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Motion Synthesis of Rotary Pot Seedling Transplanting Mechanism
Based on Approximate Multi-pose

SUN Liang'? HU Yixiang' XING Zigin' YU Gaohong'? YU Yaxin'?
(1. Faculty 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; The shape of the work trajectory and the pose requirements of the transplanting arm in a
specific position are the primary problems to be considered in the design process of the transplanting
mechanism. A non-circular gear planetary gear train transplanting mechanism based on approximate
multi-pose was presented in order to obtain multiple desired positions and take into account the specific
shape of the work trajectory. The information matrices of eight expected poses were transformed into
three-dimensional space by quaternion using kinematics mapping theory, and the general solution space
was expanded by introducing eigenvectors after the singular value decomposition of the matrix. A four-bar
mechanism was formed by selecting two sets of suitable two-bar groups, whose coupler trajectory can
approximately go through all the prescribed poses. The transmission ratio of non-circular gear was solved
based on the kinematic characteristics of the selected two-bar group. Moreover, after establishing the
circurity function and determining the design parameters, the shape of the non-circular gears was
optimized by using the genetic algorithm. Finally, the prototype of the transplanting mechanism was
manufactured for the primary test. A testing result that had an identical shape and operating poses with
that of theoretical calculation was obtained, as well as the qualified picking success rate, which
effectively verified the correctness of the motion synthesis and design method. This method can be used
for reference in the design of transplanting mechanism with multi-pose requirement.
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Fig.1 Schematic of selection of position points of

“8-word” type transplanting trajectory
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Fig.2 Transformation of planar displacement between

two different coordinate systems
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Tab.1 Parameters of eight pose points

(VR3S x/mm y/mm 0/(°)
1 239.3 27.2 -7.6
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4 216. 8 78.3 39.6
5 204. 8 49. 4 42.0
6 190.6 -63.3 12.3
7 76.5 -175.5 -32.9
8 46. 4 -180.3 -41.8
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4 -0.005 1 -0.0055 0.0013 -0.0826
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Fig.4 Four-bar mechanism and its trajectory
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Fig.7 Transplanting mechanism and simplified model of

seven-tooth planetary gear system rice bowl seedlings
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Fig. 10  Comparison of angular displacement curves

before and after optimization
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Optimal fitness values per generation
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Tab.6 Attitude angle comparison (°)
Jre MRS M  EEEMA IS
1 -7.6 -7.3 -7.1
2 5.5 5.4 5.9
3 20.4 20.2 21.1
4 39.6 39.4 39.9
5 42.0 41.7 42.7
6 12.3 12. 1 12. 8
7 -32.9 -32.7 -33.3
8 -41.8 -41.6 -42.2
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