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Design and Experiment of Solenoid Valve Flow Controller
Based on BOOST Circuit

SHEN Yue HUANG Zhongyu LIU Hui
(School of Electrical and Information Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract; In the field of agricultural spraying, precise adjustment of electromagnetic valve flow is an
important role to achieve variable spray. Due to mechanical inertia and electromagnetic inertia during the
operation of solenoid valve, the response of solenoid valve is delayed. In order to improve the linear range
of solenoid valve, a flow controller of solenoid valve was designed based on BOOST circuit by using the
inductance characteristics of solenoid valve. Firstly, the hardware circuit of the controller was completed ,
including microcontroller unit, pulse width modulation ( PWM ) generator and solenoid valve drive
circuit, and the appropriate energy storage capacitor was selected to store the output high potential of
BOOST circuit. Secondly, the solenoid valve driven by double voltage did not need additional power
supply voltage conversion circuit. By precisely controlling the high frequency on-off mode of the solenoid
valve, it realized high voltage opening, low voltage and high frequency maintenance of conduction, and
fast release of energy when closing. In the maintenance mode, fuzzy control algorithm was used to set the
duty cycle of maintaining on mode, which ensured that the energy storage capacitance can provide enough
power for accelerating opening mode. With the help of the spray flow acquisition platform, the flow data
under different pressures (110 kPa, 180 kPa, 250 kPa, 320 kPa and 390 kPa) and duty cycles (3% ~
97% ) before and after the improvement were tested. The results showed that under the five pressures,
the improved linear range of flow was increased from 10% ~92% , 10% ~92% , 10% ~92% , 10% ~
92% and 8% ~ 92% to 4% ~ 2%, 4% ~94% , 4% ~ 94% , 4% ~ 94% and 3% ~ 94% ,
respectively. The designed solenoid valve flow controller based on BOOST circuit had wider flow liner
range than the commonly traditional method.
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Fig.3 Structure sketch of solenoid valve flow controller

24Vnet D2 X 12V

T ’ kD —RI1
~Y #4
12V D1 wEiE L1 D3 24V Q2 24Vpet
T N iy N T ™1 T
+12V F1

GND
4 o g R B sl i S 2

Fig.4 Principle diagram of solenoid valve driving circuit
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Fig. 6 Working state of solenoid valve
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60  0.180 £0.001 0.182£0.001 0.218 £0.002 0.218 +0.001 0.254 +0.002 0.255 £0.001 0.286 £0.001 0.285 +0.002 0.314 +0.002 0.314 +0.001
70 0.208 £0.001 0.210 £0.001 0.246 £0.000 0.246 +0.001 0.287 +0.000 0.287 £0.002 0.324 £0.002 0.326 +0.001 0.355 +0.002 0.353 +0.002
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92 0.252£0.002 0.252 £0.001 0.304 £0.002 0.302 +0.002 0.353 +0.002 0.350 £0.002 0.401 £0.001 0.396 +0.002 0.440 +0.002 0.428 +0.002
94 0.252£0.002 0.252 £0.001 0.304 £0.002 0.304 +0.001 0.353 +0.001 0.353 £0.001 0.401 £0.001 0.401 £0.001 0.440 +0.001 0.440 +0.001
96 0.252£0.000 0.252 £0.001 0.304 £0.000 0.304 +0.000 0.353 +0.000 0.353 £0.000 0.401 £0.001 0.401 +0.001 0.440 +0.001 0.440 +0.002
97 0.252£0.000 0.252 £0.000 0.304 £0.000 0.304 +0.000 0.353 +0.000 0.353 £0.000 0.401 £0.001 0.401 +0.000 0.440 +0.000 0.440 +0.001
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gy M R X N S AT 10% BY3R 109% , 5
1725 R T 92% MR 100% |, 1 ek 7 v 4
T XTI 5 25 AR T 4% IR 4% R 28 Bk
F 949% %R 100% . I, 76 77 250 kPa T, 1%
277 ot R R 7 48 BT (0, 109% ) IX ], 4
ALY 0. 957 L/min, i el 7 = H I 20 0
25 HUAE (0,4% ) X [l % 3 &3 0 0. 074 L/min, 5
ZEHAE[4% ,10% ) X ] X R i 4 9 2 2 P X 8]
[0.074,0.092 6) L/min, % 525 FL7E (0,10% ) X [H]
(Ve AT AR BT, & IR 7 =X 24 Yl )
15 720 83. 15%

F4 WHETRHIELE

Tab.4 Data processing before and after improvement

IR %55 H F1/kPa EaeailEyiys A X 8]/ % EAEE Y i FH X 8]/ %
110 ©=0.0023D, +0.0427 10 ~97 0.994 6 10 ~92
180 0 =0.0027D, +0.051 6 10 ~97 0.9958 10 ~92
LW 250 0=0.0031D, +0.0647 10 ~97 0.996 2 10 ~92
320 (=0.0036D, +0.062 6 10 ~97 0.996 3 10 ~92
390 (0 =0.004 0D, +0.068 9 8 ~97 0.996 7 8~92
110 Q=0.0022D, +0.044 3 4 ~97 0.995 4 4 ~92
180 (0 =0.0026D, +0.057 3 4~97 0.996 3 4-~94
A5 250 0 =0.0031D, +0.061 6 4 ~97 0.996 9 4 ~94
320 (0 =0.003 6D, +0.063 5 4 ~97 0.997 2 4 ~94
390 Q0 =0.0040D, +0.066 3 3 ~97 0.997 3 3 .04
5 s £ IR T 110,180,250 320,390 kPa J& /1 F Betkrip

(1) BT T — 300 FH A4 Ml A5 5 55 450358 174 FL
et o= o I D S L B o
BOOST Hi, i % 4 1) F i 1B 3K 5l P B AE 45 6, SR
T LR S A TR PWM
3, FE LR T T IF I e A L AR B A FH v A
PWM Fiifil, I it 8 i 2% 70 A, 3 2ok 3 245 0 o) —
T HURE IR AL T F R i DR DG B

(2) fifi I XR8001 UM 3k | 3 b #5 79 3 55 °F

Je W 5 2 LU R o, O HEAT T R PLG g5 R R,
i N S B A ek X ] A3 AN 10% ~ 92%
10% ~92% 10% ~92% 10% ~92% 8% ~92% 4%
BT 4% ~92% A% ~94% A% ~94% A% ~
94% 3% ~94% . W FETE LM X A HE S T 25
it HE 28 HOAE (0, 10% ) IXTA] Y, Blet
2 W = 2% 48 )7 XY 86.85% ,92.09% |
83.15% 85.57% .86.54% .
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