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Design and Experiment of End Effector of Seedling Taking by
Jacking and Clampling of Vegetable Transplanter

ZHANG Xuedong'®> LIU Lijing'?> NING Yichao'? KONG Dehang'? LIU Yungiang'> WU Haihua'”
(1. Chinese Academy of Agricultural Mechanization Sciences Group Co. , Lid. , Beijing 100083, China
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Abstract . In order to solve the problems of jacking seedling failure, compression deformation and damage
when the lump of mud is clamped, taking jacking and clamping components as the research object.
Mechanical analysis models of jacking and clamping the lump of mud were established. Needle diameter,
needle length, velocity, and compression distance were the main factors affecting the effect of seedling
taking extraction by mechanical analysis. The related physical properties of the lump of mud were
measured by experiments. The EEPA contact model used in the EDEM software was used as the contact
model between particles, between particles and tray, and between particles and seedling taking parts.
And the particle model was established to simulate the real lump of mud. EDEM software was used to
simulate the process of jacking and clamping seedlings. Box — Behnken design method and univariate
control method were used to design the simulation experiment of jacking and clamping seedlings. The
optimized parameter combination that was obtained by using Design-Expert software were needle diameter
of 1.9 mm, needle length of 18 mm, jacking velocity of 0. 3 m/s and compression distance of 4 mm. The
seedling taking performance verification tests was carried out, and the seedling taking frequency was
100 plants/min. The seedling taking success rate of the optimized end-effector was 93.25% , and the
lump of mud of the bowl was good. The results of this experiment met the requirement of automatic dry
land transplanting of leaf vegetable pothole seedlings.
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Fig.4 Force analysis of acceleration state of lump of mud
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Fig.7 Force analysis of clamping lump of mud
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Fig.8 Typical compression-relaxation curves of

lump of mud
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Tab.2 Material properties of EDEM
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Tab.4 Test scheme and results of jacking seedling

EES

e peE mekmE  mEEm P
A/mm B/mm C/(m-s™") fi/mm
1 1 10 0.4 -2.4
2 3 10 0.4 -2.6
3 1 30 0.4 0.6
4 3 30 0.4 12.6
5 1 20 0.2 -0.4
6 3 20 0.2 7.7
7 1 20 0.6 -3.7
8 3 20 0.6 -1.3
9 2 10 0.2 -1.4
10 2 30 0.2 10. 4
11 2 10 0.6 -5.9
12 2 30 0.6 2.3
13 2 20 0.4 -0.3
14 2 20 0.4 -0.1
15 2 20 0.4 -0.6
16 2 20 0.4 -0.2
17 2 20 0.4 -0.4
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Tab.5 Variance analysis of regression model of

difference between coordinates
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AC 8.12 1 8. 12 73.32  <0.0001 "
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A? 2.68 1 2.68 24.17  0.0017*
B? 10. 41 1 10.41  93.98  <0.0001*
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Fig. 12 Relationship between each factor and

difference between coordinates
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