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An Study on Vibration Characteristics of Automobile Al-alloy Wheel

Byoung-Sam Kim*

Abstract

frequency and damping.

Key Words :

The styling of automobile wheels and their effect on vehicle appearance has increased in importance in recent
years. The wheel designer has been given the task of insuring that a wheel design meets its engineering objectives
without affecting the styling theme. The wheel and tire system is considered as a vehicle component whose
dynamic modal information of the tire/wheel system are employed in the modal synthesis model of the vehicle.
The vibration characteristics of a automobile wheel play an important role to judge a ride comfort and quality
for a automobile. In this paper, the vibration characteristics of a Al-alloy and steel wheel for automobile are
studied. Natural frequency, damping and mode shape are determined experimentally by frequency response

function method. Results show that wheel material property, size and design are parameter for shift of natural
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Table 1 The classification of wheel

wheel

Steel

Material

Al-alloy

Mg-alloy

Method

Casting

Forging

1 piece

Structure

2 piece

3 piece

Spoke type

Mesh type

Design

Fin type

Dish type

Aero type

Table 2 The specification of experimental wheel

wheel | Material Specification Structure Design
1 Steel 5.0] x 13 ET 49 1 piece| General type
2 Al-alloy | 557 x 13 ESI301 ET 38 |1 piece Spoke type
3 Al-alloy 5.5} x 13 EF1301 ET 38 (1 piece Fin type
4 Al-alloy | 5.5J x 13 EMI1301 ET 38 |1 piece Mesh type
5 Al-alloy | 6.0J x 14 EM1401 ET 38 |1 piece Mesh type
[ Al-alloy 6.0) x 14 ZS1401 ET 42 |2 piece Spoke type
7 Al-alloy | 651 % 15 EMISOL ET 38 |1 piece Mesh type
8 Al-alioy | 6.0J x 15 DMI501 ET 40 |3 piece Mesh type

22 Fig. 13} 2,
of P47 a2
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Fig. 1 Schematic diagram of experimental equipment
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Fig. 3 Nyquist plot of wheel

Table 3 Natural frequency of experimental wheel

wheel Natural Frequency(Hz) Damping
1 365 750 1,135 0.111
2 585 1,220 0.287
3 530 1,165 0.252
4 565 1,235 0.271
5 500 1,025 1,640 0.226
6 375 875 1,560 0.020
7 420 860 1,400 0.018
8 300 650 1,165 0.025

B0000¢ 432200, B 1048,

(a) steel wheel
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(b) Al alloy wheel

Fig. 4 Frequency response function of experimental wheel

7 GAR AFahe oo 245

B 3l8e Teldl & o £Y ol ol ¢ A vie
el B golo] S} FAUAE UoA AEL FAN



28 o] 0.111 A%
£9 A& UehtT glof 8

= g9

4, Yo 24z Feoli
H4RuE I 842025
o] RZHE 7Y A9 AY Hur} YFu|E
A Zo| W] ZropE Ao aJAr=ch,
Ald& 8 FolA A(fin), W $l(mesh), 232 I (spoke) EF
A8l o2 Ho| AR LR 5Tt LFuts oo }—XH
S AR, FH4S) Aeole &, w4l 2x3 HY +
A7t 2ok S L3 AR wl4Erd) S e st FP%‘
& 3717 23, 240540 A= 6.50x15, 6014,
551:13 £28 14557 dake gie] 22819 i
AA Y H9+= 6.5)x15, 6.0Jx14, 5.5)x13 £0= 5’41:}
29| 2717 ARl v LEAFEI A0S o]
2 olste A el 2ol Atk AAsig 9,
2o} A27)7F Aol whet 29| Aol Frlate] nfHFS
o h9& AFot o] T, Ao Aol vé-‘ﬂ A
of F7kskH A7t F7kstaL whebA Al F7Hstg
k. #of ko] kst B AA7F AAshL 9l
< B89 27)7F AXEA Aza #2290 2polef 7]9
3t oR Ardrh 8o 72 Aol HIEOH 2 754 29

A WA TFAELE 3 12 (piece), 25~ o7

Do o] EAskaL YL 49 371% 192, 2
5|2, 39|12 %olgict,

Fig 5,62 °f’}ﬁi‘%§£ ol-gsto} dFulw e BY
Aitolr). Mo AEFe=ie E A
ot ‘:"c}f%“*g “J%i T e, gol At #

| EHﬁ Ht—’%ﬁ} J ek 2o

245l Y4

_‘r-_

&
_L.
rlr
O>~
oI
<
ol
00(
j:_
1-,&

it oogh e ol e
_?L

(f) SHRE

(d) 3}RE (e) 4X}RE

Fig. 5 Point force of wheel and mode shape
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Fig. 6 Line force of wheel and mode shape

(1) ¥20)5 T3 o] 29 el ujs) LEAFHA 2F
w4 o] Ak gl o]k o) Fhl Fuks
o} eolole] mRAFAT ATk Holo] £t
9L wels 2 uf %ol UF Bol A Hof ula)
= E- eolo] S TAWANS Ao 2L 34
SHAl $7HAZ TR0l HE Ao AzEv, 8 A
of 74)9) Qloli 28 Fol 0.111 F=g) vl o
Ml g L 025 339 AL Uehta Qo] Bol
Jpeye 41 8 4% A9 Ant SRy 42 Y

ol el 948 402 d2dc
@) 22 F42) Bl thshel )42l Hpolof thar ATE 4

one, AE3 eholo] 4} BRT LeRE4T} 15
5t thojo] 9|5t AT lalEte] datel 7]
F7HI70 A3, 3717 371 g5 A
gelog ogstsrt. Bo 722 Holo] ofajAit 1
547} 2, 3 BAauth D254 Y] L$AFH} 9
A3t e, FHE 2, 3947} 1 92 mrp A



SRS RTIAEE =R

& Vol.14 No.3 2005. 6.

(1) Luder, A., 1979, “Testing of wheels,” SAE Paper
790044.

(2) Anderson, D. G, 1976, “On-board passenger tire sound
generation study road versus lab wheel,” SAE
Paper 762016.

(3) Tuttle, E. E., 1980, “The Evolution of the passenger
car wheel,” SAE Paper 800065.

(4) Kao, K., Riesner, M., Surulinarayanasami, M., 1986,
“Modal analysis of a tire and wheel and its appl-
ication for vehicle ride evaluation,” SAE Paper
860826.

(5) Riesner, M., Zebrowski, M. P., Gavalier, R. J., 1986,
“Computer simulation of wheel impact test,” SAE
Paper 860829.

(6) Akasaka, T., 1998, “Twisting Stiffness and Lateral

127

Vibration of a Radial Tire Side wall,” TSTCA,
Vol. 16, No. 4, pp. 223~248.

(7) Mousseau, C. W., Clark, S. K., 1994, “An Analytical
and Experimental Study of a Tire Rolling Over a
Stepped Obstacle at Low Velocity,” TSTCA, Vol.
22, No. 3, pp. 162~181.

(8) Beres, W., 1987, “Linear Models of Tyre Enveloping
Properties,” Int. J. of Vehicle Design, Vol. 8, No.
4/5/6, pp. 485~503.

(9) Carson, D. H., 1965, “Effect of Tire Uniformity on
Ride? Wide Base and Regular Truck Tires,” SAE
paper 650186.

(10) Yoon, M. C,, Cho, H. D., Kim, S. K., Kim, Y. K.
and Cho, H. G,, 2001, “A Study on the Modeling
and Analysis of Chatter in Turning Operation,”
Transactions of The Korean Society of Machine
Tool Engineers, Vol. 10, NO. 4, pp. 76~83.



