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Design and Experiment on Large-flow-rate Electro-hydraulic Control Valve

Man Zaipeng Ding Fan Liu Shuo Deng Minsheng
(State Key Laboratory of Fluid Power Transmission and Control, Zhejiang University, Hangzhou 310027, China)

Abstract. A large-flow-rate electro-hydraulic control valve was designed by adopting pressure difference
feedback rather than displacement feedback, the results of which was cost savings. Elliptical oil ports
were designed to reduce the length and mass of the spool to improve the system response speed. For the
fact that the response speed of hydraulic valve is affected by the throttling window, a system requiring
large flow rate usually adopts large throttling window while a system requiring small flow rate usually
adopts small throttling window. However, when the load of a system changes and leads to the change of
the system flow rate demand, there is a trade-off between the system stability and speed. Mathematical
model of the designed hydraulic control valve was established and simulation results showed that the
adoption of composite throttling window could satisfy the demand of speediness in the case of large-flow-
rate and the demand of stability in the case of small-flow-rate. And the maximum flow-rate and cut-off
frequency of the valve was proved to be 417 L/min and 73 Hz. A prototype was manufactured and applied
to hydraulic impulse testing systems for hose test, the result of which further verified the advantages of the
hydraulic control valve.

Key words: Large flow rate Electro-hydraulic control valve Throttling window  Pressure difference

feedback Hydraulic impulse test
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Fig.2  Structure diagram of hydraulic control valve
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Fig.3 Diagram of composite throttling window
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Fig.4 Diagram of elliptical oil port

2 ERS5HESH

2.1 HEFEERE

T 3 AT TR R A R R S S B S
X P 8 o 1 Y R L S ST TR YR T R 4
AR 0

PR, R

K, (4)
A x, ) i ] S A3 7%
— AT 15
K, i) i 1 1 o2 B 3 4
i) i R A 3 R T AR W] LASR R R
q,=C,w,x, \/2Ap,/p (5)
X w, i) Al 1 g i R 2
Ap, ) 1 1 R 1T s 2

S SCAr e 1 7 A 45 T S T A I S R g, v s

FH T3tk TR S T R 6 ) R A A A R R A T

W2 T S T I B g, FR UL A R B U A g, AN A
S o R T TEAL ST 0 A

q,=(q, +q,)/2 (6)

Al 15 i) IR 1R 5, R0 A ol IR 4 ] s 110 2 4 A T X

Pk EL iR, 8 b Y ) 0 O A I B A R R AT

DA 2800 5 P, YR 4 ) R 1 4 o Js 9 A% A s 0 A A

ek R A R S A Sy B, ol N A TR 24 R

A FEL YR A R 9 A P 4 9 R

dx, V,dp,
g1 =A -+ C(py=p) +Cop, T (7)
DA, R 4 ) el A o Fs O ) I
dx, V,dp,
9 =A -+ C(py =py) = Cp, 5 di (8)
KL A, LR A T 1 T 1 A R P T AR
5 S
C, .C,——F= 4l I 1 o A1 it e 22 4K

B.— L35 M % e A A B v YR A R
PRAUAE SR ALE N AT A B P A
ViV R ¥ A ) 1 4 00 4 A fs A 20 B
B TR v 98 s A 1R A 0 4 e 9 ) i A R A
Vy/2 ]

V, =V,/2 + Ax, (9)
V, =V,/2 - Ax, (10)
ML AT IS B iR st RN
dx,
q; =A(Txl+C,-(p1 -p,) +C.(p, —p,) /2 +
v, dp] dpz Ax] dp] dpz
)t ) an
A 5 A1 IR 1 AR T 2 o R L DS R £ PR ok
P, =P *+Ps (12)
P, =P — P2 (13)



348 & A Bl B ¥ i

2015 4

R AR C, = Co+ €72, 3F H% & 3

dp, dp, dp, e e
d—t‘+d—j=d—t‘=0,ﬁtyﬁg@éﬁﬁﬂ%mﬂm%
H
PRy, V. dp, 14)
QL_ dl + [pL+4ﬁP dt (

TE U1 VR0 IAL 22 PR R A7 T 1R R T A
fR9 R /INFI T 1) S A2 AR A, 2 b R T4 ) TR R 7 A
FeAE 1, BV Bl 1, 4 45 A2 25 0 3 70 1B 25 W 3
S RaZS W Bh Ay 2 e R T — 5 AR E W Bh
ZEAE TR WO R RS B8 BV 0, 1 B AR A B
CINYE i)

F.=2C,C,wx, Apcosf (15)

A C—HERE o— M

U F R A ) 1 1 AR T R, U 6 = 69°, T
C,=0.98.C,=0.61,7] L1573

F =0.43w,Apx, = K, (16)
b K—RREW s I W

R 25 W 3l 1 B 75 1) B A 1) 1R 11 56 P Y 7
li], HL7E i 1 2 48 i 7 88 R/ 5 18 101 0 B2 A OE
F, PR AR S 3l J T LR 1 S o o i 5 |k i i
PET1 .

A FEL A ) 1 8 as s #E e, iy IR OT A
A5 1 1R A i 0 T 7 A, 2 % RS 7 A B AR T )T
RIVBE 2 8 A1, FoR/N

dx
F[=(%wL,J2Ap/piﬂL=B

Ah B —HLE R K

M (17) 7 LA B 25 W 30 J1 5 S 10 7% 30
VL E L T DL R R LS

i R T 3 Bl ) 81 I
S IE 7 BEPE 7 R 7 S 0 5 S 7 00 0 B

dx,

rr (17)

N PR & TR
d’x, dx,
Ap,=m — + (B, +B/.)$+ (K+K,)x, (18)
L . :

A m——HL IR 1 I S5 IS — 2 s Bl Y
TR 2t A S5 0 T
B,— B e R %L
K—5 v L5 A 11 32
M (18) AT LU i, B 25 3 T Mgk 25 s
3 AR 24 T S ) FORS P 3, 9 AT RS X g Y
SRR 3 AR TROR JBE 5 RS ARG P T 2R I
2.2 AMESim {&#!
BT U R OR SR B e LR, R
AMESim 84, i 57 B IR ) 1 2 48 1 5 B Y, 4
SR O T SR REHL BT, 1 12 B e I

S B0 S -2 Rk 1 R,

PS5 A o 4 o 1 AR e ) AR Y

Fig.5 Simulation model of hydraulic-control-valve system
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Fig. 13 Prototype of hydraulic impulse testing system
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