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Nomenclature

Area normal to flux (m’)

Area of nozzle (m’)

Area of main spool (m’)

Damping coefficient (N.m.s)

Discharge coefficient of supply-orifice

Discharge coefficient of flapper-nozzle

Velocity coefficient

Electrical potential (V)

Attractive force between magnetized parallel surfaces
separated by air gap (N)

Force developed at difference| pressure of both spool
end, (N)

Elastic.force on-spool (N)

Length of ‘each air gap-at neutral (m)

Input current (A)

Mass moment of inertia of armature-flapper (N.m.s%)
Stiffness of the flexure tube (N/m)

Magnetic spring constant of torque motor
Flow-pressure coefficient

Constant of torque motor

Stiffness of the feedback spring (N/m)
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Q,
Q

Magneto motive force of permanent magnet (AT)
Spool mass (kg)

Turns of coil

Pressure of port A (Pa)

Pressure of port B (Pa)

Supply pressure (Pa)

Load pressure (Pa)

Flow rate of port A (m'/s)

Flow rate of port B-(m'/s)

Load flow. rate (m'/s)

Reluctance of gap (AT/wb)

Torque developed on flapper due to. fluid through nozzle
(N.m)

Torque due to elastic force of flexure tube (N.m)
Torque due to elastic force of feedback spring (N.m)
Torque developed on. armature due to electrical current
input (N.m)

Displacement ‘of-armature tip from_neutral position (m)
Flapper to nozzle distance (m)

Flapper to nozzle distance at null (m)

Valve displacement from neutral (m)

Effective bulk modulus

Angular deflection of armature (rad)

Magnetic flux in gap (wb)

Width area gradient of valve (m)
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Hydraulic

source
Flow rate,
Displacement Pressure Pressure
Current Current z
Hydraulic Main
. y
—» _displacement < |[—»=O—® . — .
- = amplifier valve
converter
Feedback

Fig. 2.1 Typical-configuration of servo valve




Upper pole piece Coil

/\ Flexure tube

= Armature
] /

Lower pole piece

Feedback — !
spring T — - —— Nozzle

Control port;(P,) Pump port(P;) Control porty(Py)

Fig. 2.2 Schematic of electro-hydraulic servo valve




(a).Torque motor

(b) Nozzle-flapper

Fig. 2.3 Schematic of torque motor and nozzle-flapper
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(b) The spool reaches the target position

Fig. 2.4 Working principle of the servo valve




A B A7 fg AnEne Sy 2y

2.2 =&-

I

2.2.1 E3 EEHYE &4

ArwinEe] B e 9ol g8 AFES 71etel El
S At 9 il ofd HAHE A7 o Bas E
g FHol g 9% Ea, AFe W

g B a9a 2E5-Zdy f590 9 EgvhAgsiA Ak

Flg 2.5¢ X}%T/]‘ 78_7]%]— /\]—O] Z_]_——'_j]—g] X}7]X1€g’j’+ Z]'7]}fléy\“9/] %‘i%

Ve, 7] 235529) WA ol 4@
E+ Ni = Ro, + R, 2.1)

webd b o] A7 A vy ol 2 dH

g—
— R =
R’l 4 H()A
(2.3)
_p_9tz
R=r="0



(2.4)

mN
s
4
1o

o1 714 E=M, ¢ =0, &=0¢3, B =R, , HQZH{?)E}‘L

A7) A4 gt ol EHEL,

Myt Ni ¢+,
o = 2R, 1=
g
(2.5)
b= My 7Ni- . ¢,— ¢,
’ 2R, e .
g
(2.6)

9 AolA ¢, = FHAH ANHE (=M, 2R )05, 6,5 217 AFol

o AT A% (= Ni 2R B = F A e 2 D5e e A7) A e

(= 9/ 1y A) 1T
A7) A e o

2 2
F =4.42 x 10*EBM
HOA

2.7)

_10_



271740 e] 271g e ot EaE hgo] ¥F% diF o= 2uje] B4}
A-g5HA HRE o5 o] xdE
4.42 <1078
-l ) 20 e
21 2.8)° A (2.5)9F 4 (2.6)0 HAYPsHH v g
2 2
(1+x— Kz—i—(l—l—%jl(nﬁ
7= L (2.9)
X
N>
g

4714 K= B3 RmEY B3 35 [=442%10 Na/g)(N.g,)] | oM,

K, 23 2Ee) A7 2@ A (= 442%10 %(a/g)(R, 67)

Y.
EJd RYHE gt Ao BT AFH MM HAFHA TS Y

9 2
(%) <1, E) <1 7ol AART, YA EE BEe] 2eje) A7

%
2 7betg e W, AR He 9% B4 7= ved 2tk

T, =K «i+K/0

(2.10)

mFIES] B Wl Ao r ZHUM [HO g o3t B4 T,

_11_



h= Yed goht

= <P1 —PQ)An o 44 Cgf [(xfo - xf)2P2 — (SCfO + xf)QPl] o7
(2.13)

Ebd BEA RE 9ol f4F ARE JHEAS

W B #ANE et 2o

d’0 do
_+Bf.—:

Jf.dtQ dt Tf+Th_T9_11t

(2.14)

_12_

FAle) @la Sl Agoe f3

G uw, E3 LEE vt






Fig. 2.5 Schematic of reluctances in torque motor
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Fig. 2.6 Acting force on feedback spring
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Fig. 2.7 Configuration of nozzle-flapper
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Fig. 3.1 Block-diagram of the servo valve
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Fig. 3.2 Simulation model development using MATLAB simulink
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Table 3.1 Simulation parameter of servo valve(J076-125)
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Table 3.2 Simulation parameter of servo valve(200)
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Table 3.3 The simulation results

rlo

Rated flow(-¢ /min)
Model Maker Current(mA)
spec result
JO76-125 Moog +7.5 30.0 28.0
200 Star +30 14.0 16.1

(a) J076-125 Model
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Rated flow(E/min)

Rated flow/mim

Current{maA)
(b) 200 Model

Fig. 3.3 Simulated flow-current curve
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AFSA(Armature-Flapper-Spring Assembly) alignment, ~Air gap measurement,

Nozzle diameter & gap= 543tz ¢t A8 dxE FA35130

Table 3.5 Experimental conditions

Parameter Conditions
Ambient temperature 20C+£5C
Fluid cleanliness 14/12/10
Fluid type DTE Light
Fluid viscosity 32cSt+8cSt
Pressure drop 21MPa+2%
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(a) No-load flow rate test

Fig. 4.1 Schematic diagram of servo valve test equipment
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(b) Pressure gain & threshold test

Fig. 4.1 Schematic diagram of servo valve test equipment
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(c) Null bias test

Fig. 4.1 Schematic diagram of servo valve test equipment
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(d) Internal leakage test

Fig. 4.1 Schematic diagram of servo valve test equipment

_37_



Pilot stage Nozzle Dig;
Filter Nozzle Dif.
Nozzle gap

*  Pressure gai
* Flow hyster
Null Bias

+  AFSA Align

+ Air gap measu

nt

Photo. 4.1 Servo valve test equipment
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T AT s 49 gaAsdd vE e de S
3Fo] AFSA(Armature-Flapper-Spring Assembly)2] 4 3%
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%

o,
o
of,
N
-
ol
-
N
Ho

[ o\
ol
ol
i
[JO
Ul
)
Ro)

Holg~ 2" % 18Cr-8Ni-S3 9] SUS3033  17Cr-4Ni-4Cu-Nb3 2]
SUS630S A-g38kRaz, 2 A& dist ststxeA 2 7144 A 2L Table
3.69} Table 3.79] wERS o, A& WA wE 3L Al EAS

3719,

7

Table 3.6 Chemical composition(wt. %) of materials

Material C Si Mn P S Ni Cr Mo Cu
8.0~ 17.0~
SUS303 | <0.15 | <1.00 | <2.00 | <0.02 | <0.15 <0.60 -
10.0 19.0
3.0~ 15.0~ 3.0~
SUS630 | <0.07 | <1.00 | <1.00 | <0.04 | <0.03 -
5.0 17.0 5.0
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Table 3.7 Mechanical properties of materials

Tensile Yielding Elongation Hardness
Material
strength (MPa) | strength (MPa) (%) (HBW)
SUS303 520< 205< 40< <187
SUS630 1105< 1000< 15< <363
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Fig. 4.2 Principle of hysteresis measurement for flexure tube
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(a) Hysteresis“curve for SUS303
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(b) Hysteresis curve for SUS630
Fig. 4.3 Relation between load and displacement of flexure tube according

to applied materials
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Fig. 4.5 Hysteresis curve for torque motor
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Fig. 4.7 Hysteresis curve in developed flexure tubes
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A Study on the Hysteresis Characteristics for on an
Electro-hydraulic Servo Valve Equipped with Nozzle and

Flapper Components

Park, Jin-Hyun

Department of Mechanical Engineering,

Graduate School of Pukyong National University

ABSTRACT

Recently, a hydraulic system for. controlling of position, velocity and
force is using in a wvariety of industry because of higher power and
accuracy performance. An- electro-hydraulic ‘servo valve is one of
structure elements for a servo control system. The knowledge of working
mechanism of the servo valve, in the industry, is not clear yet. Thus,

studies in detail for the electro-hydraulic servo valve are more needed.

This study focuses on evaluation of a hysteresis characteristic of the
electro-hydraulic servo valve equipped with a nozzle and flapper

components. In simulation of the nozzle and flapper type servo valve, a
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hysteresis curve for a rated flow and supplied current were obtained by
MATLAB Simulink software. A prototype of the electro-hydraulic servo
valve was fabricated to evaluate the hysteresis according to materials
applied and geometric dimension of a flexure tube. The SUS630 material
for the flexure tube showed less hysteresis than the SUS304. A higher

stiffness was obtained at a large slenderness of the flexure tube.
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