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Design and Experiment of Low-loss Fish-scale Fruit Collection
Device for Wine Grape Harvesting

Ma Shuai Zhou Huineng Huang Zhendong Guo Zhaoyang Ma Junlong Shen Congcong
Wu Chunlin  Xu Liming
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract: Aiming at the problems of high fruit loss rate and severe berry damage during mechanized wine
grape harvesting, a low-loss fish-scale fruit-catching and conveying device was designed. A dynamic
simulation model of the fruit collection device was established to analyze its motion characteristics. Based
on structural optimization and single-factor experiments, an orthogonal experiment with four factors and
three levels was conducted with fruit loss area as the evaluation index. The results showed that the
minimum fruit loss area was 1 036 mm” when the spring stiffness coefficient, overlap width of opposite
fruit-catching plates, and spacing of unilateral fruit-catching plate arrays were 0.7 N/mm, 45 mm, and
100 mm, respectively. A RecurDyn — EDEM coupled simulation model was established to perform
simulated fruit collection tests for different grape varieties, and the feasibility of the device was verified.
A prototype was developed, and the berry distribution ratio ¢ in the risk fruit-loss region was less than
15% based on berry falling-point distribution tests. The results of fruit collection tests showed that the
average fruit loss rate of the device was less than 4% for different grape varieties, with the maximum
value of 5.81% for ‘Baiyuni’ and the minimum value of 3. 19% for ‘ Xiongyuebai’. The fruit loss rate
was negatively correlated with berry diameter, and increased with the aggravation of berry damage. The
maximum absolute error between simulation and experimental results was 4.16% , indicating that the
model had good accuracy. The research result can provide a theoretical basis and technical support for
mechanized wine grape harvesting.
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Fig. 1  Overall structure of wine grape harvester
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Fig.2  Structure diagram of fruit-gathering device
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Tab.1 Main parameters of fruit-gathering device
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Fig.3  Geometry of fruit-gathering board shape
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Fig.4 Different stages of contact between grape

vine and fruit-gathering board
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Fig.5 Schematics of fruit leakage area
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Fig.6 Virtual prototype model of fruit-gathering device
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Fig.8 Simulation curves of influence of various factors on leaking fruit area
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Tab.3 Test factors and levels

K¥ A/(Nemm™') B/mm C/mm D
1 0.7 40 100 1
2 0.8 45 105 2
3 0.9 50 110 3
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Tab.4 Test plan and results
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Tab.5 Results of variance analysis
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Fig.9 Appearance of different wine grape varieties
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Tab.6 Fruit diameter of different wine grape varieties
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Tab.7 Basic parameters of simulation model
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Fig. 10 Fruit-gathering simulation model
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Tab.8 Coupled fruit-gathering simulation results
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