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Research on the dynamic characteristics of incomplete
non-circular planetary gear train’s transplanting mechanism

for rice pot seedlings
LU Tangfei, YU Yaxin, SUN Liang
(School of Mechanical Engineering, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Aiming at the problem of accuracy decreasing in seedling picking due to the relaxation of the
seedling clamping piece after long-term operation of the rice pot seedling transplanting mechanism, the
dynamic characterization of the transplanting mechanism was carried out by taking into account the time-
varying meshing stiffness of the gears. Firstly, the incomplete non-circular gear was equivalent to a
cylindrical gear, and the time-varying meshing stiffness of the two-stage incomplete non-circular gear pair
was solved by the improved potential energy method. An elastic dynamics model of the transplanting
mechanism was established, and the modal analysis of the transplanting mechanism was completed.
Subsequently, a dynamics simulation model of the transplanting mechanism was established by using

RecurDyn, and a modal simulation of the mechanism was completed, resulting in the first eight orders of
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intrinsic frequency and vibration pattern. A dynamics simulation analysis of the seedling clamping piece
was conducted, and the stress change of the seedling clamping piece was obtained. Finally, the working
load spectrum of the seedling clamp was tested and compiled, and a fatigue life calculation of the seedling
clamp was carried out. The results indicated that the theoretical calculation results of the first eight orders
of the transplanting mechanism and the simulation results were largely consistent. The minimum value of
the first order of the intrinsic frequency was 112.3 Hz, and the vibration mode was the bending
deformation of the seedling clamping piece. The bending part of the seedling clamping piece had the
greatest stress, reaching 355.6 MPa; the fatigue life of the seedling clamping piece was 19.4 h,
considerably lower than the actual operational requirements; as for the replacement of the material of the
seedling clamping piece, the experimental indicated that the fatigue life of the seedling clamping piece
exceeded 200. 0 h, meeting the needs of long-term operation of transplanting mechanisms. This study
provides a theoretical basis for the calculation of time-varying meshing stiffness of incomplete non-circular
gear pairs, promotes the process of research on the dynamic characteristics of transplanting mechanisms,
and provides technical support and reference for the optimal design of transplanting mechanisms.

Key words: transplanting mechanism; incomplete non-circular gear; time-varying meshing stiffness;

modal analysis; fatigue analysis
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