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Abstract: The performance degradation degree of aero-engine is usually described by the exhaust gas
temperature margin (EGTM) at take-off. In addition to the influence of the performance of the engine
itself, the discrete events such as engine washing, bird strike and maintenance can cause the mutation of
the parameter. A characteristic model for engine components was established and effects of component
performance degradation on EGTM were analyzed. The support vector regression machine approach was
then presented to forecast how water washing events affect EGTM. Finally, a thorough analysis of the
impact of component properties and water washing events on EGTM was performed using the hybrid
system model. The simulation modeling analysis results show that compared with only considering
component performance degradation, considering the engine performance degradation process of the
washing event is expected to extend the engine's on-wing time by about 1000 flight cycles which can
provide a reference for the decision-making of the engine removal.
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Fig.1 Relationship between engine inlet temperature and low
pressure turbine outlet temperature
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Fig.2 Performance loss curve of each component with

flight cycle
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Fig.3 Performance degradation curve of EGTM with
components
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process based on hybrid system
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Table | CFM-56 engine washing data
FF% TSW/ K4FEHR  DEGT/C DFF/% DN,/% EGTM/C Z-TSW Z-DEGT Z-DFF Z-DN,
1 187 13.33 -0.16 0.65 34.280 1.53 0.14 -0.05 -0.93
2 168 15.41 -0.25 -0.35 37.452 1.06 0.50 -0.19 0.84
3 94 11.26 -0.50 -0.47 23.803 -0.77 -0.22 -0.58 0.11
4 102 13.97 -0.20 -0.66 29.390 -0.57 0.25 -0.10 -1.01
5 89 -0.33 0.15 -0.16 25.419 -0.89 -2.25 0.45 2.01
6 108 3.42 0.64 -0.43 22.236 -0.42 -1.59 1.24 0.38
7 95 9.86 0.69 -0.38 23.584 -0.74 -0.47 1.32 0.64
8 89 6.01 -1.55 -0.22 32.304 -0.89 -1.14 -2.28 1.60
9 108 18.58 0.24 -0.72 24.424 -0.42 1.06 0.60 -1.37
10 95 13.90 0.96 -0.52 23.525 -0.74 0.24 1.75 -0.19
11 186 15.20 -0.61 -0.67 35.566 1.51 0.47 -0.76 -1.09
12 171 14.37 -0.47 -0.43 42.762 1.14 0.32 -0.54 0.37
13 96 16.60 -0.62 -0.49 25.945 -0.72 0.71 -0.79 -0.01
14 102 15.22 -0.17 -0.64 23.196 -0.57 0.47 -0.05 -0.89
15 185 21.21 -0.14 -0.57 34.037 1.48 1.52 -0.02 -0.45
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