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Abstract

Air springs are designed to support loads using the volume elasticity in a cylindrical shaped air bag made of a composite
material with a rubber matrix and two plies of reinforced fibers. Recently, applications of these springs have been expanded
from railway vehicles to passenger cars. The current study presents a finite element analysis of a manufactured air spring for
a passenger car. The analysis was conducted including the mounting steps of the air bag using a static loading condition. A
method for controlling the internal pressure and displacements during the mounting step was developed. The characteristic
load curve and the shape of the air bag were in good agreement with the experimental data with respect to the design height,
the bump height and the rebound height. Results indicate that ply angles of fibers vary from 38 degrees to 56 degrees during

static loading.

Key Words : Air Spring, Design Height, Bump Height, Rebound Height, Ply Angle
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Fig. 1 Static experiments of an air spring for automotive
at the unmounted, the bump height, the design
height, and the rebound height
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Fig. 2 Extraction of the specimen from the air bag for
the tensile test
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Fig. 3 Comparisons of the true stress-strain curves
between the polyester, the nylon fiber and the
linear elastic fitting line with the modulus of
elasticity of 2420 MPa
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Table 1 Hyperelastic material properties of the fiber

Model Coefficients
Mooney D1 C10 co1
-Rivlin 4.6799E-04 -6.093E2 1.067E3
D1 C10 co1
Polynomial 24910E-04 | 275307189 | 28390.9495
N=2 D2 C20 c1 C02
0000 | 3.1438E6 | -7.122E6 | 4.0695E6

Fig. 4 Scanning photo of the air bag and measured
dimensions of fibers with respect to the ply layers
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Table 2 Dimensions of fibers and layers in the cross section

. Diameter Spacingin Position in thickness Ply
Fiber [mmi] the plane direction [mm] Angle
[mm] [Degree]

Inner 0.3916 -38.0

0.532 0.812

Outer -0.4242 38.0
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Table 3 Calculation of the spring constant (K) and the
carrying load at the bump, the design height
(D.H.) and the rebound with respect to the
material models

Variable Linear Elastic | Mooney - Rivlin | Polynomial N=2
KatBump | 4320 kgffmm | 4.245kgf/mm | 4.259 kgf/mm
K at
D.H 1.404 kgf/mm | 1.351 kgf/mm | 1.389 kgf/mm
Kal | 5 o1okgfimm | 3190kgfimm | 304 kgfimm
Rebound e ' '
Load
779.74 kgf 779.65 kgf 781.85 kgf
at D.H.
Increment 147 161 292
Total
. 925 922 1,793
Iteration

/L
A

Load [kgf]

== E|astic

7o MN=1 [+

——

-40 -30 -20 -10 a 10 20 30 40

Deflection [mm)]

Fig. 6 Variations of the carrying load according to the
deflection of the air spring with respect to the
material models
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Table 4 Control chart of internal pressures and
displacements for the mounting analysis

Piston Internal
STEP . remark
Displacement | Pressure
1 -20mm 4.5bar to prevent bag buckling
contact initiation with the
2 -153.5mm 7.0bar
cap
contact start with the
3 -203.6mm 9.5bar .
piston
4 -203.6mm 8.79bar | design height condition
Initial Step 1 Step 2 Step 3 Step 4

Fig. 7 Deformed shapes of the air spring according to
controlled step for mounting steps
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= Static(0.01Hz) Mean
——Static(Saturated)

—s—Simulation

Load Gapacity [kgf]

7

-40 -30 -20 -10 0 10 20 30 40
Rebound Deflection [mm]

Bump

Fig. 8 Characteristic curves of the air spring with
respect to the static loading condition, the
saturated loading condition and the simulation
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Fig. 9 Comparisons of the distance between the air bag
and the base of the piston according to the air
spring deflection

Bump Rebound
= ing /Analysi ey N 3

Ply Angle [Degrees)]

Analysis STEP
nalysis 1 1

Design-Height —Desjgn Height —Design Height

j=+=PCP1OUT ===PRCPLINN =——=PCP2OUT
jmse=PCP2INN. =—e=—PCP30UT =s=PCP3INN

-80

Fig.10 History of ply angles of inner and outer plies on
the three designated points during the full
analysis

Fig.11 Comparisons of deformed shapes (bump, design
height and rebound) between the simulation and
the experiment
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