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Optimal Design of MR Shock Absorbers Using Finite Element Method
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ABSTRACT

This paper presents optimal design of controllable magnetorheological (MR) shock absorbers for passenger vehicle. In
order to achieve this goal, two MR shock absorbers (one for front suspension; one for rear suspension) are designed using an
optimization methodology based on design specifications for a commercial passenger vehicle. The optimization problem is to
find optimal geometric dimensions of the magnetic circuits for the front and rear MR shock absorbers in order to improve the
performance such as damping force as an objective function. The first order optimization method using commercial finite
element method (FEM) software is adopted for the constrained optimization algorithm. After manufacturing the MR shock
absorbers with optimally obtained design parameters, their field-dependent damping forces are experimentally evaluated and
compared with those of conventional shock absorbers. In addition, vibration control performances of the full-vehicle installed
with the proposed MR shock absorbers are evaluated under bump road condition and obstacle avoidance test.
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Fig. 1 Schematic configuration of the proposed MR
shock absorber
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Table 1 Magnetic properties of the components
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Fig. 2 The field-dependent yield stress of the MR fluid
(MRF-132DG from Lord Corp.)
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Table 2 Optimization results for MR shock absorber

design
. ) Objective Function (x10)
Design Variable (mm) and Damping Force (N)
Initial optimal initial Optimal
Wwe=6 We=4.94 1 7962 Q=655.5
Front Lp=10 Lp=11.74 Fo=1256.0 | F.=1525.6
Wa=3 Wa=3.54 b b
We=6 WE=4.05 | 13952 | Q=1020.4
Rear Lp=10 Lp=10.32 F —7546 F. -980.0
Wa=3 Wa=2.85 pm i oo

(b) rear
Fig. 6 3D magnetic flux densities of the optimized MR
shock absorbers
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(a) front

(b) rear
Fig. 7 2D magnetic flux lines of the optimized MR
shock absorbers
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Fig. 9 Photographs of the manufactured MR shock
absorbers
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