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Condition assessment for transformer based on interval weight and improved cloud model
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Abstract: For the randomness and fuzziness problem of condition level boundary information in the power transformers,
a new assessment method based on normal cloud theory is proposed. Given a full consideration to the limitation of data use
for condition assessment, the limited data collected of the power transformers would be handled to establish the data normal
cloud. For the issue of power transformers level boundary ambiguity, it proposes to properly expand each level and
establish the level normal cloud. Depending on the different probabilities of cloud droplets in clouds, the cloud association
degree is then calculated between the data normal cloud and the level normal cloud. Secondly, the operation data of power
transformer is represented the range form. As for volatility for each interval data of performance indicators, it calculates
the variance and average interval data and gives different weights index. The result of condition level of the power
transformers is finally obtained. Through the analysis of a power transformer station operating data, the simulation
example demonstrates that proposed method is efficient and practical to apply to assess the power transformers.
This work is supported by National Natural Science Foundation of China (No. 651277023).
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Table 1 Transformer condition index
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Table 2 The part of transformer run data

No. H cl/ c2 c3/ c4/ c5/ 6 c7 c8/ 9/ c10/ cll/ cl2
(mg/L) (%) kV (mg/L) (%) (%) mA (uL/L) (uL/L) (uL/L) (%)
1 20091229 13.57 1.70 55.02 0.27 1.61 1.72 0.27 24.30 158.98 0.18 105.42 9.32
2 20091230 12.02 2.75 48.54 0.35 1.28 1.96 0.26 22.50 200.64 0.21 113.90 7.56
3 20100104 10.79 2.50 50.17 0.29 1.41 2.32 0.34 25.10 178.30 0.27 120.68 6.74
4 20100107 17.50 2.20 50.11 0.37 1.50 2.47 0.39 28.20 181.30 0.29 123.34 7.19
5 20100109 15.80 2.41 45.50 0.32 1.68 1.91 0.35 28.60 170.80 0.23 106.37 8.23
6 20100111 12.10 2.70 57.19 0.31 1.75 2.34 0.20 32.40 180.33 0.19 122.54 10.22
7 20100113 11.34 1.57 52.04 0.22 1.48 1.78 0.27 26.80 168.80 0.26 105.80 10.64
8 20100117 16.70 2.10 53.52 0.23 1.45 1.91 0.35 24.70 172.60 0.20 113.90 10.79
9 20100121 21.92 1.80 51.77 0.30 1.50 1.88 0.39 25.30 172.10 0.18 114.58 8.51
10 20100123 16.03 2.30 48.78 0.36 1.46 1.97 0.37 32.40 197.60 0.32 110.63 9.77
11 20100127 21.20 1.73 4591 0.25 1.20 2.45 0.18 29.20 186.30 0.26 110.41 7.56
12 20100130 25.01 1.70 50.50 0.35 1.40 1.81 0.20 23.30 170.80 0.24 113.80 7.74
13 20100131 21.26 1.57 50.22 0.27 1.64 1.72 0.42 24.40 180.33 0.20 110.42 7.19
14 20100202 17.07 2.41 55.28 0.32 1.46 2.01 0.35 29.60 168.8 0.18 108.91 8.23
15 20100203 14.30 1.57 49.83 0.27 1.44 2.03 0.28 27.10 172.60 0.21 112.68 10.61
16 20100205 13.54 2.41 52.17 0.32 1.45 1.72 0.29 22.20 172.10 0.28 110.63 9.32
17 20100207 16.30 2.50 48.40 0.36 1.51 2.31 0.29 223 201.36 0.27 123.08 7.56
18 20100208 21.36 2.20 52.29 0.25 1.55 1.72 0.43 25.10 170.8 0.23 106.37 6.94
19 20100210 16.80 2.41 48.30 0.35 1.44 2.30 0.36 28.20 182.33 0.19 112.25 7.19
20 20100213 17.42 1.73 4831 0.32 1.72 2.44 0.29 28.60 169.80 0.26 114.58 8.13
21 20100214 14.53 1.76 55.78 0.27 1.61 1.79 0.27 2431 168.98 0.20 109.42 9.21
22 20100217 15.17 1.85 49.51 0.35 1.28 1.91 0.26 22.53 201.64 0.21 117.23 7.26
23 20100218 16.42 2.30 51.17 0.29 1.47 2.35 0.34 25.19 175.31 0.28 123.62 8.71
24 20100220 17.19 2.17 50.64 0.37 1.52 2.41 0.39 27.22 178.39 0.23 129.31 8.39
25 20100221 15.27 2.31 47.37 0.32 1.62 1.98 0.35 26.69 172.84 0.28 116.37 8.93
26 20100224 18.31 2.62 51.69 0.31 1.70 2.21 0.20 30.21 181.23 0.19 129.24 10.52
27 20100227 16.76 1.97 52.29 0.22 1.54 1.70 0.27 27.71 171.87 0.27 115.21 11.34
28 20100228 16.89 2.01 51.72 0.23 1.67 1.81 0.35 27.34 179.69 0.21 119.91 10.09
29 20100302 2091 1.79 54.13 0.30 1.62 1.80 0.39 28.32 174.16 0.19 111.28 9.11
30 20100304 18.57 2.17 49.32 0.36 1.49 1.98 0.37 31.47 190.61 0.22 114.23 8.71
31 20100307 20.16 1.93 49.11 0.25 1.51 2.14 0.18 29.92 187.38 0.27 120.51 7.76
32 20100310 24.39 1.90 53.63 0.35 1.49 1.71 0.20 28.31 177.82 0.25 123.83 8.14
33 20100313 19.03 2.13 50.78 0.31 1.66 1.87 0.27 3043 192.16 0.29 117.31 8.29
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Table 3 Transformer rank of the assessment indicators

BRE EEub

Ei=E7N 1 2 3 4

cl (0,10) (10,15) (15,25) (25,35)
2 (0,0.6) 0.6,1.5) (1.5.3) (3.4.5)
3 (60,100) (50,60) (40,50) (30,0)
c4 0,0.1) 0.1,0.2) 0.2,0.4) (0.4,0.75)
5 1.6,2) (1.45,1.6) (1.3,1.4) (0,1.3)
c6 0,0.5) 0.5,1) (1,1.5) 1.5,2)
7 0,0.3) 0.3,0.49)  (0.49,0.58)  (0.58,0.7)
8 (0,30) (30,45) (45,70) (70,100)
9 (0,400) (400,500)  (500,700)  (700,800)
cl0 0,2) 2.4) (4,6) (6.,8)
cll (0,75) (75,120) (120,150)  (150,180)
cl2 (0,6.5) (6.5,10) (10,13.5) (13.524)
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Table 4 Normal cloud parameters of the assessment indicators rank of the transformer

LRIES BB AT (B Ey» He)

A
1 2 3 4
cl (5.000,1.667,0.080) (12.500,0.833,0.080) (20.000,1.667,0.080) (30.000,1.667,0.080)
c2 (0.300,0.100,0.080) (0.450,0.300,0.080) (0.750,0.750,0.080) (0.750,1.250,0.080)
c3 (80.000,6.667,0.080) (55.000,1.667,0.080) (45.000,1.667,0.080) (35.000,1.667,0.080)
c4 (0.050,0.017,0.080) (0.150,0.017,0.080) (0.300,0.033,0.080) (0.575,0.058,0.080)
c5 (1.800,0.067,0.080) (1.525,0.025,0.080) (1.350,0.017,0.080) (0.650,0.217,0.080)
c6 (0.250,0.083,0.080) (0.750,0.083,0.080) (1.250,0.083,0.080) (1.750,0.083,0.080)
c7 (0.150,0.050,0.100) (0.317,0.025,0.100) (0.535,0.015,0.100) (0.640,0.020,0.100)
c8 (15.000,5.000,0.0800) (37.500,2.500,0.080) (57.500,4.167,0.080) (85.000,5.000,0.080)
c9 (200.000,66.667,10.000) (450.000,16.667,10.000) (600.000,33.333,10.000) (750.000,16.667,10.000)
cl0 (1.000,0.333,0.100) (3.000,0.333,0.100) (5.000,0.333,0.100) (7.000,0.333,0.100)
cll (37.500,12.500,0.100) (97.500,7.500,0.100) (135.000,5.000,0.100) (165.000,5.000,0.100)
cl2 (3.250,1.083,0.100) (8.250,0.583,0.100) (11.750,0.583,0.100) (18.750,1.750,0.100)
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Fig. 1 Range representation of the run data of the transformer
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