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Abstract: Due to the high similarity of the fault characteristics of aviation transformer rectifier
diodes in different fault modes, it is difficult to distinguish the fault characteristics. To solve the
problem, a fault diagnosis method was proposed based on stacked denoising auto encoder
(SDAE) combined with particle swarm optimization support vector machine (PSOSVM).
Firstly, a simulation model of aviation transformer rectifier was built to get the fault data from
simulation of different fault modes. Then the SDAE method was used to extract the fault features
from high-dimensional fault signals and establish fault feature sets. Finally, PSOSVM method
was used to diagnose fault and to compare the effectiveness with common fault diagnosis
methods. The fault diagnosis results show that the accuracy of the SDAE-PSOSVM method can
reach up to 96% and functionally extract the features of high-dimensional fault data signals to
improve the discrimination between different fault modes.
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Fig. 4 Output voltage waveforms of different open-circuit fault
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Tab. 1 Original input current data and output voltage data
Bl R4 SDAE #ii A TG dy FFi d, T ds TFiif dy J5 % dy i ds Ji %
z, —0.211 —0.275 —0.290 —0.291 —0.293 —0.293 —0.293
A FHEA z, —0.173 —0. 290 —0.295 —0.297 —0.298 —0.298 —0.298
LU i/ A z, —0.110 —0.172 —0.176 —0.179 —1.097 0.827 0. 549
z, 0.078 0. 025 0.012 0. 009 —2.989 3.006 2.679
Zgg 001 1. 080 1. 134 1. 120 1.118 1. 119 1. 119 1. 120
B A A Z0 002 1. 047 1.135 1.122 1.121 1.121 1.121 1.121
LI i,/ A 0 003 1.024 1. 073 1. 062 1. 062 2.214 1.118 2.451
Zg0 001 0. 944 0.974 0. 967 0. 966 4. 110 1.110 4.581
Z10 001 —0. 869 —0. 827 —0. 830 —0. 827 —0. 827 —0. 827 —0. 826
(OF:L TN 120 002 —0.873 —0.818 —0. 826 —0.823 —0. 822 —0.822 —0. 822
L i/ A Ty50 003 —0.914 —0.873 —0. 886 —0.882 —1.116 —1.946 —3.000
190 004 —1.022 —0.974 —0.979 —0.976 —1.121 —4.122 —7.260
T80 001 27.932 26. 474 26. 466 26. 944 25. 842 22.139 21.992
R Z 150 002 27.922 26. 491 26. 481 26. 894 25. 744 22. 146 21. 958
U,/V g0 003 27.903 26. 498 26. 495 26. 849 25. 644 22.153 21.914
2150 001 27. 890 26.515 26. 508 26. 804 25. 541 22.157 21. 875
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Fig. 6 Data dimension reduction
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Tab. 2 Feature extraction

B B 4 EH dy T dy FFi% ds JF dy J8 B dy Ji % dg 5 %
n —21.925 —21.625 —21.577 —22.344 84. 831 89. 436 249. 187
V2 —29. 006 —28.577 —28.545 —29.110 258. 043 109. 367 78.189
Vs —17.563 —17.676 —17. 606 —18. 388 —481. 320 —192. 545 —139. 469
vy —28.799 —29. 359 —29.702 —30.195 —22.986 42.270 9. 002
¥s 28. 284 28.371 28. 235 28.508 —183.544 —106. 471 —247.039
Ys 35. 402 35. 686 35.638 35. 604 —219.063 61. 600 73.976
V7 —5.252 —4.545 —4.256 —1.879 141. 580 —189. 845 30. 767
¥s —5.832 —6. 462 —6. 445 —6.011 —111. 996 507. 800 529. 556
Yo 1.278 1.097 1.179 4.073 10. 249 33. 625 6. 085
V1o 3.967 3.330 3.462 3.341 245. 294 —173. 926 —93.779
i —70. 686 —70.413 —70.411 —69. 988 —6.885 —51.785 —107. 658
i 9.058 9.030 8. 740 8.475 —39.763 —419. 753 —285. 213
Vi —22.559 —22.792 —22.838 —22.788 20. 960 182.595 162. 026
iy —1.079 —3.961 —3.958 —3.400 31. 643 7.114 —22. 420
Yis 16. 435 16.142 16.491 16. 662 —14. 357 139. 721 67.53
Y16 20.195 19.918 19. 902 20.173 15.771 —107.033 —201. 282
17 —38. 457 —37.118 —37.113 —37. 866 —520. 653 —13.730 —238. 297
Vis —15.974 —15.737 —15. 650 —15.553 —191. 132 47.897 43.542
Yo 5.203 5. 335 5.137 1.835 123.099 11. 275 72.113
Yo 12.568 12.303 12.257 11. 974 —372.963 53.502 99. 420
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Fig. 8 Fault diagnosis results of testing set
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Tab. 4 Diagnostic accuracy of four methods

ik 2 B
FFT+SVM 74.2
EEMD+SVM 86.8
SDAE+ Softmax 82. 4
SDAE+PSOSVM 96. 0
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