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Study on transient temperature distribution of defects in XLPE cables
based on electromagnetic-thermal coupling
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(1. School of Electrical and Electronic Engineering, Chongqing University of Technology,
Chongqing 400054, China;
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Abstract: In view of three common defects of 10 kV cables, three-dimensional cable defect models were established and
conducted electromagnetic-thermal coupled temperature field analysis to study the transient temperature models of three
defective cables. The effects of different operating currents and laying conditions on the temperature of three defective
cables were analyzed. The results show that the harm of defects on the cable ranked from high to low is metal tip defect, air
gap defect, and scratch defect. Under the same current carrying capacity, the temperature at the metal tip defect is higher
than that at the other two defects. It is determined that the heat dissipation effect of tunnel laying is the best when the cable
has defects. The internal temperature of the cable without defects decreases gradually from the core to outer sheath in the
radial direction, and the internal temperature field of the cable is distorted under the action of defects. The fitting coefficients
between core temperature and outer sheath temperature of the defective cable, and the fitting coefficients between
temperature at the defect and the core temperature of cable are both close to 1. The simulation fitting results provide
theoretical support for the judgment and identification of cable defects.
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Fig.1 Electromagnetic-thermal coupling relationship diagram




124 R 2 ¢ 5T s HR £ XLPE S B 5 2505 B 0 1T

IR 2024,57(4)

SHHBESESEEXRNKXOFR.
O

T T+ a(T-20)
K HF o AL T T LR 0y
N20C FHGLEH SR,

AT O H SR 5 R b R FE R &
WA 6D~ (D HI7R,
p. = [viEay 6)

J=oF D
K6~ (D p FoR HERFE  E RN IR 5 V
PR BRI
B~ (DA, EE RS R L BT, B
AU T B T R A AR D 5 3 T A Wik
AT 53 R 28 20 0 F 3 R R A ) L R A i R A Y
o, ST - S R AR

2 EGTREREIAE

2.1 EBEIERPaIREIME

XLPE H 45 if ¢ T B R 32 250 A0 J1 08
25 ) L AR B 3 R A, AR S L 8.7/15kV YIV
1x400 A4 #1459 Bt Fo 0t 52, 6 Fo e = 4 f 45 47 3
B 2 s, He R &S R AR E
“2%JE BB = NP EH R

(5

o

F SR R=

E2 BgigEaE

Fig.2 Cable structure diagram

3 e DR R T R DR, S5t 3 M P 0

(D 46 2% U BRBR R - 28 E A AEHT T
SR N C BRI L £E 07 FLAE Y rh g R R
BEF N E AN 2 mm FIERIE ABR .

(2) 4 J8 9 i S A « 4 J8 46 65 HH A 2k 48 & ffil i
M, FE s R T Re = AR I B RS B S8
R, PE BB BT N 42N 0.6 mm. 5 N 2 mm.
i %242 1.031 mm f [5 HE BRI .

GO RIIRERFA « FBTE 220 2 40 IR, 75 =
4 2 0 o AR RDR BB FE R AR R R RS A
2 mmx0.2 mmx0.2 mm ) ¥l JE B FE AR Y

T Comsol X FEL4E &5 LK 3 M isfe e A, a1
37

Q

O

()4 )& IR i (b) TR EREE () Jl Rk
3 HLTE N3 MEREREE

Fig.3 Diagram of three common defects model in cables
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Tab.1 Cable body modeling parameters

AR 4l /mm
AHME 11.9
2 T A B bR P 1.0
FUG R 5.9
& )8 Bt il = ) R 1.0
AP R 4.6
AL MR 47.0

R2 ATHEBSARFEHIZNRESH
Tab.2 Material parameters for the calculation of

electromagnetic field of the cable body

g ARXT A H SR H1BH 2/(Q m)
il 1.0x10* 1 1.754x10°
Fe 3L 100 1 0.167
XLPE 2.4 1 0.58x10"
TR 1 1 1x10"

R3 AT HEBSEAFEEZNMRSH
Tab.3 Material parameters for the calculation of

temperature field of the cable body
Rk SHRAF/(W/(m-K)) P /(kg/m?®) LI /(/(kg K))

kit 401 8921 385
e F A 0.5 1055 1407
XLPE 0.289 1200 2250
TR 0.023 1.29 1000
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Fig.6 Temperature distribution of air gap defect

FLA:oC

a81.7

80

70

60

:‘ 50
’ 40
30

'2020

El7 XIIRESRFERE ST E

Fig.7 Temperature distribution of scratch defect
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cable metal tip defect
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Fig.9 Transient temperature comparison of

cable air gap defect
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Fig.11 Transient process of temperature rise of metal tip

defects under different current capacity
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Fig.12 Transient process of temperature rise of air gap

defects under different current capacity
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Fig.13 Transient process of temperature rise of scratch

defects under different current capacity
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Fig.14 Temperature simulation of metal tip defect under

different laying conditions
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Fig.15 Simulation of air gap defect temperature under

different laying conditions
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Fig.16 Temperature simulation of scratch defect under

different laying conditions
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Tab.4 Comparison of experimental data and simulation data
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Tab.5 Fitting data of wire core temperature and defect
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