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Real-time risk assessment of distribution network

based on comprehensive failure rate

FANG Jian'*, LIN Xiang', WANG Hongbin', ZHANG Min', FANG Min', LI Shengnan'
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2. State Key Laboratory of Power Transmission Equipment & System Security and New Technology,
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Abstract: In view of the problems that the existing failure rate calculation models can not take into account
the influences of both equipment operation status and grid structure on the equipment failure rate at the
same time, and that the risk assessment model of distribution network cannot effectively reflect the real-
time state of equipment, a real-time risk assessment method for the distribution network based on the
comprehensive failure rate is proposed in this paper. The new method takes into account the synergy
between the main fault factors to improve the original state evaluation model. The accurately calculated
equipment failure rate is taken into the real-time failure rate model based on a health index, and the
undetermined coefficient is obtained by fitting. The failure rate of the equipment under the influence of
gradual factors is calculated according to the on-line monitoring data. According to the real-time intensity of

the sudden factors in the environment of the distribution equipment to be evaluated. as well as the
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equipment level and grid structure level, the sudden potential failure rate and comprehensive failure rate are
calculated. The feeder partition method is used to calculate the real-time outage probability and risk of each
load point, and the weak links of distribution equipment and load points are found through the analysis of
an example in the city of Guangzhou.

Keywords: distribution network; risk assessment; potential failure rate; comprehensive failure rate;

health index
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Fig. 1 Synergistic effect of strong wind and heavy rain with years of overservice
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Fig. 2 Statistics of global failure causes in Guangzhou
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Fig. 3 Distribution network example system
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Table 2 The length of the line
Ly KJE/m 2k e 5 KJE/m
L1.L5.L14 100 L8.L15 50
L2.L6.L7 90 L9.L16 135
L3.L11 75 L10 60
L4.L13 110 L12 92
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Table 3 Distribution equipment health index and real-time failure rate

BT it FE 35 5L SIHF A B 5 i FRE 45 % E4IpY
L1 73.5 0.027 LS7 78.9 0.063
L2 78.8 0.021 LS8 69.5 0.094
L3 74.8 0.025 LS9 78.4 0.064
L4 78.8 0.021 LLS10 63.5 0.122
L5 81.3 0.019 LSI1 89.9 0.039
L6 83.5 0.017 LS12 95.4 0.031
L7 86.4 0.015 LS13 76.2 0.071
L8 78.1 0.022 LS14 70.3 0.091
L9 74.5 0.025 LS15 75.2 0.074
LL10 78.2 0.021 LS16 87.3 0.044
L11 85.2 0.016 LS17 90.1 0.039
L12 73.1 0.027 LS18 83.7 0.051
L13 70.9 0.030 LS19 84.9 0.049
L14 85.2 0.016 LS20 82.3 0.055
L15 75.6 0.024 T1 88.1 0.020
.16 83.6 0.017 T2 79.8 0.035
Bl 71.9 0.011 T3 78.1 0.040
B2 73.2 0.010 T4 82.5 0.029
IS1 67.3 0.054 T5 83.6 0.027
LS1 81.5 0.056 T6 82.9 0.028
L.S2 73.5 0.079 T7 74.7 0.051
LS3 83.4 0.052 T8 85.9 0.023
LS4 75.6 0.073 T9 87.3 0.021
LS5 82.3 0.055 T10 77.6 0.041
LS6 78.4 0.064

Gtz M X AE 2013—2018 4l W #8455 R I 4 i Tl TAEML S 6 SR AMHRESHA 7 A
SO By R AT W 4 R,
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Table 4 Monthly historical failure rate

WL W % 4% b 5 G Ui TTBA S 5 4% Irs
H 28 Kbl &R 0.009 0.014 0.019 0.008 0.025

PR e T R AW 5 KB T 6 KR AMENR FEB MR E o, MR 75 5~6 Fin.
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Table 5§ Fault weights
WA R W7 % % B 75 ¢ A 56 A5 R A% oS 2
i T AF 0.292 0.327 0.254 0.254 0.294
Wil 0.435 0.395 0.336 0.458 0.266
K 0.071 0.148 0.107 0.085 0.183
At AR 0.149 0.080 0.148 0.051 0.137
N Y 0.019 0.031 0.090 0.102 0.066
REAR 0.032 0.019 0.066 0.051 0.054
x6 REMERMZMEF
Table 6 Influencing factors of sudden factors
WA W it 4% b B T 5% UiRCBIPS 5 Hzs 2k
Jit ARl 0 0 0 0 0
i 3.3 3.6 4.1 2.5 5.6
K 1.6 1.4 1.6 1.5 2.6
At TAFE 0 0 0 0 0
NE ) 0 0 0 0 0
WA 0 0 0 0 3.1

M 3 = EA’;w,,,ncm,, THEEAT L 3 C15) T 5592 4 2 B 1) 266 9 7 ST R I Ak £ o 2 285 4 K SF- 52 o R T

s EERINFE 7 R,

KT MW . EER

Table 7 Calculation results of A’ and ¢/,

WA AR W7 % % W B 6 A 56 A s gk
S AY 0.014 0.023 0.029 0.010 0.053

Comm 0.76 0.65 0.69 0.75 0.71

A (16) 5 ANk 8 FiaR,
8 REMBEHEE
Table 8 Sudden potential failure rate

WAHT T 1% % (TIPS RGPS A R s 2k

A" 0.011 0.015 0.020 0.008 0.038

A QDAL E AR A, 3 8RB BN A A7,
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Table 9 Basic situation of equipment

i L B A HeAE 2 R, /J1 00 &5 B iE /h

7 % 4% 0.7 4

=B S 0.5 3

A I 56 0.7 3

5 A 1.2 9

CEE 0.03 X ifig e 4 Jig 7

s o 0.02 X i e K i 5

F10 EHEKXBFR
Table 10 Basic situation of the example
A 5 Pk <3 z/% Z EENS; /(kW-h)  P//Ge-(kW-h) ") P7/GE-(kW-h) 1)

LP1 Tk 90 1.15 1 243.6 22.3 0.84
LP2 Tl 70 1.05 1 864.5 19.4 0.84
LP3 R4 80 1.10 786.4 8.7 0.84
LP4 N4 70 1.05 685.1 7.6 0.84
LP5 (R4 80 1.10 739.5 8.7 0.84
LP6 JE R 15 0.60 634.7 3.4 0.59
LP7 Ja R 10 0.60 689.8 3.1 0.59
LP8 JE R 10 0.60 456.3 3.1 0.59
LP9 Ja R 10 0.60 383.1 3.1 0.59
LP10 JE R 10 0.60 393.7 3.1 0.59

TR 1Y 56 T B 48 B0 IXUIS: DAk e 7 R 97 8 M TR 38 OB SR A 3 3 TR L 4% B fp s 1700 455 E AE SR L 3t e A
B e O PR C, (R RS R ANFE 11 iR, MRS SHMER A MR IFE 12 i, H
C (2D A A 1E AR YEE 2 R, MR £ S ik 9 463.03 I,

F11 FRAVEEATAEERERNR
Table 11 Loss and risk A’ of power outage at each load point
s WS EEER EREE /b C./7t C./7t R./7E
LP1 0.088 4.62 10 507.65 31 892.12 3 731.18
LP2 0.356 3.66 11 029.21 37 979.87 17 447.23
LP3 0.369 3.71 10 123.61 7 525.85 6 512.65
LP4 0.253 3.74 10 038.51 5 467.10 3 922.92
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gk 1
Fm A R RAER A EE /b C./7t C./7t R./JG
LP5 0.382 3.49 10 084.21 7 077.02 6 555.59
LP6 0.587 3.32 9 837.50 1 294.79 6 534.66
LP7 0.675 3.51 9 870.01 1 283.03 7 528.30
LP8 0.604 3.32 9 732.25 848.72 6 390.90
LP9 0.643 3.26 9 689.06 712.57 6 688.25
LP10 0.670 3.43 9 695.31 732.28 6 986.49

F12 FERLMNERTREBRBREARRE

Table 12 Loss and risk 4, of power outage at each load point

RGP LA b A LR LRI ] /B REVEWAERR L85 R,/JC
LP1 0.125 4.64 0.037 5 299.97
LP2 0.474 3.62 0.118 23 230.30
LP3 0.486 3.66 0.117 8 577.63
LP4 0.328 3.75 0.075 5 085.84
LP5 0.501 3.25 0.119 8 597.77
LP6 0.746 3.34 0.159 8 304.69
LP7 0.878 3.46 0.203 9 792.37
LP8 0.798 3.36 0.194 8 443.61
LP9 0.847 3.27 0.204 8 810.18
LP10 0.878 3.41 0.208 9 155.43

HI2& 11 R 12 AT, B faf s LP1 (07 48 M DR 32552 M S5 e ME 36 AL L 58 R M DR 38 0 i e 3 AL DA B
LR XL /N . A SRR AL 3 11 LP7 S A R R R R X R R IR 2 X
Al o5 OB T BE R RR K . YRR AL 12 of LP7 L LP10 S Rk, 53 11 25 -AH . [
AT DA 3R 12 55 A 000 i it 50 0 30 A 4 ol XU 5k o 6 11 258, Bl — 22 SRR 7E T3 12
T2 T 8 R TR R R A% KT L I B K ST TE PR R A T A R SR A R T, B LP1O 28 & M IR 3RV A R
FALEKR,

11 M 12 BRI C Fn Co M TR, 3 12 Rk A B R R . WA RUE H LPL Y 52 i 45 o XU
R /N, LP2 i R K. LP1 1Y R d5e/)y 3252 PRy S i 52 B A A< de /N T LP7 A1 LP10 B9 45 4 455 H A %6
SR IR AEE R R 2 B0 R R P S B0 BT A 25 45 A R DN L R 4 XU RS 2 A K
LP2 1Y R, fe K FE R K iz 547 s Tl P 25645 L 400 R AR R S B0 s 9 458 Hl KU (i e R . PRI 42 s
MR 238 e RN AR 2 45 F IR, e K

FE iz 4E R . DX T340 5 g FF 36 LS8 A LS10 A9 AT A, 0 B S50 fie A, DR LA 58 4 s 75 82 7 T A
A K B BN X AN OGRS . 2) X T AU L LP7 R LP10 B ZR G 45 B e B R, LP2 9 SE B 45 A
JRUI: 5 K, 22 8 T e I 3R A R R 150 A 07 A e XU B A7 7 e 04 A ] DA v ) B8 45 g 7K - e A1 5
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FURTAR 2 0T 78 O 28T & 1 i T 235 3 e 3 1) TC v, 0 52 Bf IS, 3 ik 178 B PR 2 28 7 T N 7 20 2k B
AR as 1T . I H BT IE AT ROR KA AE— i KGO T 1277 55 B RS Ak 28R A 4 () 300 4 P Ay
TIEMEZE R AR 2 BRI R 45 500 A5 45 1 % Lh B A P A D50 A 10 2 7 - R IR 240 245 4y K - e 22
B3 3275 3 T A K st B R R0 4 900 255 1 (00 el ) AR A % ] DA St AR A B A B R el T e 4
HL YRR B 5 L A0 K B e T TRC R I A AT R, p T A [ B R 2 A R | TR AR P R DR R S A
TEZE 57 DM [R) 2 0% 08 U (AN [R) o 0 38 5 3 ) XU, 0 8 (L 00 L T L R R il /0 il I 5 vl U B 19
[a] fof FT LA 3 A o RE IR S A8 2 4 R SR BB FE H AR

6 4 it

SCHP R T — i HC R 0 2 I KBS A D7 3k S8 P B A AL R DR R A R e A R A D o K A
FHCHE BRPIR 2 VP B BT 45 A0S 37 = K e R A 2 s 0 5030 7 Al 18 it e 98 i, E — 2D 3 55
B T ARV D ZR R R R A BB A AR T YAl T R 35 A T AR B 05 2 A P DA R S IR R R R A K SF )
AREERY KV 5 T 9 R M T R R AR £ A SRR R . SR R R 40 DX BN O TR VT BT A% ST L Y S 45 H AR
FROFSE Fi RS I 38 3 S 497) 7 A 4 21 1 TAC P 350 4 R A7 T S R T
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