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Fig. 12 Modal analysis results of the gear after topology optimization
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Effect of rotational symmetry order on topology optimization of gears

LIU Zhihua DONG Rui LI Hao
(School of Mechanical and Power Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract: [Objective] Because gears perform circumferential rotational motion, the topological optimization design of the
gear body requires consideration of rotational symmetry. Different rotational symmetry orders may influence the results of the
gear body’ s topological optimization design. However, no definitive conclusions have yet been established regarding which
order of rotational symmetry produces the most optimal results in topological optimization. In this regard, the influence of
rotational symmetry order on the results of the gear’s topological optimization design was investigated. [Methods] The output
shaft gear of a specified reducer was selected as the research object. Stress analysis and modal analysis were performed on the
gear without topological optimization design using the finite element simulation software Abaqus, resulting in the stress state
and the natural vibration characteristics during gear meshing. The gear was then subjected to topological optimization design by
the variable density method. Subsequently, stress analysis and modal analysis were conducted on the topologically optimized
gear. Additionally, the influence of different rotational symmetry orders on the results of the gear’s topological optimization was
systematically analyzed. [Results] The finite element simulation results indicate that the rotational symmetry order influences the
distribution of the topology-optimized regions of the gear, but has a slight effect on the volume reduction fraction of topology
optimization. For the gears designed with different rotational symmetry orders, no yielding occurs under meshing stress.
However, modal analysis results reveal significant variations in the natural vibration characteristics. When the rotational
symmetry order is set to 6, the topology-optimized gear not only avoids yielding under meshing stress, but also exhibits the
largest frequency difference between its natural vibration frequency and the meshing frequency, which can effectively avoid
resonance during gear meshing.

Key words: Gear; Topology optimization; Rotational symmetry order; Modal analysis (3. 2 2F)
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Study on maximum sliding rate of planetary gear train with center distance
error and optimization of modification coefficient

LI Chuanxiang CHEN Dong WANG Zhaoyang WANG Xiao XU Huanping
(School of Mechanical Engineering & Automation, University of Science and Technology Liaoning, Anshan 114051, China)

Abstract: [Objective] Aiming at the problems of severe tooth surface wear and gluing failure in the planetary reducers of
baling equipment under heavy loads, the maximum sliding rate and its influencing factors in a 3K-I planetary gear train with
center distance errors were investigated to enhance transmission performance and prolong service life by optimizing the
modification coefficients. [Methods] Firstly, based on the gear meshing principle, the calculation formulas for the maximum
sliding rate of the planetary gear train with center distance errors were derived. Secondly, the control variable method was used
to analyze the specific influence of the modification coefficient and tooth number ratio on the maximum sliding rate. Thirdly,
based on the equal sliding rate principle and combined with constraints such as undercutting and contact ratio, an optimization
model using the weighted average method was constructed, aiming to minimize the sum of the sliding rate differences among
gear pairs. Finally, nonlinear constrained optimization was solved using the fmincon command in Matlab, and different
optimization schemes, such as taking the center distance error as a design variable, were comparatively analyzed. [Results] The
results show that the modification coefficient is the dominant factor affecting the maximum sliding rate. The comparative
analysis reveals that the scheme treating the center distance error as an optimization design variable is the most reasonable.
Within the given error range of [-0.1, 0.1] mm, this scheme significantly reduces both the maximum sliding rates and their
differences among the gear pairs. Specifically, the sliding rate differences of the three gear pairs are decreased by 19.6%, 90.9%,
and 96.1%, respectively. This effectively improves the sliding balance of the tooth surfaces and provides a reference for the
design of planetary gear trains.

Key words: Planetary gear train; Center distance error; Maximum sliding rate; Modification coefficient (%h#. )



