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Design and Experiment of Non-circular Planetary Gear Transplanting
Mechanism for Tomato Pot Seedling Based on FEM — SPH Model

Xin Liang Wang Hang Zhuang Zhiyuan Sun Guoyu Zhang Yiqun He Zeyu
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract; The in-field tomato seedling extraction mechanism equipped with a telescopic pot retrieval
device suffers from issues of ineffective root damage control and low operational efficiency. Employing
numerical simulation and computational analysis methods to investigate the pot damage characteristics
during the extraction process, a novel tomato seedling extraction mechanism was designed, utilizing a
planetary gear system with non-circular gears. Firstly, the FEM — SPH coupled model of tomato pot
seedlings and the extensible type seedling pot picking device were established. Combined with the
numerical simulation results of the pot-picking interaction process by using ANSYS/LS —DYNA software,
the laws and influencing factors of pot damage were analyzed from the aspects of the contact force of the
seedling picking blade and the stress change of the pot seedling. A double-arm non-circular gear
planetary system seedling picking mechanism for tomato pot seedlings equipped with the extensible type
seedling pot picking device was proposed. The reverse design research of the seedling picking mechanism
based on the Catmull — Rom spline curve fitting method was carried out. The optimization of mechanism
parameters was completed by using the self-developed Matlab computer-aided design software. The
numerical simulation results of the seedling picking process with the trajectory showed that the equivalent
stress at the moment the seedling picking blade penetrates was decreased by 4.4% compared with the
original trajectory, and the stress change was smoother, which initially verified that the mechanism can
reduce the risk of substrate fragmentation and root damage. Bench tests and performance tests of the
physical prototype of the seedling picking mechanism were carried out. The test results of the force sensor

showed that the average relative error between the maximum contact force between the blade and the soil
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pot and the numerical simulation was 3.76% , and the success rate was above 94% at four rotational

speeds, which verified the correctness of the numerical simulation model and the feasibility of the

mechanism design of the double-arm non-circular gear train seedling picking mechanism for tomato pot

seedlings.

Key words: tomato pot seedling; seedling picking mechanism; non-circular planetary gear system;

numerical simulation; FEM — SPH model
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Comparison between virtual prototype of seedling-

taking mechanism and simulation trajectory results
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Fig. 14 Stress variation during seedling picking process along motion trajectory of non-circular gear planetary
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during optimized seedling-taking process
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