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Vibration Control of Engine Mount Utilizing Smart Materials
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ABSTRACT

This paper presents vibration control of an engine mount for a passenger vehicle utilizing ER fluid and piezoelectric actuator. The
proposed engine mount can be isolated the vibration of wide frequency range with many types of amplitude. The main function of
ER fluid is to attenuate vibration for low frequency with large amplitude, while the piezoelectric actuator is activated in high
frequency range with small amplitude. A mathematical modei of the engine mount is derived using hydraulic model and mechanical
model. After formulating the governing equation of motion, then field-dependent dynamic stiffness of the engine mount is evaluated
for various engine speed and excitation amplitude conditions. Then robust controller is designed to attenuate vibration of wide range
frequency component. Computer simulation is undertaken in order to evaluate the vibration control performance such as

transmissibility magnitude in frequency domains.
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s(x)=Gx (10)
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Fig. 7 Dynamic stiffness of the engine mount
10
Y = Uncontrolled
5'!".
1hagaans & a @ & ¥8UEAVNE
a% g
g AA I.
2 01} -
é AAAI..
= . ",
001 s, "a,
AA N
24
1E-3 L n
1 10 100

Frequency(Hz)
Fig. 8 Control performance of engine mount
£9998¢ ¢ + don PARHE J99

10Hz H¥27A= ER A9 g <93
Ag AFdde] £PHUT T2

oA ZF7eA BAHE AL FI9 AF
o] #AHASTE & F Urh

5. 4 &

2 AFNE AFARE ol§d AW

I ASARE ol§% & FEo
3

lo 2 & o

P aE1E olgd e md

w o 4t 4

2 Hu 2 s oM ox

mb‘?‘

>

(-

N A
LB 0 ol ox b @ fm

[

—1—"‘——‘

o
a
ol Ho
Hul

lu
2L

o
R
b
]
£
o
L

2 ATE VIAENEAAY Adel dstol
o|ol Fow oo gk =AYk

(1) Rivin E. 1., 1985, Passive engine mount - some
directions for further development. SAE Paper 850481.

(2) Singh R, Kim G and Ravinda R. V,, 1992, Linear
analysis of automotive hydro-mechanical mount with emphasis
on decoupler characteristics. J. of Sound and Vibration 158(2) ,
pp. 219-243.

(3) Colgate J. E., Chang C. T,, Chiou Y. C., Liu W. K. and
Keer L. M., 1995, Modeling of a hydraulic engine mount
focusing on response to sinusoidal and composite excitations, J.
of Sound and Vibration. 183(3), pp. 503-528.

(4) Choi S. B. and Song H. J., 2002, Vibration control of a
passenger vehicle utilizing a semi-active ER engine mount.
Vehicle System Dynamics, 37(3), pp. 193-216.

(5) Matsuoka H., Mikasa T. and Nemoto H., 2004, NV
Countermeasure technology for a cylinder-on-demand engine -
development of active control engine mount. SAE Paper 2004-
01-0413.

(6) Shibayama T., Ito K., Gami T. and Oku T., 1995, Active
engine mount for a large amplitude of idling vibration. SAE
Paper 951298, pp. 531-538.

(7) Miller L. R., Ahmadian M., Nobles C. M. and Swanson
D. A., 1995, Modeling and performance of an experimental
active vibration isolator. ASME J. of Vibration and Acoustics,
117, pp. 272-278.

(8) Hui S. and Zak S. H., 1992, Robust control synthesis for
uncertain/nonlinear dynamical systems, Automatica, 28(2), pp.
289-298.

(9) Karnopp D. and Crosby M. J. and Harwood R. A, 1974,
Vibration control using semi-active force generator. ASME J.
of Eng. for Industry, 96(619), pp. 619-626.

-300-



