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Simulation on the dynamic response
characteristics of solenoid valve
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(College of Aerospace and Material Engineering, National Univ. of Defense Technology , Changsha 410073 , China)

Abstract: In this article, the mathematical model of a solenoid valve including the electro
pneumatic valve model and the pneumatic hydraulic valve model is presented. These two models are
related by using Matlab Simulink to form the software simulation model. So that the current, the mag-
netic force, the displacement, the velocity , the pressure and the volume of the control cavity can be
simulated. The influences of such factors as the voltage, the number of winding circle, the resistance,
the width of solenoid air gap, the pressure of the compressed gas, the reaction factors and the size pa-
rameters, etc. on the response characteristics of the solenoid valve are analyzed.

Key words: solenoid valve; mathematical model; simulation; response characteristics

Wi HEE: 2006-04-18; fEEIHHEF: 2006-06-12,

EH R diE (1983—), L, Wit, Wil ss e R 5 sh SR E ST,



5513 PR i R 80 2 g g P Ay LA 5

41

SR
U —— HIE,V
R, —— ZPEHMHE, Q
N, —— B,
D, —— WHTPHRGEL, Wb
Ry, ——  TAERBRWERH
R, —— AR TAERBRALHL
L, —— WHKE, m
S — ABRAW#AERE, m?
e —— WARABRKE, m
8 — ABRKE, m
o — R
F, —— W®wh, N
F, —— #%%J1, N
p —— JEM, Pa
d — H&E, m
T — ¥, K
o o— BEERH, ks
n —— WmEARH
F, —— WEMEJ, N
Voo—  ERESRER, m
THR:
1 — W3RN
0 —— SN
lin —— HIHIWESFEAD
out —— HERH
20 ——  AEIWMEMLF AN
1 5lF

B sRR & s g e, T2k
TAE, Bz W T A KR A Sl AL ) A R ) L
NRGZ Y, B HE KL TAEFISCHL,
PRI T . KA FeE Rk wh s & R 5
FEMFE , A ST B K Sl b Ad T
i AT G, #ESE T T R 5 e R R E
e PERC2E AL R MATLAB H % SIMULINK
T BB T AR sh A m B Re P, IE b T 4

i o— Wi, A

v — Wi, Wb

t —— W, s

&, —— SBETRBGERE, Wh
H, —— W%iHE, Am

R, —— Ot GBI

B, —— HEBSTROBEEENIREE, T
Mo ——  HERSHE, Hm
Gin ——  H/NABRKE, m

x —— fiF, m

—  HE m/s

F, —— J&mJ;, N

K — I, N

A — Wi, m?

ro— (R, m

C —— #ENIE, N/m

R —— SAREH, Jke K

y —— AL

F, —— #EHEI, N

m ——  RRBTEGE, ke/s

2 — A3

N —— ®ESK
2in —— B S EA A
mid  —— T ZE R AT I

of ——  SKEWEREAN

G LRI IR, B B, R
S T3 TR ZR LA B RO 25 0055 Xk v, i i i SO P 11 52
Wi o A SRS H Y — SE 4595 mT ] Ak L i 1) B 2 40

£ BIE R R,

2 HEL G I A 2 S A D

HLRE IR R 25 R I 1 F7s el i S AR
Bl PR A, B S T A
e, SUBIRR BAEE R TR E R) AAE  E E AR

WO ERBEAR A



42

KoHi e Bt

2007 4 %5 33 &

R R RS, fE R W T AT
BEFTIT, o AR A H, S /R 9 ) s e A2
) Rz NESPA B o § S i I = R S E e

SRS BT, ASh T 2B T IT, e A
(A IO = BRI U SR B Sl K (At I R R

LelE e, MW e A AR, ERREIIT A
o, HERABIWEACH, SiFER, f3)
AR A MR T S U Y, )
BRI R A

FTIWVER T B8 A1, S8 0 w1 o 1) o A
1 7
- =
, ¢
o e L
|/4 10“:---_-_---.—
1 -
| L
'ﬁiﬁ%3<:$ —_— e —
5 8/- -
\6
L Bl s = A KB s 7

I-IRE 1A 2-2k 085 3-#03E; 4-TEakdl it
S—H AN R 6-m RS T-FALTIA D
S—IABE AT, O-1H ZEAESIAT; 103k 1 42 )

IR A P g

Fig.1 The structure of the solenoid valve
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Fig. 2 The curves of the valve characteristics
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for different voltages

ME 3 (a). (b) MR 1 nfLITEREMA L.
N EE H R R, A R I T S B B P i

T L TR, TR R A T 2 PR R
PR IERT T, TS i (e e ; B2,
TRRREARE AR R, DT R 2R R BOR
1 7 i SO LG (8 S i 1 1 SO 1 2 A s N B
R, AL A 2 B R i [ g e ) R R O A g
B BB M o o g fF . BT RLV Y0
P8 2 e A P R R g L G R ) 7

1 SRSl L RN AL W) ISR £ R

Tab.1 Effect of driving voltage on valve characteristics

HANIE St ims Xmnims G
24 453 63.36 1.7757
27 3.98 67.65 1.9968
30 254 71.53 22179
R T IR B HA 1 1 e 0 B AT ER RN 4E R B B

1% 73T AREAR A 25K, PR g 1 3K 2l s 4 1 43 e
By, MR RIKsh =, RIYEfgekizshzw, fH
FHE L, n R BK 2l g, A 18 Rk PR
MW A S, MR H R 4ERE o T e wE
U EE IR R 7 RS R [ W 8 A NN 3 2
1%, B A A4 H i A S AT DR 4 R T 1R 1Y) AT 5
G, EHERE IR R I REAE FIZ B (M 3, JF A
I T A7 R ) PR A2 A7, A T R 1 S AT i )3
[0 I THIAF 5 4 455 LX) FEL G ) i) 7 R 1 5
il
2 LR R TR E R I e 7 R 1) 5

Tab.2 Effect of holding voltage on valve characteristics

IS NEAY TF A 18] /ms OGP [ /ms
2.0 453 32.53
1.0 4.53 18.59
0.5 453 2.580
0.4 A5 AR AR T

Bl 3 (c) R 2 JE7ESR8h ik 24V, 1B
] 4ms, BEEIAERFRLE, #) 50ms B HL R FERE R O
A AR LA R, A5 R RN, BEARERE
F, S A 0 T R R ) O A, R X R AR A —



46 KoHi e Bt

2007 4 %5 33 &

FEMIRREE , B4 i R e ™ A R I FL L R

AR IE L B 1R 2 5 4 T

4.2 B [M %4 A F BR X+ AR R R M 7 45 14 B 52 1
223 SRV RO FRL G 7 A )
Tab.3  Effect of the number of winding circle on

valve characteristics

2 P I %/ JF I B 6] /ms R AT I [R] /ms

120 H % 1) TIC vk D R AR

150 3.39 9.00
170 3.20 11.2
180 3.19 12.5
190 3.20 13.8
200 3.22 152
300 3.83 329
390 4.53 62.7

3 R R 24V, fEHEE 0.1s, R,=
13.5 WA AR, AP ITLE X F
Wi PHE, BEE EE R, B sh < T IE
HES RN PNy <E- I 1R Rsiad P il ]
B A I 5 A 38 g 3 i, IR A A — A TR
B, T A H <R TR 198 i iy [ i, TG %
HIRFRIARS 2 F R K, SIEGE X AE, i<
(5 = W A [ /2 T S T - A S
{E, FLSh A IRIE I 4 W R B ) the 2 AR, R A
FHL i 1 35 AN 1) 8 1Y) T AR 4 I B0 TE ik IR R T
1B, M B R W, FEIZAM T s R i I 450
PEAE A 180 [,

Fe 4 el BELE FhL G I e £ B

Tab.4 Effect of resistance on valve characteristics

HL FH TFJE I [R] 5K AT I T FEL I U (.
Q) /ms /ms /A
10.0 2.65 16.6 2.4000
13.5 3.19 12.5 1.7778
15.0 3.55 11.3 1.6000
20.0 HL G R T 1 1 T AR

PSSP i e s < S R )| W) P Y W 5
(ELWT /0N, A 2l R T R ) 7 R ], T 5%

V] g 107 B[R9 20> PRk R BEL{EL A R /DN S s )
Tl R Bl A e B R — DB R, BRI
FL L (B 1 2 T, BB IF FR R TR B A 19 i 7
PR, SCRBAS PR il 04 (LI

4.3 3 T E 8 B 0 7% 4% 18] PR X B 1 1) M A7 14 Y
A

. 0. 2mm
0.28] P | Bee0. 3mm
] i i o g =0, 4mm

x,/mm
IS
b
o 3

0.00 005 010 015 020
t/s

(a) AN[R)F=TAEWMIBR N A6 AL 7 il 22

16 ] — £2.,=0.2mm
T o B =0. 3Imm
L2 - £ue=0. 4mm
Z 0.8
R
";- 0.4 .
0.0
-0.4
*0_ 8 ] T M T T T hd 1 T
0.00 0.05 010 0.15 0. 20
t/s
(b) TR 3= T AR B 787 2% BE il 2%
0.25 — £..=0. 08mm
1 T --- Buw,=0.12mm
0.20 1 | i Baa=0 18mm
i
gow 3
< ]
= 0.10 |
1 |
0.05 ||
| ]
0. 00 A -

T

0.00 005 0.10 0.15 0.20
t/s

(c) ANIRIBR A% 1] BT A6 2k 0 % 1 £k
Pl 4 AR HL R R o 7 1 Y 52
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for different air gap
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