3. EFFECTS OF ACCESSORTES, TYRES AND MACHINE
MODIFICATIONS ON HMOTORCYCLE DYHAMICS

4.1 ACCESSORIES

3.1.1 Fairings

A failring is a structure added to a motorevele to make 1t
aerodveoamically smooth and streamlined, The fairing affords a
degrese of protection £o the rider from wind and rain and
generglly makes for more comfartable touring, Racing motorcycles
have fafrings fitted Co reduce the drag coefficient and hence
improve the top speed capabilitv, Very few motorcveles are sold
with fairings aa oripginal equipment, and 1f 18 generally left to
the motoreyvelist &o cheose and £it the faicing of bis cheice. A
fairing can be mounted to che front forks, in #hich case it will
move with the ateering, or 1¢ can bhe attached o the main frame
of the metorcvele so that the steering assembly mowves

independently of Lo,

There 1z evidence (Batten, L979; Weir et al,, 14%78; Cooper,
1974} to suggest that fork-mounted fairings can reduce the weave
or wobble mode damping to the extent that at speeds in excess of
100 km/h a dangerously large cscillacion can occur, Batten
{1979} stated this was the experience of the West Australian Road
Traffic Authority with their Patrol Motoarcvcle, a Honda 750,
fitted with a fork mounced falring, Tests ceopnducted by that
Authority found that the additfion of a steering damper wirtwally
eliminated the wobble phenomenon with the fork=mounted fairing,
A frame=mounted Fairing tested did not ceuse anvy wibration

prablems, and there was no need for a steering d.arur.u*.r with this

design.

Batten aleo conducted a guestionnalte survey of riders in
1000 single=vehicle motorcyele accidents in West Australia during

the period 1976, 1977 and of part of 1978. The total number of
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accidents for which data were obtained was 405, There were Th
accidents which involved moterceyeles with windshields, représent-
ing 18.8% of the 405 motoreyveles lonvolved in single-vehicle
geclidents. He also found that 13.2% of the motorevele population
in West Australia had windshields, indicating a possible over=
Involvement of motorcycles with windshields ion single-vehicle
accidents. These figures correspond to a ‘relative riak® of L&,
but as the size of the population-at=risk sample was not given,
confidence limits cannot be quoted. Further, the relative
contribution of steering asseably mounts verses [rame—smouwnted
fairings cannot be isolated, Interestingly, the percentage of
the 405 gingle-vehicle aecidents In which wheel wobble was
reported was 13.5% with no windshield, and 18,47 with a wind-
shield.

Weir et al. (1978} conducted a series of experimental tests
to ascertain handling response asnd performance wsing a total of
five differemt motorcycles selected to be representative of the
range of machines currently available (see Section 4.2), A part
of this work included a comparfison of motarcvele handling
performance with and without fork-mounted fairings. They
esploved 2 steady-state turn test, a single-lane-change test and
gtralight-line running, The steady-state turn test indicated that
the addition of a fairiog had some effect on rider subjective
ratings for the small motorcyele at low-and mid-speed. The
mlddle—sized sotorcyele's subjective handling scores were largely
unaffected by the fairings, and with the very large motoreycle
the racings did not change., The single—lane=chanie manoeuvre
ghowed degraded rider ratings at all speeds for the large motor-
cycle with a fairving, Free—control stability properties were
also determined for the Honda 360 with a fork=mounted fairing.
Analytical considerations established that the frequency of
vortex shedding from a fairving at 100 km/h would be in the range
% to 15 Hz, which is near the wobhle mode Frequency for this
motorceyele, This could result in a forced vibraticen of the

steering assembly., A series of high speed tuns with the fairing
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were made, At & speed of about 135 kw/h & sustained cecillstion
at approximately 3,5 Hz occurred. 1t was oot clear whether this
was a wobble or a weave:; however che authors considered it o be

a low fregquency wobble,

Cooper (1974) investigated the effects of aerodynamics oo the
terminal velecity, acceleration and fuel comsumption of a motor-—
cyele, It wes found that significant gains in perforaoance
accurred for read, road racing, and recocd=attempting motorcycles
by addition of a wind tunnel designed fairing. Cooper employed
the analytical model proposed by Sharp (1971} and fncleded aero-
dynamic effects. His model predicted that the additien of a
falring slightly increased the weave mode damping and slightly
decreased the waobble mode damping, Wich the extensively streap—
lined record motorcyeles anm oscillatoery {nstabhility at high
speeds was experienced, and the analyrtical model was able to
predict this behaviour.

Motor Cycle Mechanics (August 1978) published results of an
investigation of the effect on stablilicy of ficting handlebar-
mounted fairings. The experiments were carried out at a test
track and on an ordicary road surface. The report concluded that
in general all the fairings tested were safe. However, none of
the fairings improved handling and none inproved top speed.  In
all cases the fairings caused no majer bazards at speeds up to
LI km/h. One of the fairings evaluated upset the high speed
handling of the Yamaha BED 250 considerably., However at 110 ko/h
the machine was still stable. The handling of a Honda CB 400 was

r.rl:l.l:.r .‘i]ip:htl:,r affected at Epaqeds up te 1340 'rl;m,:"'l'l thr::-u.g'h COt e r S,
5.1.2 Luggage Zacks

Weir et al, (1978) compared the handling performance of five
representative motorcycles with and withouwt z rear-mounted Load
of approximately 10%Z of the Gross Venicle Weipght (GVE), With the

eteady turn and lane-change tasks oselliatory behavieur was
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observed in some cases. A weave oscillation resulting from the
rear load being added to the Honda CR 125 {8 shown in Fipure 5.1,
Thie ie & near-1imit steady turn at 96.% km/hon a 122 m radiue
turn (0.6 g lateral aceeleration). The motion is slipghtly
divergent in vaw., With the rear load, wobble motfions could be
induced in the Honda CB 125 using 8 steer torgue pulse fnput (the
handlebars are given a bump). The results were strongly speed
dependent, as shown in Figure 5.2, The auvthors concleded thae
adding a rear load of 10X GVW could lead to weave oscillations,
pewally in near-limit sanoeuvres when suspenslon and tyres are
more heavily leaded, Addition of a larpe rear load decreasesa tlhe
wobble mode damping, With the steady-state turns, rider
gubjective ratings chanped sipgnificantly when a LOZ GVW rear load
was added to the smaller motorcycles. The middle-sized
motoreveles were less influenced by addition of a rear load, For
the Horton B50, the rear load improved the low spesd rating, and
lowered its rating at high speed. With the larpe Harley Davidson
HD 1200, the rear load decressed the medivm-spesd rating. Using
the single~lane-change test and an added rear ILoad, the
motorcyele suspension tended to bottom in the second phase of the
manoeuvre causing rider contrel difficulties and weaving, The
load degraded rider catings in the low and mid-speed ranges, with
legs notliceable effecrs at high speeds. Weave oscillations were
observed in atraipght running for the smaller motorcyeles carryving
an added rear load. Slowing down or shiftiap the load eliminated
these oscillations. Wobble oscillations sometimes occurred with
large rear loads, probably due to the vnloading effect on the

front tyre and the resultant lower tyre side force coefficient.

Weir et al, (1978) deliberately attempted to bring about
weawe nscillations, in order that their hebaviour could he
gtudied, by adding a 45 kg rear load te the Honda 360, This
represents 20 GVW (incluodimg the rider) Extreme weavn
pecillationg ar LOD km/h on a 122 m radius curve occurred, as
ahown in Figure 5,3, This manoeuvre corresponds to a lateral

acceleration of 0.6 g and a roll angle of 31°. On reducing the
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rear load to 22,5 kg, no oscillacion oceured at this lateral
aeceleration, Also, with the 45 kg load, it was possible to set
up a wobble aegcillation in straight-line running using & steer
torgue pulas: an example of this conditicn {2 shown in Figure
5.4, A wobble of about 5.3 dz can be seen in the traces.
Further testing was doene with a 22.7 kg mass added to the
front assembly, 270 mm ahead of the steer axis. In straight=-line
tests sustained weave oacillatiens were observed, following a
steer torque pulse, in the speed range 30 to 100 km/h  The basie
motoreyele without the mass could net be forced to weave in

straight-line renning.

Vorma (1978) investigated the compliance of a luggage rack,
The natural frequency of the rack with an 18 kg load was measured
in the laboratory and found ta be arcund 1 to 13 Hz, close to
the wobble frequency of the metorevele used in Verma's work
{HBHz), It could thus be expected that, with a significant load
o the lugpage rack, the wobble mode mavy be excited through
eympathetic oscillations of the rack resulting from shocks or

wind Buffeting.

3.2 PILLIDK PASSENGERS

From the accident literature reviewed in Chapter 2, it was noted
that there is conflicting evidence on whether motoreycles with
pillion paesengers ave over—iavalwved in accidents, &and a

sugpestion that they are more prone to single-vehicle accidents.

Weir et al, (197E) inclueded in their experimental program
tests to deternine @ffects on the dynanic behaviour brought abouwt
by carcying a pillion passenger. The results ohtalned were
penerally similar ta those indueced by the addition of a 10X
Eross—vehicle-welpht rear load (discussed inm Section 5.1.2)
Although o passengar may contribute 15 te 50% GVW (dependent omn

motoreyele size), the effects canmot be simply extrapolated fFrom
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the dead-welight experiments, because complex body movements may
act to damp the wvehicle oscillations.

5,3 TYRES

Rice et al., (1976} noted the importance of tyre characteristics
for handling behaviocur of metorcyecles. For a motorcycle
negotiating a corner, side-ways forces at the fromt and rear tyre
contact areas are necessary for equilibrium. These forces are
generated through canmber angle and sideslip angle. Posltive or
negative slip angles are developed in conjunction with camber
angle to maintain equilibriuvm in the turn. The effect of
differing tyre characterlstics i8 clearly shown in Flipgure 5.5,
whete a compariszon of steer torque and steer angle requirements
is made for two different tyres on a Harley Davidson 1200, The
replacement {alternate) tyre required far less steer angle to
give equilibrium conditions at a particular lateral acceleration
than did the original equipment manufacturer [OEM) tyre., The
replacement tyre generated more side force through camber
mechaniems. The resultant steer torque reguirements with the

alternate tyre were far less, making the steering feel 'lighter.’

As part of his experimental program, Verma (1978) conducted
runs simed at measuring the influence of tyre condition on
gtabllity characteristics, Stralght-1ine running tests at a
range of set speeds were made and a steer torque pulse wag used
to excite oscillations. He intended to do three tests: one with
new tyres, the nexr with a wern aet of tyres and the third Series
with worn tyres and an 18 kg rear load on the lugpgage rack, The
data acquisition svstem failed to operate for the second Set of
tests, end so controlled date with tyres being the only variable
were not available, During the course of the tests with the woern
tyres it was found that, for test speeds of 80 km/h and less,
sustained oscillations of noticeable magnitude occurred (Figure
5.6). The addition of 18 kg rear load represents 6{ gross
vehicle weight. Welr et al. (1978} found that a 9% GVW rear load
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on a Hondz 360 destablilised the wobble mode. The strong wobble
oscillations encountered by VYerma were possibly not entirely due
to the condition of the tvres., However Verma tested the worn
tyres on a £lat bed tyre test machine and found the side forces
generated either throughk side $lip or camber showed pericdic
variations., Thie 1& shown in Fipure 5.7, A harmonic analvsie aof
Lhe wariation was poerformed. The freguency of side Force
variation resulting from tyre non—uwnifornicy is &2 function of
notoreycle forward speed. Figure 5.8 shows that at 64 ke/h {40
mph) the first harmonic of the tvre gide foree corresponds to the
wabhble made natural frequencv. Tt was at thisg spead that the

strongest oscillations were noticed,

Weir et al. (1978} pointed out that tyres have an important
influence on the motorcyvecle’s dynamic behaviowr, so that all of
their exzperimectal work was made with tyreszs of excellent
conditier and corrvectly Inflated., Howeaver there were some runs
made with inflatiecn pressure wariasticen for the Honda 360 and the

Honda 125 The results for these tests kave not been rveported,

Sakai, Kanaya and Tajima (1979) invesvigated the effect of
inflation pressure and wear on the gornering stiffness and camber
stiffness of botk racing acd stacdard cyres opn a drum [ype
Lesting machine, Figures 3.9 and 3.17 zespectively show
cornering stiffneas and camber stiffness versws 1ioflacionm
pressure, The racing tyre L5 feen to be more sensitive to
inflation pressure than the ordinary tyre. Figure 5,11 shows the
effect of tyre wideh on camber stiffness and cornering stiffness,
Cornering stiffness increases with tvre width, while only small
changes in camber stiffness occur. The variations of side force
and overturning mement with camber angle are affected
considerably by the amount and evenness of tvre wear, as shown in

Figure 3.12 and 5.13.

The results of this work cleavly frndicace that large

varlacions in the tyvre dynamic parsmeters car he effacted by
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infcial spgezds, The Frral nvit fzsting socluded sublective
evaluation durizg Zen lazpz -0 @ fogzale-af-gight cirouit 2% near
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Figura 5.14 rfukeiggers used on motorcoyeles during tyre
testing (Cyele Morld, Auogust 1978) .
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tyres: a 16% wvariation owerall for the 50 km/h stops and 268 for
the 100 km/h stops.

Eokoschinskl (1978 a, and b} performed tests an 22 different
mototeyele tyres Iin order to rate them on a comparative basis,
The program, which was reported in the Cerman magazine Motorrad,
included subjective assessment by expert riders at Hurburgring
race track, 5Six motorcycles of thres different sizes were used:
two Hercules E 125 5, two Yamaha BRD 404 and cwo BMW B 100 5 The
small machines’ behaviour was not infleepced by different tytes,
for two main reasons: firstly, the suspension hottomed well
before limit tyre conditions were approached during corssring
aecondly, not enough power was avallable for straight-line limits
te be resched. The medium and large motorcycles were, however,
influenced by tyre tvpe. The tvres rated best were said to ‘have
the common property that they noticeably stabilise the machine in
fagt straight-line driving amd that they generate lateral forces
in eurves such that the limit of adheslion was never reached,'
Some of the tyres rated otherwise as good were sald to "steer
into a curve with some reluctance', or to have "a certain inertia
when steering into alternate curves.! The worst-rated tyres were
found to have 'little tracking stabilicy’ during initial braking
and skidded at the rear during acceleration., Furthermore, '"they
did not instil much confidence in their adhesion values during
curve driving.®

Objecetive measurements of the tyres were made at a fyre
factory. These measurements showed quite wide differences in
quality contrel of tyre uniformicy {(radial and lateral
deviations), the speed of response of tyre side force to change
in alip angle, and the steady-state silde forces developed in
response to sideslip and camber angles. Generally, the ranking
of tyres according to these objective measurements was conslistent
with the subjective ratings obtained on che medium and larger

glze bikes,

110



| Stopping Distances, Front Brake Only. In Feet I
| iListed in order of combunod 30 and 60 mph stopping dislances) [
— e — — —

JLF g =) mphi
GOCOYSEN. e s e - . a2 140

PR -
LR LR RN e fs S Le

Canigle . .. ..o : AL
Rheshdling . . o . e B aa EL
Cheng Shin. ... e — e A8
Conlinenial ... ... e e e . . e A B

Fankang . T, | I
Dwnlop TR~ | N
[l T TR . I

gw O3 AT AT A L

L LN R

[}
ey i n
| 1 Lanas wirrer S L

{ WokDhama.... ... . - I o 1

...... |1
|1 11| PR —— " . A8

-
n

| Bridgesiome..............; - ) 171
[ BRELG . oo o e e 14 5




The Cycle World and Motorrad tests showed that different
brande of tyre lead to a wide range of ratings of 'confidence in
tyvee', 'degree of control' and so en., This conflirms the
conclusions from mathematical simulations of handling behaviour
that tyre characteristics play an important and subtle role in
the machine's behaviour. Tt would be desirable to be able to
predict handling quality from a knowledge of the motorevele and
tyre characteristics. The present state of knowledge is
inadequate for this, however., Further research {s required into
the mechanics of tyre force generation and, indeed, into what

constlitetes "good” handling bkehaviour.

5.4 MACHINE HODIFLICATIONS

Motorcyecle riders often show their desire to express
individuality by modifying thelir standard motorcycle to make 1t
loak different from the rest, These modifications may include
improved engine performance, low handlebars, rear-set foot pegs
and a fairing, A motorcycle thus modified ig sometimes called a
'"Cafe Racer' - see Figure 5.17. At the other end of the scale,
the owner may extend the front forks, shift the foot pegs
forward, lower the seat and Iinstal a pack rack called a "sissy
bar®*, Thease machines are called 'Choppers' (Figure 5.18),
Motorcycle dynamic characteristics are particularly sensitive to
the geometry of the steering assembly, and so licensing
authoricies in Australia do not permit extenslen of front forks
bevond 250mm. (The state of Queensland does not permit any
modifications),

Weir (1972) actempted to determine the effect on handling
performance of changing motorcycle design configuration. He
analytically compared a conventional motorcycle with a chopper
verfation. The latter Involved Increaging frame and fork rake
angle, #xtending forks, lowering the rider seating position, and
changing the imertial properties of the wheels, The comparison
lacked experimental verificacion, However, he was able to
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Hominal chopper configuration (Weir, 1972).
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conclude that fine tuning of a chopper chagsis could resul: in a
metorcycle with overall handling properties about the same as the
basic corventional motorcyecle, and with dmproved higk-speed
cruising charzceeristdies. The most iwmportant consideration with
frame tuning wag the provision of positive trail under all
loading conditions, both static and dynamic. Figure 5.19 shows
the machine analvzed, =with the dimension "K' being the trail
mentioned above, Weir comments that the proacess of chaggis
tuning to achieve good bandling is particularly complex because
of the extensive coupling in the equations of motion and "in view
of this complexity and sensitivity, it 18 in fobe wavs remareable
that standard and chopper motorcycles have evolved, and that they

are commonly used by rviders of all skill lewels,'

5.5 COMCLUOSTONS

Faircings

(il A lipear mathematical model of motorcycle lateral dynamics
which includes the aserodwynemic characteristics of a fork-
pounted fairing indicates that the wobble mede damping is
decreased at high =peeds by the presence of a fairing.
The frequency of vortex sheddiang from a fairing may alsc
coinolde with the wobhble acde naturzl frequency, thus

exciting a resonant wobble oscillation.

(ii Field experience @itk police patrnl motorcycles has shown
that Ffork—-mepunted falrimge can Indeed cause steering

wobples at spaeds in excesg of D00 kmih.

(iii) 0Ome experiment founc that subiective ratings of handling
quality were degraded 5 the presence of a fork-mounted

fairing, especially for smaller notorcvelsas,

(iv) Tests conducted by a4 motorcyeling nagazine, bowever, did

not reveal any major problems with fork-acunted fairings,



Loads

{v)

(vi)

(wid)
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(xd
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except for & light motorcyele, and then only at wery high
epeeds,

Addition of a rear load of 102 Gross Vehicle Weight (GVW)

can lead to weawe osclllations in near=linmit mapocuvres,

A pillion passenger has been found to influence the motor=
cycle dynamie bhehaviour similarly to the addition of 10%
GV,

A flexibly-mounted rear luggage rack carrying a substan-
tiel losd may cause wobble oscillations due to a coupling

of the rack wibrations with the steering motions,

Weave mode instability may be indueced by the addition of

mazs forward of the asteering axia.

The deleterious effects of added loads generally reguire
fairly extreme loadings or manoeuvres to become a signifi-

cant problem,

Tyre characteriscics can dnfluence the steering 'Feel’
properties to a large degree, Large variations in tyre
dynamic parameters can result from differences in inflat-
ion pressure, methed of constrection and amount of wear.
These are all "{fp-use' tyre factors sebject to wide

variations.
'Expert' riders are able to rate different tyres on a

gubjective basls, with consideratiom given to their

ability to srabilise the machine in fast stralght-line
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drivin_E:, the level af COrneTing adhesion _‘]_I'm:l'.l:s, and thair
high-deceleration braking characteristics, However, it is
not wet possible to predict motoreyele handling gqualities

from objective measures of machine and tyre characteris—

tica.

Mod{ificatfons

(xid)

& 'chopperised' motorevele ¢an be made to handle much the
game as a Standard metercycle, Teo do this, however, it is

necessary to pay careful attention to the rake and trail

measuremants,
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6. FINDINGS ANMD RECOMMENDATIONS FOR FURTHER RESEARCH

L ACCLDENT LITERATURE REVIEW

Motoreyeling is papular for both commuting and leisure activit—
ies. It is hazardoug, however, in compariscon with automobile
driving, both in terme of relartive Ireguency and severity of
accldents., In the ecvent of an accldent the rider 18 at wery
great risk, and wusually nakes contact with another vehicle or the

ground, The injuries suffered are esually severe.

The typical motoreyele accident involves a collision with
another vehicle, usually an automohile, and in the urban/suburban
environment, The motorcycle ie generally travelling seraight,
and & wehicle turans across its path. Culpability larpely rests
with the driver of the other vehicle,

In an accident sltuation when braking is attempted, the rider
typically dees mnot utlilize che full braking capability of the
motoercycle, A& large accident study found that maotercyelists Thad
applied both front and rear brakes topether in only half of the
cases in which braking was attempted, The reduced deceleration
being achieved by riders results in increased impact speeds, and

thus accidents of greater severity than need he the case.

Motorcycle braking performance usgually deteriorates in wet
weather snd aceident data confirm that riders are them at greater
risk. Perhaps partly as a result of this, wet weather riding i=s
greatly reduced and the magnitude of the accident problem is

similarly reduced,

YMotoreyeles have mofion instabilities that, when excited, are
beyond the capabilities of the rider o control. Howewver, they
are mastly high speed phenomena and, as most accidenrs occur
within the &0 ke/h speed limlt zenes, these problems do not

appear to he of greatc concers,



The effect of motorcycle handling characteristics on accident
risk has not been studied, due in part o 2 lack of knowledge of
approprlate ways to characterize handling qualities., The most
common loss of control accident imvolves the machine running wide
on & turn., The presence of a plllien passenper, or lack of
familiarity with the motoercycle increases the likelihood of a
single=vehicle accldent, Hedified machines are apparently not

ower-represented in accldents.

6.2 HOTORCYCLE BRAKLNG

The performance of disc brakes Iin wet weather deteriorates
rapldly, as they suffer increased response time and require
higher input force levels te achieve dry-brake deceleration
levels, The Transport Read Research Laboratory, in conjunctlion
with Dunlop, have developed a sintered metal pad which appears to
overcome these problems. Arf this time only one motoreycle
manufacturer (Kawasaki)} is known Lo be suppilyving these pads as

ariginal eguipment.

Agpects of the testing requirements for motoreyele and moped
braking svstems, contained in Australian Desipgn RKule No. 33,
are considered to be loadequate, as the Brake epvironment in wet
conditions is not well simulated.

Linked brake aystesms provide froont and rear brake application
gimultancously, thus climingting the problem of the rider wsing
only one brake in an sccident avoidance manocevvre. Only one
panufacturer [(Hoto Guzzi) supplies motoreveles with a linked
braking system. Investigatioms are recommended bo assess their
performance under varving conditions and with riders of different
levels of skill, Furthermore, a system which alloews for varying
levels of deceleration and the presence or otherwise of a pillicn

passenger should be researched.

120



Experimental work has shown that antileock hrakes provide
supertior performance to standard brakes, particularly when the
road surface is slipperv. Several systems are at the prototype

development sLage.

The erponomica of the separate front and reary brake systems
found en nearly all motorcyeles have not vet been subjected to
gcientifie scrubtioyv, As the characteristics of these syatems
vary greatly from motoreyele to motorevele, it 15 expected that

sech a study should lead to systems with more universal appeal,

providing better deceleration performance.

f.3 STABLLITY ASXD HANDLING CHARACTERISTICS

Analytical simulactions of the mRotorcyecle—-alone and the
rider/motorcycle svstem in variows maneouvres have identified the
major dynamiec modes of the motorcyele (weave, wobble and
capsize), rider contrel Strategies in making a fturn, and
pitch/weave coupling effects inm high lateral acceleration
cormering, These mnodels now offer a falrly accurate
representation of the motoarcvele dynamics. Further work Ls
required with tyre models and rider representation. A validated
rider/evele model would be a wvaluabnle toocl ko safely and
peonoemically investigate the effects of a variety of motorcyecle

desipgn paramefers and machine modifications.

An dnvestigacion fnte chatacle avoidance showed that
lightweight aotorcycles did not perform any better than medium or
heavy machines, A rider with low skill reguired about I35 to 206
more distance to avoeid the obstacle than skilled riders. These
tests also showed that a motoreyecle should not be considered mere

manaeuvrable than an avtomobile in obstacle aveidance.
The aoversteer/understeer characteristic used to desecribe

automoblle handiing has been investigated as a motorcycle hand-

Ling paramcter, Rkiders prefecred a motorevels with neutral to
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modest oversteer properties, They also preferred a machine with
a well-damped, stable weave mode at high speed. The results of
lane change experiments showed that riders prefer a motorcycle
whieh begine to yaw initfally rather than the first response
being a change of roll angle., However, only very tentative
conclusiong have been drawn about desirable handling responge
properties, and the study af moatorcycle handlinpg is in its
infaney.,

Anecdotal evidence gleaned from the popular press sugEests
existence of problems such as high speed weaving, high speed
wohbles, slow reaponse at low speed, self steering, and roll
limits imposed by footpegs, mufflers and stand brackets, Tyres
have s large influence on ratings of steering and handling
behaviour, and disc brake performance in weot weather 1s noc
regarded as satisfactory. Further work is required Lo quantify
these effects,

b. & EFFECTS OF ACCESSORIES, TYRES AMND MACHINE MODIFICATIONS
OH MOTORCYCLE DYMAMICS

A fairing mounted on the forks can give rise to wobble oscillat—
ions at speeds in excess of 100 km/h, This can bhe eliminated by
addition of a steering damper, or by mounting the fairing direct
to the motoreycle main frame. The degradation of rider rating
dus to fitting &8 fairing is greatest with small moatorcyeles,

Addition of 10X GVW to the rear of a motorcyele can lead to
weave instability during near-limic cornering, A weight added
ahead of the steering axis may give rise to weave oscillations.

A pillion passenger has a similar effect on motorevele handling
as addition of LO0% GVW.

Motoreyole behaviour i strengly influenced by tyre pressure,

condition and design, & large variation In machine characteris-

tice 1s obtainable by altering the type of cyres (itted to L.
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A f'chopper’ motorevele with extended front forks, could be
made to handle puch the same as a standard motorevele, if proper
attention wag given to tuning the vake and tratl dimensiong of

Ll stoering aﬁ:trm'h]__\l',

A, 5 RECOMMEMDATIONSG FOR RESEARCH

In the field of braking, stakiliev and handling of motercvcles, a
number of areas requlring rescarch have been fdentified. The
accident daca supgest That highest priority should be given Eto
hraking stedics, It 1% clear that riders are not utilizing the
full braking capacities of their sachines. Although stability
and handling research would appear to have lower pricority, it
should be noted that wery ligtle is in fact known (in a
scientific Sense) about motorcvele handling, Thus, it is
unlikely that accident investigatore will have been able to make
adequate Judpements about the role of handling characterisclics in
accidents,

Specific research topics, arranged rouvughly ie order of

priority, are as follows:

L. Braking

The zeparate front and rear brake controls found on nearly
all motorcvecles have characterliasrics which vary preatly
fror machine Fo machine. Ap experimental studvy to
guantify these characteristics and to analvse the
ergonamic capabilities of riders in controlling brakes
should be undertaken. This should result ia provisionm of
matarcycle hrake asystems in which riders have confldence
and which will improve their utilization of the braking

potential of their machines

1.2 Linked hraking aystems have FANY advantages, mai'n].}" in

that they prevent the wse of onlw the rear brake fn an
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1.3

1.4

accident situation and hence maximise deceleration,
Development of a veriahbhle proportioning system tao
eptimally distribute braking effort, based on deceleration
level and the presence or otherwise of a pillion
passenger, should be initlated. The performance of such a
system with a range of brake and tyrefroad frictionm
conditions, and with riders of varying skill, should be
investigated,

Australian Design Bule Mo, 31 - Motarcyele and Moped
Braking System has been shown to assess wet weather brake
performance inadequately., The precedure shouwld be
medified to incerporate a more realistic wetting technique
which would model the actual wet weather brake environment
more closely. This technique should be the subject of =

research proiect,

Antilock brakese are seen to be an ideal solution for
obtaloilng maximum deceleration with unskilled cperators
and when conditions are wet and slippery. Wowever, at
this tlme they are prohibitively expensive, and are not
avallable as standard eguipment. Oversess developments in

this area should be¢ monitcored.

Stability amd Handling

As vet, parameters which adeéequately characterise
motorcycle handling quality have not been established. A
combined experimental and analytical research program is
required to identify optimum handling response
characteristics for a motorcycle. Tt can be anticipated
that & motorcycle which is matched to the control
capabilities of the rider will reduce the work load in
stabilizing and controlling the machine, thereby
increasing his capacity to deal with traffie events. Thias

ghould have a favourable influenee on accident scatcistics,
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(1)

(ii)

(i4i)

Ciw)

On eompletion of this fundamental work on motoercyele
handling, research into & number of important aspects of
fn-use behaviour could be appreached on a rational basis,

For example, there is 8 need to:

uantify the ipnfluence of tyre pressure, wear and design
on motorcyele stabilicy and handling, This would lead to

recommendations being established for users,

Enable safe limits for carrvipng of load and passengers to
be established,

Megasure the changes in characteristics arising from fitt-
ing various designs of falrings, with different methods of

attachment, and hernce make recommendations,

Conduct an accident study designed to measure the role of

gtability and handling characteristics in accidents.
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AFPEMDIX &
Al l DEEIVATION DF SIMPLE MOTCRCYCLE BRAKING EQUATIONS

The following derivations intend to show the effect of using
front and rear, fromt only and cear only brakes for decelerating

a motorcycle in a stralght line on  level surface.
Al Front acd Rear Brakes Applied Together

Referring ta Fligure A.l, and assuming that the brakea are
applied to the limit of available friction between tyre and road

surface, equilibrive conditions yield:

Hota + B} = mgh + mh

where D e che deceleraticn
e = mfL{gh + Dh} (A1)
wrr = [

e

Hrﬁa + k) = mga = mh

L Hr = mfiflga - Nhk) [A.2)
"Foom )
®
S LR+ Ho=mh (A.3)
Let 4 = friction coefflicient hetween tyre and road, then £t
Enllows that:
Hr = uVF LALA)
N =y &
F = ouEL (AL 5)
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Figure A.1 Basic dimensions of motorcycle, front and
rear brakes applicd.
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Figure A.21 Motoreyele with front beakes applied.
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Substituting A.1, A Z, A.% and A.3 yields:
N =L {A.B)
ALl Front Brakes Applied Alone

Referring to Flgure A,Z, it can be shown that:

Jaf = =M (A7)

507 substituting A4 and Al into A7 yiclds:

T = pgb/{z = ph) {A.8)

A L Hear Brake Apnlied Alone

Referring to Figure A.3, it similarly follows that:

}[? = mh (4.3

S0 thar:

n o= pgaf{i + 1) CA L1000

Uaging the dats for six motorcveoles coverimg the range from
Llightweight commuter to heaveweight tourer (Rice et al., 1976}, a
graph of percentage of available deceleration obtained using
front and rear, fromt only and rear only brakes versus tvre/froad

friction coefficient waz plotted and fs shown in Figure 3,10
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Figure A.J Motorcycle with rear hrakes applied,
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