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Fig.1 Conditions that affect operating temperature

of a unit length of conductor
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Failure probability model of distribution network equipment
based on historical fault information
WANG Hui',HAO Lili', HUANG Mei’,ZHANG Shengjian®,JI Yu’,CHEN Qian*>, FANG Xin’
(1. College of Electrical Engineering and Control Science,Nanjing Tech University, Nanjing 211816, China;
2. Nantong Electric Power Company, Nantong 226006, China;
3. NARI Group Corporation(State Grid Electric Power Research Institute),Nanjing 211106, China)

Abstract: Combined with the actual historical fault records,the fault mechanism analysis of overhead bare
conductor and 110 kV /10 kV oil-immersed transformer, which are the main equipments in 10 kV distribu-
tion networks,is carried out. The effects of main fault factors on equipment are analyzed,which shows that
faults of overhead bare conductor are mainly caused by the factors of operating life, load rate, ambient
temperature, wind speed, rainfall, lightning strike, bird damage and external foreign matters, and the faults of
110 kV / 10 kV oil-immersed transformer are mainly related to operating life,load rate,ambient temperature,
rainfall, bird damage and user factors. The aging failure of equipment is fitted based on Weibull distribu-
tion. The conductor failures of over-voltage, air gap discharge, and over-current and the transformer failure
of over-current are all fitted based on Poisson regression model. Based on the coupling relationship analy-
sis of equipment fault factors,the fault probability model of equipment is established. Taking the historical
fault data of a real distribution network as an example to verify the proposed method,the results show that
the fitting fault probability can reflect the trend of real fault probability with less error.
Key words: distribution network; 10 kV overhead bare conductor; 110 kV /10 kV oil-immersed transformer;

Weibull distribution; Poisson regression model;equipment failure probability model
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TableAl Type of insulator commonly used and its critical breakdown voltage Use,
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HEBABTEA4Z% T (FXBW6-10170) 234
EREAH A% T (S-185) 250
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TableA2 Classification of wind levels v
B T 10m (AR X X m/s
0~0.2
0.3~1.5
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3.4~5.4
5.5~7.9
8.0~10.7
6 >10.7
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TableA3 Classification of rainfall levels @,
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Q Bk &/ (mm - (10min) ™Y
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4 2.8~5.3
5 5.4~10.7
6 10.8~16.7
7 >16.7
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Fig.Al Relationship between total number of malfunctions caused by birds and month
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TableB1 Coefficients to be evaluated for 10kV overhead bare conductor

< Bl 10kV =B B L& HTHREK

E 344 i) EX HUH EX HUH EX HUH R HUH
A 19.3 Bi 270 Ci -10000 Di 4 m 0.0008
64 1C 70°C Wa 60 Winax 10 k 0.4875 M 0.2623
Ti/d 5455d R 91.3 B 4.6419 by -0.3403 m; 0.0003
o4 0.4752 o5 0.6143 P 1.03 P 0.99 n; 0.5101
Ay 10.1326 A, 8.2859 A, 4.6200 Ay 2.6830 ms 0.0083
N, 0.2940 N, 0.4273 N,, 0.0027 Ng, 0.1580 ns 0.4710
M, 1.0670 M., 0.0203 M, 2.5960 Mg, 0.5772 ms 0.0173
Ay 1.0000 A, 1.7220 Ay 1.4970 Ay 0.7877 N 0.4863
N, 2.0460 Ny, 2.2000 N, 0.5962 N,, 0.8972 A 0.3887
M., -1.3880 Mg, -1.3470 M., -1.4220 Mg, -3.3800 N.e 2.3090
o6 0.9926 Os6 1.2560 Ay 0.3535 Ay 0.5950 M., -4.9150
Ay 5.0850 Ay 3.6480 N,, 1.8380 Ngs 2.7580 A, 1.0000
Ney 0.3887 N,g; 0.3407 Mo -4.4520 Mg, -4.8900 Ne, 2.3120
M,, 0.3229 M., 0.4476 Ay 0.3457 Ay, 0.6556 Me, -5.1510
M., -1.4220 Mg, -5.3940 N, 2.8150 N, 1.9650 -
& B2 10kV BLHE S &P HIE
TableB2 Fault data of 10kV distribution network conductor
VSNSRI K &/ _ .
Yyt #%&E/;JANIEH AT LT IKA R EEIC Mg/ (mes?  (mm-+ (10min) %Eﬁdif%ﬁ VERis
1
1 335 500 22.1 0 0.2 55 5
2 715 550 16.5 0.5 1.8 0 4
3 998 600 5.9 2.6 0.8 78 10
4 1453 650 26.1 42 6.7 142 7
5 1794 700 14.2 8.6 8.2 35 2
6 2125 750 25.6 5.6 9.3 60 8
7 2516 250 26.0 2.8 35 100 9
8 2894 300 15.6 6.4 0.3 171 1
9 3219 350 9.8 3.1 1.2 46 3
10 3594 400 28.0 1.2 10.1 150 7
& B3 110/10kV MR R T ERZFTHERE
TableB3 Coefficients to be evaluated for 110 kV /10kV oil-immersed transformer
2 BUE £ BB 2 BUH 2H BUH
B 1500 O 110 Ay 0.1050 Ay 0.0155
C 0.56 Tro [ h 3.5 Ng, 0.1743 Nq, 0.8328
R 5.3 Abror JoC 36.0 Mg, 0.6198 Mg, -3.0780
Tw /min 3 Abnr|C 28.6 ms 0.0030 b, 0.0002
m 0.8 n 0.8 ns 1.2600 Ns 1.9620
B 3.925 Te/d 7500 ms 0.0001 - -
% B4 10kV ECHB 35 2R i R 3 18

TableB4 Fault data of 10kV distribution network conductor

YR EHOSATRIAG  ABGEREC  #OsRfRIBUh
1 320 23.1 8 3
2 700 26.3 10 5
3 1000 18.3 13 2
4 1453 19.4 15 1
5 1798 24.3 9 4
6 2103 20.9 18 9
7 2513 17.6 17 8
8 2920 21.6 20 7
9 3214 22.3 2 10
10 3624 25.9 14 6
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