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Abstract ; Aiming at the degradation-caused gradual changing fault diagnosis of aero-engine, this paper proposed a diagnosis model based
on the canonical time warping ( CTW ) algorithm, which can discriminate the fault pattern based on the transition features from
degradation data via mining the transition information of degradation. We conducted the proposed model on both simulated data and real
data. The experimental results show that the proposed model can recognize the normal state and fault state and locate the gradual
changing fault in component level, whoseG — meanvalue is 0.948 7 in the premise that the flight cycle interval is 1 or 2. The proposed
model provides a feasible engineering method for civil aviation aero-engine health management, and has good robustness and high
accuracy.
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Fig.1 Gradual changing fault diagnosis model of aero-engine
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for aero-engine
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Table 1 Measurement noise of typical turbofan
engine gas path
NL/ NH/ P13/ T13/ P3/ T3/ T6/
ZH
(r-min™') (r'min~!') Pa K KPa K K
3o 6 12 300 2 5 2 2
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Table 2 Minimum warp distance between F1 gradual

changing fault data and samples (the proposed model)
A B glE

1 2 3 4 5 6 7 8 9 10
F1 0.32 0.35 0.28 0.31 0.33 0.36 0.33 0.34 0.37 0.35
F2 0.81 0.79 0.80 0.79 0.81 0.70 0.81 0.73 0.78 0.75
I3 1.06 0.61 0.52 0.80 0.77 0.80 0.98 0.94 1.18 1.06
F4 0.33 0.37 0.35 0.37 0.47 0.41 0.32 0.35 0.66 0.46
F5 0.53 0.52 0.55 0.86 0.78 0.76 0.85 0.79 0.95 0.87
F6 0.71 0.65 0.66 0.56 0.48 0.68 0.64 0.65 0.77 0.72
F7 0.42 0.41 0.42 0.39 0.41 0.42 0.42 0.59 0.73 0.59
F8 0.51 0.59 0.50 0.60 0.45 0.56 0.56 0.50 0.62 0.68

PIRRTT 00 LTT1 B 46 64 8 il A sy U1 25
FANFE 3 PR, AN T7 350 B 2 A 4 B P R —

FEARREIE A0 U0t F2 (F3 (F5 (F6 (F7 H1 F8 i [, 19 fif
TFER) G-mean {H34 R 0.9740,
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Table 3 Diagnosis results of two models on LTT1 data set
PR
i (;_
ik MR om omors e ops Cmeen i
DTW 9 10 10 9 10 10 10 10

AR SCAE I 9 10 10 9 10 10 10 10

0.974 0
0.974 0

2) R AE R )

LTT2 %04 48 100 35 7 PB4 28 A8 B0 (F1 L F2  F3
F4 F6 F7 F9 F1F10) LA K Z 8B4 K fe s (F11 A1 F12)
AR -4'€77007 N [ T N 21 i 5 R S VA SO 4R E A & X @ A
1 F9 F6 F1F10) , 43 BPKEA SR DTW % LTT2
TS E TS T, 4SRN 4 TR

F4 WHMGTEI LTT2 FIREISHER
Table 4 Diagnosis results of two models on LTT2 data set

AR

G-mean

ik FI F2 F3 F4 F6 F7 F9 FI0 Fll FI2 1
DTW 9 10 10 10 10 9 9 8 8 8 0.9061
AR 10 10 10 9 10 10 10 10 9 8 0.9575

LA F9 Gtk i g 9], AR SO T3 A5 3] F9 2SI
FEAR R/ NI BE IR 5 IR o

x5 P9 RETHIEHIBMERRS/NREEREE (RTEE)
Table 5 Minimum warp distance between F9 gradual
changing fault data and samples (the proposed model)
. FZWIFI TS
1 2 3 4 5 6 7 8 9 10
F1 1.23 0.91 1.09 1.07 1.07 1.16 1.06 1.25 1.18 0.95
F2 0.97 0.96 0.92 0.92 0.82 1.00 0.92 0.54 0.63 0.61
F3 1.46 1.23 0.94 1.17 1.21 1.50 1.40 0.75 0.83 0.69
1
1

4 1.40 0.70 1.11 1.02 0.87 1.53 1.66 0.93 0.87 0.64
Fo6 1.05 0.72 0.80 0.72 0.64 1.17 1.21 0.76 0.65 0.93
F7 1.55 1.17 1.20 0.78 1.07 1.56 1.26 0.60 0.63 0.85
9 0.26 0.28 0.30 0.38 0.32 0.26 0.22 0.26 0.32 0.28
FI0  0.37 0.59 0.66 0.69 0.61 0.30 0.46 0.34 0.40 0.34
F11 ~ 0.75 0.50 0.46 0.54 0.57 0.85 0.75 0.40 0.42 0.45
F12  0.88 0.50 0.73 0.51 0.56 0.95 0.76 0.56 0.56 0.57

PR o 7 35 305 B B R R P 91 AR AR die /N L R
PR TR, AR SCASERUNGS 10 7 2 A% g I v ) B 11 i e 4
REPUA , % T[] T 50 B AR TR BB (AN 50 1R B XUB i
[EIBRE 12 R 00 2 R A4 KUB RIS FO L T80 1R A i e i
R EIRE Fo AILAL 2 R By R A i B F10) tefig i
THLIERTEUN
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Table 6 Diagnosis results of two models

Jrik RF1 RF2 RF3 G-mean H
DTW 4 4 3 0.418 8
AR 6 4 3 0.527 7
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Table 7 Diagnosis results of two models on real data

T nonk TCT TMP HPC VSV G-mean H
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