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Improvement of out-of-step separation criterion based on apparent impedance angle
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(1. Beijing Sifang Automation Co., Ltd., Beijing 100085, China;
2. State Grid Beijing Electric Power Research Institute, Beijing 100075, China)

Abstract: When there are hidden troubles in power grid structure, it is easy to cause system out-of-step oscillation due to
accidents. Impedance angle out-of-step separation criterion is the most widely used criterion. Its advantages are obvious, but
there are also some shortcomings, that is, it is easy to misjudge in short-circuit transient process. In this paper, based on the
in-depth study of the typical apparent impedance angle criterion theory, an improved criterion using maximum threshold of
voltage envelope as unlocking condition is proposed. The scheme can strictly distinguish short circuit from out-of-step
process, and improve the adaptability of apparent impedance angle out-of-step criterion to specific operating conditions and
new power grid structure. Finally, the validity of the improved criterion is verified by a simplified example model in
PSCAD/EMTDC.
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Fig. 1 Equivalent two-machine power system

W 2 AR E TR, BORSE, W% R, W
RGP ZER 6, WIEHARS DM RA
El = Ezejs (1)

Ew —> U\/I iVl‘ZCq E,

2 ZERFHEEE

Fig. 2 Phasor diagram of the equivalent system
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Fig. 3 Divide the judgment area of impedance angle
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Table 1 Apparent impedance angle criterion
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Fig. 4 Voltage vector trajectory during out-of-step
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Fig. 5 Voltage vector trajectory and apparent impedance angle
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Fig. 6 Improved logic block diagram of apparent
impedance angle criterion
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Fig. 7 Out-of-step curve occurs during short circuit
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Fig. 8 No out-of-step occurred during short circuit
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