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A Study on a Direct-Type Proportional Flow Control Valve
Utilizing Flowforces

S.G. Bae*, J.H. Hyun**, C.O. Lee***

ABSTRACT

A one-stage direction and flow control valve was studied theoretically and experimentally. A direction
and flow control valve maintains a constant flow rate by changing the spool-orifice area under the variation
of valve pressure drop, since the spool-orifice area is varied by the action of flowforces on the spool. A
direction and flow control valve has the advantage of simple and low-cost structure compared to a conven-
tional flow control valve utilizing a pressure regulating spool which regulates the pressure drop caused by
flow through the metering orifice. The static and dynamic characteristics of a one-stage direction and flow
control valve was analyzed. Experimental results on the flow control characteristics of the manufactured
valve show satisfactory agreement with simulation results.
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Fig. 4 Simulation results (a)The flow rate vs valve pressure
drop for a notch only. (b)The flow rates vs valve
pressure drop when both a notch and a tapered spool
are present.



B3AL A A15A A48 (1998 44)

ol F Autd AFL U o] A9d & 3.
Fig. 5v =A% e 45 259 A o ¢}
F%E Jehd Roid,

2Fo] o] 48 AT FEAY] 7] f el &Y
A7b Am, 2Z0] AA 9¥ B4 f2AYe] 27 o
B g4FA7}t AAA He A& Fig. 5 (2] & &
k. Fig. 5 (b) 99 1M A7t A% f3Fe] 24
23 233 FolAE ¢ & Y. 2 olfE Fig. 5 (a)
oA BEo] Ayt & Aol 29 A} Fa,
g2tA AT Aol wl HolAN RKEFL AAFHA He
Aol w2 99 IMe 289 X7t F715
w2} ATFEEL A R} 2] dEe] f3Fo] F
olAlE 9ol Fig. 5 (b)ollA 99 & F3o] ¢
doke ATHAd A 238 9901, 99 I
fol AFHARTE o) 3N 2FHE 990
g3 & F .

Fo7 o
s § § 8

(=
T

10 15 20 25 30 35 40
Spool Position(mm)

Qe

(=4
T

o w
T

10 15 20 25 30 35 40
Spool Position(mm)
(b)

Fig.5 Simulation results of flow control valve considering a
notch only. (a) Valve pressure drop vs spool position
(b) Flow rate vs spool position

Fig. 4% Fig. 52578 3AP & $3she 32 99
19 54<& vedn, A& §Hshs 32 99 119
4 YRR, T 999 §40] T vehuA
F32A0| He AoY. Fig. 62 FAEe] A4S o
A7 2 AR E HE Ao T Zelr, 7
Atzke] A3t mat 4Rt 2 Beun AL B9
F3ol Bol 9FE wed. AR QAAE Fo=A
FF2RANe S FNE F YES ¢ F U0

Fig. 6 The effect of « on the flow rate

5. S54 a4

A4 (3)F £ F 234 Qs fAH ¥ 4
(98 FFHE V1o Y3 ¥

m-&+ B8 +K - 6x = F) — 6F, 10
80 =Ky, -&-K,p - &P an
8F; = Kp, -6t~ Kpp - 6P (12)

4714

Ky, =C; (W, -cosa +w, -cos0)- 2.5

Kpe =2-C,-C (W, -cosa +w, -cos0)- P,

Kpp =C, -(w, -cosa+w, -cosb)-x,

2.p-P

o

Kep=2-C;-C,(w, -cosa +w, -cosf)-x,

337 o HERE ehi,
Kot K9 2 Ko K@kl HlalA] s Zom
2 vl A7 GRGE RS 4, K9 Ky
& PAE 4 Aok 223 HEAY $HYE S5



W37 - WA - oL

o|Zshe o Yo Hlg 27] g FAGG 0P
g2 4(10)3% (12)8 AF3le 4338 593
A& 33 2ol & £ i '
m-8%+B-3+K-&x=6F, -OF, -& (13)
FHEE4 (11)2 g3 2] %3 4oz g}
9 4 ot
80 =Ky, -8 (14)
419] A& Laplace® 319
m-s*-8x(s)+ B-s-8x(s)
+(K + K, ) - 0x(s) = Fy () a5
Q(s) = Ky, - 6x(s) 16)
e &YYo= FAH(5)E
F,(s)
(t-s+1)

Fig. 79l 5 A=& YRz, 4(18)& A
giroint.

Fy(s)= a7

Fig. 7 Block diagram

o _ Ko as)
Fy(s) (t-s+D)-(m-s*+B-s+(K+K,))

Fig. 88 #35 ¢ oA 2E uls} o] o] Wne]
Band Widthe °]&% 50~60Hz4< ¢ 4 {dt.

o] Mue sEvE g dANE o3 2.

Wl HgE AN A Brgd FHRE
BeZlosn AFAel HEE FI HFZo 293
< 73 B3t Fig 994 R& utg} Zo] 2HHo] =
F sHue] 25 g gleve A I3 7|18
A REE ¢ F A

6.4 #

Table 1 oM AA @ A+E Ze YEE AA AF3}

72

Imaginary

Phase(degree)

s 588

<

3 L}
g,
-” A A
10 100 1000
Frequency(Hz)
(a)Magnitude

0

100
Frequency(Hz)

(b)Phase Angle
Fig. 8 The bode plot of equation (18)

1500

1000

—

1000 Pressure drop

500 I increase
0 x
500 { x j
2ov0] | ]
-1500 . . . 4 X
2300 250 200 -150 100 50 0
Real

Fig. 9 The root locus of equation (18)

Table 1. Valve parameters and design values

BLN -sec/ m) 250
Ci 0.6
D(m) 0.01
K{n/m) 9500
m(xg) 0.022
xa(m) 0.0009
xa(m) 0.0024
xi(m) 0.001
wi (m) 0.004
a(9) 15
7{sec) 0.01
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