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Design and Experiment of Adjustable Spacing End-effector
Based on Cylindrical Cam
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Abstract; The sparse planting and transplanting of plug seedlings is a key step in the cultivation of
seedlings in facility agriculture, which can provide an excellent growth environment for seedlings and
increase production and income. Aiming at the problems of low automation degree of adjustable plant
spacing equipment, inefficient manual work, vulnerable to seedling damage and injury in the process of
thinning and transplanting, a plant spacing adjustable seedling end-effector was designed based on
cylindrical cam, which can realize thinning and transplanting between different plant spacings. First of
all, the overall structure of the end-effector was designed and its working principle was determined.
Secondly, through theoretical analysis, the key parameters of the cylindrical cam and the finger were
determined, and the stress condition under operation was analyzed. Thirdly, EDEM and Recur Dyn were
used to establish a composite model of seeding bowl root-soil for coupling simulation single factor
simulation test, and the factor range of subsequent orthogonal test was determined. Finally, a
transplanting test platform for plug seedlings was built, and orthogonal tests were carried out with the
seedling needle included angle, penetrating angle, seedling needle spacing and variable pitch speed as
test factors, and the seeding bowl deformation quantity and the transplanting success rate as test indexes.
The experimental results showed that the primary and secondary influence order of test factors on the
seeding bowl deformation quantity were penetrating angle, variable pitch speed, seedling needle included

angle, seedling needle spacing. And the primary and secondary influence order of test factors on the

Weks B : 2021 -09 -05 & H #: 2021 - 10 - 17
EL£E . Pevhy EaS &30 H (2019ZDLNY02 - 04)
EHEB N EARO971—) B Z8z , A4S0, 322 N3 B8 A4 3 s b F 5%, E-mail ;. agriculturalrobot@ nwafu. edu. cn



%13

FEARAS 85 o T 10 RS o1 4 1 ok R T 8 2RO R S P AT A% B 5 i

105

transplanting success rate were seedling needle spacing, penetrating angle, pitch change speed, seedling
needle included angle. The verification test was carried out under the optimal parameter combination with
seedling needle angle of 10°, penetrating angle of 4°, seedling needle spacing of 8 mm, and pitch change
speed of 5 mm/s, and the plug seedlings were transplanted from 128-cell to 72-cell and from 72-cell to
50-cell respectively. The average seeding bowl deformation quantity of 128-cell was (1. 13 £0. 68) mm,
and the average seeding bowl deformation quantity of 72-cell was (1.51 £0.64) mm. The total success
rate of transplant was 93.33% , and the transplanting efficiency of the whole machine was 22 plants/min.
It satisfied the needs of different plug tray specifications and had strong applicability. The research result

can provide theoretical basis and technical support for the research of the thinning and transplanting

operation device.

Key words: plug seedling;
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Structure diagram of adjustable spacing
end-effector for fetching seedlings
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Fig. 13 Extracting simulation test results
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Fig. 15 Test process of thinning and transplanting
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Tab.5 Factors and levels of orthogonal test

%
KF B, AL/ BlE R/
() () FH/mm (mmes™")
1 10 4 4 5
2 11 5 6 10
3 12 6 8 15
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Tab.6 Results of orthogonal tests for transplant

A5 % BB AR BHRIHR

A B C D 8/mm n/ %
1 1 1 1 1 1. 66 80. 00
2 1 2 2 2 3.42 70. 00
3 1 3 3 3 2.29 73.33
4 2 1 2 3 2.95 67.77
5 2 2 3 1 3.27 83.33
6 2 3 1 2 1.24 56. 67
7 3 1 3 2 2.67 90. 00
8 3 2 1 3 4.79 63.33
9 3 3 2 1 1. 84 63.33
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Tab.7 Extreme analysis of the largest deformation

A B c D
% 2.46 2.42 2.56 2.26
%, 2.49 3.83 2.74 2.44
3 3.10 1.79 2.74 2.95
% 22 0. 64 2.04 0.18 0. 69
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Tab.8 Extreme analysis of success rate

A B C D
x 74. 44 79.26 66. 67 75.55
%, 69. 26 72.22 67.03 72.22
X 72.22 64. 44 82.22 68. 14
e 2 5.18 14.82 15.55 7.41
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Fig. 16 Comparison of simulated and actual extraction
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