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Rubber materials are indispensable in various industrial environments. However,
it is very difficult to predict the physical properties and life of rubber materials
depending on their usage environment. Physical properties begin to deteriorate
owing to chemical changes even when rubber materials are not used. Despite this
deterioration, they can be used within a range that does not impair safety or
performance. In this study, rubber specimens made of NR65 natural rubber were
first deteriorated at 80°C for one week and one month, respectively. Next, the stress
relaxations of three groups of specimens were observed at various elongation
conditions (50%, 100%, and 150%). An inverse power model for predicting life
was derived from the experimental results. Finally, life at a relatively low

elongation condition (30%) was predicted and validated by comparison.
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Fig. 2 Stress-strain curve of NR 65 rubber specimen
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Fig. 3 Stress relaxation tester of rubber specimens: (a) schematic
diagram, (b) apparatus to stretch rubber specimens, (c)
system set-up
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Fig. 4 Stress softening of NR65 by Mullins effect: (a) normal,

(b) deteriorated at 80°C for 1 week, (c) deteriorated at
80°C for 1 month
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Fig. 5. Stress relaxation of NR6S by deterioration time
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Fig. 6 Stress relaxation curve of deteriorated NR65: (a) de-

teriorated at 80°C for 1 week, (b) deteriorated at 80°C
for 1 month
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Table 1 Life prediction by inverse power model
(a) deteriorated at 80°C for 1 week

= . lifetime error
elongation k In(A) (hour) %)
_ 06 50%
S 0
s 100% 2.2399 13.407 326.57 19.8%
. 100%
_ ()
— 150% 1.3583 9.3467 112.94 58.6%
0.2 —=50% L
——100% 50%
i 150% 1.9145 12.134 276.55 1.4%
0
0 1 2 3 4 5 6 W 8 9 50%
day 100% 1.9496 12.217 266.67 -2.2%
(a) 150%
1 (b) deteriorated at 80°C for 1 month
Lifetime Error
Elongati k In(A
50% 0
100% 0.6507 5.1981 19.78 -0.7%
¢" 100%
® o -13.99
150% 0.5318 4.6505 17.15 13.9%
0.4
50% 0
—30% 150% 0.6068 5.0264 19.35 -2.9%
—50%
0.2 ——100%| 50%
—150% 100% 0.6115 5.0376 19.25 -3.3%
0 150%
0 2 4 6 8
day
(®) In(L) =—1.9496In (z) +12.217 @)
Fig. 7 Normalized stress relaxation curve of deteriorated NR65:
(a) deteriorated at 80°C for 1 week, (b) deteriorated at In(L) =—0.6115In(z) +5.0376 (5)
80°C for 1 month
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Fig. 8 Inverse power model plot: (a) deteriorated at 80°C for
1 week, (b) deteriorated at 80°C for 1 month
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