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Design of High Speed Solenoid Valve Control Instrument for Aeroengine

Based on Hysteresis Control
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Abstract: The amplitudes of strong pull-in current and hold-on current passing through the high speed
solenoid valve were regulated accurately by using hysteresis control to realize pulse width modulation of the
voltage of fast solenoid valve, the duty cycle of the current pulse passing through the high speed solenoid valve
was controlled by variable frequency control with variable duty cycle, and the protection functions of input
overvoltage, input undervoltage and output short circuit were designed. A high speed solenoid valve control
instrument was designed based on hysteresis control method. By using the proposed high speed solenoid valve
control instrument during the maintenance of aeroengine high speed solenoid valve and main fuel control
accessories, the fault of main fuel system of aeroengine caused by unstable input signal of controller was
eliminated. Benefited from strong anti-interference ability of the proposed instrument, instrument damage caused
by misoperation in the maintenance process was prevent, maintenance quality of high speed solenoid valve has
been improved.
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Fig.1 Ideal drive current waveform of the high speed solenoid valve
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Fig.2 Main power circuit block diagram of high
speed solenoid valve control instrument
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Fig.3  Block diagram of hysteresis control
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Fig.4 Schematic of main control unit
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Fig.5 High voltage suppression circuit block diagram
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Fig.6 The schematic of short circuit protection
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Fig.7 System software flow chart
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Fig.8 Picture of high speed solenoid valve control instrument
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instruments on test platform of main fuel control accessory
R SCBE T A PR R R 2 ] A0 A A S P i R 42 7 £
XF O R] o 25 bR AR 4R I I ), 36 1 R
RTEANIAEAE . R 1R EE TS T
FE 35% L AL 2 60% ik v, Xof EE AL A shpLes
3 R T S L AR I T T, AR SO R
i R4 T SRS IO B2 A M T Al 2 6. 0.79% LA
11152 298 L s W 4 S 4K I07 1 438 5 T s 7 v 22 e
1K 5.52% , W] LA SCRE T 4 W 1 1 47 1 S RE 5 e
FAASEAUL 2 FiL 30 i i L ) e g o Jk o
T S5 B0 A A8 2o i v vl i 1R K ) 135 5 v A A2 40
WS RSP PR 00, B2 1 HL s i ) e
JihE
F1 EEHHEHHERRE ERE
7 == LE B3R %R AR [ 1 5 b B iE
Tab.l The comparison test data of balance gear chamber
pressure with different duty cycle on test platform

of main fuel control accessory

dizs

23
35% 40% 45% 50% 55%  60%
LGS
1.38 1.32 1.259  1.157  1.09 1.02
V& #%/MPa
AR
1.375 1.313 1.25 1.155 1.089 1.014
MPa
KN ]
. -0.36 -0.53 -0.70 -0.17 -0.09 -0.59
R 22/ %
SRR/
1.336 1.2725 1.1895 1.1095 1.0445 0.969
MPa
¥ G A
o -3.19 -3.60 -552 —-4.11 -4.17 -5.00
HL i 22 /%

20

B 1 1a S A LR K R AR I 0, 4
By AR R 27 VR 20 V E , FEHRSE R T
I FEL R R 6 P ) LU 5 A LR A 20 V T
227V, BHULER ER TAE, B 11b Ak A®H
JE 3 AR R B, S5 AR A 27 V T
231V, EEHIAOCH ; i A EM 31 VEEE
27 V, ¥ HCE B IR B TAE; S A EMN 27 V
Thr 2 35V, EHL S, B2 i A HL R C ] B
FH P UK R IR R TAE. & e sl
UK HE R e A 3 B | 4 AU A R
Jei o A A H R IR (R T SR I 3]
RS, Y H R T (R 5, Lk 4 A
ST PN PG DU ) A RS s SR N B A
R PRFESCH LG I o i A KR i A G AN
i+ B 1) PR O A e T R R 3 R R
PR R R R TSR S T FE A mT
SR, DRI A T F A s A SR IR 2SR

TS AT RENE , $E i 1P o e 1 & o i
E% \V.N 20V

iy/mA
(500 mA/K)

t/ms(400 ms/%)
(a)fin A HL He R AR P e
o b 27V e 27v [V 27V
>£§ = 35VE Peermsamu e s
2l |
- lov
£ 7
Zo
2
‘ I I t/s(ZS/ffﬁ) I I
(b)Y AL A P i
JE
<>
So
<E
32,
I t/n;s(ZOOms/:f%) ‘
(o) tH 1 B AR Br B

P11 AR 3k e R H et % 1) £ e
Fig.11  Waveforms of input undervoltage protection,
input overvoltage protection and output short

circuit protection



JARE, A R T i SR AR ) AL S R By LR R IR A ) BRI

wAAES 20245 %544 F3H

4 ik

AR S R U A R AR AR 7 2 LY
5 1 G A s o) A A DR R i P L A (LR PR
TR A 28 L (] STM32F103RCT6 fif
Pl ER BT T — 3 T P i 1% P e i
FERAL, I T iz A E T3 A B T AR
B R ] R K BRI BT SR
WA AT R ST R GRS T A
] 7 28 L B3 0 % I T i A KRR
G R OR A R E R E  SE T B
SIAT AT BT A B R . A SR IR PR
i o 2 ) A8 L 28 7 R AU 25 % sh ML PR T e 0 1)
B SR B i A e Rt s (iR
Wi zs K sh AL IR T 28X He il s R 4R s e )y, 25
HTE0.7% LA, 140 T B 25 A G 5 A e
FERL S K SL SR R G s BT T RE
JI5ik, BERE TR 4R A& i R N R 255 BB TR
PR L R A T i VR B AR R

ZBFRAR
&% ik

(1] B, S5, K, 45 . w1 Kl Pl B 5 e 12 T S5 b
2 R G TN AR R, 2022,44(11) : 109114,
HUANG Du, WU Jing, LI Yongcong, et al. A fault diagnosis
and compensation system research on high-speed solenoid
valves driving circuit[J]. Ship Science and Technology, 2022,
44(11):109-114.

[2] JAdRAE, B gt e, % 3T PWM B0 85 2544

170 VETIE A BT 5 [0, 8 i A8 08 5 9, 2019, 32
(4):43-47.
ZHOU Zhenhua, LUO Changmin, ZHOU Long, et al. Research
on matching characteristics of fuel regulator actuators based on
PWM control[J]. Gas Turbine Experiment and Research,2019,
32(4):43-47.

B3] P, FUEAR, -0, 55 i S L i R S 3l P B 17

AL B A8 1, 2022(2) 1 23-25,60.
MENG Qingtao, BAI Sichun, GONG Siyang, et al. Simulation
research on solenoid valve driving circuit of electronically con-
trolled diesel engine[J]. Moder Vehicle Power, 2022 (2) : 23—
25,60.

[4]  HOCE, R T AMESim (19 15 8 B BT G 8h 25 Re 1
WEEN. AL 3 54, 2017(1) :23-25.

GAN Wenbing, QIN Yajun. Study on dynamic characteristics of

high speed solenoid on-off valve based on AMESim[J]. Fluid
Power Transmission and Control,2017(1):23-25.
[5] % PRI, 7, 45 . i U OC L RE IR AR 45 TR I

[10]

[11

—

[12]

[13]

[14]

BRI HUR SR, 2013,41(2) :82-84.

SHENG Feng, ZHENG Kunshan, SHI Lei, et al. Discussion on

application of high speed on-off solenoid valve in military engi-

neering machinery[J]. Machine Tool and Hydraulics, 2013, 41

(2):82-84.

AR R R PRS0 e B S AR P 1 ().

il [ 311k ,2021,43(4) : 102-107.

LI Jiaxin, ZHU Yuyu, LIN Maosong. Design of deive constant

current source for high inductance solenoid valve[J]. Manufac-

turing Automation,2021,43(4):102-107.

W, BACSR, E 5T 0T, A5 . v AR R R I 4 e R

[l 5t ). B W B R A A e ( F SRR 2E 1) , 2020, 45

(4):64-72.

YAO Guozhong, MAO Benquan, WANG Guiyong, et al. The

principle of energy release and recovery for high frequency

solenoid valve injector[J]. Journal of Kunming University of

Science and Technology (Natural Sciences) ,2020,45(4) : 64—

72.

B BTt g, A L T IMAG M s HLR L 1

POTEA T R G#E,2021,41(4) :84-88.

GUO Ziang, CHEN Yuankai, QIU Quan, et al. Simulation ana-

lysis on interference of airborn solenoid valve based on JMAG

software[J]. Hydraulics Pneumatics & Seals, 2021, 41(4) : 84—

88.

L, Wi, 278 2 DR e R 1 A BT A O SLE 5. T

AL, 2009,26(9) :24-27,36.

MA Jing, CHEN Jing, LI Jie. Design and simulation of aero

high speed solenoid[J]. Computer Simulation, 2009, 26(9) : 24—

27,36.

SRAR AT . AL CHLUR S T R R I R S et

[ WESBh 5 %4 ,2015,35(10) : 34-36.

ZHANG Wei, REN Zaiqing. Test-system design of nozzle sole-

noid valve for the certain aero-engine[J]. Hydraulics Pneuma-

tics & Seals,2015,35(10) :34-36.

ST SC, BB, SRR, A s B R I 5 I ) R A

B AR S, 2019,47(7) : 169-172.

WANG Liwen, HU Weinan, YING Fujun, et al. Situ traversal

functional test of aviation solenoid valve[J]. Machine Tool &

Hydraulics,2019,47(7) : 169-172.

ERKEL BT L AR s A S L s A R e s AR

BEBFFENN. THEEHLOTEC, 2013,30(1) - 145-149.

WANG Qiuxia, FAN Ding, PENG Kai, et al. Research on high

speed duty ratio control method of solenoid on aero-enginel[J].

Computer Simulation,2013,30(1) :145-149.

TAETR], R REHE, P . 35T PW M R Hi 1 1R 1 3K 24 sl

A1 B3 17,2020(1):6-9,38.

YU Zhengtong, SHI Peiyan, SUN Kai. Design of drive circuit

for PWM controlled high speed electromagnetic valve[J]. Mo-

dern Vehicle Power,2020(1):6-9,38.

SRMS . — Tl K T 0 D L R R 9K Sl L A BT s T

A ,2016,46(2):114-117.

GUO Bin. Design of drive circuit for PWM controlled high
21



WA AR 20245F H 544 3

SRR, R T A ) 0 AL R R S AU ik b A IR 45 ) AL

[15]

[16]

[17]

[18]

[19]

speed electromagnetic valve[J]. Aeronautical Computing Tech-
nique,2016,46(2) :114-117.

FRKEE BT L. AMESim £ FUHAR A 15 2 A R i T
LN izs 3l 1241, 2014,29(3) :702-707.

WANG Qiuxia, FAN Ding, PENG Kai. High speed solenoid
valve with the application of AMESim[J]. Journal of Aerospace
Power,2014,29(3) :702-707.

JAL LU A R S R TR Sl D). A S S R
2015(72):106-107,119.

ZHOU Fei. Design for aviation high-speed solenoid valve driver
[J]. Aeronautical Manufacturing Technology, 2015 (Z2) : 106—
107,119.

2Ry AR, B, A5 L BT A (1 w5 T e R A R
SIS RSP TITL. AT R 3L, 2016(2) :76-80,87.

LI Runing, GAO Yi, LU Fan, et al. Modeling and dynamic re-
sponse characteristics analysis of high-speed solenoid valve
based on test data[J]. Vehicle Engine,2016(2) :76-80,87.
RAL A A58 A2, 25 T T L T P X3l i T B
ST P4 TR, 2005(5) :43-46.

SONG Jun, LI Shuze, LI Xiaolu, et al. Design and experimental
analysis of drive circuit for high-speed solenoid valve[J]. Auto-
motive Engineering,2005(5) :43-46.

IhIGEZR SRR, T . s 3 2 S sl AL e MR il ot S 4
TRV T8, 2018,41(1) :261-267.

MA Xiaodong, SHAN Ruibin, YU Bing. Design of high pres-

sure fuel injection controller for aero piston engine[J]. Chinese

22

[20]

[21]

[22]

Journal of Electron Devices,2018,41(1):261-267.

TRER TR, XA . JE T BOOST Ha i 14 v, i i I b 478 1 5
B SR THI]. AU, 2020,51(2) :410-417.
SHEN Yue, HUANG Zhongyu, LIU Hui. Design and experi-
ment of solenoid valve flow controller based on BOOST circuit
[JI. Transactions of the Chinese Society for Agricultural Ma-
chinery,2020,51(2) :410-417.

S AN SR K, TR bk 1A ] CR R R T K Sl 2 R Y
[J]. P92 28B4, 2005, 39(7) :689-692.

SU Ling, LIU Quanbing, WANG Ying. Experimental investiga-
tion on parameters of pulse width modulation-holding solenoid
valve drive mode[J]. Journal of Xi’ an Jiaotong Univeristy,
2005,39(7) :689-692.

B, A e VO, A R S L SR 2 R DR R PR R
Bi13). A <A%50,2019,49(1) : 47-52.

DUAN Wei, LI Chongjian, BO Qiang, et al. Current hysteresis
control system of high voltage electrostatic precipitator power
supplyl[J]. Electric Drive,2019,49(1) :47-52.

JE 5 Ao T A e v D S 33 X iy A T 5 LT s e (.
S A%E1,2020,50(11) :72-77.

ZHOU Honglin. Time expansion method to reduce the effect of
delay on hysteresis control simulation[J]. Electric Drive, 2020,

50(11):72-77.

Wk H 1H - 2022-04-20
ek H 9 2022-09-16



