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Abstract: The space charge accumulation and dissipation characteristics of the oil-paper insulation systems
composed of different types of transformer oils were studied under the conditions of applying and removing
different intensity of DC electric field. The results show that compared with paraffin-based transformer oil, the
naphthenic transformer oils have higher naphthenic hydrocarbon content, more suitable aromatic hydrocarbon
content, and higher charge transfer rate, and the oil-paper insulation systems composed by them has less charge
accumulation and the charges dissipates more easily after applying and removing the high voltage DC electric
field, which is beneficial to the dissipation of charge in oil-paper insulation for converter transformer.
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Tab.1 Typical properties of transformer oils

TiH K50X P50X S4 X WIRFS
W5 (20°C)/(kg/m®) 884.2 872.1 804.3 SH/T 0604—2000
40°C 7.324 7.116 9.792
Z BN FE/(mm?s) GB/T 265—1988
100°C 1.995 1.993 2.694
TR 42 52 114 GB/T 1995—1998
PFHE207T) 1.481 4 1.4757 1.449 5 SH/T 0724—2002
181 5/ °C =51 -60 -45 GBI/T 3535—2006
K i/ C 75 77 113 GB/T 262—2010
IR BFEFE H(90°C) 0.000 4 0.000 4 0.000 4
A EHEH(90T) 2.280 2.324 2.168 GBI/T 5654—2007
PAFR L 2(90°C)/(Q'm) 1.82x10" 4.46x10" 11.0x10"
Hr M/ (UL /min) 28 39 60 NB/SH/T 0810—2010
A HLRE/(uC/m?) 1 1 10 DL/T 385—2010
C, 5.2 4.1 12
2 53 b7 /% Cy 56.0 52.2 273 DL/T 929—2018
oA 38.8 43.7 71.5
U & B /% 0.29 0.30 0.20 SH/T 0802—2019
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Tab.2 Electrical conductivity of transformer oils under different temperature and electric field strength

i H 3% 50 /(kV/mm) K50X P50X S4 W58 7 vk
30°C 6.46x10* 7.98x10* 6.66x107"
50°C 6.46x107" 9.88x10* 1.25x10
1.0
70°C 2.38x107" 1.43x107" 2.68x10"*
90°C 5.07x10" 1.59x10" 5.41x10"
22} ‘?%/(S/m) GB/T 5654—2007
30°C 1.25x10" 1.0x101" 3.79x107"
50°C 1.95x101" 1.21x107" 1.05x10
2.0
70°C 4.12x10°"13 3.75x10"3 2.54x10
90°C 4.68x107" 4.13x107"3 7.38x10*
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Fig.1 Principle diagram of pulsed electro acoustic method
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Fig.2 Space charge distribution of different oil-paper insulation systems under 4 kV
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Fig.3 Space charge distribution of different oil-paper insulation systems under 6 kV
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Fig.4 Space charge distribution of different oil-paper insulation systems under 8 kV
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Fig.5 Space charge distribution of different oil-paper insulation systems under 10 kV
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Fig.7 Space charge distribution of oil-paper insulation system after removing voltage (4 kV)
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Fig.8 Space charge distribution of oil-paper insulation system after removing voltage (6 kV)
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Fig.9 Space charge distribution of oil-paper insulation system after removing voltage (8 kV)
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