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Abstract

This paper proposes the dynamic stability improvement of a multi-machine power system which consists of 
conventional synchronous generators (SGs)-based power plant integrated with a doubly-fed induction 
generator (DFIG)-based wind farm by using a generalized unified power-flow controller (GUPFC). In addition 
to the power flow control function of the GUPFC, a proportional-integral-derivative (PID) type oscillation 
damping controller (ODC) is designed for the GUPFC to offer adequate damping for the studied system. The 
proposed ODC for the GUPFC is designed using the pole assignment method based on modal control 
theory. The steady-state analysis and time-domain simulation results show that the designed ODC for the 
GUPFC can significantly increase the damping and, hence, effectively improve the dynamic stability of the 
studied system under various disturbance conditions.
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Two-area four-generator system and its 
subsystems

2 DFIG Model and Control of Power Converters
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Mode
Without GUPFC

Eigenvalue f (Hz)

l,2 2, 2, 1, 1 -0.7647 ± j9.0839 0.0842 1.4458

3,4 1, 1, 2, 2 -0.8108 ± j9.1659 0.0884 1.4588

5,6 3, 3 , 4 4 -0.7619 ± j9.8936 0.0770 1.5746

7,8 4, 4, 3, 3 -0.7726 ± j9.7924 0.0789 1.5585

Mode
With GUPFC

Eigenvalue f (Hz)

l,2 2, 2, 1, 1 -1.1811 ± j9.5317 0.1230 1.5147

3,4 1, 1, 2, 2 - 1.1196 ± j9.4325 0.1179 1.5012

5,6 3, 3 , 4 4 -0.7956 ±j10.037 0.0790 1.5975

7,8 4, 4, 3, 3 -0.8583 ± j9.8844 0.0865 1.5732

Mode
With GUPFC +PIDs

Eigenvalue f (Hz)

l,2 2, 2, 1, 1 -2.0 ± j9.50* 0.20601 1.5119

3,4 1, 1, 2, 2 -2.0 ± j9.40* 0.20811 1.4961

5,6 3, 3 , 4 4 -1.70 ±j10.0* 0.1676 1.5915

7,8 4, 4, 3, 3 -1.60 ± j9.80* 0.1611 1.5597
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(a) Terminal voltage of 
DFIG

(b) Active power of DFIG

(c) Reactive power of DFIG (d) Rotor speed of DFIG

(a) Terminal voltage of SG1

(c) Terminal voltage of SG3

(b) Terminal voltage of SG2

(d) Terminal voltage of SG4
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