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Fig.1 Squared amplitude-frequency characteristic
of an oscillation mode
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Tab.1 Oscillation modes of simulation system

PGl Wi/ He BHJE L/ %|| JRZ 0 Wi/ He BLJE /%
1 1.466892  6.0419 6 1.137658 4.8310
2 1.456350  5.2050 7 1.000131  4.2776
3 1.447361 4.1513 8 0.904576  4.5232
4 1201765 3.4492 9 0.573959  6.2630
5 1.191107 4.9570
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Tab.2 Major participant generators
in oscillation modes

TR
Gu<—>Gs
G<—>Gs
Gg<—>G,

Gy,Gg<—> Gy, G5, 6,6
G<—>G;3
Gs,Gy<—>G4, G
G,,G<=>Gs,G4,G4,G,
Go<—>Gs,Gg,G3,G4,G7,G,

G1<=>Gy, G¢,Gs, G4, 67,63, 65,6, Gs
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Fig.6 PSD and corresponding time-domain sequences
of random excitation
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General forced oscillations of power systems
JU Ping',LIU Yongfei', WANG Hongyin?,SUN Jianhua®, YU Yiping'
(1. College of Energy and Electrical Engineering, Hohai University, Nanjing 210098, China;
2. Electric Power Dispatching & Controlling Center,Henan Electric Power Company,Zhengzhou 450052 ,China)

Abstract: With the increasing integration of renewable generation and new loads into power systems,the
dynamics of power systems under random excitation is receiving increasing concern. Meanwhile,lots of
oscillations occasionally occur in interconnected power systems,which are difficult to explain and control.
From the viewpoint of frequency domain,the mechanism and fundamental theory of general forced oscillation
in power systems are developed. It proves that the general forced oscillations may be caused when the
frequency bands,observed in the power spectral density of random excitation,can cover the inherent
frequencies of some weaker damp modes in the power system,and the general forced oscillation contains all
frequency components of these modes. This new theory is verified by digital simulation in the 10-generator,
39-bus New England Test System. The general forced oscillation theory breaks through the special forced
oscillation theory.

Key words: electric power systems; oscillation; forced oscillation; random excitation; power spectral

density; mode analysis





