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Dominant feature identification and index construction of three-phase

voltage imbalance in substation area

ZHU Wei, HUANG Ningxiao, SHU Huiying, HU Jie, TANG Ming
(School of Electrical & Information Engineering, Changsha University of Science & Technology, Changsha 410114, China)

Abstract: With a large number of power distribution substations (transformers) , three-phase imbalance is a commonly
observed issue. Due to the high randomness of single-phase loads in the substation area, the amplitude ranking of three-
phase voltages and the imbalance degree according to the traditional algorithm change constantly. Based on the feature
analysis of the sampled data, differences in the dominant phase amplitudes of three-phase voltages in each substation
area during a certain period of time are obtained, identifying the severely unbalanced substation area for manual
intervention. This serves as a feasible method to balance costs and benefits. A time-series matrix of the three-phase
voltages for each substation area is constructed in this paper, and a method for analyzing the dominant features of phase
amplitude differences based on singular value decomposition (SVD) and constructing related indexes is proposed. The
results show that the submatrix corresponding to the maximum singular value is the absolute dominant component of the
original three-phase voltage time-series matrix. The ranking of the dominant phase amplitudes can be obtained from the
left singular vector, and the three-phase dominant imbalance index can be constructed using the maximum singular
value and the left singular vector. This method addresses the problem of constantly changing phase amplitude ranking
and can determine the amplitude of each phase for any selected time period. A test case verifies the dominance and
uniqueness of the proposed imbalance indexes. Based on the proposed indexes, through a rolling cycle of identification
and manual intervention, the overall three-phase balance of the distribution network can be improved and maintained.
The findings offer valuable practical guidance.

Key words: distribution substation area; three-phase voltage imbalance; dominant feature; singular value decomposition;

imbalance index
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Figure 1 Three-phase voltage time-series curve of

low-voltage side of substation areas
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Table 1 Singular values and dominant matrix weights of three-

phase voltage time-series matrix in substation areas %

“IX o 05 o3 oy
1 1 957.08 47.21 37.86 99.90
2 1958.63 28.33 22.24 99.97
3 1951.94 39.29 33.96 99.93
4 1949.17 38.25 23.87 99.95
5 1948.26 22.48 14.21 99.98
6 1 950.05 51.99 27.52 99.91
7 1 948.06 32.58 25.10 99.96
8 1949.45 47.67 32.32 99.91
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Figure 6 Variation in three-phase voltage imbalance for

different substation areas on a typical day
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Table 2 Factors determining ranking of dominant amplitude

for each phase in substation areas
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N e

1 0.579 8 0.584 2 0.568 0 B-A-C
2 0.580 1 0.613 9 0.5354 B-A-C
3 0.565 1 0.5818 0.584 9 C-B-A
4 0.5750 0.5737 0.583 3 C-A-B
5 0.5779 0.572 9 0.581 2 C-A-B
6 0.588 0 0.563 4 0.580 4 A-C-B
7 0.578 6 0.565 5 0.587 7 C-A-B
8 0.598 9 0.5827 0.549 4 A-B-C
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