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Distribution Transformer Loss Sensitivity Analysis under Composite

Power Quality Environment Based on SInception-CNN Model
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Abstract. With the large-scale access of distributed resources to the power grid and the widespread application of vari-
ous power electronic devices, power quality issues and distribution transformer losses have become increasingly severe.
To conduct a sensitivity analysis of distribution transformer losses under composite power quality conditions, an experi-
mental platform for measuring such losses was designed, based on the impact mechanisms of harmonics, three-phase
unbalance, and voltage deviation on transformer loss. On this basis, combining deep learning with sensitivity analysis,
the SInception-CNN model is trained based on the experimental measurement data, and the trained deep learning model
is used to analyze and process the data. The sensitivity of each power quality feature in the composite power quality en-
vironment is calculated, and the G function is used for experimental testing. The results show that under composite
power quality conditions, three-phase unbalance has the most significant influence on distribution transformer loss.
Compared with the Sobol method, the SInception-CNN method shows higher accuracy and stronger robustness.
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Fig. 1 Transformer loss measurement platform
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Tab. 1 Actual measurement results

A B /% HRI,/% HRIS/ % HRI,/% HRI,\ /% HRI 3/ % & /%
0.974 067 8 1. 601 0.923 1. 035 2.036 1.579 1.734 3.013
0.945 889 0 3.301 1.673 2.754 2.336 0.732 1.598 4.499
0. 965 398 0 2.501 1.799 1.985 2.985 2.108 1. 209 3.698
0.923 958 6 5.402 4.998 2.635 3.152 1.204 2.073 1. 114
1.003 598 0 0. 498 1.721 2.365 1.095 2.818 1. 781 1. 056
0.991 670 1 1.789 2.534 1. 201 1.741 2.481 1. 829 0. 861
1.015 8350 0. 403 1. 881 1.032 2.951 0. 832 1. 453 2.919
0.938 488 4 4. 998 2.692 1. 895 1.333 2.754 1.287 2. 159
0.970 201 2 4.002 3.193 2.786 3.236 1.337 0.961 3.276
0.993 723 0 0.701 1. 175 1.225 1. 002 1. 882 2.549 5.217
1.147 329 8 -6.399 0.701 2.089 3.225 0. 645 2. 168 1. 129
1. 106 703 2 -3.789 1. 899 0.958 0.998 1.472 1. 637 2.639
1.009 122 8 -1.892 0.523 0. 605 1.362 1.723 2.361 1. 182
1. 150 874 2 -5.949 1.679 2.636 4.336 1.962 2.016 0.579
1. 240 207 2 -5.359 2. 847 4.215 2.895 2.219 1.914 3.461
1.061 002 8 -2.389 1. 105 1.558 1. 659 2. 645 1.398 3.425
1.100 705 0 -3.701 1. 908 2. 668 1. 009 0.971 0. 447 1.991
1.120 195 8 -4.715 2. 105 3.567 2.362 1. 826 1.920 3.651
1.050 767 2 -1.829 1.376 1.023 3.221 2.267 2.247 0.621
1.051 052 4 2.001 1.214 1.362 1.998 0.991 1.748 1. 131
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Tab.2 Comparison of results before and after adding bad data between SInception-CNN and Sobol method

SInception-CNN Sobol 7
e R . — eI R AE -
. TE R AR AT iR AR FLECHE
A 0.941 8 0. 960 2 =N 0.957 3 0.980 3
3 YR 0.732 1 0.699 1 3 Ykl 0. 659 7 0.251 6
5 YR 0.053 1 0.043 9 5 Ykl 0.4122 0.115 8
7 Wk 0.046 4 0.039 7 7 YR 0.3218 0.102 2
11 YD 0.103 1 0.102 4 11 KA 0.350 3 0.503 4
13 I 0. 009 3 0.010 4 13 YK 0.201 4 0.143 9
LR R 22 0.673 2 0.693 6 R 2 0.703 2 0.328 7
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