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Test Bench Study on Harvesting Characteristics of Sweet Potato Vines
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Abstract. Sweet potato vines grow lush, and crawl seriously, which are hard to be separated. Manual
cutting of vines was characterized by high labor intensity, high cost and low efficiency, which affected the
normal harvest operation. For the problems of transport device blockage, large power consumption and
difficulty of collecting operating parameters in the harvest process,the sweet potato vines harvesting test
bench was designed. The test bench consisted of feeding device, cutting table device and control system,
and the feeding velocity, the clipping velocity and the cutting velocity can be adjusted. Sweet potato
vines cleaning rate, cutting force, and cutting torque were the main indicators of evaluating the test
bench. The tests were grouped the response surface tests and the verifying tests. The testing factors were
the feeding velocity (ranging from 0.3 m/s to 0. 8 m/s) , the ratio of clipping velocity to feeding velocity
(ranging from 1.03 to 1.87) and the cutting velocity ( ranging from 0. 96 m/s to 1. 64 m/s) , and five
levels was set for each factor. The response surface testing scheme designed with the central composite
design ( CCD) method was a three-factor five-level testing scheme. The mathematical model of the
response surface was established, and the influence of each factor on the bench operation performance
was analyzed and optimized. The result showed that when the feeding velocity was small, the ratio of
clipping velocity to feeding velocity was high and there was a moderate cutting velocity. As such, the
overall impact trend of the vines cleaning rate was high. When the cutting velocity was high, the cutting
force and the cutting torque was small. The feeding velocity and the ratio of clipping velocity to feeding
velocity had no significant impact on the cutting force and the cutting torque. The experiment results also
showed that the order of the factors affecting of the vines cleaning rate was ratio of clipping velocity,

feeding velocity, and cutting velocity. The order of the main factors affecting of the cutting force and the
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cutting torque was cutting velocity, ratio of clipping velocity, and feeding velocity. It was concluded that

the optimal combination of the working parameters of the bench was as follows: 0. 55 m/s for the feeding

velocity, 1.48 for the ratio of clipping velocity to feeding velocity, 1. 50 m/s for the cutting velocity,
91.0% for the cleaning rate, 152. 89 N for the cutting force, 5.87 N+ m for the cutting torque. By

comparing the mathematical model and the experimental result, the error was less than 5% , which meant

that the model established was reliable and could be used for optimization.

Key words: sweet potato vines; harvesting characteristics; test bench
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Fig. 1  Structure diagram of sweet potato vine harvest
test bench
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Fig.2 Schematic of sweet potato vine harvest test bench
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Fig.3  Structure diagram of feeding device
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Fig.5 Structure diagram of clipping chain assembly
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Fig.7 Block diagram of electronic control system
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Tab.1 Main performance parameters of test

bench motor
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Tab.2 Factors codes of test

- M 3 e F Ay 3% W 1L I
X,/(m-s™ 1) X, X;/(mes™ 1)
-1.68 0.30 1.03 0.96
-1 0. 40 1.20 1.10
0 0.55 1.45 1.30
1 0.70 1.70 1.50
1.68 0. 80 1.87 1. 64
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Tab.3 Experiment design and results

LN S5 L

ZE Kb
LIeE i SR D)

Jre HMUE X,/ % HUE X,/ Y,/
Y,/%  Y,/N

(ms™) X (mes™!) (N-m)

1 0.70 1.70 1.50 71.5 155.1 6.01
2 0.55 1.45 0.96 90. 6 183.5 8.75
3 0.55 1.45 1.30 93.4 161.3 6.74
4 0. 40 1.20 1.10 71. 4 175.7 7.81
5 0. 40 1.20 1.50 70. 5 157.3 6. 15
6 0. 40 1.20 1.50 75.6 154.7 6.21
7 0.55 1.87 1.30 80. 1 162.8 6. 86
8 0.70 1.20 1.10 60. 8 174.5 7.65
9 0.55 1. 45 1. 64 91.5 150. 8 5.55
10 0. 40 1.70 1. 10 80.7 173.6 8.06
11 0.30 1.45 1.30 51.8 157.6 6.57
12 0.55 1.45 1.30 89.5 156.7 6.45
13 0.55 1.45 1.30 93.8 158.8 6. 39
14 0.70 1.20 1.30 63.7 155.4 5.89
15 0.55 1.45 1.50 94.6 160. 6 6. 68
16 0.55 1.03 1.30 76.5 162. 4 6.47
17 0. 80 1.45 1. 30 52.3 159.3 6.34
18 0.55 1.45 1.30 88.2 157.1 6.61
19 0.70 1.70 1.10 70. 6 172.8 7.98
20 0.55 1.45 1.30 89.1 160.7 6.38
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Tab.4 Variance analysis of regression equation

. i PIEP] CIEEiF:E)

H FHA Al F P EH A F P EH A F P
AL 0.34 9 27.01  <0.0001* 1399 1 40.29  <0.0001*  12.94 9 55.59  <0.0001*"
X, 6.93 x1073 1 4.97 0.049 8 0.03 1 7.80x107°  0.9314 0. 086 1 3.34 0.097 4
X, 0.011 1 7.61 0.0202* 2.66 1 0. 69 0.4257 0.15 1 5.68 0.0385"
X, 3.45x107° 1 2.48x107%  0.9613 1220.30 1 316.26  <0.0001*  11.67 1 451.01  <0.0001*
XX, 1.28x107* 1 0.092 0.768 0 0.91 1 0.24 0.6375 2.45x107° 1 0.095 0.764 6
XX, 1.20x1073 1 0.86 0.3751 0.031 1 8.10x107% 0.9301 6.05x10 > 1 0.23 0.6391
X, X;  4.81x107* 1 0.34 0.5700 0.10 1 0.026 0.8745 0.02 1 0.77 0.399 8
X; 0.3 1 213.71  <0.0001* 0.3 1 0.078 0.7862 1.95x10°? 1 0.075 0.789 4
X2 0. 037 1 26.83  0.0004™ 37.42 1 9.70 0.011~ 0.11 1 4.11 0.0702
X3 4.93x107* 1 0.35 0.5650 149. 43 1 38.73  <0.0001™  0.95 1 36.90  <0.0001™
i 0.014 10 38.59 10 0.26 10
i 0.01 5 2.56 0.1627 19.15 5 0.98 0. 506 5 0. 14 5 1.14 0.443 4
R 3.91x107° 5 19. 44 5 0.12 5
SR 0.35 19 1437.59 19 13.20 19

T R R (0. 01 <P <0.05) , s R (P <0.01),

5.4.3  F X HARE W L& o B

2 RN H b R R R AT G BTk R K Ok 1R
B TR A AN 5 TR 4% DR 3 X 0
TR MR EN /N - X, X, X 5 4% U0 7 STk
ARMREN/N Ny Xy Xy X5 4% R Z DT FIHH A BTk
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Tab.5 Analysis on contribution rate of each factor

kR K,
ER7NEE ; s -
MEAEEE X, JedRREE L X, WIHIEE X,
R Y, 1.79 1.83 0
g1 v, 0 0.90 1.97
CIEEiF 0.70 1.58 1.97
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PSS PSR IA L DN PN E R -2 0 |
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s 1b (e BT, 75 [] — MR A 8 A0 S 55 i 3%
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5 g 7 PR v 25 AT 38 08 WA v 3 52 Wi ) 78 A LA — B
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Response surface plots of performance index with respect to experiment factors
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