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Parameter design of wide area power system stabilizer based on
time delay sensitivity and multi-objective optimization

CHEN Zhong'?,TANG Haoran'?, YAN Shaoxing’,ZHOU Tao'’
(1. School of Electrical Engineering,Southeast University, Nanjing 210096, China;
2. Jiangsu Key Laboratory of Smart Grid Technology and Equipment,Nanjing 210096, China;

3. Taizhou Power Supply Company of State Grid Jiangsu Electric Power Co.,Ltd.,Taizhou 225300, China)
Abstract: Aiming at the time delay problem of signals in the application progress of WPSS(Wide area Po-
wer System Stabilizer) ,a sensitivity index of eigenvalue to time delay is derived based on the Pade appro-
ximation and damping torque analysis method,then the multi-objective particle swarm optimization algorithm
is applied to solve the parameter optimization problem of WPSS considering the sensitivity index and sys-
tem damping comprehensively, then the parameter design of WPSS with good robustness for time delay is
realized. In the established CPPS(Cyber Physical Power System) platform,the two-area four-generator sys-
tem is taken as the example to study the control effect of the controller with different time delays. Time-
domain simulative results show that the proposed parameter design method of controller has good robust-
ness to the time delay fluctuation of wide area signal. When the transmission time delay of the wide area
measurement system changes in a certain range,the controller can still suppress the inter-area low-frequen-
cy oscillation effectively,which provides a novel idea for the parameter design of the WPSS.

Key words:wide area power system stabilizer;Pade approximation;damping torque analysis method;time de-

lay ; multi-objective optimization ; parameter design
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Table C1 Parameters of branches in 2-area 4-generator system
LERED) KA A R X B2 L
1 5 0 0.01666 0 1
2 6 0 0.01666 0 1
3 11 0 0.01666 0 1
4 10 0 0.01666 0 1
5 6 0.0025 0.025 0.4375 1
6 7 0.001 0.01 0.0175 1
7 8 0.011 0.11 0.1925 1
7 8 0.011 0.11 0.1925 1
8 9 0.011 0.11 0.1925 1
8 9 0.011 0.11 0.1925 1
9 10 0.001 0.01 0.0175 1
10 11 0.0025 0.025 0.04375 1
TE: BAHM R, X BRI,
RCOQLXANRGHHBKBERESH
Table C2 Parameters of shunt capacitors in 2-area 4-generator system
195 A IAMEMW T #h 2 /Mvar
7 0 200
9 0 350
RO2K4NARGENOTH RS
Table C3 Parameters of load buses in 2-area 4-generator system
A A I Sl MW T i fi Mvar
7 1467 100
9 1767 100
RCA2XANARGM LB T RS
Table C4 Parameters of generator buses in 2-area 4-generator system
) HLE A ) BUNIHE/MW T T % Myar
1 1.03 0 825 185
2 1.01 0 825 235
3 1.03 -6.8 844 176
4 1.01 0 825 202

T RSN L fH.
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Table C5 Generator model’s parameters of 2-area 4-generator system

KHEHL  Se/(MV-A) fHz  Ra X, X oXx;ogn/s Thils X, X X; Iyls  Thls  Hs
Gi 900 50 0025 18 03 025 8 003 17 055 025 04 005 65
Ga 900 50 0025 18 03 025 8 003 17 055 025 04 005 65
Gs 900 50 0025 18 03 025 8 003 1.7 055 025 04 005 6.175
G 900 50 0025 18 03 025 8 003 1.7 055 025 04 005 6.175
W BPM R Xov Xo v X7 Xgo X0 X7 EINARZAES

TCO2LXANABZHIMHEER S

Table C6 Excitation model’s parameters 2-area 4-generator system

R HML Tr/s Ka Tass
G 0.01 20 0.01
G2 0.01 20 0.01
G3 0.01 20 0.01
Gy 0.01 20 0.01

TE: Tre Ta NUDHEFR TS IR Ka NG 28 R 5L

*C7 REFERBEXTRIEFHREE (=0.15)

Table C7 Sensitivity index of eigenvalues to time delay(z=0.1 s)

REAEAR

R

AL TT HfE

—0.8375+j5.6361

-0.1592+j6.0327

—0.2384+j2.9837

0.2045+j0.1965 0.2049+j0.1968

0.0023+j0.0122 0.0023+j0.0124

0.9178£j0.9423 0.9103£j0.9436
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