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Optimum Design Method for a Two Degree of Freedom System
Supported with Air Suspensions

Hiroshi YAMAMOTO*, Ying ZHENG and Jun-ichi OKADA

* Department of Mechanical Engineering, Saitama University,
255 Shimo Ohkubo, Sakura-ku, Saitama-shi, Saitama, 338-8570 Japan

In this study we propose a design procedure of two degree of freedom system supported with air
suspensions with viscous restrictions and a reservoir tanks. We use two design concepts of
minimizing resonance amplitude and minimizing standard deviation of amplitude against external
disturbance random vibrations of foundation. To minimize resonance amplitude, the damping ratio,
which corresponds to the restriction coefficient of viscous restriction, has to be chosen in order to
equalize the resonance amplitude under the condition of parallel oscillating to that under the
condition of rotating oscillating. To minimize standard deviation of amplitude of the system, the
optimum damping ratio which minimize the standard deviation of amplitude of the system under the
condition of rotating oscillating has to be chosen when the natural frequency of the parallel mode is
lower than that of the rotating mode. The optimum damping ratio which minimize the standard
deviation of amplitude of the system under the condition of parallel oscillating has to be chosen when
the natural frequency of the rotating mode is lower than that of the parallel mode.

Key Words: Vibration Isolation, Damping, Optimum Design, Random Vibration, Precision Instru-
ment, Air Suspension, Viscous Restriction
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Reservoir tank Close up of restriction

Fig. 1 Concept of air suspention
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Fig. 2 Dynamical model of 3 element system
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Fig. 3 2-DOF system supported with air suspensions

Fig. 4 Equivalent dynamical model of 2-DOF system

supported with air suspensions
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Fig. 8 Relation among & , 3 and {rop (n =0.9)
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