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Study on ageing state evaluation method of oil-paper insulation based on
Dissado-Hill relaxation model
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Abstract: Oil-paper insulation is the main insulation material for oil-immersed power equipment, and its ageing under long-
term complex working conditions will seriously affect the use safety of equipment. Therefore, the accurate evaluation of its
insulation status is crucial. Multiple sets of oil-paper insulation models with different degrees of ageing were prepared in this
paper, and wide temperature-wide frequency dielectric response tests at different test excitation amplitudes were conducted.
Characteristic parameters characterized the ageing of oil-paper insulation was extracted on the basis of Disado-Hill
relaxation model. The test results show that as the ageing of oil-paper insulation increases, the full frequency range loss
factor curves show two characteristic frequency ranges, which are respectively related to the material conductivity
characteristics, turning polarization and interface polarization process. According to the fitting calculation results, it is found
that after ageing of the oil-paper insulation, the cellulose structure is damaged, and the number of impurity ions in the
dielectric increases, which is manifested at the micro level as enhancing the inter cluster motion within the dielectric and
weakening the intra cluster motion. Therefore, the characteristic frequency points in the model move towards higher
frequencies. Meanwhile, to accurately obtain the ageing state of oil-paper insulation, a quantitative characterization
relationship between model characteristic parameters and insulation ageing was constructed by eliminating the influence of
test temperature and excitation amplitude. The research results provide theoretical support for the evaluation method of
insulation ageing state of oil-immersed power equipment based on frequency domain dielectric response on-site detection
technology.
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Fig.1 Cluster motion within the dielectric
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Table 1 Equivalent parameter extraction of the
Dissado-Hill model

A m n P GpS o /Hz wp/Hz

KEAREE 0679 0988 0775 229  0.585 0.794
30 RAEE 0311 0960 0.824 1250 8.69  8.240
450 REE 0119 0.784  0.852  130.0  89.10 93.400
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Table 2 Characteristic parameter fitting calculation results

FHIES %L &R R
m DP=-254.94+571.11exp(-m/0.781) 0.951
n DP=416.34+7.08x10"exp(1/0.0226) 0.890
) DP=342.21+3.13x 10 exp(~p/0.035) 0.995
G DP=1109.9-1.494exp(G/21.15) 0.997
o, DP=418.998+746.82exp(~w /6.887) 0.810
o, DP=418.99+797.75exp(~,/5.261) 0.804
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Fig.7 Dielectric loss factor test curves of oil-paper insulation
at different test excitation amplitudes
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Table 3 Equivalent parameter extraction of the
Dissado-Hill model (extended curves)
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