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ABSTRACT

This paper presents a new robust decentralized design of frequency stabilizer for
superconducting magnetic energy storage (SMES) based on an H∞ control. As an interconnected
power system is subjected to load disturbances, system frequency may be severely disturbed and
oscillate. To stabilize frequency oscillations, the active power control by SMES installed in a power
system can be applied. The proposed decentralized control design translates interconnected power
systems installed with SMESs into a Multi-Input Multi-Output (MIMO) control system. The technique
of overlapping decompositions is applied to extract the decoupled subsystem with Single-Input
Single-Output (SISO) from an MIMO system. As a result, a frequency stabilizer of SMES can be
independently designed to enhance the damping of the inter-area mode embedded in the decoupled
subsystem. In addition, to guarantee the robust stability of system against uncertainties such as
system parameters variations etc., the multiplicative uncertainty model is also incorporated.
Consequently, H∞ control via a mixed sensitivity approach is applied to design the robust frequency
stabilizer of SMES. Study results explicitly show that the robustness of the H∞-based frequency
stabilizer of SMES is superior to that of the PID based stabilizer under various load disturbances
and negative damping.

1. INTRODUCTION

Nowadays, various kinds of apparatus with large power consumption, such as, a magnetic
levitation transportation, a large scale accelerator, a testing plant for nuclear fusion etc., tend to
increase significantly. When these loads are concentrated in an interconnected power system, they
may cause a serious problem of frequency oscillation. Especially, if the frequency of changing load is
in the vicinity of the inter-area oscillation mode (0.2-0.8 Hz), the oscillation of system frequency may
experience a serious stability problem due to an inadequate damping. Under this situation, the
conventional frequency control, i.e. a governor, may no longer be able to absorb the large frequency
oscillations due to its slow response [1]. In order to compensate these sudden load changes and
stabilize frequency oscillation, an active power source with fast response, such as SMES [2], is expected
as one of the most effective countermeasure.

In the literature [3-5], a SMES is proposed for investigating its application to frequency
control. It has been observed that a SMES can effectively reduce frequency and tie-line power
oscillations following sudden load disturbances. Nevertheless, system uncertainties such as changes
in system configuration due to unpredictable disturbance, system parameters variation and modeling
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