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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.
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.

Keywords : lianis model, pipkin-Rogers model, nonlinear viscoelastic material

I.M = o Gge vAL AnHozE o A B
ARz ek ¢ AT e Pae Wk

AUE & B(sleeve)9t <Ho] AAHY

Az
ox
rlo
N
H
)
N
Ry
M
lo
¥
fo
Sid
o
lo
bl
Jn e
oX UM
Lo

Rolol A Fhedzh sl Hloile At
BE 7pT o] Zelns F& A AN

o]

=

4

J{NA

|

[s]

Y01 R AN e-mail : mechlsb@inje.ac.kr) By A0 glon, RAS Ejle] Flo] %

dgx%w] A38d AH43, 2003 334



MAY AR FARD] B Faash Wele] GFo U@ A 335

5

fr

FoF

tlo

1k
o

g, £4
Bt

53], @7PEAY 98 @de e
she H oA, DRRAE AT HAR
W Fadtn @ 4 ok 24 W W
o] #AZE Ry Hed, olv v wAIZ tiE
T 7AFEHS AR 2 W AE (Center
for Automotive Structural Durability Simulation)oif] 4]
Sag 9Ad WAL Hsl Aol 4P (onedi-
mensional radial displacement control)Zd¥}, HA¥
Aadadgol #adso] 71Ee AF Haxy 2d
& AgsA Balokn wgE

2 ATE 484 A7E uEes & 495
om 2eldBe Fojol ulay Hed 2ol
S35tk McGuirt} LianisE B3 Heyd =
wel Qo] glold AEU-RETAl TR (styrene-
butadiene rubbenE ©]83dl W APE 3}t
fow, olg sEoz wohis FAMHA (Lianis
constitutive equation)S- LK e iy

Leet= 2409 21 2eo takel, 223}
Y59 WAL ohiz AT
BEgRy B U9 S99 WAy @
A5t MYEe BANcRRE WHY Puy
Q) Fopa EdS SAFSHH L, Fopls Y
& Balo] UYL 9T + AL F1 Ho]
HE o} 398 2ol HANY e 7 2ol
°d oo st MEE HAE Hed FA
2 Hdsier, ol FakEbA2 md (Pipkin-
Rogers model)& 533}k’

sEA|YL, 71E4 ATe W9 ARk BAZE
HAAT VD H18e AHE ol dlsjeln
FAlo] dernz, 7Y mde] HE3E 9% o
TEE F=F0] Aok mehr, B djeMe
ARIFFE FojA Yoz dlo] Fe WY
9] FFo] AR-FA2 ol ojwdt FIFe WA
= A9 tiste] Zolrgrt F, o7 W9 ¢
dog ARISE ol§eel, WFD Tkt u)
AR RS ded B4 2l mRe g%
A7t o, B3 ol AEH Furl A
g4d 24 vAdFAH Aqug dAVE de AE

7_;'i"r

i)
2

3]
4

flo
ol

of
L]
9l

o o

R o2 R

I. 2ot 2 g F7l-atqA D

HgEY S Aed B3R Tewkgl dl
3 3319 FFol2e FvHColeman)® EH(Nollyd
oty HERom, FAMY FRAHAE St
7] 93] fading memory7} o) &HAYTES glohyx
o} 19 FEEL 2HU-FEIA TF (styrene-
butadiene rubber)ol] #WE AF-E Fal oy W]
Aol dolHz %e AgeE F
21& fgstded, RistEA BidE Fad 32

of &3 o9 A gstant

o= — BDI—{c+dI,—3)}B*?

+[a+(1—1f2)—2+11{c+d(12—3)}13
M
+2 [ [Po(t= 9+, =3)Qy(t—9)] € (9ds

Ql(f_s)

+f_lw[P1(t—s)+ DX

[BC L)+ C LB lds
o(f) : FF-LSH(ormal  stress)d} AGSH
(shear stress)o] ¥3t¥ 3x3 3F
b ugEAY Agesny o 2nek

A P

s AN AR AIZH( — ool s <¢)

Py(D, Q(dH, P(¥), Q(H : material property
for styrene-butadiene rubber

a,b,c,d : material property for styrene-butadiene
rubber

B : left Cauchy-Green tensor

I, = B;; (summation convention, tensor notation)
L=-Y(B,B,- B;B;
2= 79 B i3

- (summation convention, tensor notation)

C(s): right relative Cauchy-Green tensor

dc t(S)
ds

C t(S) =
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rubber at 0°C.
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Figure 2. Reference and current configurations in axial
mode.
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