2004

4
F32sh W) Gl e AT

A Study on the Affection of Frequency and Displacement
for Nonlinear Viscoelastic Bushing Model

Seong Beom Lee

Key Words: Bushing(%-7%J), Lianis model(2]o}1 2~ X 9), Pipkin-Rogers model(Z 1-2}4 22 B E),

Nonlinear viscoelastic incompressible material(H] 3 HEHG H|tEHA =3)
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.

A force-displacement relation for bushings is important for multibody dynamics numerical simulations. For
the nonlinear viscoelastic axial response, Pipkin-Rogers model, the direct relation of force and displacement,
has been derived from Lianis model and the sinusoidal input was used for Pipkin-Rogers model, and the
affection of displacement with frequency change was studied with Pipkin-Rogers model.
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Fig. 1 Material properties for styrene-butadiene
rubber at 0T
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Fig. 2 Reference and current configurations in

axial mode
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F(t) = H(W(1,0), 1)

N J-t 8H(W(Al,s), t—s)dw(l,s) d
0 ow(l,s) ds
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H(W(,5),1)

= (C,, +Cpe'™ +Cpre™"™)(l, )
+(Cy, + Cpe™'™ + Cpe™™) (L, 5)}°
+(Cy, +Coe™™ + Ce™™) (1, 5)°

iy
1,=15.4608, 1,,=2.017

C,,=-0.0959, C4,=-0.0252, C4,=-0.0243

1,,=10.3334, 1,,=1.7875

=0.6939, C,,=0.1066, C,,=0.1117

C.,=0.0286, C.,=0.0075, C.,=0.0075
=9.0136, 1.,=1.7358

oF
t
iy
=2

T

=
>~
>

.
oot o
SICAN )

o

rE

(£
o
rJ

=

2
=
E
2o

N

w(l,t) = Asin(wd) )
AT
™,
0.025, 0.05, 0.1, 0.2, 0.4Hz =
RoAAs Fote, Tt HeTE e R
o] HdP e mA= ol H gk o
He7F F7hghel wel, vdE Aol AAE A
A & 4 Aok ol Tk o 24, £=0.4Hzol
ke, A=0.39] 49-E Fig. 3o YERNIATE

Z o=z 03, 04, .. , 092 o]&3s}go
f=o/(21) %, 0.00625,

g ol g3t

T 0.0125,

ol kO
JS

477

force—displacement relation (A=03,
f=04Hz)
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Fig. 3 Force-displacement relation for A=0.3,

=0.4Hz
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Fig. 4 Force-displacement relation for A=0.9,

=0.4Hz
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Fig. 5 Force-displacement relation for A=0.5,
f=0.4Hz
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Fig. 6 Force-displacement relation for A=0.5,
£=0.00625Hz
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