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Fig 2 Automatic filter debris collecting devices
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Magnetic ring

Fig 3 Debris collector supported on a magnetic ring
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Fig 4 Filter debris distribution on collector
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Fig 6 Binary edge image of filter debris
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Fig 7 Flow of filter debris image diagnosis
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Table 1 Calculation results of wear degrees derived from features of case debris images

No @ x Yacwal /MG Yealevlared / MG No x1 x Yactal /M Yealewlarea/ MG

1 79 227 2 350 85 9.0 21 12 092 1 899 L0 0.6
2 69 545 2 480 6.9 7.7 22 63 541 10 697 6.9 6. 4

3 76 538 2 322 8 6 8 6 23 73 987 9 052 7.5 7.8
4 85 819 2478 10. 2 9.8 24 244 707 27 380 281 27. 8

5 31 806 3135 31 30 25 177 900 24 454 18 1 19. 7

6 36 571 3 146 4. 2 3.6 26 272 122 30 508 3L 5 3L 0

7 77 371 6 733 7.7 8 4 27 4109 792 0. 4 0

8 83 036 6 808 8 1 9.1 28 131 701 10 478 137 149

9 54 780 5773 52 56 29 144 125 5 606 15 9 16. 8
10 46 815 4 871 4.9 4.7 30 169 934 12 038 18 5 19. 6
11 62 546 7 345 6. 4 6.5 31 279 245 12 117 34, 3 333
12 78 485 8 122 7.7 8 7 32 267 576 28 155 32.1 30. 6
13 261 956 10 967 30. 2 3L 2 33 293 520 10 206 34. 3 35. 2
14 232 637 11 127 26. 0 27.5 34 191 826 12 206 217 22. 3
15 38 314 5026 38 3.6 35 190 722 13 122 217 22. 1
16 34 566 4 236 38 32 36 239 347 13 328 29. 8 28 2
17 100 008 6 737 12. 5 11 2 37 110 423 9 893 12. 9 12. 3
18 105 107 7 180 12. 5 1. 8 38 115 549 9991 135 12. 9
19 257 576 6 155 324 3L 0 39 93 894 8 989 10, 8 10. 3
20 25p749 5 782 2L 9 30..8 40 257 725 12,137 2946 30, 6
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Image-based Quantitative Analysis Technique of Aero-engine
Filter Debris
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Abstract. Filter debris in a lubricating system contains important wear information of an aero-engine, and its quantitative
study through image analysis is an effective means for engine wear condition monitoring and fault diagnosis. In order to meet
the practical requirements of quantitative filter debris analysis for a certain type of aero-engine. a special automatic device
for oil filter rinsing and debris collecting is designed. The collected debris is distributed on a fabric film according to its mag-
netic properties, and the digital image of the debris is obtained through a charge coupled device(CCD). The features of the
debris image are extracted through the 2D maximum entropy genetic algorithm image thresholding, and then these features
are used to obtain wear degree. which reflects the wear condition of an aero-engine. In the machine learning process., by
means of analyzing a lot of case images of filter debris. the relationship between features of filter debris images and wear
degrees of aero-engines is established through multiple regression. In the test process, the features of the filter debris image
taken from the CCD are obtained via image analysis. and then the wear degree of an aero-engine is calculated directly
through the regression formula. The wear degree derived from the filter debris image analysis can be used to diagnose the
wear condition of an aero-engine by comparing it with the threshold of wear degree. Finally. actual application of the quanti-

tative filter debris analysis during the maintenance of an aero-engine certifies the effectiveness of this new technique.
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