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Fig. 5 Cam offset with the assembly error
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Tab.3 Table of factor levels for the comprehensive error
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Tab. 4 Sensitivity analysis of the comprehensive error
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Tab.5 Calculation results of the normal backlash range for each

factor in the comprehensive error BfI: mm
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Tab. 6 Table of factor levels for the assembly error
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Tab.7 Sensitivity analysis of the assembly error in X, Y and Z

directions
HZED HZEE HEF /N B /mm

D1 El F1 0
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D3 El F3 -0.0189452
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D3 E3 F2 -0.053904 2
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Tab. 8 Calculation results of the normal backlash range in each

direction of the assembly error BE{: mm
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Design of flexspline spatial tooth surface based on curve-surface conjugacy
and analysis on the influence of errors on its meshing performance

Du Zhigiang' Wang Yuxin® Zhang Ruiliang” Wang Kaida’
[1. CITIC Machinery Research & Design Institute (Shanxi) Co., Ltd., Linfen 043007, China]
(2. Gear Research Institute, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: [Objective] Existing spatial tooth surface designs for the flexspline of harmonic reducers fail to fully consider its
spatial conical deformation. Therefore, based on the curve-surface conjugacy theory and taking the spatial deformation of the
flexspline into account, the non-interference, point-contact and zero-backlash spatial tooth surface of the flexspline was derived
from the given circular spline tooth surface, and the influence of comprehensive errors from actual machining and assembly on
tooth surface meshing performance was analyzed. [Methods] Firstly, the comprehensive errors were classified into three types:
assembly error, wave height error and tooth thickness deviation, and corresponding error matrices were constructed and coupled
into the spatial tooth surface model. Secondly, the non-interference, zero-backlash and point-contact spatial tooth surface of the
flexspline was derived from the given circular spline tooth surface. Finally, orthogonal tests and range analysis were carried out
with the normal backlash in meshing between circular spline and flexspline tooth surfaces as the evaluation index. [Results] The
analysis results show that in the presence of errors, geometric interference occurs between the rigid and flexspline tooth surfaces,
leading to negative values of normal backlash, and the meshing system is the most sensitive to assembly errors. Among all
assembly errors, the range of normal backlash caused by the Y-direction (tooth thickness direction) assembly error is much larger
than that caused by the axial assembly error. Therefore, in the design and production of harmonic reducer components,
prioritizing the radial machining accuracy is conducive to reducing the adverse effect of errors on the meshing performance of
rigid and flexspline tooth surfaces.
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