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Abstract: To evaluate the aging of a rubber pad in power window switch which is the part of a vehicle, the accelerated
thermal aging test of rubber pad material is performed. Finite element analysis was performed using the nonlinear material
constants of the rubber pad to calculate the operating force, and the Arrhenius relationship was derived from the aging tem-
perature and time. The aging test was performed at 150, 180, 210, or 240 °C for 1 to 60 days. When the operating force
of the rubber pad is changed by 10% from the initial value, the service life is expected to be 113 years, which is much longer
than the life of the vehicle. This indicates that the aging life of the rubber pad is sufficiently safe and the operating force
of the rubber pad during the life of the vehicle (20 years) was decreased by approximately 8.4%. By examining the cor-
relation between the shear elastic modulus and operating force calculated from finite element analysis under each aging test
condition, the changes in the operating force of the rubber pad and the shear elastic modulus showed good linear rela-
tionship. The aging life could be predicted by the change in shear elastic modulus and a process for predicting the aging
life of automotive power window switch rubber pad parts is described herein.
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(a) Upper plastic button

Figure 1. The components of power window switch.
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Figure 2. Typical force-displacement curve of rubber pad.
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Figure 3. Stress-strain hysteresis curves of tensile test of rubber
pad.
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Figure 4. Stress-strain relationships for curve fitting.
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Figure 5. Curve fitted Mooney-Rivlin function for 25% strain.
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Figure 6. Curve fitted Mooney-Rivlin function for 50% strain.
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Table 1. Mooney-Rivlin Constants (M.R. (C1¢/Cy¢)) and Shear Elastic Modulus (G) according to the Aging Conditions

Days Temp 150°C 180°C 210°C 240°C
M.R. G M.R. G M.R. G M.R. G
(C1o/Cor) (MPa) (Cio/Cor) (MPa) (C1o/Cor) (MPa) (Cio/Cor) (MPa)

0 days -0.140/0.759 1.24 -0.140/0.759 1.24 -0.140/0.759 1.24 -0.140/0.759 1.24
1 days -0.045/0.647 1.20 -0.058/0.649 1.18 -0.123/0.749 1.25 -0.065/0.557 0.98
3 days -0.053/0.664 1.22 -0.048/0.662 1.23 -0.092/0.670 1.16 -0.040/0.488 0.90
7 days -0.065/0.682 1.23 -0.082/0.681 1.20 -0.061/0.580 1.04 0.009/0.377 0.77
15 days -0.067/0.684 1.23 -0.053/0.630 1.15 -0.060/0.568 1.01
30 days 0.001/0.562 1.12 -0.005/0.514 1.02 -0.031/0.477 0.90
45 days -0.071/0.677 1.21 -0.045/0.550 1.01 -0.053/0.506 0.91
60 days -0.056/0.613 1.11 -0.055/0.565 1.02 -0.007/0.440 0.87
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2. Nonlinear material constants according to aging condi-
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Figure 7. TMA result of rubber pad material.
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Figure 8. Section of rubber pad.
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Figure 9. Axi-symmetric model of rubber pad.
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Figure 10. Force-displacement curves by the finite element
analysis.
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Figure 11. Displacement when generates operating force.
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Figure 12. Displacement when generates contact with rigid body.
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2. Change of the operating force due to aging
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Table 2. Operating Force (Pmax, N) according to the Aging
Temperature and Aging Days

Oper?élrlzi Pmax (N) | Pmax (N) | Pmax (N) | Pmax (N)
Aging days @ 150°C | @ 180°C | @ 210°C | @ 240°C
0 days 428 428 428 4.28
1 days 4.13 4.06 432 3.38
3 days 4.20 421 3.99 3.07
7 days 424 4.12 3.57 2.63
15 days 423 3.97 3.49
30 days 3.85 3.48 3.06
45 days 4.16 3.46 3.12
60 days 3.82 3.50 297
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Figure 13. Relationship between aging days and operating force
at each aging temperature.

Table 3. Relationship between Operating Force and Aging Days
at Each Aging Temperature

Agint Equation of number of aging days (X, day)
Temperature .
) and operating force (Y, N)
150 °C Y =-0.168 * logio(X) + 4.28
180 °C Y =-0.417 * logo(X) + 4.28
210°C Y =-0.719 * logo(X) + 4.28
240 °C Y =-1.96 * logo(X) + 4.28
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Table 4. Arrhenius Relationship between Pmax and Aging Life
Expectancy according to the Change of the Pmax

Arrhenius Relationship Aging Life
Pmax (%) X, 1/(273 +t (°C))), Expectancy (years)
(Y, logio(days)) @ 25°C
95 % Y = 1560 X - 2.94 0.55 years
94 % Y = 1880 X - 3.53 1.61 years
93 % Y =2190 X - 4.12 4.65 years
92 % Y = 2500 X - 4.70 13.5 years
91 % Y =2810 X - 5.29 39.0 years
90 % Y =3130 X - 5.88 113 years
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Figure 14. Arrhenius plot when 10% change of operating force.
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Table 5. Aging Life Expectancy according to the Aging Temperature
when 10% Change of Operating Force

Agint Temperature (°C) Aging Life Expectancy (days)
25°C 4.13 x 10* days
150 °C 32.7 days
180 °C 10.6 days
210°C 3.95 days
240 °C 1.65 days

Table 6. Relationship between the Rate of Change of Pmax (y)
and Aging Life (x)
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Figure 15. Relationship between the rate of change of Pmax (%)
and aging life (year).
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