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Abstract:

This work explores the impact of thermal aging on the dielectric and physicochemical prop-
erties of medium-voltage XLPE cables, with particular attention to cable structure. Complete 
cable sections and isolated extruded insulation, manufactured by ELSEWEDY ELECTRIC, were 
aged at 80 °C and 100 °C for 5000 h and at 140 °C for 1500 h. Broadband dielectric spectros-
copy showed increasing dielectric losses (tan δ) with aging severity; complete cables gen-
erally exhibited higher low-frequency losses attributable to interfacial polarization at insu-
lation–semiconductor boundaries absent in extruded samples. Fourier-transform infrared 
spectroscopy (FTIR) and differential scanning calorimetry (DSC) indicated progressive oxida-
tive degradation and reduced crystallinity with temperature. Scanning electron microscopy 
coupled with energy-dispersive X-ray spectroscopy (SEM-EDS) revealed thermally induced 
surface micro-cracking and oxygen enrichment most pronounced after 140 °C exposure link-
ing morphological damage and chemical oxidation to electrical response. Taken together, 
the results demonstrate that evaluating full cable architecture, rather than isolated materials 
alone, is essential for realistic condition assessment and lifetime prediction of XLPE-insulated 
medium-voltage cables operating under thermal stress.
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