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Fig.3 The influence of fault clearing time on time

domain response period characteristics
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Table 1 The period and damping estimation of SMIB
after transient fault under different damping coefficients

;ﬂigg T,/s To/s Ty/s &/ % D/ %

-3 0.5840 0.6898 0.5804 0.61 -18.84
-2 0.5742 0.6562 0.5751 0.16 -14.11
-1 0.5669 0.6226 0.5659 0.17 -10.01

0 0.560 2 0.5604 0.5604  0.04 0

1 0.5541 0.4997 0.5547 0.10 9.92
2 0.5525 0.4763 0.5512 0.23 13.59
3 0.5481 0.4589 0.5459 041 15.93
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Table 2 The period and damping estimation of SMIB
after critical fault under different damping coefficients

i%";ﬁg T/s  To/s  To/s  e/%  D/% Méﬁ{ff
3 06301 07531 0.6131 269 -22.85 0.0535
~2 06800 0.8001 0.6615 272 -20.96 0.0600
Sl 07525 08576 07318 268 —17.19  0.0653
0 09541 09585 09585 047 0  0.069 1
I 08883 08701 0.8958 088 287 00704
2 08567 0.8379 0.8813 295 492  0.0715
3 07682 07066 0783 238 1013 0.0722
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Fig.4 Typical topology of 4-machine 11-bus system
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Table 3 Non-coherent parameter adjustment multiples
and index / of 4-machine 11-bus system

A T—8 LH8—9 /%

BpEl Gl G2 G3 G4

1 1 1 1 1 1 1 98.30
2 1.05 0.95 0.80 1 0.80 0.80 90.81
3 1.15 0.85 0.50 1 0.70 0.70 73.24
4 1.25 0.75 0.50 1 0.50 0.50 64.90
5 1.50 0.50 0.40 1 0.25 0.25 45.81
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Fig.5 Disturbed trajectory of 4-machine 11-bus sys-
tem after adjusting the non-coherent parameters
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Fi SR S B S1(1,2)  5,(1,2)
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Quantitative analysis of power system coherency based on

the single pendulum equation
LIU Xuehua', WEI Fanrong®
(1. Guodian Nanjing Automation Co.,Ltd.,Nanjing 211106, China;2. Department of Electrical ,
Computer and Biomedical Engineering, University of Rhode Island, Kingston 02881 ,RI,USA)

Abstract: The non-coherence of the disturbed power system may lead to inaccurate dynamic equivalence and affect the analysis

of power system safety and stability. For this reason,a quantitative analysis method for power system coherence considering the

influence of damping torque is proposed. Firstly, based on the single pendulum equation, it gives a derivation of the dynamic

equivalent system period characteristic expression after the power system is disturbed,and the correlation between the dynamic

equivalence and the coherence of the power system is discussed. Secondly,in the scenario of determined faults,a motion period

estimation method is put forward based on the upper and lower boundaries in the rotor trajectory of the equivalent system. A

quantitative index is proposed by comparing the estimated and the measured periods. Then,the influence of damping torque is

deeply studied, and the quantitative evaluation index of system dynamic damping characteristics is proposed based on the

estimation period. Finally,the simulation examples of two typical systems show that the methods and indicators proposed are

effective and reliable,which provide a reference for evaluating the safety and stability of the power system.

Keywords : coherency ; dynamic equivalence ;single pendulum equation ; trajectory ; damping characteristics
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