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Abstract: The main objective of this work is to estimate the fluid flow of a proportional valve. The

study is based on the classical compressible flow theory and the computations with the help of CFD

based commercial software - ANSYS CFX. The fluid flow with the movement of spool along the sleeve

is simulated. To change the spool moving from 0.4mm to 2.0mm, the moving mesh method with

different condition of orifice is considered here. The results show that it is the highest at the 80 %

(1.6mm) opening and at the 20 % (0.4mm) opening, is the lowest.
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1. Introduction

A hydraulic servo-valve plays an important role

in hydraulic control system. Its characteristics
significantly influence the performance of the whole
system. Servo-valves are used to control the
position, velocity, or force of an actuator. Electro-
hydraulic servo-drives are widely used in industrial
applications like machine tools, testing equipment
and autonomous manufacturing systems. It is a
device that takes an electrical current and turns it
into hydraulic flow which can then create linear,
rotational, uni-directional or reciprocating mechanical

motion". Many articles regarding various aspects of
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servo-valve  have  appeared  alongside  their
development™.
Recently, the improvement of  computer

performances and advances in CFD enables further
investigations of the fluid dynamic phenomena into

6)

the valve*®. Deep insights of the flow behavior

inside hydraulic devices such as turbulence,
cavitation, particle paths, and velocity or pressure
distributions have become more and more relevant
in the attempts to improve their hydraulic
characteristics”. Together with this, the development
of the computational calculations using numerical
methods has made its way to solving complex
flows.

In this study, the main objective is to calculate
the fluid flow in a servo valve. The study is based
on classical incompressible flow theory using the
numerical program - ANSYS CFX. The movement
of spool along the sleeve is simulated. Here we
focus on two main factors, namely flow rate and
flow force. Also, the relationship between pressure

drop and mass flow rate is investigated. To realize
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the spool movement, the moving mesh method was
used, where the spool movement was from 0.4mm

mm to 2.0mm.

2. Analysis Model

A servo-valve consists of a polarized -electrical
torque motor and two stages of hydraulic power
amplification. The motor armature extends into the
air gaps of the magnetic flux circuit and is
supported in this position by a flexure tube member.
The

electromagnetic and hydraulic sections of the valve.

flexure tube acts as a seal between the
The two motor coils surround the armature, one on
each side of the flexure tube. The flapper of the
first stage hydraulic amplifier is rigidly attached to
the midpoint of the armature. The flapper extends
through the flexure tube and passes between two
nozzles, creating two variable orifices between the
nozzle tips and the flapper. The pressure controlled
by the flapper and nozzle variable orifice is fed to
the end areas of the second stage spool. The second
stage is a conventional 4-way spool design in which
output flow from the valve, at a fixed valve
pressure drop, is proportional to spool displacement
from the null position. A cantilever feedback spring
is fixed to the flapper and engages a slot at the
centre of the spool. Displacement of the spool
deflects the feedback spring which creates a force
on the armature/flapper assembly. Input signal
induces a magnetic charge in the armature and
causes a deflection of the armature and flapper. This
assembly pivots about the flexure tube and increases
the size of one nozzle orifice and decreases the size
of the other. This action creates a differential
pressure from one end of the spool to the other and
The

displacement transmits a force in the feedback wire

results in  spool  displacement. spool

which opposes the original input signal torque.
Spool movement continues until the feedback wire

force equals the input signal force®.

IlI-Yeong Lee, Yeon—Won Lee

Terque Motor
Assembly

Fig. 1 Electrohydraulic Servo valve Cut-Away [8]

Fig. 1 shows the modelled fluid domain of a

servo-valve. In order to visualize the working
process of valve, we have modelled the connection
between port A and port B. If the spool move to
right side, the working fluid enter from port P pass
through orifice, and then out from port A, after
working, come back to the port B, then the fluid
pass from orifice out from port T. On the contrary,
if the spool moves to the left side, the working
fluid enter from port P, pass from B, then arrived
port A to T port. Since the movement of the spool
on both sides are the same, we consider only one
sided movement, in this case, the right side and

ignore the movement on the left side.

3. Numerical Analysis

The compressibility of fluid is considered here

with change of pressure by the following equation,

PoVig + V)

P-P PN )
V,, exp(— LN (OJ
10 K, 2 p

855kg/m®, Vy =

volume percentage inside the working fluid, Vjy =

Where py = 0.1% is the gas

99.9% is the water volume percentage. Py = 10°Pa

the atmospheric pressure, P is fluid pressure. K; =
1.6x10°Pa, and n = 1.4 is Poly Tropic Index.
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Fig. 2 indicates the model of the calculation Ve

domain. It is assumed that the inlet condition is
61.91

70bar with different conditions as shown in Table 1.
Outlet condition is 17.5bar. In this study, we use the e
steady state simulation. The shear—stress transport 2064

(SST) model is used for the turbulence modeling.

0.00
[m s*1]

The SST model unifies the advantages of the most -
widely employed two-equation (k-® and k-g) models Fig. 3 Streamline in orifice 20% (0.4mm) opening
and is the most reliable model for fluids with flow along x axis

separation. And the wall boundary conditions are set

to no-slip wall. Pressur
66.73

60.58

54.44

Inlet: 70bar 20
Outlet: 17 5 bar oo,

20% Opening

Pressure
71.31

64.90 |

5849

. . 5208

Fig. 2 Servo valve Boundary condition 4567

39.26

3285

26.44

Table 1 Flow conditions 2003 S
13.62

7.20 |

Inlet 70bar  70bar  70bar  70bar  70bar foar

Outlet ~ 17.5bar 17.5bar 17.5bar 17.5bar 17.5bar 40% Opening
Opening 04mm 0.8mm 1.2mm 1.6mm 2.0mm -

Value (20%) (40%) (60%) (80%) (100%) 7116

65.34
59.52
5370
. . 47.88
4. Result and discussion sace
36.24

30.42

2459

Fig. 3 illustrates the streamline for the case of 177

12.95
bar]

orifice at 20% (0.4mm) opening. It can be seen that

the high pressure fluid flow enter from port of inlet 60% Opening
P, and through from A port to port B smoothly, i
then flows out from port of outlet T in low speed. g
Fig. 4 explains the absolute pressure comparison jzi: |
at different orifice opening condition. It can be seen ggzg |
that pressure increases with the increased of the 0%
opening of orifice, especially near the left orifice. par ™
On the contrary, pressure decrease with increase of 80% Opening

the opening of orifice in right.

24 PIAFHV|AZERX M19@ M2, 2015 4€



Kui—Ming Li, Yoon—Hwan Choi, Ill-Yeong Lee, Yeon—Won Lee

Pressure
7463

6823 - ‘
' 6182 _ T
L
49.02 '\5 N
4262 i
36.22 'J —

e AR ||
234 o =y _
7o -
1061 |
[oar)

100%

Fig. 4 Pressure on middle section in different orifice

Opening

opening along x axis

Fig. 5 describes the velocity vector at different
orifice openings. It can be seen that in the case of
20% opening, the velocity near left orifice is much
higher than the others, and incident angle of
velocity with vertical plane is very small when
compared with the other cases. With the increase of
orifice opening, incident angle becomes larger. The

area of high velocity is far away from orifice.
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Fig. 5 Velocity on middle section in different orifice

Opening

opening along x axis

The force in spool along the x direction has been
studied. Fig. 6 shows the force along x direction.
The total force in both spool is the highest in 80%
(1.6mm) opening, where the value is approximately
-100N, and the total force in both spool is lowest in
20% (0.4mm) opening, where the value is -40N.
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0 —5- Total Force
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Open value(mm)
Fig. 6 The total force in different orifice opening

along x axis

5. Conclusions

The fluid motion within the servo-valve domain
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of high pressure by CFD has been studied in the
present paper. The velocity vector, pressure, and
force of different conditions of orifice opening, such
as 20%, 40%, 60%, 80%, 100% are investigated
separately and finally compare the results among
them. And the force in 80% (1.6mm) opening is the
highest. It is approximately 100N, and the force is
the lowest in 20% (0.4mm) opening, value being
40N.
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