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Damage monitoring of engine fan blades based on EWT-entropy method

XU Jianxin', ZHAO Shujiel, MA Chao', BA Xiang2

(1. College of Aeronautical Engineering,
Civil Aviation University of China, Tianjin 300300, China;
2. Henan Airlines Company Limited,
China Southern Airlines Company Limited, Zhengzhou 450000, China)

Abstract: In order to find the characteristics of the flight damaged by foreign objects on the fan
blades from the engine performance data, so as to distinguish the flights damaged by the foreign objects on
the fan blades, a method combining empirical wavelet transform and information entropy was proposed in
the airborne quick access recorder (QAR) data detection. Through the fitted and smoothed process and
empirical wavelet transform of the original vibration data of each flight, the sum of the energy entropy of
each intrinsic mode function after decomposition was extracted, and the multi-scale entropy of the added
window function was analyzed. The result showed the entropy value of the fitted data changed more
obviously, and the sum of the energy entropy of the flight with fan blades damaged by foreign objects had
a decreasing trend of more than 10%, and the improved multi-scale entropy had an increasing trend of
more than 40%, which was obviously different from other normal flights. It is proved that the EWT-

entropy method can better monitor the damage by foreign objects of the engine fan blades.
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Fig. 1 Image fitting of vibration of C aircraft flight with

normal right engine
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Fig. 2 EWT with the sum of energy entropies of

28 consecutive flights of A aircraft
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Fig. 3 EWT with the sum of energy entropies of 26 consecutive

flights of B aircraft twin-engine
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Fig. 4 EWT with the sum of energy entropies of 26 consecutive

flights of C aircraft twin-engine
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20 0.3210 0.5173 61.15




30 ito= d  w R 538 %
il S S FEA AN R
PREARE NS 41 /nat FEA A /mat LEA81/%
3 0.503 6 0.840 5 66.89
4 0.502 1 0.890 4 77.33
5 0.508 4 0.809 6 59.24
6 0.5305 0.8015 51.08
7 0.566 7 0.808 0 42.57
8 0.5569 0.8057 44.69
9 0.5133 0.8118 58.16
10 0.4368 0.770 3 76.35
11 0.3806 0.672 8 76.77
B IMF22
12 0.3353 0.7218 115.26
13 0.2858 0.704 7 146.57
14 0.2342 0.608 1 159.64
15 0.1922 0.5027 161.55
16 0.1472 0.4507 206.18
17 0.1222 0.459 6 276.10
18 0.094 9 0.354 6 273.65
19 0.065 5 0.2145 227.48
20 0.058 8 0.1959 233.16
13 0.2583 0.3757 45.45
14 0.2347 0.4420 88.32
15 0.2184 0.369 7 69.27
c IMF8 16 0.2152 0.4321 100.78
17 0.206 9 0.496 6 140.01
18 0.2137 0.502 8 135.33
19 0.2192 0.528 8 141.21
20 0.2323 0.464 8 100.06
4 zl:!l: i/l’: damage characteristics of aero engine fan blade[J]. Journal of
Aerospace Power, 2017, 32(4): 1105-1111. (in Chinese)
T 1o S R Eh B LS A SR EWT 4 [2] B 5T 35 B 22 0 46 1 1 R 453 00 U3 7 BE T 58 [D]. R
A 22 R VR U T BRI S0 2 R i e, 200

%ﬁ%ﬁﬁ%ﬁwﬂkﬂ-

) SR 25 Bk st 1) ik 1) 5% 3 5 4R s 4 A ) —
%muﬂﬂfﬁﬁ%%%ﬁﬂﬁﬁ%ﬁﬁﬁmi
XU FOD “ s fE RO R AE 4 U 55 rh 45 3
G HRCR

2) H BLAR 15 B4 5T BE B A A 2 AR T A
FALPERE B0 A1 10% DL L.

) A AT R A B0 B X IO A AR,
ARG 7 2N AT PR A5 % FOD, i At 52

FOD i, HAR BB M ik 2 & & B8l
AR,

4) B3 I AT BE, LR I R A 22
BERGTT A 257 24 RO i F i A3 A BERE A
BIE Y 40% LI E.

S E Bk

[1] S, EXWF, MR, 2. 002 &S0 MR B i
TG RFAE 9] T2 3 1 2% 4%, 2017, 32(4): 1105-1111.
MA Chao, WANG Yuna, WU Yaogang, et al. Hard object impact

ZHAO Ye. Research on blade damage identification method based
on convolution neural network[D]. Tianjin: Civil Aviation Univer-
sity of China, 2019. (in Chinese)

ik A5t 7S R S AL B0 TR B
LT VR B0 ZE i R K 2, 2014
ZHANG Weiliang. Research on technologies of aero-engine blades

[3] LU B R B 5T [D].

damage image fast recognition[D]. Liaoning: Shenyang Aerospace
University, 2014. (in Chinese)
B E TR NN
b RZ I K 2, 2018,
CHENG Gong. Aero-engine fault diagnosis based on spectral clus-

[4] S R B LI R 2 187 [D]. L g

tering algorithm[D]. Shanghai: Shanghai Jiao Tong University, 2018.
(in Chinese)

AR A B 27 T BLAE AL 25 2 B LB e 12
b AR AT R 2, 2015.

LIN Min. Application of extreme learning machine in aero-engine

[51] Wi v (1 13 1 [D].

gas path fault diagnosis[D]. Shanghai: Shanghai Jiao Tong Univer-
sity, 2015. (in Chinese)

KSR I, T B KU MR ANy A ok R 18] T R 3l Rz oy
i B HR 5 TR, 2020, 20(6): 2483-2488.

ZHANG Qiangbo, LEI Xiaobo. Analysis of rotor vibration tran-

(6]

sient response of fan blade impact[J]. Science Technology and En-
gineering, 2020, 20(6): 2483-2488. (in Chinese)

EFhs, BEER, VFOR, SF R R 4 R BEA eh i s R Sl
W00 52 0], e =5 3l g 244, 2020, 35(1): 18-29.

(7]


https://doi.org/10.3969/j.issn.1671-1815.2020.06.054
https://doi.org/10.3969/j.issn.1671-1815.2020.06.054
https://doi.org/10.3969/j.issn.1671-1815.2020.06.054
https://doi.org/10.3969/j.issn.1671-1815.2020.06.054
https://doi.org/10.13224/j.cnki.jasp.2020.01.003
https://doi.org/10.3969/j.issn.1671-1815.2020.06.054
https://doi.org/10.3969/j.issn.1671-1815.2020.06.054
https://doi.org/10.3969/j.issn.1671-1815.2020.06.054
https://doi.org/10.3969/j.issn.1671-1815.2020.06.054
https://doi.org/10.13224/j.cnki.jasp.2020.01.003

513

TREHTSE: ST EWT-RE{E 7 1 9 2 S ALXUR i R 45240 W 4 31

[8]

(9]

[10

[11

[12]

[13

[14]

[15]

SHU Chang, CHENG Ming, XU Yu, et al. Research on damage of
aero-engine blades impacted by different metal hard objects[J].
Journal of Aerospace Power, 2020, 35(1): 18-29. (in Chinese)
SHARMA V, RAGHUWANSHI N K, JAIN A K. Sensitive sub-
band selection criteria for empirical wavelet transform to detect
bearing fault based on vibration signals[J]. Journal of Vibration En-
gineering and Technologies, 2021, 9(7): 1-15.

IMAOUCHEN Y, KEDADOUCHE M, ALKAMA R, et al. A fre-
quency-weighted energy operator and complementary ensemble
empirical mode decomposition for bearing fault detection[J]. Me-
chanical Systems and Signal Processing, 2017, 82: 103-116.
A, BRIEA, RER W, % LT VMD-CWTHI B i CNNAY
LT AL R SRR 2 T (). %5 3l 0 4 4, 2021, 36(5): 948-
958.

YU Zhifeng, XIONG Bangshu, XIONG Tianyang, et al. Fault diag-
nosis of helicopter bearing based on VMD-CWT and improved
CNN[J]. Journal of Aerospace Power, 2021, 36(5): 948-958. (in
Chinese)

Wi IS . Bk i B & 3l BIL I Y QARKR A1 3 A [0]. A == 4
155 T2, 2012(2): 44-46.

CHEN Guoyan. QAR data analysis of turbofan engine[J]. Aviation
Maintenance and Engineering, 2012(2): 44-46. (in Chinese)
R, AL, BT ARIMARE R [ AL 2 & 3h AL
IR 5 T 3R B Bk oy B [0 B2 BOR 5 TR, 2019, 19(19):
362-368.

XU lJianxin, JIANG Chunsheng, MA Chao. Vibration fault analy-
sis of low pressure rotor of civil aero-engine based on ARIMA
model[J]. Science Technology and Engineering, 2019, 19(19): 362-
368. (in Chinese)

22 T 1R A% I 9 A B Al 3 (D). Bt BH B R A,
2020.

LI Yang. Change point estimation of smoothing spline regression
model[D]. Guiyang: Guizhou University, 2020. (in Chinese)

X B T T 2 /0N k2 A 1 XU ek AL 2 s A A I 12
[D]. b 5t b 50 5858 ke, 2020.

ZHAO Yang. Fault diagnosis of wind turbine gearbox based on im-
proved empirical wavelet transform[D]. Beijing: Beijing Jiaotong
University, 2020. (in Chinese)

AT RS 43 R 4 1 I R U I I R D7 1 BF 5T (D). 1A R
I W R I Tl R 3, 2017.

WANG Ying. Research on denoising method of adaptive filter

based on component decomposition[D]. Harbin: Harbin Institute of

[16]

(17

]

[19]

[20]

[21]

(22]

Technology, 2017. (in Chinese)

BRE, T, B, 5. 3 T EWT- ARMARY 55 1] da 755
J2 TECT I A5 7Y [7]. K b ) 2 5 3 BR 3) 07 2%, 2021, 41(4):
331-335,341.

LU Tieding, HUANG Jiawei, LU Chunyang, et al. Short-term iono-
spheric TEC prediction model based on EWT-ARMA[J]. Journal of
Geodesy and Geodynamics, 2021, 41(4): 331-335,341. (in Chinese)
JEL R, B L AR O3S O3 % D B AR AY 4 7 4 SR
PR ZE(T]. 7E 2 24, 2021, 46(2): 263-270.

ZHOU Jinglei, YAN Ting. Loudspeaker abnormal sound classifica-
tion using variational modal decomposition and energy entropy[J].
Acta Acustica, 2021, 46(2): 263-270. (in Chinese)

IR, TRBIB, LW, L BRG & Tl S R S AR
5k A% L 73 B a3 BT [9]. L 25 3l 07 4 4, 2020, 35(11): 2284-
2292.

ZHAO Zhenhua, ZHANG Junhe, WANG Lingfeng, et al. Numeri-
cal analysis on residual stress of foreign object damage on the lead-
ing edge of titanium alloy blade[J]. Journal of Aerospace Power,
2020, 35(11): 2284-2292. (in Chinese)

K T 168 B T AR B8 1 7R B Rl R RIS T 5 5 5T (D). &
L 22 O 2, 2019,

ZHANG Haijiao. Research on fault diagnosis method of rolling
bearing based on entropy theory[D]. Hefei: Anhui University, 2019.
(in Chinese)

HIEAE . O T ¥ B DFTH. Bk v i S0 3% itk 3 1m0 888 14 57 [0, B
1R TR, 2007(24): 202-204.

HUANG Hanhua. An exploration of the sliding DFT spectral leak-
age[J]. Modern Electronics Technique, 2007(24): 202-204. (in Chi-
nese)

W, B, A, 4R BT HHT-MFCCHIJE I fE & (19 12 4
RH 2 1 fili 95 F8 3 07 0 7 3R 0 (00 TF B AL A, 2021, 41(2):
598-603.

CHANG Zheng, LUO Ping, YANG Bo, et al. Respiratory sound
recognition of chronic obstructive pulmonary disease patients based
on HHT-MFCC and short-term energy[J]. Journal of Computer Ap-
plications, 2021, 41(2): 598-603. (in Chinese)

WrA3 ¢ . ik T itk 2 ROBERE AR 5 2 B A 52 8 16 18 HLEG
TR Bh iR R 2 W 52 (D). BT TLIR RS2, 2020.

CHEN Shuyan. Study on rolling bearing fault diagnosis using im-
proved multiscale sample entropy and parameters optimization

SVMID]. Zhenjiang: Jiangsu University, 2020. (in Chinese)

(¥ Z2HE. 222


https://doi.org/10.13224/j.cnki.jasp.2020.01.003
https://doi.org/10.1016/j.ymssp.2016.05.009
https://doi.org/10.1016/j.ymssp.2016.05.009
https://doi.org/10.13224/j.cnki.jasp.2021.05.006
https://doi.org/10.13224/j.cnki.jasp.2021.05.006
https://doi.org/10.3969/j.issn.1672-0989.2012.02.011
https://doi.org/10.3969/j.issn.1672-0989.2012.02.011
https://doi.org/10.3969/j.issn.1672-0989.2012.02.011
https://doi.org/10.3969/j.issn.1672-0989.2012.02.011
https://doi.org/10.3969/j.issn.1004-373X.2007.24.071
https://doi.org/10.3969/j.issn.1004-373X.2007.24.071
https://doi.org/10.3969/j.issn.1004-373X.2007.24.071
https://doi.org/10.11772/j.issn.1001-9081.2020060881
https://doi.org/10.11772/j.issn.1001-9081.2020060881
https://doi.org/10.11772/j.issn.1001-9081.2020060881
https://doi.org/10.11772/j.issn.1001-9081.2020060881
https://doi.org/10.13224/j.cnki.jasp.2020.01.003
https://doi.org/10.1016/j.ymssp.2016.05.009
https://doi.org/10.1016/j.ymssp.2016.05.009
https://doi.org/10.13224/j.cnki.jasp.2021.05.006
https://doi.org/10.13224/j.cnki.jasp.2021.05.006
https://doi.org/10.3969/j.issn.1672-0989.2012.02.011
https://doi.org/10.3969/j.issn.1672-0989.2012.02.011
https://doi.org/10.3969/j.issn.1672-0989.2012.02.011
https://doi.org/10.3969/j.issn.1672-0989.2012.02.011
https://doi.org/10.3969/j.issn.1004-373X.2007.24.071
https://doi.org/10.3969/j.issn.1004-373X.2007.24.071
https://doi.org/10.3969/j.issn.1004-373X.2007.24.071
https://doi.org/10.11772/j.issn.1001-9081.2020060881
https://doi.org/10.11772/j.issn.1001-9081.2020060881
https://doi.org/10.11772/j.issn.1001-9081.2020060881
https://doi.org/10.11772/j.issn.1001-9081.2020060881
https://doi.org/10.13224/j.cnki.jasp.2020.01.003
https://doi.org/10.1016/j.ymssp.2016.05.009
https://doi.org/10.1016/j.ymssp.2016.05.009
https://doi.org/10.13224/j.cnki.jasp.2021.05.006
https://doi.org/10.13224/j.cnki.jasp.2021.05.006
https://doi.org/10.3969/j.issn.1672-0989.2012.02.011
https://doi.org/10.3969/j.issn.1672-0989.2012.02.011
https://doi.org/10.3969/j.issn.1672-0989.2012.02.011
https://doi.org/10.3969/j.issn.1672-0989.2012.02.011
https://doi.org/10.13224/j.cnki.jasp.2020.01.003
https://doi.org/10.1016/j.ymssp.2016.05.009
https://doi.org/10.1016/j.ymssp.2016.05.009
https://doi.org/10.13224/j.cnki.jasp.2021.05.006
https://doi.org/10.13224/j.cnki.jasp.2021.05.006
https://doi.org/10.3969/j.issn.1672-0989.2012.02.011
https://doi.org/10.3969/j.issn.1672-0989.2012.02.011
https://doi.org/10.3969/j.issn.1672-0989.2012.02.011
https://doi.org/10.3969/j.issn.1672-0989.2012.02.011
https://doi.org/10.3969/j.issn.1004-373X.2007.24.071
https://doi.org/10.3969/j.issn.1004-373X.2007.24.071
https://doi.org/10.3969/j.issn.1004-373X.2007.24.071
https://doi.org/10.11772/j.issn.1001-9081.2020060881
https://doi.org/10.11772/j.issn.1001-9081.2020060881
https://doi.org/10.11772/j.issn.1001-9081.2020060881
https://doi.org/10.11772/j.issn.1001-9081.2020060881
https://doi.org/10.3969/j.issn.1004-373X.2007.24.071
https://doi.org/10.3969/j.issn.1004-373X.2007.24.071
https://doi.org/10.3969/j.issn.1004-373X.2007.24.071
https://doi.org/10.11772/j.issn.1001-9081.2020060881
https://doi.org/10.11772/j.issn.1001-9081.2020060881
https://doi.org/10.11772/j.issn.1001-9081.2020060881
https://doi.org/10.11772/j.issn.1001-9081.2020060881

	1 数据准备与处理
	1.1 QAR数据准备
	1.2 平滑样条拟合

	2 模态分解与能量熵计算
	2.1 经验小波分解
	2.2 能量熵
	2.3 EWT-能量熵计算与分析

	3 EWT-多尺度熵计算
	3.1 汉明窗-多尺度熵
	3.2 EWT-多尺度熵计算与分析

	4 结　论
	参考文献

