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Vibration Analysis of Steering System in
Commercial Vehicles

¥ 3 F ZA s A F o
B.K Cho, G.H Ryy H.D.Kang

ABSTRACT

For a driving vehicle, a self-excited vibration of a pair of steerable wheels about their steering axis
accompamed by tramp 15 called shimmy. Shimmy is caused by the coupling effects of the complicated
actions of wheel and tire and the tramp motion of front wheel axle. Because front axle 1s no longer
used on passenger cars shimmy occurring is not considerable. But in commercial vehicles using front
wheel axle suspension system shimmy should be considered m design process.

In this paper, the model closed to a practical vehicle was developed to analyze the shimmy of a commercial
vehicle, and the effects of various design parameters to shimmy were observed by dynamic simulation
with multibody dynamics program, DADS. The validity of developed model and analysis results were verified
hy practical vehicle experiments.
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Fig.2 Leaf Spring Model
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(b) Model for Analysis of Characteristics
of Tire

Fig.3 Tire Model

Fig.4 Te Rod Model

Fig.5 Steering System Kinematic model

KNUCKLE ROTATION(degree)

o 7ol A K& 244 34 (comering power) ©] i,
Ve 2% FE&ET e EY A (trail), 6= Eh
ojoj&] & HZ(slip angle)°]™, yo= EFoloie
e smoj

4] (2)9] AR 9} A A & DADSS] RSDA(Ro-
tational Spring-Damper-Actuator) 85F A}-2-8}
Ko, =4 &L TSDA(Translational Spring-Da-
mper-Actuator) 848 AHR-SIE T 2|3 EBo|
oo g, 35, 2|3l WP Yk AXH 8
= TSDA 245 ARSI

3.3 EI0|R2E(tie rod)

ElelE el FE A4S edr] #3o
Figde} &9o] Eo|2EE T8 EA=E A4
711, o] &2 BWZF F<QE(translational joint) =
A28 F TSDA 84F X714

3.4 S4A|
siA] 4t 2gke] E AR+ Table 13 29 1}
ERt ke 2o,

4, ot Y nE

4.1 2= sH4
Figsst 22 71783 2 d-& 7-4 8k, AHF Y

YA AT 717 NS FHEAT. HEY

& (Pitman arm)9] A4 ¥ 4 & (knuckle) &
3 A g Taka.em, Figboll A e vpe} 2o

cnuronolhrnanS B EREZR

4 8 12 16 20 24 28
PITMAN ARM ROTATION(degree)

E .

Fig.6 Kinematic Analysis of Steering Systemn
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Table 1 Mass Properties of Rigid Body

| BOD; . MASS(kg)

Chassis . 8235
Axle 92.5
Pitman arm 4.3
Slave link | 53
Drag link 1 7.7
Drag link 2 8.7

Knuckle 1 24.5
Knuckle 2 I 22 ‘

Tie rod
| Wheel

r 3
it

- AEd

 Moment of Ineftia(kg+m2)

5
80 .

Table 2 Suspension Parameters

Cﬂnatants

Leaf spring

2. 50‘9e5N/m

shock absorber

0. Gm/ g

—H067N sec/m

ON sec/m

D sedn

longtudinal

19940N sec/m

- 15282N sec/m |

Tie rod 1.232eTN/m
j 8.177e6N/m

8.995¢6N/m

Tire lateral 2.469e6N/m
Cornering
1.785e3N/rad
DOWET
L ~ Axial 100N/m
_ Radlal 1DON/ Tl
Bushing - ———]
| Tﬂrsmnal ON m/ rad
| Conical 3262Nm/rad
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(b) Result of DADS Simulation

Fig.7/ Angular Acceleration of Steering Wheel

at 30kph
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Fig.8 Angular Acceleration of Steering Wheel
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Fig.10 Effect of Tire Cornering Power
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