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Flow characteristics and control method for solenoid valve controlled tar-
get spraying under dynamic conditions

DAI Xiang', XIAO Jing', XU You-lin', SONG Hai-chao'?

(1.College of Mechanical and Electronic Engineering, Nanjing Foresiry University, Nanjing 210037, China; 2.College of Mechanical Engineering, Nan-
Jing Institute of Industry Technology, Nanjing 210023, China)

Abstract: The real output flow rate (Q) controlled by system pressures ( P) , solenoid valve control frequencies (f)
and duty cycles (D) in the solenoid valve controlled target spraying system was studied under dynamic working conditions.
Furthermore, the test results were verified by using BP neural network and genetic algorithm ( GA) optimized BP neural
network. The results showed that the Q) rose 200 ml/min when the P increased 0. 05 MPa. Larger P would slightly reduce
the linear interval (I) of flow control, while higher f would significantly reduce the I. When the P was 0. 10-0. 35 MPa
and f was 20 Hz, the [ ranged from 0.3 to 0. 6. There was nonlinear relationship between  and each control parameter.
The use of BP neural network (with the error of 0.20) , especially the GA optimized BP neural network (with the error of
0.15), was feasible in the solenoid valve controlled target spraying system. Considering the parameters of the solenoid
valve under the dynamic condition of the system, the flow rate can be precisely adjusted. The BP neural network, especially

the BP neural network optimized by GA, can realize the precise control of solenoid valve controlled target spraying.
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Fig.1 The solenoid valve controlled target boom sprayer and nozzle
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Fig.2 Test system of solenoid valve controlled target spraying flow characteristic
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Table 1 The feature parameters of experiment materials

FRiE, ¥EH CYT-101 5 Hs J7 48 3% 28 % e 01 i 47 K
W EIMET maE 538l 5T 52 AL
PR IR Ie sk, R Airtac-2W R 51 H 8 H 4]
TR o T HL O 1R Ry o S S P I ik BRI 2
L1,

ZRHP-16C Hi 8575 & LWGY-15 Wit it 2WO03008B Hi, % CYT-101 A5 4 2%
FHESEL BE FHIESEL el FRIES 5L ¢ FHIESHL Bl
ANFRIEAE (mm) 15 2 (m3/min) 0.5 FLA% (mm) 3 T2 (kPa) 0~10
IANFRIE ST (MPa) 1.6 FEEE (%) 0.50 (V) 24 (V) 24
{5575 (mA) 4~20 B KJE ST (MPa) 6.3 (W) 6.5 FEBE (%) £0.25
HUE it R AL 0.12 Bl (mA) 4~20 ANFRIE T (MPa) 0~0.1 F 55 (mA) 4~20

2R P H K IR HEA TR, 25 C B2 B Oy
0.01 Pa-s, & % (PLD1206 %!, 4 L/min, 0.5
MPa) ¥R GWE BWATAL . BT AR A w2 A
WA TE IR TR M (SO 55 i A T AR A K 55 ik 1) 4 B8
REPERE A A K, T X S PR R e R T I
WA IR M v i FH A~ T T 5 Sk A 7 5 55
I W53k ) ARAG-422SF11005-04M B 45 58 TAE
J120 0.4 MPa, JitE N 2 L/min, i 2 5 MBI 7K .

25 FEL I 127308 3 200 7 ) B e b A o E B SR A T
UK, 3 Ao VR A ) e AT s T B 5 b A i Pk
b 2 B S IS S i P R i ) i il
NS BRI 7 M 25 U o, 8 o b T IOk o 14 P %
Wi 3 Fir7n, MCU(STC89C52RC) SEFLAS BE bk i =
M4, B DCSV BK3h, AL H DC12V K3, i i

JCHRE S MCU HLI -5 A e % A B 5, PR 3P By
RS0, HMEGE P MOSFET (IRF840 ) i T 2 il
FEL T R X ST P B ) 18, LGRS FR DC24V BB

YUV

T : Fl1
100\P|3|l SZ K_

PC817
P13 R19ED

B3 Bk s e

Fig.3 Control circuit of solenoid valve
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Table 2 Dynamic pressure extreme parameters setting in experimental system
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Fig.4 The relationship of flow rate( Q) with system pressure(P), control frequency(f) and duty cycle(D)
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Fig.5 Optimization of BP neural network and genetic algorithm
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Fig.6 The validation effect of BP neural network model
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Table 3 The predicted results of BP neural network and genetic algorithm optimized BP neural network
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