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A Study on the Safty Diagnosis and Evaluation of Oil-immersed
Transformer using Fuzzy Algorithm

& 5 B!
(Young-il Kim)

Abstract - In this paper, safety algorithm of transformer is introduced for the sake of MV/LV distribution customers
by using fuzzy theory. The current-carrying capacity of transformer is usually determined by the maximum temperature
at which the transformer is permitted to operate. Overload of transformer has an effect on transformer utilization rate
and maximum temperature rises as well as maximum ambient temperature of insulating materials. Therefore, we

proposed the safety algorithm considering

the overload of transformer and ambient temperature in this paper. We

introduced the correlational equations between each parameters using experimental data of IEEE std C57.91-1995,and
deduced the result using fuzzy reasoning. We guessed the safety algorithm making a diagnosis for the safety status of

oil-immersed transformer.
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Table 1 Maximum permitted temperature of insulating
materials.
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Fig. 1 Insulation life curve of oil-immersed transformer.
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Table 2 Example of membership function.
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Fig. 2 Graph for membership function.
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Fig. 3 Flowchart for safety algorithm of transformer.
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Table 3 Quantization of previous load.
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75% 65% < load(t-1) < 85%
90% 85% < load(t-1)
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Table 4 Aging acceleration factor.
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Tu| Faa | Tu Faa Ty Faa Tu Faa
<37 100000 ) 64 0.0048 92 0.1449 | 120 2.7089
37 100001 65 0.0054 93 01622 | 121 29345
38 100001 66 0.0062 94 0.1813 | 122 3.2865
39 100001 | 67 0.0071 % 02026 | 123 36172
40 100002 | 63 0.0080 % 02263 | 124 39793
41 100002 | 69 0.0091 a7 0252 | 125 43756
42 1000021 70 0.0104 93 02817 | 126 4.8091
43 1000021 7 0.0118 N 03141 | 127 52830
44 100003 | 72 00134 100 03499 | 128 5.8009
45 100003 73 0.0152 101 03897 | 129 6.3665
46 | 0.0004| 74 0.0172 102 04337 | 130 6.9842
47 100004 | 75 001% 103 04823 | 131 76582
48 1000061 76 0.0220 104 0.5362 | 132 8.3935
49 | 0.0006 | 77 0.0249 105 05957 | 133 9.1952
50 100007 78 0.0281 106 06614 | 134 10.0689
51 1000081 79 00318 107 0.7340 | 135 11.0208
52 100009] & 0.0358 108 0.8142 | 136 12.0573
53 [ooo11{ 81 0.0404 109 09026 | 137 13.18%
00012 | 8 0.0455 110 1.0000 | 138 144131
55 | 00014{ 83 00513 111 1.1074 | 139 15.7481
56 00016 &4 00577 112 . 12256 | 140 17.19%4
57 100019 & 0.0649 113 13558 | 141 18.7765
58 100021 86 0.0729 114 1.4990 | 142 20.489%
59 100024 & 0.0819 115 16565 | 143 22.3493
60 | 00028 8 0.0919 116 1.8296 | 144 24.3679
61 {00032 89 0.1031 117 20197 | 145 265573
62 {00037 | 90 0.1156 118 22285 | 146 289315
63 100042 91 01295 119 24576 | 147 315115
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Table 5 Correlational equation at previous load 50%
and ambient temperature 0.
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Fig. 4 Graph at previous load 50% and ambient
temperature 0°C.
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Table 6 Loss of life for an oil-immersed transformer.

oAl

aal | T | e T(:;;‘g P
o |t i Il IR E
ours
1:00 | 0599 80.0 0.036 0.036 0.036
2:001 0577 72.8 0.015 0.015 0.051
3:00 | 0555 72.9 0.015 0.015 0.066
400 0544 72.8 0.015 0.015 0.080
500 0544 71.8 0.013 0.013 0.093
6:00 | 0.566 71.8 0.013 0.013 0.107
7:00 | 0.655 73.0 0.015 0.015 0.122
8001 0844 74.2 0.018 0.018 0.139
9:00 | 0955 5.1 0.066 0.066 0.205
10:00] 1.021 92.2 0.148 0.148 0.353
11:00) 1.054 99.1 0.318 0.318 0.671
12:00] 1.077 104.6 0571 0571 1.242
13:00] 1.088 109.2 0.921 0.921 2.163
14:001 1.099 112.8 1.329 1.329 3.492
15:00 1.0991 1160 1.830 1.830 5,322
16:00 1.110] 1178 2.185 2185 7.507
17:00 1.200] 1250 4.376 4.376 11.882
18:00 1.077] 130.0 6.984 6.984 18.866
19:00] 0977 125.0 4.376 4.376 23.242
20:00] 0910 114.0 1.499 1.499 24.741
21:00] 0.877 104.8 0.583 0.583 25.324
22:001 0.866 97.9 0.279 0.279 25.603
23:001 0.832 93.2 1.166 1.166 25.769
24:00] 0.788 876 0.088 0.088 25.857
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Table 7 A dangerous conditions of safety algorithm

for medium voltage cubicle.

IR o 0 ol A T E I

ul| rT) | el fren | B | O e el =

[pu] | [C]

1:00 | 0599 800 | 65 | 40 | 25 07 [ o5 40 | 24
200 | o577 728 | 578 | 40 | 178 06 |07 40 |24
300 | 05550 729 | 679 | 30 | 189 | os12] 07 ] 20 |24
400 | 0544 728 | 578 | 338 [ 198 | o612 |07 ] 40 | 24
500 | 0544] 718 | 568 | 40 | 168 | o614 |07 | 40 ) 24
600 | os66] 18| 568 | 42 | 148 | o615 |07 | 40 { 24
700 | o655] 730 | 58 | 50 | 8 | o667 |07 | 50 | 24
800 | 0844 742 | 502 | 52 | 72 | 0867 [07 | 50 | 24
9:00 | 0955 851 [ 701 | 55 | 151 | 099 (09 ] 50 |2
1000 | 1021|922 | 772 | 38 {192 11 [o9 |50 ] 4
1:00 | 1054f 991 [ 841 | 61 J231| 11 Joo|s0| 2
1200 | 107701046 896 | 65 | 246 | 1125 J o9 | 50 | 3
1300 | 1088]1002] 942 | 65 | 202 | 1125 o9 | 50| 3
1400 | 1009 1128) 978 | 68 | 208 | 1159 oo | s0 | 2
1500 | 1009 [1160] 101 | 65 | 36 11 foglso] 2
16:00 | 1110 [ 1178|1028 | 60 | 428 | 122 [o9 |50 | 2
17:00 | 1200 |2 128 fog|s0] 2
18:00 | 1077 112 {oolso| 3
1900 | 0977} 0977 | 09 | 50 | 24
20:00 | 0910 0899 | 0v | 50 | 24
21:00 | 0877f 1048 808 | 46 | 438 | 0812 |09 | 50 | 24
22:00 | 0866|979 | 820 | 47 | 359 o8 oo 0|24
2300 | 0832[ 932 { 782 | 44 | 342 o8 [o09] 40 [ 24
24:00 | 0788|876 | 726 | 42 [ 306 ] 07115 09 | 40 | 24
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