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Study on variation law of AC conductivity characteristics for
transformer oil-paper insulation
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Science and Technology, Harbin 150080, China)

Abstract: Oil-immersed power transformers are the core power transmission and transformation equipment in power
systems. The internal oil-paper insulating materials of these transformers undergo deterioration such as moisture absorption
and ageing during long-term operation, which seriously threatens the stable operation of the transformers. The AC
conductivity behavior of oil-paper insulation composite system can effectively characterize the deterioration degree of the
insulation. However, traditional AC conductivity calculation models of oil-paper insulation do not consider the effect of
multiple relaxation processes in medium, resulting in low availability of these conventional models. In this paper, the
frequency domain dielectric response measurements were performed on aged and damped oil-paper insulation samples at
different test temperatures. A theoretical calculation model of AC conductivity variation characteristics in multiple relaxation
process of oil-paper insulation system was constructed by means of relaxation and conductivity two shifting. The results
show that after ageing, both the conductivity activation energy and relaxation activation energy of the oil-paper insulation
decrease, while the effects of moisture on these two activation energy are opposite. The AC conductivities of oil-paper
insulations with different ageing degrees at high frequency are basically consistent, and there is a significant transition area
in the medium and high frequency ranges, while there is no smooth transition in the AC conductivity curve of the damped
sample across the entire frequency range. Meanwhile, using the modified calculation model proposed in this paper can
improve the accuracy of low-frequency AC conductivity calculation.
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Fig.1 Schematic diagram of testing platform
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Fig.2 AC conductivity curves of samples with different
ageing degrees at different test temperatures
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ageing degrees at different test temperatures and
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Table 2 Relaxation activation energy and conductivity

(Ino(7,) - Ino(7,)) (6

activation energy of sample with different ageing degrees

LR MBIELRE Y L FIEiLRE eV

DP=1 000 0.856 0.826
DP=867 0.849 0.817
DP=675 0.743 0.687
DP=502 0.682 0.650
DP=466 0.611 0.572
DP=307 0.538 0.561
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Table 3 Relaxation activation energy and conductivity

activation energy of unaged samples with different moisture

contents
KRG /% SIS fiE/eV HL G RE/eV
0.80 0.865 0.833
1.80 0.912 0.895
3.20 0.956 0.912
5.27 0.988 0.958

R4 TREIKDEEZUREFNRBIELERBSENLEE
(DP=307)
Table 4 Relaxation activation energy and conductivity
activation energy of aged samples with different moisture
contents(DP=307)

IR E B % SRS fE/eV LTI i eV
113 0.511 0.493
1.58 0.537 0.519
3.25 0.594 0.556
5.35 0.621 0.593

M 2~4 0] LUt B T AR 4 b L2 A FE
J5 380, RE 1) 5th 50905 b g A HEL S 9E AL BE IR/ S T
IR A Er 5 3 0 A A5 R 1 9t TS AL e M H S S fb
RPN

RS CAAS ] 22 A0 2 B i AR 48 25 R S ), o
AT R 2 AT i T R S PR A, P
BRE MR SRM L E4pR. ME 40T
LA, #H 2R S AR 05 0 10° Hz 2 & 2%, HAE A
AT A2 I H T Rl 2 AR A A TP 27 IR B
N B s e R R @IS I T s S == e D)
PLEAE A8 TR AR HE
24 RTHRESETERBMEIESE

X AN R 22 AR B R 4T B 5 2 A, DU
s RUER S Fras, 101K FH ot 32 P 8 Fl i S P R 1
J7 15 A BIRARA L T 2 013K 6 Fos , Nk iR 7 8K
HoE SCAMAE E R S %

FEAE 45 B — KA st R Debye #5284 i, 2% F& B
R, AR SRR R AR .
w’te, (e, — ¢,

1 + o’t?
KDy IZRESFEINER > E(HRE S
),S/m; g AR F PR &, S/m.

XTEE R S AR 6 7] LLE Y, SEl 1) B B 3 %
K EIRG I BB TR, B TE5m—h
st 8] R 1 Debye #5784 TG v 4 T R AE A 5 1 22 3
5 RV, AT K bt s ) 23 A ok E = AT 8
1E, B 2 L T 3 KR A () .

@Y () g (g
1 + o’t?

FH T 5t B 8] 7 (M 28 23 AT B8 2 Ae) To 26 7
ARAEAE G i F 3T FEL R AR B S 0 T
TR EEE S 0. B R T  K&H 5
R 1 7 15 3RASARARAI T 1928 0 L 5 258, AR A0 T 1)

y+g= = wg,e" D

YT g=¢g0(e —¢,)



o FE SR ¢ A A I AR G S Ui P SR P AR AR T

83

x5 PEZUEERFERAENXEETH
ERBSEMNAER
Table 5 DC conductivity test results of samples with different

ageing degrees at different test temperatures

o HLIH 2% /(S/m)
SR 30C 50T 701C
DP=1 000 6.65x10™ 3.84x108 1.03x10"2
DP=867 8.37x10™ 5.37x108 1.93x107"2
DP=675 2.16x10" 7.75x108 2.38x10"2
DP=502 5.21x10" 1.58x107"2 3.02x10™12
DP=466 1.46x107"? 3.62x1012 1.04x10™"
DP=307 4.05%107"* 8.23x107" 2.16x10™"

xo6 ARIZUREERFAETEMNNEE THILE
ERBESFEMIER
Table 6 Apparent DC conductivity test results of samples

with different ageing degrees at different test temperatures

PLAE B FL 5 2%/(S/m)
CACTERE
30°C 50°C 70°C
DP=1 000 1.21x10™ 9.95x107* 4.51x10™"
DP=867 1.80x10™ 1.87x10" 8.02x107"
DP=675 4.72x10™M 2.67x10™" 9.86x107"°
DP=502 1.21x10™ 5.48x10" 1.27x107"2
DP=466 3.73x1078 1.48x10™" 5.09x10™"2
DP=307 1.21x10"2 3.51x10"2 1.07x10™"
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Fig.4 Translation extension curves of AC conductivity at
different ageing degrees
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Table 7 Frequency correction factor of samples with different

ageing degrees at different test temperatures

- A IE RS
30C 50°C 70C
DP=1 000 0.663 898 0.733 626 0.837 107
DP=867 0.696 863 0.791 930 0.826 787
DP=675 0.704 808 0.789 815 0.849 007
DP=502 0.711 203 0.791 138 0.829 140
DP=466 0.730 839 0.823 579 0.859 064
DP=307 0.761 711 0.831 915 0.861 446
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Fig.5 Corrected calculation of AC conductivity curves of
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Fig.6 Corrected calculation of AC conductivity curves of

samples with different ageing degrees at different test

temperatures and moisture contents
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Table 8 Comparative calculation results under two
conductivity models(DP=1 000)
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0.0046  0.150 0.452 201.3 0.137 8.7
0.01 0.083 0.216 160.2 0.085 2.4
1 0.012 0.002 83.3 0.014 16.7
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Table 9 Comparative calculation results under two
conductivity models(DP=307)
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