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Influences of filling materials and structural optimization on temperature
and stress field of explosion-proof box for 10 kV cable joints
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Abstract: With the acceleration of urbanization, 10 kV distribution cables, as core components of urban power grids, face
severe challenges in safe operation. Cable joints are prone to explosion accidents due to electromagnetic-thermal-mechanical
multi-field coupling effects, and traditional explosion-proof methods exhibit deficiencies in heat dissipation and stress
balance. In this paper, the cable with model YJV22 8.7/15 3x35 mm’ as the research object, and a two-way coupling model
of electromagnetic field, temperature field, and solid mechanics field were established to study the temperature and stress
distribution patterns of 10 kV cable joints under overload and short-circuit conditions systematically and explore the
influences of dimension parameters (radius ratios K1, K2) of the explosion-proof box and sealing materials on explosion-
proof performance. The results show that although installing the explosion-proof box impedes heat dissipation, leading to
the peak temperature of cable joint rise by about 4°C, while by optimizing the radius ratios (K1) of explosion-proof box to
1.5-1.6 and K2 to 1.6-1.7, the heat dissipation efficiency of cable joint improves significantly and the stress concentration
decreases. When the thermal conductivity of the sealing material exceeds 0.5 W/(m-K), the heat dissipation disadvantages of
the explosion-proof box can be compensated and the current-carrying capacity increases. Additionally, polyurethane sealant
can reduce the stress peak valueof the explosion-proof box by approximately 47 times compared to epoxy resin.
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Fig.1 Cable joint after installing explosion-proof box and cross sectional structure
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Table 1 Material parameters of cable joint
Mk FHAHU/(W/(mK)) 15 % /(S/m) AR A H 4 W KL /Pa TR H
SR 400 5.998x107 — 110x10° 0.35
Y%7 0.286 5.1x107" 2.3 9.5%10°% 0.40
WM K 0.24 1x107 2.4 1.5x10° 0.30
M 0.167 1x10™12 2.9 3.25x10° 0.40
TR IR 0.28 1x107"2 35 5%10° 0.40
o B 2/ L ) HE 1 0.01 32 6.2x10° 0.35
ik 0.166 7 1x107™ 3 3.4x10° 0.30
Bk 0.14 1107 2.3 2x10" 0.30
B 0.3 1x107° 2 3.8x10° 0.35
i 0.0242 0 1 — —
I 0.45 3x107° 22 1.7x10" 0.35
NN 16.3 1.39x10° — 1.9x10" 0.30
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Fig.2 The temperature distribution of cable joint under

normal operation
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Fig.3 The temperature distribution of cable joint with

explosion-proof box under normal operation
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Fig.4 The curves of peak temperatures of the joint varying

with the single-phase short-circuit time before and after the

installation of explosion-proof box
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Table 2 Structural stress parameters of sealant
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Fig.9 Variation of peak stress on the explosion-proof box

shell with overload degree under different sealant fillings
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