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Abstract: Power cables are composed of the cable body and cable joints, and the temperature rise inside the cable
joints is a key factor affecting the current carrying capacity of power cable lines. In view of such issues as large disper-
sion of cable joint material parameters and unclear heat flow diffusion, in this paper a cable joint hot spot temperature
inversion identification method based on main heat flow analysis is proposed to accurately identify the hot spot tem-
perature inside the joint. Firstly, a finite element simulation calculation model for 10 kV three core cables and joints
is set up to obtain the temperature field distribution. Then, a thermal path model of the cable body is set up by analyz-
ing the heat flow diffusion law of cable joints. The orthogonal test method is used to design training and testing sam-
ples and determine two conductor characteristic temperature points at distances of 0.1 m and 2.0 m from the end of
the joint,thus, a joint hot spot temperature combination inversion method for radial and axial inversion of the body is
constructed. Finally, a multi condition temperature rise test platform for cables is set up. The test results shows that
under different loads, external wind speeds and ambient temperatures the maximum difference between the simulated
and experimental values of the hot spot temperature is 2.29 K, and the maximum error between the inversion value of

the hot spot temperature and the experimental value is 3.92 K, which provide a reference for the thermal fault monitor-
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ing method of cable joint.

Key words: three core cable; intermediate joint; main heat flow; hot spot temperature; axial inversion; radial in-

version; inversion identification; test verification
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Table 1 Thermodynamic parameters of three core cable

body and joint materials
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e 3 1) ESi] 401.000 8900 394
SRS g 401.000 8 900 394
Y2z )7 SRR O 0.286 940 2500
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Fig.1 Three core cable body and joint structure
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Fig.2 Schematic diagram of heat source loading
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Fig. 3 Temperature distribution of single-phase conductor

in cables
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Fig. 4 Temperature distribution cloud diagram of cable
body and intermediate joint
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Fig. 5 Main heat flow path of cables and joints
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Fig. 6 Schematic diagram of cable joint hot spot

temperature combination inversion
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Fig. 8 Schematic diagram of the location of conductor

temperature measurement points
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Table 2 Factors and levels of training samples

o TR TR 1R
BBk (W (m’K) ] H/p.u.

1 2 3 0.36

2 4 6 0.57

3 8 9 0.74

4 12 12 0.98

5 16 15 1.21
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Table 3 3-factor 5-level orthogonal table for

training samples

X R R

=) " .
5 il R Ak (W (m*+K) ] 3% p.u.
1 2 3 0.36
2 2 6 0.74
3 2 9 1.21
4 2 12 0.57
5 2 15 0.98
6 4 1.21
7 4 0.57
8 4 0.98
9 4 12 0.36
10 4 15 0.74
11 8 0.98
12 8 0.36
13 8 0.74
14 8 12 1.21
15 8 15 0.57
16 12 0.74
17 12 1.21
18 12 0.57
19 12 12 0.98
20 12 15 0.36
21 16 0.57
22 16 0.98
23 16 0.36
24 16 12 0.74
25 16 15 1.21
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Table 4 The goodness of fit and sensitivity coefficient of
different temperature measurement points

HE5%% RS |4EY% RS |4E8% RS
12 1.00 6.87 45 094 19.64| 245 1.00 16.90
13 1.00 3.94|] 123 1.00 1894 | 345 1.00 37.98
14 099 298| 124 1.00 10.86| 1234 1.00 84.64
15 099 272 125 1.00 6.87 | 1235 1.00 56.77
23 099 790| 134 1.00 8.86 | 1245 1.00 23.46
24 099 448| 135 1.00 6.26 | 1345 1.00 25.37
25 098 3.82| 145 1.00 9.23 | 2345 1.00 46.41
34 098 9.00| 234 1.00 20.98| 12345 1.00 175.87
35 097 642 235 1.00 14.74
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Table 5 Factors and levels of test samples

F6 MIXFEARIEARIKFELRR
Table 6 3-factor 4-level orthogonal table for

testing samples

T TR T T
[W- (K]
1 3 4 0.46
2 3 6 0.65
3 3 8 0.82
4 3 10 1.13
5 6 0.65
6 6 0.46
7 6 1.13
8 6 10 0.82
9 9 0.82
10 9 1.13
11 9 0.46
12 9 10 0.65
13 12 1.13
14 12 0.82
15 12 0.65
16 12 10 0.46

T fih AL BHL MRS X0

¥ s ey
1 3 4 0.46
2 6 6 0.65
3 9 8 0.82
4 12 10 1.13
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Fig. 9 Test sample axial inversion fitting value
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Fig. 10 Relative error of axial inversion of test samples
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Fig. 11 Schematic diagram of temperature

rise test platform
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Table 7 Comparison between inversion results and

experimental results
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