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Operation Baseline Modeling of Civil Aviation Turbofan Engine’s Variable
Bleed Valve by Gene Expression Programming Algorithm

Tan Yan

(Aero Engine Maintenance Training Center, Civil Aviation Flight University of China, Guanghan 618307, China)

Abstract: How to ensure the safe operation of civil aviation engine during flight is the challenge for all civil airlines. Therefore, it
becomes more and more important to master the characteristic index of engine’s operation valves, to model and analyze the parameters
of engine’s operation valves scientifically and as a result, to monitor engine in real time. Aiming the problem that it is difficult to ob-
tain the operation baseline from engine manufacturer, adopting gene expression programming algorithm (GEP), using the quick access
recorder (QAR) data of CFM56— 7B engine that is the most mainstream civil engine, this paper mines and analyzes the engine’s vari-
able bleed valves (VBV) operation baseline. The results show that, during VBV nonlinear regression analysis, GEP has the advanta-
ges of little deviation and high precision. GEP can also get specific and convenient function relations, which can improve the accuracy
of VBV monitoring and fault diagnosis effectively.
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Data R R2 adR2 SSE MSE RMSE
20180107—1—1 0.987 6 0.975 3 0.975 3 113.931 5 0.011 2 0.105 9
20180107—1—2 0.989 2 0.978 5 0.978 4 118.263 1 0.0116 0.107 9
20180107 —2—1 0.981 2 0.962 8 0.962 8 144.622 6 0.017 2 0.131 2
20180107—2—2 0.987 3 0.974 8 0.974 8 144.398 8 0.017 2 0.1311
20180108—1—1 0.987 0 0.974 1 0.974 1 155.175 2 0.011 0 0.105 0
20180108—1—2 0.986 0 0.972 3 0.972 2 170.711 7 0.012 1 0.110 2
20180108—2—1 0.985 8 0.971 8 0.971 8 137.794 1 0.011 9 0.108 9
20180108 —2—2 0.986 2 0.972 6 0.972 6 141. 625 4 0.012 2 0.110 4
20180108—3—1 0.979 1 0.958 6 0.958 6 120. 345 4 0.013 9 0.117 8
20180108—3—2 0.983 0 0.966 2 0.966 2 117.483 1 0.013 6 0.116 4
20180109—1—1 0.976 6 0.953 7 0.953 7 114.228 6 0.016 5 0.128 5
20180109—1—2 0.978 8 0.958 0 0.958 0 114.900 3 0.016 6 0.128 9
20180109—2—1 0.989 9 0.980 0 0.980 0 129.327 7 0.011 7 0.108 2
20180109—2—2 0.991 1 0.982 2 0.982 2 130.735 0 0.011 8 0.108 8
20180109—3—1 0.987 9 0.975 9 0.9759 135.992 2 0.016 6 0.128 8
20180109—3—2 0.990 1 0.980 4 0.980 4 129.992 3 0.015 9 0.126 0
20180109—4—1 0.987 3 0.974 7 0.974 7 135.014 0 0.012 1 0.109 9
20180109—4—2 0.987 0 0.974 2 0.974 2 141. 440 7 0.012 6 0.112 5
20180109—5—1 0.984 8 0.969 9 0.969 8 134.339 2 0.016 2 0.127 4
20180109—5—2 0.967 0 0.9351 0.9350 172. 463 6 0.020 8 0.144 3
20180110—1—1 0.982 4 0.965 1 0.965 0 113.954 7 0.013 8 0.117 3
20180110—1—2 0.982 5 0.965 2 0.965 2 114.235 6 0.013 8 0.117 5
20180110—2—1 0.970 3 0.941 5 0.941 5 121.010 4 0.016 6 0.128 7
20180110—2—2 0.974 8 0.950 2 0.950 1 114.416 7 0.015 7 0.125 2
20180111 —1—1 0.987 3 0.974 9 0.974 8 119.889 8 0.013 2 0.1150
20180111 —1—2 0.986 5 0.973 3 0.973 3 117.985 0 0.013 0 0.114 1
20180111—2—1 0.961 4 0.924 2 0.924 2 159.958 3 0.023 1 0.152 1
20180111—2—2 0.962 7 0.926 8 0.926 8 159.101 6 0.023 0 0.1517
20180112—1—1 0.984 3 0.968 8 0.968 8 134.990 0 0.011 4 0.106 9
20180112—1—2 0.984 2 0.968 7 0.968 7 146.872 4 0.012 4 0.1115
20180113—1—1 0.983 3 0.967 0 966 9 126.479 9 0.011 6 0.107 7
20180113—1—2 0.988 4 0.976 9 0.976 9 122. 466 4 0.011 2 0.106 0
20180113—2—1 0.986 7 0.973 5 0.973 5 121.721 8 0.011 2 0.105 7
20180113—2—2 0.989 5 0.979 1 0.979 1 126.699 6 0.011 6 0.107 8
20180113—3—1 0.981 8 0.964 0 963 9 80.144 1 0.014 4 0.120 0
20180113—3—2 0.982 6 0.965 6 0.965 5 84.872 5 0.015 3 0.123 5
20180113—4—1 0.952 6 0.907 5 0.907 5 161. 787 1 0.016 2 0.127 3
20180113 —4—2 0.978 0 0.956 4 0.956 4 144.034 8 0.014 4 0.120 2
20180114—1—1 0.982 3 0.965 0 0.965 0 118.121 1 0.010 2 0.100 9
20180114—1—2 0.978 6 0.957 6 0.957 6 123.304 6 0.010 6 0.103 1
20180114—2—1 0.984 2 0.968 6 0.968 6 127.651 6 0.011 0 0.105 0
20180114—2—2 0.986 8 0.973 7 0.973 7 137.639 1 0.011 9 0.109 0
20180114 —3—1 0.984 6 0.969 5 0.969 5 123.854 3 0.010 8 0.103 8
20180114—3—2 0.983 7 0.967 8 0.967 7 123. 406 1 0.010 7 0.103 6
20180114—4—1 0.983 3 0.967 0 0.966 9 126.479 9 0.011 6 0.107 7
20180114—4—2 0.988 4 0.976 9 0.976 9 122. 466 4 0.011 2 0.106 0
20180115—1—2 0.967 3 0.9357 0.9356 146.216 7 0.011 4 0.107 0
20180115—2—1 0.984 7 0.969 6 0.969 5 130.233 4 0.012 0 0.109 4
20180115—2—2 0.987 8 0.9757 0.975 7 130.519 9 0.012 0 0.109 5
20180115—3—1 0.987 3 0.974 8 0.974 8 138.103 6 0.010 0.104 5




