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Design and experiment of automatic spraying device
in the tea garden of hilly and mountainous areas
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PANG Youlun®,LIN Tong',CHEN Yu',LUO Shugiang'

(1. College of Engineering and Technology ,Southwest University ,Chongqing 400715, China
2. Chongqing Academy of Agricultural Sciences, Chongging 401329, China)

Abstract; The purpose of this study was to design an automatic spraying device for tea garden in hilly and
mountainous areas to solve the problems of low automation, serious waste of liquid medicine and inaccessibility of
large and medium-sized devices. Based on the actual conditions of tea gardens, the structural design and theoretical
analysis of the main parts of the automatic spraying device were carried out. The device adopted a spraying mode of
horizontal line and 45° angle direction, combing with the ultrasonic ranging module to automatically target to a-
chieve positioning between the nozzle and the surface layer of the tea crown. The length of the spray bar was calcu-
lated to be 1.1 m, and three nozzles were on one side of the spray bar, with a nozzle spacing of 0.5 m. The spraying
control system took STC89C52 as the microcontroller and used C language programming to realize the automatic ad-
justment of the spraying distance of the spray rod, as well as the control of the motor and solenoid valve. Taking
canopy gradient, spray height and walking speed as experimental factors, the droplet deposition density was used as
the performance index to conduct orthogonal experiments. The results showed that the canopy gradient had a ex-
tremely significant effect on droplet deposition density (P<0.001) , but spray height and walking speed had no sig-
nificant effect on it( P>0.05). The effect on droplet deposition density was from big to small in order of canopy gra-
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dients. The average droplet deposition density at each point of different canopy gradients was greater than 26 -

em™” | meeting the requirements of spray size definition of 20 « ¢cm™.

-2

Keywords: tea garden; automatic spraying device; droplet deposition density; hilly and mountainous areas
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1. Support frame ;2. Liquid medicine tank ;3. Handrail ;4. Pipeline;

5. Spray bar;6. Ultrasonic ranging module;7. Screw rails;8. Slider;

9. Spray nozzle;10. Stepper motor;11. Engine;12. Walking wheel
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Fig.1 Structure diagram of automatic

spraying device in tea garden
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Table 1 Main parameters of the spraying device
ZH SR

Parameter Value
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R B w P & 3L

Zongshen NH130 2.2kW gasoline engine
24V EFHih 24V battery

Dynamic system

(EOES BMEEH 12
Drive system Total gear ratio 12
BIrEa

1330 mmx385 mmx750~950
Mobile platform mm mm mm
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(a)7K ~F- 1§ 2 #% 3 Horizontal spraying
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Fig.2 Spray rod spraying mode

P ) 2 T R 2 el 2 2B 58 R S IE A Ol L=
1 200 mm, A LA SCHIAF K FER A 1 100 mm,
(NY/T 650~2013 MEZHLIELF&E) "2 ME IR A =
5% 25 HLME YR & 8 /N T 450 L - hm ™ AR SCE BB
i3k VP110-02, %Mk 7E 3 2.78 m « s~ I 1H L
THE R 96 L - hm ™2, W 2 K 25 1 W5 25 4L

M Sk 2 2 i il JE LY RS I
kff <2(f-=x) < kf'
1
verore(boder O
f= hcot(a - '[23) (2)
[ = h(tan[g +ta - 90°j - tan([; ta-y - 90°J)
(3)

[ = h(tan[g +a- 90°j + cot[a - g]j (4)

Kk, WE/NES REGE, HERKEZRE v N
PIESk Z B EE B m L N A B Y8 B myf Sk &
8 AT MR 58, ms 7 R SRR m /7 Sy BRBE Sk
TR , m s h WSk 5602 T AT EE 25, m; a WSk 50K
IS, 058 AW AR E W% L0y HEFERR
PR 2% £,

PR RIS 0, B TR BTk VP110-02 1 k,
M 10% ,k,H 20% ,y H 5°~10°, % JEAR A W%
IS5 5S35 i S | 5 25 /5 BE B 0.3
~0.5 m! P I R AR 2 2 T R X
230 L=1.2 m, FHIEmEL VP110-02 MkREmi % M
B4 110°,45° FmE i s Sk 5 K P T U o
Jg45°, ¥ L=1.2 m,h=0.3 m,y=5°,a=45°,8=
110°HF A FIR A 049 m<x<0.52 m, Bl x =
0.5 m, EDFMESLEFE R 0.5 mo WGk =22 18] i #E 55
}90.5 m, AR A 3wk | R R

BEKRF1.1m,

AT N AR AN [ A K s U 7 1 3, AR S
B LA 05 AT 21 B T B8 Sh AT, vl 76 3 E
] B sl ok 3 A [R) 5 BE A, AT RS Sl mEAT =
B 2 B,

1.3 EHNBESEEHRSHHTE

A SCHYZE R B 2t 24 20 8 R LA T 45 B AL
Mt 25 AR, A5 e A LG AK el o] SE BBk AR R L itE
B 4 BRECRIWE S D)RE  AE LR TIRE AR T
VETHFER) B ST oK, S5 A A5 el 4 B ALt
PR P Th 3 1.83 kW, Fr itk & shdloh %
N KT RTHFEDR, A m 2 HA T REVE L Ay T %
THAE, PRI AR SOk FH i By f 8 DLt hr AL i e A PR
INFH NHI130 BUR sl , BARSHn 3 ik,

1.4 MEZAERRGMHRESE

ARSI B T WSk VP110-02 Y K& i
0.4 L« min™' HAEHHEF KT 0.3 MPa, B2 %6 &
WA 6 Amk, B AIE MR EA/NT 24 L -
min~' A EEHER R ST AR T 0.3 MPa, L # 18 {5
FEJIAMET 0.3 MPa,

AR AR AL T F Y A5 B4 5 24
FEL I RY YN W

30L

=50, (3)

K, Q A B S, L - min™' 50 AL F 1R

B km - h™'; BBk VP110-02 7€ v=8 km - h™'

THIHE AR 0=0.4 L - min™"; R AT AW 2210

FRESZ2R 20 m, B W2 & A I 9 A 100 >

S TE], ) TAE 100 A~ B 8478 L=4 000 m, B2
FEMAMEBUN A=43 L,

Shrih A I 2 A A R T BRI e i AR 4
B 24V FH DHE-7501 H A Eh % M2 K |
43 L 2458 .CIV23-CI12A1 HLRE I B B TEmE Sk VP110-
02 4%, WiZhIlis R G R EHARSEUNE 4 PR,




XBINBAT : b A bel A Shi25%e B 51 271

K2 AUBIHEFZIBESH

Table 2 Parameters of various components of movable spray bar

AR = JRF/mm
Title Model Dimension/mm
itk L 57 AL s
Stepper motor 57 stepper motor
YL Screw rails 700
55 AT Spray bar 1100

&3 NHI30 H#MNSH
Table 3 NH130 gasoline engine parameters

R (Kodid)  REsR bt i
%15 Dimension (lengthx Rated Rated JHBh=R ""F 17<

Model widthX height) power speed  Start-up tue

/mm /KW /(r - min™") pe

Fhigg
333x241 PR =E) IR
3 .

NHI30 %330 22 3600 Recoil start Gasoline

of hand rope
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Table 4 Main technical parameters of spraying circuit system
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LB AL
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ERA
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I iSEoso24/HL 24V
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Nozzle
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o JE A 1( 425 mm)

High pressure pipe 1

RS (Inner diameter is 5 mm) SR AL

Electric pump

e JE 2N 4£8.5 mm)
High pressure pipe 2 — —
(Inner diameter is 8.5 mm) < L Sk %

Solenoid valve

Three hole nozzle
connector
Wt S

Nozzle = L Sk B B (A 62,5 mm)
Three hole nozzle connector pipe
(Inner diameter is 2.5 mm)
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Fig.3 Diagram of pipeline connection
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Table 5 Factors and levels table
K% Factor
AT A B ¢
Level P A77E TEEBEE
5555 155 i .
Sorav heiaht/ Walking speed Canopy
pray height/cm /(m - g1 ) gradient
1 30 1 I+ Upper
2 40 2 #1 Middle
3 50 3 & Lower
Fo EXRBAR
Table 6  Orthogonal test schemes
455 No. A+ 1 Factor 1 H-F 2 Factor 2 A+ 3 Factor 3
1 1 1 1
2 1 2 3
3 1 3 2
4 2 1 3
5 2 2 2
6 2 3 1
7 3 1 2
8 3 2 1
9 3 3 3
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Fig.4 Hardware circuit of main control system
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Fig.5 Field test
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Fig.6  5—point sampling distribution of tea tree canopy
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Fig.7 Gradient distribution of tea canopy
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Water sensitive paper after upper
layer test of the tea tree
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Water sensitive paper after different
gradient tests
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Water sensitive paper test pattern
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Fig.8 Image of water-sensitive paper after collecting droplets
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Table 7 Orthogonal test results of droplet

deposition density/ ( No. + cm™)

AT 5 55 A
Droplet deposition density at

PR

Average stratification

WIS
No.

different measuring points

1 K2 A1 A2 i
Left 1 Left 2 Right 1 Right 2 Middle

density of droplets

1 101.7 1159 416 173 727 70.1
2 1639 1892 1956 170.8 569 1553
3 1483 1295 1609 156.6 59.5 131.0
4 581 430 631 594 525 55.2
5 1123 117.1 270 343 264 63.4
6 1113 1803 566 592 445 90.3
7 1021 1614 1092 983 89.6 112.3
8 197.6 2193 1486 1854 635 162.9
9 689 1086 303 450 6l.1 62.8

RS THIMAEEEMAKERAAIGE

Table 8 Inspection of inter-subject effect of droplet deposition density

e A5 70 A FAH PAH 1R Eta V-7 8
Source Type I SS Freedom Mean square F value P value Partial Eta squared
)&LEE*E ) 39121.505 16 2435.094 4.286 0.020 0.886
Correction model
i 91817.890 1 91717.890 161.322 <0.001 0.943
Intercept
=
)\%'_J.B: 3540.670 2 1760.335 3.110 0.110 0.427
Spray height
1T.$JEL: 1190.956 3 395.985 0.991 0.589 0.197
Walking speed
ﬁEﬁjE 29428.905 2 14614.452 25.853 <0.001 0.856
Canopy gradient
= H
1162.313 3 386.438 0.681 0.588 0.193
Blank column
%25 Error 4553.266 8 568.158
K3t Total 230878.100 25
S IE T
B & 43674.771 24

Total correction
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Table 9 LSD multiple comparisons of canopy gradient and spray height on droplet deposition density
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