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Research on reliability coherency indices of parallel transmission lines

LIU Shaofeng', LI Bijun', XU Taishan', HUANG Daoshan®, ZHANG Heng', WU Feng'
(1. Nari Group Corporation/Nari Technology Development Limited Company, Nanjing 211106, China;
2. Electric Power Research Institute, State Grid Fujian Electric Power Company, Fuzhou 350007, China)

Abstract: Coherency analysis of transmission reliability helps to improve its utilization efficiency and availability. For
the parallel transmission lines, failure to operation, related trip, and single original fault are considered to analyze the
availability of the transmission path and probabilistic distribution of available capacity. Two absolute coherence indices,
i.e. ratio of probability of derated states and ratio of expected transmission capacity, and a conditional coherence index, i.e.
ratio of cumulative probability at derated capacity, are newly proposed to compare coherence condition of more
transmission lines. Sensitivity of conditional index to primary equipment and relay protection is derived to quantify

coordination between their reliability parameters. Numerical results are provided to validate accuracy of the proposed

method.
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Fig. 1 Transmission path with parallel lines
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Table 2 Impact of line fault on reliability incoherency

E/
7

|

SR Vi — A PAIIER A n
RS SRR Vil = SRR
3.0 0.933 0 0.933 0 / / /
Ux2 2.0 0.008 1 0.941 1 0.954 8 0.954 8 0.985 596(0.985 596)
1.0 0.000 3 0.941 4 0.005 6 0.960 4 0.980 190
0 0.055 8 0.997 2 0.038 2 0.998 6
3.0 0.939 4 0.939 4 0 0 /
U 2.0 0.002 0 0.941 4 0.959 2 0.959 2 0.981 474(0.981 474)
1.0 0.000 1 0.941 5 0.001 4 0.960 6 0.980 126
0 0.056 1 0.997 6 0.038 2 0.998 8
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Table 3 Impact of break fault on reliability incoherency
P— T =Lk [CIEE .
3.0 0.8819 0.8819 / / /
Usx2 2.0 0.003 8 0.8857 0.919 6 0.919 6 0.963 093(0.962 922)
1.0 0.000 2 0.8858 0.002 7 0.922 3 0.960 449
0 0.105 4 0.991 2 0.073 3 0.995 6
3.0 0.966 0 0.966 0 0 0 /
Us2 2.0 0.004 2 0.970 2 0.9772 0.9772 0.992 801(0.992 776)
1.0 0.000 2 0.970 3 0.002 9 0.980 1 0.990 075
0 0.028 9 0.999 2 0.019 5 0.999 6
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Table 4 Impact of failure of relay protection on reliability incoherency
SR Vi — A PAIIER A n
RS SRR Vil SRR
3.0 0.9372 0.9372 / / /
DRX 10° 2.0 0.003 3 0.940 5 0.9577 0.9577 0.982 047(0.982 005)
1.0 0.000 1 0.940 7 0.002 3 0.960 0 0.979 862
0 0.046 1 0.986 7 0.031 4 0.991 4 0
5 BER R ENERME IR R
Table 5 Impact of failure of breaker on reliability incoherency
SHAAL, P %]ﬁléﬂ% A ?ﬁ]ﬂ’éﬂéﬁ% A .
3.0 0.9372 0.9372 / / /
X 10° 2.0 0.002 6 0.939 8 0.9577 0.9577 0.981 340(0.981 174)
1.0 0.000 1 0.940 0 0.001 8 0.959 5 0.979 607
0 0.037 1 0.9770 0.025 3 0.984 8 0
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Table 6 Impact of related trip on reliability incoherency
P— T =2k [CIEE .
3.0 0.9372 0.9372 / / /
pax2 2.0 0.003 9 0.941 1 0.9577 0.9577 0.982 677(0.982 676)
1.0 0.000 3 0.941 5 0.002 8 0.960 5 0.980 213
0 0.056 0 0.997 5 0.038 3 0.998 7
3.0 0.9372 0.9372 0 0 /
o2 2.0 0.004 1 0.941 4 0.9577 0.9577 0.982 934(0.982 934)
1.0 0.000 1 0.941 5 0.002 8 0.960 6 0.980 119
0 0.056 0 0.997 5 0.038 2 0.998 7
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