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Alr springs are prevalently used as suspension in train. However, air springs are seldom used in
automobiles where they improve stability and comfort by enhancing the impact-relief, breaking,
and cornering performance. Thus, this study proposed a new method to analyze air springs and
obtained some reliable design parameter which can be utilized in vehicle suspension system in
contrast to conventional method. Among air spring types of suspension, this study focused on
sleeve type of air spring as an analysis model since it has potential for ameliorating the quality of
automobiles, specifically in its stability and comfort improvement by decreasing the shock through
rubber sleeve. As a methodology, this study used MARC, as a nonlinear finite element analysis
program, in order to find out maximum stress and maximum strain depending on reinforcement
cord's angle variation in sleeves. The properties were found through uniaxial tension and pure
shear test, and they were developed using Ogden-Foam which is an input program of MARC. As
a result, the internal maximum stresses and deformation according to the changes of cord angle
are obtained. Also, the results showed that the Young's modulus becomes smaller, then
maximum stresses decrease. It is believed that these studies can be contributed in automobile
suspension system.
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Fig. 1 Shape of rubber sleeve

Upper Plate

Rubber Sleeve

Fig. 2 Geometrical shape of sleeve type air spring
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Fig. 4 Results of uni-axial tension test of rubber used in

air spring
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Fig. § Specimen for pure shear test (unit:mm)
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Fig. 6 Results of pure shear test of rubber used in air
spring
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Table 1 Material properties of rubber(Ogden parameters)
Number of terms 3
Bulk modulus(Pa) 12607.5
Error rate(%) 1.725
Moduli(MPa) H 2 4
—0.36073 -0.386998 -0.270914
Exponents o * %
3.20111 —6.88181 —-4.52371
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Fig. 9 Deformed shapes of the air spring
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Fig. 10 The region of maximum stress and strain
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Table 2 Effects of cord parameters

Cord Angle  35° max 35° min 45° max 45° min
Young's
118  99.82 96.03 9563
Modulus(MPa)
Maximum
79 50.84 4876 48
stress(MPa) 60.7 8.58

Maximum strain  0.5067 0.5063 0.5061 0.5061
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