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Research on the aging of oil-paper insulation based on
continuous return voltage polarization spectrum
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Abstract: To address the issues of inaccuracies in traditional return voltage polarization spectrum, specifically the
inaccurate representation of return voltage at various charging times and the challenge in determining the central
time constant precisely, this paper proposes a novel drawing method of the continuous return voltage polarization
spectrum. Firstly, this paper analyzes the relationship between the return voltage curve and the equivalent circuit
parameters of the insulation system. It then builds a continuous return voltage polarization spectrum model,
extracting a more accurate central time constant. By linking this central time constant with the micro-water
content of the transformer, the paper establishes an effective method for determining the transformer’s micro-
water content. Finally, this paper analyzes continuous return voltage polarization spectra using six transformers in

different aging states. The results show that this method accurately determines the central time constant,
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significantly enhancing the accuracy of micro-water content determination in transformers. This approach offers a
new method to accurately assess the aging state of transformer oil-paper insulation.

Keywords: oil-paper insulation; return voltage; equivalent circuit; polarization spectrum; central time constant
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Fig. 1 Equivalent circuit of dielectric relaxation response based on extended Debye model
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Table 1 Equivalent circuit parameters of transformer T1

TERTIHEM
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W), 11 U
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AL 3T %
R,/GQ C,/nF 7/s
1 1.549 0.038 0.058 2
2 2.864 0.146 0.418 4

3 3.680 0.746 2.7450
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Fig.2 Comparison of measured polarization spectrum and continuous polarization spectrum of transformer T1
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Table 2 Equivalent circuit parameters of transformer T2
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Fig.3 Comparison of measured polarization spectrum and continuous polarization spectrum of transformer T2

ry P 3 AT S [l A E A 3 i R 3% R A (] AT H R AR Ak 2R I AW A B A IR Kol 0.964 7,
TE B T 2 i 2 D o] A H S A T R 0% 50 4 v b S AR R B T2 A AR 48 RS o A8 R A% T2 52 I 01 53 r 6 i
i R — A VR AE AR A% G0 ) 3k I v 5F 8] 5 250k 200 s, 3% 22 8 (0] 57 f e A £ 3% 1T ORS f A) 5E ZA8 1 #8 T2
B FR O BN ) 5 K0 250 s, A B TR] 8 808 8 A BE 5 20% . K 15 S0 I A8 1k RURS A ) 8 vk R0 E Y 24 FP o i
[ 5 B A (8) , mT A X I 1Y 266 % AR TK 55 40 51 O 1.73% . 1.62% , T 7228 [ % T2 52 bR 48 % 4R 0K & & 0
1.60% , K iff ) 52 105 11 40 G 8 42 5 6.88% 5 H UL AT M1, R ) 3 0 A8 (] 5 vl e A A i A BB 05 A B v HL A E —
e P9 1] A2 S B e % o sF ) 5 500080 1 G B o
2.4 ZEEE T2 8O BEE E 5

SR T HE— 25 B B A % 2k A [ A2 F R A S B VR A S A il K A % R TR g I 46 2k AR BOK B i, BN 6
B AN A 2 AR B 00 78 e % R AT 48 R AR GUK & 5 1 20 B, O AR OGIR 25 AR IR 3. LG Inl A AR Ak
T b5 3% 2 70 [0 5 v, e AR A T AR B i a5 2 3Rk K43



54 TR K F F IR % 46 %

| -H]|
-
| H—H|
Ty e (10)

b R AL G2 0 52 W T W Al 35 31 03 28 G AR BOK & B AR SR i 2 2R ] 52 W T B A 1 0T R 4 S R RUK
G

o

w )

W=

R3 SETEREBZEMKESESN

Table 3 Micro water content analysis of multiple transformers

o R R LR E R R

AR i . H' 1% H/% H/% W 1% W%
it e,, WALIE ¢, BE 1%
T1 350 300 16.67 1.46 1.53 1.55 5.80 1.29
T2 200 250 20.00 1.73 1.62 1.60 8.13 1.25
T3 2000 2100 476 0.60 0.58 0.56 7.14 3.57
T4 500 600 16.67 1.28 1.19 1.17 9.40 1.71
T5 50 42 19.05 2.41 2.50 2.49 3.21 0.40
T6 1000 1210 17.36 0.94 0.85 0.87 8.04 2.30
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