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Abstract. Most controllers used in power system such as PID controllers are based on linearization
without considering the external disturbance. In this paper, the disturbance observer is introduced in
HVDC control. Firstly, the model of HVDC system considering the disturbance is established. Then
disturbance observer is designed to improve the dynamic performance of HVDC control system.
Finally, a simple test system is used as an example to verify the validation of the proposed strategy.
Simulation results show the superiority of the proposed disturbance observer compared with
conventional controller.

Introduction

HVDC (High Voltage Direct Current) transmission technique is playing a more and more
important role in large interconnected power system. On one hand, HVDC system has economic
and technique advantages in transmitting large scale power to remote areas. On the other hand,
proper control of HVDC is an effective way to improve the transient stability of interconnected
system, due to its fast response and good controllability in control the DC transmitted power. [1-6]

Several researches have focused on the use of HVDC controller to improve the transient
stability of power system in the past years. Most of the designed controllers such as PID controllers
are based on the linearization of the power system around the steady state operation point. While
the system is actually highly nonlinear, the change of operation condition or unexpected disturbance
may lead to big variance of operating point. In this way the effect of linear controller may be
weakened.

To have a satisfactory control performance, the exact knowledge of disturbance is needed,
which is not easy to obtain in real system. To solve the problem, the DO(disturbance observer) is
introduced in HVDC control in this paper. Firstly the system model of HVDC system is established,
then the disturbance observer for HVDC system is designed to enhance the transient stability of the
system. Finally the validation of the designed disturbance observer is verified in a 4-machine
system.

System Model

HVDC system is usually simplified as a first order inertia model. The external disturbance such
as high frequency noise, measurement error are also considered in the HVYDC modeling.

pdc = (—Pye + Pyeo +Ug) Ty +d (1) (1)

Where Pqc is the reference value of HVDC power, ugc is the control output of HVDC, Ty is the
time constant of HYDC model, d(t) is the bounded external disturbance. |d (t)| <D.
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Disturbance observer
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Fig.1 Block diagram of disturbance observer
Consider the following system

{X1 =X, 2)

X, = f(X)+bu+w
Where w is the disturbance and |w| <W .

The basic principle of disturbance observer is to observe and compensate the system external
perturbation, and then the system can be transformed into a non-interference model. For system (2),
the DO can be designed as

W=L(%,— f —bu—W) 3)
Where w is the observed disturbance, Substitute (2) into (3), we yields
W+ LW =W (4)

Where w is the observation error and W=w-W, W is the derivative of actual disturbance. The
actual disturbance is assumed to be slowly varying compared with the DO dynamics. Thus, w=0.
According to (4), the observation error can converge to zero exponentially with a positive L.
Translate the output of DO into the control variables.

u, =W/b (5)

The control output of DO is overlaid onto the output of original controller, then the original
system can be transformed into an approximate non-interference shown as (6).

{Xl e ©

X, = f(X)+bu—-uy)+w= f(x)+bu

Since the system disturbance has been greatly reduced or even eliminated, the control quality
can be effectively improved.

Design of Disturbance observer in HVDC system

The design of disturbance observer in HVDC system in this paper is mainly used to enhance
the transient stability of AC/DC interconnected system, the disturbance observer is designed as

&:L(PdC_M_ui_dA) @)

Translate the disturbance observer output into control variable
U, =T,d (8)
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Simulation Examples

To verify the validation of the propose HVDC supplementary controller, a 4-machine system
built in electromagnetic transient simulation software PSCAD/EMTDC is taken as example. The
single line diagram of test system is shown as Fig.2. In the system, the modeling of generators
includes excitation regulators and speed governors, and the HVDC transmission system is simulated
with a detailed HVDC control model.
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Fig.2. Single line diagram of the test system

The system with disturbance observer should have advantages in control performance when the
system suffering from disturbance. To verify this, the following scenarios are considered in the
simulation.

Asinusoidal perturbation with 0.01pu amplitude is added to the HVDC current reference signal
at 4s. The time domain simulation of HVDC transmission power is shown as Fig.3, in which the
control performance with and without DO (disturbance observer) are both presented.
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Fig.3.Time domain response under persistent disturbance (b)HVDC power flow.(c)actual disturbance and

observed disturbance

It can be seen from Fig.3a that the oscillating amplitude of system variables is smaller when the
disturbance observer is utilized. The main reason is that DO effectively observes and compensates
and external disturbance, then the system with DO is less affected by the sinusoidal perturbation.
Fig.3b shows the imposed disturbance and the disturbance observed by DO. We can see that before
the sinusoidal perturbation is added, the main disturbance observed by DO is the system
high-frequency noise. After the sinusoidal perturbation is added, DO rapidly tracked the

perturbation and compensate to the system, so that the system with DO has better performance in
anti-interference.
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Conclusions

In this paper, the disturbance observer is introduced in HVDC control. Firstly, the consideration
of HVDC external disturbance makes the controller more adaptive to the actual operation condition.
Then disturbance observer is an effective way in dealing with unknown disturbance. Finally, a
simple test system is used as example to verify the validation of the proposed strategy. Simulation
results show the superiority of the proposed disturbance observer compared with conventional
controller.
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