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Evaluation of transformer oil-paper insulation based on rough set theory

LIN Xiaoning, CAI Jinding
(College of Electrical Engineering and Automation, Fuzhou University, Fuzhou 350108, China)

Abstract: Based on the recovery voltage test datum, the rough set theory is used to evaluate the insulation status of the
transformer and a transformer insulation status evaluation system is established. Firstly, the characteristics of the recovered
voltage method and the extended Debye equivalent relaxation circuit are selected as the evaluation features. Then, the fuzzy
C-means clustering algorithm is used to divide the quantities of evaluation features into fuzzy indicators and generate the
insulation status decision table. The discrepancy matrix performs attribute reduction on the insulation status decision table.
Finally, the blind reduction value reduction algorithm is used to reduce the attribute value of the reduced decision table, and a
complete reduction decision table is obtained. On this basis, the transformer insulation status evaluation rule table is

established. The example analysis proves that the proposed evaluation method can effectively evaluate the internal insulation

status of the transformer.
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Table 1 Fuzzy partition membership degrees of some samples
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Fig. 1 Insulation status assessment process
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Table 3 Transformer recovery voltage test sample data

Ledom/S U/ V Semax/(V 57" R/GQ Cy/nF Ni% AR

X 33.37 32.60 54.50 2.63 161.72 5 B

X2 1634.98 179.20 78.70 2.54 163.42 7 B

X3 2 040.50 119.30 37.60 5.06 86.64 B

X4 0.01 14.80 158.00 14.99 153.34 G

Xs 2.24 156.10 772.00 0.02 146.02 6 G

X6 2.44 148.00 985.00 0.05 241.37 6 G

X7 68.87 22.70 120.00 0.07 137.43 G

Xg 0.24 3.80 52.80 2.34 151.37 B

X9 182.22 80.90 46.40 1.66 165.08 7 G

X10 37.11 80.60 78.80 0.68 177.52 7 B

X 2322.14 71.10 62.90 0.40 148.42 7 B

X12 2257.94 115.50 24.20 10.31 112.08 6 G

X13 2706.59 110.70 32.30 5.32 105.95 6 G

X14 3540.26 223.40 23.70 12.19 104.12 G

X15 3289.51 239.70 19.70 16.05 67.64 G

F 4 TERBHRTREKR
Table 4 Transformer insulation state decision table
bl a 1 c cy cs s RE Fom a e s c4 cs 6 K&

1 1 1 1 2 2 5 0 17 3 3 1 3 1 7 1
2 2 2 1 2 2 7 0 18 3 3 1 3 1 6 0
3 3 2 1 2 1 6 0 19 2 1 1 1 1 7 0
4 1 1 2 3 2 6 1 20 2 2 1 3 2 5 0
5 1 2 3 1 6 1 21 1 3 1 2 1 7 1
6 1 2 3 1 3 6 1 22 2 3 1 1 1 4 0
7 1 1 1 1 2 1 23 2 3 1 1 1 6 0
8 1 1 1 2 2 6 0 24 1 3 2 1 2 6 0
9 1 1 1 2 2 1 25 1 1 1 2 1 6 0
10 2 1 1 3 1 7 0 26 1 1 2 1 3 7 0
11 2 2 1 2 1 7 0 27 1 2 2 1 2 7 0
12 2 1 1 1 2 6 1 28 1 2 1 1 2 7 0
13 1 1 1 1 2 6 1 29 1 2 2 1 3 6 0
14 3 1 1 1 2 6 1 30 1 1 2 1 3 7 0
15 3 2 1 3 1 6 1 31 1 2 1 1 2 7 0
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Table 5 Simplified decision table after attribute reduction

P c 12 3 s Co HRE | MNP c & 3 ¢ cs HIRF
1 1 1 1 2 5 0 14 3 2 1 2 5 1
2 2 2 1 2 7 0 15 3 3 1 3 7 1
3 3 2 1 2 6 0 16 3 3 1 3 6 0
4 1 1 2 3 6 1 17 2 1 1 1 7 0
5 1 2 3 1 6 1 18 2 2 1 3 5 0
6 1 1 1 1 7 1 19 1 3 1 2 7 1
7 1 1 1 2 6 0 20 2 3 1 1 4 0
8 1 1 1 2 7 1 21 2 3 1 1 6 0
9 2 1 1 3 7 0 22 1 3 2 1 6 0
10 2 1 1 1 6 1 23 1 1 2 1 7 0
11 1 1 1 1 6 1 24 1 2 2 1 7 0
12 3 1 1 1 6 1 25 1 2 1 1 7 0
13 3 2 1 3 6 1 26 1 2 2 1 6 0
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Table 6 Transformer insulation status assessment core value table

Fmy AT C YSRIETED | K AR C PSR JETE D
= a (&) c3 [ 6 Q 75 c1 [ e [ 6 Q

1 * * * * 5 0 10 * * * * 5 1

2 * * * 2 6 0 1 * * * * 7 1

3 * * 3 * * 1 12 * 3 * * 6 0

4 1 1 1 * * 1 13 2 * * * 7 0

5 * * * 2 6 0 14 * 3 * * * 0

6 * * * * 7 1 15 * * 2 * * 0

7 * 1 * * 6 1 16 * 2 * * * 0

8 * * * l * 1 17 * * 2 * * O
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Table 7 Transformer insulation status evaluation rules table

R FAHErE C LZRED | M FAFErE C YR D

e cy [ 3 Cy Ce Q e cl () 3 Cy Ce Q
1 * 1 * * 5 0 10 * 2 * 2 5 1
2 * * * 2 6 0 11 * 3 * * 7 1
3 * * 3 * * 1 12 * 3 * * 6 0
4 1 1 1 1 * 1 13 2 * * * 7 0
5 * * * 2 6 0 14 * 3 * * 6 0
6 * 1 * 2 7 1 15 * * 2 * 7 0
7 * 1 * 1 6 1 16 * 2 1 1 * 0
8 * 1 * 1 6 1 17 * * 2 1 * 0
9 * 2 * 3 6 1 — — — — — — —

*8 6 ATEREREEENREIRE

Table 8 Basic information and test data of 6 sets of transformers

LIE  RATFS A AR S Ledom/S Usnax/V S/ (V- 571 Ry GQ Cy/nF NI% FE I
w1 sp-250/10 245.36 132.40 60.20 0.60 61.79 5 “Hug el

n W) sp-250/10 141.04 145.30 4230 1.56 18.58 7 LS AL
w3 s6 178.57 108.10 196.00 0.08 174.08 6 LS AL

T Wy s6 76.53 113.00 464.00 0.04 226.54 6 EE SAL
T; Ws LB-220 514.96 75.30 80.20 135 115.45 6 gl EA
Ty W LB-220 2 040.41 53.50 49.50 1.81 106.42 6 HE SA
Ts Wy SF08-31500/110 1267.37 85.50 52.20 9.07 50.14 6 gl EA
ws SFL-50000/110 1 454.52 118.40 42.80 2.76 91.96 7 H RIT

To Wo SFL-50000/110 1414.61 91.50 41.80 1.35 139.92 6 LS AL
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Table 9 Indicators data and evaluation results of the 6 sets of transformers

¢ ¢ &l Cs 6 VT C R ) GRGESES A GRA
Wi 1 1 2 1 5 F 1 0 S
W) 1 1 2 1 7 F 15 0 LS4
w; 2 3 3 1 6 R 12 0 Al
Wy 1 2 1 1 6 F 16 0 HlESA1A
ws 1 2 1 2 6 w2 0 HlESA1A
W 1 2 2 1 6 R 17 0 Al
wy 1 2 2 1 6 17 0 e SA1A
Wy 1 1 1 1 7 Fu 4 1 A LT
wo 3 1 1 2 6 R 2 0 Al
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