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Active Vibration Control of Automotive Engine Mount
Using MR Fluid and Piezostack
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ABSTRACT

This paper presents vibration control of an active hybrid engine mount featuring magneto-rheological (MR) fluid and a
piezostack actuator. On the basis of the conventional passive rubber mount, MR fluid is adopted to improve isolation performance at
resonant frequencies, whereas the piezostack actuator is adopted for performance improvement at non-resonant frequencies,
especially at high frequencies. Based on some particular practical requirements of engine mounts, the proposed mount is designed
and manufactured. The characteristics of rubber element, piezostack actuator and MR fluid are verified for system analysis and
controller synthesis. The model of the proposed mount with a supported mass (engine) is established. In this work, a sliding mode
controller is synthesized for the mount system to reduce vibrations transmitted from the engine in a wide frequency range. Computer
simulations are performed to evaluate the performances of the proposed active engine mount in time and frequency domains.
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Fig. 1 Configuration of the hybrid mount
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Fig. 2 Mechanical model of the hybrid mount
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Fig. 3 Geometric parameters of the hybrid mount
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Table 1 Design parameters of the hybrid mount

Design parameters Values
Height of Disk d 5 mm
Area of Coil mv 90 mm®

Width of Disk sw 23 mm

Gap size g I mm

Radius of Disk R 29 mm
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Table 2 Specification of exciting acceleration
Freq. (Hz) s 10 20 100 300
Acc. (m/s?) | 0986 | 3944 | 15775 | 78.877 | 236.749

r’«é 20
\:' 10+ ‘(\l‘ .’] (A". "\ ’/\: '\,1 ‘x‘
2 _r”""\ “.‘llv"‘]‘\ A h
B O AN
| by i Lt

- T A
Q
Q
< - " " .

0.0 0.5 1.0 15 20

Time (s)
(a) Acceleration
Z
3 i f i
5 4000\ :'/\\ rl.l ,’\ f‘: ,’,\'\ ’ﬁ:
w h ,w{n;“.)j)) M
Lol vy
B SRR R RN R
£ 'v [‘],\;‘KYX\VL\V\V
E 00k, © o
g A
= 00 05 1.0 15 20
Time (s}

(b) Transmitted force

Al

Input Current (A)
Q

i j
i 1 l/
2 L i ¢
0.0 0.5 1.0 15 20
Time (s)
(c) Control input of MR fluid
s 300
% ol
= 100+
) 0
2 -0l
2
£ ~200
-300 " L .
0.0 0.5 1.0 15 20
Time (s)

(d) Control input of Piezostack actuator

Fig. 4 Time response of Hybrid Mount at 7.5 Hz

-241-

Acceleration (m/s?)

"

05

1. 0
Tire (s)
(a) Acceleration

15

Transmitted Force (N)

05 1. 0
Time (s)

(b} Transmitted force

Input Current (A)
*’ —'l j =] -

I

0.0 0.5 1.0 15 20
Time (s)
{¢) Control input of MR fluid
S 300
2 ool
& 100}
‘S 4]
2 -100+
2 .20
& 0
-300 L
0.0 0.5 10 15 20
Time(s)

(d) Control input of Piezostack actuator
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