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LPT: Low pressure turbine
HPT: High pressure turbine

Fig. 1 Schematic of twin spool turbofan engine
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Fig. 2 Installation loss
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Fig.3 X(?) variation trend

REWRCRALE BB IR AR, & s AL T AR M T
B AN Xt B S AL EGTM R k. &2
105 T IZ AL & s AL UGE IR EPR A1 Ma.
32 HRE5HW
3.2.1 R

BB T B T A 04 A T R RO IE 3 4 A
Xof L HEAT P04 U0 B ARG 6 LA 56 I 2 A 0 AR, AT
RFNW R R REHEAT I — P Wi A Lk 146

R EIAL RS 0 3 AT 8 A BN 95% 1Y Kol-
mogorov—Smirnov(K-S) K 55 , ok 50 UF 2 HUZ 5 47 & 50
(24) F0 Q25 T TE R 04 o K-S Ha 55 ] DL 95 32
FH 3 4 #6580 (Cumulative Distribution Function, CDF)
o B 43 A LA B 3 FH T A AT 38 82 3 A 1 R
HAG IR 45 2R p (L UN1&] 4 Fr 7

& 4 AT, 14 5 & S HLI Al A T80 R 1 K 49 p
fHHIK T 0.05, FR7R 7] LU 32 fil A 100 - i A IE 2
Gy A i sk T HEAT R — DA
3.2.2 Sk

HE A & Bl WL AR e 1 B Ak 0 AR AE SR A oA B
P(t; 0) =o't HERRE RIS (18) #y 2
B4 6 0L B oR B, R D D 4 4 R B 1 A B R A A
TS B0 B 2 Al 25 R | TR] A a2 DL ek 3T B R Y
JI oA AR LR 3.
323 THHEFEIE

FIR TO S5 & g dmhA To0E IEH -+, 0l

2210012-5



Fask A1

o R 2024 4
Table 2 Sample data of a fleet EPR and Ma
No.1 No.2 No.14
tleycle
EPR Ma EPR Ma EPR Ma
1 1.303 0.240 1.268 0.235 1.323 0.213
100 1.330 0.251 1.284 0.251 1.376 0.251
200 1.309 0.225 1.276 0.250 1.329 0.236
300 1.306 0.220 1.287 0.238 1.430 0.261
400 1.303 0.240 1.268 0.235 1.311 0.248
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o i 2
5 R ¥ N B S HUE IE R
= 04r °
=y °
o d « LLE fusion results
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00 1 1 1 1 1 1 1 1 1 %
0 2 4 6 8§ 10 12 14 16 ‘; 0.98
Engine number »;3: 0.96
=]
Fig. 4 K-S test results g 024
a2 092
2
Z 090
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Table 3 Parameters of estimation results
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Foo 0.001 39
G’ 0.1489

0.103 7
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Fig.5 LLE fusion
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Fig. 6 Parameter correction results
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— Predicted remaining time ' n = L,
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(a) Uncorrected model prediction results

Probability density function
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PDF of remaining time

(b) Prediction results with EPR correction

— Probability density function
— Actual remaining time
— Predicted remaining time
0.008
0.006
0.004
0.002
0.000

PDF of remaining time

(¢) Prediction results with LLE correction

Fig. 7 Result of three methods
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Table 4 Comparison of the prediction errors

Engine number Method P
M1 0.165 4
No.10 M2 0.161 1
M3 0.1552
M1 0.197 7
No.11 M2 0.196 2
M3 0.1859
M1 0.268 1
No.12 M2 0.260 3
M3 0.2533
M1 0.134 3
No.13 M2 0.124 8
M3 0.120 9
M1 0.144 8
No.14 M2 0.143 3
M3 0.1199
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Prediction of aero engine performance degradation
considering takeoff condition

ZHAO Hongli, XU Bowen, ZHANG Qing

(College of Aeronautical Engineering, Civil Aviation University of China, Tianjin 300300, China)

Abstract: With regard to the problem that the current study of aero—engine performance degradation model-
ing does not take into account the takeoff condition influence, a modified nonlinear Wiener process for engine per-
formance degradation modeling was proposed. This method combined the historical performance degradation data
of the same engine type with the real-time degradation and operational condition data of individual engines. First-
ly, regarding the different take—off condition for each takeoff, a nonlinear Wiener process with takeoff condition
modification was used to establish the engine performance degradation model. Then, the off-line estimation of the
degradation model was obtained by utilizing the maximum likelihood estimation. The degradation parameters were
updated online based on Bayesian theory. Lastly, based on the locally linear embedding algorithm, the fusion of
operating conditions parameters was used to construct the fused operating condition factor, which was used to
modify the degradation parameters, and the individual engine performance degradation prediction under different
takeoff conditions was achieved. The results show that the mean absolute percentage errors of the model corrected
with fused condition factor are reduced by 1.50% and 1.01% respectively compared with the uncorrected model
and the model corrected only with engine pressure ratio. It proves that the proposed model can reduce the predic-
tion error caused by the variation of engine takeoff conditions, or the model corrected only by a single operational
condition parameter, and it can be used to assist in guiding the determination of engine removal.

Key words: Aero—engine; Performance degradation; Working condition correction; Nonlinear Wiener;

Locally linear embedding algorithm
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