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Abstract

The feedback spring rod of the armature assembly is cancelled in the double redundance double
nozzle flapper valve (DRDNFV) | and the difficulty of valve core displacement control is increased.
Therefore, this paper intends to study the static characteristic of DRDNFV through the AMESet and
AMESim simulation. It is explored under the circumstance of the fixed orifices being clogged and ex-
perimentally verified on the test bench. The results show that the pressure gain increases and the flow
gain decreases with the increasing clogged degree of the fixed orifices on both sides. The zero bias in-
creases synchronously with the increasing clogged degree of the unilateral fixed orifice. The experi-

mental results are basically consistent with the theoretical curves and the theoretical correctness of
the simulation model is effectively verified. The results can provide the theoretical reference for de-
sign, debugging, maintenance and fault diagnosis of DRDNFV.
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0 Introduction

The double nozzle flapper electro-hydraulic servo
valve can convert the tiny electrical signal into large
power hydraulic signal, which has fast dynamic re-
sponse, high control precision and long service life.
Therefore, it is widely used in the electro-hydraulic
servo control system in aviation, aerospace, chemical
industry and other fields'"'’.

In recent years, many scholars have carried out
various simulation modeling research on the double
nozzle flapper electro-hydraulic servo valve, and
achieved the fruitful results. Chen et al. *' obtained
the static and dynamic equations of the single-stage
double nozzle flapper electro-hydraulic servo valve by
mathematical modeling. It was concluded that the static
output pressure and flow were linearly proportional to
the input current. Chen"’ studied the pressure charac-
teristic of single-stage nozzle flapper electro-hydraulic
servo valve and analyzed the influence of different
working conditions on the dynamic and static character-
istics of the valve. Wang et al. "*! explained the process
of sub-model modeling of armature assembly self-de-

fined with AMESet in detail and established the simu-

lation model of double nozzle flapper electro-hydraulic
servo valve. The correctness of the model was verified

15) established a multidisci-

by the simulation curves. Li
plinary physical model of the double nozzle flapper e-
lectro-hydraulic servo valve based on the Simcape mod-
eling toolbox in Simulink. The model did not involve
complex mathematical formulas and had high preci-
sion. Gordic et al. ') established a simulation model of
electro-hydraulic servo valve in Simulink and analyzed
the influence of some factors of the valve on its per-
formance. Zhang'”' built the AMESim simulation model
of double nozzle flapper electro-hydraulic servo valve,
and carried out the fault diagnosis. The particle swarm
optimization-conjugate gradient-backpropagation ( PSO-
CG-BP) neural network model was proposed, and the
accuracy, reliability and scientific nature of the model
were verified, which was used in the field of fault diag-
nosis of the servo valve.

Compared with the conventional double nozzle
flapper electro-hydraulic servo valve, the valve studied
in this paper includes two sets of torque motor, arma-
ture, and nozzle flapper assemblies. The feedback
spring rod is replaced by the displacement sensor
linear variable differential transformer ( LVDT) at the
right end to transmit the feedback signal to form closed-
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loop control. The complexity and control difficulty of the
valve are increased. The small fixed orifice is clogged
easily'® | and it may cause serious failure of the valve
and affect the operation stability and reliability.

Therefore, the armature assembly model is estab-
lished through AMESet and the whole AMESim simula-
tion model of the valve is established in this paper. The
pressure and flow characteristics curves are obtained
through the theoretical simulation and experimental
test. The results can provide theoretical reference for
design, debugging, maintenance and fault diagnosis of
DRDNEFV.

1 Structure and working principles of
DRDNFV

The structure of the DRDNFV is shown in Fig. 1.
When the command signal is input, the torque motor
generates electromagnetic torque to make the armature
flapper assemblies deflect around the center of the
spring tube. Due to the hydraulic bridge principle'®’
the control cavities on the both sides of the valve pro-
duce differential pressure to drive the spool to move.
The LVDT at the right end will feed back the spool dis-
placement signal to the torque motor to form the closed-
loop control.

System 1

System 2

Fig.1 Bottom of DRDNFV

The DRDNFV includes two sets of independent
systems. Therefore, when one system fails, the other
can still continue to feedback and control the main
spool to make the valve work normally.

2 AMESim model of DRDNFV

2.1 Torque motor modeling

Ignoring the leakage flux, magnetic materials and the
reluctance of non-working air gaps, the permanent magnet
torque motor can be simplified as shown in Fig. 2"

According to Fig.2, in the initial state, the magnet-
ic fluxes in four air gaps are equal, the combined torque
is zero, so the armature does not deflect. When there is
the signal input, the combined torque is not equal to zero
to make the armature and spring tube deflect.

To sum up, the simulation model of torque motor

is built in AMESim, including coils, permanent mag-

[12-13]

nets, magnetic assemblies and air gaps , as shown

in Fig. 3.
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Fig.2 Working principle of torque motor

(b) Encapsulation model

Fig.3 Model of moving-iron type torque motor

2.2 Armature assembly modeling

Because of the special structure of the armature as-
sembly and the cancel of the feedback spring rod, there
is no corresponding model in AMESim. It’s necessary to
build the six-port armature assembly model (Fig. 4).
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Fig.4 Nozzle flapper assembly
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(1) Deflection equation of armature
The armature motion includes two degrees of frec-
dem (DOF) of horizontal displacement x, and deflec-

tion angle 6. During deflecting, the spring tube de-

[14]

forms" ", resulting in horizontal movement x,. There-

fore, the torque 7, and spring tube force F can be

written in the form of matrix.

F 12/ -6/

tube — x,
Tbe -6/L  4/L |]6
&l K,x, + (K,d, +K,,)0 (1)
Kleg + (KZIdI + Ky )0
where FE Young modulus of spring tube, MPa;
I Inertia moment of spring tube, kg + m”;
L Length of spring tube, mm;
d, Distance between armature center and
bottom of spring tube, mm;
d,—— Distance between armature center and
nozzle, mmj;
K,—12/L, mm~*;
K,,K,—— -6/L", mm

K,—4/L, mm~'.

(2) Hydrodynamic force equations of flapper

The hydrodynamic force of the left and right noz-
zles applied to the flapper is shown as

F,=f~f (2)
Resultant hydraulic force on flapper,
N;
Ji— Hydraulic force on left flapper, N;

where F,

Jf,—— Hydraulic force on right flapper, N.

(3) Equations of the armature motion
The equations of the armature motion are shown as
JO=T,-b60-1, +F,d,
=T, -b06 - E[(Kﬂxg + (K, d, +K,, )6)
+ (f, - f)d, (3)
mx, =-bx, —F, +F,
= - b, - EI(K,x, + (K, d, +K,)0)
+ (f, = f) (4)
The state equation of the armature is expressed by
the matrix as

c;) - b, 0 -K, -dK, -K,
. J J J ®
Ve = 0 _bt _Klz _dlKll _Kn Uy
é m m m 0
. 1 0 0 0 Xy
Yy 0 1 0 0
T, + (f - f)d,
v Lo (5)
0
0

(4) AMEsim model of armature

First, the six-port armature is created and three
external variables are added at each port. Second, in-
ternal variables and real parameters are set in the Type
bar. Finally, C code is compiled to obtain the armature
model, as shown in Fig. 5.

Fig.5 Armature model

2.3 Nozzle assembly modeling

According to the armature’s working principle, the
nozzle assembly simulation model is built in AMESim,
including the zero-velocity source sub-model, the
spring damping sub-model and the flapper nozzle valve
sub-model, as shown in Fig. 6.

e

Fig.6 Nozzle assembly model

2.4 AMESim overall simulation model

Based on the models of torque motor, armature
and nozzle, by adding the throttle hole, variable vol-
ume cavity, fuel tank and other assemblies, the

AMESim simulation model of DRDNFV is established,

as shown in Fig. 7.
3 AMESim result analysis

3.1 Static characteristic curves in normal mode

The supplying pressure is set as 11.5 MPa. The
frequenly of the input signal of torque motor is set as
0.02 Hz, the amplitude is set as 14 mA and the simu-
lation duration is set as 200 s. The pressure and flow
characteristics curves can be obtained as shown in
Figs 8 - 9.

According to Figs 8 =9, the pressure gain of the
valve is 6. 106 bar -
0.011 L - min - mA.

mA, and the flow gain is

3.2 Static characteristic curves in double side
clogged mode
The clogged phenomenon could be simulated by
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changing the equivalent diameter of the orifices' ', As-

suming that the clogged degree of the fixed orifices on
double side is 0% , 20% , 30% and 40% in turn, the
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pressure and flow characteristics curves are obtained by
simulation as shown in Figs 10 —11.
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Fig.7 DRDNFV simulation model
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Fig.11 Flow characteristic curve in double side clogged mode

According to Figs 10 — 11, the more seriously the
fixed orifices on both sides are clogged, the stronger
the throttling effect is, resulting in a larger pressure
gain and smaller flow gain of the valve.

3. 3 Static characteristic curves in right side
clogged mode

Assuming that the clogged degree of the right fixed

orifice is 0% , 20% , 30% and 40% in turn, the pres-

sure characteristic curve can be obtained by simulation

as shown in Fig. 12.
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Fig. 12 Pressure characteristic curve in right side clogged mode



168

HIGH TECHNOLOGY LETTERSIVol. 30 No.21|June 2024

According to Fig. 12, when the right fixed orifice
is clogged to different degrees, the zero bias reflected
in the pressure characteristic curve also changes. The
more serious the right orifice is clogged, the greater the
zero bias is.

4 Experimental test

As shown in Fig. 13, on the test bench of DRDN-
FV, the pressure and flow characteristics test experi-
ments are carried out and the curves are obtained as
shown in Figs 14 - 15.

Comparing Fig. 8 and Fig. 14, it can be seen that
the simulation results of the pressure characteristic
curves are basically consistent with the experimental
results. The pressure gain error is 10.5% , and it is in

Valve mounting base

Fig.13 Test bench of DRDNFV
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Fig.15 Flow characteristic curve

the allowable range of the project. Similarly, comparing
Fig.9 and Fig. 15, the error of flow gain is 10. 8% ,
and it is in the allowable range of the project. The cor-
rectness of the AMESim simulation model is verified.

5 Conclusions

(1) The static characteristic curves are plotted on
the test bench. The trend of the experimental curves is
basically consistent with the simulation results, which
effectively verified the correctness of the theoretical
analysis and simulation model.

(2) The effects of the clogged degree of fixed ori-
fices on static characteristic of DRDNFV are simula-
ted. The pressure gain becomes larger and the flow gain
becomes smaller as the clogged degree increases.

(3) The AMESim simulation model of DRDNFV is
built to lay the foundation for later performance analy-
sis, fault simulation and fault diagnosis.
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