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Abstract: A commonly analytical estimation of fatigue life on rubber components is using fatigue life equation
based on various fatigue test results. However, such method has very restricted applicability in actual
designing processes because performing fatigue tests requires a lot of time and money. In addition,
non-standard rubber materials and their randomness make it hard to make databases. In this paper, the other
fatigue life estimation method using tearing energy was suggested. We performed static and dynamic tearing
test about automotive vibration rubber materials and a finite element formulation using a virtual crack to
calculate the tearing energy of rubber components with complicated shapes. To using the suggested method,
fatigue life of an automotive motor mount has been estimated and verified the reliability of this method by
using comparison between the estimated values and the actual fatigue life.
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Fig. 1 Three types specimen for the tearing test. (a)
Single edge specimen, (b) Trouser specimen, (c)
Pure sear specimen)
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Fig. 2 Dynamic cut growth curve obtained from Thomas'
data
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Table 1 Componential analysis results of natural
rubbers(NR) for the tearing test (unit: %)

C 0] S Ca Zn
NR40 85.2 13.89 0.22 0.07 0.62
NR43 89.28 8.94 0.88 0.25 0.64
NR45 88.58 9.84 0.74 0.2 0.64
NR50 | 91.19 6.53 1.1 0.41 0.77
NR54 | 91.55 5.86 1.36 0.51 0.72

Table 2 Calculation results of the static tearing
energy using the single edge specimen
(tearing energy's unit: N/mm)

¢, | NR40 NR43 NR45 NR50 NR54

Test 1 2 11944 2989 8696 63.10 77.73
Test2 | 2 | 17.65 27.15 5845 5494 R9.11
Test3 | 2 | 2386 2292 92.83 67.56 74.01
Test4 | 3 | 37.68 2490 56.15 6656 77.29
Test5 | 3 | 1633 2688 57.29 5493 84.28
Test6 | 3 | 2034 28.16 39.64 77.83 104.14
Test7 | 4 | 11.84 20.56 4635 2552 62.46
Test8 | 4 | 15.25 2779 29.68 58.28 63.24
Test9 | 4 | 15.50 2885 54.84 47.93 59.25
Mean 19.76 2635 5693 57.64 76.25
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Table 3 Calculation results of the static tearing
energy using the trouser specimen(tearing
energy's unit: N/mm)

NR40 NR43 NR45 NR50 NR54
Test 1 9.65 2973 70.85 70.19 65.49
Test2 | 13.19 36.65 5823 6849 80.12
Test3 | 19.11 1591 71.16 50.35 66.61
Mean | 1398 2743 66.75 63.01 70.74
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Fig. 3 Comparison result of static tearing energy
using the different specimens
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Deformed shape Strain energy density

Fig. 8 F.E analysis results using the Rivlin's test
conditions

Max. SED : 0.304 Max. SED : 0.531

Fig. 9 Strain energy density distribution of the
automotive motor mount (Left: at the +Z
load, Right: at the -Z load)
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