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Abstract. The paper proposed a control method based on the electro-hydraulic servo loading
system used on the bearing test rig for aircraft engine. Aiming at the nonlinear problem of the
system, a control method is designed based on RBF neural network. This method uses the BRF
algorithm of neural network on the online adjustment and correction of the PID parameters.
Through the simulation, we compare the control effect of classic PID and RBF tuning. Results show
that the BRF algorithm has high robustness, adaptive. Its track performance and adaptive control
capacity are superior to the classic PID control.

Introduction

In recent years, our country has many breakthroughs in the high speed, heavy load bearing area.
Our school as well as other colleges and universities, research institutions also developed a new
generation of high speed rail bearing test rig. However, the bearings tested by these bearing test rigs
are still single rotor structure; experimental rig is also a single drive system. But some of the major
foreign high-speed bearing manufacturers such as Sweden SKF, Germany INA/FAG, Japan NTN,
all kinds of test rigs are developed to collect the relevant data of the bearing, and according to the
test data, to produce a high performance bearing. In order to make up for our country in this respect
is not enough and to develop China's aviation industry rapidly. Therefore, the research and
development of the bearing test rig has important strategic significance and practical value.

Electro-hydraulic servo control system has been widely used in materials, engineering, aerospace,
construction, automobile, railway, and many other fields. Because of the high accuracy, fast
response and high output power, stability and other characteristics. But the system dynamics are
complex, because of the essentially nonlinear. It has uncertainty caused by time-varying parameter
and external disturbances. So this control system must be designed to take effective measures to
minimize or avoid adverse effects of nonlinear system. Adaptive anti-jamming ability of classic PID
control is not suitable for nonlinear time-varying systems and cannot achieve satisfactory control
effect.

In this control system, in order to simulate the actual working conditions of bearings, which need
axial and radial loads, loads precision directly related to the performance of the measured bearing.
To improve control precision, we introduced in the RBF neural network control. Neural network
control has the high control precision, ability to control nonlinear systems, fast operation and can
learn itself. So this paper is based on the RBF neural network to automatically adjust and improve
the classic PID control so as to achieve the best effect.[*”]

Establishment of Mathematical Model

The bearing test rig for aircraft engine is mainly used to simulate the working condition of
bearing on aviation engine main shaft, includes the performance test that bearings withstand radial
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and axial static dynamic loading and the durability test. Hydraulic load control system block
diagram is shown in Figure 1, the system is a closed-loop control system constituted by servo
amplifiers, electro-hydraulic servo valves, hydraulic cylinders, force sensors and so on.

Displacement interference
Forced flow

FL

U | Xv Hydraulic
Amplifier » Servo valve y )
cylinder

Force
sensor

Fig.1 Block Diagram of Electro-hydraulic Servo System

In a servo system, mechanical clearances are common multivalued nonlinear characteristic. When
it is in the control system, often leads to accumulation of energy, the surplus energy accumulation
can cause system instability or limit cycle oscillations. In the course of development of
electro-hydraulic servo control system of this test rig, we find that the forced flow caused by oil in
cylinder squeezed by piston may induce the mechanical clearance between piston rod of hydraulic
cylinder and load. This mechanical clearance can increase the steady-state error and the overshoot
when system is under unit-step response. Because the test rig system we designed use the single
thrust load and repeated fluctuating load and the existence of mechanical clearances, the system
may cause reversal errors whenit changes the loading mode. These errors can affect the system
tracking precision even make the control system invalidation.

Establish mathematical model of hydraulic servo system, preparing for analyzing double rotor
bearing test rig for aircraft engine control system dynamic characteristics.

Flow equation of valve QL = kgxv — Kep

Continuous flow equation QL:Ap%-FCtpPI-F Vi @
dt 44 dt

d 2Xp pr

Force balance equation F = ApPL=m: el BPE-F KXp + FL

Where k, means flow gain, X means spool displacement, k. means flow-pressure coefficient,
Ar means hydraulic cylinder piston area, m: means mass of load, x, piston displacement, B,
means damping coefficient of the load, C;, means total leakage coefficient of hydraulic cylinder,
K means load spring, P. means supply pressure, F. means the disturbance on the piston rod,
Vi means the effective Piston of volume, fe means the elastic modulus of the effective volume.

Simplify the control system block diagram without the outside interference; we can get the
transfer function of the system.

KoGsv(s)
(%+1j[;—;+%s+lj
Where G is the transfer function of the servo valve, generally use second-order turbulence
links, Ko is the open-loop gain of the system, o, is ratio of stiffness and damping coefficient
between hydraulic spring and spring loaded which is serial coupled, <, is natural frequency
formed from the stiffness between hydraulic spring and spring loaded which are serial coupled and

mass of load, £o means damping ratio. Put the parameters in equation and we can get the transfer
function of the system.

G(s)H(s)=
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Controller Design

In order to reduce the impact precision of nonlinear control system and to meet the requirements
of control precision of the test rig. We decide to introduce the RBF neural network into classical
PID control system. RBF based on neural network is a novel and efficient feed-forward neural
network, its compensation control can do real time online learning on nonlinear uncertainty and also
can do real-time compensation on parameter changes, disturbance and other uncertainty factors,
these features can make up for classic compensation.

Neural network is a kind of mathematical model that can process signal by simulating biological
neural systems. It composed by a large number of simple artificial neural through certain network
structure and it is a kind of parallel work. The network structure is shown in Figure 2.
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Fig.2 Structure of Neural Network

RBF neural network is a three-layer feed forward network with single-hidden layer, the first layer
is input layer, composed by signal source node, the 2nd is hidden layer, the unit number by needs,
the third layer to output layer, it responds to the input mode. Input layer nodes transmit signals to
the hidden layer only, hidden layer nodes (RBF nodes), it composed by radiation effect function just
like Gaussian function, but output layer nodes is usually a simple linear function.

In this paper, the ko, ki kd is adjusted by gradient descent method. We use Lyapunov discrete

function v (¢) = %E’ -
Where £ (¢) = [e (), .. e, (¢)]
= I:ylr (t) - (t) """ Yo (t) - Y (t):|7'
= () = x(0)

Under the function of the £ (t) type definition, convergence theorem of neural network control

algorithm with gradient descent algorithm.
Theorem is: if 7 is Learning efficiency of neurons, g, := max|g (¢)|, |l means the

Euclidean norm real space, y means the network output.wmeans the network power, so after
verification, if ©¢,,¢—=_, can guarantee the convergence of the algorithm.

max

The RBF adjust block diagram of the PID control system is as follows in Figure 3.
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Fig.3 The RBF Adjust Block Diagram of the PID Control System

Simulation and Analysis

According to the control system of bearing test rig for aircraft engine model, we use the method
of setting PID parameters to obtain the initial value of the neuron PID controller. We set learning
efficiency 7 as 0.25, momentum factor & as 0.005, proportional gain 4, as 150, integral
control coefficient 4; as 19, differential control coefficient 4» as 17. In MATLAB, simulating
the PID parameter tuning control system is based on RBF neural network when the system is under
the action of single thrust and alternating load. The simulation results are shown in Figure 4, 5, 6.

80

£ 55

50
o

0.5 1 15 2 25
time(s)

3 3.5

4 4.5 5

25

= 20

0.5 1 15 z 25
time(s)

3 3.5

4 4.5 5

0.5 1 15 z 25
timei(s)

3 3.5

Fig.4 Parametric Adaptive Tuning Curve
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The comparison between Figure 5, 6 and Figure 7, 8 (Output force image under the classic PID
control of single thrust and alternating load) shows that, when under the PID control of RBF neural
network tuning, the system’s overshoot decreases, the rise time and adjusting time of the curve are
greatly shortened, and the method restrain the limit oscillation in a good way. This system tends to
be stable. It has almost no steady state error, good dynamic performance and steady state accuracy.

Conclusion

Aiming at the nonlinear system of the test rig, which can cause the anti-interference ability and
the adaptive ability of the system are poor. Classic PID control cannot solve these problems well. In
this paper, we design an adaptive control method based on RBF neural network. The simulation
results of the RBF neural network PID control method show that, this method can improve the
dynamic characteristics, reduce the steady-state error, shorten the rise time of the system, satisfies
the requirement of control performance of the system.
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