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Theoretical Analysis and FEM Simulation on Circumferential Stiffness

of Meshing Point of Flexspline in Harmonic Drive

CHEN Xiaoxia', WU Hongyan'?, NIU Hongbo', YAO Yunpeng', XING Jingzhong'

(1. Tianjin Key Laboratory of Modern Mechatronics Equipment Technology, Tiangong University, Tianjin 300387, China;

2. Engineering Training Center, Tianjin University of Technology and Education, Tianjin 300222, China)

Abstract: In order to reveal the influence law of flexspline structure on the circumferential
stiffness of its meshing point and improve the transmission stiffness of harmonic drive, a
theoretical calculation method for the circumferential stiffness of flexspline meshing point is
proposed. The deformation of flexspline meshing point caused by the circumferential force is
divided into the deformation of cylinder and the deformation of tooth. Theoretical formulas of
torsion deformation of flexspline cup bottom, smooth cylinder, ring gear and arc transition part,
bending of involute gear tooth and rotation of tooth root under circumferential force are derived
respectively, and the circumferential stiffness of the flexspline meshing point is equivalently
converted based on circumferential displacement. A solid element finite element model of the cup
flexspline is established, which includes the real structure of process structure and involute tooth

profile. The circumferential force is applied to the flexspline model without assembly deformation
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and the flexspline model with assembly deformation under the action of wave generator
respectively to obtain the load deformation of flexspline cylinder and tooth body. The finite
element simulation results show that the cup bottom has the greatest influence on the torsional
stiffness of the flexspline cylinder, and the tooth bending has the largest proportion in the tooth
deformation. The assembly deformation increases the stiffness of the flexspline cylinder and
reduces the load circumferential deformation by about 10%. The stiffness of the tooth is
improved by reducing the pressure angle of tooth profile and increasing the modification
coefficient and tooth width. The deviations between the theoretical solution and the finite element
solution of deformation of the flexspline cylinder and tooth body are 1.3% and 2.2%
respectively. The relative deviation between the theoretical solution and the finite element
solution of circumferential stiffness of the meshing point is —5% , which verifies the effectiveness
of the proposed algorithm.

Keywords: harmonic drive; flexspline; meshing point; circumferential stiffness; finite element

method simulation
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Fig. 1 A decomposition diagram of flexspline structure
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and smooth cylinder
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Fig. 4 A diagram of tooth top displacement caused by

tooth root rotation

1.2.2 HheEhEH ﬁ?#%ﬁw
YER N 2 A 5 Bios 2 il 22 T2 LRl 6 B s (1 59

;ﬁ&mxmiﬁmﬁwﬁ%ﬁmmmmM@@_
HGEFR N AT

J1a 71 F

K5 ikt p
Fig. 5 Bending deformation of tooth body
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Fig. 8 Circumferential displacement of cylinder with
unassembled FEM under uniform circumferential

force
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Table 5 A comparison between theoretical solution and FEM

solution for circumferential stiffness
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Fig. 11 Influence of tooth parameters on tooth stiffness
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