estimates for cells with sampling zeros (providing that the whole layer is not
empty) and (b ) it is easily amended to fit very complicated models where cer-
tain cells have to have some particular value. The ability to provide non-zero
cell estimates is a simple function of the fact that the initial table of ones
(1) is used to spread the observed marginal totals through the table. Therefore,
empty cells are 'proportioned” a share of the marginal information for their :cow,
column, layer, etc, Similarly, the characteristic of being able to fit tables
i (equivalently, models) with fixed zeroes, fixed diagonals, etc. 1s accomplished
§ by simply leaving a zero in the initial table for those cells and adjusting the
"initial margins to "leave room" for whatever fixed value one wishes to have.
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In summary, IPF is an easy-to-program algorithm with broad applicability
to the various types of adjustment problems we have discussed. It is also the
basis for computing the expected cell counts under a wide class of loglinear
models and so it ties together the problems of adjustment and the related prob-
lems of data smoothing by model building and prediction for multidimensional
contingency tables. One should not,however, believe IPF is necessarily the only
or even the best answer to loglinear model building and the concomitant process
of data smoothing. As an ddjustment technique, IPF 1s a marvelous tool but as
a model building and testing device it lacks certain traits. It can not, for ex-
ample, provide the user with a parameter covariance matrix, so certain hypothesis
tests and confidence level statements are precluded. The only solution to this
problem is to turn to other techniques for model building and testing. Good
references for such techniques would be: Bishop, Fienberg and Holland (1975) -
Chapter 10 provides an overview of such techniques; Haberman (1974) - difficult
but elegant presentation of the maximum likelihood approach; Grizzle, Starmer
and Koch (1969) - the linear models (GENCAT) approach; and Kullback (1971) - the
information theoretic approach to loglinear model building.
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. APPENDIX C
DISCUSSION OF PROPOSED STANDARD IMPLEMENTATION COST CATEGORIES

NHTSA has stated that to measure the coﬂéumer's out-of-pocket expensés,the cost categories
should be: :

¢ Direct manufacturing e Manufacturers' markup
e Indirect manufacturing e Dealers' markup
e Capital investment (including testing) e Taxes

However, we feel that the consumer's initial costs are determined by a complex process, with
different types of bargaining at the retail, wholesale,and manufacturing levels. It is well
recognized, and also acknowledged by the auto manufacturers, that wholesale prices are set in
response to market*gonditions, and that their relationship to manufacturing cost is loose. In
a recent CEM study this question was examined and no relation was found between annual in-’
creases in manufacturers' cost of satisfying FMVSSs as estimated by GAO, and the retail price
increases.

Certain cost categories can be well estimated: direct and indirect manufacturing, and capital
investment, including testing. These costs represent real resources used. The question of
markups is conceptually very difficult, considering the manufacturers' pricing strategies
(trying to cover a market spectrum) and the oligopolistic nature of the market. Using average
gross profits for the manufacturing markup would be incorrect and misleading. To find the
true markup would require a major study examining manufacturers' detailed cost data and pric-
ing practices (internal and external).

The question of dealer markup is somewhat easier to consider conceptually; however, to deter-
mine it in practice is complicated by the trade-in of used cars. It appears highly likely
that there is no fixed percentage markup on the dealer level, but a more complicated relation-
ship which depends on the value of the new vehicle, the trade-in and other market conditions.
Using an average gross profit, or the difference between wholesale and retall-prices, would
also be inaccurate and misleading.

With regard to the issue of taxes, this cost is not only borne in the form of a sales tax as
the fraction of the components cost of the total car, but it is also accumulated at every stage
of manufdcturing in the form of property, payroll, sales (intermediate) and exclse taxes. In-
come taxes are another cost; however, they are not directly related to the resources used but
to the profitability of the manufacturers. :

Therefore, based on the above discussion, we consider it beyond the state~-of-the-art to esti-
mate the true out-of-pocket cost of new car buyers due to satisfying the FMVSS. Good esti-
mates of the costs of real resources consumed can be made, but these costs apparently are not
passed on immediately or directly to the consumer of that model. Other costs (markups and
taxes) are conceptually and practically difficult to establish. The most reliable estimate
of consumer cost would have to be aggregated over the entire market and a several year period
in order to account for changes in market strategy and conditioms.

Another point of concern with regard to the collection of data on cost items is the periods
of comparison--one model year before the effective date versus the model year that the Stan-
dard became effective or the next model year. The first point is that manufacturers have
made changes to vehicles prior to the effective date of compliance, especially in the case of
totally new models. Secondly, there is the learning curve effect in most manufacturing pro-
cesses which will reduce the effective cost of manufacturing over time. With regard to this
second effect, savings would be difficult to estimate, especially as these new components be-
come more lntegrated into the basic structure of the vehicle. Therefore, using thece time
periods for comparison may tend to overestimate the cost of the Standard.

*personal communication from Warren G. LaHeist, January 1977.

**CEM Report 4194-574, Program Priority and Limitation Analysis, December 1976, Contract
DOT-HS~5-01225.



APPENDIX D
ANALYSIS OF CYCLE GUIDE ROAD TESTS:
1974 AND 1975 MOTORCYCLES
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D.1 INTRODUCTION
FMVSS 122 - Motorcycle Brake Systems - went into. effect January 1, 1974.

It specifies required equipment relating to motorcycle brake systems and estab-
lishes test procedures for these systems. The overall purpose of this Standard
is to avoid accidents by insuring safe motorcycle braking performance under
both normal and emergency conditions.

An authoritative publication in the motorcycle field is cyecle guide, a
monthly magazine which reports on competitive events, offers technical "how-to"
articles, suggests travel and touring tips, and conducts regular road tests of

new model motorcycles.

D.2 CYCLE GUIDE MOTORCYCLE ROAD TESTS

Reports on road tests of approximately three or four motorcycles are found

in each issue of the monthly magazine. For the purpose of this report, magazines
for 1974 and 1975 were investigated. Road tests of motorcycles used for trials/
trail riding or for motocross racing were excluded, since off-street motorcycles
do not have to meet the regulations of the Standard.

D.2,1 Description of the Road Test

Each motorcycle road test follows the same pattern. Each motorcycle is
subjected to rigorous riding and testing. It is ridden under a variety of
conditions (for example: average riding conditions; in dovmtown traffic; on
hills, highways, and freeways; on smooth and rough roads; on windy and rainy
days, etc.) and for long periods of time (many hundreds of miles). The pub~-
lished reviews include many pictures of the motorecycle in action and many pithy
comments on the cycle's performance. The standard format is:

® General discussion of the motorcycle, including comparisons
with past models.

e Engine and gearbox
e Handling
» Comfort and ride
e Braking
. Reliability during test
e Summary and conclusion.
In addition, a chart of specifications for each motorcycle is given (see Figure

D-1 for an example) and each review concludes with three graphs showing the:




SPECIFICATIONS

Enginetype. . . ... . ... e two-stroke
Cylinderarrangement . . . ................. transverse, parallel twin
Port arrangement one imnko, two transfers, one exhaust, piston-controlied
Boreandstroke. . .., ...t it i i 70mm x 64mm
Displacement , e i bt e et e e 432.6cc
Compression atio. . ... .. e e e 6.6:1
Ilgnition. .............. e battery / dual coil / dual point
Chargingsystem . , ... ......... 12-volt AC generator, silicon rectifier,
‘ solid-state voltage regulator
Carburetion ..................... two 32mm Mikuni siide/ needle
Airfilter .. ... ....... e e washable oiled foam slement
Lubrication. . . ................ oil injection, 1.9 qt. oil tank capacity
Primarydrive ... ... ... ... .................. helical-cut gears
Clutch .. ....... PR wet, seven driva piates, seven driven plates
Startingsystem . . ... ... e e kick, in neutral only
Transmigsion, ... ........................ S-speed, left foot shift
Overalidrive ratios . .. ... {1)13.75; (2) 8.68; (3) 6. 38 {4)5.23;{5)4.79
Transmissionsprocket . . .. ... ... .................... 15-100th
Rearwheeolsprocket . . .. ............................ 33-tooth
Orivechain .. .. ................... 8% in. pitch, %4 in. wide (#530)
Frontforks . . . .. e e e e e 2.6in. travel
Rear shack - i 5-way adjustable, 1.8 in. trav
Frontbrake. . .. ..... ................. drum, double-ieading shos

Brakes: | Rearbrake ..,............ drum, single-leadingshoa, cable operatad ,

......................... 3.25 X %5 En'ﬂgestone fibbed
Reartire . . . ..................... 4.00 x 18 Bridgestone universal
Frome .. ... ........ e e e tubular steel, double downtube
Steeringhesdangle . . ... ................ 29 degrees from vertical
Frontwheeltrail .. ... ... A .8.1in,
Wheelbase . . . .............. ... ... 0 uvun.. 57to 58 75in.
tength /. .............. e e e e e e :87.6in.
Waight. .. ............. e e e e e e 412 }hs.
Weightdistribution . .., ........ e 49% tront, 51% rear
Groundclearance , ... ................. 6.3in. at mdestand bracket
Seatheignt . . ... .. e e e e e e 31.5in.
Handlebarwidth .. ... ... .. ......................... 31.8in.
Handlebar gripheight, . .. ... ................. v 42.5in,
Footpegheight . . ... .. ... ... .. . ..., 11.7in.
Instruments, . . . tachometer, speedometaer, trip moter resettablain tenths
Goastank . ... ... ... 3.7 gal, steal
Gas mileage . . g e A 36.0 mpg average

Best i 5

Stopping topping distance from 30 mp T 346t 11in,
. . L_Stopping distencetromGOmph. . . . .. ... .. .. .. . . .. 1231t
Distance: Tuggested retail price . . . . . ... . .. ... ... 31045 East and Wost Coast

Source: cayele guide, May 1974,
Figure D-1. Specifications for Suzuki T500L Titan.

e Amount of rear wheel torque availlable at any speed, at any
rpm and in any gear.

e Amount of horsepower delivered to the ground as measured by a
rear wheel dynamomoter.

e Minimum and maximum speed in miles per hour in each gear.
D,2,2 Data on Road Tests Analyzed
CEM analyzed 35 street motorcycles road tested by cycle guide; this in-
cluded 18 1974 models and 17 1975 models. We considered manufacturer, size,

types of front and rear brakes, stopping distances, separate comments on front

and rear brakes, and cycle guide's overall evaluation of the motorcycle's brake

system.



Manufacturer

Japanese-manufactured motorcycles accounted for 80 percent of the 35

motorcycles tested by oycle guide. A detailed listing is in Table D-1.

TABLE D-1
NUMBER AND PERCENT OF MOTORCYCLES TESTED, BY MANUFACTURER

Manufacturer Number and Percent

Japanese 28 - 80 %

Honda 10 (36%)
Kawasaki 8 (29%)
Suzuki 6 (21%)
Yamaha 4 (14%)

British (Triumph) 2 - 6%
Bavarian (BMW) 2 - 6 %
American (Harley-Davidson) 1 - 3%
Canadian (Can Am) 1 - 3%
Italian (Laverda) 1 - 3%
Total 35 101 % (due

to rounding)

Size R

The 35 motorcycles road tested were broken down into the same size
categories CEM suggested using for the motorcycle dynamometer brake test to
evaluate motorcycle performance. The weilght among the tested cycles was dis-

tributed as follows:

o 125-349 cc: 8 cycles (22%)
o 350-449 cc: -~ 6 cycles . (17%)
e 450-749 cc: 7 cycles  (20%)

e 750cc and over: 14 cycles (417%)
35 cycles (100%)

Types of Brakes

The type of front and rear brake &as listed for all except one of the
tested motorcycles. There is a great variety indicated among these cycles,
both .among the type of brakes on the cycle and the comEination»of front and
rear types. Howevef:

e Single action hydraulic disc brakes cdmprised 53 percent of the
front brakes, and

’o Single leading shoe rod-operated drum brakes comprised 65 percent
"of the rear brakes.
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Table D-2 outlines the types of brakes cycle gutde listed for the 34 motor-

cycles, on how many cycles they were found and the percent, for each, of the

total.
TABLE D-2
TYPES OF FRONT AND REAR MOTORCYCLE BRAKES
Front Brakes No.| % Rear Brakes No. %
Single action hydraulic disc 18 53 % Single 1ead1ng shoe, drum, 22 65 %
Single leading shoe, drum 5 | 15 fod-operat?d
Double action hydraulic disc 3 9 S;gg}:_;g:g;ggdShOE’ drum, 6| 18
Double Teading shoe, drum 2 6 Double action hydraulic caliper, 3 9
Single action floating 2 6 disc
calipers, dual disc Single Teading shoe, internal 2| 6
Single action hydraulic 2 6 expansion
calipers, dual d‘§° Double leading shoe, drum, 1 3
Double action hydraulic 1 3 cable-operated — | —
calipers, dual disc 34 | 1019
Single action mechanical 1 3
caliper, cable-operated —— ——
34 1101 ¢

*
Due to rounding.

Stopping Distances

The riders of the cycle guide-tested motorcycles are experts; it would
be difficult to imposaible for average or novice riders to equal some of their
‘best stopping distances. A few comments from the braking sections of the road
tests indicate how the stops were achieved.

® "From 30 mph, we got...to a screeching halt in 37 feet 1 inch,
and from 60 mph, it took 137 feet. The testers never felt
apprehensive about using the full stopping power of the brakes
because they worked so predictably."

® "Our' best panic stops.were 140 feet, '3 inches from 60 mph and
39 feet, 10 inches from 30 mph; we could have bettered these
figures considerably if the bike hadn't been so squirrely.”

. "The stop from 60 mph was worse..because the rear wheel had a
tendency to step out to the left and get the bike sideways."

e '"...quite a few times, the bike wobbled badly during a quick
stop. We kept the machine under control, but it could have
easily gotten away from a less experienced rider under similar
circumstances."

° "Our best tire-smoking, adrenaline-~pumping panic stops brought
the Four to a halt in 136 feet 6 inches from an actual 60 mph and
in 37 feet 6 inches from 30 mph."




Stopping distances were given for 20 out of the 35 motorcycles road tested.
These distances represent the best real-wotrld stops the riders could achieve
from 30 and 60 mph. Table D-3 summarizes the best stopping distances achieved
by the testers. Motorcycles are divided into size ranges, and distances are
given for both the 30 and the 60 mph stops (occasionally, some figures are
not available). The largest number of motorcycles for which stopping distances
were published were those in the 750cc and above class. Thirteen of the 20
. bikes for which stopping distance is available were in this large-size category.
“Améng this group:

-Stopping from 30 mph:

e The shortest stop was 33 ft, 4 in.
e The longest stop was 39 ft, 10 in.
e The average stop was 35 ft, 8 in.

Stopping from 60 mph:

o The shortest stop was 117 ft, 9 in.
o The longest stop was 153 ft, 4 in.
e The average stop was 138 ft, 6 in.

TABLE D-3

STOPPING DISTANCES FROM 30 AND 60 MPH
BY SIZE OF MOTORCYCLE

350-449 cc 450-749 cc 750 cc and Above
Stops from | Stops from Stops from Stops from Stops from Stops from

30 mph 60 mph 30 mph 60 mph 30 mph 60 mph
33 ft 128 ft 38 ft, 7 in | 123 ft 33 ft, 4 in | 117 ft, 9 in
" . 34 ft 128 ft, 4 in

33 ft, 5 in{ 131 ft,10 in 37 ft, 1 in{ 136 ft, 6 in 3 ft, 5 in | 132 ft’
34 ft, 9 in| 128 ft 37 ft, 6 in| 137 ft 34 ft,10 in | 133 ft, g in
. 35 ft 137 ft, in
153 F6, 640 | 35 £ 9 in | 137 ft. 6 in
35 ft, 9 in 139 ft, 5 in
©35 ft,10 in | 140 ft, 3 in
36 ft, 7 in| 141 ft, 8 in
38 ft, 4 in| 147 ft,10 in
39 ft,10 in| 148 ft, 8 in

153 ft
153 ft, 4 in
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D,2.3 CEM Rating Scheme

On the basis of separate comments on the front and rear brakes, and on

the general comments in cycle guide's summary and conclusion sections, we
worked out a simple rating scheme for the 35 motorcycles road tested. An
A" rating indicates cycle guide comments that both brakes were good; 'B"
that one brake was good and one was criticized; and '"C" indicates some crit-
ical comments on both front and rear brakes. The 35 motorcycles were rated
as follows:

o A~ 19 (54 percent)

e B~ 9 (26 perceht)

e C -~ 7 (20 percent)

35 (100 percent)

"Table D-4, on the following pages, summarizes the information presented by
cycle guide for the braking systems on the 35 motorcycles discussed in this
report. It includes manufacturer, size, type of front and rear brake, and

salient points from cycle guide's comments on each motorcycle braking system.



'CYCLE GUIDE EVALUATIO

TABLE D-4

N OF MOTORCYCLE BRAKE SYSTEMS

Type of Brake
Model Front Bra i
Year Name Size Front ,4] Rean nt Brake Evaluation
‘74 | Can Am 175 n/a n/a Required considerable adjustment.
Explorer

'74 | Honda XL 175 | Drum, single leading shoe.| Drum, single leading shoe,rod- Not strong enocugh for street.

operated.

'74 | Yamaha RD 200 | Drum, double leading shoe.| Drum, single leading shoe,rod- Too sensitive, too easy to lock

operated, up wheel accidentally,

'74 | Honda CB 200 | Single action, mechan. Drum, singie leading shoe,rod- Véry clever, powerful, can stop in

. caliper,cable-operated. operated, hurry, no noticeable fade.
‘74 | Kawasaki 400 | Single action hydraulic. Internal expanding, single Powerful, fade-free. Can't skid
S3 leading shoe. accidentally.
'74 | Kawasaki 400 | Single action hydraulic Drum, single leading shoe,rod- Have to squeeze too hard from high
K2 caliper. operated. speed and squeeze causes front
wheel lock up.

'74 | Yamaha TX 500 | Double action hydraulic Drum, single leading shoe. Consistent, no fade or noise.

disc. Requires much handlebar pressure.

‘74 | Suzuki 500 | Drum, double leading shoe. | Drum, single leading shoe, Predictable, progressive.

Titan cable-operated. :
'74 | Triumph 500 | Drum, single leading shoe. | Drum, single leading shoe,rod- No separate comment.
TRST operated.

'74 | Honda CB 550 | Single hydraufic. 7" internal expanding, Has enough level travel and feel so
can use it hard, with confidence,
but has high-pitched scream.
"Superb. "

'74 | Yamaha TX 650 | Double action hydraulic Drum, single leading shoe,rod- Worked berfectly. consistently.

caliper disc. operated. Never wanted to lock up front
wheel,

'74 | Kawasaki 750 | Disc, single Yeading Drum, single leading shoe,rod- Nearly impossible to lock. Fades

H2B hydraulic caliper. operated. slightly.
'74 | Laverda 750 | Dual disc, double action Drum, double leading shoe, Feel is poor, action not very
SF2 hydraulic calipers. cable-operated. progressive, wheel locks,
‘74 | Suzuki GT 750 { Single action floating Orum, single leading shoe, Tuin disc “fantastic," never faded,
Lemans calipers, dual discs. cable-operated. never pulled to side, never locked.
'74 | Honda CB 750 | Disc, single action Drum, single leading shoe, Feel at lever "just very slightly
hydraul ic caliper. cable-operated. mgshy," so slows maximum stopping
time,




TABLE D-4 (Continued)

' Stopping Distances CEM
R 8rake Evaluation Overall Brake Evaluation : :
. ear From 30 mph From 60 mph Rating
Susceptible to water. Adequate, not overly sensitive, no danger of A
locking the wheels.
Mo:e powerful, can easily lock Reliable short distance transportation, 8
tires.
"Works perfectly,” little fade. Controilability during hard braking shaky at B
best, doesn't usually stop in straight line.
Very predictable (both brakes) under normal
braking ("Each panic stop was a white-
knuckle, heart-stopping affair."),
Smooth, predictable, very little | Can lock wheels only when you want to, easy to A
fade. control during panic stop, good for novice
rider.
Nice, progressive action. Fades | Highly tuned, responsive, high performance. A
only after repeated high speed
stops.
Nice progressive feel, wheel Adequate, not oversensitive, doesn't fade very B
never locks by accident. much. Reluctant to stop in stratght line,
causes longer stopping distances.
Easily locked up to 800 miltes; Always stops in straight line, even at 60 A
after that, more progressive. mph.
Never locks rear wheel acciden- 8oth fade after 3-4 panic stops. Handlebars 123 ft C
tally, works progressively. flex with hard braking, slow respoase,
causes spills,
Hard to Tocate Do super job of stopping, predictable, pro- A
gressive, don't fade, squeak when wet.
Mediocre; not much feel; lock Difficult to coordinate superb front brake B
up quickly, causing rear end and mediocre rear brake during panic stops.
to break loose and shake.
Not very powerful but Work nicely during panic stops, progressive, |37 ft, 1 in | 137 ft, A
adequate. quick, predictable, don't fade, easy to use.
Exceptionally controllable and Staps quite well. Staved straight and 34 ft,10 in | 128 ft, 4 in A
progressive. controllable during real panic stops. High
degree of control.
Too powerful; unprogressive; Too much power. Okay in leisurely stop when | 36 ft, 7 in | 132 ft [
slight pressure gives lot of applied slowly and carefully. Tend to skid
stopping distance,bit more in panic stops.
pressure locks wheel,
Faded somewhat during brake "Qutstanding--best of any big street bike we 117 ft, 9 in A
testing. have tested." Neither pulls, fades. ("new record
Predictable. ‘ for bikes")
Very sensitive and progressive, Quite powerful, but takes considerable effort A
Braking and control limited by to get that power. .
hopping and chattering of rear
wheel during hard braking.




TABLE D-4 (Continued)

Type of Brake

Mode!l .
Year Name Size Front Rear Front Brake Evaluation
74 | oaMe 900 | Singte action hydraulic Drum, single leading shoe,rod- Feedback and feel excellent. HNo
R90/6 caliger. operated. noticeable pull to either side.
'74 | Dunstall- 900 | Disc, single action Drum, single Teading shoe,rod- W11l Tock front wheel at any speed
Honda hydraulic caliper. operated. if exert a lot or pressure,
'74 | Harley- 1000 | Disc, single action Drum, single leading shoe,rod-
Davidson hydraulic caliper. operated,
'75 | Kawasaki 175 | Drum, single leading shoe. | Drum, single leading shoe,rod- One of finest on dual purpose
F70 operated. machine. Powerful but predictable,
easy to use, progressive, doesn't
lock up unexpectedly.
'75 | Yamaha OT 175 | Drum, single Teading shoe.| Drum, single leading shoe,rod- Will lock while riding.
Enduro operated.
‘75 | Suzuki 185 | Single action hydraulic Drum, single leading shoe,rod- Powerful yet progressive, easy to
Adventurer ‘caliper disc. operated. , use, good feel, no fade.
75 | Suzuki 185 | Orum, single leading shoe. | Drum, single leading shoe,
Sierra cable-operated.
'75 | Honda CB 360 | Oisc, single action Drum, single leading shoe,rod- Pragressive yet forceful; too
hydraulic caliper. operated. powerful at first,
‘75 | Suzuki GT 380 | Disc, single acticn Drum, single leading shoe,
Sebring hydraulic caliper. cable-operated.
'75 | Honda 400 } Disc, single action Drum, single leading shoe,rod- Progressive, hard to lock, sure
SuperSport hydraulic caliper. operated. stopping, controllable.
'75 | Kawasaki 400 | Disc, single action Orum, single leading shoe, Powerful, progressive enough to
KH hydraulic caliper. cable-operated. allow substantial amount of
control, no fade.
t75 | Kawasaki 500 | Disc, single action Drum, single leading shoe,rod-
HIF hydraulic caliper. operated.
'75 | Honda 550 | Disc, single action Drum, single leading shoe,rod- Powerful, quick stopping, bit over-
SuperSport hydraulic caliper. operated. sensitive, good control during
panic stop.
'75 | Honda 750 | Disc, single action Disc, double action hydraulic Requires a lot of pressure, only
SuperSport hydraulic caliper. caliper. moderately progressive,
‘75 { Suzuki 750 | Dual d1§c, single action Drum, single leading shoe,
Lemans hydranlic calipers. cable-operated.
'75 | Yriumph 750 { Disc, double action Disc, double action hydraulic
Trident hydraulic caliper. caliper.
‘75 | BMW 750 | Disc, single action Drum, single leading shoe,rod-
R75/76 hydraulic caliper. operated.
'75 | Kawasaki 903 | Disc, single action Drum, single leading shoe,rod- Requires powerful pull,
-18 hydraulic caliper. operated.
'75 | Honda 1000 § Dual disc, single action Disc, double action hydraulic
Gold Wing hydraulic calipers. caliper.
'75 | Dunstall- 1100 | Dual disc, single action Drum, single leading shoe,rod- Tremendous power, good feel.
Kawasaki hydraulic calipers. operated.
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TABLE D-4 (Concluded)

R grake Evaluati 0 : Stopping Distances CEM
ear Brake Evaluation .
t verall Brake Fwﬂuation From 30 moh | From 60 mph Rating
Too powerful and insensitive, Squeak whey they get hot. 137 ft, 6 in B
can be locked easily.
"Terribie." Leverage and sensi- 35 ft 153 ft, 4 in B
tivity lost,fades under hard use
Both: Unpredictable during hard braking, doesn't want to stay in straight 1ine, 39 ft,10 in | 140 ft, 3 in C
“Squirrely." Powerful, sensitive and give good feedback during sedate conditions,
Much too sensitive at first Both powerful, progressive, easy to use,
(Needed few hundred miles Water did not affect. ' Y A
of breaking in)
Can be Tocked during pavement [
riding. .
Can easily lock wheel with Not good in panic stops {front end takes nose- 8
"overzealous mash" on pedal, dive unless brakes applied-smoothly,
gradually.)
Both: Work progressively, give good feel, stay consistent and predictable during
norma) conditions. Both powerful and predictable for street and trai) riding, A
.for _beginners and experts. : :
Too powerful and sudden; easy ¢
to lock rear wheel. Adversely
affected by tires,front suspen.
Both: Sensitive, progressive, can use full without worrying about. lock-up and X
stops quickly. Controllable, consistent quick stops. 33 ft, 5 in (136 ft, 4 in | A
qua11y progressive, controll- 133 ft 131 ft,104n | A
able.
Requires bit of pressure but did 34 ft, 9 in |128 ft A
not lock or skid wheel; no fade.
Brakes fade, bike hard to contrel during 34 ft, 7 in 1153 ft, 6 in c
panic stops.
No fade, noisy. Very good. 37 ft, 6 in 136 ft, 6 in A
Very good,progressive braking, 34 ft 141 ft, 8 in B
sensitive.Noisy on bumpy surface.
Both: No fade. Unusually easy to control during hard stops. Exceptional 34 ft, 5 in 137 ft, 3in | A
control. ' .
th; ‘Hydraulic disc brakes poweriul yet progressive. Sensitive to touch, nat prone
to Jock easily. Generally excellent.” Always stops in straight line. Ne fade, 35 f£.10 in (148 ft, 8 in 1A
Both: Progressive, predictable. No controllable squeak or fade. Crisp. 35 ft, 9 in 153 ft A
Easily brakes wheel. Stops adequétely for size,stops from any 33 ft, 4 in J139 ft, 5 in A
speed with avg. amount controllability .
Both: Both lost much power and predictability in rain. Difficult to maintain .
“control. Powerful, progressive, except when wet, "and do a nice job of stopping 38 ft, 4 in |147 £t,10 in ¢
the behemoth."
Weak 1ink, have to stand on pedal 35 ft, 9 in {122 ft, 4 in B
to lock up rear wheel. Meager
stopping ability,bad pedal pos.
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