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Finite Element Analysis of Diaphragm Type Air Springs
considering the Variation of Fiber Angles
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Abstract
This paper is concerned with the stress analysis of a diaphragm-type air spring,
which consists of rubber linings, nylon reinforced rubber composite.
The analysis is carried out with a finite element method developed to consider
the orthotropic properties, geometric non-linearity and contact between an air bag
and a bead ring. The material properties are evaluated with the Halpin-Tsai

equations and the rule of mixture.

The analysis results demonstrate the variation of the outer diameter, the fold
height and the vertical force with different models to the design a proper diaphragm

air springs.
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Fig. 1 Mounting hardware of a diaphragm
type air spring
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Table 1 Design variables of 684N model
diaphragm type air spring

_ Design Variables | Data
Total Height(HT)

Designed Height(A) 87mm
Fold Height(FH) 254mm
Outer Diameter (Do) 720mm
Vertical
Deflection(d;) £ 60mm
Effective Area(Acs) 2050cm”

Vertical Force(FV) 123kN( 6bar )
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Height), A7 3%°l(Designed Height), <74
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T2 ¥ 9] (Vertical Deflection) 522 & 4
AXE A dAzoldd dged e 9
B wol, 23 AAsFe 2 He Wz
E AF9 AYAEY umslgh 684N =
deo] AAMSTE Table 19 eI gH11].

=wdA dZA N A" F7] &
Fe oojule] fHes wdd AAXA
Fig. 20 A&t

i
o
yo

U=0,v=0

"W Contact

Pressure

Fig.

Fig. 2 Initial mesh of the 684N diaphragm
air spring with boundary condition
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Fig. 3 Measured cord angles of the 684N

diaphragm air spring
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Fig. 4 Initial and deformed shapes of the
684N diaphragm air spring:
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Fig. 5 Hoop strain distribution
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Fig. 6 Longitudinal strain distribution
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Fig. 7 Outer diameters vs. internal pressure
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Fig. 8 Fold heights vs. internal pressure
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Fig. 9 Vertical forces vs. internal pressure
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