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Abstract: [Objective] To address the problem in single-planetary-wheelset transplanter mechanisms where the seedling
picking and placing motions cannot be simultaneously optimized—thereby degrading transplanting quality—we propose a
segmented variable gear-ratio wheelset mechanism whose rotation direction is opposite to that of conventional transplanting
mechanisms and whose input and output periods are unequal. [Method] First, we derived the continuous meshing angular
condition equation for a segmented incomplete-gear set and solved for the motion parameters required for the segmented
incomplete gear set to achieve continuous meshing. Next, by combining the non-uniform transmission ratio of an oval (non-
circular) gear with the cubic high-amplitude fluctuation transmission ratio of the segmented incomplete gear, we obtained
the multi-step unequal-amplitude transmission ratios required for the ring-loop (ankle-shaped) seedling-transplanting
trajectory. We then established a kinematic model of a non-circular gear planetary wheelset transplanting mechanism that
includes incomplete gear sets and developed a MATLAB-based auxiliary design program for the transplanter. At the same
time, in accordance with rice seedling transplanting agronomic requirements and using a human—machine interactive
selection process, we selected a set of mechanism parameters that realize a ring-loop transplanting trajectory capable of
large pick displacement with slow picking (pick loop 47 mm) and a large planting angle (planting angle 80.6°).
[Result] Finally, we compared simulation results with theoretical calculations. The results show that the parameters of
the incomplete gear set meet the requirements, and that the mechanism’s motion trajectory and posture are in substantial
agreement with theory. [ Conclusion] Prototype tests measured a picking angle of 20.95° and a planting angle of 80.3°,
validating the feasibility of the combined-variable transmission-ratio transplanting mechanism design.
Key words: pot seedling transplanting; unequal period; incomplete combination of gears; simulation analysis; prototype
testing
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