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Design and experiment of pneumatic impurity removal device for
cluster harvester of wine grapes

LI Peiyong' ,PENG Huijie' , WANG Duo',LI Jiahao' ,MENG Hewei' ,ZHOU Duojin®"
(1 College of Mechanical and Electrical Engineering, Shihezi University, Shihezi, Xinjiang 832003, China;
2 Chateau Changyu Baron Balboa Co., Ltd. Xinjiang, Shihezi, Xinjiang 832099, China)

Abstract: To address high impurity levels in machine-harvested wine grape clusters, a pneumatic cleaning device was developed and
optimized. Dual-nozzle counter airflow improves fruit-leaf separation efficiency. A four-factor, three-level response surface design was
applied, testing main nozzle velocity, secondary nozzle velocity, feed rate, and nozzle angle, with impurity removal rate and loss rate
as evaluation criteria. Results showed the main factors affecting removal rate were main nozzle velocity>nozzle angle>feed rate>second-
ary nozzle velocity, while for loss rate the order was main nozzle velocity>secondary nozzle velocity>feed rate>nozzle angle. Optimiza-
tion for maximum removal and minimum loss yielded an optimal combination; main nozzle velocity 16.3 m+s™', secondary nozzle veloc-
ity 13.8 m-s™", feed rate 140 r-min™", and nozzle angle 8°. Predicted removal and loss rates were 90. 99% and 0. 67% , respectively,
with experimental results averaging 89.35% and 0. 71% ; The combination of the above parameters provides a technical basis for clean-
ing devices in wine grape and related crop processing.
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Structure diagram of impurity removal device
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Figure 2 Analysis of the force on fruit leaves

under the action of a single nozzle
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Figure 3 Force analysis of fruit leaves under the synergistic effect of main-auxiliary nozzle
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Table 3 Analysis of variance of the impurity removal rate regression model
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Figure 4 The effect of the interaction of various factors on the impurity removal rate
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Figure 5 The influence of main nozzle wind speed and

auxiliary nozzle wind speed on the loss rate
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