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Vibration Characteristics of a Motorcycle Body

Bo Yong Park*®

ABSTRACT

This paper presents the vibration characteristics of a motorcycle body frame. In order to study the excita-
tion mechanism, for example, of handle vibration. discrete models and finite element model are developed
for the calculation of natural frequencies and mode shapes of the driveline and body, which can lead to the
1esonances. Experiments are also conducted to compare with the analytical results. From the various kinds
-f vibration reduction methods, the technical realizable one is presented to reduce the handle vibration

responses at the start of driving.
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! Piston

Drive pulley

Flywheel
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V-belt
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Crankshaft

: Tire
Driven pulley +Wheet

r'S

Clutch shoe

Clutch outer

Driven face spring
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Fig. 1 Power flow in a driveline of the 90cc grade scooter

____________ » Path of power flow
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Fig. 2 Order analysis of the handle vibration due to the
engine rotating moment
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k1 k2 k3 X4 J6, 17
L J L_
J1 J2 I3 14 kS5
15,
ké
16,
Mass moment of inertia Torsional spring constant
[kgm’) [Nm/rad ]
n 1.8412E-3 ki 6,978.6
2 8.8400E4 k2 9,598.6
J3 8.7080E-4 k3 5233
J4 3.9890E-3 k4 12,148.2
15 2.5100E-6
J5 kS 12,503.9
15, 5.8540E-6
16, 3.8460E-5
16 k6 2,584.1
16, 8.9740E-5
17 3.166

Fig. 3 Torsional vibration modeling of a scooter driveline
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Fig. 4 Natural frequencies and mode shapes of a scooter driv-
eline with 7 masses
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Fig. 5 Engine-crank shaft system of a scooter
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Fig. 6 Bending mode shape of the engine-crank shaft system
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Fig. 7 Driven shaft system of a scooter
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Fig. 8 Bending mode shape of the driven shaft system

2.4 XA HY
Fig.9% A (1)l w& a9 A& e s M7 34
EY2 K& 78] 19 44 FEMZ 2% NISA
IIE ol g8, A, FEE ¥3, 349 2dg} gojo
S lgdo IS A% 222 TP AFH A4
Heoitd NISA 1I7} 873k Rdde A5ASAE
ZﬂE —wd#go] Zeo] HE F39 90 % o4
A EE 9HE 38 2d3(qdr)e 2dd)d
| A8 ZF3o| 95 %9 2)9 S45E 28670 ©lA
Ho £x 28670 oAt} A 2f AFFS of
B 1% REF, Fig.105% 118 53] 23H9Hz) &
32H(20Hz) MM e AR S 71502 JET A B
o] & HxWHE WFsH, 53 (46Hz) ZENN =

i
tjo

\

%*
3
o w
9

e i 2 1:1 olN m\m Hl ty of



a2y AT e A 158 A15 (1998 1Y)

AFE 7IE2R F -+ E ATk A v E

Y% Holn}, 93}H(67Hz) REAME BYS 71722 9 Vibrating model .
TRV 4. (L PP A AN

Base model

v
A 9. order at 67 Hz (
Va \ x

Fig. 9 FEM-Modeling (Base model) of a scooter body
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Fig. 11 5. and 9. Mode shape of a scooter body
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Fig. 13 Vibration response characteristics of the scooter handle
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Table 1 Calculated and measured frequencies

Subject | Trotueneiesofa n th order (Hz) Remarks
scooter ]
e | l.ord(46.7Hz), 2.0rd(93.4Hz),
. ¢ | 3.ord(140Hz), - - -
3 d- | l.ord(22.2Hz), 2.0rd(44.4Hz), st the
frequencie 2,800
. P | 3.0rd(66.6Hz), - - - (rin"]
; 1.0ord(2.4Hz), 2.0rd(4.8Hz),
3ord(7.2Hz), + - -
1.0rd(50.9Hz), 2.0rd(124.0Hz), | discrete
Torsional natural | 3.0rd(405.8Hz), 7-DOF-
frequencics of 4.0rd(835.2Hz), system
Modeling driveline 5.0rd(1,314.5Hz),
6.0rd(8,716.5Hz)
Bending 1.0rd(358.2Hz), 2.0rd(389.7Hz)
natural ¢ | 3.ord(1,250.5Hz)
froquencie . 1.0rd(202.4Hz), FEM
sof 2.0rd(4,191.6Hz)
driveline P 3.0nd(5,876.5Hz)
Natura) 1.ord(9Hz), 3.0rd(20Hz),
frequencics of 5.0rd(46Hz), 9.0rd(67Hz) FEM
body/handle
Dominant natural
N Impact
frequencies of 9 Hz, 20 Hz, 46 Hz, 67T Hz
o body/ handle hamumer
ot ;T..: at the
requencies of 9 Hz, 20 Hz, 46 Hz, 92 Hz z,e_;o_?
body/handie i tmin™)
Note: * c-c:engine - crank shaft, d - p : driven pulley shaft,
t: tire
+ ord : order
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Fig. 15 Vibration response characteristics of a scooter handle
with variation of friction coefficient of clutch shoe
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Fig, 16 5. Mode shape at the natural frequency, f =50 Hz of a
scooter
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Fig. 17 Vibration response characteristics of a scooter handle
with variation of spring constant of clutch shoe
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