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Influence of grid structure on voltage sag propagation and
its quantitative analysis method
HU Wenxi, XTAO Xianyong
(College of Electrical Engineering,Sichuan University, Chengdu 610065, China)

Abstract: The effective voltage sag management methods play an important role in reducing the economic
loss of users. Existing voltage sag management methods obtain the voltage sag level of each node in the
grid based on random estimation and other methods,so as to control the nodes with serious sag. However,
these methods can only quantify the magnitude of voltage sag level but not analyze the fundamental cause
of the serious sag,and the management effect needs to be improved urgently. The essential reason is that
the propagation rule of voltage sag in power grid and the influence mechanism of power grid structure on
voltage sag are neglected. For this reason, the influence of grid structure attribute on voltage sag is ana-
lyzed and its quantitative method is studied. Firstly,based on the grid fault model,the relationship between
the voltage sag magnitude and the grid structure is analyzed, and the sequence of the average voltage
amplitude of all nodes in the grid under multiple faults during the monitoring period is defined as the voltage
sag pattern, so as to explore the influence of grid structure attributes on voltage sag. Then, by analyzing
the propagation characteristics of voltage sag,the structural indicators of voltage sag are proposed based on
the topological and physical properties of power grid,and the influence of power grid structure on voltage
sag is quantified from different aspects,such as node size degree,aggregation degree, propagation efficiency
and supporting capacity. Finally, a comprehensive evaluation method of influence degree is proposed to
provide decision support for grid side voltage sag management. Simulative results based on IEEE 30-bus
system verify that the proposed method can reflect the influence of grid structure on voltage sag. Taking
the planning of power grid with sensitive users as an example, it is verified that the proposed structural
indicators are helpful to control the voltage sag problem from the power grid side,and can provide decision-
making support for power grid planning and reconstruction, inversion of power grid operation mode and
suppression of voltage sag propagation path in the high quality power supply park.

Key words: voltage sag;propagation rule;structure attribute of power grid;structural indicators;sag manage-

ment
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Fig.A1 Topology structure of IEEE 30-bus test system
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Table A1 Structure indices of grid node

19 5 F C E S
1 0.6742 0.7951 1.1577 0

2 1.6011 0.8374 0.6311 0

3 0.6742 0.7951 1.1603 0.4192
4 1.8539 0.9215 0.4718 0.4192
9 1.4326 1.7905 0.7139 0.4188
10 2.1067 1.9542 0.5909 0.8247
11 0.3371 0 2.1214 0
17 0.8427 0.4464 1.7619 2.2435
18 0.6742 0.6687 1.8740 2.2564
19 0.5056 0.7687 1.8619 2.6623
20 0.8427 0.4157 1.9002 2.2435
21 0.9270 0.3910 1.6025 2.2435
28 1.2640 0.2475 1.1600 0.4192
29 0.5899 1.0580 1.1619 1.9187

30 0.5899 1.0580 1.2842 1.9187
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