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Optimal Identification of Sub-regional Dominant Node Considering the
Neighbourhood Coupling Degree
GUO Xiaolong, SONG Pengfei
(State Grid Xinjiang Electric Power Co., Ltd., Urumqi 830063, China)
Abstract: The increasing complexity of the grid structure and the variation of the operation mode have a
significant impact on the voltage stability of the system, and the traditional voltage control method is
difficult to accurately identify the voltage dominant node, which restricts the effective control of the local
voltage. In view of this issue, a sub-regional dominant node optimal identification method considering the
neighbourhood coupling degree is proposed in this paper. The method is based on a reasonable division of the
grid, the sub-regions reflecting the local voltage control characteristics is obtained, and the voltage dominant
nodes in each sub-region is accurately located by constructing the dominant node optimal identification
model. Firstly, the full -dimensional extension matrix model of electrical distance is constructed through
considering the control characteristics of reactive power sources, and the hierarchical clustering algorithm
is used to achieve the sub-regional classification of the grid; Then, combining the principle of connectivity
of the region, the power-voltage coupling relationship between controllable nodes in the sub-region and
adjacent regions is analyzed, and a comprehensive sensitivity index considering the neighbourhood coupling
degree is constructed, and the dominant node in each sub-region is identified in accordance with the results
of the index calculations. At the same time, the variation of dominant node under different operation modes
of the grid is studied to verify the flexibility and adaptability of the proposed identification method. Finally,
the IEEE 39 node system is used for simulation analysis. The results show that the proposed method takes
the coupling degree of neighbouring nodes into account, and is more reliable than the traditional dominant

node selection method. In addition, the method not only adapts to the flexible and variable grid operation
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mode, but also provides effective support for the reactive power compensation capacity planning of complex

networks.

Keywords: grid partitioning; integrated sensitivity; dominant node optimal identification; voltage stability
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Table 1 Partial result of the full dimensional electrical
distance matrix of 39-node system

R 1 2 29 31 39
1 0  0.08 0.09 0.13 0.12
2 008 0 001 0.05 0.04
29 0.09 0.01 0 0.04 0.04
31 013 005 004 - 0 0.07
39 012 004 0.04 0.07 - 0
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Fig. 3 Sub-region classification result considering the full
dimensional electrical distance matrix
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Table 2 Sub-regional classification result for different operation modes of 39-node system

B117750 W XI5 R XS 15 G
1 4,5,6,7,8,9,10, 11, 12, 13, 14, 31, 32
2 1,2,25,30,37
A 3 26,27, 28,29, 38
1=P=P =HlE D 4 3,15, 16, 17, 18, 24, 39
pP=p 5 19, 20, 33, 34
6 21,22, 23,35, 36
1 5,6,7,8,9,31
2 1,2,25,30,37
2-P=P,=P +AP, 3 26,27, 28,29, 38
p=p, 4 3,15, 16, 17, 18, 21, 22, 23, 24, 35, 36, 39
5 19, 20, 33, 34
6 4,10,11, 12,13, 14,32
1 4,5,6,7,8, 10, 11,12, 13, 14, 31, 32
3-P=P,=P,+AP. 2 1,2,25,30,37
~ 3 3,17, 18, 26, 27, 28, 29, 38
PP 4 9,39
5 19, 20, 33, 34
6 15,16, 21, 22, 23, 24, 35, 36
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Table 3 Sub-regional -integrated sensitivity index for different operation modes of 39-node system

1815773 WX = 2 XA X 25 5 RAIBUESE bR

1 0.507, 0.838, 0.887, 0.861, 0.933, 0.921, 0.519, 0.822, 0881, 1.125, 0.877, 0.845, 0.576
2 0.237,0.223,0.237, 0.239, 0.215

1 3 0.308, 0.247, 0.497, 0.490, 0.505, 0.358
4 0.295, 0.523, 0.482, 0.486, 0.563, 0.495, 0.592, 0.616, 0.430, 0.562
5 0.131, 0.156, 0.165
6 0.280, 0.337, 0.255, 0.270, 0.328
1 0.308, 0.349, 0.320, 0.413, 0.418, 0.309, 0.304
2 0.233, 0.218, 0.225, 0.235, 0.203

) 3 0.301, 0.246, 0.495, 0.485, 0.504, 0.358
4 0.251, 0.435, 0.363, 0.544, 0.525, 0.546, 0.555, 0.508, 0.344, 0.361, 0.547
5 0.128, 0.155, 0.164
6 0.435, 0.374, 0.352, 0.479, 0.478, 0.734, 0.53, 0.503, 0.363
1 0.012, 0.015, 0.016, 0.019, 0.019, 0.015, 0.027, 0.026, 0.052, 0.026, 0.013, 0.01
2 0.583,0.216, 0.053, 0.145, 0.276

3 3 0.712, 0.274, 0.482, 1.404, 0.833, 1.159, 8.596, 4.845, 28.797, 14.692
4 0.006, 0.015
5 0.126, 0.575, 0.597
6 0.015, 0.078, 0.237, 0.152, 0.593, 0.905, 0.899, 0.35
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Fig. 4 Identification result of dominant node of 39-node
system under different operation modes
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Table 4 Compensation result of 150%.180% variable
load using proposed method

X 15093 %%, 180%:+ 2,

BT Tam mw | w0 R

B e A M EUTRE
W12 186.653 10.833 2405010  13.525
518 54.886 4.244 70.325 0 5.016
20 58.555 4.428 71.3510 5.068
9521 50.835 4.042 65.003 0 4.750
25 23.485 2.674 32.042 0 3.102
9528 6.522 1.826 19.778 0 2.489
BAETE 380.935 28.047  499.0001  33.950
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Table 5 Compensation result of 150%.180% variable
load using traditional method

o 150%;3 2, 180%3 2,

- RR BWET AR RREH

i Mvar ESn Mvar ESn
12 454.140 24.207 602.213 31.611
9527 14.973 2.249 48.535 3.927
A28 93.732 6.187 131.102 8.055
R 562.845 32.642 781.850 43.593

4R 5 A1, 76 150% L 28R IEM T, R
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