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Optimization design and dynamic simulation of

piloted high speed on-off valve

KONG Xiao-wu', RUAN Xiao-fang’
(1. School of Mechanical Engineering, Zhejiang University, Hangzhou 310027, China;

2. School of Electronics and Information Engineering, Zhejiang Radio&TV University, Hangzhou 310030, China)

Abstract: Aiming at optimization design on the control area of a piloted high speed on-off valve, dynamic analysis was performed to a piloted

high speed on-off valve with a slide main valve, and the objective function was put forward to optimizing parametes of the main valve. As an

example , a specific piloted large flow on-off valve was optimized according to the objecting function. In order to evaluation the performance of

the optimized valve, a precision simulation model was established by AMESIM. Empirical method was applied to optimize the parameters of

main valve based on the simulation model. The results obtained by simulation are consistent with the theory analyzed results. The results in-

dicate that there exists an optimum control area with which the shortest switching time of main spool could be achieved.

Key words: piloted; high speed on-off valve; optimization; dynamic simulation

0 51 &

oG T SR R A A i e B R A A B
TN I S R DU TS B RE 1w, H R
PWM 5 2T AR, AT LAaE i 23 b % S8 1 i i A
T3 AEFE G SR L B B S RE . T, anfe fi ke g
SR 5K R ) -5 Wi 7 s i) 22 T 8 2 i AT S B 8 e

F A 2011 -01 -06
EETH : #0742 34 %8 B0 H (20070335130)

Mo FURTAY )5 P02 SR T Re IR 25 40 0 H G %, 10 R
W 3, 8/ NPT B H R Jl 0 2k R 1) 45 9 < [
Lucas /A7) #F #9 Helenoid Fi1 Colenoid 7= i v FL R4 40
TEOCHFRIZE 1 ms LA, {H JRESAT 75 A 4 ™ A% BR i 72
1 mmBApy 2 ZE0E Ford 28 5 Al H AR Zexel 23 7
B 22 M e e i R RGN B LA 1 ms A2 AT,
(] s 7] 7 AR ORI T o SCHR (S ] SR TG IR 4wy e it
Fe R FF DGR , 9/ Vv LRG3l ) K, /e s 3l e

YEF B AT AL (1975 - ), 53 Brsiam 7 A, BTS2 R0, S22 ATl e o) R A SR GE 7 TR BIESE . E-mail: xwkong@ yahoo. com. cn


http://www.a-pdf.com/?product-split-demo

- 790 - L H

™ % %28 &

i S R 75 Hz B PWM J7 U TAR H e iR
RPCHL, $&  TREREAHRCR . 2380, R AR AR
BTRLHL — HUAA e B AR e T G I I B 22 JR Ty
7 AH B R AR A Lk s o
1 A TR NI 7 52 3] PR R R A IR o, AR S B g
P RS o IS U IR Y R I P S DN
AT PRI — D H 2k AE . SCERI8 J gl T —Fh
e IR R RE BN 8 A4 RSO . - FLAREL 445, 3=
IR FH R I 45 4 1 g T T SC 1, B R U 120 1/ min,
DI [] 8 ms ~ 10 ms, R SE T N4 HY B i T 5
R Bh 2SR W FEAR AN 5 5 T IR I PR REAR G, il HL5 32
4 SR

EHBIE T — P EA PO = TARPLAER Yo 3
[ERLIP S I {5 5ot 3 RS Y [ e [ QU =R
(larea B bioap ol R P A LTNES 44U )
TR B e 1] I ) BEAT DL AL BT

1 Je s T o6 1Y

AR 0 5 S 1 Sl i e BRI 45 4, 1 RE TR
PR 1 s
*1 BEFXRLESEELEIER

S A S HiH
HiE RS 15 MPa BEie 3 L/min
SiELNE] 2.5 ms A1 ] 2.5 ms

TR AT G R 14 5 2% S R I B 5 A A R L 3
ANHER] 3 S TL, o, BRI T2 ] A B fE
4 Al A g, (EAR e S B A, ShPEMERESZ T
VER WM R, 1IR T2 e (45 5 52 B T °F-
iy A BA—E N ER . HERE ETERELF AT SEBE )
S 1 RS T R R ) J3E SR vy, ELAE A
[ e T O 00 B 2 T -5 1 e =2 i) ) oo 25 5
SN R SRS E S NNTTRS 2 Py e g )
BRI TEOR A

ASHIT SR B i S 5 i RS M R T2
PERCHF (T R 251, anisl 1 R

Jo SO 1 o R I, TR 4 o U
/DN 25 T R R A B R A S R R AR R
LR UK ShHERT sE ik P1 i DR T BOAERT, Sl B AL
5 P1 Sl 7E3h 1AL I e R R R, 2R A
B3, A TS T D ; e T R RGBT, R
SN ERTE PL I R ST HOFE IR SC i AL 5 PL gl 115
fEh PR AL 5 T1 3l 0S8, 32 1S 3% )
YERI R Zcis 8, i A 05 P Ol i,
HWOITGH o HERT 2 BOME R AR 2 T2 IS P e 41

LN RV ORS¢ AN 8 R S By G AN SR RO s S
S 1R, 78 T LT iU S) ) 5 5 S IR AE
B ESHE, T ERSS ST S
HAMRGR SR G R R B H S THRARME O
HEShZSBEHE bR, o T REBE XTI S S ORI g
TR T B BT, F5 2 A7 3 12 i 75 2
o -5 I LS B S BT e A B HED

L AL

2NN
T N |! /
4// q}_::%:‘::f:::::
/Lx" V,Ijg??iﬁ S
W | z Va
S VAR
2 3 4 S
BT eSO T OC R 25 44 141

11— FB 5k £/ 2—AF ;33— E4—1
B5—mE

2 BT

ERLE BB TS BSE  WSEAS DR BT
& MR d BT F .
AR AIUE Ui B9 25K ] ) 20 1 58 TR BLAR D, 1Y
FUFFBE & I A2
Qi
=D ﬁ (1)
s Q0 — 3 1 B KU B, C,— 0 i &R AL
P F I R T
PR FE Y AR T 20 R LIRS T Y ER, E
W i 2 2 A s ) E 22 P47, BT % iz s B2 4
TS W BRI 1. IERCIRBLE , S S RE
[F1) A8 JEE 48 g /N TSP 1 AR T, e A 22N T
i EEIRART IR
F, =c,mDdp,,,cos 6 (2)
R P — WA BT R 10—
FERRLET IR S A I A5 5 12

FUH = maUll = 2trzrl/5 ( 3 )
2md
F=ma = tT (4)

off
Ao P, —E RS IT R RGBT, m— 3 S i,
o, —FE RGN T IRF A 05 B2, ¢, — 3 BRGESTT S 1]



57

FLIEE, 45 S TR HOT R i i i 5 s 48 7 - 791 -

— R B I T, a—
hﬁﬁmrzm I AT ]

FLEIAT I A ShERT, i 5 5 1 1) 1 R B
P py JRE AR BB SIBE T F, AR

EXE RO SEilingib]

md Qu ) wd”
O
A v, wd\* wd _A a,t,wd\* wd B
P non ( 4anm ) 4 = APuom ( 4Qn0m ) 4
dud® \* md® T Ap,,8°d’
Ap om ( qT ) L = # (5 )
lelomtﬂn 4 16Q”0"lt()n

ﬁ I:Fl H AP,,U,,,_%TEJL‘ I"ﬁ_@[ gﬁ%Ejj ’ Qnom_%@ Fﬁa gﬁfﬁ ‘Zﬁi

i, Q,,— I B R T i i, v, — 3 G FF IS B
)iz B FE
SRR 2 RO TE 25 28 B[R] PN 58 T I s,
I F, Npi AN
w Ap,,,8 d°
160;,,.1.,
(6)
F RS TE AT OC A SR I, 38 sk HEAT 7 A 1 3K 3
WAL Y

F.=zF, +F, +Fb227m6 + ¢, wDp,,. COS O +
’ tOIl

& Qui \ " md’
F([: (pc _Apol'f>,n-4 = [p(‘_Apnom(Q ff) ]Tr4 =
[ _ fft ffod ]ﬂdz
P m ) 4 -
dmd’ \*1md’
[pc _Apnum(zo ) ] 4 (7>

A P —F OGBS AEHEFT SR 3 7, p,—
VEFFEERT A T, Ap T RS S P B 6 5 18
4R, Q — 32 IR DG I i 5 1) e St o
SRt O 3 HRLESTE F A 114 B[R] PN 58 B OG P Bl A
FHAEHERT L 8K 2 77 0 i R A S5
F,zF +F +F, (8)
iR (6,7,8) , nIHUERT BLAR d N R A

.
dmd> \*1md®
[p(‘ - A pnom(anumtoﬂ) ] 2
2ms , 2mbd 7 Ap,,, 8 d°
Bt 2o Do 6+ AT (9)

XPAEEL(9) AT AR5 Al A
p.mwd’ —8c,mD8p,, . cos 0, 1 1
3 T e =2t
AP0 d Lot lon
40,
F AN S (10) W, AR B9 28 40 i v T OC ) 3
G4 [ B R] I fel A 25 ) 2 B KA . PRk

(10)
8md +

AR ZAN G X e M i 2k XM R e RS Rz 1]
iﬂ%ﬁ@mm&ﬁ@wo#ﬁmwﬁﬁﬁﬂu%ﬂ
T E PR

U)mﬁﬁ%HMﬁmﬁﬁﬁﬁﬁaﬁzm%ﬁ
BRI DGR AFAE— IR R HEAT B  rmy 3 TT OC i 1) 482 1)
i A] 5

(2) w5 fid 1 4 e 5 0] 5 Y sh g | i 11 T
WIE

(3) e I O i Ay Ffe i ] 5 20 S (33 Lo
S 15 L U o

2 PV P L T TR D R B
/@%E%%fﬁﬁﬁm%% SR . MRYE LR

Ve, B e T O R % Ak ] B[], 32 Ik N Bl T
ﬁ%%%ﬁﬁ@%%

ARG AN 2 B W3 B bR R i, B AN %
K (10) XHEAF BRI AL, Hoh RIS H AR
M%EﬁﬁwkMEng£ﬂmﬁ AR A [ AL

B BRIV TR AR TR AR A

2 £SABEAXAEMGITSH

B A SR BUE
BRES 15 MPa [0 o 0.015 kg
B 230 L/min [ EA 10 mm

RS AR (D) T DT, i AR
o C, MEK{H0.65, M

_ Qmax P _
N CrlTrD 2pmax -

230 870 P
0.65 x m x0.01 x60 0000/ 2 x 15 x 10° ~

AWFFERYERR 2 LEARE(10) , Al 45 BT B
Ry et bR e B, b Bhai A 6, Bz i 69°, 0 .
B -8c,mDdp,,,.c
fd) = rerr
407

47.12d* - 878 (11)
1.2x107* +4.65 x 10 *d°

FRPE AR =0 (1), AT B4R 1 IU(E Y8 [ (0,
10) , W2zl AT EAR DAL B AR R f(d) B2 &, an
B2 s

K2 AT LA, ST 5148 4 £ 5. 00 mm ~
6.0 mm[X [a] Y, E A pREL f(d) 5 FHR K(E 0.39 x 10°,
I o v T O W) T AR A i i 4 1) ) R, L PR A
(10) A% ;

p.md’

8md +

T+ <039 x10° (12)
off on



- 792 - L H

%28 &

4 /

B /

B /
)
N

-8

@)

0 2 4 6 8 10
d/mm

B2 HfERTEARL A H b ek R £

e Ly =Ly 1 2
Ly =1, =2.26 ms (13)
AT AL HEAT EARUA T RS (6) , Al 45 5]
SREE T T AL AR R
F.zF, +F +F,=
5.87+109.8 +57.71 =173.38 N (14)

3 #EEfE

N T xS R T SR I Y Sl AP RE A SRS
PP , ABIFTE 56 T AMESIM a7 1 58 S ORI 2 g

K3 SeeaURdITr o AMESIM fj E AL

®3 HESH

24 HH S5 B
{5 77 15 MPa FI 1 mm
S pigTe 0.015 kg  FMEEHRE 10 mm
HSETIE T 174 N AN B

TEANIE 3 F 7 0 0 ELRETRY o, 5 S 1 9 sl A e
R T P BRAT 1 34 , 1R 10 37 42 il 2 >R R
ERIEERI A G S0, e T E SRR 1 #E, =
WO SN 3 Frs o S5 B TT IS FISC AT, fEs
(LA S N iR An I 4 B o

HI1E] 4 RIS DT AR AT UL, SHERF BARAE S mm ~
6 mm 12 [ PN AZ R o T O 1) 3 20 St 5K A ] i
AT ELARRE AN/ 0N , 1R IR 14 B AT B A 49 o i 4
I, SR 2.0 ms 24y CHEAR AL 4% 1 ms (Y45
WhE])  SERET4E R 2. 26 ms BEAWIG . MHEF

/T 5 mm B, 5GP AR /N T T,
W AN BESE 42 ]

NIRRT AR d 55 RO R i A ] 22 [ ) 5
2R RS RI AT EAR S8 d AT 3505
W 4 Pros 05 BAR R, HHEAT HARAE S mm ~
6 mmZ [A] I}, 0] BRAF B 0 Sl A VERE , JT O IR 8] Y 25
BARRR 1/ + 1/, 2970 0.3, R Z5 R 5 s 4k
L RS AR 5

1.2

1.0
d=4.5 mm
d=5.0 mm
0.64 d=5.5mm
d=6.0 mm

0.8+

0.4+

[ F/mm

0.2+

0 PP

(a) [ H 5k
1.2
1.0 e o e e e d=4.5 mm
\\’..\'..
£ 081 \“/‘?\ﬁ/—dzs,o mm
;}\E \\.‘: \-'\//— d=5.5 mm
E 0.6+ \\".‘.'\_\\. /" d=6.0mm
= 0.4+ RS R
= DR
0.2 LW W
VRN,
O g \L| S \‘ '\ T 1
1.0 2.0 3.0 4.0
t/ms
(b) {1 IF A
B4 e aXim BT 5C R sh 2 i i ith 2
x4 EMHEERUBESR
1 1 2
d/mm t,,/ms t,q/ Ms N + tT/(l/ms )
off on
5.0 2.2 2.8 0.33
5.5 2.6 2.5 0.31
6.0 2.9 2.4 0.30
6.5 3.2 2.4 0.27
7.0 3.6 2.3 0.26
7.5 4.0 2.4 0.24
8.0 4.6 2.5 0.21
8.5 5.1 2.6 0.19
9.0 5.8 2.6 0.18
9.5 6.5 2.8 0.15
10.0 7.2 2.9 0.14

(F4% 797 )



57 TR, SF AW

Ae I IR B A0 ELAF ST <797 -

5 ZEHiE

FH T DBl A X A P RE A T ELAR T, [ 9 A AS
RRB T 5 4% B B i 4R e LA i o 9 22 T 005 P 48 42
P AHFFEIHE T IR A%, F 5 AE XUBIR 25
REF AL SIS IR AR G vh 5 4 IR A AR At Y RE 0 0
AREAT [T SORL T, 3 9 T3 28 A2 A T 5 |
4 B e E AR A RIS 38 7 8 2R M B8 X 9 % Bl 2
PERE B 5 e AT RS G 5 S0, Rt i PR AR AT I
PEFIERAFEE PERIRTTIE ST, DHE B #5 BE iR &%
TAFPEREXS B 28l Sy 2 PERE RO RE R o [R)IEASIF S TR
P T i T LR A D8R a0 30 By Bk AT e 400
T 8 7 FR I IR A8 X B AR RE R RE IR, O Jim 2
REAF 2 Bt 5 ] 5E B R o

2 Z 3k ( References) :

(1] ZEEV, 7k, 5k &, % e S B2 0E 5
Wit g FF & SR AT ]. HLE T2 ,2010,27(6) :22-27.
[2] #E&AWK, TR, 5 &, % RELER AR H A

MIF &S5 ] . HLH T ,2010,27(10) :34-37.
MELLER T. Self-Energizing Leveling Systems Their Progress
in Development and Application [ C ]//SAE 1999 World
Congress. Detroit; SAE Publications Group,1999:1-4.
CROLLA D. The influence of damper properties on vehicle
dynamic behavior[ C]//SAE 2002 World Congress. Detroit ;
SAE Publications Group,2002.1-8.
GROSS A, WYNSBERGHE R V. Development of a 4-point-
Air Cab Suspension System for Conventional Heavy Trucks
[C]//SAE 2001 World Congress. Detroit; SAE Publica-
tions Group,2001:1-7.
TR, B, EIRAE. IRG3h I E e R 2 i1y
REVR I [ )] W MR 2224l T 22 R, 2009,39 (4) - 841-
845.
BEM RER RN SR EID]. K& &
MROR R4 TR Bt ,2009.
Wtz A=, BE AR AR, B B 5t RE S A L T AR I PR ) ]
HUAR T 224 ,2007 ,43(11) :177-182.
O, SR BT R R S SRR 4 IR
IR EMHEORTT ] B TTHLR,2009,27(3) :84-86.

[ 4miE .5k ]

(E#EH 792 1)
4 ZERIE

AT S8 3t X — o 2 S 28 R 245 ) S S e ik
TFRIRHEAT B 2700 B, 15 B A 5 1 5 32 1 2 ] 552
SRR P FAR B TR G F AR s B0 —
A ELAR 4 51 T R O IR 2 o s T AR R T T Ak
it A TRAEFIS AL LR, EH LT AMESIM
S A7 T e R T 5% R YRS O B Y ik
S A5 FOOT i ) T R AT A A, 7 FLAL AR Y 45
SIS RS RIEA — 2 Bk T eIk 1
IE#E.

£ % 3Lk ( References) :

[1] SEILLY A H. Helenoid Actuators a New Concept in Ex-
tremely Fast Acting Solenoids [ N]. SAE Paper 790119,
1979.

[2] SEILLY A H. Colenoid Actuators-Further Developments in
Extremely Fast Acting Solenoids[ N]. SAE Paper 810462,
1981.

[3] SCHECHTER M M. Fast Response Multipole Solenoids
[N]. SAE Paper 820203 ,846-857.

KUSHIDA T. High Speed, Powerful and Simple Solenoid
Actuator “DISOLE” and Its Dynamic Analysis Results[ N].
SAE Paper 850373 ,3. 127-3. 136.
TU H C, RANNOW M B, WANG Meng. Modeling and vali-
dation of a high speed rotary PWM on/off valve[ C]//Pro-
ceeding of ASME Dynamic System Control Conference,
DSCC,2010:629-636.

SHINICHI Y, KOTAROU A. Fast-acting electrohydraulic
digital transducer[ J]. Nippon Kikai Gakkai Ronbunshu
B Hen,1990(56) :1167-1172.
WITEM, S MR . ST R R ]
BLRL ™ b T A 55 15 ,2009,22(2) :56-58.
AVIES-. — TR g T G B B 5 8t [ )] HLBR
T A4} ,2004,40(4) :195-198.
JARRE, 2T BT A B S )] MU TR
2#4,1998,34(10) . 101-105.

JA R IR R RIS T ML T ] L
W T FE2:4R ,2006(5) « 5-8.

AR A, 2 bR RO T KR A2 R G R ah
Bt SO R[] B THLR,2010,28(4) :51-43.

WK 22 0T AT A T I U5 T AR G Y AT S A M
BT S ERI L] B2 TR, 2009,27(5) < 13-15.

[4EE: 0k ]



