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Abstract: The flexibilization of distribution networks has become an important developmental trend. As a flexible
interconnection device replacing traditional contact switches, the soft open point’s high response speed and voltage
support help improve the reliability of the power supply. However, most of the existing reliability calculation meth-
ods for distribution networks ignore the impact of post-fault node voltage. Thus, these methods cannot be applied to
the reliability calculation of flexible distribution networks containing soft open point. In this paper, a reliability calcu-
lation method is proposed for a flexible distribution network considering voltage support based on the fault incidence
matrix. This method realizes the fast analytical calculation of reliability indices for flexible distribution networks.
First, a power supply path matrix is constructed to characterize the scope of fault influence and assess the ability of
the power supply to recover after failure. Then, the post-fault branch transmission power vector and node voltage
matrix are formed, and the fault incidence matrix is obtained to yield reliability indices. Finally, a case study is car-
ried out based on a typical example of a medium-voltage distribution network. The results show that the proposed reli-

ability calculation method yields identical reliability indices as the enumeration method, guaranteeing accuracy.
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Moreover, the proposed method replaces the repetitive network searching process in the fault enumeration process

with matrix algebra operation, and the search time is reduced by 87%, which can significantly improve the calcula-

tion efficiency.

Keywords: flexible distribution network; soft open point(SOP) ; reliability calculation; fault incidence matrix;

voltage support
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Fig.4 Flow chart of the reliability evaluation of a flexible
distribution network considering voltage support
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Tab.3 Distribution network line parameter information

A | R | KBEEAm | EAL | ORIE | KEAm | EWal | ORWAL | KE/Am | BEE | RIR | KEkm
1 2 0.6 20 21 0.7 40 41 0.7 84 97 0.7
2 3 0.7 1 22 0.6 41 42 0.7 97 98 0.6
3 4 0.8 22 23 0.6 42 43 0.6 98 99 0.6
4 5 0.7 23 24 0.6 43 44 0.8 99 100 0.7
5 6 0.7 24 25 0.7 44 45 0.7 100 101 0.7
6 7 0.6 26 27 0.8 46 47 0.7 101 102 0.6
1 8 0.8 27 28 0.7 82 83 0.7 103 104 0.8
8 9 0.7 28 29 0.7 84 85 0.6 104 105 0.7
9 10 0.7 29 30 0.6 85 86 0.6 105 106 0.7
10 11 0.6 30 31 0.8 86 87 0.8 106 107 0.6
11 12 0.6 31 32 0.7 87 88 0.7 107 108 0.7
12 13 0.6 26 33 0.7 88 89 0.7 103 109 0.6
13 14 0.7 33 34 0.8 89 90 0.6 109 110 0.7
1 15 0.6 34 35 0.8 90 91 0.6 110 111 0.7
15 16 0.6 35 36 0.6 84 92 0.7 111 112 0.6
16 17 0.8 36 37 0.6 92 93 0.7 103 113 0.8
17 18 0.8 37 38 0.7 93 94 0.6 113 114 0.7
18 19 0.6 38 39 0.6 94 95 0.6 114 115 0.7
19 20 0.6 26 40 0.6 95 96 0.6 115 116 0.6
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Tab.4 Comparison of reliability indices for each electrical transformer district

A X &S A5k
o REUEMEREE/ (W) | RS E R/ (MW - ha) | REUESERIE/ (Wa) | RSB AR/ (MW - h/a)
1 5 AKX 29212 6333 29212 6333
2 BAK 22.863 6.672 22.863 6.672
SHIX 17.614 4.052 17.614 4.052
*5 MK RFERTLE 1.05 —
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Fig.6 Expected energy not served for nodes in substation 1
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Tab.6 Comparison of system reliability indices across

different schemes

. RYAEHER R RL i/
WIS N
B 18]/ (h/a) (MW - h/a)
1 100.299 26.037
2 81.418 20.341
69.688 17.057
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Tab.7 Comparison of system reliability indices across
different SOP capacities

SOP %5 &/ REGUEHIFH ARG L
(MV + A) Fifa]/ (h/a) (MW - h/a)

1 87.837 22.548

2 76.346 19.266

3 69.688 17.057

4 67.541 16.132

5 67.455 16.117
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