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Complex Relative Permittivity Expressions of Oil-Paper Insulation for
Low Frequency Domain Dielectric Response

Wang Dongyang Zhou Lijun Chen Xuejiao Liu Weidi Wang Lujia
(College of Electrical Engineering Southwest Jiaotong University Chengdu 610031 China)

Abstract Frequency domain dielectric response method has been one of the most effective approaches for
the condition assessment of oil-paper insulation, and the low frequency part of the response is more effective for
diagnosing the moisture content and aging status of oil-paper insulation. To facilitate the using of frequency dielec-
tric domain dielectric response in engineering, the low frequency part dielectric response of oil-paper insulation
system was studied in this paper. First, the electrode polarization of insulation dielectrics (oil-gap and oil-im-
mersed paper) was analyzed when it is applied with low frequency excitations. Then, the complex relative permit-
tivity expressions of insulation dielectric were obtained based on conductivity, ionic mobility and other parame-
ters. On the basis of the geometric equivalent model (XY model) of oil-paper insulation system, the complex rel-
ative permittivity expressions of oil-paper insulation system for low frequency were obtained. Finally, the validity
of established expressions about dielectric constants were testified by comparing the simulated and measured re-
sults. The results show that; the calculated complex relative permittivity can fit the measured results well, and
the established expressions can effectively express the low frequency part dielectric response of oil-paper insulation
system.

Keywords; Oil-paper insulation system, frequency domain dielectric response method, electrode polariza-
tion, XY model
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Fig. 1 Schematic diagram of ion distribution in

insulating dielectrics under electric field
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Fig. 3 Three electrode test system
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Fig. 4 Frequency domain dielectric response test system
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Tab. 1 Initial and steady DC conductivity and error of oil-gap
WILR TS
L/ C B I AR B SENIED)
FR/(S/m)  RE(%) FF/(S/m)  RE(%)
30 3.78 x10°12 2.3 7.23x10°8 1.9
50 2.78 x 101 2.7 3.72x10°12 2.1
75 1.08 x10 710 2.5 9.72x10°1 2.3
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Tab.2 Initial and steady DC conductivity and
error of oil-immersed paper
WIlf o
LB/ C BT R RARXS =R e KA
FHE/(S/m)  RE(%)  FF/(S/m)  BRE(%)
30 8.28 x 1013 2.6 1.23 x10~ 4 2.1
50 2.28 x10°12 2.3 4.83x10°"2 2.3
75 9.28 x10~" 2.2 3.83x10°12 1.9
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Tab. 3 Ionic mobilities of oil-gap and oil-immersed paper
g R4
WRE/C BWFEIBER RN ETEER EH
[m*/(V-s)] R2Z(%) [m*/(V:s)] RE(%)
30 6.83 x107°1° 1.8 2.36 x1071° 2.1
50 2.42x107° 2.3 1.36 x107? 2.5
75 3.82x107° 2.6 2.36 x107° 1.9
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