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Cable failure rate estimation based on neural network and temperature characteristic curve

HE Ninghui, ZHOU Xiu, MA Bo, SHA Weiyan, WANG Wei, LUO Yan

(Electric Power Science Research Institute, State Grid Ningxia Electric Power Co. , Ltd. , Yinchuan 750011, China)

Abstract: The thermal effect of current is the main cause of cable service life and aging failure. It is very important to
establish the cable temperature characteristic model. Power enterprises should be able to correctly estimate the related
aging failure rate of distribution network cables. However, the existing cable failure rate estimations are calculated at
the rated temperature and do not take into account the effect of actual operating temperature changes. Therefore, a
method based on artificial neural network is used to estimate the maximum temperature of the cable. This tempera-
ture variation is in good agreement with the daily load curve in some extent. The artificial neural network only needs
four easily obtained input variables, and the life loss at each stage of the predicted temperature curve is estimated by
using the combined electric heating life model of cable insulation. Finally, the life model and probability failure model
are used to predict the failure rate of power cables in the future. The results show that the estimation of failure proba-
bility is in good agreement with the actual results, which indicates that the three-stage gradual change curve of cable
temperature can truly reflect the cable transient temperature change.
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Figure 1 Daily load percentage curve
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Figure 2 Cable temperature variation curve under daily load
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Figure 3 Typical daily load curve
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Figure 4 Discrete three-stage stepwise temperature curve
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Figure 5 Neural network model for maximum

cable temperature prediction
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Table 1 Training sample data of neural network
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Table 3 Minimum temperature estimated

results of the cable
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Table 4 Results of cable failure rate simulation results

R /(1074 /(km/a))

5 -
SR EUEE AROCHER

1 2.2 34 8.7

2 2.4 34 3.0




174 R

i VN 2 Eite 2022 4 7 A

H e 4 BHs AT R R 4 R I IR 5 Y I 1 (R
/N T HBUE (B, X i T g AE s 1 i R
AL T HUE I Z T o A e 5 i — AR L e
B X (45 3 Al il Bt 3 A 40 52 75 il 4 AR I AR
LA, 2 4 i AR 10 S s (R T L 0 1) S Al B R
I RE A A A5 T FL 2 AY AT SR A GE T B B P ok
TR ] HGAT VR R e o 24 ) 450 5 {1 0 S B (B
28 AR AR SCHR ) 5 i A 0T i 2 Al i R
SCBRE AT HAR 22 7R BB 4 52 BV RN L BE A X ]
SEVESEAT B HERG B TER . % T ik i 2
A 10 BB e L B A R B A A i 22 0 %
HEAT NS o AN 5 sk S B4 vl LR ) Al 3R 4% A
ARSCHE I Ik B S

5 4hEiE

AR SCHE T BE Tl I 46 11 D v ke B AR 7 o A
O B R A B R A S, RS 2% TR Y ) F
BB AR WAL T Ok SR T RER R A
SCHR A 9 7705 BT Bl RO T DR ke T L B o v 45
GRS RS AR THIE . A SO ol 22 10 285 1) i ) ) R
BB R HEAT 05 B SRR WL BUE AL RS
PR R AN AT AR R R 22 5. IR A P e
IS HP (P A e R 2 ™ A iR 22 BRI 45 R
55 AR B 07 30 L B 2 A e e 3 B Al (L 5 52 P
(W5 BhF - RERG XS T 5 PR HEAT 5T W 1) 1153

S E

(1] ZRSEF AR AN , SRAT B, £ vl P A B U A ) 3R 46 v S 1
WA RSB Z oy B kT ] o R A gk,
2022,46(7) :104-115.

CAI Jilin, HAO Lili, ZHANG Kegi. Non-parametric strati-
fied importance sampling method for reliability evaluation of
power system with renewable energy[ J]. Automation of E-
lectric Power Systems,2022,46(7) :104-115.

LB T W45 5 08 2 IR R BT
B I S AR ST i T ). R L D, 2020,53(4) 1 22-31,
JIANG Zhen, YU Li, HUANG Yanlu, et al. Calculation

(2]

method for critical conditions of distribution network

considering distributed generation "plug and play"[]J].
Electric Power,2020,53(4) :22-31.
ZEMR, A R S0R LA B B ks XLPE U454 vh 2

25 A B L 37 03 A [T, 8 R L 8%, 2021,57(10) : 167-175.,

(3]

LI Gen, WANG Hang, ZHOU Wenjun, et al. Electric
field distribution in air gap between the buffer layer and
corrugated metallic sheath of HV XLPE cable[]J]. High
Voltage Apparatus,2021,57(10):167-175.

T . HE T2 v BEL 0 FE 5 2 ARG e 4 4% 3 THT HEL IR
B2 W 7 R [ D]. KRR KR T K%, 2016.

FA ORI , R R, PR AS L A BT =40 B ICRE R R
P RROPR A TP Al R S B LT ], % 2 07, 2020, 48 (11)
103-107.

NAN Baofeng, LU Yuxin, SUN Tingxi, et al. Develop-
ment of thermal condition evaluation system based on
energy self-harvesting technique for three-core power
cables[]7. Smart Power,2020,48(11) :103-107.

[6] ANDRZEJ C,BARTOSZ S.MAREK K. Economic opti-
mization of an underground power cable installation[ ] ].
IEEE Transactions on Power Delivery, 2018, 33 (3):
1124-1133.

[7] L1Z GsWU W C,ZHANG B M, et al. Dynamic economic
dispatch using lagrangian relaxation with multiplier updates
based on a quasi-newton method[ J]. IEEE Transactions on
Power Systems,2013,28(4) :4516-4527.

[8] GILL S, KOCKAR I, AULT G W. Dynamic optimal
power flow for active distribution networks[]]. IEEE
Transactions on Power Systems,2014,29(1):121-131.

ISR N & I N S e U R o4 R U R C DN
T P R G R MO R EAG LT ], s s R g fh 4 5 il
2021,49(17) :139-146.

YAN Yunsong,SUN Ning,ZHANG Nan,et al. Evalua-

[9]

tion of unavailability risk of the security and stability
control system of power systems based on optimization
of the preventive maintenance period[ ] ]. Power System
Protection and Control,2021,49(17) :139-146.
(10 /R4, 2207, TR IR MG , &5 - e B 30 AR W 48 5 R
ThAR A R A S A5 [T ], R L AR, 2021, 57(2)
159-165.
FU Chenzhao, L1 Honglei, ZHANG Zhenpeng, et al.
Verification test for thermal circuit model of transient
temperature rise of soil direct buried single cable[ J].
High Voltage Apparatus,2021,57(2) :159-165.
BTG ARBRE R AL BT G TS T A A
B AER R BT ] AL RS RE T 2020, 36 (10) : 90-96.
GUAN Guofei, SONG Qingwu, LIU Hui, et al. Research

[11]

on distribution network management and operation and
maintenance system based on edge computing[]]. Power

System and Clean Energy,2020,36(10) :90-96.



