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Study on Electrical Performance of Capacitive Voltage Transformer Impregnated with
Natural Ester Insulated Oil
YANG Shuoliang, LIU Shuiping, YANG Xiaojing, REN Chunyang, JI Kai, LIU Baolai
(Xi’an XD Power Capacitor Co., Ltd., Xi’an 710082, China)

Abstract: At present, mineral oil is commonly used in the electromagnetic unit and synthetic oil in
capacitive voltage divider as insulation impregnating media for capacitive voltage transformer (CVT).
These media are mostly slightly toxic or relatively non-toxic but face a definite pressure in the production or
disposal of hazardous waste such as waste oil. Under the development of green, environmentally friendly
and low - carbon electricity, especially in advocating green energy and green manufacturing both at home
and abroad, the environmentally friendly insulation media represented by natural ester insulation oil have
great inherent advantages. In this paper, the insulation performance and dielectric loss of capacitor media
impregnated with natural ester insulating oil at different temperatures is studied through comparing the
commonly used impregnating agents for CVT, diarylethane and natural ester insulating oil. It is concluded
that the insulation performance of capacitor media impregnated with natural ester insulating oil basically
meets the withstanding voltage and dielectric loss requirements of capacitor dividers of CVT. A CVT
prototype with natural ester insulating oil is produced and corresponding routine test items are performed,
which provide data support for subsequent impact tests and batch test verification.

Keywords: natural ester insulating oil; insulation performance; capacitor dielectric; temperature;

experimental verification
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Table 1 Comparison table of key parameters between natural ester insulating oil \PXE and PEPE

2R KIRBEL LI A KIRFRA M B PXE PEPE
IE K (40°C)/(mm¥s) 35.64 35.76 5.33 3.30
12 8RS FE (100 °C)/(mm?/s) 8.118 8.175 2.17 1.67
dr ZE LR/ (kV/2.5 mm) 85 72 =61 =63
R BEZE/Q - m 10.4x10" 6.9x10" =1.0x10" =1.0x10"
oK /ppm(ul/L) 77 <200 <50 <50
A AFEHE £ (90 °C) ftand 0.014 0.012 <0.10% <0.10%
i £53./°C -18 -21 <45 <—65
[N s/ 289 322 =140 =140
W (20°C)/(g/em’) 0.918 0.919 0.970~0.988  0.969~0.987
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Fig. 1 Electric insulation test procedure
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Fig. 2 Waveform of electrical insulation test
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Fig.3 Breakdown voltage curve diagram of impregnated
natural ester insulating oil at —20 °C
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Fig.4 Breakdown voltage curve diagram of impregnated
natural ester insulating oil at =10 °C
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Fig.5 Breakdown voltage curve diagram of impregnated
natural ester insulating oil at 0 °C
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Fig. 6 Breakdown voltage curve diagram of impregnated
natural ester insulating oil at 10 °C
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Fig.7 Breakdown voltage curve diagram of impregnated
natural ester insulating oil at 20 °C
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Fig. 8 Breakdown voltage curve diagram of impregnated
natural ester insulating oil at 30 °C
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Fig. 9 Breakdown voltage curve diagram of impregnated
natural ester insulating oil at 40 °C
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Table 2 Capacitance and dielectric loss test data of capacitor core (ambient condition for test: temperature 26.1°C.

humidity 46.5% )
SR Ay A HRERINA A Y R

HL A/l tan&/% FL A E/uk tand/%

) 2 0.125 0.736 5 2 0.132 0.587
3 0.125 0.527 3 0.132 0.406

3 2 0.131 0.571 4 2 0.134 0.504
3 0.131 0.406 3 0.134 0.378

2 0.135 0.495 2 0.136 0.516

> 3 0.135 0.365 6 3 0.136 0.356
2 0.130 0.583 2 0.145 0.434

’ 3 0.130 0.427 8 3 0.145 0.323
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Table 3 Capacitance and dielectric loss test data of tested object (ambient condition for test: temperature 29 °C.humidity 65%)
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