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Research on XLPE ageing evaluation based on
terahertz time-domain spectroscopy
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Abstract: Reasonable prediction of the ageing state of cross-linked polyethylene (XLPE) cables and timely replacement of
severely aged cables are very important for the stable operation of power grid. In this paper, XLPE insulated cable samples
were subjected to accelerated thermal ageing test at 145°C . The microphysical and chemical properties of these samples were
analyzed, and the correlation between dielectric parameters and microstructure of terahertz frequency range was established.
The results show that with the increase of aging time, the crystallinity and thermal stability of XLPE decrease, while the
carbonyl index increases, indicating that the ageing degree of XLPE is gradually intensified. In the terahertz frequency
range, the real part of the dielectric constant is affected by the combination of multiple structural factors such as crystallinity
and polar group content, resulting in an unclear relationship with ageing time. However, the change of the imaginary part of
dielectric constant is mainly caused by the dipole high elastic polarization of polar groups, showing a trend of gradually
increasing with the ageing time. After fitting, it is found that the imaginary part of dielectric constant is positively correlated
with the carbonyl index. Therefore, the imaginary part of dielectric constant in the terahertz frequency range can well reflect
the ageing degree of XLPE.
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