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Abstract

Currently, the power industry uses equivalent attached salt density (ESDD) and ash density (NSDD)
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as parameters to characterize the contamination level of insulator surfaces. However, traditional
artificial contamination configuration methods ignore the multi-element composition of actual con-
tamination, resulting in deficiencies in contamination assessment and flashover mechanism re-
search. While laser-induced breakdown spectroscopy (LIBS) technology offers the ability to rapidly
analyze contamination elemental composition, existing artificial contamination configuration meth-
ods cannot meet the requirements of LIBS multi-element detection. Therefore, this study proposes
a LIBS-based multi-element contamination ratio classification method. Artificial contamination is
prepared by mixing soluble salts (such as sodium chloride, potassium chloride, calcium chloride,
and magnesium chloride) with insoluble materials (such as kaolin and diatomaceous earth). The
artificial contamination is then validated using the equivalent salt density method and LIBS. Exper-
iments have shown that this method can precisely control conductivity by regulating the mass of
soluble salts. LIBS technology can also rapidly identify soluble salt components such as magnesium,
sodium, calcium, and potassium, as well as insoluble substances such as aluminum and silicon, in
contamination, with results consistent with those of traditional methods. This research provides a
new multi-element detection solution for insulator contamination classification and the develop-
ment of pollution flashover prevention strategies.
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Figure 1. Schematic diagram of the artificial contamination process of insulators
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Figure 2. Equivalent salt density method operation flow
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Figure 3. Changes in conductivity of sewage liquid with differ-

ent soluble salt contents
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Figure 4. Spectrum of artificial pollution
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Table 1. Emission lines of major elements
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Figure 5. LIBS spectrum of natural pollution
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Figure 6. ICP-OES (a) and XRF (b) analysis results of insulator contamination
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Figure 7. Comparison of pollution classification accuracy of
different types of insulators
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