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Assessment of transformer oil-paper insulation status with fuzzy rough set

Xie Song, Zou Yang, Cai Jinding

(College of Electrical Engineering and Automation , Fuzhou University , Fuzhou 350108 , China)

Abstract : Recovery voltage method (RVM) is to study insulation aging status of power transformer. Based on a lot of test data of
recovery voltage, the fuzzy rough set theory is proposed and used to assess the oil paper insulation status of transformer. And the
assessment system of oil paper insulation of transformer is constructed. Firstly, the evaluation index of oil-paper insulation status of
transformer is identified based on recovery voltage feature parameters. Secondly, the membership function of fuzzy partitioning feature
parameters for transformer test data is obtained by using FCM clustering algorithm. Then, the fuzzy attributes are reduced for the
assessment table of oil paper insulation statue in accordance with the discernibility matrix, and the assessment rules of oil-paper
insulation status are extracted. Finally, the assessment system of oil-paper insulation status is built based on the historical database. The
experiments demonstrate that the assessment system is effective and feasible which provides a new solution for the assessment of
transformer oil-paper insulation status. This work is of practical value in actual engineering applications.
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Fig.3  Fuzzy partition membership function
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Table 1 Fuzzy partition membership degree of

some samples

Xy Xy X3 Xy x5

v; =542.151 75 0.050 8 1.0000 0.0146 0.9592 0.0728 -
v, =129.1s 0.1328 0.0000 0.9833 0.0380 0.2038 -

v;=3010.4s 0.8164 0.0000 0.0020 0.0027 0.7234 .-
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Fig.4 Assessment system for transformer insulation
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Table 2 Recovery voltage test sample data of some transformers
Ledom” S U,/ V S/ (Ves™h) R,/GQ C,/nF M LIRTS Q
X, 2 517.62 183.592 4 31.200 0 12.261 2 92.172 1 G
X, 546.600 0 353.368 2 257.120 0 1.961 0 186.927 2 B
X3 1214.139 6 256.000 0 96.457 1 4.899 9 109.388 7 G
Xy 667.370 0 385.500 0 293.240 0 1.440 7 190.174 0 B
x5 2 415.985 0 175.066 7 32.1125 13.3559 70.369 7 G
X 1226.876 9 248.250 0 87.663 7 4.0262 106. 800 7 G
X7 649.535 0 363.4250 179.275 0 2.743 7 169.909 7 B
xg 3613.15 269.4 80.10 11.005 9 45.231 8 G
Xg 333.72 32.60 74.02 2.8305 64.386 5 B
£ 3 540.26 223.4 23.70 3.682 4 99.515 8 B
X 1265.2 236. 1 44.50 1.5358 235.367 3 B
X1 2 655.384 218.516 7 67.72 11.775 5 80.400 4 G
X3 896.964 3 169.742 9 120.57 2.8854 149.879 5 B
X4 1 524.36 320.34 79.24 2.8316 183.021 8 G
X5 3289.51 239.7 19.71 13.051 1 47.88 G
X6 700. 64 83.45 46.40 2.3394 125.764 7 G
X7 189.15 313.8 54.50 1.253 3 168. 806 4 B
X8 2 706.59 110.7 32.43 12.401 7 127.105 3 G
X9 788.56 185.2 78.7 2.543 91.477 B
Xog 345.37 53.9 78.80 2.725 6 254.462 5 B
x3 EHEMREERY
Table 3 Membership function of Partial fuzzy attributes
P, P, Py P, Ps
L M H L M H L M H L M H L M H Q
c, c, C, c, Cs Cq c, Cy Co Co €, Cn Cn Cy Cg
X 0.0508 0.1328 0.8164 0.0855 0.8731 0.0414 0.9937 0.0060 0.0003 0.0000 0.0001 0.999 0.3749 0.5974 0.0276 G
Xy 1.0000 0.0000 0.0000 0.0007 0.0029 0.9964 0.001 4 0.0024 0.9962 0.9814 0.017 8 0.0008 0.0063 0.0184 0.9753 B
X3 0.0146 0.9833 0.0020 0.0329 0.8274 0.1396 0.0287 0.9676 0.0037 0.081 7 0.9079 0.0104 0.0132 0.9832 0.0036 G
Xy 0.9592 0.0380 0.0027 0.0146 0.0522 0.9332 0.0113 0.0175 0.9712 0.911 0 0.084 0 0.0050 0.0028 0.0077 0.9895 B
X5 0.0728 0.2038 0.7234 0.1419 0.8050 0.053 1 0.9960 0.0038 0.0002 0.008 5 0.0122 0.9794 0.9756 0.0217 0.0027 G
Xg 0.0101 0.9884 0.0015 0.0243 0.8956 0.0801 0.0011 0.9988 0.0001 0.0019 0.9980 0.0001 0.0322 0.9604 0.0074 G
X7 0.9712 0.026 8 0.0020 0.0034 0.0141 0.9824 0.1623 0.3855 0.4522 0.8815 0.1162 0.0023 0.0494 0.1826 0.7679 B
Xy 0.0348 0.0612 0.9040 0.0429 0.6684 0.2887 0.0169 0.9822 0.001 0 0.021 4 0.0344 0.9442 0.9208 0.0655 0.0137 G
Xg 0.94997 0.0445 0.0058 0.9471 0.0391 0.0138 0.0870 0.9094 0.0035 0.8254 0.1715 0.0031 0.9998 0.0002 0.0000 B
X1 0.028 7 0.0513 0.9200 0.0008 0.9979 0.001 3 0.9634 0.0343 0.0023 0.0798 0.9181 0.0022 0.1494 0.8304 0.0202 B
Xy 0.001 8 0.9979 0.0003 0.0103 0.9663 0.0234 0.9529 0.0455 0.001 6 0.9246 0.0714 0.0040 0.0437 0.0884 0.8678 B
Xy 0.0257 0.0622 0.9121 0.0000 1.0000 0.0000 0.2404 0.7532 0.0064 0.0033 0.0051 0.916 0.7961 0.1877 0.0163 G
X3 0.5500 0.4345 0.0155 0.1859 0.7553 0.0589 0.1353 0.8180 0.0467 0.783 5 0.2130 0.0036 0.09 6 0.5785 0.3249 B
e 0.050 1 0.9280 0.0219 0.0099 0.0601 0.9300 0.0229 0.9758 0.001 3 0.8246 0.1723 0.003 1 0.0127 0.0388 0.9485 G
£ 0.0100 0.0190 0.9709 0.0142 0.9498 0.036 0 0.9429 0.0532 0.0039 0.045 0.0065 0.9890 0.9365 0.0529 0.0106 G
X6 0.929 8 0.0659 0.0044 0.9885 0.0091 0.0024 0.9266 0.071 1 0.0023 0.9973 0.0026 0.000 1 0.0302 0.9468 0.0230 G
X7 0.8950 0.0910 0.0140 0.0156 0.1024 0.8820 0.7272 0.2669 0.0059 0.884 8 0.108 0 0.0072 0.0532 0.2003 0.7465 B
X8 0.0185 0.0435 0.9380 0.8568 0.1182 0.0250 0.9967 0.0032 0.0002 0.0001 0.0001 0.9999 0.0359 0.9344 0.0296 G
X9 0.8013 0.1888 0.0099 0.076 7 0.884 3 0.0390 0.0273 0.9712 0.0015 0.9651 0.0341 0.0009 0.4006 0.5716 0.0277 B
Xy 0.9539 0.0409 0.0052 0.9869 0.0100 0.0032 0.0265 0.9721 0.0014 0.8916 0.1062 0.0022 0.0724 0.1347 0.7929 B
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Table 4 The rules table of insulation assessment system

MU Py (H) Py (L) Py (M) Py (H) Py (L) P,(H) Ps(H) 0
Gy G, Gy Gy Cio Ci Cis
1 (0.5,1) (0,0.5) 0,1) (0,0.5) (0,0.5) (0.5 ,1) (0,0.5) G
2 (0,0.5) (0,0.5) (0.5,1) (0,0.5) (0.5,1) (0,0.5) (0.5 ,1) G
3 (0,0.5) (0.5,1) (0,0.5) (0,0.5) (0.5 ,1) (0,0.5) (0,0.5) G
4 (0,0.5) (0,0.5) (0.5,1) (0,0.5) (0,0.5) (0,0.5) (0,0.5) G
5 (0.5,1) 0,1) (0,0.5) (0,0.5) (0,0.5) (0.5 ,1) (0,0.5) G
6 (0,0.5) (0,0.5) (0,0.5) 0,1) (0.5,1) (0,0.5) (0.5,1) B
7 (0,0.5) 0,1) (0.5,1) (0,0.5) (0.5,1) (0,0.5) (0,0.5) B
8 (0,0.5) (0.5,1) (0.5,1) (0,0.5) (0.5,1) (0,0.5) (0,1) B
9 (0.5,1) (0,0.5) (0,0.5) (0,0.5) (0,0.5) (0,0.5) (0,0.5) B
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Table 5 The basic information and test data of 3 power transformers

5 LiRes BITERAE  tam’S Unp/V Spe/(Ves™') R/GQ  C/nF &8/ (mg - L) YRS
Tl  SFSE9 -240000/220 1 2 314.82 230.30 27.8 15.74  90.35 0.063 RS BT
T2 SFP9 -24000/220 14 1449.8 243.1 45.4 1.795 364.2 0.738 26 5% 52 W B e
T3 cub - MRM/220 22 3328.12 289.3 23.90 4.027 6 95.48 0.984 % EAL
x6 IEENTERNREERYSITFMLER
Table 6 The membership function and assessment results of 3 power transformers
Py (H) P, (L) Py (M) Py(H) P, (L) P, (H) Ps(H) UGS WL Al 4

Tl 0.668 4 0.003 4 0.0123 0.000 7 0.000 1 0.998 0 0.023 6 1 2% K4

T2 0.005 2 0.013 2 0.041 8 0.001 4 0.988 3 0.005 0 0.993 2 6 ik 2 ia

T3 0.978 7 0.034 1 0.024 5 0.001 6 0.000 7 0.000 0 0.017 0 9 ik e e
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