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Abstract: To investigate the meshing behavior of harmonic drives under transmission load, an
iterative algorithm to calculate the distribution of meshing forces and loading backlashes under
varied transmission torques is presented based on linear circumferential meshing stiffness and
initial backlash. The initial backlash is calculated in assembly state with an exact algorithm. A
3D finite element model of the flexspline with solid elements is built under the action of a two-
disk wave generator, and the meshing stiffness matrix which reflects the circumferential stiffness
characteristics of the engaged point on flexspline tooth is calculated by contact analysis under the
meshing forces applied on each meshing point. The meshing forces, loading backlashes and
transmission torques at gradually increased rotational displacements are iteratively calculated
according to the initial backlash in assembly state. Because the effect of non-linear meshing
stiffness is neglected in the theoretical method, the contact relationship between tooth profiles is

defined with non-linear contact analysis of finite element method. And the loading backlashes and
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meshing forces are calculated in order to verify the iterative algorithm. Comparative studies show

that the meshing force distribution obtained by this iterative algorithm is basically consistent with

that by the finite element model, but the meshing force amplitude is higher when the load torque

is large because bigger stiffness is used in the iterative algorithm.

Keywords: harmonic drive; meshing stiffness; meshing force; loading backlash; non-linear

contact analysis
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