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Reliability evaluation of distribution networks considering

maintenance strategies and equipment health indexes
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Abstract: To overcome the defects of traditional reliability evaluation methods of distribution networks in
which the equipment difference and timeliness are usually not taken into account, a distribution-network
reliability-evaluation method which comprehensively considers maintenance strategies and equipment health
indexes is proposed, so as to reasonably evaluate the reliability of a distribution network, and provide a
reference for the distribution network planning and maintenance arrangement. Firstly, the health indexes of
equipment are calculated by the logistic regression model, and the failure rate, reliability and unreliability
of equipment are calculated with the health indexes; secondly, the feasible operation schemes and fault
states of the distribution network are enumerated based on the minimum path method and the fault

enumeration method; finally, the failure rate and the failure consequence of the entire system are calculated
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with the equipment failure rates and load information. The reliability index of distribution network can be
obtained by integrating the overall failure probability and consequence. The effectiveness of the proposed
method is verified by the simulation analysis of a 10 kV practical power grid in the southern China.

Keywords: distribution network reliability; health index; logistic regression; minimum path method; fault

enumeration method
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Table 1 Weighting coefficient f; of condition monitoring quantity
j 1 2 3 4
G ES g 0.348 45 0.048 80 0.460 35 0.142 40

R2 RKEENE) 5 & WERIEHH,

Table 2 Condition monitoring quantity j and health index H; of equipment i

_ j=2 j=3 j=4
W ‘im@ﬁﬁ]/:r:g'g*) il o A R SRS = TR U H,
/kV /(pg g ™) /(mg- kg ")
1 0.21 54.79 237.00 6.25 2.32
2 0.02 70.54 10.00 0.24 4.98
3 0.20 64.35 58.00 7.56 2.49
4 0.06 32.29 33.00 17.74 3.90
5 0.01 76.05 470.00 0.09 2.69
6 0.08 58.05 9.00 0.36 4.76

1 3R] L, logistic MIARERL & BRI E T8 bR A L VA 13 1 350 o5 1 (et B8 B, S e 1 104 119 i B IR
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®3 RETAXRERTAHEE
Table 3 Reliability and unreliability of equipment

i Pi/% Q:i/% i P:/% Qi/%
1 0.862 6 0.137 4 1 0.996 2 0.003 7
2 0.999 7 0.000 3 5 0.939 6 0.060 3

3 0.905 2 0.094 8 6 0.999 5 0.000 5
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Table 4 System operation scheme

UEX = FFx1 X2 JF% 3 K 4 JFX 5 K 6
1 0 1 1 1 1 1
2 1 0 1 1 1 1
3 1 1 0 1 1 1
4 1 1 1 0 1 1
5 1 1 1 1 0 1

DB RS T BB ZS
T PO A SRR B IR S TR A BICROIR B0 L AR S 20 LD T+ 55 AH B Bl R 2 ME 5 5 AR5 2R T 3K 4 25 B i ok 3
B I I T B T 5C B 0 ARAF I R S TN B8 47 07 58 R AT 39 5 B e AR X (1.2) 11 530 4% B A5 Y 2K 1
it 5 RN 1 578 R 4% 5 AU A 18 I il Rtk 2
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Table 5 Fault states in maintenance state 1

kB IR TR R GRS/ kW R
2 a b 31 141.80 1,059 1077
3 a b c 31 959.94 3.444X107°
4 a b c d 50 307.35 1.297X 107"
5 a b c d e 72 756.26 2.152X10°°
6 a b c d e f 73 454.33 1.775X 1077
2 3 a b c 31 959.94 1.387X10°°
2 4 a b c d 50 307.35 5.224 10"
2 5 a b c d e 72 756.26 8.666X10 "
2 6 a b c d e f 73 454.33 7.146 X 10"
3 4 a b c d 50 307.35 1.69910°
3 5 a b c d e 72 756.26 2.810X10°7
3 6 a b c d e f 73 454.33 2.324 X107
4 5 a b c d e 72 756.26 1.060X107¢
4 6 a b c d e f 73 454.33 8.757 X 10"
5 6 a b c d e f 73 454.33 1.453X10°
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Table 6 Reliability index of load points

u A,/ % F./a"! D,/Ch-a™") E,/(kW-h-a™")
a 99.988 8 0.004 0 0.979 4 141.776 7
b 99.998 8 0.001 0 0.102 3 51.585 7
c 99.992 0 0.003 7 0.703 6 11.993 0
d 99.998 7 0.001 1 0.115 7 44,217 9
e 99.994 7 0.002 9 0.460 7 215.464 9
{ 99.999 2 0.000 9 0.071 6 1.041 6

RIFEREXADIHERGE RIS RV B A d a] IR ASAT=99.995 4%, &GV 4 4 45
HL A % SATF1I=0.002 2 a ', &4 F ¥ 4 P B i E] SAIDI=0.405 6 h-a ', 2SR L 15 b5 ENSI=
466.079 8kW-h-a™',
3.2.3  RF AL BEAE H 0 T SR AE
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Table 7 Reliability index of load points without considering health index

u A% F,/a" D,/(h-at) E./(kW-h-a™)
a 99.999 0 0.000 055 0.084 8 12.269 9
b 99.999 0 0.000 056 0.085 2 42.945 3
c 99.999 0 0.000 056 0.085 4 1.456 1
d 99.999 0 0.000 056 0.085 4 32.653 1
e 99.999 0 0.000 056 0.085 2 39.848 8
{ 99.999 0 0.000 055 0.084 8 1.232 7

FRYT LA AT A8 ASAT=99.995 4%, REEF- 45 FHE A SATFI=0.000 055 6 a ', RE VB4
FUE RS SAIDI=0.085 1 h-a™ ', RGH & A B e br ENSI=130.406 0kW-h-a ',

I IR IEAR S5 SR AT LUE YA 1R A% i B Bt L 25 S 0 S Al T H S A T SR KO B
A7 R AR CHE 8 30 . 3O R A R P D S P R R SR A5 1 1 A T R 2 e T B A Y 25 b Tk
N 2% L BRAR A T BUORC L X AT SR PP AR AR . 5 SR 3R B AR S B S A T e R R DT A vk T
LA 4 7 15 45 1 552 B At IR 28 s A ROV A 190 2% 14 70 £ i M BBC L R S8 W AT SE PR SR AR L A A T AR A B ) s
S 18 51 4/ B XU N - R P A S AT
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