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many years However, the dynamic stiffness of
rubber mounts increases according to the 1nciease
of disturbance frequency Therefore, suffening the
mount Lo achieve better connecbon results In
poorer isolation at high frequency On the other
hand, reducing the dynamic stiffness requires
lower static stuffness and lead to weaker ability to
hold the structures together To overcome some of
the drawbacks of rubber mounts, flusd mounts are
often used to provide a compromise between the
static and dynamic requirements of the mount
(Ahn et al, 2003, Yu et al, 2001)

The resonance caused by fluid passing between
the two comphant tubber chambers can either
provide additional damping to the fundamental
mount resonance, 01 create a tuned absorber effect
to provide supetior 1solation at a single frequency
depending on how the mount 15 designed The
tuned absorber 1solation effect by the fluid mmeina
results 1 a transmissibility and dynamic snff-
ness “notch” at which the transmissib:lity and
the dynamic stiffness are low and high isolation
effectiveness Therefore, luid mounts can be de-
signed to have higher static suffness than 1ubber
mounts at low frequency i1ange and substanti-
ally higher 1solation capability at the notch fre-
quency

However, the transmissibility and dynamic
stiffness of the flurd mount with an nertia track
or with a simple orifice has an undesnable re-
sonance peak because fluid mmeitia n the meitis
track 1s grearer than that of a compaiable tubber
mount (Yuetal, 2001} To resolve this problem,
fluad mount with an mertia track and a decoupler
was developed (Flower, 1985, Yu et ai, 2001)
The property of the mount has amplitude or fre-
quency range dependency, which means that the
excitation amplitude s large at low excirarion
fiequency range and small at high excitaton fre-
quency range The nonlinear property has been
studied and mathematical models wete proposed
from the mamn phenomena of the mount (Kim
and Singh, 1995, Royston and Singh, 1997
Geisherger et al , 2002, Gesberger, 2000, Colgate
et al, 1995, Singh et al, 1992 | Ushyima et al,
1988 , Lec and Choy, 1995, Margolis and Wilson,
1997, Jazer and Golnaraghi, 2002)

Copyright (C) 2005 NuriMedia Co., Ltd.

Optinizations of fluid mount and mounting
system were allempted by some reseairches (Seto
etal, 1991, Tao, 2000 ., Suresh et al, 1994} Their
works on the optimzation of the engine mount
system show that the hmea {requency dependent
damping properties of the mount were consider-
ed, but the propeities of the fluid mount such
as nonlineat frequency and amplitude dependent
stiffness and damping were not constdered {(Yu et
al, 2001} Therefore, optimization o improve the
perfoimance of the mount by consideining the
nenlinear properties 1s shown in this study Two
Linear mathematical models related to the low
and high fiequency 1anges and a popular opti-
mization technique of sequential quadratic pro-
gramming {SQP)} supported by MATLAB® sub-
routine were used 1n the optimization process
{Mathworks Inc, Verston 2 1) Transmissibilinies
of the mount ar 1esonance and notch frequencies
were greatly reduced by the opumization method

2. Mathematical Model of a
Nonlinear Fluid Mount with
an Inertia Track and a Decoupler

The fiequency range of engine distuibance with
an engine speed range from 600 (or 760)-6000
rpm for 4 four cylinder 1s 20 {or 25)-200 Hz and
for an eight-cyhinder engine, the frequency range
1s double the frequency range of four cylindet
{Brach and Haddow, 1993, Yu et al, 2001) The
frequency by shock excitation 15 below 30 Hz
{Brach and Haddow, 1993} The nominal defor-
mation amplitude of 2 mount 1 the range 26-
200 Hz is less than 0 3 mm, while the amplitude 1n
the range |-30 Hz 1s greater than 0 3 mm

For a laige amplitude caused by a shock ex-
citdtion, the top compliance pumping action will
cause the decoupler to contact the top or bottom
of the cage, termmating liquid flow around 1t
and sending the flow through the nertia track In
this case, the static suffness of the flud mount s
approximately equal to the static stiffness of the
top rubbet section because the bulge stiffness of
the rubber below 15 very low (Yu et al, 2001)

As the frequency increases from 10 Hz {Kim
and Singh, 1995}, the fluid traveling through the
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Optinuzation results shown in Figs 3 and 4
are summarized 1n Tables 3 and 4 In Table 3,
transmussibility and dynamic stffness of the opti-
mized mounts are compaied with those of origi-
nal mount at their own resonance and notch
frequencies The optimized ones are expressed as
percentage of the ratio of the optimized mounts
and the original mount On the other hand, n
Table 4, transmussibility and dynamic stiffness of
the opttimized and original mounts at resonance
and notch frequencies of the original mount are
shown In table 3, transmissibility and dynamic
stiftness of optimized ones are expressed as per-
centage of the ratio of those of optimized mounts
to those of original mount

5. Conclusions

Optimization of a nonhnear fluid mount with
an 1nertia track and a decoupler was firstly con-
ducted The design parameters of the mount
could be optimized without unnecessary com-
plexity by using lmear low and high-frequency
models and a popular optimization techmque of
SQP supported by MATLAB® subroutme This
study shows that the performance of a mount can
be greatly improved in the mrtial mount design
stage by the simple optimization process Results
of the case study are as follows

Transmssibilities of the optimized mounts at
the first and second resonance [requencies 1n
the low frequency range were reduced by about
33 51% and 41 47% respectively for Case 1 with
the mitial mimmum and orgmal values. by
about 28 08% and 43 24% for Case 2, by about
2 350% and 75 47% for Case 3

Transmissibilities of the optimized mounts at
the second resonance and the notch frequencies
in the high frequency range were reduced by
about 12 88% and 23 88% respectively for Case
1 with the mnitial mmimum and onigimal values .
by about 7 23% and 41 30% for Case 2, by about
24 30% and 72 65% for Case 3

The mount performance of optimized mount
for Case 3 15 better than those for Case | and 2 in
the high frequency range, while those for Case |
and 2 are better than that for Case 3 1n the low
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frequency range
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