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Simulation analysis on characteristics of abnormal vibration of gear

system caused by tooth root fatigue crack propagation
LIU Shuai , GAO Yun, CUI Shoufan, ZHANG Zhentao, ZHOU Xun
(Faculty of Mechanical Engineering &. Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In order to study the relationship between gear root fatigue crack propagation and the
vibration characteristics of gear transmission system during gear meshing process, a finite element model
of gear pair contact analysis containing gear root crack was established to simulate the propagation process
of gear root crack. By extracting the joint displacement and contact force information of the meshing tooth
surface from the finite element analysis results, the time-varying meshing stiffness of gear was obtained,
and then degeneration rule of gear meshing stiffness with gear root crack propagation was gained. The
stiffness variable was substituted into the dynamic model of motion differential equation of 8 —degree-of-
freedom gear vibration system for further study on the relevance between gear root crack propagation and
vibration in transmission system. The simulation results show that when the single tooth of the gear has a
tooth root crack, the range of time domain signal anomaly of meshing vibration of the tooth is three
continuous intervals of single-double-single tooth, where the vibration-impact response in the double-tooth
meshing interval is most obvious. With the propagation of gear root crack, the amplitude of vibration
signal in the tooth time domain significantly increases; the peak value of each frequency multiplication in
the vibration signal within the frequency domain is basically unchanged, and the sideband in the high

frequency region first appears. Then, it expands to the low frequency region and the sideband amplitude
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also gradually increases. The research results can provide a certain theoretical basis for crack fault
identification and detection.

Key words: gear; finite element method(FEM) ; gear root crack; meshing stiffness; dynamic model
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