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Abstract: Wheel braking devices is some of the most widely used landing deceleration devices in
modern aircraft. Jet pipe pressure servo valves are widely used in large aircraft wheel brake control
systems because of their high anti-pollution ability, high sensitivity and fast dynamic response.
However, most brake systems suffer vibration phenomena during the braking process. The pressure
servo valve is an important part of the hydraulic brake system, and also an important factor affecting
the vibration of the system. In order to solve the vibration problem in the brake system this paper
present a two-stage brake pressure servo valve design. We place feedback channels at both ends of
the main spool to stabilize the output pressure. In addition, modeling, simulation and experimental
verifications are carried out. Firstly, the principle and structure of the pressure servo valve are
described. An accurate mathematical model of the two-stage brake pressure servo valve and the
testing system is established. Then a simulation analysis is carried out. Finally, a two-stage brake
pressure servo valve testing experimental platform system is built for experimental verification.
The experimental results show that the mathematical model of the two-stage brake pressure servo
valve and the test system established in this paper have high accuracy, and the designed servo valve
structure can restrain vibrations. The above research results provide a useful theoretical reference
for performance optimization, stability analysis and valve body structure improvement of brake
pressure servo valves.

Keywords: aircraft brake system; two-stage pressure servo valve; accurate modeling; vibration sup-
pression

1. Introduction

With the progress of science and technology, large aircraft technology has become an
important field leading the development of modern industry, which involves a wide range
of technical fields and rich content, attracting a large number of scholars for research. In the
control system of large aircraft, the wheel brake control system is one of the subsystems with
independent functions. With the rapid development of aviation technology, modern aircraft
is constantly developing towards the direction of higher load and higher performance. The
test of the effectiveness and safety of the brake system is especially important [1]. In order to
obtain stable brake output pressure, a large number of experts and scholars have conducted
in-depth research. Zhang, from the perspective of suppressing the vibration of hydraulic
system pipeline, divided the vibration of aircraft brake control system into four categories:
gear-walk, whirl, chatter and squeal. He elaborated on their respective characteristics,
frequency range and destructive consequences [2]. Based on the rolling mill, Yongshun
analyzed the inducement of vibration [3]. Shang established a model to analyze the
aircraft brake valve noise vibration and successfully predicted the system vibration under
the condition of fixed friction coefficient. At the same time, he proposed corresponding
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vibration suppression measures for cyclotron vibration and howling vibration [4]. The
above research is mainly aimed at some key components of the brake control system.

Servo valves are mainly divided into jet pipe servo valves and nozzle baffle servo
valves [5,6]. Through understanding the key technology of jet pipe servo valves, it is
found that there are many kinds of jet pipe servo valve. These mainly include rotary
jet pipe servo valves, jet pipe valves, integrated jet pipe valves, slide valve end inclined
jet pipe valves and middle jet pipe valves [7–18]. To verify the adaptability of jet pipe
valves in aircraft braking systems, Yang [19] and Zhao [20] compared the performance
indexes of nozzle flapper valves and jet pipe valves, and proposed that the key technical
indexes of jet pipe valves meet the performance requirements of nozzle flapper valves.
Zhang [21] provided an experimental method for the stability assessment of jet pipe valves
with experimental projects as the background. In order to study the influence of main
structural parameters on the performance of jet pipe valves Yi [22] built a jet pipe valve
simulation platform with the AMESim software, and analyzed the influence of the main
structural parameters on the characteristics of jet pipe valves, which provided a theoretical
basis for the design of the valves. To study the dynamic characteristics of servo valves,
Berri [23] built a valve-controlled cylinder system, but the servo valve was simplified as an
inertial link, which cannot truly reflect the dynamic characteristics of the servo valve. The
servo valve model built by Hao [24] is divided into two levels to restore the structure of
the servo valve. However, the use of linearization parameters masks the dynamic changes
of output pressure. Lin [25] built a servo valve model, where the parameters of the model
are fitted according to the experiment, which can really express the dynamic characteristics
of the servo valve. Most scholars have made substantial progress in the research on jet
pipe servo valves, but research on the design of servo valves and how to solve its vibration
issues is less common. The model we built mainly takes into account various factors that
cause vibration. Firstly, it is necessary to accurately model each part of the servo valve. The
effect of all feedback channels also needs to be considered. Finally, the overall model of a
valve-controlled cylinder system is built. This is unprecedented.

During the braking process of the aircraft, passengers often feel “washboard” and
jitter instability effects. Especially in military aircraft, pilots feel that the brake jitter and
vibration are more obvious. When this vibration is serious, it can cause brake failure and
landing gear fatigue damage and other consequences. In order to analyze and verify the
vibration, it is necessary to establish a high-precision modeling analysis of the servo valve,
which is helpful to the development of jet pipe servo valves in the field of high-precision
control.

To solve the above problems, this paper designs a two-stage brake pressure servo valve
(TSBPSV) for aircraft brake systems and carries out accurate modeling and experimental
verification. The innovative achievements of this work are as follows:

(1) A novel structure of two-stage pressure servo valve is proposed in this paper. By
setting feedback channels, the degenerative feedback effect on the displacement of
the main valve core is realized, which can stabilize the output pressure and effectively
restrain the vibration during the process of braking.

(2) According to the principle of the TSBPSV designed in this paper, a matching math-
ematical model is established, the effect of vibration suppression of the valve is
simulated and analyzed, and an experimental platform is built to verify the simula-
tion results.

This paper is organized as follows: In Section 2 the principle of the TSBPSV and its
test system are introduced. In Section 3, an accurate dynamic model of the TSBPSV and
control cylinder system are established, including torque motor, jet pipe amplifier, power
stage spool, load actuator and oil return channel. In Section 4, the model is simulated and
analyzed, and the step response and slope response are tested. In Section 5, the TSBPSV
and its test system are verified by experiments. In Section 5.1, an experimental platform is
built. In Section 5.2, the system pressure output under two kinds of response is tested to
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verify the accuracy of the dynamic model of the TSBPSV cylinder system. Section 6 is the
summary of this paper.

2. Introduction of TSBPSV and Test System Principle
2.1. Structure Principle of TSBPSV

In view of the vibration phenomenon existing in aircraft brake servo system, a TSBPSV
structure is proposed. The feedback channels at both ends of the main valve core in the
structure can effectively restrain the vibration phenomenon, as shown in Figure 1.
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As shown in Figure 1, the working principle of TSBPSV is as follows: When the torque
motor does not receive the current signal, the jet pipe does not deflect. Therefore, the flow
of the jet nozzle enters the left and right holes of the receiver, and the control pressure
pa = pb. At the same time, the brake pressure channel and the oil return pressure feedback
channel are connected with the oil return port H. That is, the feedback pressure on both
sides of the main valve spool pa1 = pb1 = ph. The right spring makes the main spool at
the leftmost. At this time, the brake port B is connected with the oil return port H.

When the torque motor receives the current signal, the armature will drive the jet pipe
to deflect clockwise. The flow of the jet nozzle enters the left receiving hole more than the
right. At this time, pa > pb, so the main valve spool moves to the right. Port B is connected
port P1 and disconnected from port H. Thus, pressure oil enters the brake actuator through
port B. At this time, the feedback pressure pb1 > pa1. This produces a force to the left of the
spool, which forms a stable inverse feedback effect. The valve port between port B and
port P1 decreases and the brake pressure decreases.

Due to the pressure change during the brake pressure control process, PB1 is too
large. At this time, B is connected with H but disconnected from P1. As a result, the brake
pressure decreases and the return pressure increases. pa1 is increased and pb1 decreased.
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A stable inverse feedback is formed, and further inverse movement of the main spool is
hindered. In the working process, the feedback channel forms a inverse feedback effect on
the spool movement. In this way, stable brake pressure output is finally formed.

2.2. Introduction to the Principle of TSBPSV Test System

The hydraulic principle of the TSBPSV testing system is shown in Figure 2. The
hydraulic cylinder 12.1 on the left is connected with the pressure servo valve 10 through
the hydraulic hose as the actuator in the system. The pressure sensor 11.1 is used to
collect the output pressure of the pressure servo valve and transfer it to the controller. The
hydraulic cylinder 12.2 on the right, force sensor 13, servo valve 14, controller 8.2 and
amplifier 9.2 jointly constitute the electro-hydraulic load simulator. Due to the presence of
the force sensor, the precise control of the load can be realized. The two-position three-way
directional control valves 15.1 and 15.2 are used to control the on-off of the brake pressure
servo valve and the oil circuit of the load simulation unit, respectively. The accumulator
7 and the normally open globe valve 1.2 form a pressure regulating module to stabilize
the pressure pulsation from the hydraulic oil source. Oil return relief valve 16, pressure
sensor 11.2 and controller 8.3 form the oil return back pressure unit, which is used to set
the back pressure of the system and transmit the real-time data of oil return back pressure
to controller. The flood valve 4, normally open stop valve 1.3 and pressure gauge 18 are
used to set the outlet pressure of the hydraulic pump. High pressure fine filter 5 is installed
at the pump port to clean the oil. Servo motor 3 drives axial piston quantitative pump 2 to
provide oil source. Air cooler 17 is used to cool oil.
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Figure 2. Hydraulic principle of TSBPSV test system. 1—Globe valve; 2—Axial piston quantitative pump; 3—Servo motor;
4—Flood valve; 5—Filter; 6—Check valve; 7—Accumulator; 8—Controller; 9—Amplifier; 10, 14—Servo valve; 11—Pressure
sensor; 12—Hydraulic c cylinder; 13—Force sensor; 15—Two position three—way reversing valve; 16—Return oil relief
valve; 17—Air cooler; 18—Pressure gauge.

The modeling of the TSBPSV testing system consists of three key parts, namely, the
two-stage pressure servo valve dynamic model, the load actuator dynamic model and
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the oil return channel dynamic model composed of the oil return pipe and the oil return
relief valve.

3. Modeling of TSPBSV and Test System

In order to analyze the vibration suppression effect of the TSPBSV, the mathematical
and dynamic simulation models of TSPBSV and the test system were established. In the
modeling process of TSBPSV test system, the dynamic model of load actuator and oil return
channel are considered.

3.1. Mathematical Modeling of Torque Motor

Torque motor is the electro-mechanical converter commonly used in electro-hydraulic
servo valve. The TSBPSV proposed in this paper adopts a permanent magnet torque
motor TSBPSV. The effect of the feedback stage spool on the spring tube and feedback rod
assembly is considered when establishing the dynamic model. The relationship between
output torque of torque motor, control current and armature deflection angle is established
as follows [26]:

Td = Kt · ∆i + Km · θ (1)

The balance equation of armature feedback component is as follows [26]:

Td = Ja
d2θ

dt2 + Ba
dθ

dt
+ Kaθ (2)

When the jet nozzle deflects in a small range, kq and kc can be obtained by calculating
the coincidence area of the receiving holes. The comprehensive characteristic equation is as
follows [26]:

Q f = kqrθ − kc pL (3)

The load pressure equation of the jet amplifier is as follows:

pl =
β

Vcv

(
Q f − A1xv

)
(4)

where, Td is the electromagnetic moment (Nm); θ is the deflection angle of jet pipe (rad);
Km is the magnetic torque spring stiffness (N/m); ∆i is the control current (A); Kt is the
electromagnetic moment coefficient (Nm/A); Ja is the moment of inertia of armature jet pipe
assembly (kg/m2); Ba is the damping coefficient of armature jet pipe assembly (Nm/rad/s);
Ka is spring tube stiffness (Nm/rad); Q f is the load flow rate of jet nozzle (m3/s); kq is the
linear flow coefficient of jet nozzle (m2/s); kc is the linear flow rate/pressure gradient of jet
nozzle (m3/s). r is the length of jet nozzle (m); Pl is the load pressure of the jet amplifier
(Pa). β is the bulk elastic modulus of the oil (Pa); Vcv is the outlet cavity of jet nozzle (m3);
A1 is the area acting on the load pressure of the jet amplifier (m2); xv is the power level
spool displacement (m).

3.2. Power Level Valve Core Mathematical Model

The new structure of the valve is that there are feedback channels at both ends of the
main spool, which are connected with the oil return port and the pressure oil, respectively.
When modeling, it is necessary to consider the feedback pressure of the spool in different
positions, and the dynamic equation of the power stage spool is established as follows:

pL A1 + ph A2 − pb A2 = Mv
d2xv

dt2 + Bv
dxv

dt
+ K(xv + xv0) + K f xv (5)

Q = CdWxv

√
2
ρ

pvL (6)
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where, A2 is the pressure feedback area of the power level spool (m2); Mv is the power level
spool mass (kg); BV is the damping coefficient of the power level spool (Nm/rad/s); K
is the spring stiffness of the power level spool (N/m); Xv0 is the initial compression of
the power level spool spring (m); K f is the steady-state hydraulic dynamic stiffness of
the power level spool (N/m); Cd is the flow coefficient of the power level spool; W is the
displacement of the spool at the power level (m); Q is the load flow rate of the power level
spool (m3/s); PvL is the power level spool load differential pressure (Pa).

3.3. Mathematical Modeling of Load Actuator

In this paper, the load characteristics of the TSBPSV are described according to the
power-stage load flow equation, the flow continuity equation of the brake actuator and the
dynamic equation of the brake actuator.

As shown in Figure 1, when xν > 0, the oil flows into the rod-less cavity of the brake
actuator through the right throttle window of the middle shoulder of the power stage
spool to form a load flow, and the flow rate is positive. When xν < 0, the oil enters the oil
return chamber through the left throttle window of the middle shoulder of the power stage
spool, and the flow rate is inverse. Therefore, the load flow at the power level of the brake
pressure servo valve is as follows:

QL = CdWxv

√
2
ρ

(
1 + sign(xv)

2
ps +

−1 + sign(xv)

2
ph − sign(xv)pb

)
(7)

where, Ql is the load flow rate (m3/s).
The load flow has three main functions after entering the brake actuator, including

pushing the piston rod to motion, compensating for leakage, causing the pressure rise.
Therefore, it can be obtained from the flow continuity equation as follows:

QL = Ag
dy
dt

+
Vgb

β

dpb
dt

+ Cb pb (8)

where, Ag is the effective area of the piston of the brake actuator (m2); y is the displacement
of the piston rod of the brake actuator (m); Vgb is the brake cavity (m3) composed of the
rodless cavity of the brake actuator and the hydraulic pipe. Cb is leakage coefficient of
brake actuator (m3/s·Pa).

The first item on the right of Equation (8) is the volume change of the rod-less cavity
caused by the displacement of the piston rod of the brake actuator. The velocity of the
piston rod can be solved according to the dynamic equation of the brake actuator as follows:

Ag pb = Mg
d2y
dt2 + Bg

dy
dt

+ Kgy (9)

where, Mg is the mass of the actuator piston (kg); Bg is the viscosity damping coefficient of
the actuator piston (Nm/rad/s); Kg is the actuator spring stiffness (N/m).

3.4. Mathematical Modeling of Oil Return Channel

The oil return channel of the brake pressure servo valve control cylinder system is
not directly connected to the oil tank. Instead, it is a series oil return back pressure valve
to simulate 0.6 MPa fixed back pressure of self-pressurized fuel tank in aircraft hydraulic
system. Oil return back pressure valve can be realized by throttle valve, relief valve, etc. In
this paper, the relief valve with better pressure stabilization performance was selected. The
selected DBD direct-acting relief valve is shown in Figure 3.
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Figure 3. The DBD type relief valve.

DBD type direct-acting relief valve insert body structure is shown in Figure 4. It is
mainly composed of pressure regulating element 1, valve sleeve 2, spring 3 and conical
spool 4, the pressure of the system can be set with the help of the pressure regulating
element. Its working principle is as follows: spring 3 presses conical spool 4 on the seat,
channel P is connected to the H port of the brake pressure servo valve through the pipeline.,
The oil return pressure of the system acts on the cavity 6 at the bottom of the valve core
through the internal damping hole to form a static pressure opposite to the spring force. If
the value exceeds the set value of the spring, the spool 4 overcomes the spring force and
opens. Among them, the stroke of the spool is limited by the limit slot 5.
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To express the dynamic behavior of the relief valve more intuitively, the Figure 4 is
simplified to the form shown in Figure 5.
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The dynamic model of oil return relief valve can be described by the following
equations. The flow continuity equation of relief valve spool is shown as follows:

.
ph =

β

Vh

(
Qa − A

(
xj
)
Cdj

√
2
ρ

ph

)
(10)
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where,
.
ph refers to control pressure change of relief valve (Pa/s);A(xj) is the flow area of the

relief valve port (m2)); Cdj is the flow coefficient of the relief valve; xj is the displacement
of the spool of the relief valve (m); Qa is the overflow valve flow (m3/s).

For a DBD type direct acting relief valve, its spool structure is a cone valve. When
the spool moves, the relative position between the spool and the valve seat is as shown
in Figure 6.
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The over-flow area of the relief valve core can be calculated by Equation (11):

A
(

xj
)

= πdh = (D − 2h cos α)πh =
(

D − 2xj sin α cos α
)
πxj sin α

=
(

1 − xj
D sin 2α

)
πDxj sin α

(11)

where, D is the diameter of the relief valve port (m); α is the spool cone Angle (◦).
When the spool displacement is small, there is A

(
xj
)
= πDxj sin α.

The flow continuity equation of the control cavity is shown as follows:

·
pcj =

β

Vcj
(Qc − Aj

·
xj) (12)

where,
.
pcj refers to pressure change of relief valve (Pa/s); Vcj is the volume of the overflow

valve control chamber (m3); Qc is to control the flow rate of the cavity for the relief valve
(m3/s); Aj is the area (m2) of the relief valve control pressure. β is the damping coefficient
(Nm/rad/s).

The spool of the relief valve is in dynamic balance under the action of oil return
pressure, spring force, damping force of the spool and inertia force of the spool. The
dynamic equation of relief valve spool is shown as follows:

pcj Aj = Mj
..
xj + Bj

.
xj + Kjxj + Kjxj0 + ksxj ph (13)

where, ks is the steady-state fluid dynamic coefficient of the spool of the relief valve
(N/mPa); Mj is the mass of the moving parts of the relief valve (kg); Bj is the relief valve
damping coefficient (Nm/rad/s); Kj is the relief valve pressure regulating spring stiffness
(N/m); xj0 is the initial compression of the relief valve pressure regulating spring (m).

We now establish the flow equation of damping hole. Under the action of pressure
difference, the flow through the damping hole is shown as follows:

Qc = Rc
(

ph − pcj
)

(14)

Rc =
πδ4

128µl
(15)
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where, RC is the impedance of the relief valve damping hole (m3/s·Pa); δ is the flood valve
damping aperture (m); µ is the dynamic viscosity of oil (m2/s); l is the length of the relief
valve damping hole (m).

The total flow equation of the relief valve is shown as follows:

QL + Qs = Qa + Qc (16)

where, Qs is the flow rate of jet nozzle (m3/s).

4. Simulation Analysis of Brake Pressure Servo Valve

According to the key components of the TSBPSV and the mathematical model of the
test system, using the simulation parameters in Table 1, the dynamics simulation model of
the TSBPSV and the test system is built on the MATLAB/Simulink software platform, as
shown in Figure 7.

Table 1. Simulation parameter value.

Kt Ja Ba Ka Km Kq Kc

0.9
Nm/A

5.5 × 10−7

kg·m2
0.005

Nm/rad/s
21.5

Nm/rad
13.1

Nm/rad
0.02

N/m
6 × 10−13

N/m

A1 A2 Kf Kd Mg Bg Kg

1.93 ×
10−5

m2

1.25 ×
10−5

m2

0.0124
N/m

8.5 × 10−4

N/m
13.1
N/s

50
N/s2

1 × 106

N/m

Ag Cb E Xv0 Vgb Vcv K

6.15 ×
10−4

m2

2.38 ×
10−13 1.7 × 109 0 2 × 10−4

m3
1.9−4

m3 0.06N/m
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Figure 7. The MATLAB/Simulink model of new brake pressure servo valve-actuator system.

The current signal is input to the pilot stage of servo valve. In addition, the control
pressure is input to A2 through the feedback channel, and ∆P is obtained through Formula
(13). Then the output displacement XV of the main spool is obtained according to Formulas
(5) and (6). ∆P and XV are input to the actuator together, then the output pressure Pb of
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the actuator is obtained according to Formulas (8), (9) and (13). And finally the system
simulation model is formed.

For the pressure servo valve, there are two common working conditions: step response
and slope response. In this paper, the step response and slope response of brake pressure
are used to evaluate the dynamic characteristics of the pressure servo valve. Given the
20 mA step current signal and 40 mA step current signal, the output response curves are
shown in Figure 8a,b. Given the 40 mA ramp current signal shown in Figure 8c, the output
response curve is obtained as shown in Figure 8d.
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It can be seen that under the action of different input current, the TSBPSV testing
system can quickly form stable output of brake pressure, and there is no obvious over-
shoot of brake pressure under various working conditions. Under the action of slope
current, there is no oscillation phenomenon in the ascending and descending stages of
brake pressure.

5. Experimental Verification of TSBPSV
5.1. Test Platform for Load Simulation Performance of Brake Pressure Servo Valve-Controlled
Cylinder System

In order to verify the accuracy of the dynamic model of the two-stage brake pressure
servo valve test system and the effectiveness of the brake pressure servo valve to suppress
the vibration of the system. First of all, we developed the experimental scheme as shown in
Table 2. Then, according to the principle of hydraulic system in Figure 2, an experimental
platform for load simulation performance test of two-stage brake pressure servo valve test
system and cylinder control system is built.
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Table 2. Experimental scheme table.

Experimental Scheme Signal Type Change Time Amplitude Number

1 Step signal 0.2s 40mA 6
2 Slope signal 1.5s 40mA 6

The hardware in the loop simulation platform dSPACE is used in the experimental
test, and the controller is developed by Universität Paderborn in Germany. The principle
of valve-controlled system is shown in Figure 9. Through the interface of ControlDesk,
the information exchange between dSPACE and PC can be realized. After the control
algorithm is built in Matlab/Simulink, the target C code that can be recognized by the
controller is generated automatically by using the code. Compared with the manual C
code, the combination of MATLAB/Simulink and encoder can quickly design and test the
control algorithm, avoid the complexity of the underlying C code, and improve the speed
of the controller implementation stage.
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(d) Experimental system organization.

The experimental platform used in this paper is a servo valve performance test
platform. The controller, electric control cabinet of the experimental platform, the pumping
station and performance test system of the experimental platform are shown in Figure 9.

The 25PCY14-1B quantitative axial piston pump is used in this experimental platform.
If the oil supply pressure is set too high, the calorific value of the system will increase
sharply. Therefore, from the perspective of experimental safety, the oil supply pressure
of the experimental platform is set to 15 MPa. The basic parameters and objects of the
experimental platform, such as hydraulic pipeline and load, are shown in Table 3 and
Figure 9, respectively.
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Table 3. Basic parameters of the experimental platform.

Oil Supply Pressure System Flow Brake Pipe Return Pipe Back Pressure Load Stiffness Load Damping

15 MPa 6.25 × 10−4 m3/s ϕ0.006 × 1.50 m ϕ0.006 × 1.01 m 0.6 MPa 1,000,000 N/m 50 N·s/m

5.2. Test Experiment of TSBPSV

Under 20 mA step, 40 mA step and 40 mA slope current signals, the output pressure
of the pressure servo valve is measured through experiments as shown in Figure 10.
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It can be seen that the simulation results of the pressure servo valve are in good agree-
ment with the experimental results in terms of brake pressure stability, rise time, over-
shoot and steady-state error. The establishment process of the load pressure of the jet noz-
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current input.

It can be seen that the simulation results of the pressure servo valve are in good agree-
ment with the experimental results in terms of brake pressure stability, rise time, overshoot
and steady-state error. The establishment process of the load pressure of the jet nozzle
in the simulation analysis is different from that in practice because of the comprehensive
characteristic equation of the jet nozzle that is used in the simulation analysis model. This
is the reason for the step of the simulation curve when t = 1.5. This leads to a certain
error between the simulation results and the experimental results in the rising section of
brake pressure.

The above experimental results show that the dynamic model of the TSBPSV test
system has good analysis accuracy, and the brake pressure servo valve can provide a stable
pressure output under various working conditions and the system does not show any
obvious vibration phenomena.
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5.3. Comparative Experiment of the TSBPSV and Prototypical Brake Pressure Servo Valve

In order to verify the effect of the TSBPSV, we compared with the prototypical brake
servo valve. The results are shown in Figure 11. In order to verify the validity of the model,
the response curves of two pressure servo valves are obtained under the condition of step
signal. We analyzed the experimental contrast curve from two aspects.
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On the one hand, the difference of two curves is due to the structural difference
of the two brake pressure servo valves. In the process of mathematical modeling, the
mathematical expressions of brake pressure Pb are different.

Equation (5) is the dynamic equation of the power stage spool of the new brake
pressure servo valve, and Equation (17) is the dynamic equation of the power stage spool
of the prototype brake pressure servo valve, shown as follows:

(pb2 − ph)Ac − K f g(rψ + xc)− 2Kcxc = Mc
d2xc

dt2 + Bc
dxc

dt
(17)

According to Equations (5) and (17), we get two more obvious expressions of output
pressure written as Equations (18) and (19), as follows:

pb = [pL A1 − Mv
d2xv

dt2 − Bv
dxv

dt
− K(xv + xv0)− K f xv]

1
A2

+ ph (18)

pb2 = [Mc
d2xc

dt2 + Bc
dxc

dt
+ K f g(rψ + xc) + 2Kcxc]

1
Ac

+ ph (19)

As can be seen from the above two equations, Mv and Mc, Bv and Bc, Kf and Kfg are
different. This is the main reason why the stable values of the two curves Pb and Pb2
are different.

On the other hand, the steady error of the prototype brake pressure servo valve is
caused by the positive feedback of oil return in the structure. The steady error of the
new brake pressure servo valve is caused by system noise. The formula of overshoot is

σp =
C(tp)−C(∞)

C(∞)
×100%. The data in the Figure 11 can be used for calculation. The overshoot

of the TSBPSV is 5%, and the overshoot of the prototypical valve is 20%. Therefore, the
TSBPSV can suppress vibration compared with the prototype brake pressure servo valve.

6. Conclusions

Aiming at addressing the problem of output pressure jitter of common brake pressure
servo valves, the TSBPSV is designed. The valve is provided with a feedback channel for
the main valve spool. Theoretically, the negative feedback effect of the feedback channel
on the spool movement makes the pressure output stable.

Firstly, a high-precision mathematical model of TSBPSV and test system is established.
A dynamic simulation model is built. The step response and slope response were tested.
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By comparing with the experimental curve of the prototypical servo valve, it is verified
that the TSBPSV has a good vibration suppression effect.

Secondly, in order to verify the actual effect, the experimental platform of TSBPSV test
system is built and verified. It shows that the mathematical model of the two-stage brake
pressure servo valve. The test system established in this paper has high accuracy and can
represent the actual physical system. And the designed two-stage pressure servo valve can
suppress vibration.

At last, the mathematical model established in this paper can more accurately simulate
the actual working situation. The paper also can provide a theoretical reference for the
design of aircraft braking systems to suppress vibration.
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