e ) A 20009 % FAFENI =23 A pp. 274~279

49 4 228 o8

3
AFEZG IFE2A 37

A2 §H2s HA

Finite Element Analysis of Air Springs with Fiber-Reinforced
Rubber Composites using 3-D Shell Elements
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This paper is concerned with the orthotropic problem of diaphragm-type air springs which consist of
rubber linings, nylon reinforced rubber composite and bead ring. The analysis is carried out with a finite
element method developed to consider the orthotropic properties, geometric nonlinearity using four-node
degenerated shell element with reduced integration. Physical stabilization scheme is used to control the zero-
energy modes of the element. An inflation analysis and a lateral deformation analysis of an air spring are
carried out. Numerical analysis results demonstrate the variation of the outer diameter, the fold height, the

vertical force and the lateral force.
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: Terms in the local coordinate system
: Cauchy stress tensor

: Internal force vector
: Internal stiffness matrix

: Gradient matrix of shape function

: Velocity strain tensor
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Fig. 1 Mounting hardware of a diaphragm air spring.
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Fig. 2 Geometry and coordinate systems.
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Fig. 4 Thickness distributions of an air spring.
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Fig. 6 Deformed shape in an inflation analysis (6 bar,
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Fig. 8 Variation of the outer diameter with respect to
the internal pressure.
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Fig. 9 Variation of the fold height with respect to the
internal pressure.
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Fig. 10 Variation of the vertical force with respect to the
internal pressure.
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Fig. 11 Deformed shape in a lateral deformation analysis
(60mm, 2 bar).
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Fig. 12 Deformed shape in a lateral deformation analysis
(60mm, 4 bar).
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Fig. 13 Variation of the lateral force with respect to the
lateral deflection.
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