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LIN Chaoming', LIN Chaoqun?, YE Chenxin’, YE Rong*
(1. Department of Electrical Engineering, Fujian College of Water Conservancy and
Electric Power, Yongan 366000, China;
2. Super High Voltage Branch of State Grid Fujian Electric Power Co., Ltd., Fuzhou 350009, China;
3. Fuzhou Changle District Power Supply Company of State Grid Co., Ltd., Changle 350200, China;
4. Fuzhou Power Supply Company of State Grid Co., Ltd., Fuzhou 350009, China)

Abstract: On the basis of a new equivalent topology of oil-paper insulation—hybrid model, a variety of model
characteristic parameters were extracted to realize the quantitative evaluation of water content in oil-paper
insulation. At first, the polarization branch value range of the hybrid model was determined on the basis of
parameter coincidence degree by using the measured frequency domain spectrum of oil-paper insulation
equipment. And then, the difference between the hybrid model and extended Debye model in reflecting the damp
information of oil-paper insulation was compared combined the experimental data and measured data. At last, the
effects of water content in oil-paper insulation on the different branch parameters were studied on the basis of
hybrid model, and the quantitative relation expression between the parameters and the damp state of oil-paper
insulation were established. The results show that when the total number of polarization branch is 5-7, the
identification effect of model parameter is better. The hybrid model can express the dielectric response information
of oil-paper insulation system more accurately. The extracted model characteristic parameters can realize the
quantitative evaluation of water content in insulating paper preliminarily.

Key words: oil-paper insulation; frequency domain spectroscopy; hybrid model; water content; characteristic
parameters
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Fig.1 Hybrid model of oil-paper insulation
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Fig.2 FDS test data of induction voltage regulator
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Tab.1 Consistency of parameters of TSJA-20/0.5

M+m M m /4 W, W, w

tand c " T

3 1 2 0.690  0.828 0364  0.627
1 3 0.691 0.973 0479 0714

) 2 2 0.730  0.825 0.670  0.741
1 4 0.789  0.828  0.928 0.848

5 2 3 0.856  0.889 0926  0.890
3 2 Uik-3 by ks k4

1 5 0.880  0.971 0.964  0.938

2 4 0.885 0.980  0.980  0.948

‘ 3 3 0.881 0974 0970  0.942
4 2 ik1 ik kil b

1 6 0.847  0.975 0.973 0.932

2 4 0.851 0.884  0.928 0.888

7 3 4 0.877 0974  0.947 0.933
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Fig.3 FDS test results of oil-paper insulation

sample with different water content
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Tab.2 Calculation results of R, and C, in hybrid model of

sample with 3.63% of water content

ZH RS
R/GQ 306.423
C,/nF 0.019 709
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Tab.3 Calculation results of interface polarization branch

parameters in hybrid model

FHHR AL SRR R,/GQ C,/nF
1 R, =575.265, R,,=290.801 C,=433.596
2 R,=718.282, R, =407.367 C,=309.701
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Tab.4 Calculation results of R-C series polarization

branch parameters in hybrid model

R-C H B R /GQ C,/nF
1 R,=165.031 C,=0.117 74
2 R,=490.799 C,=494.500
3 R,=47.554 C,=0.10297
4 R,=87.726 C,=24.190 9
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Tab.5 Calculation results of R, and C, in extended Debye

model of sample with water content 3.63%

e [EGESES
R/GQ 349.119
C/nF 0.020 041
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Tab.6 Calculation results of R-C series polarization

branch parameters in extended Debye model
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Tab.8 Calculation results of R, and C, in hybrid model for

TSJA-30/0.5
e BREES
R/GQ 0.468 51
C,/nF 0.040 276
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Tab.9 Calculation results of interface polarization branch
parameters in hybrid model for TSJA-30/0.5

R-C # IR AL ST % R/GQ Cy/nF SRR AL ST B R,/GQ C,/nF
1 R,=223.602 C,=240.345 1 R,=290.8713, R,=32.76736  C,=250.4477
2 R,=467.795 C,=455.414 2 R,=673.457 6, R,=327.4048  C,=0.000 1
3 R,=171.187 C4=0.11632
10 TSIA-30/0.5 KR BXAE R
4 R ,=47.409 C,=0.09563 N v ) s
. g R-C BRI B 5 O B
> R;=467.24 Cs=1.82 Tab.10 Calculation results of R-C series polarization
6 R=385.924 C=2.347 branch parameters in hybrid model for TSJA-30/0.5
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Tab.7 Comparison of consistency of reconstructed FDS

curves under different models
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Tab.11 Calculation results of R, and C, in extended
Debye model for TSJA-30/0.5

ZH EER
R/GQ 493.783 1
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Tab.12 Calculation results of R-C series polarization

branch parameters in extended Debye model for

TSJA-30/0.5
R-C # B AL ST % R,/GQ C,/mF
1 R,=390.529 C,=535.367
2 R ,=681.750 C,,=549.314
3 R,=0.184 77 C,=15.945 5
4 R,=3.428 07 C,=3432.43
5 R,=0.473 07 C,=2 474.59
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Tab.13 Comparison of the consistency of FDS curves
reconstructed from TSJA-30/0.5 data
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Tab.14 Calculation results of parameters in hybrid model for three samples

HKES  RJGQ C/F R /GQ

C,/nF R,/GQ C,/nF

R,=1400.038, R,=17.059
R4=2727.356, R,=122.734

0.24 902.503 0.015

R,=606.687, R,=793.718
R;=870.699, R ,=744.022

s4

1.58 476.784 0.014

R,=514.885, R ,=536.483
277 319801 0019
R,=158.599, R ,=412.505

C,,=737.756, C,=0.001
€,=0.109, C,=0.075

C,,=1.696, C,=0.069
C,=326.408, C,,=279.852

R, C,,=198.538, C,,=0.688
C,=0.100, C,,=372.862

R,=1467.074, R,=0.000 1

C,=551.815, C,=0.000 1
R,=1449.411, R,=0.000 1

R,=869.606, R,=112.164
C,=238.898, C,=0.133 78
R,=56.643, R,,=533.934

R,=49.824, R,,=753.665

€,=0.093, C,=186.219
R,=393.431, R,,=217.606
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Fig.5 Fitting curves between sensitive parameters in

hybrid model and water content
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Tab.1S Mathematical relationship between sensitive

parameters and water content

¥l &7 R?
X, MC=13.03exp(~0.004 49X,) 0.9567
X, MC=10.76exp(~0.002 355X,) 0.962 9
X, MC=179exp(~0.005 475X,) 0.985 8
X, MC=0.301 2exp(23.19X,) 0.952'5
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Tab.16 The characteristic parameters of the samples for

verification and the evaluation results of their water content
X X X,

bk | ) g X, VRS RS RIXTER
GQ /G /GQ mF R AH% %%

1 37477  669.38 819.54 0.08 2.1 2.5 16.00

2 338.70 528.66 74429 0.12 3.5 3.1 12.90
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