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Fig.1 Extended Debye equivalent circuit of

oil-paper insulation
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Fig.2  Depolarization current test curves of transformer

T1 before and after oil change
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Tab.1 Relaxation parameters and relaxation spectral line

energy calculation results of T1

WAk 3
P
HEREH 1 2 3 4 5 6

AET 301.1 12.8 1.37 0.23 0.061 0.014
Hehs 413.6 17.2 1.87 0.30 0.062 0.017
A/ BmET 3.737 6.84 18.3 63.5 113.1 184.1
x10 7AHME 3.692 6.67 17.7 56.9 92.6 136.5
eET 0.88  0.97 0.95 0.97 0.97 0.977
Pomjs 0.87  0.97 0.94 0.95 0.96 0.963
Q/ HejhAT 1125 87.7 25.1 15.0 7.05 2.551
x 107 7CHeyh/E 1125 87.7 25.3 15.3  5.79  2.293
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Tab.2 Change rate of each characteristic quantity

before and after oil change

etk FRES AR (%)
B MIRTUREE A, RBIH T o,  SBBUELRER O,
1 -1.20 -0.64 -0.0002
2 -2.51 -0.51 -0.04
3 -2.28 -1.08 0.43
4 -10.37 -1.34 2.26
5 -18.12 -1.02 -19.71
6 -26.01 -1.43 -10. 10
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Fig.3  Depolarization current test curves of transformer

T2 before and after changing winding
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Tab.3 Relaxation parameters and relaxation spectral line

energy calculation results of T2

" WAL 32 i
LR E T
1 2 3 4 5 6
%
ﬁfﬁ 301.2 15.5 1.55 0.29 0.066 0.020
ZH A
T/ s
Iu
394.1 10.3 1.32 0.25 0.061 0.01
smE ?
ﬁ% 8.64 7.94 30.4 81.4 161.9 221.3
A/ HE
x1077A sk
0.98 6.23 28.1 76.1 150.5 214.6
45
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Otl %ﬁ%éia
5t
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389.3 64.6 37.1 19.5 9.93 4.14
A5

R4 EMEANEEFEETUE
Tab.4 Change rate of each characteristic quantity before

and after change winding

Wt FEES AR (% )
e BT A, RBAT o, SBIELRER O,
1 - 88.58 -9.40 -85.05
2 -21.55 0.22 -47.66
3 -7.49 -0.04 -21.28
4 -6.45 -0.61 -15.30
5 -7.06 -1.22 -7.44
6 -3.02 -0.57 -8.20
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Tab.5 Basic information of transformers
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Fig.4 Depolarization current curves of transformers

with different insulation conditions
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Tab.6 Relaxation parameters calculation results of each transformer

fEft Q,, dt1T

W SE(A/ x1077A,a, 7./ s
IR W @)
(A],Ol],TI) (A’z’az’Tz) (A3,C¥3,T3) (A4,Oé4,T4) (AssassTs) (Aey Qg T(») (A7s o, T7)
T (7.95,0.94, (9.94,0.95, (12.09,0.98, (24.42,0.99, (25.77,0.98, (79.68,0.99, (162.60, 0.99,
376.95) 162.08) 16.92) 0.83) 0.66) 0.08) 0.0028)
T4 (1.23,0.8, (1.62,0.91, (13.13,0.92, (19.88,0.92, B B B
1556.20) 19.32) 1.14) 0.36)
TS (7.53,0.91, (9.46,0.93, (12.67,0.93, (22.17,0.97, (22.57,0.98, (61.53,0.98, (93.02, 0.99,
318.3) 149.24) 14.56) 0.83) 0.66) 0.13) 0.0058)
6 (1.93,0.86, (2.16,0.92, (2.33,0.93, (20.28,0.95, (22.49, 0.96, _ B
928.8) 11.68) 9.67) 0.77) 0.35)
™ (10.79, 0.92, (15.22,0.93, (15.65,0.96, (33.23,0.97, (34.13,0.97, (32.00,0.97, B
259.42) 108.53) 10.52) 0.67) 0.44) 0.15)
T8 (2.73,0.86, (3.20,0.91, (12.82,0.92, (25.77,0.93, (88.49,0.95, _ B
695.4) 9.14) 1.72) 0.56) 0.15)
9 (1.47,0.86, (1.78,0.90, (22.42,0.91, (24.97,0.92, B B B
1278.72) 16.91) 0.78) 0.36)
10 (3.75,0.94, (6.15,0.95, (7.81,0.96, (21.95,0.97, (61.35,0.98, (54.20,0.97, B
851.2) 271.7) 23.63) 1.22) 0.21) 0.12)
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Tab.7 Relaxation spectral line energy calculation results of each transformer
! VY E=) ~7
A5 R iBTRIE L RELR 0,/ x1077C
¢ 0, 05 Qs s s 05
T3 2999. 99 1612. 00 204. 60 20. 40 17.00 6.20 0.46
T4 1919. 52 31.26 15.10 7. 14 - - -
T5 2399. 99 1412. 00 184. 60 18. 40 15.00 8.00 0. 054
T6 1791.73 25.26 22.59 15.61 7.94 - -
T7 2799.99 1652. 00 164. 59 22.40 15.01 5.02 -
T8 1897. 56 29.26 22.01 14. 40 13. 14 - -
9 1881.52 30. 60 17. 60 9. 14 - - -
T10 3191.00 1671.99 184. 60 26. 80 13.00 6. 62 -
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Tab.8 Average change rate of characteristic quantity

of each transformer

. BATAERR /AR FRIEE AR (%)

BIE g )
T3 18CEIL™E HZW) 413.80 3.66  40.78
T4 0.5( 4% RAT) 0 0 0

TS 15CEALE™E HZW) 264.84 2.71  16.95
T6  8(KfE)A , 4Lk RIT) 9.76 1.53 -24.45

7 10(EEMLZEHEZL) 162,13 401 57.43
T8 5( GRS EAT) 196.72  0.95 -19.82
9 1( 4% RAT) 41.19 -0.02 -1.75
TI0  7T(RJEM:Z L ™®H) 188.53 2.54 72.13
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Evaluation of aging status of transformer oil-paper insulation system
based on relaxation contribution degree

YE Rong, CAI Jin-ding
(College of Electrical Engineering and Automation, Fuzhou University, Fuzhou 350116, China)

Abstract: Based on the modified dielectric response function, the variation of the contribution of depolarization
current to the insulation state of oil paper is studied. In view of the deficiency of the existing research in defining
the state of insulation aging by the linear factor of different relaxation time and relaxation spectrum energy, that is,
low sensitivity and lack of characteristic small discrimination, the proposed depolarization current relaxation contri-
bution is more sensitive and discriminative in reflecting the status of oil paper insulation. Through calculation and a-
nalysis of the transformer field test data with different operating time and different insulation conditions, the relaxa-
tion contribution degree is more obvious and has some regularity, as compared with the linear factor and the energy
characteristic parameters of the relaxation spectrum line. The mechanism of the relaxation contribution reflects the
insulation state is analyzed, and the results show that the greater the contribution of the relaxation is, the more seri-
ous the insulation aging is. It can provide a new characteristic quantity for the state evaluation of the transformer oil
paper composite insulation.

Key words: depolarization current; dielectric response; relaxation contribution; oil-paper insulation state; aging

assessment



