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Fig.1  Circuit of return voltage measurement
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Fig.2  Return voltage waveform
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Tab.1 Statistics of relaxation mechanism parameter identification of transformer oil-paper insulation

TR 1 AL 2 AL 3 IR 4 AL 5 B 6 LAY 7 i

R, C, R, c, R, C, R, c, R, C, R, C, R, c, (;‘0 )X

/GQ /F /GQ /uF /GQ /mF /GQ /oF /GQ /mF /GQ /nF /GQ /oF
T, 2.068 120.0 2.891 1.540 1.991 0.152 1.184 0.025 — — — — — —  91.66
T, 25.99 15.49 8.061 1.340 2.166 0.638 0.719 0.372 0.316 0.196 0.234 0.068 — —  92.3]
T, 11.48 34.64 10.02 4.701 3.013 1.383 1.333 0.396 0.447 0.253 0.476 0.036 — —  87.53
T, 15.06 167.8 33.31 7.944 34.51 0.631 18.76 0.205 7.500 0.094 1.980 0.025 — — 90.17
T; 4.532 153.7 6.245 11.48 2.329 2.145 1.009 0.567 0.094 0.495 — — — —  86.41
T, 27.81 29.08 30.12 3.319 13.13 0.385 3.609 0.166 1.074 0.093 0.645 0.032 — —  94.63
T, 4.542 162.3 13.99 5.326 3.432 1.202 0.938 0.454 0.397 0.181 0.278 0.057 — — 973
Ty 2.011 685.2 1.093 222.3 2.513 28.36 1.645 2.023 1.251 0.378 0.776 0.085 0.819 0.019 87.59
T, 75.84 25.95 99.96 2.001 30.50 0.451 2.565 0.555 0.794 0.329 0.471 0.138 0.098 0.145 88.47

0

Lo

0 27.80 29.08 30.12 3.319 13.13 0.385 3.609 0.166 1.074 0.093 0.645 0.032 — —  94.51
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Tab.2 Basic information and test condition of transformers
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Fig.8 Analysis of transformer T, bifurcation curve
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Tab.3 Transformer T, and T, parameters calculate on small range
g RS T, BERE T,
Bl R./GQ C./nF R/GQ C./nF
1 [2.0671 2.0695] [120.0321 120.0325] [25.9971 25.9978] [15.4914 15.4921]
2 [2.8903 2.8907] [1.5403 1.5406] [8.0611 8.0617] [1.3398 1.3402]
3 [1.9906 1.9921] [0.1514 0.1518] [2.1662 2.1667] [0.6381 0.6389]
4 [1.1841 1.1846] [0.0249 0.0256] [0.7191 0.7196] [0.3721 0.3728]
5 — — [0.3154 0.3165] [0.1956 0.1964]
6 — — [0.2342 0.2349] [0.0681 0.0692 ]
C,/nF [22.8942 22.8949] [84.5301 84.5306]
R,/GQ [7.1205 7.1213] [53.9042 53.9051]
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Calculation method research on transformer oil-paper insulation
equivalent relaxation parameters

CHEN Han-cheng, CAI Jin-ding
(College of Electrical Engineering and Automation, Fuzhou University, Fuzhou 350108, China)

Abstract; Time domain dielectric response method is a nondestructive detection method of transformer oil-paper in-
sulation aging diagnosis, and the model on transformer insulation equivalent relaxation mechanism is an important
one. At present, the number of relaxation mechanism in the modeling process of the equivalent relaxation mecha-
nism is usually determined by hypothesis method, and the uncertainty caused by test error and precision of instru-
ment is ignored in parameter calculation, which has the characteristics of randomness and low coincidence. This
paper presents a new method that deepens the analysis on return voltage test curves. Firstly, this method using
RVM test to get the return voltage curve of the transformer, and then select the end of curve to get the topological
information. Secondly, according to the topological analysis for ¢; and G,, we can establish the parameter equations
of R, and C;, considering test error and precision of instrument in the calculation of small range by using interval
analysis method for solving the mathematical equations. Finally, this method can solve the problem of number of re-
laxation mechanism based on the measured transformer modeling analysis, and results of the small range in midpoint
parameter compared to common particle swarm algorithm has certain improvement. It can be a foundation for using
time domain dielectric response method in diagnosis of transformer insulation by the future.

Key words: time domain dielectric response method ; nondestructive test; RVM test; interval mathematics ; relaxa-

tion mechanism parameter; aging state of oil-paper insulation



