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Fig. 1 Actual tooth surface morphology
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Fig. 2 3D anisotropic fractal surface model
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Fig. 4 Schematic diagram of microscopic transmission of 3D rough tooth surface meshing
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Fig. 5 Influence of tooth micromorphology on tooth backlash
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Fig.7 Comprehensive backlash on worn tooth surfaces
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Fig. 8 Influence of fractal parameters on meshing stiffness
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Study on dynamic response characteristics of worn gears considering tooth
micromorphology

MENG Fanshan' YI Wenhao' ZHANG Xin' JIN Yulin' WANG Jiaxu’
(1. School of Mechanical Engineering, Southwest Jiaotong University, Chengdu 610031, China)
(2. State Key Laboratory of Mechanical Transmission for Advanced Equipment, Chongqing University, Chongqing 400044, China)

Abstract: [Objective] To study the effect of tooth surface micromorphology on gear contact and operating conditions, the
wear rate and dynamic response characteristics of anisotropic 3D rough tooth surface were investigated. [Methods] Firstly, an
anisotropic 3D microscopic rough gear surfaces were established based on fractal geometry theory. Secondly, the non-uniform
wear of these microscopic rough gear surfaces under different rotational speeds and operating durations was calculated
according to Archard’s theory. The wear depth of the gear surfaces was combined with gear dimensional parameters to solve for
the time-varying meshing stiffness and backlash during the worn gear meshing, and they were used as internal excitation input
parameters for the dynamic model of the gear transmission system. Lastly, the variable step-size Runge-Kutta algorithm was
employed to solve the dynamic differential equations, thereby obtaining the dynamic response characteristics of the gear
transmission system. [Results] The results indicate that, with the same tooth surface roughness, as the rotational speed and
operating duration of the gears increase, the wear depth of the tooth surface and the tooth side clearance gradually increase,
while the time-varying meshing stiffness gradually decreases. In gear transmission systems considering the micromorphology of
tooth surfaces, the gear transmission system exhibits abundant dynamic response characteristics as the rotational speed changes.
As the operating duration increases, the dynamic transmission error of the gear transmission system enlarges. The overall
dynamic response of the system tends from periodic motion state to chaotic motion state, manifesting as chaotic vibrations,
which are detrimental to the system’s smooth operation. The gear transmission system transitions from chaotic motion state to
relatively stable periodic motion state when the torque or rotational speed of worn gears in a chaotic motion state changes.

Key words: 3D rough tooth surface; Wear; Time-varying meshing stiffness; Backlash; Dynamic response characteristic
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Meshing performance analysis of non-backlash end-face roller enveloping
cylindrical worm drive

WANG Kai' DOU Chenyang® CHEN Yonghong®
(1. College of Intelligent Manufacturing and Automotive, Chengdu Vocational & Technical College of Industry, Chengdu
610000, China)
(2. State Key Laboratory of Mechanical Transmission for Advanced Equipment, Chongqing University, Chongqing 400044, China)

Abstract: [Objective] Roller enveloping toroidal worm drives are widely used in computer numerical control (CNC)
turntables but face challenges such as high error sensitivity and difficult installation. To solve these problems, a non-backlash
end-face roller enveloping worm drive pair was proposed, achieving zero backlash by using one side for motion transmission
and the other for clearance elimination. [Methods] Firstly, based on spatial meshing theory and differential geometry, the
mathematical model of the non-backlash end-face roller enveloping worm drive was established. Secondly, mathematical
expressions for meshing performance, including the meshing equation, contact lines, tooth surface equations, induced normal
curvature, lubrication angle, and relative entrainment velocity, were derived. Finally, the influence of geometric parameters on
meshing performance was analyzed using Matlab software. [Results] The results indicate that the theoretical meshing teeth of
the proposed drive pair are 5 pairs, providing high load-carrying capacity. The lubrication angles of three or more pairs of
meshing teeth are approximately 85°, indicating excellent lubrication performance. The induced normal curvatures of these teeth
are below 0.25 mm™', suggesting a good fit of the conjugate tooth surfaces. This design provides a reliable basis for the
development of high-precision CNC transmission systems.

Key words: End-face roller; Enveloping worm; Non-backlash meshing; Meshing performance (%, F3)



