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Multi-scale method analysis on the primary resonance of non-orthogonal
face gears with time-delay feedback

MO Shuai****, ZHANG Ying-xin'®, LUO Bing-rui*?, CEN Guo-jian’, HUANG Yun-sheng’
(1.School of Mechanical Engineering, Tiangong University, Tianjin 300387, China; 2.Tianjin Key Laboratory of Modern Elec-
tromechanical Equipment Technology, Tianjin 300387, China; 3.State Key Laboratory of Digital Manufacturing Equipment and
Technology, Huazhong University of Science and Technology, Wuhan 430074, China; 4.Jiangsu Wanji Transmission Technolo-
gy Co., Ltd., Taizhou 225400, China; 5.Ningbo Zhongda Leader Transmission Equipment Co., Ltd., Ningbo 315301, China;

6.Shenzhen Hefa Gear Machinery Co., Ltd., Shenzhen 518100, China)

Abstract: The nonlinear dynamic model of the non-orthogonal face gear-rotor-bearing system with time delay feedback is estab-
lished considering the factors of time-varying meshing stiffness, transmission error, tooth backlash, and the fluctuation of input
torque. In addition, the multi-scale method is used to analyze the primary resonance characteristics and determine the stability con-
ditions of the system. The effects of time delay parameters, meshing damping, time-varying meshing stiffness, and load on the pri-
mary resonance of the system are studied by numerical methods. The results reveal that the control parameters should be selected
reasonably to avoid excessive primary resonance amplitude and unstable branches. A reasonable meshing damping is beneficial to
suppress the amplitude of the primary resonance and reduce the unstable branches, and an excessively high excitation frequency is
easy to produce unstable branches of primary resonance. The unstable branch of the primary resonance gradually decreases with the
increase of the fluctuation of the meshing stiffness, but when the excitation frequency is close to the primary resonance frequency, a
small fluctuation of the meshing stiffness will also cause the system to be unstable. In addition, the increase of load fluctuation will

increase the primary resonance amplitude of the system, and will damage the stability of the system.
Key words: nonlinear dynamics; primary resonance ;non-orthogonal face gear;multi-scale method ; stability ; time delay feedback
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