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Abstract; Electrical fires caused by cable degradation constitute a critical ignition source for gas and dust explo-
sions in underground mining environments , where aged cable insulation serves as the primary contributing factor. Un-

der harsh mining conditions, characterized by elevated ambient temperatures and high operating voltages, electrical
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cables experience accelerated electrothermal aging due to synergistic temperature-voltage degradation mechanisms.

However, existing studies have primarily concentrated on investigating the influence of individual stress factors on ca-

ble fire behavior. To address this research gap,this study developed an electro-thermal synergistic aging platform and

conducted comparative investigations of flame propagation characteristics and thermal stability for two different-sized

polyethylene(PE) wires using flame spread tests and simultaneous thermal analysis (TG-DSC) , under both electro-

thermal synergistic aging and pure thermal aging conditions. The results demonstrate that electro-thermal synergistic

aging, compared to thermal aging alone,reduces the flame spread rate and mass loss rate to 91% and 71% , respec-

tively, while significantly increasing molten dripping frequency. Furthermore, the insulation layer exhibits an earlier

melting peak ,a delayed decomposition peak,and more substantial increases in residual carbon content. These find-

ings elucidate the synergistic effects of electrical and thermal stresses on the combustion and pyrolysis behavior of PE

wire, offering valuable theoretical insights for fire risk assessment and prevention in underground mining electrical

systems.

Key words:

underground mine explosion; electrical wire fire; electro-thermal synergistic aging; flame propaga-

tion behavior; thermogravimetric-differential scanning calorimetry (TG-DSC)
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Fig. 1 Thermal aging experimental platform(left) and electro-thermal aging experimental platform( right)
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in the electro-thermal aging platform
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Table 1 Specifications of the experimental wires
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re diameter/mm  thickness/mm diameter/mm
4] 2
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T (HL34R)
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Table 2 Thermal properties of the wires
PP Thermal properties
HERE

R HE Specific heat LA
Material Density/ P Resistivity/
(kg - m~") capacity/ (Q-m)
g-m (kJ/kg/K)
YHa 2% 2
PE('@}Z‘%E) 930 1.916 —
Insulation layer
50N
Cul£08) 8960 0.39  1.75x10°°
Core

x3 IREE
Table 3 Operating condition settings
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2
ﬂe%ﬂﬁ%i 121.0359 65.4310 32.72
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%%/ﬂ: d 115. 8745 51.9827 25.99
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RElL 14 d
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