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Gear Fault System Modeling and VMD-Lempel-Ziv Damage Assessment

Considering Transmission Shaft Flexibility

SHEN Yong, ZHANG Xiangfeng, JIANG Hong, ZHOU ]Jianxing,
WANG Chenglong, QIAO Shuai, MA Tongwei

(School of Mechanical Engineering, Xinjiang University, Urumgi 830047, China)

Abstract: In order to effectively evaluate the damage degree and detect the abnormal life cycle of
gear drive system., a damage dynamic model of secondary gear drive system was established,
taking into account the influence of the flexibility of drive shaft and the rigidity of bearing support
on the response of the transmission system. In modeling, time-varying stiffness of gear mesh
with different degree of damage is introduced in combination with finite element method,
Newmark integration method is used to solve bearing vibration response under different
conditions, and Lempel-Ziv complexity is used to evaluate gear running state. In terms of test, a
gear damage degree evaluation algorithm combining variable mode decomposition (VMD) and
Lempel-Ziv complexity is put forward to solve the problem of poor signal-to-noise ratio of
collected signal. The results show that gear failure causes frequency conversion modulation of

vibration signal in time-frequency domain, and with the increase of damage degree, the

Wk H# . 2020-08-13,  AEHMA: W Q995 B LA mMEGEEES . B . Al#@E. HL0H. EXARE
Z AL BT E (51865054,5176506 1) 5 i @ 4 5 /R F A X W 58 £ BHOF B8 9% B 3 B (XJ2020G053)
R0 2% H Rt TE] . 2020-12-24 W 2% Wy I HHE . http: // kns. enki. net/kems/detail/61. 1069. T. 20201223. 1811. 002. html



%3

1B L T A B SR A Y O e R S AR . VMD-Lempel-Ziv 145 -4l 127

modulation phenomenon is more obvious and periodic impact is more significant; Lempel-Ziv

complexity increases first and then decreases throughout the life cycle of gear, and Lempel-Ziv

complexity is the most sensitive in early failure; VMD-Lempel-Ziv algorithm can improve the

system in noise environment. An effective deterioration analysis is performed. The analysis

results indicate the feasibility and validity of using Lempel-Ziv complexity index to measure gear

damage. The research results can provide theoretical basis for gear boxes condition detection.

Keywords: gear faults; degree of injury; time-varying meshing stiffness; variational mode decom-

position; Lempel-Ziv complexity
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