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Optimization design of orchard air-assisted sprayer and
mathematical model for spray height control
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Abstract: [Objective] The first generation orchard sprayer with manually adjustable spraying height
has shortcomings such as the air-assisted bellow rotation mechanism can not support an automatic control
system,the adjustment accuracy of the air-assisted bellow is low,the design of the transmission is not very
advisable,and the sprayer size is not small enough. In this study,an optimized orchard sprayer was devel-
oped.,and a mathematical model for spray height control was established to support new precision sprayer
design. [Method] The air-assisted bellow rotation mechanism, transmission mechanism, and pass ability

were improved. The relationship equations between the deposition height of spray orthocenter, the spray
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width and the bellow angle were obtained by spray deposition distribution tests and mathematical equations
fitting. [Result] Compared with the sprayer before optimization,the theoretical power consumption of the
new sprayer was reduced by 8%, the length was decreased by 32. 6% ,and the adjustment of the bellow’s
angle was more accurate. The test of the sprayer size influenced by bellows rotation showed that the size of
the sprayer would change when the bellows were rotated. The width of the sprayer was the biggest when
the bellows were rotated by the largest angle of 30°. The biggest width was 0. 95 m,less than the sprayer
wheel distance of 1. 0 m. The rotation angle of bellows almost had no effect on the height of the sprayer.
The experiment of spraying deposition of the sprayer showed that when the bellow angles were 0°,15° and
30°, the deposition centers were 1. 14,1. 55 and 2. 20 m.and 70. 7% deposition was located at the heights of
0.72—1.56,1.15—1.94,and 1. 71—2. 69 m,respectively. The fitting relationship equations between depo-
sition height of spray orthocenter and bellow angle, and between spray width and bellow angle were linear
with R? values of 0. 982 and 0. 996, respectively. [Conclusions) The optimized sprayer can support automat-
ic control of its spraying deposition. The equations can be used as for automatic control of bellows angle to
support orchard sprayer improvement,

Key word:air-assisted sprayer;rotatable bellows’ angle;spray height;control model;orchard
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Fig. 1 Photo of first generation prototype

air-assisted sprayer
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Table 1 Structural parameters of first generation prototype sprayer mm
£ Parameter ZHBUH Value ZH Parameter SRl Value
HLRSME R SF CR X5 X @) 12y e ;
Sprayer size(Length width height) 2 150X900X1 600 #1475 F Wheel width 100
# 1 Wheel base 1100 G 4% Wheel outer diameter 350
fe/NE HLE] B Min ground clearance 160
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A. Side view of back gearbox;B. Top view of transmission mechanism. 1. Front gear box;2. Belt transmission unit;3. Triplex plunger pump;

4. Main transmission shaft;5. Left centrifugal fan;6. Left bellow;7. Back gear box;8. Right centrifugal fan;9. Nozzle; 10. Right bellow
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Fig. 2 Transmission mechanism of the optimized air-assisted sprayer before optimization
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A. Side view;B. Top view. 1. Triplex plunger pump;2. Left centrifugal fan;3. Belt transmission unit;4. Left bellow;5. Gear box;

6. Right centrifugal fan;7. Nozzle; 8. Right bellow;9. Power input shaft
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Fig. 3 Transmission mechanism of the optimized air-assisted sprayer after optimization
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before and after optimization
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Table 2 Structural parameters of the sprayer

after optimization mm
ZH SR
Parameter Value

HLARSME R (R X 58 X )

Sprayer size(Length X width X 1 450X700X1 600

height)

e E Wheel base 1 000
F¢ /N L [E] Bt Min ground clearance 160
NG 98 Wheel width 120
M 4hE Wheel outer diameter 500
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Photo of the optimized air-assistant sprayer

Fig. 5
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Table 3 Air-assistant sprayer size alteration at

different bellow angles

Tie &% £/ () JAHH 20 98 B /m % % L i JE /m
Bellow angle Bellows width Sprayer height
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30 0.95 1.68
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Fig. 6 Vertical deposition distribution at different

bellow angles of air-assistant sprayer
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Fig. 7 Center and width of deposition at different bellow angles of air-assistant sprayer
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