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Optimal Design and Test of Longitudinal and Lateral Stability
of Large Monopoly Wide Potato Cultivator

LU Jinging' CUI Pengfei' ZHU Xiaoxin' QI Yu' YANG Deqgiu’® SUN Qi
(1. College of Engineering, Northeast Agricultural University, Harbin 150030, China
2. Chinese Academy of Agricultural Mechanization Sciences Group Co. , Lid. , Beijing 100083, China)

Abstract; For the large monopoly wide potato cultivator due to the width of the larger, equipment
structure was huge and the potato biologica morphological characteristics of the longitudinal and horizontal
stability of the potato poor, serious deflection, pressure seedling injury and other problems,the optimized
design and test of the large monopoly wide potato cultivator were carried out. Through kinematic analysis
of the potato cultivator, the main factors affecting the longitudinal and lateral stability of the tiller was
determined and the design of its components was optimized, the EDEM discrete element simulation
software was used to conduct a secondary orthogonal rotation simulation, test with the horizontal distance
from the mulching share to the hinge point of the parallel four-bar and the frame, the lateral width of the
parallel four-bar and the operating speed as the test factors, and the monopoly straightness and the
monopoly height stability coefficient as the evaluation indexes. Using Design-Expert 11.0 software to
optimize and analyze the results of the simulation test. When the horizontal distance from the mulching
share to the hinge point of the parallel four-bar and the frame was 702. 7 mm, the lateral width of the
parallel four-bar was 255. 4 mm and the operating speed was 1. 29 m/s, the monopoly straightness of the
cultivator was 2. 39 ¢cm and the stability coefficient of the monopoly height was 94. 12% . The optimized
data were verified in field tests, results showed that the straightness of monopoly direction was 2.4 cm,
the pass rate of cultivation was 95.7% , the injury rate was 1. 5% , the stability coefficient of monopoly
height was 94. 2% , and the height of cultivation was 7. 8 cm. The optimized large monopoly wide potato
cultivator was more reasonable, with good working effect, which had better longitudinal stability and
lateral stability than the pre-optimized large monopoly wide potato cultivator.
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Fig. 1  Overall structure diagram of large monopoly

wide potato cultivator
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Tab.1 Main technical parameters of large monopoly

wide potato cultivator
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Fig.2 Motion analysis diagram of cultivator on

horizontal plane
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Fig.3  Structure diagram of imitation monomer
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vertical plane
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Tab.2 Basic parameters of soil model simulation
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Tab.3 Contact model parameters of discrete

element particles
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Tab.4 Test factors and codes
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fitting curve
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Tab.5 Experimental scheme and results
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A X, X, Y, em  RELY,/%
1 1 1 1 3.24 94. 56
2 ! iy iy 3.57 89. 87
3 -1 ! iy 2.38 92.24
4 1 1 -1 2.45 87. 52
5 -1 -1 1 3.06 89.25
6 1 -1 1 3. 64 86.31
7 -1 1 1 3.08 87.35
8 I I 1 3.19 86. 31
9 —1.682 0 0 3.17 93. 68
10 1.682 0 0 3.68 85.19
1 0 -1.682 0 3.46 91.03
12 0 162 0 2.41 88. 65
13 0 0 -1.682  2.68 91.78
14 0 0 1.682 3.52 86. 15
15 0 0 0 2.78 94. 96
16 0 0 0 2.97 95. 12
17 0 0 0 2.73 94.17
18 0 0 0 2.85 94. 68
19 0 0 0 2.67 94. 54
20 0 0 0 2.83 93.47
21 0 0 0 2.65 94. 82
2 0 0 0 2.71 93.35
23 0 0 0 2.82 94. 19
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Tab.6 Analysis of variance
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K SR A th B 197 F P SEJT R A B Y7 F P
<0.0001"/  255.80/ 28.42/ 59.33/  <0.0001"/
i 4 3.32/3.29  9/7  0.37/0.47 33.49/40. 85 /1
<0.0001 ™ 254. 41 36.34 71.51 <0.0001**
0.0002 " / 117.01/  <0.0001 " /
X, 0.28/0.28  1/1  0.28/0.28 25.23/24.15 56.06/56.06 1/1  56.06/56.06
0.0002 110. 29 <0.000 1"
116.00/  <0.0001* / 0.0012" /
% 1.28/1.28  1/1  1.28/1.28 8.18/8.18  1/1  8.18/8.18 17.09/16. 10
111.01 <0.0001* 0.001 1**
<0.000 1" / 91.29/  <0.0001%/
s 0.55/0.55  1/1  0.55/0.55 50.04/47.89 43.73/43.73  1/1  43.73/43.73
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0.0287"/
X%, 0.067/0.067 1/1  0.067/0.067 6.05/5.79 0. 44 1 0. 44 0.91 0.356 9
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X%, %5 0.011 1 0.011 0. 95 0.346 3 3.69/3.69  1/1  3.69/3.69 7.69/7.25
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