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Fatigue properties evaluation of vulcanized natural rubber used in automotive engine mount applications
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FUBMXANBOES

Engine mounts are made of carbon black filled vulcanized natural rubber and they become aged after
prolonged exposure to heat resulting in deterioration of mechanical properties and hence, fatigue life because of
thermo-oxidative degradation during heat aging. The influence of heat aging on fatigue crack growth properties of
vulcanized natural rubber was studied based on fracture mechanics approach. Heat aging of the pure shear
specimens was carried out at 70°C and 100°C for a period ranging from 24h to 168h. Fatigue crack growth rate
was calculated from the cyclic tests of the specimens at constant displacement conditions and results were
presented as a function of tearing energy which was obtained from the static tests of the specimens. The crack
growth rate at a given tearing energy was higher for specimens aged at 100°C and increased with the increase in
aging period. The crack growth rate was not much affected for the specimens aged at 70°C. Also, the effect of heat
aging on molecular mobility was studied by measuring spin-spin relaxation time using pulsed Nuclear Magnetic
Resonance (NMR).

Engine mounts are filled with various levels of carbon black to achieve required levels of stiffness depending
upon powertrain weight or loads experienced by mounts. Reinforcing of natural rubber compounds with carbon
black serves to increase the stiffness of the compound as well as hinder crack propagation. The effect of carbon
black content on fatigue crack growth rate was studied using pure shear specimens. The fatigue crack growth rate
of natural rubber at a given tearing energy was decreased with the increase in fraction of carbon black. It was
expected that the improvement in strain crystallization at the crack tip and increase in intrinsic strength of rubber
due to the increase in filler content were the main reasons for better fracture resistance.

Additionally, investigations were carried out to understand the effect of creep at high temperatures on fatigue
life of engine mounts as the mounts are preloaded with powertrain and experience heat from various sources
during service. The fatigue life of rubber material at various creep conditions was evaluated by using 3D dumbbell
specimens. On the other hand, elongation at break which is closely related to the fatigue damage was evaluated by
using dumbbell specimens of type JIS No.3. Finite element analysis (FEA) was carried out to find out the
maximum principal strain in the specimens. Finally, fatigue life equation was derived using maximum principal
strain and elongation at break as damage parameters. The fatigue life was decreased by about 6 to 10 times due to
the creep at high temperatures. To validate the derived fatigue live equation, roll restrictor lives were predicted
using the maximum principal strain obtained in FEA. Predicted lives were in good agreement with the

experimental lives within a factor of two.
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