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ABSTRACT

This paper investigates the use of Superconducting Magnetic Energy Storage (SMES) unit
to stabilize multi-mode torsional oscillations of Sub-Synchronous Resonance (SSR) oscillations of
a turbine-generator set at the same time to improve dynamic transient stability of the studied system
under different operating conditions. Two-control algorithm are discussed, they are equal α-mode
and unequal α-mode of the converter stations of the SMES unit. Results show that the designed
controller provides proper damping to all oscillating modes a swing mode simultaneously.
Eigenvalues analysis is used to show the effectiveness of the proposed controller in stabilizing all
modes of oscillations of the system under different operating conditions. The proposed controller is
simple and easy to be implemented.

1. INTRODUCTION

It is well known that series-capacitor compensation benefits power system in several ways
such as improving transient stability, enlarging power transfer capability, etc. However, SSR problems
usually occur in a steam turbine-generator connected to a series-capacitor compensated lines [1].
When the degree of series capacitor compensation is increased, an electric resonance of the generator,
transformer, transmission lines, and series capacitor may develop, usually at subsynchronous frequency.
If the resonant frequency becomes complementary with that of the torsional oscillation of the mass
spring of the mechanical system, they will be mutually excited, causing serious shaft failures and other
damages. The first two shaft failures caused by SSR occurred at Mohave station in 1970 and 1971,
respectively[2]. Since then, an extensive contribution has been made to increase torsional mode damping
and many countermeasures have been suggested to increase torsional mode damping such as block
filter[3], excitation control[4], static VAR compensator[5], HVDC[6], static phase shifter[7], by pass
filter[8], Power System Stabilizers (PSS)[9], optimal control of the turbine governor system and the use
of shunt reactor[10-12]. The natural frequencies of torsional oscillations range normally 15-45 Hz,
whereas the inertia frequency of oscillation of the coupled electromechanical system, that is dynamic
transient oscillation, is about 1-2 Hz. Thus the conventional lead-lag type PSS, which are designed on
the basis of classical control theory, cannot guarantee all oscillation modes[10].

Due to the rapid development of high temperature superconducting materials, applications of
the superconductor in power systems have received much attention. Since the first 30-MJ SMES unit
was successfully commissioned at Bonnevile Power Administration (BPA) substation in Tacoma,
Washington, in February 1983, investigation of SMES on power systems has been quickly and
extensively developed[13, 14]. One of the most basic properties of the superconducting materials is
the ability to give up electrical resistivity.  Therefore, superconductors carry electricity without any
energy losses, as most conductors do. The SMES system was developed to take advantage of this
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�<B�++)

Open-loop system  
(Without SMES) 

Closed-loop system with 
SMES (equal-α mode) 

Closed-loop system with 
SMES (unequal-α mode) 

-0.0987 ±j23.2533 
-0.1412 ±j14.8755 
-0.1026 ±j11.6040 
-0.0286 ±j11.0482 
-0.1212 ±j11.0195 
0.1834 �j10.9713 
-0.1381 ±j10.9243 
0.040 �j10.8809 
-0.0043± j1.9717 
-0.0344 ±j7.0239 

-1.0000 
-0.3857 
-0.0194 

 

-0.2131 ±j23.3397 
-0.5410 ±j14.4806 
-0.5272 ±j14.3207 
-0.0591 ±j13.3773 
-0.1470 ±j13.3735 
-0.0511 �j10.9761 
-0.1584 ±j10.9753 
-0.0554 �j10.9821 
-0.0564 ±j13.3649 
-0.0351 ±j 7.0235 
-0.6743 ± j0.9524 

-18.2000 
-1.4623 
-0.1296 

-40.0000 
-29.3720 

-0.2131 ±j23.3397 
-3.5080 ±j14.4806 
-0.7272 ±j14.3207 
-0.4391 ±j13.3773 
-0.4050 ±j13.3735 
-0.8310 �j10.9761 
-0.3321 ±j10.9753 
-0.4154 �j10.9821 
-0.7244 ±j13.3649 
-0.2143 ± j7.0235 
-0.6743 ± j0.9524 

-18.2000 
-1.4623 
-0.1296 
-0.512 

-40.0000 
-29.3720 
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0
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Open-loop system 
(Without SMES) 

Closed-loop system with 
SMES (equal-α mode) 

Closed-loop system with 
SMES (unequal-α mode) 

-0.0987 ±j23.3368 
-0.1411 ±j15.4550 
-0.0916 ±j12.7995 
-0.0554 ±j10.9782 
0.2551 �j10.9773 
-0.0545 ±j10.9780 
-0.0347 ± j7.0232 
-0.0353 ± j7.0232 
-0.0350 ± j7.0226 
-0.0250 ± j5.0289 
0.0717 � j1.7393 

-1.0000 
 
 
 

-0.1403 ±j23.1210 
-0.1776 ±j14.4391 
-0.0550 ±j10.9784 
-0.0545 ±j10.9776 
0.1554 �j10.9776 
-0.0349 ± j7.0235 
-0.0355 ± j7.0229 
-0.0346 ± j7.0227 
-0.0249 ± j5.0288 
-0.0542 ± j0.4970 
-0.0541 ± j0.4970 

-19.2108 ±j58.1324 
-18.2000 
1.3286 

-40.0000 

-0.1403±j23.1210 
-1.1777 ±j14.4391 
-0.2509 ±j13.3739 
-0.4157 ±j10.9764 
-0.2525 �j10.9764 
-0.1850 ±j10.9807 
-0.1967 ± j7.0236 
-0.1336 ± j7.0242 
-0.1857 ± j7.0212 
-0.4021 ± j5.0282 
-0.1981 ± j0.5735 

-19.2108 ±j58.1326 
-18.2000 
-0.3100 
-0.4310 

-40.0000 
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