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Random Vibration Fatigue Analysis and Optimization Design of Automobile Front Bumper
Jia Huifang, Huang Hui, Qiu Zufeng
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Abstract : Aiming at identifyng the random vibration performance risks of automobile front bumper, the discretization model
of front bumper was establish firstly, its first three natural frequency were 32.6,41.1, 53.3 Hz based on constraint modal analysis,
they were higher than the external excitation frequency, so it could meet vibration performance requirements, and it was modal
tested. The test results show that first three orders of modal simulation error are 1.2%,2.2%,3.2%, they are within the limits allowed
for the actual work, the high accuracy of finite element modeling and analysis is verified. Secondly, the stress transfer function of X,
Y and Z direction were obtained based on the frequency response of the unit excitation, the maximum vibration stress values were
obtained as 10.6,8.293, 15.73 MPa. Thirdly, its random vibration fatigue was solved according to the power spectral density func-
tion, its maximum damage value was 0.575 7, its weak point was located at the lower front bumper mounting holes, so it could meet
the design standard. Lastly, its thickness were optimized iterated based on an integrated platform by adopting of multi-island genetic
algorithms, the optimal parameters were obtained, its weight was reduced by 9.38%, its first order frequency was 30.3 Hz after opti-
mization, its damage value was 0.895 2, the optimal matching of fatigue performance and weight was achieved, and it had passed
the real vehicle road test verification. This research technique provided the useful reference for the performance development and
optimal design of similar structures, it could effectively reduced production costs and guided the actual manufacturing process.
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