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Parameter Optimization and Experiment of Picking Device of
Self-propelled Potato Collecting Machine

WANG Xin'?  YANG Deqiu'? LIU Mengmeng'> LI Yang'? CHEN Xinyu'® CHENG Ziwen'"
(1. Chinese Academy of Agriculiural Mechanization Sciences Group Co. , Lid. , Beijing 100083, China
2. National Key Laboratory of Agricultural Equipment Technology, Beijing 100083, China)

Abstract; In order to solve the problems of high labor intensity, low efficiency, and high cost of manual
picking after segmented harvesting of potatoes, a self-propelled potato picking device was designed. The
picking device with a double layer reverse chain clamping and conveying function was designed to address
the issue of soil accumulation in the feeding part of the picking device, which caused poor potato
conveying and affected the overall operation efficiency. To determine the optimal operating parameters of
the picking device, a Box — Benhnken test method was used based on the coupling simulation of discrete
element software EDEM and multi body dynamics software RecurDyn. The potato flow rate and potato
damage rate were used as experimental indicators, and the forward speed of the picking device, the depth
of the picking shovel into the soil, the conveying chain speed of the picking device, and the reverse
clamping chain speed were used as experimental factors. A four factor and three level experimental was
conducted on the working parameters of the device, Design-Expert software was used to establish a
quadratic polynomial regression model. After optimizing the regression model, a response surface curve
was drawn to determine the optimal operating parameters of the device. Field experiments showed that
when the forward speed of the picking device was 0. 70 m/s, the depth of the picking shovel into the soil
was 120 mm, the conveying chain speed of the picking device was 1. 20 m/s, and the reverse chain speed
was 1. 20 m/s, the potato flow rate was 5. 94 kg/s, and the potato damage rate was 2. 10% . Compared
with the simulated theoretical values, the errors were 3.30% and 4.48% , respectively. The research
result can provide reference for the design of potato picking devices.
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Fig. 1 Overall structure of self-propelled potato
collecting machine
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Fig.2 Picking device structure diagram
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Tab.1 Structural parameters of picking device
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Fig.3 Comparison diagrams of digging and picking
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Fig.4 Structural diagram of reverse chain device
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Fig.5 Force analysis of tuber in relative static state and

moving state
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Fig.6 Discrete element particle model
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Tab.2 Mass distribution setting of potatoes
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Fig.7 Discrete element model of soil ridge and potato

distribution
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Tab.4 Interaction parameters
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14 0.17 0. 40 0.30
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+-% 0.53 0.45 0.01
+—AR AR 0.10 0. 60 0.50
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Tab.5 Coding of factors
S

A E fioxickin Roin ke Ein AR

B e AL RHEEE U x/

%, /(mes™ 1) x,/mm xy/(mes™") (m-s™")
-1 0.50 80 1. 10 1. 20
0 0. 60 100 1. 15 1.25
1 0.70 120 1.20 1.30
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Tab.6 Experiment results

o % Y Sineiy E =
s X, X, X, X, YV /(kgesTl) Y%
1 -1 -1 0 0 4.39 3.47
2 1 -1 0 0 5.91 3.73
3 -1 1 0 0 4.07 2.27
4 1 1 0 0 5.57 2.33
5 0 0 -1 -1 4.83 2.30
6 0 0 -1 5.14 2.50
7 0 0 -1 1 4.92 2.83
8 0 0 1 1 5.18 3.57
9 -1 0 0 -1 4.21 2.40
10 1 0 0 -1 5.61 2.43
11 -1 0 0 1 4.35 3.03
12 1 0 0 1 5.73 3.33
13 0 -1 -1 0 4.99 2.87
14 0 1 -1 0 4.75 2.23
15 0 -1 1 0 5.22 3.87
16 0 1 1 0 5.12 2.43
17 -1 0 -1 0 3.96 2.53
18 0 -1 0 5.50 2.70
19 -1 0 1 0 4.43 2.77
20 1 0 1 0 6. 00 2.93
21 0 -1 0 -1 5.10 3.20
22 0 0 -1 4.79 2.20
23 0 -1 0 1 5.16 3.90
24 0 1 0 1 5.07 2.47
25 0 0 0 0 5.01 2.57
26 0 0 0 0 5.01 2.57
27 0 0 0 0 5.02 2. 60
28 0 0 0 0 5.04 2. 60
29 0 0 0 0 5.05 2.67
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Tab.7 Variance analysis of regression equations
DR Y, iy,

R -5 F A i B F P -5 Fil H B F P
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X, 6.62 1 1522.22 <0.0001 " 0.08 1 6. 18 0.0261"
X, 0.16 1 37.58 <0.0001 " 4.21 1 325.53 <0.000 1"
X3 0.38 1 87.81 <0.000 1" 0.57 1 43.87 <0.000 1"
X, 0. 044 1 10. 22 0.006 5 1.40 1 108. 25 <0.0001 "
X X, 1.000 x 10 ~* 1 0.023 0.8816 1.000 x 10 -2 1 0.77 0.3942
X1 X; 2.250 x 10 * 1 0.052 0.8233 2.500 x 10 ~? 1 1.932 x107? 0.965 6
XX, 1.000 x 10 ~* 1 0.023 0.8816 0.018 1 1.41 0.2551
X, X5 4.900 x 10 3 1 1.13 0.3063 0.16 1 12. 36 0.003 4 **
X, X, 0.012 1 2.78 0.1174 0. 046 1 3.57 0.079 6
X3 X, 6.250 x 10 ~* 1 0.14 0.7102 0.073 1 5.63 0.0325"
Xf 0.014 1 3.26 0.092 4 0. 057 1 4.39 0.0548
X§ 1.314 x10°* 1 0. 030 0.864 5 0.33 1 25.34 0.0002 ™
X§ 4.151 x10°* 1 0. 096 0.761 8 0.013 1 1.01 0.3325
Xf, 1.986 x 10 ~° 1 4.571 x10 73 0.947 1 0. 099 1 7. 66 0.0151"
R 0.061 14 0.18 14
2 L3 0. 060 10 0.17 10
Rz 1.320 x10 73 4 6.680 x 10 * 4
B 7.30 28 7.13 28
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Mg
Impact of pickup shovel depth into soil and linear

speed of conveyor chain on rate of potato damage rate
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Fig. 14 Impact of linear speed of reverse chain and

conveyor chain on rate of potato damage rate
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