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Solution and Analysis of Transplanting Mechanism with Planetary Gear Train
Based on Convexity of Pitch Curve
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Abstract; With the goal of improving the performance of planetary gear train transplanting mechanism,
the direct connection between convexity of pitch curve and the ideal transplanting trajectory was
established. A method was proposed to abstract the parameters of a planetary gear train with noncircular
gears based on the convexity of non-circular gear pitch curve index. Firstly, a global reference coordinate
system was established based on the transplanting trajectory; next, the planetary gear train was simplified
to a two-link, two degrees of freedom, and open loop chain mechanism with two revolute joints (a 2R
mechanism) , and a mechanism motion solving model was established based on ideal transplanting
trajectory. According to the conversion relation between transmission ratio curve and non-circular gear
pitch curve, the non-circular gear pitch curve convexity judgment index was put forward. The range of
the transplanting mechanism with planetary gear train central position, namely the analytic domain was
established. According to the kinematics principle, the ideal transplanting trajectory was replayed by a
two-link , two degrees of freedom and open loop chain mechanism. The transmission ratio of gear train was
calculated, and the calculation and distribution model of transmission ratio was established. The
parameters of transplanting mechanism were calculated, such as the length of links, length ratio of link,
and non-circular gear pitch curve convexity judgment index. The parameter information diagram of
transplanting mechanism with a given transplanting trajectory was drawn. According to the requirements

of transplanting agronomy, the engineering practical solution was preferred in the information map. And
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the blindness of adjusting non-circular gear pitch curve was avoided. The method was used to calculate

and analyze several common transplanting trajectories. The eagle-nosed transplanting trajectories were

chosen to design the transplanting mechanism with planetary gear train. Simulation analysis showed that

the simulation trajectory and the test trajectory were basically the same as the given ideal trajectory. The

correctness of the calculation model and the feasibility of the design mechanism were verified.

Key words: planetary gear train; transplanting mechanism; transplanting trajectory; convexity of pitch

curve
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Tab.1 Dolphin-shaped trajectory point coordinates

mm
TUAH 5 A HUAE AL A bR

1 (173.1, -25.4) 7 (134.1, -23.0)
2 (162.2, 42.1) 8 (147.1, -120.4)
3 (126.0, 101.0) 9 (127.9, -176.0)
4 (73.8, 135.1) 10 (133.4, -160.0)
5 (35.3, 134.2) 11 (143.4, -139.5)
6 (66.3, 85.3) 12 (157.0, -107.4)
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Fig.4 Parameter information diagram of single planetary

gear train mechanism with dolphin-shaped trajectory

R TRUME A (K 2) il = WCAE 25 B HE 2R
A SRAFF I R A& Sa iR o ZRAPUBTE 2 R Ak
B 2 ARG B AR AR Pl Y L, B (= 50 mm,
=30 mm) —(50 mm, 50 mm) JHy fif #fr X SHEAT R A
TR ME S s

®2 “BTRHNEEERLER

Tab.2 Porcine lumbar trajectory point coordinates

mm
TUAH o5, AR HUH 5 A

1 (215.6, -12.7) 7 (90.7, -77.2)
2 (193.7, 60.5) 8 (113.5, —159.3)
3 (149.0, 114.0) 9 (136.9, —189.5)
4 (100.3, 128.9) 10 (168.3, —180.0)
5 (75.9,93.7) 11 (195.6, —143.3)
6 (78.1, 20.8) 12 (213.5, -85.3)
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Fig.5 Parameter information diagram of single planetary

gear train mechanism with porcine lumbar trajectory
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Tab.3 “8” shaped trajectory point coordinates
mm
HUAH 2 A TUE A AR
1 (206.0, 47.5) 7 (152.2, -92.9)
2 (220.0, 59.7) 8 (82.2, —134.1)
3 (198.4, 75.0) 9 (61.0, -85.1)
4 (195.3, 70.0) 10 (57.7, -30.5)
5 (192.3, 56.0) 11 (134.2, 35.4)
6 (192.4, 13.5) 12 (176.0, 45.1)
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Fig.6 Parameter information diagram of single planetary

gear train mechanism with “8” shaped trajectory

SR A A BE S R O B AR AT A2 AL
ERWSE 7 RTINS =R 1 A3 RN D o o)
B i 2T V(R L B/ B A8 il 2k o 1T, L TE iR
B DX 23 A AN 38 50 St A DX T 21 14 8 1
2 P M L T 5 T I B i £ A i A DX A A
AR ZE BB R . TR R LI T S R
Hh, AR AR BT R Y 2 RS R A A A DX 4R
A

(2) “IEWEIE” ik

e+ AT B A AR OK R i R R LAL A AR il
NIEWSIE  BOoE T BME R R 4 s, FUH =R
2] B FESRAUA T ULl 2k a1 Ta BT R o AR S
PRy 2, % ( - 50 mm, - 30 mm)—(30 mm,
20 mm ) Ay A DX I, SR iR 45 R ANl 7b s o

R4 “EERHTEERLER

Tab.4 Eagle-nosed trajectory point coordinates

mm
AUHE A AR AUE AL A bR

1 (325.3, 112.1) (103.5, -179.5)
2 (307.2, 130.2) 8 (73.2, -100.1)
3 (300.5, 114.2) 9 (105.2, 3.6)
4 (289.6, 18.4) 10 (171.7, 103.1)
5 (235.3, -118.7) 11 (252.4, 148.8)
6 (173.4, -158.2) 12 (296.6, 132.1)
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Fig.7 Parameter information diagram of single planetary

gear train mechanism with eagle-nosed trajectory
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Fig.8 Combination of gear pitch curves for each position of planetary gear train mechanism center
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