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ABSTRACT : A bushing is a device used in automotive suspension systems to reduce the load transmitted
from the wheel to the frame of the vehicle. A bushing is a hollow cylinder, which is bonded to a solid
steel shaft at its inner surface and a steel sleeve at its outer surface. The relation between the force applied
to the shaft and the relative deformation of a bushing is nonlinear and exhibits features of viscoelasticity.
Since a force-displacement relation for bushings is important for multibody dynamics numerical simulations,
the relation is expressed in terms of a force relaxation function and a method of determination by experiments
on bushings has been developed. For the nonlinear viscoelastic axial response, Pipkin-Rogers model, the
direct relation of force and displacement, has been derived from experiment. It is shown that the predictions
by the proposed force-displacement relation are in very good agreement with the experimental resuits.
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Figure 2. Experimental apparatus
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Figure 3. Experimental data for d=0.2cm

Figure 5. Experimental data for d=0.6cm
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Figure 6. Experimental data for d=0.8cm
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Figure 7. Displacemeiit-dependent force relaxation

functions for 7= 0.2,0.4,0.6,0.8¢cm

d=0.2,0.4,0.6,0.8cm © tjgt A dc|HE
vehfar glch

A8 ol gtzh Pipkingl Rogersol] &jste] A
tE A wete] WANE wEoE MR

2 Al (nonlinear least squares method)-S ©]-835
Q" zhzkel W9} QE ol Mg ¥ 98sE
T3lHon, olF Figuwe 7¢] Yehiorn, ol&
WYl ojE3= 8 A3}SH (displacement-depen-
dent force relaxation function)g} YAomW, FAHR
AF dlo|8 (modified experimental data)z® &-8-3}

Ak,

w3, 3 dFFFE MY Feos BHo
7Pssteg ofgfel 4 () o) vkl 5 g}
R(d, )= dG(H+d>G(§) 3)

Figure 8. Coefficients: G ,(¢,), G(t,)

aga 0<t,<60sec. o dlated, J& Ha =}
<% (linear least square method)S ©]-8-3}] Figure
ol Mo} 2ol G(t)F Gi(t)E T3

S Gi(t) Gy(t)2 B3t o] Asd

Fo] fo FHT F Utk
G{p=Ca+Cyr 3™ i=1,3 @

2o HAE HA A< (nonlinear least
square methodyS ol&&el .9 7,5 T3
T Gt )H Gyt )E T2 XA, Figures
9, 105} 2t}

uhebr) AEaE o) ik S22 2l
e} o] ShAH Sl

o

Figure 9. Coefficient: G (1)
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Figure 10. Coefficient: G 3(2)

) = R0, + [/ { PR L= 4 (55

&)

where
R(d(s),) = [Cy+Cpe "™+ Cye "™y

+[Cy+Che "™+ Cye " d9)]?

Cpn=3.248, C;p=10.115, C13=0.159,
2']2:8.827 and 2'13:3.009

C31:O.104, C32:_]..876, C33:1.778,
r5=0.695 and 73;,=0.666

V. oMy Hetd 2o 2 sy

A0S/ ZEo 84S JFu AP S
T3 Lol ZAdst A= Hde] ARE
0<r<60sec. &t ZIzte] W9 4 ol o)
olfel A (6% o83ty WL B)yE 13
Sk

- (P ipkin Rogers outputs) — (E xpevimentalresults) || ,
E || Experimentalresults) || 5 *100(%)
(6)

Figwres 11, 12& 2] (6)& ©183}] d=0.4,0.6cm
9] W] 948 gl ti3 Figure 791 ek}

Q)=
AT

A e 394 33, 2004

o]/sgl%l .

Figure 11. Comparison: Modified experiment and PR
model for d=0.4cm

for d = 0.6 cm, relative error=5.4 %

Figure 12. Comparison: Modified experiment and PR
model for d=0.6cm
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