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Design and Experiment of Self-propelled Potato Collecting
and Bagging Machine
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Abstract. A self-propelled potato collecting and bagging machine was designed to address the issues of
high labor intensity, low efficiency, and high cost in manual picking during potato segmented harvesting.
The self-propelled potato collecting and bagging machine can complete the tasks of potato picking, potato
soil separation, seedling removal, and bagging in one go. Elaborating on the overall structure of the self-
propelled potato collecting and bagging machine, a detailed design of key components such as the picking
device, lifting chain device, thrid conveyor chain device, sorting table, and unloading device was
provided ; the DEM —MBD coupling method was used to analyze the movement process and force situation
of potatoes at the intersection of two conveying chains; the Box — Behnken test method was used to carry
out four factors and three levels experimental research on the working parameters of the machine, with the
potato leakage rate and the potato damage rate as the evaluation indicators, and the forward speed of the
machine, the linear speed of the picking device conveyor chain, the lifting chain, and the third conveyor
chain as the test factors. The quadratic polynomial regression model was established by using Design-
Expert software. After optimizing the regression model, response surfaces were drawn and the optimal
operating parameters of the machine were obtained. Finally, field experiments showed that when the
forward speed of the machine was 0.70 m/s, the conveying chain speed of the picking device was
1. 10 m/s, the lifting chain speed was 1. 20 m/s, and the third conveying chain speed was 1. 30 m/s, the
potato leakage rate was 2. 82% and the potato damage rate was 3. 61% , which met the requirements of
potato collecting operations.
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Fig.1 Overall structure diagram of self-propelled

potato collecting and bagging machine
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Tab.1 Main parameters of self-propelled potato
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collecting and bagging machine
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Fig.2 Schematic of picking device structure
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Fig.3 Schematic of shaking wheel movement
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Fig.5 Stress analysis diagram of seedlings
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Fig.9 Schematic of sorting table and unloading device structure
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Fig. 10  Discrete element particle models of potatoes
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Tab.2 Basic parameters for simulation

EDEM simulation result
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Tab.3 Interaction parameters for simulation
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Fig. 14  Simulation effects of potato stress
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Tab.4 Orthogonal experimental coding of

factors m/s
H %
i 1% BOLETHE AR AR SRR =ik
-1 0.50 1.10 1.20 1.30
0 0. 60 1.15 1.25 1.35
1 0.70 1.20 1.30 1.40

x5 HBETEER

Tab.5 Experimental design and results

o Hx Y\/%  Y,/%
XI XZ X3 XA

1 1 0 -1 0 311 3.54
2 0 0 -1 1 3.31  3.65
3 0 -1 1 0 3.05 478
4 0 0 0 0 3.40  3.92
5 0 0 -1 -1 .25 3.52
6 0 1 -1 0 3.49  3.49
7 0 1 0 1 3.55  3.70
8 1 -1 0 0 2.96  4.11
9 -1 0 1 0 3.53  4.57
10 1 0 0 1 3.07  3.94
11 1 0 0 313 3.59
12 0 -1 -1 0 315 3.49
13 0 0 1 -1 330 4.17
14 1 0 0 -1 2.99 3.7
15 -1 0 0 -1 378 3.72
16 0 0 0 3.35  3.87
17 -1 0 1 310 4.39
18 -1 0 -1 3.01  4.01
19 -1 0 -1 0 3.85 3.6l
20 -1 1 0 0 3.96  3.65
21 0 0 0 0 3.28  3.82
22 0 0 0 0 323 3.81
23 0 0 0 0 322 3.78
24 -1 0 0 1 3.66  3.98
25 0 1 1 0 3.44  4.06
26 1 0 1 0 3.03  4.53
27 0 0 1 1 3.37  4.62
28 0 1 0 -1 3.6 3.56
29 -1 -1 0 0 3.45  4.24
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Tab.6 Variance analysis of regression equations

. Iy, R Y,

R i i F P A 1 i 1 F P
(% 1.91 14 22.99 <0.000 1" 3.72 14 40.27 <0.000 1"
X, 1.29 1 217. 69 <0.0001* 0.011 1 1. 64 0.2216
X, 0.50 1 84.17 <0.0001* 0.74 1 111.39 <0.0001*
X, 0.016 1 2.71 0.1217 2.46 1 372.32 <0.0001*
X, 1.408 x 10 3 1 0.24 0.6339 0.21 1 32.33 <0.0001*
X, X, 0. 029 1 4.86 0.0447" 1.225 x10 73 1 0.19 0.673 1
X, X, 0.014 1 2.42 0.1419 2.250 x10 4 1 0. 034 0. 856 2
XX, 0.010 1 1.68 0.2155 1.000 x 10 ~* 1 0.015 0.903 8
X, Xy 6.250 x 10 ~* 1 0.11 0.7505 0.13 1 19. 64 0. 000 6 **
X, X, 4.900 x 10 73 1 0. 82 0.3792 0.014 1 2.18 0.1618
X, X, 2.500 x 10 ~° 1 4.207 x10 73 0.9492 0. 026 1 3.88 0.069 0
X2 0.039 1 6.61 0.0222° 7.946 x10 73 1 1.20 0.2910
X3 5.450 x 10 ~° 1 9.172 x10 74 0.976 3 2.929 x10 73 1 0. 44 0.516 1
x; 3.045 x10 77 1 5.124x10 73 0.9439 0.13 1 19. 61 0. 000 6 **
X; 8.703 x 10 4 1 0.15 0.707 7 3.649 x 10 4 1 0.055 0.8175
i 0. 083 14 0. 092 14
AU 0-059 10 0.98 0.5578 0-080 10 2.63 0.1822
PR 0.024 4 0.012 4
SR 2.00 28 3.81 28
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Impact of forward velocity and pickup conveyor
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Fig. 16

chain linear speed on rate of potato leakage rate
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Fig. 17 Impact of pickup conveyor chain linear velocity

and lifting chain linear velocity on rate of potato damage
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Tab.7 Comparison between measured and

theoretical values %
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