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Modeling and Control of an Engine Mount Using
ER Fluids and Piezoactuators
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Abstract

This paper presents a new prototype of an engine mount for a passenger vehicle featuring ER
(electro-rheological) fluids and piezoactuators. Conventional rubber mounts and various types of
passive or semi-active hydraulic engine mounts have their own functional aims on the limited
frequency band in the broad engine operating frequency range. However, the proposed engine
mount covers all frequency range of the engine operation. A mathematical model of the proposed
engine mount is derived using the bond graph method which is inherently adequate to model the
interconnected hydro-mechanical system. In the low frequency domain, the ER fluid is activated
upon imposing electric field for vibration isolation while the piezoactuator is activated in the high
frequency domain. PD control algorithm is utilized to determine control electric field for the ER
fluid and H., control technique is adopted for the piezoactuator. Computer simulation is under-
taken in order to demonstrate isolation efficiency of the engine mount over wide operating

frequency range.
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Table 1 Parameters of the engine mount

Parameters Values
Effective piston area(A,) 32x10*m?
Fluid resistance through electrodes (b;) 1.7797%10" N-s/m®
Damping coefficient of the main rubber (b,) 116 N-s/m
Compliance of the lower chamber (C)) 3.8907x10"*m®%/N
Compliance of the upper chamber (C,) 5.3371x107" m®/N
Fluid inertance through electrodes(I,) 4555 kg/m*
Stiffiness of the piexoactuator (kg) 2.1x10° N/m
Stiffiness of the main rubber (k;) 114x10° N/m
Mass of the piezoactuator (m,) 0.043 kg
Mass of the engine and the main rubber(m,) 58.6 kg
Electrode width (b) 0.04m
Electrode gap (h) 0.001m
Electrode length(L) 0.01m
Proportional of the yield stress function (@) 151.47
Exponent of the yield stress function (x) 1.8579
Viscosity of the ER fluid (7) 0.2 N-s/m?
Number of electrodes 60
Effective piezoelectric constant (des) 3.4%107m/V
Time constant of the piezoactuator(T) 60x107°
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