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"
This project was to effect refinements in the test procedures and apparatuses

used in the so-called tow-test method of measuring the braking performance of
motorcycles. The work was to provide a more simplified procedure than that
developed in a preceding study entitled "Motorcycle Braking Performance" and was
to provide a redesigned package of test hardware.

In the preceding study, the feasibility of the tow-test concept was demon-
strated. The concept was developed as a.candidate for eventual replacement of the
conventional stopping techniques employed in the current motorcycle braking
standard, FMVSS 122. The current standard was, itself, seen as deficient since
its experimental method lacked objectivity and since certain portions of the
method were found to be highly hazardous to the test rider due to the likelihood
of front-wheel lockup and subsequent capsize.

The tow-test approach was shown in the earlier study to\yield completely
objective measures of performance while also eliminating the hazards associated
~with the conventional method. The new method did, however, entail certain test
procedures that were later deemed to be unnecessarily complex. Also, the package
of hardware developed for the feasibility demonstration was rather bulky and
required that specially tailored parts be fabricated for attaching the towing
linkages to each motorcycle.

In the present project, the test procedure was simplified by eliminating an
iterative procedure from the effectiveness test sequence in which maximum braking
capability is assessed. The simplification was justified on the basis of an
error sensitivity analysis which showed that no significant improvement in
measurement accuracy was accrued through the more rigorous technique.
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The hardware package used to connect the test motorcycle to a towing
vehicle was completely redesigned and one set of parts was fabricated and
assembled. The new hardware system is much lighter than the original package
and incorporates adjustable fasteners capable of mounting any conventional
motorcycle without modification. An automated digital data collection system
was constructed as a complement to the new mechanical system. The digital
system controls the test sequence by advising the operator of each step of the
procedure and providing a printed paper tape of results, as they are gathered.

The test system was applied in a demonstration program in which three
motorcycles were subjected to the refined test procedure. The sequence of
experiments included a preburnish effectiveness series, a 200-application burnish
series, a postburnish effectiveness test and, finally, a thermal fade sequence.
The test experience and resulting data confirm that the revised methodology and
hardware represent a very efficient and accurate means to measure the braking
performance of motorcycles.

The test package exists as a complete system, with tow vehicle, for future
use in the sponsor's follow-up efforts towards reformulating FMVSS 122. A
second volume of the final report has been prepared as a manual for those who
may use the test package subsequent to this study.
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1.0 INTRODUCTION

This document constitutes the final report on Contract DOT-HS-9-
02314 entitled "Motorcycle Brake Test Procedure Changes--Equipment
Upgrade," sponsored by the National Highway Traffic Safety Administration
of the U.S. Department of Transportation. This research project follows
from an earljer HSRI study conducted under NHTSA Contract DOT-HS-5-01264
entitled "Motorcycle Braking Performance." In the earlier project, a
concept for towing a motorcycle in tests of its brake system performance
was developed and the feasibility of this concept was demonstrated through
full-scale tests. The initial package of test hardware, however, con-
stituted a prototype apparatus which was in need of some refinement. Thus
the effort reported herein was undertaken to identify those refinements
and to construct and demonstrate an upgraded test system.

The tow-test concept of motorcycle braking performance measurement
was originally formulated to include the following features:

1) The motorcycle is affixed to a towing vehicle (usually a
Tight truck) such that the tow force needed to react
motorcycle braking forces can be measured during constant
velocity operation.

2) The motorcycle's yaw and roll motions are constrained so
that the test rider does not risk injury during wheel
lockup conditions.

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

4) The measured tow forces are interpreted in terms of equi-
valent "free-stopping" conditions in which the motorcycle
is considered to decelerate.

5) The tow-test sequence is modeled around the basic elements
of the federal safety standard for motorcycle brake systems,
FMVSS 122.



Refinement of the tow-test methodology is presented in this
report by means of two separate volumes. Volume I is written as a
technical report describing the refined procedures and apparatus, and
reviewing the results of a demonstration test program. Appendix 1 to
this technical volume also presents a "classification scheme" which was
developed as a tool for organizing the Government's sampling of the
motorcycle population in future compliance testing of motorcycle braking
performance. Appendix 2 of Volume I presents a complete statement of
the refined tow-test procedure. In Appendix 3 are presented the detailed
test data deriving from demonstration tests on three motorcycles.

The second volume of the report presents a user's manual for those
who will later employ the test apparatus constructed during this project.
It should be noted that, while a specific test system was developed
through the work reported here, the test procedures presented in Appendix
2 of Volume I are written to apply generally; that is, independently of
any specific test system design.



2.0 REFINEMENT OF THE TOW-TEST METHOD

The original tow-test methodology that was developed for measuring
motorcycle brake system performance had shortcomings in both procedural
and hardware details. A single refinement in test procedure was accom-
plished in this project, providing a significant reduction in the com-
plexity of the effectiveness experiments. Further, all of the actual
test procedures were implemented in a demonstration test program using
an on-board computer system which provided for an objective and effi-
cient process of data collection. Of course, development of the computer-
implemented test method required that previously implicit steps in the
test procedure be made explicit and objectively stated. In order to
fully appreciate the discussion of test procedure refinements that
follows, the reader should be familiar with the basic rationale and
theoretical formulation behind the tow-test concept as presented in the
"Motorcycle Braking Performance" reported cited earlier [1].

The primary refinements accomplished within this study involved
the test apparatus itself. A completely new test system was designed,
constructed, and then demonstrated in an example test program. This test
system can be reproduced according to a drawing set which has been sub-
mitted to the NHTSA and is described in an overview discussion within
this section of the report.

2.1 Test Procedure Refinements

The only procedural change that was seen to be necessary following
the original study concerned the effectiveness test procedure, and
specifically the rear-wheel-only iteration requirement.

In the tow-test procedure concept, an adjustable tow height is
needed so as to achieve tire vertical loads which authentically repre-
sent the reference case of the free-stopping motorcycle. Authentic tire
loads, of course, are required so as to properly account for the sensi-
tivity of normalized peak tire traction (u) to vertical load. For some
hypothetical tire which would exhibit no sensitivity of normalized peak
traction to vertical load, tow height selection would be of no importance



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

During the initial development of the tow-test effectiveness pro-
cedure, it was not known how significant the normalized tire traction
sensitivity influence might be in affecting the measurement of limit
braking performance. Consequently, a complete effectiveness test pro-
cedure was developed to ensure that all such influences would be included
and could be evaluated. Hence, it was assumed to be necessary that the
procedure involve an iterative search for the exact value of tow height
in the rear-only effectiveness test. The "exact" value of tow height
would, by definition, yield an authentic level of vertical load on the
rear tire and a corresponding authentic measurement of normalized peak
tire traction.

Subsequent to the original development of the tow-test method, an
analysis was performed to ascertain the effect of errors in front and
rear tow heights on the accuracy of the proposed tow-test effectiveness
measurements. This analysis was included as Appendix E.1 of the Motor-
cycle Braking Performance final report [1]. The principal conclusion of
the analysis, concerning errors in rear-only tow heights, finds that even
for moderate levels of normalized tire traction load sensitivity, large
errors in rear-only tow heights have Tittle influence on the accuracy of
the tow-test measurement of total bike deceleration capability. For
example, selection of a rear-only tow height at a Tevel which is arbi-
trarily lowered to a value equal to twice the height of the rider/cycle
center of gravity results in a maximum error of 0.003 g's in total bike
deceleration on a high friction surface, assuming that the tires display
moderate to large levels of normalized traction-load sensitivity. The
assumption that the rear tow height be Timited to a value equal to twice
the height of the rider/cycle c.g. represents an error in rear tow height
of approximately 10 to 20 inches for typical motorcycles on high friction
surfaces.

Further, experience from the original demonstration tow-test pro-
gram indicated that test-to-test variations in rear tire peak traction




measurements derived far more from random properties of the test surface
and measurement process than from load sensitivity in tire traction
properties.

Therefore, based on the cited analysis and test experience, it was
determined that the rear-wheel iteration requirement of the tow-test
effectiveness procedure could be eliminated. Such a modification simpli-
fies the set of instructions currently defining the effectiveness test
procedure. This modification reduces the flow diagram shown in Figure 1
(representing the original procedure) to that shown in Figure 2, wherein
the rear-wheel iteration loop is seen to be absent. The single rear- .
wheel test in the modified procedure (Item 2. in Figure 2) is now con-
ducted using a tow height of 48 inches.

Constraining the rear-wheel test tow height to a fixed and rela-
tively low level provides a number of benefits. First, there is the
advantage of a simpler and more compact hardware package, as will be
described in the following section. Secondly, there is a reduced influ-
ence of the aerodynamic pitch moment which becomes a large fraction of
the total pitch moment during rear-wheel tests using high tow heights.
Although the influence of the aerodynamic drag force is approximated
and accounted for in the effectiveness test procedure, its influence can
be substantially minimized by use of a lowered rear-only tow height.
And, finally, there is the advantage of conducting rear-only tests at
the resulting higher level of vertical load than would be specified by
the original procedure. In some cases, the original procedure required
rear-wheel testing at very light vertical loads (i.e., at high values of
tow height) for which small random variations in tow force measurements
(deriving principally from surface irregularities) produced significant
variations in the estimate of normalized peak traction. Limiting the
rear-only tow height to 48 inches, therefore, helps reduce the polluting
influence of the background noise condition by "“scaling up" the measure-
ment of peak rear tire force through use of a larger rear-wheel vertical
load.
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In summary, the refined effectiveness test procedure involves a
single set of rear-only tests, conducted at a single value of tow height.
When the rear-wheel tests are completed, the remaining tests are con-
ducted using the front brake only, with the front-wheel tow height being
varied in an iterative manner until the final "reference" condition is
reached.

2.2 A Refined Tow-Test Apparatus

A complete package of apparatus was designed and assembled con-
stituting a refined version of the tow-test hardware developed earlier.
Figure 3 shows the new system comprising a pickup truck, with extended
cab, to which is affixed a linkage system fastening the test motorcycle.
Note that the overall assembly is of quite low profile compared to the
original test package since the 48-inch maximum tow height cited earlier
eliminates the need for a high "tower"-like element.

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

Figure 5 is a plan view showing four motorcycle constraints. The
tow connection is made by means of an adjustable Tength chain which
connects a yoke-type element on the motorcycle to a load cell affixed to
the truck. The yaw, roll and lateral degrees of freedom are rigidly
constrained by the three Tinks connecting the motorcycle to the extended
side frame. From front to back, respectively, the lateral Tinks fasten
to the motorcycle by means of special brackets at the steering head, the
foot peg, and the rear shock absorber bolt. As shown in the rear view of
Figure 6, the three lateral links are separated from one another verti-
cally so as to provide a roll constraint. The outboard ends of each of
the Tateral links are fixed to adjustable brackets which can accommodate
the longitudinal and vertical variations in the location of the three



T R e e e g 7 P R T N TR YT R T

,...x—msmmm,m snjededde pauL4dy g aundL4

T TI

B8 A A

ki~ Loe

q
P
3
o
4
)
ki

YT T 9




d

d to the be

[0}
N <
[}
)
. K%
o
Y
[+3]
t=
(o]
g S
(re
]
.-
A (O
| &
Y
o
=
y O
o
q >
B
<
(3]
i -
-
(4]
>
()




*SHUL| JULRAISUOD 9[JADU030W JO MILA ueld

*G 9unbL4

0
NYUI LY INOL, (moy
L =] = . —




EXTENDED SIOE

Tbu/VE%wai7v

\ | ~f

!

FILAME .

1

8=

L I -

3 LATERAL |
=3 LINKS

Figure 6. Rear view of motorcycle constraint 1inks.

12



cited motorcycle mounting points. Width variations, from one motorcycle

to the next, are accommodated through screw adjustments in the length of

each lateral 1ink. Each lateral link terminates in a spherical rod end,

thereby allowing freedom in the vertical, longitudinal, and pitch motions
of the motorcycle.

Figure 7 is a rear view of a motorcycle set up for demonstration
testing. The lateral links are seen to serve as convenient members for
routing instrumentation cabling and connectors.

Figure 8 is a close-up of the foot peg-attaching bracket. Note
that the rubber foot-peg sleeve has been removed and the foot peg welded
to an intermediate plate which is bolted to the primary bracket. The
towing yoke element (seen as the tube at upper right in Figure 8) fastens
to an extended tab on the foot-peg bracket while the lateral link fastens
by means of the tapped hole seen in the foreground. The foot-peg bracket
is welded to both pegs, and employs a rigid tubular piece spanning the
underside of the motorcycle to connect both sides of the bracket.

Figure 9 shows the motorcycle test setup in the side view. The
towing yoke is seen to be attached at the foot-peg bracket and, by means
of adjustable length cables, to the "strongback" element which fastens to
the motorcycle frame at the normal position of the fuel tank. The strong-
back is connected, at its forward end, to the motorcycle frame by means
of a pair of clamping plates with which the front frame section becomes
"sandwiched." One hole is drilled through the front frame for fastening
the strongback clamping plates, with shims of appropriate thickness, to
the motorcycle. At the rear of the strongback, a separate bracket in-
corporates a short length of roller chain in a loop around the motorcycle
frame as a versatile fastening element.

Figure 10 is a frontal view of the test motorcycle illustrating the
adjustment cables extending from the top of the strongback to the two out-
board sides of the towing yoke. Note that the lateral member of the
towing yoke incorporates several holes permitting an adjustable spacing
of the side strut elements to account for variations in width across the
foot pegs of differing motorcycles. Along the length of both side struts,
a pattern of holes is provided to permit adjustment of the height of the

13
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towing yoke. The height adjustment is effected by varying the free span
of each cable between the towing yoke and the strongback. Locking pins
at the end of each cable are inserted into the selected holes in the side
struts to establish this adjustment.

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

The chain-Tocking mechanism is fastened to the tow-force Toad cell
which, in turn, is fastened to a collar which clamps on a vertical column
at the selected tow height. Above the chain-locking mechanism are mounted
two electrical Timit switches whose purpose is to detect the angular
inclination of the tow chain. The inclination variable requires moni-
toring since the height of the towing yoke (and thus the aft-end of the
chain) drops by a certain distance due to pitching of the motorcycle on
its suspensions during braking). The switches are set such that an "0K"
status lamp is lighted in the tow-vehicle cab when the inclination angle
criterion is satisfied.

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

18
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The handlebar tether ropes serve to prevent oscillations in the
motorcycle steering fork assembly. In early testing of the new tow
hardware system, it was observed that, even at very low speeds, a strong
wobble oscillation occurred unless the motorcyc]e rider firmly restrained
the motion of the handlebars. Using the handlebar tether ropes, the
rider can "lash down" the steering freedom of the handlebars during all
normal straight-ahead testing and then release the tethers to reduce
strain on the motorcycle during short-radius maneuvering of the test
vehicle. The tether ropes are clamped tight using a pair of sailboat-
type jam cleats mounted on the strongback, as shown in Figure 12.

It should be noted that the refined package of tow-test apparatus,
as described above, has been designed to accept any modern full-size
motorcycle.

In addition to the apparatus which locates the motorcycle during
testing, a self-contained hand-lever force transducer was also constructed.
This device was developed to permit a ready measurement of the hand-lever
force without requiring one to apply either strain gauges directly to
the hand lever, itself, or to install a pressure transducer in the hydraulic
brake 1ine. Figure 13 shows the integral hand-lever force transducer
developed in this project. This device is attached to the hand grip by
means of a hose clamp and to the brake lever by means of a small clamping
bracket. An end view of the hand grip in Figure 14 further illustrates the
lever-attachment clamp. The device incorporates a pre-packaged force
transducer which is placed in tension when the rider pulls on the curved
outer end of the "wand." The device is clamped onto the hand grip such
that the hand-lever force is nearly normal to the hand grip throughout
the hand-lever stroke.

The remaining elements of test hardware are unchanged from conven-
tional practice, as employed in the conduct of FMVSS 122—namely, the
foot-pedal force transducer and the thermocouples installed in the front
and rear brake linings are implemented according to normal practice. On
most motorcycles, however, the foot-pedal force transducer must be shimmed
up by approximately two inches to permit the rider to easily access the
transducer with his foot.

20



4 &
. o

Figure 12. Handlebar tether ropes clamped in jam cleats.




S
[}
(&)
>
pe
)
[
[5e]
|
iy
@
| O
j S
o
u-
S
[
>
(O]
—
1
o
f <
4]
0

Figure 13.




-
Q
Q
3
©
n
<
o]
.
4
[¢3]
Q
[ .
o
Y
S
v
>
5}
—
|
©
o
o]
=
I
[
-
>
©
<
Ll

Fiaure 14.

v

\




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

Test data are outputted directly in the form of a printed paper
tape record, while each test is underway, and by means of an automatically
summarized paper tape printout after the computer reads information from
a permanent record stored on a magnetic tape cassette at the conclusion
of the test sequence.

A detailed description of the data collection system, together with
the program which was written to accommodate the step-by-step tow-test
procedure, is given in Volume II, "User's Manual."
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3.0 DEMONSTRATION TEST PROGRAM

Five motorcycles were originally selected for test in a demon-
stration program and subsequently reduced to three as an economy measure.
Listed in Table 1 are the originally selected motorcycles, along with
measured values of weight, WB’ deflected seat height, HS’ wheelbase, L,
and c.g. height, HB’ of the cycle itself. The listed value of the
height of the c.g. of the cycle plus rider, h, was calculated with the
following equation:

(wBHB) + 165(9.8" + H

WB + 165

5)

This expression, developed to represent the cycle/rider c.g. height
accruing with a 50th percentile male U.S. rider, reflects a c.g. location
of the rider which is 9.8 inches above the deflected seat height. The
c.g. height of a seated motorcycle rider—a 50th percentile male—is
derived in Appendix 1. The c.g. height of the motorcycle alone, HB’

was measured with a fixture which Tocated and balanced the motorcycle on
its principal longitudinal axis while the vehicle was at a 90-degree roll
attitude.

The "front (and rear) test weights" listed at the right of Table 1
for the three motorcycles actually tested represent the front and rear
static loads prevailing with full tow-test apparatus attached, and with
the actual test rider seated on the motorcycle. Of the parameters listed
in Table 1, only the following are used directly in the computation of
tow-test conditions and in the processing of results:

L, wheelbase
h, c.g. height of the cycle with 50th percentile male rider
Wf, static test weight on front tire

wr, static test weight on rear tire
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The three motorcycles actually tested in the demonstration test
program were selected to represent each of the three primary classes of
vehicle size that had been identified in the "classification task" (see
Appendix 1), viz.,

Range of Empty Motorcycle Motorcycle Dry
Class Weights for the Class Model Weight, Tbs.
A Below 250 1bs Suzuki TS 185 231
B 250 to 500 Honda CB 650 443
C Above 500 Kawasaki KZ1000 562

The Kawasaki test motorcycle has already been seen in figures presented
in Section 2.2 to show the refined tow-test apparatus. The Suzuki and
Honda motorcycles are shown in Figures 16 and 17.

3.1 Test Site

The demonstration test program was conducted on the 1-3/4 mile oval
track of the Dana Corporation in Ottawa Lake, Michigan. The Portland
cement concrete track is characterized by ASTM skid numbers equal to 87
(dry) and 62 (wet) as measured with the E-501-73 standard tire. The Dana
facility provides a high quality test surface with very well engineered,
superelevated curves conducive to the continuous-running character of the
tow-test method. Since, in the burnish- and thermal-fade-test sequences,
brake applications must be made at specific intervals, it is most advan-
tageous that the test facility provide curved sections which are properly
superelevated so that data can be taken in both curved and straight-away
portions of the track.

3.2 Vehicle Preparation

As outlined in Section 2.2, the tow-test package is designed to be
affixed to any conventional motorcycle without the need to fabricate
special parts. Nevertheless, certain adaptations of the vehicle are
required, namely:
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1) The rubber foot-peg covers are removed and the steel
foot-peg stubs are welded to blank plates which esta-
blish the mounting connection to the foot-peg bracket
assembly.

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

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

4) The nut on the top right-hand rear shock absorber bolt
is removed and the appropriate fastening bracket is
installed for connection to the rear-most lateral Tink.

5) Load cells for measuring the actuating forces are attached
to the brake hand Tever and foot pedal.

Each motorcycle begins the test series with new tires inflated to
the manufacturer's recommended cold inflation pressure and with new
("green") brake Tinings. A1l tests are run with the engine off, the
transmission in neutral, and, if necessary, the drive chain or shaft
disconnected.

3.3 Pre-Demonstration Developmental Testing

Although the basic tow-test procedure had been exercised in demon-
stration testing in the preceding "Motorcycle Braking Performance" study,
certain features of the new test system required that further development
be considered. The primary areas requiring development with the new test
system involved the on-line treatment of effectiveness test data. By way
of explanation, all data from burnish and thermal fade tests are treated
as steady-state samples with the actual performance measure defined as a
multiple-second average. Effectiveness tests, on the other hand, involve
a ramp input of actuator force. In response to this transient input, the
peak tow force occurring prior to wheel-locking is to be measured.

The primary problem encountered with the measurement of the pre-
Tockup value of peak force is that the tow-force signal typically becomes
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rather oscillatory due to wheel-hop vibrations of the motorcycle at high
levels of brake torque. As shown in Figure 18, the raw value of the
digitized tow-force signal exhibits peak-to-peak oscillations which are

on the order of 40 percent of the magnitude of the nominal peak value of
the tow force itself. Such oscillations must be accounted for, since a
peak value drawn from the raw tow-force signal would fail to characterize
the tire traction force repfésenting the equilibrium value of tire load
assumed in the formulation of the tow method. Examination of the example
raw tow-force signal reveals that the superimposed oscillation is primarily
a 7-8 Hz noise component.

This oscillatory component was virtually eliminated from the tow-
force signal by using a digital filtering technique which dramatically
attenuates frequency components above 4 Hz, without introducing phase lag.
The filter employs a digital sampling and weighting scheme of the modi-
fied "Hamming" type, yielding an improvement in the quality of the tow-
force signal as is shown in Figure 19. The filtered signal shows a trun-
cated Teading edge since the filtering technique requires that a 0.4-
second-long data sample have elapsed before the first filtered data point
is determined. The peak value of tow force is identified by the digital
data processing system and "flagged" with the vertical spike appearing
at the peak of the reproduced signal. The digital filtering method is
described in detail in Section 3.0 of the User's Manual, Volume II.

A second developmental problem was encountered in which the com-
puterized detection of peak tow force occasionally produced an erroneous
measure because of a peculiar feature of the effectiveness test process.
When a wheel becomes locked as a consequence of the rider's application
of braking effort at the hand lever or brake pedal, the desired "peak tow
force" is that which typically accrues just prior to the "spin-down" of
the wheel—at, say, 20 to 30 percent longitudinal slip. As shown in
Figure 20, however, one occasionally observes a "spin-up" peak, following
the rider's release of the brake, that exceeds the level of the initial,
desired value. The higher spin-up peak appears to result from a coin-
cident vertical load oscillation occurring just as the tire passes back
through the peak of its u-slip curve. To correct the problem of the
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Figure 19. Filtered hand-lever and tow-force signals.
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erroneous peak reading, the computer was reprogrammed so as to cease its
search for a tow-force peak whenever the actuator force was seen to drop
by more than 80 percent of its peak value. Thus, the computer detects
that the brake is being released and confines its inspection for the peak
condition to only that portion of the tow-force signal which precedes
brake release.

3.4 Demonstration Test Results

The three motorcycles cited earlier were subjected to the developed
tow-test procedure, excluding the water exposure procedure, during
January and February, 1981. The winter weather of southern Michigan
during that period made for typical ambient temperatures in the range of
10 to 30°F. Because of the low temperatures, special measures were taken
to keep the test rider warm during steady running at 40 mph, and addi-
tional brake warming sequences were needed to attain the 130°F minimum
brake temperature required for testing.

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

A summary of the pre-burnish and post-burnish effectiveness test
results (for all three motorcycles) is given in Table 2. Looking at the
column Tabeled "Equivalent Decel, g's" at the far right, we see that both
of the larger motorcycles, the Honda CB 650 and Kawasaki KZ1000, attained
approximately .90 g's in deceleration performance on the dry, Portland
cement concrete surface. Both of these vehicles were able to achieve wheel
lockup such that the equivalent deceleration levels represent a braking
1imit determined by tire traction. Interestingly enough, the rather
uniform Tevels of total vehicle deceleration exhibited by both of these
bikes were obtained despite a significant spread in the measured friction
coefficient, Hreap® of the rear tires. Since the load experienced by the
rear tire during limit braking on a dry pavement is so low (approximately
20 to 25 percent of total bike weight), the value of Mpegpr @S Tittle
influence on the total deceleration exhibited by the motorcycle during a

stop with both front and rear brakes active.
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Table 2.

Effectiveness Test Results

(R & F)TBF - Rear & Front Tow-Bar Force, 1bs
(R & F)AF - Rear & Front Actuator Force, 1bs
- Rear Tire Traction Coefficient

u

rear
Rear Front
Equivalent Equivalent Stopping

Vehicle Test RTBF RAF  Yrear FTBF FAF Decel., g's Distance, 60 mph
Honda CB 650 Pre-Burnish 212 4] 1.02 452 38 .88 137

Post-Burnish 203 4] 0.94 493 40 .91 132
Suzuki TS 185 Pre-Burnish 146 48 0.85 243 44 .74 163

Post-Burnish 153 47 0.92 217 40 72 167
Kawasaki Pre-Burnish 226 43 0.80 575 43 .88 137
KZ1000 Post-Burnish 235 41  0.85 569 42 .88 137




On comparing the performance of the two larger motorcycles with
that of the Suzuki TS 185, we see that the torque-limited behavior of
the Suzuki's brakingvsystem results in a substantially lower equivalent
deceleration level. Note that the value of Hpear yielded by the Suzuki
is otherwise on a par with the values exhibited by the other two bikes.

It is interesting to note that the calculated values of "equivalent
stopping distance from 60 mph" indicate values which are much Tower than
the 216-foot and 185-foot distances required, respectively, by the pre-
and post-burnish tests of FMVSS 122. The heavier motorcycles would only
require that a rider utilize 63 percent of the vehicle's inherent braking
capability to meet the pre-burnish requirements of FMVSS 122 and 74 per-
cent of the inherent braking capability to meet the post-burnish require-
ments. Meeting the post-burnish requirements of FMVSS 122 with the
Suzuki TS 185, on the other hand, would require a 90-percent utilization
of the motorcycle's inherent capability.

Shown in Table 3 are the thermal fade test results. The table
Tists measured values of performance for the average of the three baseline
runs conducted with each bike in addition to the average of the last
three runs conducted in each of the respective thermal fade sequences.
The primary performance measures in this test are the rear and front gain
values, RFG and FFG, representing the ratio of the tow-bar force to the
actuator force obtained in the rear-only and front-only brake fade experi-
ments. The performance of the bike is established through inspection of
the decrement, if any, between the "baseline" and "faded" gain values.
We see that the only "significant" decrement in gain is observed with the
Suzuki rear brake, whose gain dropped from 4.5 to 3.6. The practical
significance of such a change could only be determined through closed-loop
braking performance research in which the interaction of the rider with
the motorcycle is evaluated for conditions employing various levels of
braking gain. Indeed, it may be of as much significance to vehicle con-
trollability that the front-brake gain on the Suzuki increased by almost
50 percent, from a "baseline" value of 6.4 to a "faded" value of 9.0.
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Table 3. Thermal Fade Test Results

(R & F)TBF - Rear & Front Tow-Bar Force, 1bs
(R & F)AF - Rear & Front Actuator Force, 1bs
(R & F)FG - Rear & Front Actuator Force Gain (Dimensionless)
Max. (R & F)T - Rear & Front Temperature in the Thermal
Fade Sequence, °F

Rear Front

Vehicle Test RTBF RAF RFG Max. RT FTBF FAF FFG  Max. FT
Honda CB 650 Baseline 124 22 5.6 204 13 16.1

Faded 126 21 6.0 165° 199 13 15.7 215°
Suzuki TS 185 Baseline 92 20 4.5 133 21 6.4

Faded 88 24 3.6 212° 133 15 9.0 282°
Kawasaki KZ1000 Baseline 134 22 6.2 238 11 21.1

Faded 153 20 7.6 323° 243 12 21.0 190°




As a general rule, the data in Table 3 show that virtually no
change in performance is the norm—the same result as was observed in
the preceding study, "Motorcycle Braking Performance."
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4.0 CONCLUSIONS

The tow-test concept has been refined such that the procedures and
the test equipment are more directly suitable as a standard test method.
The refined method, together with the hardware package constructed in
this study, provides for a highly efficient and accurate measurement of
motorcycle braking performance. The hardware package, itself, is
especially notable for its flexibility in adapting to virtually any con-
ventional motorcycle built for use on the road. The test package is
light, affords a secure working station for the test rider, and calls for
1ittle or no experience on the part of the rider for conducting high
quality experiments.

The use of a computer-controlled data collection system provides
for a highly objective and precise test technique, although it also intro-
duces a fairly sophisticated instrumentation system into a field
application—thus calling for a somewhat higher level of maintenance and
troubleshooting capability among the test staff. When everything functions
well, the computer-controlled system requires a minimum of technical
preparation on the part of the test operator. When problems occur, how-
ever, a person experienced in digital data systems is needed. Since most
components of the system are standard products of the Hewlett-Packard
Company, however, the H-P service facilities personnel can generally be
called upon when service is required.

As in the previous study, which was entitled "Motorcycle Braking
Performance," the demonstration test data gathered here show that modern
motorcycles possess a relatively high level of braking capability, or
"effectiveness." Further, the data indicate that virtually no loss in
torque effectiveness occurs as a result of a severe thermal loading cycle.
On the other hand, various researchers (e.g., [2,3,4]) have indicated
that the primary safety problem which may be posed during the severe brak-
ing of motorcycles concerns rider/cycle interactions, rather than the
inherent torque capacities of the motorcycle brake system. Thus, while
the tow-test method appears to serve the role of quantifying braking
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capacity, there exists a need for a methodology, with supporting research
Justification, capable of quantifying those properties of motorcycle
brake systems which pertain to the ability of typical riders to utilize
the vehicle's inherent braking capability.
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APPENDIX 1
CLASSIFICATION OF MOTORCYCLES

A number of alternative measures were examined as potential means
for breaking down the motorcycle population into classes representing
different levels of brake system "loading," or torque demand. Data were
gathered on 48 current-model motorcycles to permit computations of each
of the following measures:

-empty weight

-weight with a 50th percentile male rider
-static front tire load of motorcycle with rider
-static rear tire load of motorcycle with rider

-ratio of c.g. height to wheelbase, for motorcycle
with rider

-dynamic front tire load accruing during a steady
deceleration of 0.8 g
While empty weight was obtained directly from motorcycle specifica-
tion data, the weight of the 50th percentile male rider was seen to add
165 1bs to the empty bike weight. The four following measures required
that both the Tongitudinal and vertical location of the seated rider's
mass center be located.

Parameters describing the motorcycle itself, namely, wheelbase, static
weight distribution, the empty weight, and seat height, were obtained from
road tests published in Cycle World magazine in 1979 and from data made
available from specific manufacturers. A wide variety of motorcycles
were measured by Cycle World, and an almost complete set of data was ob-
tained for current-production motorcycles. Since the Cycle World data
did not include small street bikes (< 400cc), data were also solicited
directly from manufacturers.

Since no new sources of data describing the c.g. height of the
motorcycle were identified, it was necessary to employ an average c.g.
height obtained from a set of seven measurements reported in the technical
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Titerature [1,2]. The measurements of c.g. height ranged from 16.9 to
21.5 inches with an average value of 19.2 inches. Since no useful cor-
relation was seen to exist (such as seat height or total weight), it was
determined that c.g. height for the composite rider/cycle system would be
derived using a constant value of 19.2 inches for the c.g. height of the
motorcycle, itself.

For representation of the motorcycle rider, anthropometric data on
the 50th percentile American male were obtained from crash test dummy
specifications [3] and from a report entitled "Motorcyclist Anthropo-
metrics" [4]. Data for body segment weights and center of gravity loca-
tions were used to calculate the c.g. position of a seated rider. In
Figure 1 are listed the segment weights, the Tocation of the coordinate
system for the seated rider, and the locating coordinates of individual
body members.

The c.g. location of the reference rider seated on a motorcycle was
derived by first establishing the rider's c.g. location with respect to
the rider's X-Z axis system shown in Figure 1. The rider c.g. coordinates,
XR and ZR, were merely determined by the moment summations in Equations
(1) and (2).

K= (Wye Xy Mo Xy +Wyge Xgg *Wge Xig+ Wype Xyp +Wpe Xp
ML TR TIR TR TR

= 8.9" (for 50th percentile male) (n

Zp= (g« Tyt Wy Iy +yge Zyg +Wpge Zyg+Wype Zyg +Wpe Iy
ML TR L TR TR

= 9.8" (for 50th percentile male) . (2)

In order to get a composite bike/rider c.g. location, the rider
must be placed on the motorcycle and the origin of his coordinate system
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Anthropometric Data (50th Percentile Male)

Weights (1bs
Head (NH) 0
Neck (W,,)

=]
N/ = 3.1
Upper body (wUB) = 38.2
Lower body (NLB) = 50.8

Upper arms (wUA) = 8.5
Lower arms & hands (NLA) =
Upper legs (WUL) = 26.8
Lower legs (NLL) = 19.0

TOTAL BODY WT. (WT) = 163.9

Center of Gravity Positions (from Dunlap & Associates "Motorcyclist

Anthropometrics” )

The coordinate system used to locate c.g. positions of the parts of

the body is pictured below.

X (in.) 2
Head (H) 5.6
Neck (N) 4.7
Upper body (UB) 4.2
Lower body (LB) 5.1
Upper arms (UA) 8.5
Lower arms (LA) 19.6
Upper legs (UL) 13.1
Lower legs (LL) 21.0

Miscellaneous Data

A=21.37"
B = 23,33"
C=3.5"

E = 29.03"
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(in.)

31.6
27.2
18.5

5.3
20.0
18.0

2.3
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must be placed at an established position with respect to the motorcycle
coordinate system. Regarding the vertical placement, a limited number
of measurements were made on test motorcycles to determine that a 1.5-
inch deflection of seat and suspension constituted an appropriate
"adjustment" for the use of published "seat height" data in locating the
rider's c.g. height above the ground. Accordingly, rider c.g. height was
defined as follows:

Rider's c.g. height above ground = ZR + (Hs - 1.5)
where HS = seat height

Regarding longitudinal placement of the rider's mass center, scaled
layouts of all of the motorcycles evaluated by Cycle World were used to
determine a standard basis for locating the rider on the seat. Lacking
a definitive registration point on the seat in most cases, the rider was
simply placed at an apparently reasonable position. When a "stepped" seat
was shown, the rider's back was made tangent to the step. Review of the
rider placement dimensions revealed a generally useful scheme for locat-
ing the rider's coordinate system forward of the rear axle by a constant
fraction of the wheelbase, viz.:

Longitudinal distance from the rear axle
to the rider's mass center = Xp + (.11)L

Derived Parameters

Having the empty weight, seat height, wheelbase, and static load
distribution parameters for each motorcycle, as well as the algorithm
needed to locate the rider mass, the parameters shown in Table 1 were
computed. Shown from left to right are the following

-empty weight of each bike, 1bs
-weight of bike plus the 50th percentile male rider, 1bs

-static load on front wheel, 1bs
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suz
YAM
HOND
YAM
KAW
Suz
RULT
HORD
YAM
KAW
HOND
Suz
SWM
TYam
KAW
HUSO
HUSQ
MAIC
HOND
ccn
YAM
CAN
KAW
HOND
KAW
HOND

HOND

MODEL

KXB80
RrMAO
YZ80
XR 80
Y7125
KX125
FM12S
T350
CR125
YZ250
KX250
XR185
RMU0O
250
IT™175
1LX250
CR390
OR390
250€
XL18S
600
IT250
370
DYX4 Ny
X®r250
K®250
XP500

YL500

BIKF

WEIGHT
RIKE+PTDER
308.
314,
216.
318,
364,
167,
368,
371,
373.
390.
394,
398,
uno,
4n3.
w05,
an7.
una.
uoa,
a1,
413,
uiu,
u22,
422,
u2ua,
432,
nug,
us2,

uanA,

STATIC LOADS

FRONT RFAR

117.
1R,
119,
118.
136.
139.
140.
149,
142,
147,
149.

149,

191.
196,
197,
200.
228,
228.
228,
231,
2379,
2413,
285,
249,
247,
251.
248,
251,
254,
259,
253,
258,
2%1.
264,
259,
260,
270,
28372,
2R81.

284,

RAT.

<379
.375
.378
.370
375
-378
« 280
.378
-381
.378
<379
.375
.384
.378
.387
.384
-379
369
. 385
.376
.389
L3785
.38F
- 38R
<376
.370
.378

. 392

Table 1

LOAD
TRANSFER
GAIN
.628
592
.601
.624
. 550
.539
- 540
-539
.549
517
.523
.549
. 524
.517
.523
.529
. 506
-516
501
.538
.50A
. 507
.517
.519
. 507
.47
492

. 491

DYNAMIC FRONT

TIRE LOAD
271.5
266.5
271.13
276.3
296. 4
297.1
298.7
300.0
306.0
308.9
314.0
324.1
321.0
318.9
326.0
328,2
319.7
319.8
122.9
333.2
328.8
329,11
337.3
339.7
337.7
335. 4
348.8

367.3

BIKE
A

24.6
25.6
25.2
25.4
30.0
30.2
30.0
28.4
29.7
31.0
31.2
29.1
30.7
31.3
29.4
30.2
32.3
32.6
31.0
29.0
30.6
31.3
30.4
30.7
31.1
32.6
31.6

29.9

B
21.4

21.9
21.5
19.5
25.5
26.6
26.7
23.7
26.3
26.5
26.7
22.8
26.8
26.2
25.6
25.8
27.4
25.7
27.0
22.6
27.8
24.7
26.1
26.4
24,4
24.6
24.9

25.2

MASS LOCATIONS

RIDER

XR ZR

14.0 37.4
4.1 36.3
14.0 136.3
13.8 36.3
15.0 4u.3
15.1 4ua.8
15.1 4u.8
1.6 39.3
15.1 45.5
15.2 44.3
15.3 4S5.8
4.6 41.8
15.2 4s.8
15.2 45.0
14.9 42.8
15.1 45.0
15.5 46.6
15.3 46.3
15.3 u3.9
1.6 480.8
15.3 uus.8
15.1 42.8
15.1  44.9
15.2 46.2
15.0 42.8
1.2 40.8
15.1 u42.9
15.0 41.6

COMPOSITE
X z
17.4 28.9
17.8 28.1
17.6 28.1
16.6 28.0
20.8 30.5
21.5 130.6
21.5 30.6
19.7 28.1
21.3 30.8
21.7 29.8
21.9 30.3
19.5 28.5
22.1 30.1
21.7 29.7
21.3 28.8
21.5 29.6
22.6 30.2
21.5 30.1
22.3 29.1
19.4 27.8
22.6 29.3
21.0 28.4
21.8 29.2
22.0 29.6
20.9 28.2
21.% 27.1%
21.4 27.8
21,6 27.0
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YAM
KAW
YAN
Suz
HOND
HOND
YAM
HOND
suz
HDAY
HOND
YAM
SuUzZ
BMY
KAW
HOND
YAN
Suz
KAW

KAW

MODEL

ROUNO
KZu400
xXsuno
GSu?2s
CXS00
CR650
XS650
T150F
1000L
1000
TS0K
XS750
GS750
100RT
MK2
CRX
1100
GS850
1000
1300

BIKF

372.
386.
390.
199,
n713,
474,
481.
530.
S3F.
S41.
546.
S46.
s47.
550.
571.
510.
R4,
sa7.
602.

f92,

WRIGHT
RIFR+RIDER

5136.
550.
554,
563.
37,
636;
hfUS,
[3=11 I8
700.
70S.,
710.
710.
711.
FAL'N
735.
74y,
7ug.
151,
TRE .

856,

Table 1 (Cont.)

STATIC LOADS

FRONT REAR

210.
221,
222,
225,
259,
265,
260.
295.
290.
276.
293,
292.
3o3.
298.
319.
313.
313,
311,
325,

366.

326,
329,
32,
EELN
378.
373.
3iss.
399.
410,

429,

RAT.

LOAD
TRANSFER

GAIN

. 483
472
<468
457
.43
. 432
435
- 404
«395
403
.398
. 805
~413
-418
. 804
. 406
<39
. 398
.384
<372

DYNAMIC FRONT
TIRE LOAD

416.9
429.1
429,8
430.2
478.0
485, 1
48h.2
519.8
511.5
502.6
519.2
521.4
537.7
537.1
556.4
554.3
Su6.7
550.6
560. 1

621.1

BIKE

29.4
29.2
29.3
30.2
31.3
30.4
31.1
31.3
32.5
33.9
32.7
32.4
30.8
31.0
30.5
31.5
32.7
2.4
32.9

33.1

23.1
24.5
24.4
24.8
26.0
26.6
25.4
28.5
28.0
25.7
27.8
27.1
27.9
26.9
28.5
27.4
28.3
27.4
29.1

29.4

MASS LOCATIONS

RIDER

XR IR

1.7 39,3
1.8 139.9
14.8 39.3
14.9 39.5
15.2 40.5
15.2  40.3
15.1 40.3
15.5 0.2
15.6 19.3
15.5 39.8
15.6 40.3
15.4  40.3
15.4  41.0
15.3 u0.8
15.8 40.0
15.4 40.5
15.6 40.3
15.5 40.3
15.7 140.8
15.8 140.3

COMPOSITE
X z
20.6 25.3
21.6 25.4
21.5 25.2
21.9 25.1
23.3 24.7
23.6 2u.6
22.8 24.6
25.5 24.2
25.1 23.9
23.3 24.0
25.0 24.1
24.4 24,1
25.0 24.2
28,1 24.2
25.6 23.8
24.8 23.9
25.5 23.8
24.8 23.8
26.3 23.8
26.8 23.2



-static load on rear wheel, 1bs
-ratio of front static load to total static Toad

-"Toad transfer gain" (referring to the ratio of the height of
the rider/cycle c.g. to the wheelbase)

-dynamic front tire load accruing during a braking condition
of 0.8 g deceleration

~-longitudinal distances, A, from the front axle and, B, from
rear axle to mass center of bike alone

-longitudinal distance, XR’ from rear axle and vertical dis-
tance, ZR, from ground to mass center of rider alone

-longitudinal distance, X, from rear axle and vertical distance,
Z, from ground to mass center of combined cycle/rider system

From among the numerics listed in Table 1, selections have been made
for cross plotting in Figures 2 and 3. In Figure 2 are shown the static
and dynamic (i.e., in an 0.8 g stop) values of front tire load that
derive for each of the 48 sampled vehicles as a function of the corres-
ponding empty weight of each motorcycle. We see that both of these tire
load measures are very clearly related to the empty vehicle weight. Since
the front brake is clearly the most heavily "loaded" motorcycle brake,
the uniform correlation between empty weight and either of the front-brake
loading measures suggests that the empty weight parameter can serve as a
reliable predictor of actual static and dynamic brake loading. Clearly,
this result must derive from a remarkably uniform, though unregulated,
set of engineering practices by which the wheelbase, c.g. height, seat
height, static weight distribution, and total weight of motorcycles are
determined.

Shown in Figure 3 is the ratio of c.g. height to wheelbase for each
of the 48 vehicles, plotted as a function of empty motorcycle weight.
While a more distinctly nonlinear relationship is seen, again we find that
rather little scatter exists away from the nominal curve for this measure
which characterizes the rate at which tire loads change as a function of
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increasing level of deceleration. Moreover, the "classification" task

has provided the basis for suggesting that the empty weight of motorcycles
may be useful to the government as a design parameter classifying vehicles
according to the magnitude of the torque demands which will be placed

upon motorcycle brakes in conditions of both Tow and high deceleration
levels.

One very simple scheme of delineating the range of motorcycles accord-
ing to "brake loading," or torque demand, is shown in Table 2. Here the
sample of 48 motorcycles, ranging in engine size from 80cc to 1300cc, has
been divided into three classes of empty weight so as to illustrate the
very small amounts of overlap in other parameters which results. Since
empty weight is a clear predictor of brake loading for contemporary motor-
cycles and since the illustrated breakdown by empty weight rather clearly
divides the domain of brake loading values, it is suggested that the
Table 2 scheme may be all that is needed to effect a viable classification
of motorcycles for NHTSA's purposes in braking performance regulation.

Table 2
Ratio of
Empty Static Front Tire C.G. Height to Dynamic Front
Motorcycle Loads Wheelbase Tire Load
Class Weight, 1bs. (Range of Values) (Range) (Range)
A Below 250 1bs 117 to 161 .628 to .501 266 to 333
B 250 to 500 1bs 158 to 261 .507 to .435 329 to 484
C Above 500 1bs 276 to 366 .418 to .372 502 to 621
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APPENDIX 2

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

The following is a generally applicable statement of the test pro-
cedures to be employed in conducting motorcycle braking performance
measurement by the towing method. The procedure applies for any suitable
design of test apparatus.

Vehicle Setup

The test motorcycle is to be outfitted with new tires and brake
Tinings. The brake adjustments and tire inflations are to be according
to the manufacturer's recommendations. The vehicle is to be connected
to a towing system permitting application of a single, measurable towing
force at a variable height above the ground. A1l tests of the vehicle
are to be conducted with engine off and with transmission in neutral.

The brake temperature is measured by plug-type thermocouples in-
stalled in the approximate center of the facing length and width of the
most heavily loaded shoe or disc pad, one per brake, as shown in Figure

1. 0.2 0IA Max "
QI2 OIA vl l Q2
) /nl
azs
as
REQUIRED
Q09 DiA
/T Q6 O
€8 DRILL NO, 3t
U/ (e 0,00 MAX OEPTH
.\ BEFORE GRIND
T™IST Ano\}'%'.,zf' N
siver T DRILL .
SOLDER N 35 0040 RECESS UNDER
TUR=T GROUND SURFACE
ANE] |2 e
18 00 COPPER AN (T
TUBE OPENID - } R
WITH NO, 44 20 GAGE 0032 ()7
* DRILL {0,086 DiA} DIA 1€ [DUPLEX Y}1/
WIRE Q330V/FT) ()
GRIND TO I/8 0040 RECESS UNDER

MAX BEFORE
PLACING IN LINING

GROUNO SURFACE

FIGURE 1 - TYPICAL PLUG TYPE THERM&CO!)PLE INSTALLATIONS
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Hand-lever and foot-pedal forces are to be measured in each test.
The point of initial application of the Tever forces is 1.2 inches from
the end of the brake lever grip. The direction of the force is perpen-
dicular to the handle grip on the plane along which the brake lever
rotates, and the point of application of the pedal force is the center
of the foot contact pad of the brake pedal. The direction of the force
is perpendicular to the foot contact pad on the plane along which the
brake pedal rotates, as shown in Figure 2.

fl6. 2 DIRECTION OF FORCE

1.2 lN.—l
90°

b -

(BRAKE LEVER) (BRAKE PEDAL)

Brake Warming

If, within 1/2 minute prior to the initiation of any of the below-
described test sequences, the temperature of the brake being tested is
below 130°F, a warming procedure will be conducted. At a steady speed
of 30 mph, the brake will be applied to yield a tow force, FT, equivalent
to an acceleration level of 10 ft/sec2. The respective front-only and
rear-only steady tow force conditions, FTf and FTr’ are as determined in
Equations (1) and (2), with AX = 10/g.
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FT

AX [wf +h/e - A - W] , (front only) (1)

X

and

n

FT Ax[wr - h/e AX - W] , (rear only) (2)

where

A_ is the specified equivalent deceleration in g's
wf is the static front wheel load

W is the static rear wheel load

h is the c.g. height

% is wheelbase

W s the total weight

The brake application (for warming) can be continuously maintained for a
maximum of 22 seconds or until a 130°F initial temperature is attained.

Pre-Burnish Effectiveness Test

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

The effectiveness test sequence involves the following steps:

1) The tow height (at which the rear-only test is to be
conducted) is placed at 48 inches.

2) Four successive tests are conducted in which the force
input to the rear actuator is applied in a ramp fashion
causing either (a) wheel lockup or (b) a 90-1b actuator
force level to be obtained between two and five seconds after
initiating the brake application. The brake actuator is
to be released at least one second and no more than three
seconds after a wheel Tockup has occurred. The resulting
average of the four peak tow-force readings is used to cal-
culate the value of peak u, using Equation (3).
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where

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

wr is the static rear wheel load

h.. is the rear-only tow height

tr
and ¢ is the wheelbase.

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

The tow height to be used in the first front-only test
is placed at the position equal to:
(c.g. height + 6 inches).

Three front-only effectiveness tests are conducted. In
each, front actuator effort is applied in a ramp fashion
causing either (a) wheel lockup or (b) a 55-1b actuator
force to be obtained within two to five seconds after
initiating the brake application.

If, in two out of the three tests in step 4, front-wheel
Tockup occurred, the procedure advances to step 8. 1If, in
two out of the three tests in step 4, lockup did not occur,
the procedure advances to step 6. In conducting steps 6

or 8, the value of NEXT TOW HEIGHT (h1+1) must be calculated
per Equation (4).

*Due to noise which is typically encountered on the raw tow force

signal, some filtering is needed to permit a realistic determination of
the peak tow-force value. Although a high quality digital filtering
scheme was used in this study, no generally required tow-force filter has
been recommended. Nevertheless, the peak tow-force value is defined as
the maximum value of tow force which is accrued prior to wheel Tockup and
without exceeding an actuator force value of 90 1bs.
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9)

10)

i+l FT.
1

where

hi+1 is next value of tow height to be employed
in front-only tests '

FTi is the average value of peak tow force attained
in three repeats of the previous brake applica-
tion

h is the cycle/rider c.g. height

is the rear-only normalized force coefficient
determined from step 2.

The procedure is directed to the appropriate next step on

the basis of the difference between the previous tow height
and the next tow height (hi+]) from Equation (4). If the
NEXT TOW HEIGHT is one or more inches lower than the pre-
vious tow height, proceed to step 7. If the NEXT TOW HEIGHT
is not one or more inches lower than the previous tow height,
proceed to step 9.

Set the tow attachment mechanisms to the NEXT TOW HEIGHT
value. Proceed to step 4.

If in two of the three tests in step 4 wheel lockup did
occur, a determination is made as to whether the NEXT TOW
HEIGHT shows (a) one or more inches difference from, or (b)

less than one inch difference from the previous value of

tow height. If (a), then the sequence proceeds to step 7;
if (b), then the sequence proceeds to step 9.

One additional repeat run is conducted‘using the previous
value of tow height and applying the front actuator force
in a ramp fashion causing either (a) wheel lockup or (b)

a 55-1b actuator force to be obtained within two to five

seconds after initiation of the brake application.

STOP.




Burnish Procedure

The front brake will be burnished by attaining prescribed values of
tow force using front-only brake applications over a sequence of 200
constant level applications. A tow force 1eve1 equivalent to AX = 12/g
(in the front-only Equation (1)) will be applied, at a constant test
speed of 40 mph, for a duration of four seconds at each application. The
tow force is to be applied at an elevation equal to the height of the
mass center of the cycle/test-rider system. The braking interval will be
either that distance needed to reduce brake temperature to 150°F or one
mile, whichever occurs first. Following burnishing, brakes will be
adjusted to manufacturers' specifications.

The rear brake will be burnished by a procedure identical to that
described above, except that tow force level shall be as specified by
Equation (2), with Ax = 12/q.

Post-Burnish Effectiveness

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

Thermal Capacity (Fade) Procedure

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

Baseline Check. At a constant speed of 30 mph, the front brake
will be applied for a duration of four seconds, achieving a tow force

equivalent to AX = 15/g in the front-only Equation (1). Three braking
inputs shall be applied, each with an initial temperature between 130°F
and 180°F. The same three-application sequence shall be conducted using
the rear brake, and employing a tow force as specified by Equation (2)
using AX = 15/q.

Thermal Loading. A total of ten brake applications using front-
only braking will be applied at a constant speed of 30 mph, achieving a
tow force value corresponding to A, = 15/g in Equation (1). The initial
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temperature before the first brake application shall be below 150°F.
The constant tow force Tevel shall be sustained for six seconds at each
application. The interval between initiation of each brake application
shall be 0.4 mile. The tow force is to be applied at the height of the
mass center of the cycle/test-rider system for the fade test sequence.
The above procedure shall be repeated using rear-only braking and a tow
force value corresponding to Ax = 15/g in Equation (2).

Performance Measures

The braking performance of the test motorcycle is derived from the
tow-test data per the measures described below.

Effectiveness Tests. Performance is alternatively expressed by
either an average equivalent deceleration measure, Ax, or an equivalent
stopping distance, D, achieved from an initial velocity of 60 mph. The

deceleration measure is defined by Equation (5).

F_TID *u, W- [wf + htlz FTp]}

A, = o (5)

where

FT_ is the average of the final four values of peak tow
P force resulting from the front-only effectiveness tests

ht is the convergent tow height obtained during the front-
only effectiveness tests.

The free-stopping distance, D, is calculated as
v2
D = 7 (6)
264.4§AX
where

Vo is the reference free-stopping initial velocity (fps)

For the desired reference condition of 60 mph,

o - 120.2 )

Ax
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Thermal Capacity (Fade) Procedure. For the baseline check applica-

tions, the tow and actuator force values are obtained by averaging the
actuator force time histories over the last two seconds of the four-
second-duration input. An average of the three tow force values obtained
using the front brake is then ratioed to the average of the three front
actuator force values yielding a gain value, viz.,

Front Baseline Gain =

FT(average of 3) (8)
Af(average of 3)

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

FT(average of 3) (9)
Ar(average of 3)

Rear Baseline Gain =

The vehicle's resistance to thermal loading is established by com-
paring the above front and rear baseline gains with the respective front
and rear "faded" gains, viz.,

Front Faded Gain = FT(average for the last 3 of 10 thermal loading runs)

Af(average for the Tast 3 of 10 thermal Toading runs)
(10)

FT(average for the last 3 of 10 thermal loading runs)

Rear Faded Gain = Af(hverage for the last 3 of 10 thermal loading runs)

(11)
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APPENDIX 3
DEMONSTRATION TEST DATA

The following is the computer printout of data from the demonstration
tests on three motorcycles; namely, a Honda CB 650, a Suzuki TS 185, and
a Kawasaki KzZ1000.
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