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Abstract: As the integration of high proportions of renewable energy sources into the grid increases, the power fluctua-
tions on the supply side increase. During maintenance of the 220 kV side in a substation, the power grid operation faces
more uncertainty and risks, which demands higher requirements for robustness in maintenance planning. However, cur-
rently there are no mature methods to assist in the development of maintenance plans that can adapt to the complex and
changing transmission environment of the 220 kV side in a substation. To address this issue, this paper first builds a de-
terministic model for substation maintenance planning on the 220 kV side based on the transmission network planning
theory and engineering practice experience. The model considers the optimization objective of economic cost and the re-
liability of the system’s operation during maintenance, and takes into account maintenance project constraints and power
grid flow safety conditions. Furthermore, by using the probability-driven self-adaptive robust optimization theory, renew-
able energy output and equipment failures are incorporated as uncertain factors into the aforementioned deterministic
model, thus a maintenance planning model for the 220 kV side of a substation that considers the effects of uncertainty
factors can be obtained. The model is optimized based on the benders decomposition and linear programming theory to
improve the accuracy and speed of the model solution. The effectiveness of the model is verified by analyzing the
maintenance planning of an improved IEEE-RTS79 example and a real case in the power grid.
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Fig.3 Modeling and solving framework for maintenance

planning of 220 kV side in substation
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Fig.5 Distribution of scenes
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Table 1 Central value of the scenes

WE HEEEE i Epe) IR Apa) JRIIE Bp.a)

1 0.384 0.6158 0.184 5 0.8135
2 0.349 0.6237 0.1939 0.297 4
3 0.267 0.598 6 0.6309 0.586 0
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S WA A G i AL S i 7 A 1 i SR L
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RGUEAT J7 T F BRI 5 ) 32 B IAE X 42
IFAIRMMER o AR BB, 3 & L1—LS
f¥ig, T L1512, L3 5 L4 J& TRk, it
TEAE 3 Mt 4e 8 20, 4508 L1-L3, L1-L5 P
K L3-L5. miE 6 /4, L1-L3 5 L3-L5 ki

R2 AFEGEREL TR E VR
Table 2 Budget of scene probability uncertainty under differ-

ent confidence levels

o [27% ] [N
0.99 0.99 0.009 6 0.003 2
0.95 0.95 0.007 2 0.002 4
0.90 0.90 0.006 1 0.002 0

* 3 ANRBEBENHEEA S E TR T RGBAR A
Table 3 System optimal cost under uncertainty budgets for

random failures of different equipment

© B BB SREIBAT A TR0
JIFIG BHER LA MUALET IR

0 34342 86 -6 33542 0

1 37772 86 -6 36912 0

2 5187.1 86 -6 24389 1662.2

3 8376.0 86 -6 32505 5049.5

R4 A RENL A AN E PP R iR iy %
Table 4 Optimal scheme under uncertainty budgets for

random failures of different equipment
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Fig.6 Distribution of power flow around the substation
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Fig.7 Comparison of node voltages with and without mainte-

nance measures under different faults
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Table 5 Load shedding situation under different wind power

and load demand scenarios

W ol R R AR B REHE D) SR
737 QR 775 = G %24 Al (p.u.) (p-w) /MW
1 0384  0.1845/0.813 5 0.651 8 312
2 2 0349 0.1939/0.297 4 0.623 7 203.8
3 0267  0.6309/0.586 0 0.598 6 0
1 0384  0.1845/0.813 5 0.651 8 133.9
3 2 0349  0.1939/0.297 4 0.623 7 406.1
3 0267  0.6309/0.586 0 0.598 6 77
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Table 6 System A optimal scenario result

g PR pmmeuy ! R 2
HE=R TIE(p.u.) TiZ (p.u.)
1 0.212 0.589 0.763 0.497
2 0.401 0.624 0.262 0.193
3 0.387 0.571 0.612 0.549
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RT AF B BEHLEEE T R RA S R
Table 7 Cost optimization results of the system under random

failure of different order equipment

© MpA BEREATTETT LREIBAT AN TI 3R T
£ BEAR SGEHAER AT DISaTET

0 779.52 80 0 699.52 0

1 847.86 80 0 767.86 0

2 11 868.8 81 0 12227 10 565.1

® 8 AR H AL N RGBSR
Table 8 Optimal system results under random failure of

different order equipment
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