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Analysis of power frequency breakdown characteristics and
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Abstract: In this paper, power frequency breakdown tests were conducted on mixed insulating oil containing mineral oil and
ethyl laurate. The insulation breakdown characteristics of mineral oil, lauric acid modified ester, and the mixed insulating oil
were compared and analyzed. An insulating oil model containing H,O and H,0" was established, and the microscopic
influence mechanism of ethyl laurate on the power frequency breakdown characteristics of the mixed insulating oil was
elucidated through molecular dynamics simulations. The results show that under a 2 mm oil gap, the breakdown voltages of
ethyl laurate and the mixed insulating oil are 29.8% and 20.8% higher than that of mineral oil, respectively. The failure field
strength distributions of mineral oil, ethyl laurate, and the mixed insulating oil range from 5.62 kV/mm to 12.9 kV/mm, with
both ethyl laurate and the mixed insulating oil exhibiting higher failure field strengths than mineral oil. Compared with
mineral oil molecules, ethyl laurate forms more hydrogen bonds with H,O and H,0", exhibits stronger interaction energy,
and has a smaller free volume fraction. In summary, the diffusion motion of impurities such as H,0 and H,0" in ethyl laurate
and the mixed insulating oil is inhibited, making it difficult to form conductive "small bridges", and thus the insulation
performance of ethyl laurate and the mixed insulating oil is superior to that of mineral oil.
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Fig.1 Schematic diagram of the experiment platform

SEIG BT A EE R £ 1 A 2 K R TR
i il R REAT TR AL PR, DA R AR L P g oK g3, AT
RE I /N A TR A 8] 5 K B 22 57t o AR B 0 3
HAVERESHANR 1 Fros. B FH VR & 4 i 2 A



60 AR

2026,59(5)

2 REHREERE
Fig.2 Experimental electrode setup diagram
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Table 1 Basic performance parameters of ethyl laurate and

25" mineral oil
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Fig.3 Models of oil systems containing water molecules and

hydronium ions
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Fig.4 Arc breakdown process of insulating oil
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Table 6 Free volume fraction of insulating oil models
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Fig.7 Free volume distribution of insulating oil models
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