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Design and Testing of Hard Disk Tray Placement and
Removal Machine for Rice Seedling Cultivation

YU Chennan'®> FANG Ziyun' ZHANG Yujie' ZHU Zhiyuan' HUAN Xiaolong'? CHEN Jianneng'*
(1. School of Mechanical Engineering, Zhejiang Sci-Tech University, Hangzhou 310018, China
2. Zhejiang Key Laboratory of Intelligent Sensing and Robotics for Agriculture, Hangzhou 310018, China)

Abstract; In order to solve the problems of single function, large volume and poor effect of swing plate
closing device for rice seedling raising tray in the field, a small integrated device of swing plate closing for
rice seedling raising tray with both swing plate and closing function was designed. The device was
composed of swing plate closing integrated mechanism, connecting rod plate splitting mechanism,
conveyor belt and chain plate collecting mechanism, which could realize the switching of swing plate
closing mode and complete swing plate and closing efficiently. The basic structure and working principle
of the wobble plate closing mechanism and the connecting rod type plate mechanism were expounded, the
working parameters of the key mechanism were determined, and the feasibility of the mechanism was
verified by ADAMS. A prototype was designed and built for testing. The closing test showed that the
closing success rate of the device was not less than 90% when the closing speed of the device was 4 ~
6 s/tray. The orthogonal experiment of three factors and three levels was carried out with the height of the
tray, the operation period and the number of initial trays as the experimental factors, and the success rate
of the tray as the experimental index. The quadratic regression model was established, and the primary
and secondary order of the influence significance was obtained; the height of the tray, the number of
initial trays, and the operation period. The optimal parameter combination was the height of the tray was
5 em, the operation period was 5 s/tray, and the number of initial trays was 8 trays/group. The success
rate of the tray was 93% under these parameters. The whole machine ran stably and met the design
requirements, which can realize fast and effective tray swing and closing operations.

Key words: rice seedling tray; plate-turning closing device; partition mechanism
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Tab.1 Seedling tray parameters
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Tab.2 Results of pendulum test
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Fig. 6 Schematic of ideal disc placement action

BT

- B

ARG ER

i

K7 mARE SR ER

Fig.7  Schematic of ideal closing action

B R 8 B . il R B R Rk
BERYHE RN B BR85S B4 S — R B A
R 5 BB A RR I, 08 T 0 2 2 TR R (DA A
PR T WL R A AL E T SRR —
PRI B B 75 6 2 57 R A g A b 5 57 R W R i
SRR Ly > 50 mm g () ik 9 Al i B 4 ()



194 &k L

2026 4

K8 Rl s B

Fig. 8 Schematic of closing process of market
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Fig.9 Schematic of 2R rod mechanism movement
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Fig. 10 2R open chain linkage group unlinking curves
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Tab.4 Parameters of four-bar mechanism mm
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three-dimensional diagram
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Fig. 14 Schematic of disk splitting process
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Fig.20 ADAMS model of disc splitting mechanism
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Tab.5 Performance comparison before and after

optimization
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Fig. 24 Workflow diagram of control system
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Tab.6 Tray collecting test results

A JE /s

SR HIE

2 4 6 8 10
HHHA 100 100 100 100 100 100
i A A 87 90 91 88 86 88.4

B AR /IR 12 6 6 4 4 6.4
BRI B/ 1 4 3 8 10 5.2
IR/ % 87 90 91 88 86 88.4
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Tab.7 Experimental factors codes

i SraEEE/em AR RN/ s B R/ (B4

-1 5.0 4 6
0 7.5 5 8
1 10.0 6 10
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Tab.8 Experimental plan and results

L M EEE ELRE s R R R
v A B C P/%
1 0 0 0 94
2 -1 0 1 92
3 0 0 0 93
4 1 1 0 90
5 0 1 1 90
6 0 0 0 93
7 1 0 1 89
8 0 -1 -1 92
9 -1 -1 0 91
10 1 -1 0 90
11 -1 1 0 93
12 0 1 -1 90
13 0 0 0 93
14 -1 0 -1 92
15 1 0 -1 90
16 0 1 1 89
17 0 0 0 92
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Tab.9 Analysis of variance
FEFBE VPO AWE M F I
LR 34.13 9 3.79 4.62 0.028 1
A 10. 12 1 10. 12 12.33 0.009 8
B 0.13 1 0.13 0.15 0.708 1
C 2 1 2 2.43 0.1626
AB 1 1 1 1.22 0.306 4
AC 0.25 1 0.25 0.31 0.5983
BC 0.25 1 0.25 0.31 0.598 3
A? 2.37 1 2.37 2.88 0.1333
B? 6.58 1 6.58 8.01 0.0254
c? 9. 47 1 9. 47 11.53 0.0115
B 2% 5.75 7 0. 82
I L3 3.75 3 1.25 2.5 0.1985
R 2 4 0.50
Javill 39. 88 16
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Fig. 26  Response surfaces of interaction effect of factors on success rate of disc placement
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