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Computation of Complex Stiffness of Inflated Diaphragm
in Pneumatic Springs by Using FE Codes
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ABSTRACT

An accurate mathematical model for complex stiffness of the pneumatic spring would be

necessary for an efficient design of a pneumatic spring used in vibration isolation tables for

precision instruments such as optical devices or nano—scale equipments. A diaphragm, often
employed for prevention of air leakage, plays a significant role of complex stiffness element as
well as the pressurized air itself. Therefore, effects of the diaphragm need to be included in the
dynamic model for a more faithful description of dynamic behavior of pneumatic spring. But the
complex stiffness of diaphragm is difficult to predict in an analytical way, since it is a rubber
membrane of complicated shape in itself. Moreover, the diaphragm should be expandable in
response to pressurization inside a chamber, which makes direct measurement of complex stiffness
of diaphragm extremely difficult. In our earlier research, the complex stiffness of diaphragm was
indirectly measured, which was just to eliminate the theoretical stiffness of pressurized air from
the measured complex stiffness of the pneumatic spring. In order to reflect complex stiffness of
inflated diaphragm on the total stiffness at the initial design or design improvement stage,
however, it is required to be able to predict beforehand. In this paper, how to predict the complex
stiffness of inflated rubber diaphragm by commercial FE codes(e.g. ABAQUS) will be discussed
and the results will be compared with the indirectly measured values.
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Fig. 1 Schematics of pneumatic spring
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Fig. 5 Experimental results of static tension test
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Table 2 Design specifications of employed pneu-
matic spring for experiments
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Symbol Name Value

K Specific heat ratio of air 1.4

Do Supplied pressure 4.9%10° [Pa]

Vo Chamber volume 8.1x107" [m%)

A, Effective piston area | 5.3%107° [m?]

ks Stiffness of air 23 [kN/m]
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Fig. 10 Comparison between measured — and calculated — complex stiffness of inflated diaphragm k'y real
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