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A Study on Characteristics of Nozzle/Flapper Type
Flow Control Servo Valve
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ABSTRACT

The purpose of this study is to bring oui the optimal design factors which effect on dynamic
characteristics in the design of flow control servo valve with high response characteristics, and
to verily the validity of the design factors.

In this study, force feedback type flow control valve with nozzle/flapper and with no drain
is studied. And, the effect of the parameters, such as fixed orifice, nozzle diameter, and
maximum displacement between nozzle and flapper are analyzed.

Wc have done simulations using the optimal design factors and simulink(Matlab) as a
simulation tool, and verified the validity of our simulations by means of comparison our
simulation results with an experimental results of another similar valve.
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Fig. 1 Schematic Diagram of Flow Control Servo Valve”

Fig. 2 Flow Control Servo Valve System Model

AN Ty =2/EWsie] EAE 9
Wk e n 2ol kB/Zew oFgd wals)
£ 99 Aold] st 7 5 gl
Ty=(Fy—Fp) -7
= (Py~ Pp)A,v—8% Coff Py s7
=(Py~ Pp)A,»—87 C/f Paxph0  (2)

/-’4(1)0%1*1 T,z SEw 23] ozle] w
AHE E2F gusty thga go] & 5 gk

To=k{x,+(r+ 08} - (r+b) (3)

42 2 AGE A (el Yk,

56

T Zk'ﬂdi .

:]f5+ bf@‘f’k‘fg'}“(Pm‘Pog) -
A, r—8x Cdszsxﬂ,- YO+
klx,+(r+ 88} (v+b)

Ad)E elgats HEdsted g9 e st
H oS3 2o,

@)

. k- di— k;‘m_ kwn
os) = Tis*+ bys+ kg, )
o4 7]ll 4
ktm= (P01_P02)An g

bon=Rk,x,(r+ b)
kon=k—81 C,fP 27"+ k(v + b)?

&_lt}. = 2F8 EHAAL gL 2o
2= 01;}__

= T A&
_PUZ)AS

&3

FU:(PUT

= Mmsx,+ 0%, + Ryl x,+ (r+ )0} + fr (6)

A7V, frim 2Ed AEEE fAEOE
o 2
ff: ZCdCU- W COos HU(PS—PL)JCU (7)
A6 FEa "B x, o e A
ZIcias]

_ (P = Pp)A,—k(r+ b6

v st + bs+ ks,

of 7]ef A,

ko= R,y +2C,C,- w+ cos@,(P—Pp)
=2 AREBE 73 AEY) ¢ dAseg &
+H FodA oln] FAZ W) i3k FiE
49 Bl 3~Buj7l "ok el wvon
Mises®} 4847 o3 6,=69° 9 &< #
71817] wdofl A2 FHFskua s

EARHY 499 AFI AsiAe o),
TR QY] =&/ZTHHY 9 FAEL Tl
B2 BALE JERE o3y 2

(8

722
28



Q= Qg+ Qo+ Q. ©)
HOAM Q.5 F2E ATAHE Bald
2% e risie] Faickee] £A3A)

=
= Brels 410 2ol FI3A K, 9 F
2F 99 x,9 Fog vehd £ gnh

Qc=Cy Ay | %PS=K xx,  (10)

_’_;?;9_] i
27 T 842 g,
AT A gatelr] Wi Zhgez )

22 =E5/SdHE off A
Fig.3ol =Z/ZHd% Hande mAsy

BN Q% QuF TAE et 2%
Qo= Qn—Qn
Qo= Qp— Qp (1)

Qu=kN 1— Py—k,(1— xV Py

Qo= k,(1+ %Y Py—ky 1— Py (12)

A71NA Qu, Qut xF/FHNT 293

% 259 32E §32 vehgs,

ko= C, A4 % P, ky= Cyrd, %, % P,

°o|tt.

A2 =Z/ZYH7t 44 FHY Ao

o] Z2oE 48 4 gl
= _ 1
Py 14+ 2(1— x)?
— _ 1 _
Foo= 1+ Z(1+ x,)?

(13)

of 7] &l A,

([

1]

L+Emmm-.
Fig 40288 ( Py— Pp)= x, 7} &

HAME Z=1.729] gL 71} sl AL
J + 1A%t Fig. 523 H Fy=Pyu=0.5P,

M Hrl o8 e QoA o) Awe A
1PAH  Zg7t 974 qed,
Py=Py=0.5P,=—L—o] ya517 mx

1+Z
Z)u &u)7} 1o] Hojof gt A

Fig. 3 Nozzle Flapper Analysis Model
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Fig. 5 Nozzle/Flapper P-Q Characteristics

- AQsl + ']exl A?f
(kal + kdz)

APy =

AQg— ky Axy

[
kot ki (15)

APy =

APy, — APy =~ BASx edx,+ Adx; (16)
2(15), (16) 4]

AI kxl le
kothky kTt kg
_ 1 1
B= Tty T Rt fa

kg = kN 731 , ko=Fky 7:’20

o
2

58

ky %y

=T==-:._ ky= —
kal 01— Plo ’ h 2]1'__ on

P Al— x5) _ ka1t %)
2T Py # 2V Py
olF, 41602 4(6) F& A®)] HYeez

A ox,9 e AN F 9l

A-A,- Ps-xl—oxf— k(7 + 0)6

Xy(S)Z m532+(bs+B’ ASQ.PS)S+Kbn

17

2.3 #x ANZ2dols

2(5), 2(16), A7
a89d Flg.GA Zc}

olgate] ERAEES

e A

@W(hsﬂe. AZP)  (18)
24 Fage] A=Y BE AYstne
$ 4%z BAY + W) WBolt. @
BY e =2/Zdwnst 294449 98 )

= uew go g8 & ok

_ 47
A (1+2)*

— 4z
B= K,(1+2V1+Z (19)

gke] 224N Waluiel ol Ao Zghe



Z=19 o] A|g 7
BoEe] 271 HAAD(x,)
(do)9) #ere]7] v 01-%9_1 Z

)
N

|

F

i

1o

BL

oi

H —~
w0 R
R
Y
o W
S oy

q

- ok ot

zﬁ\i
ﬁo&
i

At A7E ol aﬂ;:‘a}
e 2 A5 T
AR st WeE mz% o]
443 272 e,
H = A

ity =

Bl

o] F5A WA % J

Fig. 7 Simulink Block Diagram for Servo Valve
System Analysis
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