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ABSTRACT : An elastomeric bushing which has been considered in this research is a device used in
automotive suspension systems to reduce the force transmitted from the wheel to the frame of the vehicle.
A bushing is modeled as a hollow cylinder which is bonded to a solid metal shaft at its inner surface
and a metal sleeve at its outer surface. Lianis constitutive equation for a nonlinear viscoelastic incompressible
material is used to model the elastomeric material of the bushing. It is used to derive a force-displacement
relation for axial response of the bushing. The displacement dependent force relaxation function for the
bushing is obtained from the ramp displacement control tests with an extrapolation method. This is compared

with the exact result obtained from the step displacement control test and the results are in very good
agreement.

Keywords : elastomeric bushing, Lianis equation, nonlinear viscoelastic incompressible material,
displacement dependent force relaxation function
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Figure 1. Material properties for styrene-butadiene rubber (y&: Py(2), Q(9, P(), (5, @%:psi)
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dhzgele 2y FYFRE B Hohd s mYAT 157

Figure 5E wyo=1, T7°=1,2,4,8secd w2
ramp displacement historyol] thgt ZAaftolw, T*¢]
SEgkol 002 HIF wEr W17 2
& & Aok T8 20secd W FOOE T

=

FHAU-S BHojF=d), o]AL fading memory
O
=

0.82 rrTTTTTTTTTT TR OO

- t:8, data & CI+C2 |
t= ‘

~N
Force F(t)
=}
y
=Y

0.74

0.72

T T T T T T

0.7 T FNTWI SRTWE INETHE RTRRI RTU T N RTWE WY

1 2 3 4 5 6 7 8
T* (sec)

(=)

Figure 6. Force extrapolation procedure

0.85 P
0.8 ;—\V\E‘

2 i 3
~ 0.75 -
I [ ;
v 07F -
0.65 F 3
0.6 APTETE BRI BT EE BT BT

0 0.2 0.4 0.6 0.8 I

time (sec)

Figure 7. Force relaxation function for (<{<]sec.

Figure 6 3} Figure 72 (</<1secolr] extra-
polation® Ho] F1, Figure 62] 7+ symbolE-&
T"=1,2,4,8secd w Fo|zl Fidojx, =
symbol2- Figure Soll4 Z}Zke] A|ZbE<l dojube
Fol Hags Jejuok dg8oew, 77 =)
ol X ¢] u, o, ., o

£=0, 0.1,0.5, 1secolX  R(w, HFEo] =Hm,

ol AIZIHE  o<i<lsecold w,=1°] thd+

symbol &2

force relaxation functiono] ¥ 31, ©]= Figure 7o 1}
ERdr}

o] AL 0=<i<40secolA] F=eY&te] Figure 8
of Jepllon, Figue 49t o} Z dAHE &
o}

4
s

R AR LRRAA RARRI R SRR

for wW(l,t) =1

0.8

0.75

R(w (1,t),t)

N

0.7

0.65

sadstasaadaran basaada ol

LA O A

0.6 YR FETHI FRTHY INETE FTUNI RTURI RNTRE IRNT!

0 5 10 15 20 25 30 35 40
time (sec)

Figure 8. Force relaxation function for (< /<40 sec.

Step displacement control test®] Z3}<2) Figure 4
%} ramp displacement control teste] AT FE
force extrapolation methodZ Alg&-3te] oo Axlo]
Figure 85 wlulel7] 9lste] Yt 2aE 5(2-norm)

o e olgatel st o] Felsksint.

E= || Ramp displacement result — Step displacement result
B || Step displacement resultl)

(16)

o] 431}, Figure 8-2- Figure 4] thdlo] 1%L
2 hellA) dx)8ke rglth Figure 89 Axpzr
B, force relaxation #YS & 4 loun, B Hi}
2RE, AY HJed ngS B4l diste] force
extrapolation methodZ ©]&3}e, oA Td&
e &8s o) B4 Ak

Elastomer Vol. 37, No. 3, 2002



158

cement control test®] ZA¥E R,
¢} force relaxation &Ao] ez J&-5 ¢
ATk

mgh Fopys wde] )k ramp displacement

control test®] Aol Tt force extrapolation

methodE A3l ZARE For, o= step
displacement control test A3} Bt 1% LA}

2 F 237 ol & 9XFL BIh wEhA,
B Apgr A83 force extrapolation methodZE

0]8-3 ramp displacement control test:=  step
functionS 9L & Q& A4 AP FH oj{=

I Lol FHHATE

B A7 ndd yRdEde #g 7|E2dAT
24, 19600 o2z RE] AAE HHY
Hed 2aS Ao FUgnced g3
olty. ¥ A7ANE o)&3te] HA AFol F
A7 gl AL Asate] RS ndyd
AAAFCZRE Y AP oHE o]&sfof 7]
fEolty. & B Ardde 5 JeA
goll oM, 1 VERATEA] ofulE TN, A
AZL 9% 2dYE FEslojol & woe
AR B3t AFo] Aoz gHrE o] o,
AR oy e E 3t force extrapolation method
F820] tEiME oln] & =&A HFs
vz, Agor o]&F § e o|&F J|yio]

=2

#ZAe 2

=i
2 =5

2 1999% Ak Shad-rEA]
Bz 93] AFEen, olo] AL =Tk

A5 379 A3x, 2002

oX
i

A S, Wineman, T. VanDyke,

. W. Goldberg,

. Seong Beom Lee,

oy

} 3

= =
=&

. Ford Durability Center at The University of Michigan

Project Review, (1995).

and S. Shi, “A
Nonlinear Viscoelastic Model for One Dimensional
Response of Elastomeric Bushings,” International
Journal of Mechanical Sciences, (1998).

. B. D. Coleman and W. Noll, “Foundations of Linear

Viscoelasticity,” Reviews of Modern Physics, 33, 239,
(1961).

. G. Lianis, “Constitutive Equations for Viscoelastic

Solids Under Finite Deformation,” Purdue
Report AA&ES 63-11, (1963).

University

“The
Exponential Extension Ratio History, Comparison of

B. Bernstein and G. Lianis,

Theory with Experiment,” Purdue University Report
AA&ES 67-1, (1967).

. C. W. McGuirt and G. Lianis, “The Constant Stretch

Rate History, Comparison of Theory with Experimen
t,” Purdue University Report AA&ES 67-2, (1967).

. W. Goldberg and G. Lianis, “Behavior of Viscoelastic

Media Under Small Sinusoidal Oscillations Superposed
on Finite Strain,” Purdue University Report AA&ES
67-3, (1967).

. C. W. McGuirt and G. Lianis, “Constitutive Equations

for Viscoelastic Solids under Finite Uniaxial and
Biaxial Deformations,” Transactions of the Society of
Rheology 14:2, 117, (1970).

“A  Study of a nonlinear
viscoelastic model of Elastomeric Bushing Response,”
Ph. D. Thesis, The University of Michigan, Ann
Arbor (1997).



