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Design and Experiment of Planetary Gear Train High-density
Planting Mechanism Based on Hybrid Kinematic Conditions

MA Xingxiao' ZHANG Cheng' ZHAO Xiong'”® YU Gaohong'”
(1. School of Mechanical Engineering and Automation, Zhejiang Sci-Tech University, Hangzhou 310018 , China
2. Zhejiang Province Key Laboratory of Transplanting Equipment and Technology, Hangzhou 310018, China)

Abstract; High-density transplanting with small plant spacing, small hole size, and large planting depth
imposes stringent requirements on hybrid kinematic parameters such as the swing angle of the key working
section of the planting component, the positional deviation between the mechanism’s endpoint and the
target point, and trajectory height. Existing seedling planting mechanisms perform poorly. Therefore, an
optimization design of planetary gear train mechanisms was conducted to meet hybrid kinematic design
requirements. With the goal of minimizing the positional deviation between the endpoint of the mechanism
and the target point, and maximizing the convexity value of the non-circular gear, additional optimization
objective functions were formulated by incorporating the attitude angles of key points, swing angles during
the working segment, and positional requirements in the absolute coordinate system based on operational
demands. A multi-objective genetic algorithm was employed to solve for the parameter set of the
mathematical model for multi-objective optimization design under hybrid kinematic conditions. For a
transplanting requirement of 80 mm planting depth and 90 mm plant spacing, the optimized mechanism’
parameters yielded frame and planting component lengths of 114 mm and 200. 93 mm, with initial angles
of —54.61° and —93.78°, respectively. The total endpoint deviation was 5. 64 mm, the convexity of
the non-circular gear was —0.395, and the planting component swing angle in the soil phase reached

45.9°. When the planting efficiency of the mechanism reached 80 plants/min, the average success rate
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was 91.42% , the average spacing of planted seedlings was 88. 5 mm, and the hole size was 62. 28 mm.

These results indicated that the designed planting mechanism met the requirements of high-density

transplanting operations.
p g op

Key words: planting mechanism; close planting; single-row planetary gear train type; optimization

design; hybrid kinematic
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Fig.1 Schematic of planetary gear train seedling

planting mechanism
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Fig.2  Operation diagram of high-density seedling
planting mechanism
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Fig.5 Static and dynamic trajectories of high-density

seedling planting mechanism
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