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Control system for automatic track transferring
of greenhouse hanging sprayer

ZHANG Er-peng, MA Zeng-hong, GENG Chang-xing, LI Wei"
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract In order to improve the utilization of greenhouse hanging sprayer,and to make it possible for one sprayer to
cover the whole area of the greenhouse, the control system for automatic transferring of greenhouse hanging sprayer was
designed based on PLC communication. Using the SIEMENS PPl communicaiton between 2 SIEMENSE S7-200 PLCs, the
system combined two controlers in different machines as one. The Modbus communication protocal between SIEMENS
S7-200 PLC and Delta VFD-M motor controler made it possible for the real-time adjusting of the sprayer running speed,
thus allowing the sprayer to run under a low and safe speed during the transferring period,and a relatively high running
speed during the working period. The position sensors at different positions decided whether the sprayer was in the
transferring period or the working period. Through proper programming of the control flow, the sprayer and the transfer
cart cooperated effectively,the cart carried the sprayer to the next working position after work finished in one row, the
system stopped working when all the rows were covered. Experiments have proved that the control system was of high
stability. Compared with manual transferring, which costs about 30 m in general, the automatic transferring is remarkably
time-saving. Under the running speed of 0. 15 m/s, the transfer cart has a positioning precision lower than 1 mm,and the
whole transferring process consumes only 185 s, which is about 10 times shorter than the manual transferring.
Comprehensive consideration suggests the speed of 0. 15 m/s as the most appropriate running speed for the transfer
cart.

Key words hanging sprayer; automatic transferring; PLC communication; pesticides

AR ALY T (7 R R AR S S | o 4 EARE e b NS P e g S ol R S g
B 95 AT 55 SR PIRDW AL A S AR TSR SRS R R % 1 52 DL Y ) BF 5 T J A

Wk H . 2013-04-19

B IUH . 186373 R I H (SS2012AA041507)

B—1EE . 5k M8 A+ BF 55 4 . E-mail: birdinfebruary@163. com

BIHAER . M. 28, FENFE LG A S E-mail: liww@ cau. edu. cn



%6

G TG A IR B AW HLEE 28 Al P R T 171

TARKHE S e R AL 22 T
LA IR AT E TF HH0E bR B AR D7 X
SE TR

B e B R R R E T R R G A
SR 5 it L BC B A . H AT E N AT
i = WU LS BB A A Sl B R R S
P 7 T 5 0 R DLARIE . AW I TR BTk T E
fi 2 A S Al 2 AR R e S BE E B
Wit AL A SR .

|
1 4
—EI—
2 ~
3

(a)

1 BRESHEBEIIELREEMERL

AT 5T LA I FE B ool A8} £ bl A — R A iR =
BRI B - AR AR AR 2 O 10 A TTARZE L i dE
GEPE 9.5 m, BB 40 m, HE NS 2 BT AR
Bl W LA T AE BE DL e S A A B R L
FrEMIE . Wit HL B 58 Us B 3h AT B A8
T A B IRt AL AR 0 T AN TR 2B 07, SE B IR &
M T AR e A (D

P 5 3h& 7] Return

] ]
— —

et e
Transfer Transfer
B B B}
- . pherke &_‘UD rinu:
[_]I ﬁ‘é I HE I HE
= = =
WAL Bl 42
- Sprayer I:I Transfer cart
(b)

1. # ¥4 Transfer car;2. B #l Sprayer;3. B Hl T/EHIE Rails for the spray;
4. W ZE TAE#LIE Rails for the transfer cart,
1 BEBENEZELREFEEE(a)FREREE(D)

Fig.1 Vertival view of the working system and the flow chart of the system
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transferring control system
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Table 1 Test results under different running speeds

of the transfer cart

TR/ (m/s)

Running speed of

1=
%25 /mm

Positioning error during one transfer

R BET ] /s
Time consumed

the transfer cart

0.05 0.2 450
0.10 2.5 260
0.15 4.5 185
0. 20 6.6 155
0.25 8.1 140
0.30 10.0 130

BB BE S MRS BE D 10 YR IR 4 2 4 X
(EF A 5 PR s B 2 1y I 5 25 2R 2 BE LI R T
PE/IN g B ) 00 R A 3 YRR A5 R . i
A R R A AT B S A AR R B
RK R TS BU A EH A RKR .

HLBLAT A B ) R 48 O T BR 4 AR 4T i LA
FALEREZ Z N REN . PLC R 7 AT A
5 AR Bt 45 ol T I () O A A A
ARPCHLAN » BT AR 306 235 2R B AR /s o B TE A Wit
PLS B 43 A T AR T L R5 4 R0CR 7 A B AL
PR BRI R WU R LT R IE S L E
21z Bl B R 7 A 1 b MO PR A R 4
P[] 2B 457 2 B A A I 5 U 2 R — B
DRI 7 A7 45 0 56 1Y) T BESE MR IR AT B

MR I WA iR 22> 6 mm [, X T HLE %
P B B AOCR ™ A L ER 5 75 TR R A T Bl
JEBLSE S 0. 15 m/s, JEIN BLUCHLALIN 6] 9 185 s, 1Ml
Pl A T F e UL ] K 292 30 min, RCRA
RARAET .

4 & ®

A FE BT Y iR A B HE WU AL B 2B AR A Bhx



174 OE R R ¥ ¥R

2013 4F 55 18 %

5 ST o ) o R T BT B W L 3D
DML BT AR ] 0 S R XL
FE 5 B 39 R B A 3 2 SR T L L 7 O AT
S 16 BB S A R o AR
WA ] B L7 T AR HERE S 0. 15 m/s I R 5
AT AR et . 3 HE W LI 2 1 A o 22
{5 P s T AT R T 6 A T A
T fe Rl B

2 £ X W

[1] fare 2. woe 6 WA R LA RN 25 B AR ™ 3 v J5 iy BRR LT 0. &
M TR 24 4R . 2004,20(1) :13-15

(2] BRR. d0g 55, gk A ik . 45, I 2 B JTUG B X 0 e 24 DL 2% N iR
FRLI]. AL B A 42 - 2011,42(1) 1 177-180

[3] Wusss. kR, B 2%, . I\ E B &H AR R4
(). fRolk TR 4] . 2010, 26 ] 2) . 228-233

(4] ZEBE AR B FRE AR RIEH R vatI]. &
[ el K #2441k . 2009,14(4) :114-118

[5] Rowe D E.Malone S. Automated greenhouse spray system for
increased safety and flexibility[ J]. Crop Science,2000,40(4):
1176-1179

[6] Sammons P J, Furukawa T, Bulgin A. Autonomous pesticide
spraying robot for use in greenhouse [ C] // Austrilian

Conference on Robotics and Automation, Sydney, Austrilia,

7]

(8]

L9l

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

2005:1-8
WK 7 e IR A L A R R 2 7 R B i 25 R R i
PSR [T ARl TR 241 2012,28(24) :35-40

LS ERVENCN SN = W PR (YRS R NI = B G
RGBT S BT ], b E R R 2240, 2010, 15(6)
108-114

B AL PN B . PWIML ) 80 55 5 748 5 I it 45 1 2%
Bt S5 MK LT ] Al U 24 . 2012,43(12) :87-93.,129
THVL PR A BT ATS9CS1 J R AL I A% & il 24 4%
R )] RHALTFFE,2007(11) :147-149

ik A, Bk B . SR, L Z TR A OB R BERE AL b E
200320103129, 2[P]. 2005-02-09

R FS 2R MG T H P RER A A ShmEHE R g L) ] R AL
247 ,2005,36(12):99-101

bE B4 ENL . TYG-1 B SBOESLDRRI ()],
BH 4 Ml K 25 25 4% , 2006, 37(3) : 286-290

AR, N R R E BT A 3R B R Bl
FENLIF T R LT ], AP BFSE,2012(10) : 226-229, 233

itk . B AT, 20 L 45, T PLC RYBEA I 3R ILVE I 3 72
BE2 WG I WF 58 L ], ARl HUAR 2 42 » 2011, 42 (Z1) : 112-116,
121

FAETE Y Bk . 4. ST_200 R ¥ PLC 1545 45 8 75 HT
Bl 38 {5 st 5 R T, s A 31k, 2012, 34(6) : 79-81
FM s TAEAN VKT L4 VU] PLC 53R R 2 KL Z I
) Modbus 3# {5[J]. T8 A 314 ,2013.39(1):118-120

R o EE L TEZ W, %, 5 F MODBUS 3 {5 P i3 ) 80 i 2%
W R G R L] ARH AR 55 18% 8, 2008(1) 1 44-46

WAL G A . X B A



