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ABSTRACT

For the existing hydraulic pressure servo
system test bench overall performance is poor. This
paper takes the hydraulic pressure servo
valve-controlled symmetric hydraulic cylinder
closed-loop force control system as the research
object. The design of the hydraulic control system
and the calculation and selection of hydraulic
components are completed. It is proposed to take the
error force between the input and output of the
system as the optimization objective to obtain the
global optimal working pressure of the hydraulic
system. To improve the accuracy of the system model,
it is proposed to take the system response
overshooting amount as the evaluation index. The
design of the orthogonal test is analyzed to obtain the
flow gain coefficient and stiffness damping ratio as
the important parameters to be identified to affect the
model accuracy. Based on Matlab, the system
mathematical model is obtained by using least
squares to identify the parameters. For the
unsatisfactory effect of PID control, a BP-PID
controller is designed. The adjustment time of the
system is 0.02s, which is 96% higher than that of the
traditional PID control, as obtained through
simulation. It is verified through experiments that u;,
Uy, Ug, u are used as input signals. The BP-PID control
system can output the optimal PID control parameters
under this condition through the adjustment of the
weights of each layer by the neural network. Realize
the adaptive control of the hydraulic pressure servo
control system.
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INTRODUCTION

Hydraulic technology has a wide range of
applications in the metallurgical industry, agricultural
machinery, and aerospace industry (2021). At present,
the domestic high-end hydraulic components
production technology and hydraulic pressure servo
test bench are relatively backward. This has become a
bottleneck restricting the development of hydraulic
technology in China. Therefore it is necessary to
design a new hydraulic pressure servo test bench to
enhance the level of research in hydraulics.

The performance of the hydraulic servo test
bench mainly depends on the control system design.
The traditional PID control regulator has good
adaptability, and robustness and does not need to rely
on the precise system model of the controlled object,
so it is widely used. For the PID parameter tuning
optimization problem, the traditional methods are the
response curve method, expert method, Ziegler
Nichols method (2020), ideal relay characteristics
method, etc. With the development of hydraulic
technology, a series of complex industrial process
control devices and systems with large hysteresis,
time-varying, time-lag, nonlinearity, etc. (2020). PID
controllers are difficult to accurately regulate such
complex and abstracted systems. At this stage the
combination of fuzzy, genetic algorithm, particle
swarm, neural network, and so on with PID. Zhu Z
(2021), M. D A (2019), and Zhang F (2022) have
used fuzzy PID control. The performance of a fuzzy
PID control system depends on the selection of fuzzy
rules and affiliation functions. This in turn depends
heavily on the designer's knowledge of the control
loop characteristics. Mingxue L (2021), Bai Tao
(2022), and Liu Xiaojuan (2020) utilized the genetic
algorithm PID control. The genetic algorithm has
poor adaptability to the search space and is prone to
premature convergence, which reduces the efficiency
of PID parameter optimization. Woo S K (2015), and
Zhao Yan (2023) used neural network PID control.
As the neural network has the advantages of adaptive
learning and robustness, it makes the overall control
effect of the system better.

This paper focuses on the closed-loop force
control system of a symmetrical hydraulic cylinder
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controlled by a servo valve in a hydraulic pressure
servo test stand. Through experimental and
theoretical research. The mathematical model of the
control system is established, and the relevant
parameters in the mathematical model are identified.
Use the software to simulate the electro-hydraulic
force servo test bench using different optimized
control methods respectively. Compare the stability,
response speed, control accuracy, and other indicators
of the test bench system. Reasonable control
parameters and optimal control methods are derived
to improve the control performance of the system.

HYDRAULIC CONTROL SYSTEM
DESIGN

To study the performance related to the
hydraulic servo control system, the schematic

diagram of the hydraulic control system was designed.

It is shown in Fig. 1.

1-Relief valve 2-Electro-hydraulic servo valve
3-Hydraulic lock 4-Double-outlet hydraulic cylinder
5-Pressure sensing 6-Single-outlet hydraulic cylinder
7-Solenoid valve 8-Hydraulic pump
Fig. 1. Hydraulic control system schematic diagram

The hydraulic servo control system is mainly
composed of electro-hydraulic servo valves,
double-outlet hydraulic cylinders, and an oil supply
system. The oil supply system includes an oil tank,
oil supply circuit, and oil return circuit. The oil
supply circuit includes an oil suction filter,
quantitative pump, relief valve, hydraulic gauge
assembly, and check valve.

In this paper, the rated pressure of the hydraulic
system is set to 6MPa, the maximum load is 10KN,
and the left and right stroke of the piston rod is
100mm. According to the existing research
equipment in the laboratory, combined with the

designed hydraulic control system schematic diagram.

After calculating the selection of each component in
the hydraulic system, the hydraulic control system
component models are shown in Table 1.
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Table 1. Models of hydraulic control system
components for the test bench

Name Parameters Model
Hydraulic
. D=63mm d=35mm —_—
cylinder
Hydraulic CBGF1018 Gear
Pumps Pumps
Electric motors | Power Rating 5.5kw Y2-132S-4

Electro-hydraul

i Rated flow rate 20 4WSE2EM6-2X
ic servo valve
One-way valve | Rated flow rate30 RVP10-30B
Servo
. e NB2000
Amplifier
Relief valve Rated flow rate 30L/min | DBDS6G10/200
Seamless steel
Measurement pipe Inner
Pressure .
range0~1000kg diameter 16mm -
sensors
Voltage0~10V Wall

thickness2mm

Conventional hydraulic systems are constant
pressure source systems where the system pressure is
constant and the load pressure varies with the load.
The load pressure of a hydraulic transmission system
exceeding the maximum pressure of the system may
lead to a dangerous runaway of the system. Therefore,
it is necessary to satisfy the design criterion
P =2/3P;. For the servo valve to operate in a good
linear operating range, the relief valve must produce
an appropriate throttling pressure drop. To solve this
conflict, the ideal control method is to adapt the relief
valve operating pressure to the load pressure by
adjusting the relief valve operating pressure. The
optimal operating pressure of the system is found to
ensure that the system can work safely and stably.

According to the preset maximum load force of
the system, the maximum pressure of the hydraulic
cylinder inlet is 4.25MPa. So the maximum working
pressure of the hydraulic control system is 6.375MPa.
To get the global optimal working pressure of the
system, the simulation and analysis of
electro-hydraulic servo control through AMESim
software can be seen. When Pg>6.375MPa, the
simulation data of the hydraulic cylinder and servo
valve have no change. When P; is 4.25~6.375MPa,
the relevant performance of the hydraulic system
shows obvious changes. Therefore, we focus on
analyzing the relevant performance of the system
when the working pressure of the relief valve is
4.25~6.375MPa.

Firstly, 4.25MPa~6.4MPa is divided into 11
points (4.246, 4.468, 4.684, 4.904, 5.122, 5.34, 5.558,
5.776, 5994, 6.225, 6.375). The relief valve
operating pressure is varied and different step signals
are input. The error data of the input force and output
force of the electro-hydraulic servo control system
were obtained in Fig. 2. It can be seen that the system
input force is below 2000N, and the relief valve

-254-




X. Fang et al.: Design and Control System Research of Hydraulic Pressure Test Bench.

operating pressure has almost no effect on the system.

The system input force is in 2000~10000N. With the
change of the relief valve working pressure, the error
of the system shows obvious fluctuation. It is most
obvious when the relief valve working pressure is at
4.25MPa. This is caused by the fact that the
components of the hydraulic system will generate
pressure loss, resulting in insufficient system
pressure.

Fig. 2. 3D surface plot of system output force error

The data in the above table is further analyzed.
The operating pressure of the relief valve is set as the
x-axis and the cumulative error under different input
forces is set as the y-axis. Processing the Fig.2 data
yields 11 points for curve fitting using “Polynomial”.
This is shown in Fig. 3. It can be seen that the relief
valve pressure is 5.58 MPa when the system input
and output are minimal. When the minimum error of
input and output is used as the evaluation index, the
global optimal working pressure of the hydraulic
control system is obtained as 5.58MPa.

75 J
70

45

L L I L L
45 5 55 6 65
xdata

Fig. 3. System error curve fitting

ELECTRO-HYDRAULIC SERVO
CONTROL SYSTEM MODELING

As the hydraulic system is characterized by
distributed parameters, combined with the hydraulic
control system designed in this paper. In this paper,
the modular modeling method is used to model the
system. The hydraulic pressure control scheme of the
test bench is shown in Figure 4.

+ u,

u

"‘ ° Servo |y J|Flectro-hydraulicfg, o, |

S amplifier servo valves
- T us L]
— Force
A‘ ensor
M
BE] S K

Fig. 4. Control scheme diagram of electro-hydraulic

servo system

The existing theoretical studies and modeling
methods of hydraulic servo control systems are
relatively mature. However, the modeling process is
more complicated and the model accuracy is not high.
This paper proposes to use modular modeling, and
the modeling process is mainly divided into three
stages: dividing the subsystem, establishing the basic
model, and aggregate modeling.

First of all, the subsystem division is carried
out. In this paper, the valve-controlled symmetric
cylinder control system is divided into three modules:
control module, valve-controlled symmetric cylinder
module, and feedback module.
Mathematical modeling of valve-controlled
symmetric cylinder module

In an electrohydraulic servo system, it is
assumed that there is no elastic load and the viscous
damping coefficient is extremely small. The leakage
flow due to viscous friction forms a piston velocity
much lower than its motion, then the hydraulic
cylinder transfer function can be divided into
third-order links. The slide valve flow equation, the
continuity equation of the hydraulic cylinder, and the
force balance equation of the hydraulic cylinder can
be listed to establish the hydraulic cylinder model.

In this paper, a three-position four-way
zero-opening electro-hydraulic servo-slider valve is
selected. Its linearized flow equation is:

qL:quv_chL (1)

oq 1
Ky=—t=cw |~ (ps—pp) @)
0ox,, el
[1
CdWxv, [—(ps —
o= =

opy 2(ps —pp)
_6PL _Z(PS_PL)_Kq (4)
0ox,, Xy, K.

The hydraulic cylinder continuity equation is
an equation that describes the continuity of the fluid
flow in a hydraulic cylinder. It is derived based on
the law of conservation of mass and the principle of
continuity. The continuity equation is:

dx V. dp
=4 —L2+C p, +———L (6))
q,.=4, dt wPL 4p, di
dzxp dx,
AppL =m, i +BP?+KXP (6)

The following equation is obtained by Rasch
transformation:

QL = Kqu - KL‘P)L

v 7
0, =A4;X,+C,P, +$SPL

e

2
AP, =ms X ,+B,sX,+KX,
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According to the above slide valve flow
equation, cylinder flow continuity equation, hydraulic
cylinder, and load force balance equation can be
derived from the hydraulic cylinder transfer function
as follows:

K 52

¢(72+1)
G,(s) = — e ®)
E o e TN
a)r a)h

In the force servo control system studied in this
paper. The electro-hydraulic servo valve responds
quickly, and it is considered that the frequency of the
servo valve is much larger than that of the hydraulic
actuating element, and only the static performance is
considered. So in this paper, the servo valve is
directly regarded as a proportional link. Its expression
is:

G,(s)=K 9)

Feedback module

The system regards the pressure sensor as a
proportional link. The range of the pressure sensor is
0 to 1000kg and the voltage is 0 to 10V. So the gain
of the pressure sensor is:

KW:m—V=10’3V/N (10)
: 10000 N

Other modules

According to the type of servo valve to
determine its reasonable with the amplifier, select the
appropriate amplifier category. The model number is
NB2000, the supply voltage is 24DC, the power
consumption is 25W, the maximum output current is
810mA, and the maximum load resistance is 30Q.
Then the gain of the servo amplifier is:

K, =314 35 smary (1
247

Based on the known model of the subsystem
and the boundary conditions of the division. The
aggregate model of the whole system is built
according to certain rules. The mathematical model

of the system is:
2

S
KK, K—" A,K ;. (; +1)
G(s)= < = (12)
(:;+J)(+§ZS+U
@

@ Wy

”

PARAMETER IDENTIFICATION

The performance of hydrodynamic servo
systems is affected by the manufacturing tolerances
of the geometry of control valves, spools, hydraulic
cylinders, pressure sensors, and the leakage and
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friction coefficients. This results in a number of
physical quantities that are difficult to determine
during the modeling process of electro-hydraulic
servo control systems. Although it is possible to
derive the relevant parameters of the transfer function
based on the modeling process using traditional
calculation formulas. However, with the wide
application of hydraulic systems, so it is necessary to
identify the relevant parameters of the system model.

In this paper, the transfer function of the
electro-hydraulic servo control system of the test
bench is obtained through modular modeling. The

system transfer function to be recognized is:
2

KK, %4 K,F( +1)
G(s)= ce (13)
[S J(+ gh s+1)
, o, o,

Observing the above transfer function, there are
many parameters to be identified, which causes
complexity and difficulty in the identification process.
To reduce the difficulty of identifying the parameters.
This paper proposes to use orthogonal experiments
first. By analyzing the degree of influence of each
parameter on the size of the system model through
the polar deviation, the parameters that are most
necessary for identification are judged.

In this paper, valve gain, flow gain coefficient,
flow-pressure coefficient, stiffness damping ratio,
and hydraulic cylinder intrinsic frequency are
selected as the five factors of this orthogonal test. As
shown in Table 2. They are denoted by A, B, C, D,
and E, respectively. The orthogonal test of this design
has four levels, i.e., five factors and four levels of
orthogonal test. The evaluation indexes selected are
the amount of overshoot and response time of the
system model under the action of the stop signal.
According to the selection of factors and levels. It can
be seen that this test is a five-factor four-level test, so
L16(4%) is the most appropriate.

Table 2. Orthogonal test factor level table

B C D E
Factors
(Ksv) |(Kq) |(Kce) |(Wr) [(Wh)
Level 1 (8 7 6.4 0.168 [214

Level 2 |11.11 (10 9.4 0.268 |244
Level 3 |14 13 12.4 0.368 |274
Level 4 |17 16 15.4 0.468 |30

To analyze the extent of influence of each
experimental factor on the accuracy of the model.
According to the 16 groups of different parameters
listed in the orthogonal table, the mathematical
models of the 16 groups of data were obtained using
Matlab programming. Simlink software was used to
simulate the mathematical models of the 16 groups of
data. The simulation results are shown in Table 3.
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Table 3. Orthogonal test table and results

Seriadl A B lc b [ [0
number [(Ksv) [(Kq) [(Kee)|(Wr) |[(Wh) E;?)Ot
1 8 |7 |64 |o1ssl214 [0.503
P 8 10 |94 (0286244 [0.609
3 8 |13 124 0386274 [0.666
4 8 |16 [15.4 |0.486304 [0.704
5 1|7 o4 [0.386[304 [0.658
6 111 |10 |64 |0.486274 [0.820
7 1.1 13 154 [0.186 244 [0.515
8 1.1 16 |12.4 J0.286 214 [0.703
9 14 |7 |124 048644 [0.710
10 4 |10 [154 386214 |0.700
1 |14 |13 |o4 [0286]304 o811
12 |14 |16 o4 |o.186[274 |0.734
13 17 |7 154 0286274 [0.575
14 N7 1o [12.4 01861304 |0.604
15 |17 |13 o4 |oase214 0.866
16 17 |16 |64 |0.386244 0.889

Combined with the 16 sets of experimental data
obtained from the statistical table of simulation
results. Polar analysis was used to explore the effect
of each parameter of the model on the maximum
overshoot. The results of the analysis are shown in
Table 4..

Table 4. Extreme variance analysis table

A B C D E

K1 2482 (2446 3 2.356  |2.772
K2 [2.696 |2.733  |2.867 |2.698 (2.723
K3 [2.955 [2.858 [2.683 [2.913 |2.795
K4 [2.934 [3.03 2494 3.1 2.777
k1 [0.6205 [0.6115 |0.75 0.589 [0.693
k2 10.674 ]0.68325 |0.71675 |0.6745 [0.68075
k3 0.73875(0.7145 [0.67075 [0.72825]0.69875
k4 10.7335 |0.7575 (0.6235 |0.775 |0.69425
R [0.11825(0.146  [0.1265 [0.186 |0.018

The magnitude of the extreme variance is used
to judge the extent to which the test factor affects the
results of the test. The larger the extreme variance,
the greater the influence on the results. According to
the extreme difference analysis table can be seen. The
two factors of flow gain coefficient and hydraulic
cylinder intrinsic frequency have the greatest
influence on the modeling accuracy of the system and
need to be identified as parameters.

After clarifying the parameters to be recognized
in the electro-hydraulic servo control system, the
experiments are designed by combining the a priori
knowledge. Through the preliminary collection and
processing of experimental data. Use the

identification algorithm to identify the model
parameters, and carry out qualified calibration of the
identified mathematical model. Cycle the above steps
until a model structure that can be equivalent to the
actual system performance is found. The
identification process is shown in Fig. 5.

Purpose of identification
and prior knowledge

[Data

Determine the parameters to
€ recognizec

Fig. 5. Flowchart for model parameter identification

In this paper, offline identification combined
with a least squares identification algorithm is used to
identify the electro-hydraulic servo control system.
According to the research above. The model to be
recognized is in the form of a fifth-order,
two-unknown parameter transfer function with the
transfer function:

K, (107.745° +8.62x10")

G(s) =
§ 1 2 -3
—+1|( s +1.64x107s+1)

59536

To perform system parameter identification, a
series of experiments are first designed to obtain the
input and output data of the system. In designing the
experiments, the type and range of input signals need
to be considered. Examples are step signals,
sinusoidal signals, or other excitation signals. The
experiments should cover the operating range of the
system and make sure that the input signals vary over
a large enough range of amplitude and frequency.

First of all, it is necessary to obtain the data to
be recognized as system-related data. In this paper,
Amesim software is used to build a model of the
electro-hydraulic force servo system of the test bench,
and “random” is selected as the signal source of the
system simulation. Through the setup, 1002 groups of
step signals are generated randomly in 10s, and their
values range from 0 to 10000null. Through the
simulation of the system actuator feedback signal.
The simulation model is shown in Fig. 6.

Fig. 6. Simulation model

The input signal of the system model and the
output force signal of the hydraulic cylinder are
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shown in Fig. 7.

[nulll [ ndom number [nu

[N]

ES)

Fig. 7. Simulation data

The input and output simulation data obtained
from Amesim are imported into Matlab “workspace”.
the start time is set to 0. The sampling time is set to
0.01 according to the simulation time and simulation
interval in Amesim. the output and input data are
obtained as shown in Fig. 8.

P Input and output signals

\ /ﬁ‘r n N A
- A/ VWA M AN
S. 5000 r/\q // \WU \JN\'/\\/N/ \\;/ /,v \\/\ﬂv/ W/v \‘/'\/“f

R

3 4 5 6 7 8 9 10

0

10000

S 5000
u,

o

0 1

Fig. 8. Input and Output Siwglrm;al Plot

Fig. 9. Data Fitting Plot

Figure 9 shows the data fitting graph, it can be
seen that the fit is not satisfactory, only 45.7% and
the input signal needs to be preprocessed to improve
the fit to be recognized. Select "Select range" to
process the data, the first 5s for model identification,
and the last 5s for data validation, as shown in Figure
10.

uuuuuuuuuuuuuuuuuuu

Fig. 11. Plot of data fit

After signal preprocessing, the data fitting plot
is shown in Figure 11. The fit of the to-be-identified
parameter data is 78.4%, which is a significant

J. CSME Vol.45, No.3 (2024)

improvement. The parameters to be identified
Kg-flow gain coefficient is 3.78x10° and the
Wr-stiffness damping ratio is 0.277. The transfer
function of the system is obtained as follows

5.92x10 252 +3.26
6.02x107 53 +5.92x107 252 +1.64x10 25 +1)

Gls)=

RESEARCH ON CONTROL METHODS

PID control

PID control is widely used because of its
simple structure and easy parameter adjustment. PID
parameter adjustment is generally chosen as an
empirical trial parameter method. The parameters of
the PID controller are selected as K,=9 ~ K;=0.9 and
K¢=0.2 respectively by empirical trial parameters.

The PID control step response curve of the
system using Simulink simulation is shown in Fig. 12.
The performance of the system with PID control gets
some improvement. When a unit step signal is input,
the system reaches a steady state in 0.9s. However,
the system's fast response is accompanied by a
certain amount of overshoot, which needs to be
improved an‘d optimized.

1

Amplitude

=

02

0 05 1 15 2 25 3 35 4 45

Fig. 12. PID control step response curve

BP-PID control

The optimization of PID controller parameters
based on the BP neural network to control the
hydraulic pressure servo system gives the hydraulic
pressure servo system the ability of self-adaptation
and autonomous learning. The working principle of
its BP-PID controller is as follows: input force signal
ui, deviation signal ug, feedback signal uf, and servo
amplifier output signal u are used as inputs to the BP
neural network. After the training and learning of the
neural network, the three parameters Kp, Ki, and Kd
of the PID controller are obtained. Then the PID
controller output signal is amplified by the servo
amplifier to control the output flow of the
electro-hydraulic servo valve, thus controlling the
output force of the double-outlet hydraulic cylinder.
The control principle is shown in Fig. 13.

Up U
~ BP neural network
algorithm
Ko | Ki Kg
servo U_|[Electro-hydraulic| Hydrauli F_)
amplifier servo valves cylinder

Y + % PD
T [Pressure]
Lsensors |
Fig. 13. Neural network PID control schematic
diagram of hydraulic pressure servo control
test bench.
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Neural networks can improve the control error
accuracy by increasing the number of network layers
and the number of neurons in the hidden layer.
Considering that too many neural network layers can
lead to a complex programming process.
Appropriately increasing the number of neurons in
the hidden layer, on the contrary, makes the network
training effect easier to observe and adjust. So
priority is given to increasing the number of neurons
in the hidden layer. The number of neurons is
selected according to the following formula.

s, =4/S+S, +(1~10) (16)

In this paper, a three-layer BP neural network is
used. As shown in Figure 14, the number of neurons
in the input layer is 4, respectively ui, uf, ug, u. The
number of neurons in the output layer is 3,
respectively, for the three parameters of the PID
controller Kp, Ki, Kd. The number of neurons in the
hidden layer is 12.

Fig. 14. Structure of BP neural network.

The activation function of the BP neural
network must be everywhere minimizable, generally
using logarithmic, hyperbolic tangent, and linear
functions [23, 24]. Considering the 3 parameters of
the PID controller must be positive. So the nonlinear
logistic function is used for the output layer
activation function and the tanh-type hyperbolic
tangent function is used for the hidden layer.

logistic(x) = v (17)
tan ch(x) =< —%— (18)
e +e

Fig. 13 Schematic diagram of the control
system contains the classical PID controller and the
neural network controller. Take ui, uf, ug, u as neural
network inputs. Through the self-learning of the
neural network, the weight coefficients are adjusted
so that the neural network outputs the optimal PID
control parameters. Then the PID controller controls
the hydraulic pressure servo system, thus realizing
the optimal and stable operation of the system. The
specific algorithm is as follows.

The classical PID control equation is:

u(b)=u(k=1)+K [u,(k)—
u,(k=1D]+Ku,(k)+ (19)

K plu, (k) = 2u, (k=1)+u, (k -2)]

The output of the kth neuron of the hidden
layer is:

ay = £, oyp, +b )k =1,23.,12) (20
Jj=1

The output of the zth neuron of the output layer
is:

W,= fz(z @y, +b,,)(z2=1,2,3) 2D
k=1
The error function is:
3
EOV.B) =2 (0. - (22)

z=1
The weight coefficients are updated using the
gradient descent method for the weight coefficients
of the output and hidden layers [25].
The weights from the ith input to the kth output
of the output layer are:

OF ow,
Aw,, =— =n(t, -W)——f" a,
ki anm n(z, k)ﬁu(k)f 2 4y

=104
(23)

The weights of the jth input to the ith output of
the implicit layer are:

OE
Awy; = _778— =n(t, =W /[, a)Zijf'l p,
1ij
=10,p;
(24)

By designing and analyzing the BP-PID
controller and algorithm. Matlab programming is
used to realize the simulation control of BP-PID on
the hydraulic pressure servo control system test
bench. The following figure shows the BP neural
network regulating PID to get the specific Kp, Ki,
and Kd parameters.

054,
g 052
£

05

048

1] 0.05 0.1 0.15 0.2 0.25 03 035 0.4 0.45 05
time(s)

077 0.05 0.1 0.15 0.2 0.25 03 035 04 0.45 0.5
time(s)

4
0 005 01 015 02 025 03 035 04 045 05
time(s)

Fig. 15. Neural network output parameter plot
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0 0.1 0.2 0.3 0.4 0.5
time(s)

Fig. 16. BP-PID step response plot

Fig. 15 Neural network output parameters
Kp=0.53, Ki=0.49, Kd=0.39. Fig. 16 shows the step
response curve of BP-PID, and the overtime ts is only
0.02 s. It can be seen that, after the introduction of the
BP neural network, the BP-PID controller can
effectively output Kp, Ki, and Kd. Although the
amount of overshoot has not been significantly
reduced, the tuning time of BP-PID is shortened by
0.75s compared with the traditional PID control. The
system response is greatly improved. When the load

outside the hydraulic servo control system is changed.

The control system can adjust the weights of each
layer by the BP neural network through the feedback
of the error so that its output is the optimal PID
control parameter under the condition. Realize the
hydraulic pressure servo control system adaptive
control.

EXPERIMENT
According to the hydraulic control system
components  selection  table, complete the
electro-hydraulic servo control system test bench and
related testing experiments. The test bench is shown
in Figure lz.

CECEEEES

Fig. 17. Generl assembly of the test stand

Fig. 18 shows the response curve obtained by
using the traditional PID controller for the test rig.
The input force is 5000 N. The adjustment time for
the system to reach a steady state is 0.8s, and the
overshoot is large. Figure 19 shows the test bench
using the BP-PID controller designed in this paper.
The test bench input force signal, deviation signal,
pressure sensor feedback signal, and servo amplifier
output signal as the inputs of the BP-PID controller.
The output response curve of the test bench is
obtained in real-time. The input force is SO00N, and
the adjustment time for the system to reach a steady
state is 0.4s, with a slight decrease in the
overshooting amount.
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CONCLUSION

The design of the hydraulic control system and
the calculation and selection of hydraulic components
were completed. The error force between the input
and output of the system is proposed as the
optimization target. The optimal working pressure of
the hydraulic system is obtained as 5.58MPa.

After the mechanism analysis, this paper adopts
modular modeling. Aiming at the model with too
many unknown parameters makes the identification
process difficult. Proposed to the system response
overshooting amount as an evaluation index. Through
the orthogonal test analysis of the flow gain
coefficient, the stiffness damping ratio is an
important parameter to be identified to affect the
accuracy of the model. Based on Matlab, we use least
squares to identify the parameters to obtain an
accurate model of the hydraulic servo control system.

Aiming at the unsatisfactory effect of PID
control, a BP-PID controller is designed. It is derived
through simulation when Kp=0.53, Ki=0.49,
Kd=0.39. The adjustment time of the system unit step
response is 0.02s, which is 96% higher than the
traditional PID control. A test bench is built, and ui,
uf, ug, u are used as input signals. the BP-PID control
system can be adjusted by a neural network for the
weights of each layer. The real-time optimal PID
control parameter combination under this condition is
derived. Adaptive control of the hydraulic pressure
servo control system is realized.
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NOMENCLATURE

Py the load pressure

X, the Spool displacement of slide valves

K, the Flow Gain

K. the Pressure-flow coefficient

Ap the Effective working area of hydraulic cylinder
xp the Hydraulic Cylinder Displacement

Cyp the Total leakage factor for hydraulic cylinders
Vi the Total compressed volume

Pe the Effective bulk modulus of elasticity

my the Load quality

B, the Load damping factor

K the Load spring stiffness

Kyun the sum of evaluation indicators corresponding
to the mth factor at the nth level

Own the values of evaluation indicators
corresponding to the mth factor at the nth level

Ky the mean value of evaluation indicators
corresponding to the mth factor at the nth level.

R, the extreme difference value of the mth factor

Koo the Maximum value of the average value of the
evaluation indicators corresponding to the mth factor
at all levels

Kiax theminimum value of the average value of

evaluation indicators corresponding to all levels of
the mth factor.

BB FER KT B

J. CSME Vol.45, No.3 (2024)

S 3% ERR
SF SR8 SoEEiE 353

¥ 2

Y REA PIRR IR R P R
4 ek .?»L, AT ,,z@#’ﬁ | A%kt 2 jp R A2
AR EA R R PIRR L TR AR &

Ak sugs —Ef?ﬁie?]t”ﬁ"éi’r%'_" (13- S AL -
REZEF P& RS FIRR R ip (TR
AT RIIR R AT/ ST R L e
SR SR AT R O }5' T
BHAMAR AU FASRLEAETA TR 4
B W RS TTENNERE MR
Rov B »45‘,*;"513—“'11‘?&”7’@@ Fypm sl A7
matlab ®* -] = F ¥ S8 78 £44 PID
Frdlrek 2 2E o K BP-PID 4418 > 67 2
?’ﬂ. geA BERER R 0,028 2 ® SLPID #r41
i 96% > i EFEHHKRE O M Ui~ Uur U U T'F}é’ﬁi%l
;%i » BP-PID #2427 1430 B4 S e e ¥t 2
;B %ﬁ:;inw li“féxlim PID =41 %
’ ? ﬂa/p?@ 4 PRK:TF 4 .MLE i@i&#]

5

/ﬁsﬁvam

-262-



