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Analysis of the Vibration Response of a Cracked Spur Gear System with

Parameter Uncertainty

Fang Ping Yang Yang' Zeng Jin Zhang Tianheng
(School of Mechanics and Aerospace Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract Aiming at the influence of parameter uncertainty on gear system, an uncertainty interval
analysis method based on Chebyshev polynomials is employed to analyze the dynamic characteristics of
gear system with parameter uncertainty. In this paper, the complete tooth profile curve is considered,
and the potential energy method is employed to calculate the time-varying mesh stiffness of both healthy
and cracked tooth. On this basis, a six degree of freedom lumped-parameter gear system model is estab-
lished. The uncertainties of parameters such as gear mass, bearing support stiffness, and Young ’ s
modulus are considered. The influence of these uncertainties on the vibration response of healthy gear
system is analyzed through numerical simulation. Furthermore, the interval response of an uncertain
gear system with root crack faults is investigated, taking into account the impact of cracks. The results
show that the gear meshing stiffness decreases with the increase of crack depth. Under the influence of
uncertain parameters, phenomena such as “frequency shift”and “resonance band” will occur in the sys-

tem, weakening the stability of the system.

Key words time-varying mesh stiffness, tooth crack, parameter uncertainty, vibration response
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Table 1 Parameters of the gear system
Parameters Driving gear/ Driven gear

Young’s modulus E /GPa 200
Density o /(kg/m®) 7850

Poisson’s ratio v 0.3
Tooth number 24/36

Module /mm 2

Pressure angle /(°) 20

Teeth width /mm 20
Mass /kg 1/1.8
Support stiffness in = direction /(N/m) 6107
Support stiffness in y direction /(N/m) 6107
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Fig. 9 Amplitude- frequency response of y, in the healthy gear
system under support stiffness k,, uncertainty
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