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Analysis of the relationship between the characteristics of the return voltage polarization spectrum and
micro water content of oil-paper insulation transformer

LIN Yan-zhen, CAI Jin-ding
(College of Electrical Engineering and Automation, Fuzhou University, Fuzhou 350108, China)

Abstract: Moisture is a strong polar molecule, and it could change the relaxation time of dielectric and accordingly affect the state of
transformer insulation. So it is of great significance to analyze the transformer’s aging and damp condition with the method of
diagnosing the micro water content of the transformer accurately. By applying the dielectric response return voltage method,
combining with the characteristics of the return voltage polarization spectrum by field test to discuss the relationship between the
micro water content and the characteristics of the return voltage polarization spectrum further, we have come up with an conclusion
that the smaller the dominant time constant is, the more water the transformer contains; the larger the initial slope is, the more water
the transformer contains. At the same time, with the increase of water content in the transformer the maximum value of return voltage
will also be increased. So we can diagnose the micro water content of the transformer by analyzing the characteristics of the return
voltage polarization spectrum, so as to assess the aging and damp state of oil-paper insulation transformer effectively.
This work is supported by National Natural Science Foundation of China (No. 61174117).
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Fig. 1 Structure of water molecules
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Fig. 2 Pilot phase of return voltage test cycle
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Table 1 Basic information of transformer T1 and T2

=t g =)
kV %
Tl 2000.12 sp-250/10 10 1.631
T2 1995.8 sp-250/10 10 2.984
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Table 2 Basic information of transformer T3 and T4

- sty o
3% %
T3 1993.9 SEP9-24000/ 220 0.843 2
220
T4 1993.9 SEP9-24000/ 220 0.698 8

220

x IR T3, T4 ) SR ARSI R R,
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S Fr 5 L WESZ/KY T H
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ok TS SZ10-50000/110 110 2006.10
> 100 T6 SZg-31500/110 110 2002.1
S 80f . : T7 SFZ7-31500/110 110 1986.5
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Fig. 3 Return voltage polarization spectrum of

transformer T1 and T2
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Fig. 4 Return voltage polarization spectrum of

transformer T3 and T4
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Table 4 Characteristics parameters of transformer T5, T6

and T7
WA 44 TR % TN ) H B/
TS 0.7532 1464.16
T6 0.940 8 999.52
T7 26113 33.37
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Table 5 Relationship between dominant time constant and
water content

FAKHS% A E s &K% LI E s
0.294 18 3468.57 1.714 69 211.913
0.400 13 3250.90 1.816 15 161.561
0.501 39 2 318.85 1.907 74 137.5254
0.599 50 2016.63 2.012 51 110.086
0.701 97 1 624.65 2.212 30 75.746 3
0.802 26 125145 2.409 65 50.744 8
0.905 29 1065.77 2.519 34 447125
1.001 35 851.620 2.614 87 33.1512
1.305 35 477.071 2.718 60 26.094 9
1.408 25 438.591 2.808 67 21.5907
1.497 79 294.425 2.920 58 199351
1.606 65 243.995 3.018 84 13.783 9
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Fig. 5 Fitting curve of the relationship between dominant time

constant and water content
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Table 6 Comparison of the measurements and the calculated of

transformer water content

BLIEE 2 TLEAE% WAL %
TS 0.7532 0.75
T6 0.940 8 0.94
T7 2.6113 2.61
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Fig. 6 Comparison of the maximum value of return voltage in

different charging time
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Fig. 7 Comparison of the initial slope in every charging time of

transformer T3 and T4
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Fig. 8 Comparison of the initial slope in different charging time

of the transformer
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