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Parameter optimization and experiment of soil opener for
rapeseed pot seedling transplanter

QUAN Wei!, SHI Fanggang?, MA Zitao?, GUAN Mei®, JIANG Xiaohu?, XIANG Wei*, WU Mingliang®*

(1.College of Orient Science & Technology, Hunan Agricultural University, Changsha, Hunan 410128, China; 2.College
of Mechanical and Electrical, Hunan Agricultural University, Changsha, Hunan 410128, China; 3.0il Crops Research
Institute, Hunan Agricultural University, Changsha, Hunan 410128, China; 4.Institute of Bast Fiber Crops, Chinese
Academy of Agricultural Sciences, Changsha, Hunan 410205, China)

Abstract: In order to reduce the power consumption during the hole-forming operation and the amount of soil returned to the
hole during the hole-forming process, this study was performed to find optimization of the parameters of the soil opener for
rapeseed pot seedling transplanter. Analysis of the trajectory and force of the soil opener was used to determine the factors
affecting the external dimensions of the molded hole and the power consumption of the hole-forming operation, and the
bottom size of soil opener, the angle of entry soil and the soil opening depth were selected as the influencing factors. The
parameter ranges and the multi-objective optimization simulation test through the single-factor and multi-factor tests were
used to establish a mathematical model of the soil entry resistance of the soil opener and the rate of the soil return of the hole
section to get the influence law of each parameter of soil opener on the quality of hole-forming operation and the optimal
parameter combination. The results of the simulation tests showed that the factors affecting the soil entry resistance in the
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order of predominance were the soil opening depth, the angle of entry soil, the bottom size, while the factors affecting the

rate of the soil return of the hole in the order of predominance were the angle of entry soil, the soil opening depth, and the

bottom size. The optimal combination of parameters for the soil opener was the bottom size of 39 mm, the angle of entry soil

of 20.5°and the soil opening depth of 60 mm. Using the hole-forming device test bench to verify the effect of hole-forming

operation, the results showed that the relative errors of soil tank test results and the simulation values for hole opening

diameter, effective depth, soil entry resistance and the rate of the soil return of the hole were 7.7%, 3.7%, 4.5% and 8.3%

respectively, and the holes formed satisfied the requirements of potting seedling transplantation, which verified the accuracy

of the constructed model and the optimized parameters.

Keywords: rapeseed pot seedling transplanting machine; soil opener; response surface; discrete element method; soil

resistance
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Fig.1 Structure of reverse rotary soil picking type hole forming device
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Table 1 Performance index of soil opener with different bottom
size and angle of entry soil and soil opening depth

I/mm  yiN  y2/% || 0I(F yuN  y2/% || HHmm  yi/N  y/%

35 467 93 17 537 88 60 616 7.0

40 537 88 19 616 7.0 65 735 7.2

45 571 96 21 683 52 70 86.3 8.9

50 586 89 23 816 48 75 98.6 11.6
55 574 9.2 25 928 3.2 80 1213 131
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Table 2 Multi-factor optimization simulation test design and results

w5

3.2.1

o I/mm o019 H/mm yi/N y2/%
1 45 17 65 68.8 8.9
2 40 19 65 735 6.9
3 35 21 65 78.7 7.2
4 45 19 70 88.3 8.4
5 40 21 70 98.2 8.2
6 40 19 65 72.8 7.3
7 35 19 70 76.6 8.6
8 40 21 60 68.9 6.3
9 45 21 65 85.2 6.6

10 40 17 60 58.4 8.8
11 35 19 60 55.0 7.9
12 40 19 65 72.1 6.9
13 40 19 65 745 7.1
14 40 17 70 78.3 9.2
15 45 19 60 63.9 8.0
16 35 17 65 61.5 9.0
17 40 19 65 73.1 7.4
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Table 3 Variance analysis of soil entry resistance

3.2.2
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Table 4 Variance analysis of the rate of the soil return of the hole

FERE FHM AMRE B F P
FA 1291 9 1.430 21.01 0.000 3
I 0080 1 0.080 1.17 0.3150
0 7.22 1 7.220 105.73  <0.000 1
H 1.44 1 1.440 21.16 0.0025
10 0.063 1 0.063 0.92 0.370 6
IH 0022 1 0.022 0.33 0.5839
OH 0.56 1 0.560 8.24 0.0240
12 0.86 1 0.860 12.63 0.009 3
0 0.52 1 0.520 7.66 0.0278
H? 1.79 1 1.790 26.25 0.001 4
B 2% 0.48 7 0.068
RKiI 027 3 0.090 1.73 0.298 4
gz 021 4 0.052
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Table 5 Comparison the results of soil-bin test and simulation

SiA fLyoen A A+ 7(%%@
HA%2/mm WEE/mm AN [ 2%
15 ELAH 80.5 45.0 65.8 6.6
I (E 87.2 43.4 68.9 72
AHXT IR 2% 7.7 3.7 45 8.3
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