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Abstract The rapid and accurate detection of the oil-paper insulation aging state has attracted considerable attention. In
this study, classification of the original Raman spectral aging state of oil-paper insulation is performed without feature
extraction. First, the aging state of the insulation paper is divided into 10 categories according to the measured
polymerization degree. Raman spectroscopy is performed on the oil-paper insulation samples in each aging state. Finally,
169 groups of Raman spectra are classified by the K-nearest neighbour(KNN) algorithm and integrated enhanced KNN
algorithm. The results indicate that the KNN algorithm after integration enhancement has a stronger recognition ability for
the original Raman spectrum, its discriminant accuracy is 98.32% , and it has better stability. It is proved that the
discriminant model based on the integrated enhanced KNN algorithm accurately discriminates the original Raman spectra of
oil-paper insulation. The proposed model simplifies the diagnosis of the aging state of transformer oil-paper insulation
using Raman spectra and is of considerable significance for research on this topic.
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Fig. 1 Thermal aging experimental process
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Table 1 Classification of aging status categories

Aging state Degree of . .
category polymerization range Sample size
Phase 1 =>1000 30
Phase 2 900-1000 16
Phase 3 800-900 19
Phase 4 700-800 17
Phase 5 600-700 17
Phase 6 500-600 18
Phase 7 350-500 15
Phase 8 250-350 13
Phase 9 150-250 12
Phase 10 0-150 12
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(a) M: mirror
DM: dichroic mirror = 785 nm/300 mW
FM: filter mirror laser light source
SPEC: Raman spectrometer

CCD: charge coupled detector
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Fig. 7 Discrimination results of aging state of oil-paper insulation samples. (a) AA-KNN; (b) KNN
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Table 2 Comparison chart of discriminant model effect
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model index .,
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AA-KNN 0.9832 0.9780 2.11
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