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a. FLEEHE W fR R T 1
a. Assembly drawing of electronic control precision nozzle body
1
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b. AR BRI A T E A
b. Main components of electronic control precision nozzle body
LR E SN e 2 Ak 3B 4R SUREKIR 6.1k
T SOEIRME  OSTAIME  105ERRE 115 AL
1. Solenoid coil housing 2. Solenoid coil 3. Sleeve 4. Spool 5. Two-way
water valve 6. Nozzle body 7. Nozzle 8. Connection nut 9. Return spring
10. Fixed iron core  11. Winding skeleton
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Fig.1 Structure diagram of electronic control precision nozzle body
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Note: T'is pulse period, s; #-£; is the conduction time, s.
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Fig.2 Pulse Width Modulation (PWM) digital signal
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— SJTAT B[] 5 5530 S
Longitudinal spray boundary of
constant speed

- = = H LI e 3 S
Longitudinal spray boundary at stop

HLEAT BT 7

Machine travel direction

i T
Sector nozzle

e o RYTEUE,  (0) 5 1 OANLEATRS M E R KR, me b
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Note: ¢ is the diffusion angle, (°); / is the ground coverage length of the droplets
in the direction of machine travel, m; % is the height of the nozzle from the
ground, m; xo is the longitudinal deposition distance of droplets, m; x is the
machine traveled distance by the between two spray cycles, m.

B3 oois e g e B
Fig.3 Nozzle critical separation distance
&1 PWM lIaFI0E
Table 1 PWM critical frequency

A7 Bl
Travel speed/(km-h™)
RS TES
Critical frequency/Hz

1 2 3 4 5 6 7 8 9 10

5 8 11 13 16 18 21 24 26
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FIRE R, X B BB AR 3% 2 PR I FOR TR
R2 BIEEREERARIER
Table 2 Technical indicators of electronic control precision
nozzle body

24 Paramete {H Value
JE 7735 Pressure range/MPa 0~0.5
#isE L Rated voltage/V 12
2 TG Duty cycle range/% 7~96
M S ] Response time/ms 10
AZRJEH Frequency range/Hz 0~40

3.2 ME{AFON[E@ K MR Tt

N SELWIE R R B S, Wit AN e,
LA A Jf DA B R T v ELAE A I S AR A s o 27K 11 A
7K E1 4330 5 [0 A s Al O s A @ . T
ik Y IS8 A 3 [l 1 3 e PR A2, i DABETE 17 X
I 7K R4 5 o X K IR A A e e LA DY
LI op AR 5 ANIE AL, 20 A0 R I K R H K AEE K
Ho #EK 5 a1 F AN T, H K D5 R PR E
i

B 4 D9 IE K AT R N B EE 4 E o ik
B, BRSO, Z5AEEK DHEN, FEBIXA
K AR AR, RO B TR O R S K R K
RN K B K R, BEAK . B 5 XL
IF 3 7K 1) 7 3 A0 DA 7 T P, 30 T s S UL 3 7K
I H K TR AT 5 o

KO

Water inlet

#KE

2 Water inlet

[EF A
Return port

EI ]
Return port

Hk Spool
Water outlet

a. i IEARZS N AREE

a. Internal structure in static state

Water outlet

b. TARRENELH

b. Internal structure in working state
B4 e K oo ik g P 2 4h A 2 8 B
Fig.4 Section of internal structure of two-way water valve and
nozzle body
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Water inlet

Water outlet

a. FERE

a. On state

b. HEIRE
b. Closing state
B 5 Wi KEFEfH S RETER
Fig.5 Schematic diagram of on and closing state of two-way
water valve

3.3 EBFARE AT

D PRAE R RS TE B LE B B8 55 85 5 XU ) i 7K, %
VBRSO T, 3 ek 5 A TR S T Al R s 4l A, A RS Sk 3
A XU E K R —) AR d, KT RS RES (2L 1E
i) BAT d.. PR R AE RO i R A s 43 e
N F,FlF,.

TE IR 505 P A5 T RS0 T 7 sty 46 ) RRAN [) T o
JENZE, PHEBIEEAN D), WG HE R AL s
FRE S ESEHE, BECRIE T 8 P& 7 B R AL T,
SPRAC T SRR ) Bt i, eI (A A

FF=FK-F,=P-§-P-S, 9
X Fo BRSNS, N PON/KIIESR, MPa; S, 4
IR Sk 3 5 RS A A T AR 22, mPs S, NSRS
MRS MR A A 2, mP.

M55 55 T F P v Jof LI IR 295 s ) — R 0~1 MIPa,
HTEBRAETRERAE S EELERE Ik, K
CHUSEBRIE 2 1N 0.8 MPa #EATWUE Z AL 5. 40
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n ATREAYE R AS ATEERAE, mm; FCONE ),
N

K= (10>

SIS 6N, #aE S 2N, WEEER 1 4 N, 1R
P (8) HEATUH B IR R 0 B AR R IR s (MR8 4 B4R
BHRGEBER d=7.6 mm, RS SER d=
6 mm. ARIUEERER A HLAIE S T4, BHSCRR[32] 7T %1,
HLRE TR AL S — K 30% 247, BUN 8 N.

N T RIEFT R T Sy, TR R IR . AR
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Bl FHLRETR B AL R IS QM R 50, 1 T 16 85
AR 7 3 T E 3 R 7 A P e T R R R S R AR
R SR, AR IR I A

ool 2m (A
F=64x10"(IN) 52+ﬂnﬁh(“j (12)
7.

Kb F NS 2 B/, ke 1 NZLEIRR, A; N
NPT TR LA, Ry NEESNEAR, om; ro ABEERE
T2, em; CNSBEKE, om; 1 NS IR ZLE i
KEE, em; a AZEKAE, cm.

MG SCHR[32], Mz R LB N AR E R,
W JIHAFAIE, RSN 2P K L 40%K, IR )
ISR KA, WEJCPRFEAZE, HEIE2KYL) 80%HT,
W SAE T UG8 o i R I e (R A, AR ST 1
SO TE 25 P8 PN 32 Bl 2 A P B SR N 26 P K o 2 P
B a [ 60%, KMt AE LB R R A 4 A Y R
F BN DR, H AR ER AN, AR SRR
JE N 2.5 mmo.

CL0 IR0 B FB ELAR N 7.6 mm, N _ESRki 2810 B R,
T o 42 P I N A2 R=6 mm . 9 RAIE BCE 28 8 N 12 3 2 1)
PR RF FARES VR N 2 B o5 2R P S BE a 1 60%, 2R K
FERAT NIRRT 1.6 5. ZRBIHIKE o SHEZ b2
A B, ASSCEL p BN 7.582 £k Pl R s = B LA 6.

R Ry X
e LB

D,

W R AZEWNER, oms Ry NERESMEAE, cm: o ALEKE, om; b
R TR, cm; Do, AEEFEIEAE, cm.

Note: R; is the inner radius of the coil, cm; Ry is the outer radius of the coil,cm; a
is the coil length,cm; b is the coil width,cm; D,, is the average diameter of the
coil,cm.

Bo LEBREORTTEH
Fig.6 Schematic diagram of the cross-sectional size of the coil
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WRIE (16) AT, K, [R5 R PR AR R B M A TE I S PR 2 e I 1) SR
N = 3UN) (14) PEL RREME. MRS, THERSKE N 15~30 mm i
mjd’ PR RIS R R E S 4L, LK 3.
I=jg (15 ST 3 AL, YIRS 15~17 mm B, #IRHT
0 (16) 5 O 28 P [T KN T SE PR ¥+ 2R B T S i 8, MO Rl 2
nd? TR, HIRNSKEE A 18~30 mm I, Fig EA LU L
X g NP, mm?; W OSLER ]S [T % WAL F R, AXGEZEBEPATII 2 BB, F
S NIETE BB — L 0.8707, PRI R, BRI K E N 20 mm FTX R BRI A B LR

ST LR, RYECHER B EME NS HRBdRE TR0, BB S 8ULE 4.
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Table 3 Characteristic parameters of electronically controlled precision nozzle body

Ve - 1. vil 1 25 Pl 47 HESAINCT RIS SE2 A=K 1 b V0 BT e 4 18] 1T 4 o G T L
it K L e ARG RSIRAKISR SR gy SETRARMIE e
- oil outer Spool length in depth Wire . Theoretical required L
Spool length/mm  Coil length/mm . . . Coil current/A Actual winding turns
radius/mm coil /mm diameter/mm number of turns
15 25.00 9.33 5.5 0.342 1.100 1168 863
16 26.67 9.56 6.5 0.343 1.112 1151 968
17 28.33 9.78 7.5 0.345 1.124 1133 1077
18 30.00 10.00 8.5 0.347 1.137 1117 1190
19 31.67 10.22 9.5 0.349 1.150 1101 1308
20 33.33 10.44 10.5 0.351 1.163 1 085 1428
21 35.00 10.67 11.5 0.353 1.177 1070 1553
22 36.67 10.89 12.5 0.355 1.191 1055 1681
23 38.33 11.11 13.5 0.358 1.205 1041 1812
24 40.00 11.33 14.5 0.360 1.219 1027 1 946
25 41.67 11.56 15.5 0.362 1.234 1013 2084
26 43.33 11.78 16.5 0.364 1.248 1 000 2224
27 45.00 12.00 17.5 0.366 1.263 987 2367
28 46.67 12.22 18.5 0.368 1.278 974 2513
29 48.33 12.44 19.5 0.370 1.293 962 2661
30 50.00 12.67 20.5 0.373 1.308 950 2812
F4 BHERATEEXSH 110°, JEAVEEHN 0~0.5 MPa. K& 5 5507 & 3 24
Table 4 The parameters ohf thﬁ: electromagnetic suction FEEh P RS SRIER R4, RS, TN, hite
mechanism N e . o 1 2 - .
P y— e BUBLR (PHUTE B TR PWM (SRR, I
‘5 ain parameter alue e N N . o .
T o Aol 2 ) RS8P ]2 f1) Sk i, 43 N AR At
fEs 1% Spool tail radius/mm 3.8 o T e -
25 J8 242 Inner radius of coil/mm 6 %ﬁﬁziﬁﬂ)\ﬁﬁ %’fﬁ%*ﬂ 5? ke, @ﬁ I%JE*HE-L{I}]\UE Eﬁj'ﬁ_fﬂﬁ‘u%
FUBLIE A gap engthim s AR FLFE 9T 36480 9 4 0 25 0 1 LA 6 7 -
WEKE Spool length/mm 20 HL PR R R I AR R RE, AL SR Vision
I Coil length/mm 33 Research /A & [ Phantom VEO 410, EAE & FHEHE
2k [l 4142 Coil outer radius/ 10.5 2 SRS Apem \ .
ﬁéigﬁxﬁmﬁﬁTdh . py . REUERRICREEE, e R0 Rt T g R,
RN ZRJE K Spool length in depth coil /mm B o N W N o .
. A DA RSN 2 I A A e RoR i SR R, hERES
TAEfE Operating voltage/V 12 .
FLHAE Wire diameter/mm 0.35 B s,
2R PB4 Coil turns 1428

4 MEERIES O

9T B8 IR AR ST AP A A PR ARG R A A 11 12 B AR
PE, F 2021 4 4 A 18 HAEARH TR % S0
I .
4.1 R E

R B A IR R RIS S . EARNL. FN6T LEI ARG 2BEEARRG LR EBEA 4 KIR S HHERE
. 1§J% e éﬁalZiJj ;* WHAT . 2 et 7406 sithl
ﬁﬁm%%éﬁ\ Tl_ﬁ*ﬂn EE%*%EDJQ H%MSTJ‘ ’ ﬂﬂ lg] 7 Fi 1. Power system 2. Liquid circulation system 3. Electronic control precision
i_{o Eﬁ?éfﬁiﬁﬁ“ﬂ%fﬁiﬁﬂ 8 ﬁﬁi_{’ Eﬂfﬁ*ﬁiﬂjﬁuﬁgﬁgﬁ ﬂ\ nozzle body 4. Pressure gauge 5. Data acquisition system 6. High-speed

. . . . A R camera 7. Fill light 8. Computer

55 b2 T HRAT K B e R B O R 7 S A
Mk BIERE A BINE Y 11003 BRI IHE, W55 N Fig.7 Test platform
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M
Nozzle body

HERRARNE
R A LAY Connecton nut
Electromagnetic
closing mechanism W

Nozzle

B8 Wity ErA A

REM AN 20.5 ms, PR ZERAMEN 8.9 ms.
b S EEN[20%, 96% I, TEAN R RS0 E 71 S [a] A
X ZE ARG, Ul B FL AR R B W A LE o5 1 [7 %
20%]30 [l N I ROR B 22, E 5 S E[20%,  96% 76 Fl
W E & BIF R sl ia e Ao SE b, Aeisi ERS BT E
MIRARER .,

*= 6 (EEBEASERNENREST

Table 6 Error analysis of conduction time of precision nozzle

Fig.8 Electronic control precision nozzle body — body ” —
%5 BEREHIMEESK HERN s Al PRI
Table 5 Performance parameters of high-speed cameras pressure/  DRyoycle  Maximum - Mean  Maximum o o
. MPa interval relative relative absolute error/ms
Z4) Parameter {H Value error/% error/%  error/ms
I =7 PE% Highest resolution/Pixel 800 [7%, 96%] 48.9 6.49 9.3 34
/NG ] Minimum exposure time/ns 1000 [10%, 96%]  31.9 5.27 7.1 3.1
I [ K5 B Time accuracy/ns 20 0-1 [15%, 96%] 21 4.18 71 24
I FiAEEE R Maximum shooting rate/(1i-s™) 600 000 [20%, 96%]  14.1 3.65 7.1 28
Eiﬁfuﬁ?rﬂ;ﬁilfrﬂﬁetween two exposures/ns 480 [7%. 96%] 531 143 187 89
T.AEIEE Operating temperature/C ~10~+50 0.2 L10%. 96%] >3 133 187 58
X N [15%, 96%)] 37.1 11.6 18.7 8.5
4.2 WA [20%, 96%]  34.4 10.7 18.7 8.3
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Design and performance test of electronic control precision nozzle body
based on PWM

Yin Xiang®, Wang Yalin', Du Juan'*, An Guangshun?, Jin Chenggian'?, Wang Yanxin®
(1. School of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo 255000, China;
2. Nanjing Institute of Agricultural Mechanization, Ministry of Agriculture and Rural Affairs, Nanjing 210000, China)

Abstract: Aiming at the problems of low precision of variable spray in the existing farmland pesticide application system and
the inability of independent control of the nozzle, an electronic control precision nozzle body with a flow adjustment function
was designed. According to the working requirements of the precision spray system, based on the electromagnetic theory, an
electromagnetic pull-in mechanism composed of a solenoid coil, a fixed iron core, a spool and a return spring was designed to
realize the high-frequency reciprocating motion of the valve core. Combined with the structure of the water flow channel of the
nozzle body and the reciprocating movement process of the valve core, the end type of the spool and the two-way water flow
valve were designed to realize the on-off control of the water flow. The Pulse Width Modulation (PWM) signal was used to
control the action state of the electromagnetic pull-in mechanism, change the opening time of the water outlet channel in each
cycle, and realize the real-time adjustment of the nozzle flow. By setting different pulse width modulation signal frequency and
duty ratio, water pump pressure, and using a high-speed camera to measure the spray time of the electronically controlled
precision nozzle body in a single cycle under different pressures, the working performances of the designed electronically
controlled precision nozzle body were verified. The test results showed that when the pulse width modulation signal frequency
was 20 Hz and the system pressure was 0.3 MPa, the minimum duty cycle that the valve core could open was 7%, and the
maximum duty cycle that the valve core could close was 96%; the average relative error of spray time in a single cycle was
7.5% and the maximum relative error was 55.1% at the duty cycle of [7%, 96%]; the average relative error of spray time in a
single cycle was 3.1% and the maximum relative error was 13.1% at the duty cycle of [20%, 96%]. It showed that the control
effects of the electronic precision nozzle body were poor at the duty cycle of [7%, 19%], and had good control stability and
accuracy at the duty cycle of [20%, 96%].

Keywords: pesticide; test; precision sprinkler; variable spray; PWM; hydraulic solenoid valve



