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Design and Experiment of Plant Protection Opener Suspender
Combination Device Based on Sturgeon Head Curve

SUN Wenfeng' LIU Haiyang' FU Tianpeng' HE Yue' WANG Runtao° WANG Fulin'
(1. College of Engineering, Northeast Agricultural University, Harbin 150030, China
2. School of Information Engineering, Lingnan Normal University, Zhanjiang 524048 , China)

Abstract: Aiming at the problem of poor droplet deposition on the back of the stems and leaves and the
middle and lower parts of the plants during plant protection operations in the middle and late stages of
crop growth ,the sturgeon head curve was used as a bionic prototype to design and test a plant protection
bionic cropping and hanging rod combined pesticide application device. Based on the bionic construction
to extract the head contour curve of the sturgeon, realize the bionics of the opener blade, analyze the
damage reduction mechanism of the stem and leaf, and establish the mathematical model of the stem
bending and rebound through theoretical analysis to determine the width of the opener blade and the
distance between the nozzles. Key structural parameters such as the distance from the tail end of the
opener blade were obtained. The ADAMS simulation software was used to simulate the whole process of
the contact between the opener blade and the stems,and the effect of the bionic opener blade on reducing
drag and injury compared with the prototype blades was tested. Through orthogonal rotating combination
experiments, the influence degree and law of structure and working parameters on traveling resistance and
droplet deposition degree were discussed,and the mathematical regression model was optimized by using
ant colony algorithm to obtain the Pareto optimal solution set and determine the best parameter
combination, which was as follows: the traveling speed was 7. 0 km/h, the inclination angle was 16°, and
the height was 155 mm from the ground. Under these parameter combination,the traveling resistance was
38.7 N, and the average droplet deposition degree was 31.5/cm’. The results were verified by field

performance experiments,and the error between experiments and optimization was small ; compared with
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the traditional method of pesticide application, the bionic plant protection opener and suspender

combination device can significantly improve the deposition of fog droplets in the middle and lower parts

of the plant, with a coefficient of variation of 5.3% ; compared with the existing prototype the bionic

opener device can increase the degree of droplet deposition by 13. 6% ,reduce the forward resistance by

20. 7% ,and had a smaller error between the trend of the movement resistance and the simulation result.

This research provided design reference for the development of high-efficiency pesticide application

technology for stems and leaves.

Key words: plant protection machinery; bionic; opener; experiment; droplet deposition
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Fig. 13 Velocity of contact point between opener and stem
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Tab.2 Coding of experiment factors
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4.3 RKEERRFTE

A BEBE 36 A HERL ) 3R e B, i T T2
FAE I A R R R AL s D iR iR 2
O BORE DX B O 10 m, DX A] B A 45 5 m

P b o B 45 RAEHE T LabView BT JF 4 19 b A7 L 1

o U =
(d) PrLEay ARy

AP B PR R 75 R AL

(OF e i (34

T APE LI R I ORATAE Excel B8 P 3HRLEY
TrRAE RSS2SR o 55 T DURR B 2 A e e PR A ol B8R 114
HEAR AR, TR BORE XS N BEHL B B S R AR PR A
O BURE i RELRR A9 b rfr T A ) 2R I T S T A%
BEE 4 DR BARCR FE AT, HL A B Ty U 1S
R

B 15 KA S B E

Water sensitive paper layout diagrams

Fig. 15

HFTT 45 2 45 K SBR[ R A 5 4% 28 W 1 B XE T
LS o By kK AR R L 2 R kR 0, S i
URa B S IR S N (AR PRV L S+ Ea T
(] S 06 =8 AT 0 A, 15 A S O T K 55 i DO R K
R TR bR B A BORE DI A S AN JBORE K AR
Z5 T UURBUECH G I IO P 5 (R A DR i O [X 3808
HARIEAT M BT OL AN 16 s
4.4 HBEEREHN

I AR 3 Pros (X, X, X, O R34 i
8) , I Design-Expert X} 25 5 #4748 11 0 #r , i 1
BHEE N E T T v, TR v, B9 815
BEIEY 255 e 17 | TR 3% 0 B 2% PR 3R Il ) 58 LA JH X
BRI FE AR BRI, I AR 52 B i SR 4% 2 84l & it

|

(1) MRl 5K

B 16 H AP RE A

Fig. 16  Field performance experiment



x3 HRBRARSER

Tab.3 Experiment scheme and results

e HZ frieBil s FIUIBUE
A2 X, X, X, »/N yo/ (A rem ™)
1 -1 -1 -1 45.5 31.3
2 1 -1 -1 49.5 32.5
3 -1 1 -1 43.6 31.2
4 1 1 -1 46.8 32.1
5 -1 -1 1 37.5 24.3
6 1 -1 1 40.5 24.7
7 -1 1 1 35.5 26.1
8 1 1 1 38.5 28.5
9 -1.682 0 0 38.5 27.5
10 1.682 0 0 48.2 31.2
11 0 -1.682 0 44.3 28.1
12 0 1.682 0 40.5 30.8
13 0 0 -1.682 53.2 35.2
14 0 0 1.682 37.4 26.5
15 0 0 0 44.2 32.5
16 0 0 0 43.6 33.2
17 0 0 0 42.6 30.6
18 0 0 0 42.8 31.2
19 0 0 0 41.5 31.5
20 0 0 0 44.4 32.6
21 0 0 0 42.6 30.8
22 0 0 0 42.7 32.4
23 0 0 0 45.2 32.4
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y, =43.38 +2.16X, — 1. 1X, -4.39X, —0. 63X>
(28)
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Tab.4 Variance analysis
— —
fz; ;;j TR EbE B F P
iRl 354.14 9 39.35  21.23  <0.0001
X, 63.78 1 63.78  34.42  <0.000 1
X, 16. 46 1 16.46  8.88  0.0106
X, 263.36 1 263.36 142.12 <0.000 1
X, X, 0.08 1 0.08 0.043  0.8386
X, X, 0.18 1 0.18  0.097  0.7602
TTHEBL A X, X5 0.045 1 0.045 0.024 0.8786
X2 1.39 1 1.39  0.75  0.4016
X2 6.35 1 6.35 3.42  0.087 1
X2 2.46 1 2.46 1.33  0.2702
2% 24.09 13 1.85
FHl 13.54 5 2.71 2.05 0.1745
4% 10.55 8 1.32
MR 378.23 22
Al 169.01 9 18.78  21.68 <0.0001
X, 9.06 1 9.06 10.46  0.0065
X, 6.81 1 6. 81 7.86  0.0149
X, 106.47 1 106.47 122.94 <0.000 1
X, X, 0.36 1 0.36  0.42  0.5296
X, X5  0.061 1 0.061 0.071  0.7945
FWMUE XX, 4.65 1 4.65 5.37  0.0374
JiE X2 19.12 1 19.12  22.07  0.0004
X2 17.9 1 17.9  20.67  0.0005
X2 5.1 1 5.1 5.89  0.0305
¥ 11.26 13 0. 87
Sl 467 5 0.93 1.13  0.4154

it 6.59 8 0.82
MA O 180.27 22
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Fig. 17 Response surfaces of factor interactions
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Tab.5 Verification test results
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Fig. 19 Comparison of test results with traditional application
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Fig.20 Water sensitive paper discoloration after test
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