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Characteristics and Useful Life Prediction of Rubber Spring for
Railway Vehicle
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Chang-Su Woo - Hyun-Sung Park - Dong-Chul Park

Rubber components are widely used in many application such as vibration isolators, damping, ride quality. Rubber

spring is used in primary suspension system for railway vehicle. Characteristics and useful life prediction of rubber

spring was very important in design procedure to assure the safety and reliability. Non-linear properties of rubber

material which are described as strain energy function are important parameter to design and evaluate of rubber

spring. These are determined by physical tests which are uniaxial tension, equi-biaxial tension and pure shear test.

The computer simulation was executed to predict and evaluate the load capacity and stiffness for rubber spring. In

order to investigate the useful life, the acceleration test were carried out. Acceleration test results changes as the

threshold are used for assessment of the useful life and time to threshold value were plotted against reciprocal of

absolute temperature to give the Arrhenius plot. By using the acceleration test, several useful life prediction for rubber

spring were proposed.

Keywords : Rubber spring, Acceleration test,, Useful life prediction
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(b) pure shear

(c) equi-biaxial tension

Fig. 1. Physical tests of rubber material
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(a) Mullin’s effect (b) stress-strain curve

Fig. 2. Mechanical properties of rubber material

Table 1. Non-linear properties of rubber material(Mooney-Rivlin)

Mat. Strain Cio Cor G
25% 0.868 0 1.736
DM60 50% 0.743 0 1.486
100% 0.615 0.0523 1.334

Table 2. Non-linear properties of rubber material(Ogden)

Strain i a 2 az 13 a3 G

25% | 1.422 | 3.6e-6 | 1.471 | 2.1e-5 | 1.377 | 2.514 | 1.731

50% | 4.8¢e-5| 0.869 | 1.662 | 1.811 | 0.607 | 3.0e-4 | 1.552

100% | 0.078 | 4.543 | 6.874 | 0.083 | 1.410 | 1.234 | 1.334
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(a) Chevron rubber spring

(b) finite element model

Fig. 3. Finite element model of Chevron rubber spring
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Table 3. Stiffness of chevron spring

Direction | Condition | Spec.(kN/mm) | FEM Test
) Tare 2.0 1.97 1.99
Vertical
Crush 22 2.14 2.18
L Tare 215 19.6 213
Longitudinal
Crush 24.8 23.0 24.5
Tare 9.9 11.2 10.0
Lateral
Crush 10.8 12.6 11.1

(a) maximum principal strain (b) equivalent cauchy stress

Fig. 4. Distribution of strain and stress on vertical load

(b) compression

(a) tension

Fig. 5. Distribution of strain for longitudinal analysis

!

(b) maximum principal strain

(a) displacement

Fig. 6. Displacement and strain for lateral analysis
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Table 4. Useful life prediction of rubber material
Change of Useful life (250C)
Mat. -
properties(%) hr days years
10 22,247 927 2.5
DM60
15 920,419 3,835 10.5

o [ DM60 (15%) e
——In(t) = -20.77+9596/(T+273

In(time)

DM60
= 50C
1 | e 70C
4 85C
1 | v 100

°

Change of properties(%)

5

271828 738008 0002 00027 00028 00029 00030 00031
n () Temperature(1/(T+273))

(a) change of properties (b) Arrhenius plot

Fig. 7. Arrhenius plot of rubber material
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