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Fault statistical analysis and probability distribution fitting for a power distribution
network in adverse weather conditions
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Chongging 400044, China; 2. Guangzhou Power Supply Bureau, Guangdong Power Grid Co., Ltd., Guangzhou 510620, China)

Abstract: To improve the scientific basis of distribution network disaster prevention and mitigation decisions, accurate
fault statistics parameters of the network are needed. To this end, weather- and time-related fault statistical analysis
methods for distribution networks are used. Distribution network fault parameters such as failure and outage rates in the
same historical period are calculated according to the different months and weather conditions as well as different line
types. The probability density distribution fitting method is proposed for the forced outage time in different weather
conditions. The case study of a large distribution network in the southern coastal area of China shows that the monthly
distribution of cable faults is not obvious, and the cable faults are less affected by weather. Overhead line faults are greatly
affected by thunderstorms and rainstorms, and their distribution is concentrated in May to September, showing obvious
single-peak characteristics, and it can be fitted by a Gaussian distribution. The failure and outage rates in thunderstorms
and rainstorms is significantly higher than the basic failure and outage rates; and the forced outage time is longer, and can
be fitted by Weibull or Gamma distributions. The proposed method has implications for refined fault rate statistical
analysis of distribution networks. It can guide the planning and operational risk assessment of distribution networks, and
the optimization of fault recovery strategies in adverse weather.
This work is supported by the Youth Fund of National Natural Science Foundation of China (No. 51707018).
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Fig. 1 Statistical diagram of fault causes of the distribution network
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Table 1 Statistical results of the fault parameters of a distribution network

SR 2 otk A ork
[X/(km 4F)] PR
R (R X 7 RR) 0.0386 0.1319 0.1177 0.0869
R (IEH KS) 0.0023 0.0106 0.0091 0.0053
MR (R RA) 0.0419 0.1418 0.1274 0.0963
IFIBRAXFRA) 0.0126 0.0229 0.0203 0.0177
FEBR(EH RS 0.0007 0.0016 0.0015 0.0010
B E (MRS 0.0125 0.0263 0.0207 0.0185
o £ I ) 2 65.94% 82.91% 83.47% 79.64%

& ) I 2 (7 R ) 68.64% 82.08% 83.31% 80.48%

% 2 ECER LR SEEIHASE A e R FfFim %
Table 2 Monthly failure and outage rates of the distribution lines in the historical period

i R AL (km )] 1EIEH AR (km $7)]

X4y EER2 stk REE% ENE® 23St R s B

1 0.0034 0.0020 0.0047 0.0044 0.0009 0.0009 0.0010 0.0009

2 0.0028 0.0017 0.0039 0.0032 0.0006 0.0006 0.0006 0.0006

3 0.0050 0.0025 0.0074 0.0065 0.0012 0.0010 0.0014 0.0014

4 0.0065 0.0031 0.0099 0.0084 0.0018 0.0014 0.0023 0.0019

5 0.0105 0.0045 0.0168 0.0140 0.0021 0.0012 0.0032 0.0025

6 0.0108 0.0037 0.0156 0.0167 0.0025 0.0015 0.0031 0.0032

7 0.0100 0.0042 0.0155 0.0137 0.0019 0.0014 0.0025 0.0020

8 0.0100 0.0039 0.0146 0.0146 0.0016 0.0010 0.0019 0.0020

9 0.0088 0.0037 0.0139 0.0118 0.0017 0.0010 0.0024 0.0021

10 0.0079 0.0035 0.0126 0.0104 0.0012 0.0009 0.0016 0.0014
11 0.0057 0.0027 0.0092 0.0070 0.0010 0.0008 0.0012 0.0010
12 0.0055 0.0031 0.0078 0.0070 0.0012 0.0009 0.0017 0.0013
A¥ME 0.0072 0.0032 0.0110 0.0098 0.0015 0.0011 0.0019 0.0017
B2 0.0027 0.0008 0.0042 0.0042 0.0005 0.0003 0.0008 0.0007

7 3 BRRS TECELENEEEE A NBEENFEE
Table 3 Monthly failure and outage rates of the distribution lines in the historical period during thunderstorm and rainstorm weather

wi KR LI (km )] FHER ARVl (km )]

ENES s =it G B REL ENER s =it EER) gk WAL

1 0.0032 0.0019 0.0049 0.0034 0.0011 0.0008 0.0015 0.0010

2 0.0030 0.0018 0.0044 0.0036 0.0009 0.0006 0.0010 0.0011
3 0.0054 0.0029 0.0077 0.0068 0.0012 0.0010 0.0013 0.0013
4 0.0086 0.0039 0.0131 0.0109 0.0025 0.0017 0.0034 0.0028
5 0.0134 0.0057 0.0202 0.0176 0.0023 0.0012 0.0036 0.0028
6 0.0132 0.0043 0.0180 0.0200 0.0027 0.0016 0.0033 0.0036
7 0.0120 0.0047 0.0175 0.0166 0.0021 0.0015 0.0031 0.0022
8 0.0104 0.0040 0.0154 0.0145 0.0016 0.0010 0.0021 0.0019
9 0.0103 0.0039 0.0156 0.0138 0.0017 0.0012 0.0021 0.0021
10 0.0084 0.0039 0.0117 0.0112 0.0007 0.0005 0.0016 0.0005
1 0.0046 0.0028 0.0087 0.0038 0.0005 0.0006 0.0010 0.0004
12 0.0038 0.0021 0.0046 0.0052 0.0012 0.0008 0.0023 0.0010
HI¥MAE 0.0080 0.0035 0.0118 0.0106 0.0015 0.0010 0.0022 0.0017

briEZE 0.0037 0.0012 0.0054 0.0057 0.0007 0.0004 0.0009 0.0010
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Fig. 3 Monthly distribution diagram of failure and outage
rates of different distribution line types
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Table 4 Failure rate A and outage rate Ar of the distribution lines

under different meteorological disaster warning levels

RFHRM skl RA%KA A% RA%A

- T 1.39%104  152x10* 1.90<105  2.33x10°5

B 414X104  2.71X10%  1.04X10* 4721075

e AR 150<104  156x10%  2.24x10°  2.41x10°°

i 9.64x<105 1.01<10* 129105 1.26%10°5

ey icae) 1.13x10% 1.04x10“ 9.59x10° 8.96x10°5

RN 3.65X10“4 3.68x10% 3.68x10° 355x10°

. AR 120104 1.27x10*  2.05X10° 1.98x10°°
A

AR 149105 1.81x10° 3.19x10° 3.62x10°°

TER 4 1, DU R KUK A MBS 2R 5
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Table 5 Overhead line failure and outage rate monthly
distribution fitting results
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Table 6 Mixed distribution line failure and outage rate
monthly distribution fitting results
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Table 8 Probability density function fitting results of the
forced outage time for power cables
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Table 9 Probability density function fitting results of the
forced outage time for overhead lines
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