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Fig.1 PWM variable spray control system
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Table 1  Parameters of high-frequency electromagnetic valve

T H Ttems #{H Values
{8 74 operation life/fZIK >10
ZRPEIHLBH coil resistance/k() 250375
TAEHE working voltage/V 12+1.8
/MK minimum pulse width/ms 1.3+0.065
SRR E] turn-off time/ms 0.9+0.045
JFA ] turn-on time/ms 0.9+0.045
TAEIRIE operating temperature/°C -30~120
IR M maximum frequency/Hz 167

1.2 RmENK

PRI B, W55 ) R — g i), Sk i i A
FORCIEAR C o SR 7 B S 6w T e A0 L G A 5 A
X —HAEE, 7E 0.2~0.5 MPa Wi %5 F 7 A [A A3 G 25 L
TSI AN [ Sk 1 9

TR TSk R 18 ] Lechler 23 7 AR 77 I BR 1 B TE 25 %
3k ST110-02,ST110-03,ST120-04, 45 KEFl A 12~37 Hz,
725 FLIE L 20%~100%. 13056 1 A SR K AVE R ik e 14
BRI b, BP0 SEME 2 IHA] (30 ), JT 43 22— RS-l
30 s PIVRIAREE &, i A AR ISk I i (L/min ), BRUCGAES
BE K, HBJa BT B B I AR 2
K CD)RAFF R TAEEL P,

pe Lot (1)
=20

AP PO AR gm0 M 1A LG 100960 Y8 Sk Ui
i, Limin; g0 N 15 %5 HE 200685 OISk 3 5, L/mine
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KB Malvern 22wl A= 77 () Spraytec %5 it B 42 3
BrASE SO S5 AR X Z5 i RiAS , Rk B T S i R AR
SIMTACEIE 5 50 em Ak, A4S RT3 34 45— o B ] Bt
(EEn 10 o) ARIAS , tH AT BEAP 0~500 Hz Wil 2 — a] b
RPN ) R AR . BT PWM A I8 55 T 22 %5
R ESE(10 ) FITEIKT (100 Hz ) BRI EAR PR 95 251
KA PWM SELOBRF 525 O R AR SR A
i 42 (volume medium diameter, VMD )i 2574 K45

H Spraytec S HT I EE A IR N ELE I £ 10 s, X
55 % J1 5 A 0.3 MPa, 435l i ST110-02,ST110-03,
ST120-04 3 Ak (i 25T RLA% , PWM M55 25 2 G4 R 433l
4 15.20.25.30.35 Hz, 575 FLI 20%-~100%5507 5905 —
ME . BAIAER 3 K, 1538] VMD “FME. JEiEZm
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04 FIBH B Sk TIDK120-02,IDK120-04. E MK EL 3
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e A G RET T I  W  BE , FI SCHik 281 - A 2R i
PRI R (mL/em?) , e ZARPE TR SR AR 1] - 1 AR
5 28 (coefficient of variation, C.V ){H .

o 56 cm i

LBEZERA 200k 3MEG 455 TR 5. PWM Fh &
1. Travelling boom 2.Nozzle 3. Spray bench 4. Spray collectors 5. PWM

controller
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Fig.2  Platform for spray deposition test
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Fig.3 Relationship between flow rate and frequency and duct cycle

under pressure of 0.3 MPa
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Fig.6  Relationship between particle diameter and duty cycle and frequency of three species of nozzles in continuous measurement mode
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Table 2 Changes of particle diameter under different working

condition
e 525t Duty cycle/%
$J\ f I'JTI EI I'.EHIS i
Frequency/Hz 50 75 100
J1'#% Variance/um 65.65 42.19 12.48

AR F-HI{E Average droplets diameterjum 252.3 228.5 188.6
77 7% Variancejum 39.66 3326 9.69
AR F-HI{E Average droplets diameterjum 259.5 202.1 190.7

23 BESKEURBIAI R DT

AT B RTEIRER 2.2 FREE RIS AL AT SC

HR[24 100 7 1083k 25 A0 IX U A 7 v LB 52 AT, KB PWM
A4 e W 55 o A R T R R B R O ] 2 S B0 S5 Ak AT T
24,32 3 5 ISR N [R5 3k 25 At T 2 A R 2
Ee X ST110-02 Sk , 24 T00 T 254k Wi it 5 25
FEI/N T 20063 ST120-04 Sk AT 5 25 Lok, 3% 2
A T S Sk i oA, DR I 25 Aty W 4 B A e K 2
Fethfg k. ook, i B A & Bk 2 Ak IX Wit ) , i
T 50 cm Ab2s AR REE T, X HLARRE T IELEI AR
BT S RLAR L AL IR R, B AN 43 U
N, ST110-03 A1 ST120-04 51553k Z5 Ak AT Wi 24 S EUR
S RIS R A ek K - MR
Fx3 AEBELENTFHRAMN S

Table 3 Duty cycle at fracture of nozzle atomization area

BB Frequency/Hz
UiP S Siil 15 20 25 30 35
FAR X BB (5 25

Duty cycle at fracture of nozzle atomization area/%

Type of nozzle

ST110-02 <20 <20 <20 <20 <20
ST110-03 43 34 30 28 26
ST120-04 60 51 42 38 35

24 HEITAREFE
8 4 0.3 MPa JE 1 ,IDK-04 513K 7E 15 Hz, 5
25t 40%.70%F1 100% F A\ TRV LL, AEIFRE H 1
DUBR TR 0 R E A A8 AR . 36 4 J2 15 Hz B 3 7
2R i ARG, WP EE (40%:70%:100% )=1:
1.73:2.29, LA & YIME (40%:70%:100%)=1:1.43:1.76.
0.004 41
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2SR e Averageoal 78“?
> 100% 3L
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Fig.8 Schematic of deposition quantity on travelinging direction of
IDK-04
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Table 4  Flow rate and deposition quantity in different duty cycle of

IDK-04
X fi 25 Duty eyele/%
TH Ttems
40 70 100
Wi Flow rate/(L*min™) 0.68 1.18 1.56
LR Deposition/(mL+cm™) 0.21 0.30 0.37

9 435k ST110-02 Al 04 .IDK120-02 £l 04 M3k
T£ 15 Hz 1 30 Hz, £ 25 Ll .V (E, W R AT LR
PWM 7 W55 55 TR SZ AT 2 1 o5 28 e s, ) — 2
o, AR NI LV E ELARAST R (/N X IDK120-04
Sk, A 40% R, 15 Hz BFE C.V B4 28.31%,30 Hz
AR C.V 1HM 22.24%, 08/ T 6.07%; MTRIAR T & &

o 14.00 $Fi% Frequency/Hz

Z 6.00 \ X/ N
4.00 N \/ \

% 2.02 §/ §/ | §

fi 25 Duty eycle/%
a. ST110-02 Sk
a. Nozzle of ST110-02

= 400 V V \
= 11

45 Duty eycle/%
b. ST120-04 Sk
b. Nozzle of ST120-04

el TR

525 X Duty cycle/%
c. IDK120-02 5183k
c. Nozzle of IDK120-02

S B e

di%5 L Duty cycle/%
d. IDK120-04 513k
d. Nozzle of IDK120-04
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Fig.9 C.V-value in different working condition of four nozzles
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R BRI AR R S5 T TR S
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Spray characteristics on pulse-width modulation variable application based
on high frequency electromagnetic valve

Li Longlong?, He Xiongkui'*, Song Jianli*, Zhong Chongshan?
(1. College of Science, China A gricultural University, Beijing 100193, China; 2. College of Information and Elecirical Engineering, China
Agricultural University, Betjing 100083, China)

Abstract: High frequency solenoid valve has the advantage of fast response, and it can effectively improve the deposition
uniformity especially for high-speed operation. In order to study the variable spraying characteristics of high frequency
solenoid valve, a pulse width modulation (PWM) variable rate spraying system based on high frequency solenoid valve was
developed. The minimum pulse width of the solenoid valve used in the research was 1.3 ms. The PWM variable rate
spraying system was made up of power supply, drive, single chip microcomputer, solenoid valve, serial communication
module, computer, and so on. Frequency and duty cycle of solenoid valve could be regulated by the PWM control system in
real time. This article applied the ST standard fan nozzle and IDK anti-drift nozzle which are commonly used in the
agriculture to carry out experiment, which focused on how frequency and duty cycle of solenoid valve influenced flow rate,
droplet diameter, atomization process and longitudinal deposition uniformity. In the flow rate test, 12~37 Hz and 20%~100%
were chosen as the working frequency and duty cycle and the working pressure was 0.2~0.5 MPa. The water weight was
measured by precision balance in 30 s to get flow rate (L/min), and each test was repeated 5 times. It was observed that the
flow rate had a linear relation with the duty cycle in the fixed working pressure and the R2 of regression line was greater
than 0.9 at 12~37 Hz. Linear interval was 0.8 at 12 Hz and 0.56 at 37 Hz, and it was concluded that the linear interval
decreased with the increasing of frequency. For the nozzle of ST120-04 under the working condition of 0.4 MPa and 30 Hz,
the flow rate increased by 6 times at duty cycle of 100% compared to 20%, while the flow rate increased by 10 times in the
pressure of 0.5 MPa. Therefor it was essential to collect proper frequency and spraying pressure to meet working
requirement. In the article, 2 measurement modes of Spraytec particle sizer were chosen in the test of droplet diameter. The
continuous measurement mode could measure the droplet diameter continuously for 10 s. Droplets could be measured
discontinuously at the measure frequency of 100 Hz which meant that droplets were measured for 100 times in one second
by the Spraytec particle sizer. The frequency and duty cycle were 15~35 Hz and 20%~100% and the working pressure was
0.3 MPa. Nozzle was fixed at 50 cm above the Spraytec particle sizer and volume medium diameter (VMD) was used to
describe the droplet diameter in the article. The results showed that in the continuous measurement mode, the droplet
diameter decreased from 20% to 100% respectively for the nozzle of ST110-02, ST110-03 and ST120-04. Moreover, for
ST110-03 and ST120-04, the droplet diameter increased from 20% to 40%, because these 2 nozzles needed more flow rate
to form the atomization zone yet the flow rate was too small from 20% to 40%. In the discontinuous measurement mode, the
droplet diameter changed periodically and the average VMD of 3 nozzles was consistent with the test result of continuous
measurement mode. In order to further research the atomization characteristics of PWM variable spraying system based on
the high frequency solenoid valve, high-speed camera was used to observe the atomization zone at different frequency and
duty cycle. The frame and shutter of high-speed camera were set in 3 000 FPS and 1/4000 s respectively. It was observed
that the atomization zone would break up because of nozzle’s instantaneous open-close. The duty cycles at the fracture of
atomization zone were 26%~43% and 35%~60% for the ST110-03 and ST120-04 nozzle from 15 to 35 Hz. Deposition test
bench based on the traveling boom was developed in the Center of Chemical Application Technology, China Agricultural
University. Petri dishes (35 mm) were used to collect droplets. The collectors were set in 5 parallel columns and the interval
of adjacent 2 columns was 12 ¢m. Each column contained 16 Petri dishes and the 3rd column was placed under the
traveling direction of nozzle. Tartrazine (3%o) was chosen as the tracer material and spray boom speed was 2 m/s. In the
deposition test, 15 and 30 Hz, and 40%, 70% and 100% were chosen as the working frequency and duty cycle. The results
showed that frequency and duty cycle would influence deposition uniformity. For the IDK120-04 nozzle at duty cycle of
40%, the CV (coefficient of variation) at 30 Hz decreased by 6.07% compared with 15 Hz. From 40% to 100%, CV decreased
by 11.75% and 18.31% respectively for IDK120-02 and IDK120-04 at 15 Hz while decreased by 8.72% and 12.24%
respectively at 30 Hz. Also, the deposition uniformity of ST standard nozzle was better than the IDK anti-drift nozzle. These
results show that the high frequency solenoid valve can be used in the PWM variable rate spraying system and it has
advantage in longitudinal deposition uniformity.

Keywords: spraying; agricultural machinery; nozzles; high frequency electromagnetic valve; variable spray application;
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