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Abstract

A method of damping electromechanical oscillations of synchronous generators through
superconducting magnetic energy storage (SMES) systems is proposed. The strategy is derived from
a simple principle that following a perturbation in a power system, the SMES should compensate for
any changes in real and reactive power in the system. A dynamic model of a single machine infinite
bus system with the SMES modeled as a current injection unit is developed. Simulation studies show
that proper sequences of current injection from the SMES provide excellent damping to the system.
The proposed control strategy is simple and will require little hardware to realize.

1. Introduction

Depending on the mode of operation of synchronous generators and their control elements, a power
system may exhibit oscillatory or sometimes even transiently unstable behavior following a fault or a
disturbance in the system. The methods of stabilization reported in the literature are excitation
control, fast valving, static var compensators, dynamic brakes, etc.[1-4]. The use of superconducting
magnets to improve power system performance has been reported in the recent years. An SMES can
supply power to or draw power from a system through control of converter firing angle, hence
helping to stabilize the system.

Following the successful commissioning of a 30 MJ SMES unit at the Tacoma generating station
of the Bonneville Power Administration[5], a widespread interest in the application of SMES in
power system problems has been noticed. Since then, its application has been reported in a number of
problems like load frequency control, control of generator damping, etc.[6,7]. Application of SMES
for damping the unstable subsynchronous resonance modes has also been reported recently[8].

This paper proposes a new and simple strategy for determining the converter firing angle in
terms of currents injected by the SMES. The control algorithm developed was tested on a generator
connected to a large system with a weak tie. Results obtained indicate that the proposed current
injection strategy damps the electromechanical transients very effectively.

2.The Dynamic Model

A synchronous generator connected to a large power system through a long transmission line, as
shown in Fig. 1, is considered for this study. The generator is equipped with a static excitation
system, model of which is given in Fig. 2. The turbine and governor models are in Fig. 3. A
superconducting magnetic energy storage unit is connected to the generator bus of Fig. 1. The
schematic of the SMES is given in Fig.4.

The synchronous generator is represented by its electromechanical swing equation and the
current-voltage-flux relationships expressed in terms of internal voltages e; and e, along the direct
and quadrature axes. The SMES currents iy and i, appear as inputs . The generator currents ig and i Iq
in the swing equation are nonstate variables and are eliminated from the terminal voltage
relationships. This gives the generator dynamic equations in the form
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Fig.4 The SMES unit schematic diagram.
X1=f1[e.d,e'q,5=03,isd,isq] (1)

where, Xx; is the vector [® & ed’ eq, ]T. ® and & are the generator angular frequency and rotor angular
positions, respectively. The excitation and governor systems shown in Figs. 2 and 3 can be expressed

through a 6™ order model as
X2 = fZ[A EfdaAVS:vA PnAPcyA PH:A Pm»Xl]
where, the state variables are indicated in the diagrams.

The superconducting magnetic storage unit , configuration of which is given in Fig. 4, contains a
A-A/A-Y transformer, a twelve pulse converter bridge and a superconducting inductor. The
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