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Design and Experiment of the Secondary Extension Pot-protecting
Rice Pot Seedling Transplanting Mechanism

SUN Liang'®> XUE Xiaodi' WANG Xudong' KONG Ziyang' CHEN Jianneng'® YU Gaohong'*
(1. School of Mechanical Engineering, Zhejiang Sci-Tech University, Hangzhou 310018, China
2. Zhejiang Key Laboratory of Agricultural Intelligent Perception and Robotics, Hangzhou 310018, China
3. Key Laboratory of Agricultural Equipment in Southeast Hilly and Mountainous Areas,
Ministry of Agriculture and Rural Affairs, Hangzhou 310018, China)

Abstract; Aiming to improve the seedling planting and establishment performance of the integrated
seedling taking and planting pot seedling transplanting mechanism, a secondary extension pot-protecting
transplanting mechanism was proposed. Through the functional decoupling design of the integrated
seedling taking and planting arm, and with the cooperative operation of the two progressive extensions of
the seedling pushing rod and the clamping jaws, the mechanism sequentially achieved pot seedling
clamping, pot protection, and planting. The mechanism adopted planar cam and end cam as the core
driving units: the planar cam drove the seedling pushing rod to perform two progressive extensions,
sequentially completing seedling protection and planting actions; the end cam controlled the opening and
closing of the clamping jaws to realize the clamping and releasing of pot seedlings. To achieve the design
goals of low impact and low wear for the cam mechanism, combined with the technical requirements of
transplanting movement and the structural parameters of the transplanting arm, a kinematic model of the
cam mechanism was established, and the cam profile design was completed based on the curve envelope
theory. For the planar cam mechanism, by constructing an elastodynamic equation and formulating a
contact mechanics optimization strategy, the contact form between the cam and the fork was optimized into
surface contact, which effectively reduced kinematic impact. For the end cam mechanism, a profile

optimization function based on curvature constraint was introduced to optimize its peak pressure angle
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characteristics. The design scheme was double-verified through virtual prototype kinematic simulation and
physical prototype field tests. The results showed that the transplanting arm can significantly reduce the
sensitivity of pot seedling planting uprightness to the rotational speed of the planetary gear train. At a
working speed of 250 plants/(min-row) , the qualified rate of uprightness reached 87.50% , which was
significantly higher than that of the original mechanism, making it suitable for high-speed and high-

quality pot seedling transplanting scenarios.

Key words: rice pot seedling;

transplanting machine;

secondary extension pot-protecting; cam

mechanism; envelope theory; uprightness
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Schematic of seedling taking and planting

Fig. 1
process of existing transplanting arm
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type rice pot seedling transplanting mechanism
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Fig. 14 Comparison of pressure angles of seedling

clamping cam before and after optimization
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Surface contact and line contact cam fork

mechanism

M2 T3 2 nT UL (P 16) , Pk SUSE IS IR i )
PRI, THT 2 A AL A F) 22 fnk 1) 52 7 Vg {1 308 35 IR T 4
il AL, 2 WY T 422 fih e 3 AT A R o o 2 o X
—REAIE BE A% Dok /L 2 ik 1) 1) SR 0 L g A R B R AR
VB A R B T B T AILAL s A i AR E 5 T R

P s (8% it 2 B oR (1B 17) , PR HLA i HE B AT 19 o7
o it 25 REORS T 0l 2 PO BETH R A, B HIE T P 2R AL
A 12 B RS B A B B

53821

I R
8 R
3588

fihJ1/N

26911

%

%

17941

7 _‘Jﬂf

0 60 120 180 240 300 360
IR f/()

B 16 BIS Mk MR Y 2 1 il £k

Fig. 16  Force curves of two types of cam fork mechanisms

—— e

—— TR
g
£
2
&
£
&
=

28 ; ; - y : :
0 60 120 180 240 300 360

AR /)
B17 P R B SUALAL S BI (0 B i 2k
Fig. 17 Displacement curves of seedling pushing rods

for two types of cam fork mechanisms
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Fig. 18 Force curves of seedling clamping cam before

and after optimization
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Fig.20 Schematics of dynamic and static trajectories

of seedling taking and planting
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original transplanting arm (left) and new-type

transplanting arm (right)
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Fig.23 Transplanting experiment
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