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Design Optimization and Experiment of Spring-tooth Drum Type
Picking Device for Vegetable Soybean Harvester

LIU Zhiyuan'® JIN Chenggian' YUAN Wensheng' FENG Yugang' YUAN Jianming’
(1. Nanjing Institute of Agricultural Mechanization, Ministry of Agriculture and Rural Affairs, Nanjing 210014, China
2. School of Transportation and Logistics Engineering, Wuhan University of Technology, Wuhan 430063, China)

Abstract; To solve the problems of high labor intensity, low efficiency of manual picking, and lack of
corresponding harvesting machinery and equipment for vegetable soybean harvesting, a spring-tooth drum
type vegetable soybean picking device was designed in combination with the physical characteristics of
vegetable soybean plants and the planting mode. The working principle of the spring-tooth drum picking
device was expounded, the parameter design and structure optimization of the key components of the
device were carried out, the kinematic of the pod was analyzed, and the factors affecting the operation
effect were determined. The range of key parameters was determined and narrowed by a single factor test.
Taking forward speed, drum rotation speed, and header height as test factors, and using drop rate,
hanging rate, and breakage rate as experimental indicators, a three-factor and five-level second
orthogonal rotation center combination test was carried out. The mathematical model between the
experimental factors and the experimental indicators was established and the influence of each factor on
the experimental indicators was analyzed. The model was optimized by particle swarm optimization, and
the predicted optimal parameter combination was as follows: forward speed was 0.43 m/s, drum rotation
speed was 245 r/min, header height was 4 ¢cm, and the corresponding predicted values of drop rate,
hanging rate, and breakage rate were 10.6% , 4.4% , and 5. 6% , respectively. The field verification
test was carried out on the optimal parameter combination, and the results showed that the drop rate of the
field test was 11. 8% , the hanging rate was 4. 0% , and the damage rate was 6. 1% . The relative errors

were no more than 10. 1% . The variance analysis showed that there was no significant difference between
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the actual value and the prediction of the evaluation index. The research results can provide a reference

for the further structural design and parameter optimization of the spring-tooth drum vegetable soybean

picking device.

Key words: vegetable soybeans; picking devices; spring-tooth drum; parameter optimization; response

surface test
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Fig.1 Measurement of plant physical properties
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Tab.1 Vegetable soybean plants physical characteristics

parameters
28 J{H/cm PRE2E/em AR SR/ %
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Fig.2 Structure diagram of picking mechanism of

spring-tooth drum vegetable soybean harvester
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Fig.3 Schematic of picking pods by spring-tooth
drum mechanism
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Fig.4 Drum construction and spring tooth arrangement
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Tab.4 Variance analysis of regression model
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R F p 5 F p 5 F P

FELAY 9 143. 38 39.23 <0.000 1" 34.47 16.52 <0.000 1" 80. 81 16. 07 <0.000 1"
X, 1 10. 03 24.7 0.0003 ™ 0.186 4 0.8039 0.3862 2.72 4.87 0.046 "
X, 1 68. 42 168. 47 <0.0001 " 22.32 96. 27 <0.0001 " 72. 65 130. 01 <0.0001 "
X 1 23.08 56. 83 <0.0001 " 7.05 30.39 0.000 1™ 0.1739 0.3111 0.5865
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X2 1 21.08 51.9 <0.000 1" 0. 066 0.284 7 0.6027 0.0326 0.0583 0.813
X3 1 14.03 34.54 <0.000 1" 1.02 4.41 0.0557 1.34 2.4 0.1452
X§ 1 0.000 1 0.000 3 0.986 7 0.2193 0.9459 0.3485 0.896 8 1.6 0.2275
5% 2% 7 5.28 3.01 7.26
E=Live 3 3.32 2.72 0.1005 1.65 1.95 0.192 4 1.96 0.1903

oo TR (p <0.01)
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Response surfaces for effect of factor interactions on drop rate
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