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Multi-parameter correlation analysis of alkylbenzene insulating
oil during thermal ageing

LIAO Jianping', LIU Zhifeng', YANG Xiaoai’, GAO Fan',
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(1. Electric Power Research Institute of EHV Transmission Company, China Southern Power Grid Co., Ltd.,
Guangzhou 510663, China; 2. Hunan Provincial Key Laboratory of Materials Protection for Electric Power and

Transportation, Changsha University of Science and Technology, Changsha 410114, China)

Abstract: In order to investigate the influence of copper and insulating paper on the properties of alkylbenzene insulating oil
inside oil-filled high-voltage cables, alkylbenzene insulating oil was placed in four different environments and subjected to a
thermal ageing experiment at 120°C for 50 days. Ageing characteristic parameters of oil sample such as acid value, dielectric
loss factor, interfacial tension, and water content were measured during the ageing process, and the correlation between the
four indicators was studied using regression analysis. The results show that as the ageing time increases, the ageing degree
of oil sample intensifies, copper accelerats the ageing of alkylbenzene insulating oil, while insulating paper has no
significant effect on the ageing of the oil. The dielectric loss factor of insulating oil is positively correlated with its acid
value and water content, and negatively correlated with interfacial tension, both of which are exponential functions. The
regression fitting equation is y=A4, -exp(£x/t,)+y,, and the goodness of fit is greater than 0.94. In the results of multiple linear
regression, there is a common constraint relationship between the dielectric loss factor, acid value, interfacial tension, and
water content.

Key words: alkylbenzene insulating oil; thermal ageing; correlation; regression analysis
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Table 1 Characteristics of alkylbenzene oil

T H YR S|
S Tt T, ToRIFRIGTE Y
I BN E (40°C)/(mm?/s) 4213
NS (F E/C 135
P4 18 /(mg(KOH)/g) 7.8%10°
A RBFEREL(90°C)H 7.4x10"*
i 2 LR /kV 59.7

®2 RATHREUREFES

Table 2 Oil samples combination for heat ageing
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Fig. 1 Color changes of oil samples under

different ageing time
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Fig. 2 Changes of acid value of oil samples under

different ageing environments

FH B 7 W WA 6 % 33k — 25 W 5 <& Ak i A0 i U
i 4 JB 1) B, M AC HE 120°C T &4k 48 R AT 2 (1)
JH D Y YR BE AT R WU K, Ik 4 B ok 3
Fiom o

R B/EHIHETNEETEE

Table 3 Copper ion content in insulating oil and oil sludge
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Fig.3 Changes of water content of oil samples under

different ageing environments
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Fig. 4 Changes of dielectric loss factor of oil samples under
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different ageing environments
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Fig. 5 Changes of interfacial tension of oil samples under

different ageing environments
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Fig.6 Fitting relationship between dielectric loss factor and

acid value of two oil sample
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interfacial tension of two oil samples
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Table 5 The goodness of fit for each regression model
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