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a b s t r a c t

This paper is concerned with the investigation of a new control technique for the conventional High Volt-
age Direct Current (HVDC) link. The proposed technique relies upon nonlinear state feedback linearization
of the AC/DC power system.

The idea in input–output exact feedback linearization is to algebraically transform nonlinear systems
dynamics into a linear control problem using a nonlinear pre-feedback loop, and then for the linearized
power system one can design another feedback loop using a well established technique such as a linear-
quadratic regulator.

The primary goal of the controller presented in this paper is to contribute to the enhancement of
both the transient and the small-signal stability of the power system. Since the proposed state feedback
linearization does not rely on the assumption that there is only small deviation of the states from an
equilibrium, the enhancement of both is feasible.

The simulation results obtained in the framework of the study show that the proposed controller is
capable of stabilizing the system in various system operating conditions.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Modern interconnected electric power systems are charac-
terized by large dimensions and high structure complexity and
dynamic phenomena associated with the power system operation
and control. Power system deregulation, which took place in many
countries worldwide, was one of the driving forces stimulated fur-
ther utilization of power systems. This has in some cases led to
a reduced stability margin, as the power systems became more
stressed [1,2]. Under these circumstances it becomes quite impor-
tant to seek new possibilities of enhancing both the transient and
the small-signal stability of the power systems.

There are several obvious ways of improving the power system
stability:

(i) building new transmission lines,
(ii) installing new generation capacity,

(iii) better utilization of the existing equipment in the power sys-
tem.
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This paper is primarily concerned with the third option, since it
is the least costly option and can be relatively easy implemented in a
power system. The central idea of the study presented in this paper
is the utilization of several High Voltage Direct Current (HVDC) links
for stability enhancement.

The main purpose of conventional HVDC transmission is to
transfer a certain amount of electrical power from one node to
another and enable fast controllability of real power transfer. If
the HVDC link is operated in parallel with a critical ac line the
load-flow of the ac line can be controlled directly. Even though the
HVDC link is not operating in parallel with an ac line, there is still
a possibility of controlling the load-flow. The presence of an HVDC
link can therefore assist in improving the stability margin in the
power system [3]. Many papers, with different approaches, discuss
the improvement of stability in power systems by controlling the
power through a single HVDC link [4,5]. In the case of several HVDC
links in the system, the possibility arises of coordinating the control
of the HVDC links to enhance the operation of the system, this can
be achieved by altering the load-flow patterns for example. Coordi-
nation of the control could also improve the damping and the first
swing stability even more.

Most research has focused on controlling only one HVDC link
[6,7], but there has also been some research on coordinating several
HVDC links [8–11].

Fig. 1 shows two synchronous power systems which are inter-
connected by two HVDC links. For each such interconnected power
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