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Abstract .

& review of the litzreturs relzting to braking stebililty aad handling
ot motorcyclas was wderteken, Ividesnoe of relationshics hetween
moTorcycle charaskeristics and scoidents was sought., Anecdotal
evidence of cparvakional praoplems pubilsned n vaer magazines was

alsa geviewed, Txperimentel and analviical investigatiora of
motorsysie ornanics,. aend the efiects of acoessories, tvres and

- mackine madifismzions. was sarwersd,  Froblem areas were identified
and pracritiss for furcier ressarci recomiendeds
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MOTES:
{1} ORS research reports are dissaminated in the interests of information exchange.

(2) The views expressed are those of the author(s) and do not recessarily represent those
of the Comomeeal th Goverrment.

(1] The Cffice of Hoad Safety muhlishes two series of research reports

[a) reports gererated 3s a result of researcn cone within the ORS are published in the

OR =eries:
b) reports of research conducted by other orgenisations on behalf of the ORS are
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STUMMARY
This report docurents the first of twoe phases of a research
project concerned with braking, stability and handling of
motorcycles, Phasp I somstlruted g iterature review, the
obiectives of which were o tesiew Lhe state of knowledge,
igolate problem aress and recomnend priorities for further
regearch. As a result of this reviaw, a FPhase 1T investigation
of ergonnric aspects of moetarcyele braking contral was iniciaced

and repoareted separately (Juniper ard Good, 1983}

The sccident literature demonstrated that motorcvelists are
smore Llikely to ke Invelved 1in an gcocldent than cother vehicle
ugers, and the consequences are Oore severe. In the most common
accident scenaric, the motoreyle’s right of way 18 vioclated by
another wehicle. The accident=svoidance capabilities of riders
and bikes are coneecuently of considerable importance. The
literature revesled, bowever, thet riders tvpically make poor use
of the hraking capacity of their aachines, therahy incereasing
hath accident freaquensy and severity., The contribution of
natorevele stability and handling characrerigtics to accldant
risk has not been adequately determined, in part due to & lack of
knowledge of the most apprepriate wav to describe these
characteristics. Virtwually =211 metorevele acefident atudies have
suffered from Inadesuate, or a complete lack of exposure data
which would allew statistical iaferences to be drawn about

vehicrle-related factors in accident ceusation.

Otber aspects of the literature review included disc brake
performnance in wel weather, antilock brakes, linked brake systems
and hrake wodulahilipy. Analyreical and experimental
Investigations of rvidericyele stability and handling were
reviowed, bath for acandard machines and those modified by
fittine of accessnties, structural changes and the carrying of

Toad=,

Eecopaerndaticons for futher rtvasearch are made on che basis of the
praoblems identified im this review,
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1. INTRODUCTION
1.1 BACKGROUND TC REVLEW

In dles report on notorcycle and  bicyele safety, the House of
Representatives Standing Committee on  Hoad Safety (HoR, 1978,
Para., &) recommended that:

"4 ldterature and research review of existing
and potential proeblems relating to motorcyele
stability and handling be undertaken by the
Aadvisory  Committee on Salety in Vehicle

Design.”

Furthermore, the committee recommended experimental appraisal of
antileock and linked hrake syscems. They expressed concern abouwt
possible motorcycle instabllicies arising through the fitment of
fairings and the carcying of luggsge. In addizion, they said
that the safety aspects of the matching of tyres to machines
should be investigated.

On the basis of these recommendations the Office of BHRoad
Safety of the Australiac Department of Transport commissioned &
two-phase research project enticled “Braking, Stability and
Handling of Motorcyelesa", FPhase 1 was to be a literature and
research  rewview, while Phase 11 was Lo be an experimental

tovestigation of a high-prioricy probles area revealed by Che

review,

This report documents the Phase T literature and vesearch
review, Ihe Phase II investigation has been reported separately

Clupiper and ZSood, 1982),



1.2 OUTLINE OF REVIEW

Chapter two examines the motoercvele accident literature and
gpecifically lookes for evidence of iovolvement of braking,

stability and handling problems in accidents.

Chapter three reviews the literature epocificall y concerndng
braking aspects of motorcyeles, and bighlights deficiencies in

motorevelo brake design and rider control problems,

Chapter four studies the literature relating to stability and
handling of motorcveles, Thisg encompasses both mathematical
modelling of the rider/motorcycle system and experimental
investigationa aimed at gquantifying the lateral dynamic behavioar
and rider control of motorcveles. Anecdotal evidence of
stabilicy and handling problems from the popular press is alse

reviewed.

Chapter five reviews the literature which looks at the influence
of accessories (such as fairings and pannier bags), tvres and

machine modifications on moetorcycle stability and handling.

Finally Chapter s5ix presents conclusfons and recommendations for
further research arising from this literature review, It was
from these recommendations that the topic for the Phase 1T
experimental program reported in Juoiper and Good {(1933) was
selected,



?. EVIPEWCE OF BELATIONEHIPS BETWEEN MOTOECYCLE BRAKING,
STABTLTTY AMD HANDLING CHARACTERISTICS, AND ACCTIDEMNTS

2.1 IHNTRORUCTICN

The motorcycle accidesnt litervature was exapined with a view to
ascertaining the degree of invelverent of braking, stabllity and
handling chavacteristics in aceidernts, There has been no

specific study zimed at isclaticg these factors: comseguently the

level af their develvesent can only be inferred.

2.2 REY¥TELW OF ACCIDENT LITERATURE

22,1 Motorcycle Accident [escription

Figure 2.1 shows the number of vehicles oo register in Australia
from 1960 to 980, Cars end station wagons are shown separately
from motorcycles, Apart From a slight downward trend in the
early 1960s, the motorsvele pepulation bas consistently
increased over & thirteen vesy perdog, In copparison To cars and
station wagans, notoreveles vse zuck less fuel per kilemetre,
reguire a smaller initial cepitzl cutlay, and their small size
permits easy partking in crowded urban enviromoents.
Infortuntiely motocoyciists sve the most vulnerable of all read
ugers in an accident, primacily btecavse the rider is virbually
naprotected {(save for a kelmet ic Awustraliz). Tke relative
hazard for a matercvelist corpareéd co a wmoter car or station
wagon occupant i shown in Table 2. tdrvawn [rom Johnston, Milne
and Caneran, 19/, ERelacive nezard Lz defined as the accident
Tate for motoercyeoles divided by the accildent rate for cars and
Btation wajons, IThe relative hazard for the motercyclist ranges
from 2.9 to l6.4 depending on the basis for comparison. The

agtorevelist is definitely at very prest risk.
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TARLE 2.1, RELATIVE HAZARD OF MOTORCYCLE TRAVEL OOMPARED WITH
OTHER FORMS OF ROARD TRRMEPORT, WICTOHIA, 1971
(afrer Johnston, Milne and Tameron, 1976).
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The typical motorcyele accident involves a collision with
another road user: a motor car in about 70X of cases. This
pattern ig almost wniversal (Hendersom, 1970; Harbert and Corben,
1277; Haerbert and Womphreys, 1978 a and b, 1979 Honda, 1977;
Hurt, Ouellet and Thom, [9%81: Tnayoshi, 1971 McLean, Brewer,
Hall, Sandow and Tamblwvn, 1979; Mesaiter, [972; Newman, 1976;
Beiss, Berger and Valleite, 1974; Vauphan, Pettigrew and Lukin,
1977; Waller, 1972; Whicaker, [976; Whire, 1978). Furthermore
White €¢19787 found that the motorcyele is most often travelling
stralght when atruck by another vekicle (Figure 2.2), that the
other vebicle is frequencly turning acress the motorcyele path
(Table 2,2}, and that the motorcycle is the striking vehicle twoe
thirds of the time, as the front of the motorevele is the impact
point in 60% of accidents with other motor vehicles, 70X of
accidents with Fixed objects, and 35% of aeccidents with
pedestriang (Flpure 2,3} Melean et al f1979) found that dn 262
af aceldents a wehicle turned across the path of the motorevcle,
and Hurt e al. {(1981) indicated 33.5% of thiz tvpe. In the
gtudy by Hurt et aleM T981Y the mest frequent acclident scenario
involwved the motorcycle travelling strafight and the motor car
making a left turn in front of the encoming motorcycle., This
poeurred in 26.7% of the 900 accidents studied, and 33.5% of the
multinle—vehicle collisions, The equivalent accident cvpe in
Australia would be the motor car making a right turn scross the
motarcyecle path, as Australisns travel on the left side of the
roadway. Newman (1976} found that 23.5% of mll accidents
invalving motoreyeles occurred at right-angle Inteveectlons, and
19% of all motorcyele accidents were accounted for by a vehicle

turning across Che path of the motorcvele,

The motorcyclist is usually mor to blame when fnvoleed in oa
collision with another vehlele, Melean et al, (1979) declared
that in 78% of multi-vehicle motarcvele accidents atudied the
other vehicle ahould have ylelded., Whire (1978} affirmed thate
for the two-vehicle accidents analyzed, police laid charges

againet B0 of the vehicle drivers. Barry (1970} found that the
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driver of the other vehicle was charged in 52% of the crashes,
and suggested that in two—vehicle crashes, 1t 1% most frequentcly
the motorist who is pudlty of a vieclation, Figure 2.4 shows a
culpability assessment of motorcyele involwved accidents for

Maryland (U.5.A.), due te Reiss et al. (1974),

Matorcycle accidents are gemerally located in urban/seburban
areas, Hurt et al, (1921) studied a total of 900 motoreyele
accldents in an area consisting of a wide variety of urban,
suburban and rural regions, and 90X of the accidents occurred in
the urban/suburban area. For the state of Victoria, 1976, 58% of
fatal motorcycle—invalved accidents occurred within Metropolitan
Melbourne, and 645 of injury motorcycle-involved accidents
occurred in this area {Australian Bureau of Statistics, [976)
Hendersonm {1970}, in a study of 120 fatalities im Hew South
Wales, indicated that 78X happened on roads withio the &0 km/h
gpeed limit applying to bullt wp areas. Foldvary ([973) analyzed
accident statlstics for the state of Wetoria collecced in 1961,
and reported that 712 of motorcyele accidents occurred in the
Metropolitan area. Reiss et al. (1974} studied 1191 motorcycle
accidents in 1973 in Marvland (U.5.4.), of which 70X ocourred

within urban area,.

Under wet road conditions, 1t might be expected that
motorcycles would be at greater risk of accident involvement.
Carraro (1978} claimed that the majority of motoreyele accidents
(BAEZ to 96%) oceur on dry roads. EBEeies et al., (1974) affirmed
that 218 of motorcyele accidents were in dry conditions, and Hore
et al, (1981) found adverse weather was not a factor in the
majority of accidents; less than 3% involved wet roads. Huort
clalmed that motoreycle traffic essentially disappears in adverse
weather, However, for the motoreycle tcraffie that is on the
roads, risks are increased, To asessss che effects of wet
weather, the proportion of the exposed population riding in these
condltlions which are involved in accidents is required. As am

example, Watson and lLander (1974) found that 30% of 120 accidents



MainrIloip
dora iega
Travel

Geiir g Biraight
=
)

Owveriaking
Lefr

Rghy Twmm

=
U=Turn

X
Lane Chanse
Fergs

X
LI

k1
Stonpeid

g
-

Pul Limyg HAuetdy
Fraom Curk

i

Fulling Inta
Curb

i
Total 3DCCa
E

"TABEIE 1.2, VEHICLE DIRECTION OF ERAVEL IN TWD VEHICLE ACCIDENTS (wWhite, 1978).

- FLUE- W o tr porpgliae W7 e o
Goa g pypr= Lol Kigrc = Lane
_5'. r.'|'.-'.lll._ i Tak a0 Tufn Ll _...": _i‘.ﬂi
L& iw 56T &d 14 i
. [2%.5] (.00 ©2R.40 5,40 (083 DR b )
k| i 111 7 & &
(1.4 OV L MR 13 (.2
) i 11 E] ] a
11,71 1,41 LAAT 1%}
= 10 1 4 n 1
1,72 LS I T 0,20 (013
[ i ik ] 8] n
L &R oo, 1}
12 2 G ) f |
Ll Bl L1 T o I UL .13
T 1 o 'H n n
(0.4 I
7 [ o (K] i a
(0.53
8 ] ¥ fi Li] 3
(2.9 (0.%1 41 0.2
11 i) a a 1] 1]
il Al
iy & i) 1] 1] o
N2 .2}
1 T3 HYE LB 13 51
(5D 137 [4%.7) (o T3 09 [F.)

Gther Nehiele Bieectign G4 Tr

g rge fyaria Seopoid PulLtrg Fuil Ling
Auay From tnto
Curh Curh
9 18 k] is 2
L (0.2 L, L) L (.13
8 1 9 1 z
ik 1} L1} LIV DL
L] n] ] 4 a
L1 ] LARRS ]
L] 1 Iy I i
0,11 i 1%
0 a L fr ]
LI a 1 ] 1]
(.3
[ 1] (] 1] k]
I a e il L
[0 P
o I o a u]
.4
n] [i 1 a 5
(Ek13
o] o a 0 o
k- 21 118 14 &
i, 51 11,11 (5. ED 1.9 {0.2F

Tota.
Spec,

f!iﬂ_
1&7.1]
181
(.1
£7%
16,71
53
2T

{41
o
1.1k

{0L&F
11

{0.43
a%

L

12
L x

(.41
kL]
L100.01

Hote:

1, Canadian study, wohicles traval on right gide of roadway.



Figure 2.3. Motorcycle impact point distribution for selected
accident types (White, 1973).
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investigated by an on-the=spot investigation team in the U.K,
cccurred when the road was wet, They concluded that as roads are
wet for one day in five (20%), the motorcvele is more accident-

pronge when the road is wet,

2,2,2 Braking Behaviour and Accidents

A motorcycle 18 very sensltive te the braking procedures emploved
by the rider. An erronecus braking manceouvre cen result in loss
of control and consequently a spill., If the rider locks che rear
wheel, the machine can slide out sidewaws, and unmless the
motoreyeliat 1s skilled inm handling this situatiom, & fall will
result, A front wheel lock up will almest always reswult in the

motorcyele capsizing, even in the hands of a skilled operator,

Table 2.3, frowm Watson and Lander (1974),s5hows that in dry
conditions metorcyles are 1,22 times more liable to skid prior to
an sccident than cther vehicles, and 1.69 times more liable In
wiel conditions., Under ice and snow conditions skidding is a
problem with all wvehicles, g3 the friction coefficient 15 then

very low,

Imayoshi {1973} reported that im accidents where a motorcycle
collided with ancther wvehicle, the rider used the front and rear
brakes Cogether om 39.9% of occasions, front brake alone om 32X,
gnd rear brake alomne om 1B.2%. He further stated that for
eingle-wehicle accidents, the rider used frome and rear brakes
28,B% of times, front brake alone &4.2%, and rear brake alone
13.4%. Table 1.4, reproduced from Hurt {1%79), shows eimilar
proportions For brake uwsage. It is Seen that in sccidents the
front and rear brakes were wsed together in 24.8% of cases, front
brake alone in 0,9%, and rear brake alone in 26.0% of cases.

MeLean et al, (1979} found that front and rear brakes were

applied ia 19% of accidents studied, 6% used front only and 20X

used the rear brake alone, Furthermore, experienced riders were

12



TRBELE 2.3 SEKIDDING IN PERSONAL-INJURY ACCIDENTS 1IN
GREAT BRITAIN - 1972 (watzon amd Lander, 1373).
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TRELE 2.4 COMBARISON OF FRONT AND FEAR BRAFE USE IN
COLLISION AVOILDANCE (Hur:, 1379).

i5=aT Brase:

r - O-acait o
. - g =ELET POl
ot e e aE e PR
r - - F2T "h% BT T T n oAk wu et
BCd ATT EFuiEpad cwratsondl 1;_ S P Tzrm af
[F=C0T CoL PET " o - o Zesident TITAL
IpaTl g ] 1 Z. 1. o
- -
Sar i . } -d U} ] L
- _ o
Sozupoed 1.2 | e 1 1.7 4.3 L] 2.7
L P S =4 .3
a.L L [ | - L3 Fau
]
Iou.Afead —a ; - } - = a )
suk 9.9 P - 2Llea e P L s
LEERc=annt 3.2 Fa 3 Jud 4.0 e d
i a.9 r I L4 i e
1 - - - - -
CPrapaiiiike s = - | g k] - _::.!
T Mok N 1.3 = i EE L . 52.o
b ] i | . B . T - Pl
i = = 1 8 7 =E. 7 an
on As L [#] - 3 ) i L} e K
S=ccdaas il o] . ‘ LI 5,3 i, o
1.4 361 F 17, 2.3
i T ! Had -J a1 3 3.
|
ST e 4. ) Y 1 [ 2 5
ol 3 1 E GG, 3 A 43 2 -4
camEmA i Fud ' L en [ ¥ oL
el 3ol : 5t £ a.1 1.2
- - ]
inabue Ta z - o ] o 18 kP
Ear R
e ] 3.3 a.2 $1.3 5. 1.4
Time of 1.6 .0 14 -2 $3.3
FRLR e i | £.3 ] _ad s
P 1 5 -t E1= wpel i55
ATAL s e 1.4 182 7.1 2.5 i P
|

T2



just ag likely to fall to make full wse of the braking potential
of their machine (by using the rear brake only) as those who were
relatively inexperienced. It should be noted that using the rear
brake wonly sipgnificantly degrades the collision-avoidance

performance of a motorcyele,

Wilkins (1969) estimated that in 3% of 160 accidents studied,
the rider was thrown off as a result of wheel locking due to
braking. Wilkins alsc stated that a furcher 508 would possibly
not have oceurred if the motorcycle brakes had been more
efficient or had been applied earlier,

2.2.3 Stabilicy and Motorevele Accidents

A motorcycle has only two wheels and may ba inherently unstable.
In the absence of rider input and corrections the machine may
ultimately capsige. A& moboreycle under certain conditions will
exhibit uncontrollable vibration behaviour., The characteristic
modes of these vibrations are well documented. There are thres
dominant modes: (1) wobble, a high speed phenomenon consisting
primarily of an oscillation of the steering sssembly, (ii) weave,
a coupled yaw, roll, steer oscillation which is usuaslly well
damped at mediue speeds and lipghtly damped at low and high
specds, and {(iii} capsize, an aperiodic motiom, which is usually
stahle at low speed, and slightly unstable at medium and high
speeds (Eaton, 1973; Roe and Thorp, 1976; Sharp, 1971; Weir,
Zellner and Teper, 1978, Eoenen and Pacejka, [98C),

(a) Loss of control

There 18 licttle evidence of stabilicy problems in the
accldent literature, The relationship botween motorcvele
dynamic behaviour and accidents has still to be established.
Identifying the contributing characteristics inm accident
causation would be &8 wvery difficult task, The preater

proportion of accidente cccur in urbanm areas with speed
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TARLE 2.5% LOSS OF CONTREOL MADE 1IN A& MOTORCYCIE ACCIDENT
STUOY (Hurk, 1373) .

! CATESTWY LASES l.!:tg?‘ .'?::év: AF::§;=:
P 3.2 0.5
CanalEe L2 4.1 N
Hobibis 5 d.4 1.4
Wepd v : g.% G.a
Lagy Whaalis g ] 2.5
El:3e Ouxc acz il1.% H
Hi=a Sicea 13 2.1 L]
Wide =n Turn T B,z
=nd CoreE r |
IRATENA & .3
a = tie IF.6 by B Al L]
AL 833 0.7 12%.4

TAELE 2.6 HELATIVE INVOLVEMENT OF PILLTOH PRESENGERS IN

MOTORCYCLE ACCIDENTE {Vaughan, Pettigrew and
Lukin, 1377).

Motaroyoles In che Sydney Hetronalitan Ardd
rRrad Jscrs riding - Lavel Two Stady
motocoyce=s, by class
OJb=orved an Surveys Involwved 1n Crashes
i) ]
Hirdmes .
Y [l EL=T) Bl
Pillion pasgencars
T (B%1 o7 13%])
TOTAL L3gl [1C0%) 1784 1100%]
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TABLE 2.7 TYRE QURSTIONHAIRE RESPONSES (House af Representatives
Standlﬁq Committee on Road Safety, 2 Octcber 1979).

M., E. A
MOTORCYCLE RIDERS' ASSOCIATION
P.0. BOX 238, PADDINGTON, QLD..S06k

TYRE ESURVEY

Quaationa YeEs Mo Uneure
Have you had sn accident bacause of
a tyre/tyres? 7% 67%
Are you satlalied with the atindard
tyres as Titted to new motoreycles? 20k i, g
Should there be standards for tyres? E.1':E. 1 4%
Is there engugh information readily
available to enable you to choose
corractly the tyres Ter your bike? 21% Th %
Whare does most of your informstion Friemndls had
on tyres come rom eg, Criemds, Magazingg Y
magazines, bike shops etc?y Bike Shops ik

i Exparicnco 14%

Dthera T

Do you feel you know enoungh te choose a
tyre correctiy? 7% TR 4%
Do vou think there are aub-stamlord
tyres avallablel i o Wi i
Do you think tyres are too expenslved TER 18 fik,
De you think tyres last long enough? L7 LE g

The above guestions were put to people at randos,

visiting motoreyele retailers in Brisbane on the
16th June, 1979)
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limits less than 60 km/h, whereas the unstable weave and
wobble modes are not normally excited at spoeds less than
100 kn/h, However there are a few cases reported. For
example, Werhert and Corben (19770 and Herbert and Humphries
(1978 a and b, 1979} reported that in 3 of 100 accidenta
studied, wobble was a caswal factor. Table 2.5 gives a
breakdown of the types of loss of coatral in motorevele
accidents (Hurt, 1979}, lLess af control due o the
motorevele iestabilities capsize, wobble and weave topgether
account for 5% of the accidents studied. HNewman (1976)
reported general loss of control in BX of accidents (without

further clarification).
(k) Pillion passengers

Waller (1972) aaid that pillion passengers tfigured more
heavily in single-vehicle accidencs than in multi-vehicle
accidente (15% compared with 11%). Such passengers were
aleo present in ADE of accidents caused by blowouts. Table
2.6, extracted from Vaughan, Pettirrew and Lukin (1977),
indicates that a metercyecle is at 1.66 times the average
rigk of being iovelved in an accident when carcying a
pillion passenger, iurt et al. {19581} however, found that
wheroas passengers were involved 1n 17.1% of the 899
accidents analyzed, and in (4,8% of 3622 cases examined from
traffic accident reports, exposure data showed that
passengetr=carrying motorcveles were 183% of the population
at risk, This implies chat there was nn increase in risk

due to the presence af 34 [Eassenger.

{c) Tyres

Table 2.7 shows the resclte of & questionnaire orgenized by
the Maotoreycle Riders” Assoclacion, Queensland {(House of

fleprosentatives BtandinFg Committee on Koad Safety, 1979}

Thirty—three percent of respondents (sample size not known}
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TRELE 2.8 CONTRIBUTORY TYRE CONDITIONS (Hurt, 1979),

! ARSCLUTE AELATIVE LOJUSTED SIMHULATTVE
| GATIGOREY ZASEL SOGE [ bac raca-§ ARG REG. N

PR

Contributory Front Tire Condition

Hone 85 a5 L 9% .1 a5, 1
Punctur= Flak 3 1.3 9.3 05,4
5 lowout 1 0.l d. a5, 4
Worm Smagzh r 4 a.4 [ | 8.0
Lo PragauvrEs 22 2.4 2.4 A5, 4
High Zressurs ° E 1.0 L.0 9 .4
Other 2 B T 0.2 997
z b.2 a.,1 I
11 9.1 8.t 104.0
ToTAL ELT 100,40 1oa,oa

Contributory Rear Tira Condition
lone 234 92,4 EF | 32,1
Pupccuse Flak 1z 1.3 1.1 34,1
Blowaez 1 .1 0.1 4.3
" Worm Z=sath 11 1.2 1.2 5.4
Low Brassurs 23 1.4 1.4 17.4
High Fr=ssdre 12 1.3 1.3 gz 2
Yalye Taplure L 1.1 a.l 19,3
Oknar ] 0.6 d.& 492.9
E 0.1 0.1 rag.a

TOTAL 299 1049, 0 190.1
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indicated they kad had an accident because of tyre problems
Takle 2.8 from Hurt {J1%7V9) displays the coentribution to
arcidents cansed by the ceadition of the fromt and rear
tvres., The most common fault was low pressure in the front
(2.4%) and rear tvres (1,441, Epwevaer these fipgures are
meaningless without proper exposure data, Furthermore the
effert nf low pressure on Ehe dyvnasic behaviour needs ta be
quantified. Hurt alse found puncture Flats totalled 13X of
accidents for the rear tvre and 0,3% for the fronmt tyre.
Funerure flats for the rear tyre were most common when the
rotorcvele wae cerrving a passenger, Godley (1972) in an
analvsis of burst tyres prior to injury accidents on the Ml
and M4 motorwavs ie the UK., found that motorcycles had the
highest proportion of burst cyre, being 36% (the smallest
proportion was lorries at 0.3X) Figure 23, drawn from an
fn-deoth analvsis of accidents (Herbert and Corben, 1977,
Herhert and Fumphries, 1978 5 and b, 1979}, shows that the
lack of proper maintenance of tvres was considered o be the
main contributing Factor in only 2 of [00 cases (2ZX) and of
secondary influence in 7% of cases. (Af accidents enly are

represented By the causal factors shown in Figure 2.3)

Z.54  Hardling and Accidents

The role of motorevele Fandling in accidents f8 lictle
understood. Souitable parameters to guantify desirable handling
characteristiceg have vet to be determined, though some
preliminary werk has been dome In this direction (Weir, Zellner
and Teper, 197R; Chenchanna and Koch, 197%), The influence of
handling characreristics on accidents cannot be ascertained until

thev are well defined and measurable,

fad Bomndi-ye wide on oA tern

The most cormon accident in which handling may be directly

invalved {8 running wide on a2 turn. Honda (1%77) reported

1%



that tunrning nff roads In single-vwehfcle aceddents necurred
in ghout 2% of cases. The typlical rider error in single-
vehicle accidents 15 running wide on A corner doe o eXcess

gpeed or undercornering (Herp, 1979

Handling may play a greater role in high speed non=urhan
accldents, However few data are available on this type of

accident,

{h} Familiarity with the motorcyele

White (I97B) found that non-owners were over—-represented in

gingle-vehicle accidents, as 1s seen In Table L9,

In single-vehicle accidents, a digproportionate number
of borrowers were invelved in turning manceuvres., The data
indicated that 18X of the borrower's single—wehicle crashes
opceurred in this manner (Barry, 1370), This difference is
thought to reflect the borrower’s relative lack of skill
with the vehicle, or his unfamiliariey with the handling
behaviour of the machine,

(¢) MHarhine modifications

4 motorevyle's dyvmamic bekaviour {5 sensitive to the
mechanical condition of the wheel bearings, steering head
bearinge, wheel alignment, tvre pressure, condition and
design, amount of lugpage carrlied and the presence of a
windshield or fairieg, Tt mipght he expected that modified
motoreyeles would he over=represented in motercyele
accidents, Horet, Ouellet and Thom (1981Y collected daca on
machline modifications far aceident—invelved motorevcles, and
for the total motorcycle population. These results are
presented in Table 210, together with calculated 'relative
riska', Relative risk (RR) fs the proportion of motorcyeles
in the accldent sample with a given modificafion divided by

il
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TABLE Z.% ACCIDENT-INVOLVED MOTORCYCLE OWNERSHIF (drawn from
White, 1978)

Accident type Cwner of motorcycle Total % total
Driver Other Ferson  Company Epecified

Single-vehicle 710 159 47 9le 5
% zol total 24 kL A0

Vahicle=yvahicle 1961 315 59 2335 4
i ool total ah g 50

Other 330 S8 12 400 11
% col total 11 11 14

Totals 3001 D32 118 3651 100
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TABLE 2.10

COMPARISON OF MOTORCYCLE MODIFICATIONS FOR ACCIDENT
AND EXPOSURE DATA {(drawn from Hurt et al.,1981)

Motercycle Exposure Recident Belative Std. Dev.
Modification Data Data Bisk of estimate
L i
Front Suspension 10.6 0.2 0. 96 0,11
Rear Suspension 14, L 19,1 1.35 o, L2
Crashb Bars 18,1 18.1 1.0 0.08
Sissy Bars 28.8 27.1 0.4a1 0,08
Geat 23.1 248 1.07 .07
Windghield 19.5 12.0 .62 Q.06
(wikh or without
fairinsg)
Fairing 12.3 g.7 0.71 0.09
Handlebars 24.8 16.3 J.66 3,06
Exhaust System 29.3 a0, ] 1.10 a,o7

Belative Risk = relative risk of being involved in an accident

given that motorcycle modification
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the proportion of the total population with that
modification. ER thus measures the average risk assccliated
with a given modification relative to the average risk for
all motorcycles in the population {for which BR = 1}. An RE
of wnity means that the motorcycle has  an ‘averapge”
probablility of being invelved in an accident; an KR greater
than unity implies above average accldent probability; less
than wunity, below average (Fox, Good and Jowberc, 1979
presented a ugeful discusslon of the wse of the relative
risk concept). Table 2,10 also shows the standard deviation
of the estimate of BRE. The range RR + 5D represents
approximately the 62X confldence interval for the calcwlated
ER: From Table 2,10 it is seen that froat suspension
modifications {(which include extended front forks) have
little effect on accident involvement. However  rear
suspension modifications (stated as including installation
of a large rear tyre amnd modified shock absorbers; ., but
unfortunately no further details are given) resulted in the
motorcycle havimg a relative risk of 1.35 + 0.12, a
significant (p<0.001) departure from the average walue of 1.
The addition of a windshield and a fairing reduced the
relative rtisk to 0.62 + 0.06 and 0.71 + 0.09 respectively.
This mpdification is known in some cases to degrade the
handling «characteristics, particularly 1if the windshield is
mounted directly to the forks of the motorcycle (Welr et
al,, 1978). The reduction of accident involvement may be
related to the increased fromtal area which improves
consplcuity of the machine. Melean et al, [1979) found that
alterations to the front suspension and to the handlebars
were the most commen modifications fn thelr accident sample.
They reported there were no accidents in which a rider was
obvicusly disadvancaged by efcther extended forks or modified
handlebars . Table 2,11 (Kraus, Riggins, Drysdale and
Framti, 1973) shows an accldent sasple and a comparison
proup sample for vehicle modifications together with their
telative risks, as defined above, There appears to be no

significant change in risk resulting from the modifications.
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TRELE 2.11 HELATIVE EISK OF MUTORCYCLES WITH MODIFIZATIONS

(drawn from Eraus et al., 1973)

Type of Motoroyole Case Group Comparison Relative Std. Dev.

Modification Group ERisk af estimakte
bl . B = L]

Modified engine 73 9.7 55 iz.6 0.77 .13

Front fork

axtanded (250 mm) k) 5.2 19 3.1 1.19 0.33

Frant fark

pxtended (250 mm +} 20 2.7 13 3.0 0,83 0,31

Raised foot rests 3l 4.1 23 5.3 o.7e 0,21

Lowored seat 38 2.1 27 G.2 0,82 Q.20

Modified handlebars &6 g.8 41 9.4 0. 54 0,18

Sissy bar g 5.1 a7 8.5 d.630 0,13

Other modificatiocns 42 L. L2 11.4 0.47 o.04%

o modifications LaE e R 71.4 1,02 0, O

Mo. of respondents 752 100.0 437 Lod.o

Felative Risk = relative risk of being invelved in an accident

glven that motoreyele modification.
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2.3

{i)

(11}

SEE N

(iv)

[w)

(vi)

CONCLIOSTONS

Approximately 75% of motorcycle accidents, and 7O of
casuality accidents occur in the wurbhan/suburban area where

the speed Limit is 60 kmih,

The most common motorcycle accident inwvolves a eollisian

with another mortor vehlcle (JOE of cases)

With motorcycle-vehicle collisions, the other vehicle
typleally furns acrosgs the path of the motoreycle, This
accident type is represented in about 30 of motoreyele=

viehicle callisions.

When blame ia appertioned for motorcycle-vehicle

caollisions, the driver of the other vehicle is uEually

responsible (R0E of cases).

When a motorcyclise brakes to avoid 8 collision the full
braking potential of the machine is typically noet
realized. Front and rear brakes were wsed together im
onlv about 25% of the accidents studied by Hurt (1979,
Lf one brake alone is used, the deceleration of the motor-
evele {5 reduced considerably, resulting ipm a higher
impact speed and increassed crash severity than 1f both
brakes had been used,

Motorcyeles that are on the road in wet weather have an
increased chance of being fovalwved in an aceident,
However wet weather does nmot appear to be a problem,as
between 91X to 97X of accidents ocour on dry roads,
Apparently motorcvele traffic essentially disappears in

wet weather,
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{vid)

(witi)

(ix}

(%)

(xi)

There is little evidence of stability problems in
accidents, This is probably due to the low speed at which
most accidents occur (less than &0 kn/h). There have been
gsame isolated cases veported in which the meotoreyele
instabilities capsize, weave and wobbla were involved
(3% to 5%).

The literature relating to pillion passengers and accident
fnvolvement offer conflicting views. Vaughan et al.
(1977) found that a wmotorcycle with a plllion passenger
had l.66 times the average risk of being in an accident,
On the other hand, the study by Hort et al. (1%81) shows
no incresse in cisk due to the presence of a passenger.
Barry (1972) found that pillion passengers figured more
heavily in single-vehicle accidents than multi=-vehicle

accidents,

With regard to wmotorcycle tyres, one study found that
motorcyeles had the highest proportion of burst tyres
pricr £o an injury sccident on the M1 and M4 motorways in
the U.K. Apart from thias work there was litfle evidence
bt suggest that tyre pressures, condition and design waere

important accident causation factors.

In single-vehicle accidents, the most conpmon handling
problem found in the accident literature was running wide

on & turn.

Borrowers arve more involved in single-vehicle accidents

than in multi-vehicle acecidents, This may be due ta

unfamiliardty with the borrowed motorcycle's handling

behaviour.
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(xdl}

Hadificariong to tll:'&.l!l:trl:}l'r_lrs; do not have a preat int luenoe
on accident invalvement. In one study, however, rear

sugpension modifications were Fownd to result in &

reletive risk of 1.35 -_d-_ .12,
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3. MOTORCYCLE BRAKTRG

3.1 INTRODUCTION

& conclusion from Chapter ? is that there is evidence of braking
problems 1in  accidents. Such problems were related to tider
strategy 1n decelerating the motorevele when trying to avold an
accidentk . In=depth accident studies revealed that motorcyclists
used both brakes together in only half of the accidents in  which
braking was attempted, Inability to use both brakes seans cthat
the motorcvcle does not decelerate at its maximvm rate. If both
brakes were used, some accidents might hawve been avoided, and the

gseverity of others could have been reduced.

Following is a review of the literature specific to

motorcycle brakes and associated problems,

3.2 MUTORCYCLE BRAEES AND PROBLEM AREAS

3.2.1 Disc Brake Performance Im Wet Weather

Hotoreyeles today are almost universally fitted with disc brakes
as original equipment. Isc brakes give the motorcycle the
potential to stop rapidly in dry conditions,. TFurthermore 1t is
only wunder rtace conditions that disc brakes will exhibit fade
problems (temperature induced Iloss of effectiveness). Their
response Lo rider input  is both predictable and controllable,
which could explain motorcyclists’ preference for this system.
They are a low maintenance device and thely appearance 1e
aesthetically pleasing. However their  performance suffers
considerably in wetr conditiomns. The House of Representatives
Stamding Copmittee on Road Safety (HoR, 1978) said in paragraphs
&5 and 67 of their report:



65, The deterioration in braking performance of disc
brakes in wet weather 18 of concern and the Commitiee
was informed that Japanese manufacturers are research-
ing variocus ways to solve the problem. Research has
indicated that mechanical sources of improving wet
weather braking performance are the materfial of the

dise and the pad.

67. Several witnesges referred to long delavs in eflective
braking with several makes of front disc brakes in wet

conditions. . .

Irving (1978) referred to the increased response time of a
wet disec brake after traversing a deep water splash, Initially
on application of the brake lever, wvery little brakimg cffect is
felt, as a film of water exists between the dise and the pad.
Then due to centrifugal effects of the rortating disc and the
scraping action of the pads, the disc dries, and suddenly a large

braking torque appears with possible disastrous results,

The Transport and Boad Resecarch Laboratory (TREL, 1978 a)
indicated that riders experience significant and inconsistent
reductions in wet braking efficlency. Thelr research has shown
that the reduction in braking efficiency is caused by the
presence of a laminar layer of water on the surface area of the
disc acted on by the pads. Any excess water beyvond that
necessary to form the laminar layer is in the form of a turbulent
layer. This layer does not affect the brake performance
directly, but scts as a reservolr to maintain the laminar
sublayer. EKobinsom (1978 a and b} wsing an experimental
laboratory disc brake dynamometer confirsed the increase in
stopping time attributable to a wet disc. Using the same brake
line pressures, the wet disc took between two and three times as

long to stop as a dry disc.
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As well as an increased response time for a wet disc, the
level of force imput from the rider to obtain a brake torgue
similar to that for g drv disc 18 iocreased by a factor of
approximately two, Work at Honda Hesearch and Development,
Japan, reported by Wigan (1977} has shown that the rider needs o
apply double the pressure on the disc brake lever in wet
conditions - a reaction which many experienced motorcyclists find
wery difficult as a result of their traiced reactions Linked Eo
dry conditions. Figure 3,] shows these disc brake
characteristics schematically, TRRL leaflet LFE9T {1978 a)
stated chat riders are not able to judge the amount of brake
application pressure regquired to provide a desired lewvel of
deceleration and because the road surface is also wet,

pverhraking can lead to wheel locking and loss of control,

It would appear that a solution to wet weather disc brake
performance might be available, based on experimental work at
TEREL with sintered metal disc pads. The performance of such pads
in dey conditlions 1% equal o that of orpanic pads., They give
adequate wear rates, and the stopping distances when the discs
are webt are little different fronm that when dry, as 1s indicated
by Figure 1.7. Howewver preblems bave been encowntered with
bolling brake fluwid, and crazing of hard-chromed cast iron discs.
Thesa problems can he overcome by wsing &2 special hydrauwlic
tluid, insulating the sintered pads from the wheel cylinder
platon, and using stainless ateel discs, These factors will make
it difficult for sintered pads to be generally evailable as a
change-over ltem Tor existing motorcyeles, but manufsacturers

could be encouraged to market them on new machines.

3.2.2  hustralian Desipn Rule Humber 33 - Motorevele and Moped

Hrn:t.ln,' Svelems
The dustralian Transport Advisory Council has recommended to

Commonwealth and State Governments that all motorcyecles and

mopeds manoufactuered on and after | March 1976 should comply with

il



Australian Design Rule Mo, 331 - Motorevele and Moped Braking
Systems. (Pepartment of Tramaport, 19807, fAapects of the
testing procedure inm this design rule are considered to be
inadequate as discussed below., ADRE 33 is closely modelled on the
American Federal Motor Vehicle Safety Standard (FHMVSS) Na. 122
(U.5. DalhToy 197778} and some of the FMVS55 122 revisions hawve
been included in ADR 33.

Ervion et al. (1977} developed a test methodology for the
measurement of motoreycle braking performance. They employed a
technigue wherehy the motorcyele was towed behind a utilicy truck

with a torsionally-stiff tow coupling, as shown in Figure 3.3

They began with the premise that FHMVSS 127 was Fundamentally
inadequate in areas relating to the measurement of motoreyele
brakimg performance, and furthermore the test rider was exposed
to a potentially hazardous situation., It was demonstrated that
the tow method adequately ewvaluates the performance of a
motorcycle brake syvstem including effectiveness, burnish,

thermally induced fade and wet brake performance.

Wigan (1978) indicated two additional inadequecies of ADE 33,

namely

(i) lack of specification of road surface condition
during testing (FMVS55 122 has heen amended to this
e )

(i1} the water conditioning procedure for wet brake
testing does not model the resl world situation
accurately. ADR 33 calls for submercging the

complete brake assembly In water for two minutes,
The wetting procedure makes it virtually impossible for zero-

pressure-gradient seals on some drum brakes o pase the wetted

brake test even though they may perform satisfactorily in
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service, Moreover this procedure favours disc brakes, as after
submerging the brake, the test requires that the motorcycle be
accelerated at the maxlmum rate to the specified test speed,
Muring this interval the water on the disc is flung off, amnd
testing experience has shown the disc performance te be virtually
unaffected (VIPAC, 1979%9). With road conditions in wet weather,
the dise is continuously saturated wich rain, spray from tche
tyres and spray from the mudguards. It is under thege conditions

thar disc brake performance rapldly deterforates,

3,23 Lipked Eraking Svstems

Irving (0978) i8 of the opindon that maoy modern mobtorcycles ate
averbraked and points out thao there has been a trend fowards
very larpe brakes, the control of which vequires only finger cip
pressure. In an emergency sitwvation, an Inexperienced rider is
likely to grab the brake lever with all his power thus causing
the frort wheel to lock and the machine to lose stability.
Furthermore Trving shows that to ebtaln the minimum stopping
distance both front and rear brakes must be used together, 1C 1=
interesting ta nobte that Trving mentlions & brake system employed
on a Rudge-Whitworth metorevele im the late 19205 called
"proporticnate braking'. Roth the front and rear brakes were
applied via a single pedal contrel. A contral lever was also
gupplied for the front brake, A similar system has recently been
reintroeduced by the Italian motorcycle manufacturer "Mote Guzzi'
(Menicardi, 1979} This system was desigped in conjunction with
the brake manufacturer 'Brembo'. Motorcycles fitted with 1€ have
two front discs and one rear disc. The left side fromt disc and
the rear disc are hydraulically linked together and are operated
by a foor lever, The other front disc 1s operated by a handlebar
lever, Figure 3.4 shows a publicity pamphlet (Moto Guzzi, 1979)
which displays expected perfoermance welng the integral braking
gysten. Howcver this represcnts a swbjective evaluation, and is

net Lhe result of appropr late besting.
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Ervin, MacAdam and Watanabe (1977) conducted a study to
avaluate FMWES 122, and as a8 part of this work motoreyele
manufacturers were requested to give their views on the evolution
of brake technology, Moto GCuzei's contribution comsisted of
engineering calculations in support of their integral brake
sYsbtem, TwWo artors were made in fhe computations which to a
certain extent compensated for each other (Ervin et al, 1977
The HMoto Guzzi integral braking system has been modified twice
since it originally appeared im 1973, The svstem which Ervin et
al. analvzed was the first versiorn, in which proportioning of
hydraulic pressure was figed at [:1 to fromt and rear disc, The
differing brake torque requirements were accomplished via wheel
rading, disc radius and pad friction coefficient wariations, The
braking force distribution is shown in Flgure 3.5 This systen
suffered trom wheel locking problems. Hoto Guzei have modified
the simple system and included a fixed shear race valwve, the
behaviour of which 15 illustrated in Figure 3.6, Manicardl
(1979} published a paper on this svatem in w®which the errors made
in the submission to Ervin et al, were corrected, Manicardi
includes information about, and the brake foree distribetion for,
an integral svsten with a4 variable load regulator. The
distributicn characteristics ace shewn in Figure 3.7. This
ayatemn would appear to have ideal characteristics, Moto Guzel
motorcveles sold in Australias do not have this variable load
regulator fitted to them, AL the bime of writing, ne further

informatiopn was available on this system.

The House of Represeantatives Standing Coomittes o Road

Safety (1978} recommended in paragraph 68:

8. Gperation of Iront and rear brakes Ctogecher by
applying the correct proporction of braking effert to
each wheel 1 a skilled operation of pacticular
concaern @ven Lo experienced riders. Skidding is a
particularly bazardous situation to be avoided om a

motorcycle as directicnal comtrol of the vehicle is

an



lost and a spilll 18 extremely likely, Many
experienced riders are consequently frightened to
uge rtheir fromt brake and are thereby more than
dewbling their braking distance 1n an emergency by
vsing only the rear wheel brake., The Committee
therefore recommends that:

* i requirement for liconsing be a demonstration of
the elffective use af all brakes ficted to che sotor-

evele particularly the Front brakes; and

® the Commonwealth Bepartoment of Transport develap

advisory performance specifications for this test.

The report recommends in paragraph 70:

* expariments be undertaken to assess the physical
performance of, and the ability of riders to make
better practical use of, coupled braking syastems as
exemplified by Moto Guzzl with 2 view to encouraging
wide uge of this type of system if shown to demon-

strate an added margin of safety.

124 Antilock Braking Syvstems

Watson and Lander {1974) established chat motorcycles are more
accident prone than other motor wehicles while the reoad is wet,
and that skidding i8 a slgnificant factor in these acecidents.
This work prompted TERL to dnvestigate antilock braking for
motorcycles, Watson, Lander and Miles (1976) saild that in 1974 a
total of some 700 motorcycle accldents invelving personal injury
in the United Kingdom fnvolved skidding on both dry and wet
roads., They adapted an experimental antilock brake system
originally designed for cars by Mullard Ltd. for motorcycle use,
Their research showed that, om & range of surfaces with friction
coefficients down to (0.3, motoreycles between 90-225 kg can be

4if)



stopped using front wheel breking only withouwt wheel locking,
provided they are fitted with the antilock svstéem, and that the
performance oo good surfaces is not impaired. Some measure of
cartering could also be undertaken at the same time as braking on
the most slippery surfaces, The improvenent that could be
expected by the use of an antilock brake system 1% indicated in
the braking distance dilagram, Figure 3,8,

Wilkins (1969 investigated in detail 140 accidents invelving
motoreveles and found that in about 3% of cases the rider was
thrown off a5 a result of wheel locking due to brake application,
It was estimated that a further 50% of accidents studied would
pogsibly not have cccurred LF the motorcyele brakes had either
been more efficient.or had been applied earlier. Hilkins
established that 10% of motorcyele accidents might ke prevented
through ficeing antilock brakes.

Antilock brake systems sultable for motorcycles have now been
at the prototyvpe development scage for about [0 years, There are

Chree fundamencal types of antilock brake svetems:

{il slip ratio contrel - whereby the wheel velocitcy
and wvehicle velocity are monitored te allow a pre-

determined amount of glip bekwecn the two,

{ii) wheel deceleration control = the system smeasures
the wheel deceleration and compares it to a preset

maximum allowable level.

(iii) jerk control - when the rate of change of
deceleration approaches zero, the brakinmg force is

a maxlmum.

The Mullsrd system investirated by TRREL measured wheel
deceleration, and Misnnert (1974) applied a similar system Lo a

heavyy motoreyele, WMe reported the svstem to be an extremely
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Figure 3.8 Antilock brake performance (Transport
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desirable motorcycle component. However Chis contention was
apparently not supported by exhaustive experimental testing. The
only results presented in his report were a comparison between
the antilock system and the braking performance of a locked

wheel.

Harion and Tenny (1975) presented results of a feasibility
analveis using jerk to control the brake lock-unlock sequence,
and clred advantapes as:

i) yields consistent indicatcion of the maximum
Friction coefficient, which is a function of wheel
slip ratio., Peak friction coefficient occurs when

the rate of change of deceleration (jerk) is zero

{ii} does not compromise system performance for varying

road conditions

{iii) control ayatem is simpler

(iv) levels of jerk are high; azis crossing is easy to
diseriminate

Howewver to implement the proposed system, a suitahle sensor

Ea measure jerk still had to be developed,

foki (1975) investigared a deceleration-sensing antiskid
braking system fitted to 3 Honds CB 3530, His test results show
that the antilock syvatem significantly improved stopping discance
compared to a locked wheel, Howewver the stopping distances are
similar to the anp—antiskid deviee, no-locked wheel condition.

This system was apparently im early development stages in 1973

Weir, Zellner and Teper (1978} conducted experimental work co
evaluate the Mullard antilock system as fitted to a Norton 850
motoreycle by TREL., A serfies of straight line and cornering/

braking tests were undertaken using this system and a
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conventional svstem. Two different road surfaces were used,
being dry brushed concrete, and & wet sealed black top surface.
The perforeance of the antilochk system was penerally superior.
On the drv brushed concrate, it pave results nearly the same as
thase achieved by an expert rlder with a motoreyele fitted with a
conventional system. An 'open=loop' testing procedure was also
wged. PFressure limiters were inatalled 1n the brake lines, which
eoiild be pre-set to glve thecretical maximom performance.  On Che
low-coefficient wot surfaces, performance with the antilock
system was slgnificantly better than that which could he achieved

by either an expert rider or suitably tuned open-loop procedires.

Figure 3.9 shows the results from these experiments. The
major advantage of the antilock system is seen to be on low skid
number sirfaces., Motoreveles are seldem viddem when these
conditiona exisc (Hurt et al.,, 1981) However they are very

dangerous when encountersd,

1.5 Brake Svatem Modulability

Motorewele brakes are a dynamic aystem which have response
characteristics characterized by a rider input force-deceleration
hveteresis loop {(Zellner, 1980). Thege properties vary from
machine to machine, The force/displacement or '"stiffness'
praoparties of the brake system measured at the contrel lever

define its 'feel' properties. Zellner (1980} obgerved:

'"Feel ptoperties are the primary means by which the
rider semses and controls the activity by his limhs
onm the manipulators ... Lo, manipulator feesl
properties which interface with the l1imb are aof

interest'.

It 1ia the combination of feel properties and dymamic response

characteristics of a brake svstem that will influence a riders’
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impression or rating of it, and moreover his ability to modulate

and control deceleration.

Motorcyele magazine road tests publish stopping distance
figures a2 a measure of hrake system pecformance. The variations
aof brake dynamiec response characteristics and rider ratings are
not reflected io stopping distance tests. The following
information extracted from 23 rpoad tests from the Australian

magazine THG WHEELS supports this confention:

Inicial speed 100 km/fh, mean stopping distance = 36,4 m,
std. dewv. = 2,75 ®
Initial speed 60 km/h, mean stopping distance = 12,14 m,
gtd. dev, = l.43 m

The standacd deviation for both speeds [s swall when experi=
mental errors and variastions due to different tyvres and road
surfaces are considered, The data suggest thac the notercyeles
tested all had similar maxioum deceleration capabilities despite
the wide variations in subjective rationgs of the brakes given for
these machines {cf., Figure 4.20), The average deceleration
represented by the mean stopping distance ig L0OE p for 100 ke/h
and 1.17 g for A0 km/h initial speed.

The derivaction of simple equations to predict motorcyele
deceleration is given in Appendix A, Tt is shown that whem both
front and rear brakes are used together up to the limit of the
available tyre-road friction coefficient { 3, the maximum
attainable deceleration is pg m.l's.z. When only one of the brakes
{8 used, up o the friceion Yimic, the maximum deceleration is
reduced considerably, A& plat of percentage of svailable
deceleration versus y (using the data for six motoreyeles from
Rice, Davis and Kenkell, 1976) 15 shown in Figure 3,10, With
surfaces of characteristically high yu {(dry bitumen p = 1), using
the rear brake alone will realize approximately 458 of an averags

motorcyeles' braking potential., The situation is generally
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elightly worse with large machines and better with small
machines, due to differing geometrical confipurations. On the
basis of a brake veaction tiee of one second (Johansson and
Rumar, 1971}, then typlcally only cne second will be available
for effective deceleration, gpiwen that on average a motorcyclist
has two seconds for coellision aveidance (Hurt, 1979} Further,
if the inftial speed 185 assumed to be the wrban/suburban limit of
G0 ks/h (where most accidents gccur), then wusing both brakes will
result in an impact speed of 25 km/h; if using the rear brake
only, 44 km/h, The kinetic energy of the vehicle at 64 km/h is
about three times char at 25 km/h, which would result in a
collisfon of much greater severity than if both brakes had been
uged. It was concluded in Chapter 2 that many motorcyclises do
not use both brakes in am accident situation., The reasons [for
this are not known; it coeuld be due to a fear of locking the
front wheel, or due to a poor understanding of the rcorrect

procedure for efficient stopping,

Az vet the dynamic behaviour and transfer charscteristics of
the motorcyvele brake control system have not been identified.
Furthermore, the ergonomic capabilities of the human operator for
this control task are not yvet known. There iz a pressing need to
obtain such data so that brake systems may be deszigned to
maximize the rider's ability to control deceleration and minimize
wheel locking, These reguirements apply equally to the linked
braking syatem, The linked system has an inherent advantage in
that it forces the motorcyclist to uese both front and rear brakes
simultanecusly, with obvious advantage in an accldent situatiom,

3.3 CONCLUSIONS
(il Motorcyele dise brake performance in wet weather iz not
gatisfactory due to alow response, the high input force

levels required and wvariable and wnpredictable responses.

Sintered metal pads appear to offer comsiderably improved
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(111

fiv]

(v)

performance, However only one manufacturer as yet incorp—
arztes them as original equipment, and they are not

availabhle as retro—fit itemns in Australia.

cAustralian Design Ruie 33 "Motorcycle and Hoped Braking

Systems’ hes areas whick are inadequate in relation to
meaguring brake perforsance Iin wet conditioms. This
design rule is in need of medification so as to more

acenrately model actual wet weather hraking cenditions,

Linked braking systems appeat to offer considerably better
hraking performances for unskilled operators. The
variabie propovticoning systen (mooted by Hote Guzgi but
ot purrently available in Auwstralia) appears to have
ideal charvacteristics, However, Chere is a lack of
published information on éxperimemtal or in-service

performance of linked brake systems.

fdntileck brakes offer excellent braking performance in
wet, slippery conditions, virtuwally independent of the
operater's skill level., They are still in developmentcal

stages, and are not yet copmercially available,

Motorcvele brake "feel’ and respomnse behaviour has not wvet
been properly guantified, Furthermore, the ergonomic
capabhilities of the rider are still to be understood,
Work in chis area is vrgently reguired in order that brake
systeos may be designed whichk will give most riders the
confidence and abilicy ta realize the full deceleration

capacity of their machines.
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S, ETABTLITY AND NMANDLING CHARACTERISTICH

&.1 MATHEMATICAL HODELS OF RIDER/MOTORCYCLE SYSTEM

The oodelling of the rider/actorcvels system has developed from
the analysis of bicycle-alone dynamics. This knowledge was
extended and azpplied Lo matoreycle=-alones motions and, more
recently the rider has been included as an active part of the

dynamic Systen,

%.1.1 Hotorcyele-alone Dynamics

The first significant work on the stability of the motion of a
bicycle was that of Whipple (15899}, He discussed the general
motion of & bicyele with circular wheels making point contact
with the ground, and he was able to identifv dynamic
instabilities with the wmodel. Pearsall (1%922) and Kondo,
Hagacka, and Yoshimura (1963} made further contributiens to the

analyeis of the atability of kicvele,

Wilsonm=Jones (1951) made the ecarliest significant contribut-
lon towards understanding the dynamics of a motoreycle, He
described roll and steering wobble instabiligies, and recognized
that the generation of cornering foreces resulted primarily from
camber rather than slip angle for single-track vehicles. As
well, he proposed that it was necessary to supply &8 negative
stoer torgue to imitiate a turn, a8 view which was very

controversial at che time but 15 now well recognized.

The first complete and concise mathematical model of lateral
motoreycle dynamics 1s due to Sharp (1971), His model consiated
of & vehicle with twe rigid frames jolned at the steering sxis,
with the wieels being represented by rigid discs each making
point contcact with the road, Tyre forces were represented as
linear functions of wheel camber and slip angle. The rider was

consldered to be a rigld mass lumped with the rear frame. The
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machine mowved st constant speed with degrees of freedom in side-
alip, vaw and roll, The eguaticons of moiion were linearized and
the eligenvelue prablem was solved with a dipical computer, The
model showed that the motorcycle had three physically significant
podes, These oodes are fllustrated dn Figure 41 by way of root
locii, with motoreycle forward speed as a parameter {(Weir,
Zellper and Teper, 1%78) The mode for which the steer angle is
the mest significant component of the eigenvector i6 called the
wobble mode, and becomes unstable at high speeds for this
particular machine, The weave mode consists of a coupled roll,
ateer and vaw oscillation and with this machine is sean to be
unstable ac boch very low and very high speed, The frequencies
of these modes are swch as to put them beyond the contrel
abilities of a rider, should they become unstable, The capsize
mide 1a aperiodie, At low speeda 1t i85 uswally stable. At
higher speeds it becomes mildly divergent, thus requiring
continuous coptrol by the rider, The inverse time constant for

thiz mode is illustrated in Figure 4.2,

Sharp {1974) extended his criginal nodel to Envestigate Crame
flexibhility effectsa. lie alse investigated the effect of
acceleration and deceleration on stability (Sharp, L1976 a) and
the influence of the suspension system on weave pode oscillations
(Sherp, 1974 k)l Sharp and Alstead (1980) lovked at the
influence of structural flexibilities on straight running
atability, There have been investigations of motorevcle dynamics
by many other workers (Eaton, 1973; Ellis and Hayhoe, 1973; Zegel
and Wilson, 1977 Verma, 1%78;: Watanabe and Segel, 1380: Koenen
and Paceika, 1980), Tt can be concluded that motorcevyele—alone
dynamics are now reasenably well understood. However the main
uncertainty with this work would appesr to rest with accurate
representation of tyre dynamles and the lack of empirical data to
describe motorcyele tyres, Furthermare there have been only a
few attempts to experimentally walidate the motorcycle dynamic

models,  These areas still require further attention.
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The following practically significant isplications for motor—
cycle frame design can be drawn from the motorcycle=alone dynasic
studies:

* wohble mode is most sensitive to eteering damping

(Sharp, 1971)

8 high speed motorcyele frame should have the rear [rame

centre of gravity low and as far forward as possible,

and the front frame centre of gravity as far back as

possible (Sharp, 1971)

* gn increase of torsiomal flexibility Im the rear forks

reduces the weave damping at mediuam and high speeds

(Bharp, 1974)

aereleration bas a significant stabilising influence on

the capsize mode (Sharp, 1976 a)

* the piteh mode natural frequency should he kept away
from the weave mode frequency Co prevent coupling of
these twa modes during cornering manoeuvres (Sharp, 1976
b

# for large motorcycles, the torsional atiffness of the
rear swinging arm suspension member should be of the
arder of at lease 1.2 ke /rad to minimlze weave moda
osclllations (Sharp, 1974)

¥ for 2 machine of conventionasl frame geomelry, the
optimum rear frame torsional seiffoness will lie in the
region of 80 kNm/rad, provided the front forks are stiff
laterally {greater than 200 kN/m) This value should
make wobkle mode damping constane throughout the spead
range of the matorcycle and of an adequate level (Sharp

and Alstead, 1980}
§,1,2 Modelling of Rider /Motorcycle System
The Eirst published analysis of rider/motoreycle dynamics was
that of Weilr {1972). At all but wvery low speeds, Sharp {1971)

prediceted that the roll mode will be unstable o0 that without
rider control inputs, the metorevcle will fall over. Weir argued

ah
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that the iloclusion of the rider and his actions In the analysis
of motorcycle dynamics is essentlal te a2 complete wunderstanding
of the system behavicur. The rider’s control action, almed at
gtabilizing the roll bhehaviour, modifiss the vehicle's effecrive

stability and disturbance response characteristics.

Weir stated that for the manual vehicular puidance and
comtrol task, the requirements are to follow the desired path and
reduce any path errora to zero In a stable, rapid and well-damped
manner, He found that rider upper—body lean angle could be used
for "outer' loop control of heading and lateral position. To
contral roll angle, the rider's best strategy was to use stoer
torque, The "tnner' loop of roll anple 18 therefore cantral to
the handling qualities of the vehicle., Figure 4.3 shows CLhe
rider control model develcped by Welir.

Bice, Davis and Kunkel (1976) wsed a non=linear model of the
motorcycle/rider system with elght degrees of freedom to sloulate
motlon in stralght Iine rumniog, comstant speed turns and lame-
change manceuvres. An instrumented motorcycle was osed to ohrain
experimental data. The simulated rider required more time and
distance to execute & lame change than did the actwal rider.
They concluded that further modificeclons to the simuelation were
necessary to Include suspension effects, braking and acccleration
capability, rider model improvements, #and a more sophisticated
tyre model,

Rice and Kunkel (1976} performed supplementary investigations
to those of Bice et al. (1976) using the lane change manosuvre,
including both simulation and experimental work., They attempted
to cover rider influences to a greater depth, and to compilete the
investigation of sSeveral motorcycles in a simulated lane change
manoeuvre, A plan view of the path used for lane change is shown
in Figure £.4, Figure 4.% gives a direct comparison of the

simulated performance of the differemt motoreyeles with respect
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to the lane change path. It can be seen that the paths are very
gimilar {results for smallest and largest motorcycles only have

been shownl

Welr, Zellper and Teper (I1978) wsed a non=linear motoreyelef
rider model in analyzing handling respense and performance, The
glmulation propram provides for all-axis, large amplitude mobions
of the wehicle. These include lateral directional motioms,
lomgitudinal motions, coupled lateral and longitudine! motions,
and coupled lateral and longitudinal response. Structural comp—
liances in the front fork assembly and the rear swing arm are
represented. Provislon 18 also made for open and celosed-loop
rider control actions, involving handlebar steer torque and rider
upper body lean. The model is intended for analysis of wobble,
cornering weave, roll over, inciplent sping, braking in a turna,

and evasive manoeuvres,

Figure 4.6 shows results of a gslpulated entry fnto a steady
turn for a Honda CB 360 motorcycle and rider. Figure 4.7 shows
the rider model wsed ia the simulation. The command input was a
ramp of roll angleg . a5 shown in Figure 4.6. The sateady state
roll angle of 0.05 rad corvesponds to a lateral acceleration of
only 0.05 g. This is 2 mild manceuvre which does not test the

non—linear features of the simelation.

At present the nopn=linear simulatfon has very limited
application, ag all but one of the gaina in the rider model are
unguantified. Extensive analysis lg required to put values to
these galns, and then further experimental work would be required
to validate them. Wowever, a validated rider/cycle simulation
would be an extremely valuable tool for safe and economical
testing of the influence of a variety of machine and rider skill

varisbles on handling performance.
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4.2 EXPERIMENTAL IKVESTICATIONS OF REIDER/MOTORCYCLE PERFORMAKCE

Wilson-Jones {1951) conducted an experimental investigation Iinco
rider behavioor in a turn, and {dentified rider strategies, The
rider firat steeved away from che intended fure 1n order to set
up the appropriate roll angle, Thie understanding was
controversial at that time, as evidenced by the published
digcussion at the conclusion of the paper. Hurt {1973}
experimentally established that Wilson-Jones' understanding of
the cornering manoeuwvre was correct, Huert pointed ocut that wery
few ridecs were aware of how thevy made 2 turn, and that in an
accident sitvationm Che rider mav well turn bhis machine inte the

abscacle as he tries to steer away from 1t,

Wacamahe and Yoshida (1973) iovestigated evasive handling
performance and braking of motorcyeles. The test method emploved
involved the rider heading towards an chstacle, At & measured
distance from the obstacle a Signal lamp indicated to the rider
to veer left or right, &5 shown in Figure £,8, The tests were
conducted at 30 km/h, #J km/h and 100 km/b using three different
metorcyeles (small, medium and large) with riders of varving
experience (and skill). Figure 4.9 shows the required evasian
distance versus speed for 21l riders and all motorcycles. The
distance requirved for avoidance incresses roughly in proportiocn
ter the increase in velocity, Bider skill is 2 mere significant
factor than motocrevele size in deternining emergency handling
performance, Low skilled riders required |5=20% preater distance
to avold che test obstacle than skilled riders,

Watanabe and Yoshida (1973} defined an "sveidance abilicy
coefficient’ as the guotient of the distance required for evasion
and the test velocity., Avoidance ability coefficient was used to
compare the performance of different riders and motercyeles. Om

this basis the 125 mi machine had the lowest performance of the
three metoreyeles, while the 350 ml and the 730 ml machines

behaved similarly., Tt was therefore comcluded that it could aot
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he masumed that a large and heavy motorcvele would be Inferior to
a small light motorcycle in emergency handling performance.

These effecta, along with rider skill, are shown in Filpgure 4,170

Tests were also comducted to determine straight=1ine stopping
distance whenm using the brakes, This enabled the comparison of
evasive handling and hraking shown in Figure &.11. Braking
digtance increases In proportion to the =quare of the wvelocdtw,
The tests showed that at 30 km/h, braking and aveldance reguired
the same digtance, At higher speeds, the braking distance is Che
longer. It was concluded that, at speeds encountered in normal
traffic conditions, evasion may be & better stratery than braking

to awvoid obstacles.

Motoreveles are penerally considered o be more mapoeuveeable
than automobliles, Fipure 4,12 shows the avoldance paths taken by
a motorevele and an avtomehile. From these tests Watanabe and
Yoshida concluded that a motorcycle should not be considered more
mancenvreable than an astomobile, becsuse of the relatively long
distance required by the motorewele to eatablish the roll angle

for &8 turm.

Weir, Zellner amd Teper (1%78) conducted analvtical and
experimental studies of the handling responses and performance of
five different motorcveles. Five test riders were used in the
experiments. They had a wide range of experience, skill and age.
The machines used for this work were a Wonda 125, a Kawasaki 250,
a Honda 360, a Norton 850 and a Harley Davidsgon 1200, Steady
Eutn single lane change, cormering and braking, and cormering and
accelerating tests were performed. Data collected included rider
inputs, vehicle motions, and rider subhjective evaluation of

motorcycle performance.

The steady turn test was uwsed o measure sotorcyele control

Fains under a wariety of operating conditions.
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The performance measures evalouated included the ratlio of
steer torgue to cycle roll angle and the ratio of steer torque to
yvaw welocity {which both relste to the rider providing roll
stability and damping); the ratic of vaw wvelocity to steer angle
(with its variation in forward speed providing the 'under/over-
steer ' characteristic as commonly used with automobiles); and che

vatle of steer torque to steer angle (oeasuring the steering

"feel" properties).

The small Honda 123 showed substantial oversteer, and the
large Harley Dawvidson 1200 exhibited large understceer. The
motoreycies with neutral to nmodest overstesr propercties were
rated more highly by the test riders. Correlations were also
made between rider ratings and total directional damping, defined

Total Damping = 2E;w + 1_."'['F

whare £1 = weave mode damping ratio :
g = weawve node natural frequency
TQ = capslze mode time constant

Thie factor iz said to be a measure of the low and mid-
frequency danping which is important to rider control, and there-
fore dees not fnclude the wobble mode and other high frequency
effects, It appeared that riders preferred more total daeping in
tiwe mid-speed range. Vehicles with total damping that decreased
too much at high speed were not Favoured, This coerresponds Lo

the weave pode destabilising at high speed,

Path performance of the motorcycle was also evaluated. The
measure used was the root=mean=gguare (r.m.5.) displacement of
the motorcycle from a prescribed circular track, measured with a
downward=pointing aovie camera attached to the motorcycle, This
t.m.s, path deviacion showed no varistion with speed or with

motnreveles for a piven level of lateral aceceleration, which
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illustrates riders” abilities to adapt to changes fn wvehicle

dynamiec behaviour. Fath performance worsened as lateral

acceleration was increased.

There was &8 lack of simple correlation between path
performance and stability faceer, total directional damping or
capaize mode fnaverse time constant across motorcycles. Further

analytical work and experimental investigation was recommended.

The single lane chanfe test was used to study the maceuvring
performance of the motorcycles and the rider/cvele svatem becavse
it emphasises the translent response of the vehicle. The path
was defined by a painted line on the roadway, In order tao
establish rider contral stracegy during a cransient manosuvre,
tests were conducted with the rider instructed to complete the
lane change without steering torque input, using only lean for
control. The vehicle response was slow and less precise than
with gteer torgue, showing the importance of rider steer toroue
ag the major directiomal control inpet.

Weir et al. (1978) zaid that from an analytical viewpoint the
weave mode freguency and damping should have an influence on the
riders' ability to control the motorcyvele in & transient
manoeuvte., The higher the weave mode natural freguency, the
greater the potential bandwidth of the rider/evcle system. As
speed decreages, so does the weave mode nmatural frequency,
althongh ta aome extent this 18 offsetr by an increase in capsize
mode Inverse time constant. Weldr et nl. alse showed that heavier
matorcycles have a lower weave mode natural frequency suggesting
that their performance may be poor at low speed, However, the
relationship between mid=frequency wehicle dyrnamics and the
actual motorcycle performance Iinm the lane change fests was nat
clearly established, and the avuthors suggest further

investigation.
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The high=frequency cycle response properties, obtained from
computation with a linear simelation of motoveyele dynparics, were
related to subjective measures from the lane chanpge axperiments,
Figure 4,13 shows rider rating versus roll-acceleration/stesar—
torque gain at high frequencies. A rapid turning manoeuvre is
made by roelling the mobkorceyele vwia a torque ifnput, and this
parameter was eXxpected toe ke important. However lictle
correlation was found, Figure 4,14 shows ridec rating versus
vaw-adcceleration/steer—-torque gain and a definite tremd is
digcernable, The riders preferved a notoreyele which began to
vaw ipitially, rather than the first response being a change of
rall angle. It wae sugpested that becter correlacion would he
ochtained if experimental pains were weed rather than the
caleulated gains from the linear simulation, as the latter

suttered from uwncertainties.

The study by Weir et al, (]978) represents the most
comprehengive attempt vet made Co determine the most significant
motoreyele handling response parameters. The inconclusive
results obtained attest to the difficulties in this ares and the
fact that the ztudy of motercyecle handling is still in its

infancy.

Cornering-whilst-braking tests were also conducted by Weir et
al, {197B) usiepg the Honda 380 motorevele, Pressure limicers
were used in Lhe brakeliones te controel braking levels, The
results indicared that the maximum deceleration abtainable is
reduced when & motorcycle ig negotiating a turn, The additicn of
rear braking caused the motercyele to go from slightly
understeering to more neutral sceering, with little wvariation as
speed was reduced. With front wheel braking a similar transition
was mnoted. 0On heavy application of the frent brakes, the motor=
cycle oversteered to a greater extent as speed decreased.  Rider
subjective ratings were lower under high levels of deceleration,
indicating the increased workload., Cornering and accelerating

tests were conducted, and the results differed Iittle from the
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ateady Lurn cases, e<cept atb very low speeds where the motorcyele

understeered to a greater extent,

Weir and Zellner (1979) published further analysis of rChe
data collected from the experimental program of Weir et al.
(1978}, concentrating on the transient behaviour of the Honda
125, the Honda 360 and the Harley Davidson 1200. They found that
addition of a rear load of 10X grosa vehicle welght can lead to
weave aoscillations in near=limit steady turns. Good damping
propecties af the tear shock abrorbers are importamt bo limit
this behavicur. Addicion of wedght in fronl of the steecing head
on the frent fork assembly decreazed the weave damping and
matural frequency. A fork=mounted fairing lowered the wobble
mode frequency, and aerodynamic disturbances fron the Tairviag
exclted wabble oscillations at high speed, Furthermore it was
found that a cornering weave occurced in high lateral
acceleration steady torns dwe to coopling of the piteh mode aod
the weave mode, The coupling cccurs as a result of the Largre
roll angles in swch turns (Sharp, 1976 k). They were able to
predict a eritical speed reglon for chis phencmencn, where the
weave and piteh mode natural frequencies coincide, This vange
was from 95 km/h to maximua specd foc the Jonda 360 (with 43 kg
rear load) as shown in Figure 4.15% Also the limiting roll angle
was found to be due to ground clearance rather than tyre side

fnfce limitsa.

Chenchanna and Foch (1979) analvsed the stability aod
handling characteristics of motorcyclesusing both analyrical and
experimental technigues, A linsar model of the rider/motorcycle
gystem was developed, It incoarperated a clder model which had
rider lean resuliing from motarcycle roll angle, rider steer
torque resulting from yaw rate and rider steer torgue resulting
from steer angle, Experimental wvalues for these feedback gains
were obtained using a laboratory motorcycle simulator. The

squations were sclved using a digital computer to obtain eipen-
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values. The capsize mode, weave mode and wobble mode were

identified,

A motorcyele with a data acqguisition svatem on bhoard was
used to obtain data to validate the simulation. Straight line
running tests with speeds from 20 km/h to 160 km/h were
conducted, To stimulate weave osclllations a lateral force
disturbhance was applied vila a swedden expansion of compressed ailr
from a nozzle mounted on the motoreycele. Experimental and
theoretical weawve mode natural frequency and damping ratic as a
function of speed were plotted 85 shown in Figure 4.16. Cood
correlation 18 noted at speeds greater than 100 km/h,
TMecrepancies at lower speeds were said to be dues o more Intense
rider control activity., Higher speed operaclon was sald co be

more nearly 'open loop'.

To analwee the bandling bebaviour, Chenchanna and Koch
(1979} conducted a series of tests using entry to and exit from
90" of a 50 m radius curve, They proposed use of a "Handling
Index" {H.I.} to characterize handling as defined below:

H.I. = - ®/a

where M = peak value of steer Corgoe
u = forward velocity
E. = !|.'.|E.-ﬂ|:l'. value aof rall \'E']ﬂ{'it'f

For speeds greater than 530 km/k, H.I. = IEIRU
where Ty = front wheel moment of inertia

“v = rolling radius of front wheel
Apparently the H.I, was chosen to characterize handling on
the basis that the rider has 8 limited capacity to apply steer

Corogue,

Fipure 4,17 shows H.I. as a function of speed. Fipgure 4,18

pives maximom curve-negotiasting speeds for various walues of HW.I,
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based on 2 censtant peak torgque, A lew HI, gives a higher curve
negotiating speed., However, mno real justificatien for this

particular cheice of a handling index was presented,

The experimental investigliations of rider/motorcyele
performance reviewed here have made attempts at defining
appropriate handling parameters to describe sctorcycles. Howewver
matorcyele behaviour and rider/motorcycle interactions are atill
not well wnderstood, and further research is reguired. Handling
characteristics need to be defined so that what constitutes &
"good"  handling motorcyele L8 kpown., This would then allow the
interaction eof handling behaviour and accldent fnvolvment to be
investigated, and the assessment of the effects on handling
qualities of various motorevele medifications,

4,3 ANECDOTAL EVIDENCE OF BRAKING STABILITY AND HARDLING
FROBLEMS WITH CURRERT MOTORCYCLES

Metoreyele magazines from Australia, Great Britain and U.S.A.
were reviewed in order to further investigate braking, stability
and handling preblems encountered with currently available
machines, The information obtained primarily originated from

road test reporte.

To assess braking, stability and bhandling pecformance of a
particular motorcycle, the road tester typlcally covers 1000 to
2000 km throuwgh all tvpes of terrain and conditions; 1.e.
commuting in heavy traffic, touring over long distances, snd race
track limit manosuvres, The handling of the mortorcyele is then
subjectively rated on its performance in lane changing,
negotiatfon of S-bends, low apeed manceuvring ability dn traffic
gitvations, and high speed stlhilitf.

The British magazlne Motor Cycle Mechanics and the American

magazine Cycle World report the regults of this testing by way of

verhal description. Problematical behaviour 15 usually described

Th



in dournalistic and jarpen terms which can make interpretation

difficelt, e.p.

"Ar speeds reasonably artainable on the strest, the
machine feels much lighter tham it is and is
surprisingly neotral in handling'

Chnon, Cucle wWorld, Vel, 18, Ko, 1)

'"Handling throughk fairly fast couniry roads felt
food, too. Apart from a tendency for the steering
bead to nod from side £o side an gome cornenrs, the
machine was stahle and predictable.’

{Anon, Motor Cucle Mechanics, Sept. 1979)

The Auseralian magazine Two Whesly presents, in tabulated
form, the subjective ratings given under various handling and
braking headings; twe examples are shown in Figure 4,19, The
ratings range from poor through to outstanding with a togal of
eight ipcrements, Unfortunately the headings wsed are not easily
interpreted; e.g. what does 'steering' actuwally mean, and how is
this guantity assessed? Forthermore 4t is not clear what
congticures an 'average' rating. An analysis of twenty-three of
these report summaries, published over a peried of 18 months,
indicated that the sean subjective rating in ecach category was
'above averape’.

The distribotions of the ratings of handling and braking
mualities are shown in Figure 4,20, I¢ can be seen that there i=s
a falely wide range of ratings far each attribute, The most
gevere fudpement was generallv "below average', with some bikes
bordering on "poor,’ The (low speed) mangeuvting quality was the
only one to attract ratings of "pooer.” Af fhe other end of the
gcale, motorcveles were rated as "oetstanding in every catepgory

apcepnt braking in corners.
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It 18 of interest that the ratings of the varfious handling
attributes of a given machine were generally highly correlated.
This would seggest either a ‘hale effect' in the raters' assess—
ments, or that 'outstanding’ top speed stability, [or example,
can be achieved without compromising manceuvrability., The lacter
interpretation suggeats that it should be pessibhle to design a
motorcycle which is "outstanding' Iinm atl respects. Aecording te
one reviewer, the machine rated in Figure 4.19 (h) comes close to

this ideal.

The most sericus problems encountered by road testers were
high speed weaves, high speed wobbles, slow response at low
speed, self steering and roll limits impased hy foor pegs,
mufflers and stand brackets. It is emphasized that these
problems are not common to all metorecyeles, nor do they
necessarily sll occur with a particular matorcycle. Furthermore,
aome only become obvious when speeds far in excess of the legal
limit are attempted. Howewer they do exist with sose machines,

An example of weaving and wobbling behaviour:

'Setting the shocks up to a maximum preload helped,
but the machine still wallowed and webbled in turns
at speeds above 180 km/h and was partfcularly upeet
by bumpas and road irregularities sfter a few laps at
that speed, The rider had to be very careful with
the throttle exiting turns, especially bumpy turns,
or ¢lse a combination of inadequate shock damping and
losing and regalning rear tyre traction threatened to
gend the machine into tank slappers,’

CAnon, Cuycle World, Vel, 18, No. 1, [979)
An example of slow low=speed steering response:
'"Along with the superb high-speed handling buyers

will have to put up with this maker's traditionally

heavy low—-speed steering and slow low—speed responses

7a
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as well as the usual annoying lack of steering lock
{because maker mounts its forks in very narrow triple
clamps they come back and touch the tank quite
early).’

(Anon, Twe Fheelis, January, 197%)

The following report is of a8 motoreycle with inadequate

ground clearance for roll angle limits:

'"Handling and steering, while heavy, were firm and
positive., The only time the 1200 ml machine got
upset was when I let it ground by going through a
bBumpy bend faster than I should've, Then it leapt up
and twitched across the road. It would ground
easily, many degrecs before most other machines...'

{Anon, Xotor Cycle Mechanics, Augusr 1978}

A further example of 8 handling problem is in a report of a
toad test on an L1 ml machine., The variatlen of steering

characteristica with different tvres is noted:

"The steering of the machine was affected
considergbly by the tvres fitted. With the Metzeler
on the frent the machine was a huge self-steerer
(more a¢ than anv other bike we've ridden), but with
the Avon on the front the self-steering tendencies
ware much reduced. The bike could be more accurately
mancenvred at low to medium speeds so the Roadrunmer
tvres certainly sulted the bike more. It was

surprising a front tvre alone could make such a

difference.

{Anon, Two Wheels, November, 197H)

The preceding text serves to give an indication of some of
the stabhility and handling problens test riders have reported

with new motorcycles. It would appear that acst riders £ind the
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stability and handling behaviour of a mew motorcyecle to be
satisfactory under normal riding conditions. Howewver it seems
the behavicur of the machine deteriorates with age and distance
covered. 4n dmportant comtribation towards elucidacing some of
these problems has been made by the Awstralian importing agent
for Metzeler tyres (Anon, 1979), Unfortunately the 'problems’
are not specified or defioned, so0 It can only be assumed that

weaving, wobbling and change of steering bebavlour are Implied,

The report is as follows:

""fter monitoring some 200 motoreveles over the past
few months whose owners complained of some type of
handling difficulties, we collared some rather
terrifying statistics, 90% of machines had our of
balance wheels, B3X had inadequate tvre pressurcs for
operating conditions and 94% of wheels were out of

alignment .,

These fipures cloeely approximate figures obtained im

recent surveys conducted in the 5.

Eliminating these three major fawlets, corrected the
handling problems 1in 95 of the machines, The
balance of handling complalnts were traced to faulty
guspension action, worn steering head and swing arm
bearings, and bushes and bent frames,

The point 15 lowd and clear. Any matoarcyele, but
particularly those operated at high speed, should

have these areas thoroughly checked at regular

intervalsa.
Every mototreyele manufacturer issues details of

correct tyre pressures far thelr machines, Wheels

ghould be bkalanced, obviocusly, whenever & new tvre is
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fitted and subsequently every 3000 kms.
Wheel alignment should be carried out every time a

wheel is replaced on the notorcvele,’

& further source of evidence of the existence of stability aed
handling problems 18 the uwier correspondesce published by

matorcycle magarines. As an example 2 letter puklisghed in Motor

Cyclie Meckanlcos, Februarvy, 1978 said:

'"T am writing to vou in *he hope thar my experlence
may help by waraing others, In mid-September I bought
a top kalf sporte fadring with pouches (o extend aver
the handlebars,.. With fairing fitted properly 1 set
off to work as usual but noticed a litcle instabilisy
ahout the handlebars and front wheel at sround 110
km/h, but this disappeared when I Leaned forward,
Coming heme at 120 kn/h che wobble returned, It was
ag if the front wheel was being lifred and the
handlebars being shaken from side to side. 1T shut
the throttle and the bare went onto full lock and
threw me up the road, breaking bomes in ey wrists
and hands and resulting in scitches in the knee and

hard., I was lucky I wasn't rur over.

Although my bike... alsc has a top box fitted, it has
never before shown the slightest handling problem,
and the police could find nothing wrong with it when
they examined it after the accident. While I
appreciate that the acsident could have been caused
by some unenown fector I helieve the Falring was to

blame. '

This letter resulted in MNoror Cycie Mecharnics being fleoded with
reader complaints of a simdlar natues, particolarly from those
who had fi{cted handlekbar fairings. The magazine conductad an

experimental program afmed at identifying the problems, The
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TABELE 4.1

CARRIED {Motor

FERFORMANCE OF MACHINES WITH VARIOUS LOADS
Cyole Meohemiop, Juha 1978)

PERFORMANMNCE TEST DATA

Yamaha RID250 1 Kavwaiak| JE58
Tesl 1 i 3 i 5 [] 7 -] 9 0 11 12 13 14 15 15
. ; — Parts Parts
Weight carriedd  |Empty | f0lb | B¥b | &0b | T5lb | BB [ ASD | 060 | TeZib [Empiy | 40D off Empty| b | FHb ot
Lap time ™ . | =
tall + 1min} 3758 J08% | 29[ 3338 | 325 | B1.7e | Bes | 345s | Sds | Mds | 3RS ) M3s | 1958 M
Top spesd mph s 13 B 13 43 4 a3 &8 I s &5 &5 97 | e — i
-
TARBLE 4.7 FEFRFORMANCE OF MACHINES WITH DIFFERENT
FAIRINGS (Moter Cyele Meohmmics, hugust 1978)
MAXIMUM SPEEDS [“PHI‘
I 1 | aF ae
. T or oF HoW HoW | B [
MACHINE | Untelred | Sports  Tourlng Manes Toursr H.Ilnnn.ll | l'll'!l'k Sports Tourer
KAWASAKI 200 a8 93.8 a7s | 848 . . ) |
HONDA 400-4 108 | | I L 183 | 104 Wy T
| YAMAHA 180 s . mn g8 | , | . .




first tests were done on top boxes and panniers, and they found
that almost any amount of weight could be carried without
sericusiy degrading handling behaviour. Test reselts are shown
in Table &.1. The second investigatien was of the influence of
fairings cn stability. It waz found that handlebar Eairings had
little effect oa the stability of the sotercycles during the
experimanta. The results are given in Table 4.2, Thege
apparently  unexpected results are pogssibly more a reflection of
the mathod of analysis used rather than conclusive evidence of no

ellects.

Magazine road test peports also serve to highlipght braking
peeblems  with curvest motoreyeles. Many different problems are
encountered , including: brakes that are too powerful, enabling
wheels to be easlly locked; brakes thab are under-powered; Lack
of stopping power for dJdige brakes in wef copditiong; slow
response  of disc brakes when webt;  and control gains of the
braking svasren not appropriate to the fask. Following are three
extracts from road test reports. These are exemples that have

been selected o be representative of brake problem areas.

First, from a road tesc of a 750 ml machines:

"While the front and rear brages were quite well
balanced for heavy braking, the machine wasn’'t so
pood under less strenuous conditions when more use
was made of the rear brake. Its often convenient
to drag the tear brake to scrub off speed whille the
bike 45 banked over, orf whiie pancesvring through
traffic and in these conditions the drem brake
could hawve done with more power. Towards the end
of the test the front discs started to squeal under
light Ybraking but they kept up thelr performance
and apart from a =slight lag at wvery low speed
worked well in che eaia.”

[Anon, Motor Cycle Mechanics, July, 1979)
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The second extract comes from a road test report for a &S00 ml

machine:

"Braking is a mixed bag., The nuabers arn"t tao bad;
11 m from 50 km/h and 48 m from 100 km/h, But under
hard braking the rear of the bike hops easily when
the brake locks, making control difficelt, The fromt
brake provides good control but it is not powerful
for a disc. [n wet weather only the rear brake slows
the bike, the front washing out completely and being
slow to recover,'

(Anon, Cycie World, Vel 18, Ne, I, [979)

The final extract is from a road test of a 650 ml machine:

"To be framk, the braking svstem...is ano overkill.
Triple disec brakes om a machine of this weight and
performance...? HNot only does the bike stop quickly
it also locks up wheels easily, especlally the front

one, That's unnecessary and potentially hazardous..

The biggest problem with a pure disc brake
arrangement is the wet weather performance and the
(machine} stopped as expected in rainy conditions -

badly., At some stages (¢ fele Like if had no bhrakes
at all..."

{Anon, Two Wheels, Januvary 1379}

i, 4 COMCLUSIONS

{13 The study of metoreyele—alone lateral dynamics has
received considerable attention in the literature over the
pasgt decade., The models developed appear to give
reagsonable correlation with actual behaviour, but further
experimental wvalidation 1a required. Uscful design con=

clusions have been drawn from these stodies,
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(11}

(111}

tiv)

()

(wi)

The lack of emperical data for motorcycle tyres, and owver=
cinplified modelling of tyres, is thought to be the =main
cause of discrepancies betweern theoretical and

ciperimental lateral dynamic behaviour.

Three phyeically significant matural modes have been
identified from linear mathematical oodels of the lateral
dynamics of the motoreycle, Theae have heen designated as
the wobbhle, weave and capsize modes. For some deslign
conflgurations and forward speeds the weave and wobble
modes may become enstable, and theiv satural Erequenciles
are too high to allow the rider to control them. For mast
machines the capsize mode 13 unsctabkle 5t normal traffic
speada, thus reguiring continwoous control activiey by the

rider,

The dvnamics of the clesed loecp riderfcvele system are
much less well wnderstood than the cvcle-alene dvnamies.
Hotorcyvcle/rider simulations are available which include
non—linear representation of the motorevele dynamics so s
te allow for the larpe rell angles expericnced im various
manceuvres. GConsiderahle further work, however, is
reguired to escablish appropriate vider control strategies

and parameters.

Experimental studies have shown that, contrary to some

popular belief, aotorcycles are no more 'manceuvrable'

than sutomobiles in obstacle avoldance sitnations.

Motorecycele size, as such, does not appear to have an
imporcant infleence on the ohstacle avoidance performance
of the rider/cycle svatem, On the other hand, rider skill
variations lead co subestantial differences in evasion
distances required to successfully avoid ohstacles in the

motorovele's path
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{wid)

(viii)

{ix)

At mormal traffic specds, evasive manoeoavring appears to

be & better accident-avelddance strategy than braking,

Little progress has been made in identifyving the important
features of a motorcycle's dynamic response which deter=

mines 08 "handling qualicy’,

Thete is 8 considerable amount of amecdotal evidence
spuggestive of braking, stability apd handling problems in
the popular metereyeling press. Examples cited include
high speed weaves and webbles, poor brakes in both wet and
dry conditions, slew steering responsge at low apeeds,
tvyres influencing motorcycle hehaviour to a large extent,
and fafrings upsetting high specd stabilicty, There is a
need for further research to improve the level of under—
standing of motorcvele=rider interaceions so that such
problems can be reduced and so that desirable handling

properties can be quantitively specified.
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