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Study on A New Type Ternary Mixed Insulating Oil-paper
Impregnation Model and Oil Injection Process Essential of
Mixed Insulating Oil Transformer

CAO Chuncheng', ZHANG lJie’, LUO Yongli', DUAN Lian', WANG Penghao', LUO Zigiu’, XU Ping’
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Wuhan 430074, China; 3.State Grid East Inner Mongolia Electric Power Supply Co., Ltd.,
Hohhot 010000, China)

Abstract: On the basis of the impregnation mechanism analysis of oil-paper insulation, a test model of mixed
insulating oil-paper impregnation was designed, and the main factors affecting the impregnation process of oil-
paper insulation were discussed. The relationship diagram of the insulation impregnation length of mixed
insulation oil-paper insulation with time was obtained through experiments, and it was compared with that of
mineral oil-paper insulation. The results show that the impregnation effect of mixed insulating oil-paper insulation
is weaker than that of mineral insulating oil, but the difference is slight. When the impregnation temperature and
vacuum degree increase at the same time, the impregnation effect of the two kinds of insulating oil-paper
insulation improves significantly in the impregnation stage of 12-36 h. The oil injection process of the mixed oil
transformer was implemented on actual transformer, and the effectiveness of the process is verified by the high
voltage test.

Key words: mixed oil; natural ester; impregnation; viscosity; insulating cardboard; capillary action
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Tab.l1 Dynamic viscosity of mixed insulating oil and

mineral insulating oil
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Tab.2 Basic performance parameters of mineral oil and

new ternary mixed oil

2 DS R o
2011 Fghs
S %W % THEUE
2% (20°C)/(g/em’) 0.89 0.8868 <0.895
2 BNFFE(40°C)/ (mm?/s) 9.2 11.65 <12
[N /C 135 147 >140
WL /C 165 — —
e C -45 -33 —
F {8 /(mgKOH/g) <0.03 <0.01 <0.01
MR BFEHE H(90°C )/ % <0.5 0.47 <0.5
AR A FLHS 4L 2.2(25°C) 2.31(90°C) —
AR BLZE/(Qm)  26x10"(90°C) 2.2 x 10'°(90°C) —
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IR /(%107 <20 14 <30
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Fig.1 Insulating cardboard strip to be tested

Fis o

A B2, i 4 N8 3 LI IR AR, &
AN VAR AN 75 B4 IS O 4 mm R 480 & AL S
2 i 2 K TR T o 3K 4 SRR T AR AT 2 AN VAR 3
TRE LM, 73 2 NIRRT W4 2, DR AIE T ZE AR
P PR FE SN 210~220 mmo BN AR 2 5l N — 1K
WIS T R I 9 LG AN 5%« 1E KRR T ik
I, o3 B — MR A 48 2RI AR B AR N — A P 4 %
WARIG AR BB AR 20 CHLALE IR R T, i —MRE
o 2 AR 50 AR R — AN A A8 2 i AR 58 AR TBCE TR
60°CHEFH .

A%

)

o
\__/
E2 BHEKRFTFTAEEER

Fig.2 Insulating cardboard strip impregnation test model
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Tab.3 Oil-paper impregnation test data under three

vacuum conditions

‘ Lo MIEZY Wt CPYERBEE FE
Wik R e
S/ C )/ /mm /(mm?*/s)
12 23.0 17.83
20 36 443 20.93
72 150.7 20.01
TRAr
12 43.0 6.29
60 36 54.0 6.27
72 158.0 6.83
KAET
12 30.0 15.24
20 36 46.0 16.63
72 1723 17.3
Wi
12 47.6 5.84
60 36 58.0 5.62
72 166.7 6.07
12 313 18.92
20 36 43.0 18.58
72 123.7 19.28
TRAr
12 29.0 6.38
60 36 85.3 6.56
72 1143 6.52
A
12 313 16.45
20 36 47.7 16.13
72 119.7 17.57
7R
12 27.7 5.89
60 36 83.3 5.84
72 119.0 5.89
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Fig.3 Insulating oil-paper impregnation height change

under each pressure state at 20°C
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Fig.4 Insulating oil-paper impregnation height change

under various pressure states at 60°C
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Fig.5 Oil injection process diagram
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Tab.4 Allowable exposure time of the body under

different environmental humidity

AR IR AR X 0 % B SO VR R 2 S P IR )/

<60% <10
60%~75% <9
75%~80% <8

®S5 HWMETZEX

Tab.5 Vacuum requirements
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