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Damping of Power System Low-frequency Oscillations with FESS

SHI Linjun'*, CHEN Zhong', WANG Haifeng', TANG Guoging'
(1. Southeast University, Nanjing 210096, China; 2 Hohai University, Nanjing 210098, China)

Abstract: Flywheel energy storage system (FESS) can be used for damping power system low-frequency oscillations by
compensating for the imbalance power with appropriate control strategy, which has an independent active and reactive power
control capability. The principle of damping power system low-frequency oscillations with FESS is theoretically investigated by
damping torque analysis (DTA) method. A method is also proposed to select the best installing location, damping control loop,
feedback signal based on DTA and to design FESS-based stabilizer by the phase compensation method. All of the analytical
conclusions have been confirmed by the results of eigenvalue calculation and non-linear simulation by a four-machine power

system example.

Key words: flywheel energy storage system (FESS); low-frequency oscillations; doubly-fed induction machine (DFIM);
Phillips-Heffron model; damping torque analysis (DTA)
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Table A1 Inter-area mode with FESS

Pl as

DI A5

A IS
FL P o
AT DAL

0.060054+j3.9563
0.056137+j3.9535
0.056137+j3.9535

st s
HH 9
H THA L

0.060043+j3.9563
0.059658+j3.9585
0.059658+j3.9585

EERsIEA e
HH R 9
H THA L

0.060049+j3.9563
0.061752+j3.9551
0.061752+j3.9551

F A2 EMIER TR DTI
Table A2 DTI for cases

A il e % RS
A D Py 0.2318.£83.6°
R P #4541 P 0.2192./-163.5°
A Awys 0.0012£172.5°
R R 3454l Aoy 0.00112-74.5°
A Pys 0.0481.293.5°
R P #4541 P 0.0162.,55.2°
A Aoy; 0.00024£-177.7°
R R 345 4l Aoy 0.00008 2144.0°
A P 0.2096.£-99.6°
R P #4541 P 0.1911£-52.9°
A Awys 0.00105.£-10.9°
R R 3454l Aoy; 0.00095,35.8°
£ A3 RADFHESHE
Table A3 Results of parameters in formula (11)

G; H, S;(x107) DTI

1 117.9£-86.3° 1.162£173.3°

2 274.32-96.6" 0.62782178.3 .

3 24.83.,/81.8° 1.435/-174.8° 0231883.6

4 35.33£85.0° 1.170£178.9°
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Table A4 Results of FESS stabilizer parameters

Y 7 7 7 8
BRBHE S Pyg Pyg Awys Pyg
FE Bl AU H ks AU R

T, 0.625 0.212 0.315 0.330
T, 0.100 0.300 0.300 0.050
T, 0.625 0.212 0.315 0.330
T, 0.100 0.300 0.300 0.050
Kg 2.800

0 96.4° -16.5° 7.5 86.5°

FEAEAE -0.5955+j3.990 -0.4350+i3.823 0.05246+i3.954 0.05184+i3.896
FRJELE (%) 14.76 11.31 -1.33 1.33
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