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Temperature distribution characteristics and heat identification method of
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Abstract: The three-core cable intermediate joint is a vulnerable component of the cable system. The addition of an explosion-
proof box can effectively prevent joint failure from affecting the normal operation of other cables, and also affects the surface
temperature distribution of the joint. In this paper, a three-dimensional full-scale model of a 35 kV cable intermediate joint
with an explosion-proof box is developed, and a multiphysics coupled simulation model based on finite element theory is
established. The influence of contact resistance on the temperature of the joint inside the explosion-proof box and the influence
of the gel-filled explosion-proof box on the current-carrying capacity of the joint are studied. By simulating insulation aging
and heating defect conditions, the surface temperature distribution characteristics of cable intermediate joints with explosion-

proof boxes are obtained. The results show that, due to the thermal resistance effect, the conductor current-carrying capacity
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of the gel-filled explosion-proof box decreases by 12.77% compared with the bare joint condition, and insulation aging has

little effect on the surface temperature rise. When a heating defect occurs at the splice tube, the presence of the gel-filled

explosion-proof box causes the maximum temperature region on the joint surface to shift from the traditional end region to the

outer surface corresponding to the splice tube. Single-phase and two-phase defects increase the temperature rise by 11.65 °C

and 13.3 °C, respectively. Heating defects of cable joints inside gel-filled explosion-proof boxes can be identified by

monitoring the temperature rise amplitudes at six positions on the outer surface of the joint at the center of the splice tube. The

results provide a theoretical basis for condition monitoring and reliability evaluation of cable intermediate joints and have

reference value for optimizing condition-based maintenance procedures for smart grid equipment.

Key words: intermediate joint; explosion-proof box; contact resistance; insulation aging; finite element theory
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Figure 1 Cable intermediate joint model with

explosion-proof box
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Table 1 Temperature characteristic parameters of cable

intermediate joint and explosion-proof box

R/ R/ SRR

Lk (kgem *)  (Je(kg-K)')  (We(m-K)")
i 8960 385.0 400.00
LB LI 1200 2 260.0 0.33
Rl 1450 1005.0 0.28
kil 7 850 450.0 45.00
RN I £F 4 910 1900.0 0.40
R Wi 90 1.8 0.16
Y 1800 535.0 0.25

R2 B PHBLRGREEGHFRELAK
Table 2 Electric field characteristic parameters of cable

intermediate joint and explosion-proof box

kL LS/ (Sem ) HIXrAE AL A TR

kil 5.80e-7 8 000.0 1
SCHRR &A% 1.00e-15 2.15 1
RALK 1.00e-15 2.2 1
Gl 1.03e-7 7.8 1
RN £F 4t 1.00e-15 2.2 1
R T 1.00e-15 1.5 1
YR 1.00e-8 5.0 1
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Figure 2 Three-dimensional model mesh of intermediate

joint with explosion-proof box
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Figure 5 Axial distribution of cable temperature with

explosion-proof box under different contact coefficients
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Figure 6 Axial distribution of cable surface temperature

under different load current
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Table 3 Core temperature under different load current

L2 AR PR kRl /C e S 2t i L /°C

o

oG MBS S oG WG
200 34.39 36.85 36.73 40.42
250 39.67 43.51 43.38 49.10
300 46.12 51.55 51.46 59.70
350 53.75 61.29 61.02 72.23
400 62.55 72.40 71.96 86.68
450 72.52 84.54
470 76.84 89.68
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Figure 7 Temperature distribution of intermediate joint with
explosion-proof box after insulation aging
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Figure 8 Surface temperature difference of intermediate

joint before and after aging
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Figure 9 Surface temperature distribution of intermediate

joint under moderate heating defect
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Figure 10 Radial temperature distribution of joint surface at

center of splice tube under different heating defects
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Figure 11 Simulation data fitting results
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