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Abstract ; With the rapid advancement of aviation technology and industrial capabilities, the monitoring,
diagnosis , prediction,and assessment of aero-engine health status have become increasingly critical. These
capabilities are essential in ensuring high performance,operational stability,and reliability throughout the
engine lifecycle. Aero-engine structural health monitoring (SHM ) enables continuous observation and e-
valuation of the engine’s structural condition during flight tests and throughout its service. By applying sci-
entific methods in fault diagnosis and isolation , predicting structural health trends,and assessing real-time
conditions , condition-based maintenance of engine structures can be achieved. This approach enhances the
engine’s reliability , maintainability , and fault tolerance ,while also improving its ability to respond to unex-
pected events and reducing life-cycle costs. As a result, aero-engine SHM and assessment technologies
have attracted significant attention. This paper focuses on SHM and evaluation technologies for aero-en-
gines. It systematically analyzes the necessity of engine health monitoring in ensuring the healthy,stable,
and safe operation of both the propulsion system and the aircraft,as well as its role in improving mission
completion rates and reducing life-cycle cost ratios. The research status of engine health monitoring at
home and abroad is elaborated in detail. Furthermore ,the paper reviews recent progress in advanced sens-
ing technologies , monitoring systems and methods , techniques for typical fault feature extraction,and health
assessment methodologies applied in aero-engine SHM. Finally, future development trends in aero-engine
SHM and assessment are discussed.

Key words:aero-engine ; structure health; status monitoring; advanced sensing; fault diagnosis; feature

extraction; health baseline; status assessment
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Tab. 1 Foreign typical engine condition monitoring and fault diagnosis systems
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4.1.3 ZHMEHBMNFLZA

BT, i P AEH2 i X5 1 0 o i 7 AR T8 i 2
et B HOCERE S 4 BT ALES I T i
U B USROG b ik DA S AR B
S JEAL AR L I Y ek R Ho B
EGAR DG T 5 1) A B IR T 15, 3 R AR ol A il
S ] 5 9 R S A AR G A 3 AR R I i it 5L
BE KGR

B BUGAR O R R B n i A2 W IR AS B T I
B HIE S B AR A (5 8., B 2 Jml & |
AR | A BE AR R B A TS s TR
H AR fih =X 38 8 5 N AR i, AE R A ATML( 5
P RATIN SR AR ) 10 B v FH AR S AR DG BOR
XRATIRET VUT100 HR B3 e K AL B8R e 28 22 08 il
AU TR A T S & A320 Bk 1Y) TAE
V2527 J BNl R % LA T IRAS TS KU i e 28 JE
(21

MR Tl K2 i s B AR AR 20 sy T3 F
Z HM BT EUR AR B R I 2 R 48, 4811 T T
Sy DN B DU 2R SR T R e SR Y

AR : hitps :// cjam. xjtu. edu. en  BUFART B J12% 254k



28 A R == SR

F43E

(RS AR AL R IR o P T80 RS AR S BR 1Y
N AR AR RS Ak B R A P R PR, A
B TCIE S K S e 5 IRl 47 7 2544
AR S Y AEL A TS HLEOR 5 R | PR {5k B
TR A & | X M7 IR AR R S LE 5 I 45
AR M55 4 B A2 W 5 A ) R R A TR

‘E
Q

Bl 21 JET DIC BRI R % SR i R A28
Fig. 21

Deformation measurement of engine fan

blade based on DIC technology "

6000

RPM/~ IR/ B

XUH A ﬁ
WARS
—]
Ak
(@)

WO A -$0R e 5 R ¢ ——

(a) ¥ 7 M A AR & T 5

(b) BEALRE I L5
P22 T H R (R R 3]
i A

Fig.22 Deformation measurement of engine blade

based on multi-vision digital image '’

4.1.4 FRHENRS%

75 K& 5F (acoustic emission, AE) J&=48 #4 K} N 3 Y
I 7% B8 LA i i AT B R4, BiPR 2
I e S 5 BRI R B N A BB R T AR AR
TR SRS,

S JEATBHE 2 A ARG i ack R v 2 7 2R P R S IR
G R RSB T R R 495 W 1 4 T

BEFBL A R ML R S BRI ke 75 8 A% B, R IR
TR Bl AR R AR A1 L, RENS SE X & B AL g 7 fgt
FREDR 25 Wil 5 B2 1

KRR KA S S EA R sea i, LT+
SFrEmtE] S SRS T S S R GRS
AEHME S S5AHBUER R IRE TG S50
AR B R, RS DR EL, S50k
ZEIS] O TANDON 25050 YR [ # | doke g 2 A8
AT T, R FH AR AL B85 XV 3l il 7k o1 P
B A 7 R S R AT I A 5 43 A, S 4 TR Bl ok
HEEIL W, ELMALEEH 25057 20 1 Sz ) ik i b K 114
RS W | FA T T A AT LA F O e B A M X 56 R 47
T AN [ b R 5 B e S A 5 A T AR HE 20T

A5 HR LSRR R R G & sl L
FRORZASZEAT W, A IRAE A5 5558 B A SUE
SI845 5 HOF S R R S B0 A RO R B Kk s Lt
RRFIRT, SIGHT > X R g8 5 Il SR FH
TR T L R A W 5 T A 0 55 75w
T, kw0 SR K SRS S e,
X BIAIL 3 SR g SR G B E A T AT, SR TS &
LIRS TSR ISWT, SR AE R T
220 P R SR SIS PR e o A i)

4.2 SEMEREHHERENT A

M AL S A S AL HLAS H | AR R
55T AR SIPLBAR Y | o B4 USRS AL | 52 B ECE
RAAL R 5 BRI S IS AU | P R
SRS T R AL G A, B AT T
DLAIIBATIRE S A, B2 on IR RS AE , AR 1%
SRR A EAEHLE MU SRR SN 5 FF AR %,
WO B2 2%, T i St R R A I TU3) R R AR
SRS, RS 2 7 kB 28 A 5 R AR AR EL G IR
KF o 23 AN R AE SR O A 026

FAESEER T
R4k

it ;"ﬁ 1| |7
{f o i | | )

23 KB HLHUGE BRI SO 523 26
Fig. 23 Aero-engine mechanical fault feature extraction method

ETESZRERGI I X 0 K s PLEs 1

I A

&
Bl
e
&
i

AR : hitps :// cjam. xjtu. edu. en  BUFART B J12% 254k



51 3]

SR T e B AILEE R fE IR 285 M I 5 DA F 5 20 29

FREARAS , DYER 4500 1 X6 il 7% (14 ft J3 bR 25 46 T i)
R, B R T e o RO VR R AR Ak T
ALFREDSON 25 471 AR Ak HUKE 1 07 42 (RMS) (16
B 0 e R g S e 3 S 0 A T R &5 4
RS AT 245, AGE S B SE R 1T
SE LAV ff 2 07 ik o R R S IR0 A e A R
FHEE T HHURRNE S BUR R B I (0 T ik, oA R
FEMETR A RRAE | BENS B S B R 1A %

H s D2 k| 8 15 ok A g A o 7k 450k
AT AR IE B T, 300 S0 v S I ol L A i 11
A i PR T 3 U0 T o B 380 0 3 v, 4 S
AR IARAE S BOGERT! ™ Jy 1 52 B X J& 10
PR RO B, 3 1 T 3 T T R vk 4 4R
L . HARTING' ™Y 42 1 56 L IR i 7 43 B
BT, SE BT LR {5 5 bl B AR fi JH . AB-
BOUD %1 ot i 78 ke R 1F 412 B A 4 ), 2
HR SR T R A O ) T R AT

A3k AR AR B O SR X A BRER AS R T B
R AR FHRICR (A TG SE I RS (5 5 B R
PRI & B T Be 0% FAE Bk 2515 5 10 8 i JE o AR
Bl 2 u NP AE T Wigner-Ville 43 At 45
AP B U . EF 3T HRLR M R G M5 5 I RE
PEHR R, [ N A R T, BEE P
e ORI (122 35 HOZEEE H B AS [5] il 4003k, £
TR PRS2 X HUARR & PR S Wl vp . Fi2
SR FH T HES R 0 BRI 7 B S B T i as R
SHL RS 2T

Bt AL AR R & K AT A AR
Berp = Az g 208 A (PR3 N IR
FE 77 Bl PR ) BR AR R X K sh ML F fd IR 2
H R EE AN B RE P B0 Has 1 vl AT, it 2
A N IS K= N7 €7 o Y NI S EX =R O R 3 =i
UREYE A T Ve A B b PR Bl O S (|
AR RN [R] A58 AN (] ek [ 2R ) A% Bk A 5 4
PRI ROCIE ) Bl R AE B IO 7 2 J5 0 B i
N BRI B A 2 AR 2 3 R A% 24 2T B9 A% 0
A, R HEE TR 2 > W A SRR3R Bk ae
WO AR ML Z AR T TARE BT, LR AL A
SRR B T A 327 2] B RO RRIE R 8 o 1 A
FRZR 2 77 T R K R AR b, e 5 H
b (AN BRI Y ) Jc A G R AIE 48, R AR 2 3, skt
B AEREIOME™ S 51N, 38 o R BE S ) R S HLAE S8 B
RATHE B 0 1 fig R R A, S B ) A5 A T

LT e A K B ALY (AT IR G, AL
BRI — R F] R G, B 42 4 B AR vk B
FIERZR AT s BRI AL & 27 > B b A 32
> AR F 0 RIS W R IS A L KR
GO R ST FRIE Ak, 5 800 K Sl 1 A2 A
HARHR NI, 3 i AR TR R R R ] SR TR
S SESCHEROR  IEHE SRR A 4 ORISR YAy 2 i B
A3k HOREHERG T [ e s e 2l i — AW i AL
0 L R, e B E I B2 K0 HlE v 2 T, SCRETR
Z PR A SO Y BB B AL R
TS BRI AT HE | SR A R T

4.3 RENERBRRKITETE

A0 A 2 i RREDR AP At r U i 7 e i 0
BRSO AN " R SR TR PR RE )y, $ R KLY
FHA IR RATATEE 52 42 SO 23 K shHLIE e T
A EEEZE X B 24 NPT A &SPl
fERRE ARG T5 58 3l i K shPLR R 1F Pl & 52
55 RAT IR R S BRAS F AR S K f) R A 5 Ak
A S X 7 A /3 DR 2 S T 4 A B/ e
ARESFVE T 3k | e R LIRS HLEE AR ZS 19
IATAR

KAWL KR i R
KA S B EE |Mﬁﬁﬁ%@||ﬁ@$§%@|

B FRGA M

A

B e 7Tk
A

KR PR 7 vk

b E2Y (R RFR TN

[ | [wonmoonn]
B 24 k& shAILas R fe B W i A PEAG 5 2

Fig. 24 Aero-engine SHM and evaluation scheme

SR FAR S AL 7 X E AR A R & 1
AR A G 5 (g B B I AR, 10 & B2 T 2 R
SR BETTA o HAE 18 5 AT SEPEKOF- | B A
ARASTFEY ST TOhRUE P, PEAL 45 R 22 S v K HEf
JEBZ AR E T R R PP AN I T & S AL

AR : hitps :// cjam. xjtu. edu. en  BUFART B J12% 254k



30 A R == SR

F43E

IIBHY TR LR A T A5 3], 0 SR 45 4 f
FEFLEE AL e S B R e bR 25 i 18 3 o ft
R R A 75 3 A S R, S v e o 2 4 DAy %
i TR AT FRCIR B B TN | i B2 i 15 4 1
P

Pl 25 s K sh LG 1 28 Ge 44 it RRE VP A 5
TR, SR P T LN A5 TR ) ft R B R M 2 D 12, B
R YA ROIRZS T A58 22 XU, I %o 4% 22 K dle i B
AP ICRAAE s AR RS TR A 25 A R AE S A 2 5 I
ZE [0, BN R SRS 7 2R Ge e 1E W TARARDL T i 4
FEFHELR , HEAT R S HLAS H 2R G A BEARZSPEAS i, )
PN A IF PPAG B 5% 22 , O 32 BURFAIE 25 iU
LA, Z 5 T S I E | 1330 iR 2 e B
LR [H] (¥ T QR 2 R )3 — A S e B2 7B K
LA GUEHOIRAE AL SR . X T R SR 1
bGP DS PR P R AT B0, AT H) 4 A [+
(G HETAG R A T VP, RS AE) BRI s
BT ZR ST i FREAR 2 VA ) AL, 3 o 52 () 96 ik 1 45
B SCHA R [F] 2R G A BRSPS 7 58, i ar 1 2
F ] 28 R 45 ( GRNN) (0 U830 21, 5 ) gk
FREPR 2SI ) S At RRE R 2, ) UL 00 45 0 JBC I Sl
ZEIFAERFIE 81, T Y BPRAS 5 A R AE 1
PRI B I UR — 1k o i B 2 e o D PC R I 5 3% T
DUIERE DA

BT PLAE A PP AR TR AN
H T SRR ) A A HLGE BEIR S R h

LCE ) p——
] i 2 K4 }—-{mwxmz&l

| lmﬂi | &
wom S Wy
| BE | (44 7 1)

i

e | BEHR [ LR
*| ok H 5 H B
LT B B SR AL (R A5 A

% L RS

J/ﬂlﬁ! ]ijﬂfﬁffﬂ — g | HdEa A

) |:> L |;‘>|vr~mww¢;@\
Afe

Liftn
T VL FCAE R A TSR

125 iz K sl AR G K e B A A AL 40

Fig. 25 Aero-engine system structural health

assessment model framework
fizs K SILAE BT AE = el K S A
H A RN AT R N R (AR 2 ] H AN T
FEPE SRR 22 57, BT 0 2 6 RSBl AT g it
SL R GEAS A A RV AG PEAS AR, N — 2 1 T

TEAMRZE S B 55 R SRR S TG . AR T
SRS ST R A A AR I, 455 LA R
SHLHA ©AT S 40T S5 S Rl 7 e B R Ak A
AR AESEAT X AN DT TC , 15 T 52 3% S ML 45 4
B 12 WA FRER S B 5 3P4

5 & it

AHITFE T S SR IR 285 M 0 45 Al B A
T RS AT € L aiafT, M
FAARITAL S5 58 R | AR 4 7 i Jo) 90 040 91 388 L 1y 4
BVE s RGBT AL S R S BILEE A R 2 s I 5
TR FE R SR AL R W R 585 07 1 ML R0
FHIESE U5 75 5 i FROIR 2 P A 7 1 AR O W SE i e
Xt A SHLAS I RS W I -5 PEAS B AR SR 1) K
&, HA — MR,

FI RIS K SAILEE R B R i 5 A 2 A —
P SEREAR A AR R I2 B J5 1 |t RRECIR S
PORFE—LE K S PLAL S B R T ATl
2R BWURBAR bR | AT 2 IR A 2%
PR SR, 25 B2 & sh LAY i il SE P R 2Rk 1L . 5
HEfr B REE T A R R, R s LA R A T M L
THEARTIAFEARZ R

1) s K shpLe RAT IR S s IR A P Y 25 F ) 2=
B AL R A AR MK S BT I s RO 5 0
A BRI EEE 22 A IR 7R S PR kAT, TS
LA ITIR , A s AL o0 553 007 B 14 15 T AR A7 A
TSR ICIE A sl OO0k IR E 5 AL, X e sh bl
TE i e P e AT S AR R 0 A5 A B I
DTG SR , t HEA T S A% S A 58 140 2% R S B 45 4
WFSE , TR I 1) A i B AR 1) A A A% S S T AP B3 T
L5k 5 AL I — IR AL T i, B A IR A K B AL
PR B4 i L SRR A i ERE s £ B
HLESFI SR 3 45 07 B AT BR [R)RE, 75 DA 4y B A SR )
VB U A, T 5T SR R T AR 4 5
SRR S R US| S A5 BN A5
7B A BRI , S BT AN ] 02 B [ 4 ol 0
(I, AT R T K 20 A O A i A5 TS A 1 12
Wt , SRR A SR Bl ) e I 0 e A Sy 5 A2 s
IR R GRS A F2BRE T, MR
e 1 Eafife.,

) TR Z R 2K SRR R LT
i Je SRS A B RS | Wy B RY ) A 1 A2 B, Y

AR : hitps :// cjam. xjtu. edu. en  BUFART B J12% 254k



51 3]

SR 2 K SHLAS AL il HREIR S W S A B STt e 31

TERSBRS BB AR R B e W] 22 80 H A B
T 2 SRR IR B Sk i s A S AL E A fekt B
RS M D05 PP PO R A R R 1) AT 52 0 Bl
Y2 RSN 5 0Pl B i PR AT, fof 2 Sy B T
AT BRAZYC QAT B 25 1 72 R JEE T -5 PP A A B 2
RA S SRR EE S s BUAT 1 K B HILAS R IR A T -5
BEI2 Wi 25 2R T SR R R S J O AT 5T, T
KB HLEE R )R Z RIS A i i S — S8
I EEATHERG N A , AL AR SR S 2 2RO
YERE 2 W 23 M KO B Rl 02 R R R
e RS SR R il & Bk AL I 2 T IR 2 T Y
RS RE I 256 W B AL 5 B0 OK 2h i
B3 I ) /IR A RUAS B R P P R 5 502 | T 1) S
ERSPUES Qg NI E g Aol S e R

3) NTRBER L (PLav 2~ Bz i AR
W ERKRG) KR WG E = P E A
TR BRSNS 5 K SLAS A S AR S 0 5 1A
R R RS, PR, Ry AR A e S B A1 2
ORI A A BE A 2R AR, R SR R M T
Z W BRI AL S {5 RS AR B R B SR
NGRS = 0 F) R K RE NS Ak DRALBOR 82 1
i TR SRR SE R 57 i SR AL A i
IO PR A B AR e R kAt e S Pl T R
FE0AE AL ST REAE DU e sh WL A 96 12 Kbl P g
AR REAL RS TR 58, B 22 A AR 0 3
PR TE R YR SRR B SR T 258 R SR R 4 42
it A8 e 28 S B S HILAS A B B0 RS VT RS
A A VT A DS, T SE B =S K shPL kAT
T m AR P A TR (8 R o A 5 AR
PRI AR B R 5 UK ShHLAS A RS
FLLR S AT TR S LA M SRR SE I R A
PR VEAL , 25 5T AT Z s B ROR, 2
iz AP AT R — A B R SR

SE 3k

(1] THm. £ %58 [ 2000 % e 3R I A e RRAE Bl (7], Ry
Ak,2007,16(8) :14-15.
MA Libin. Draw on the experience of the U. S to develop China’s
health management industry[ J]. China pharmaceuticals, 2007, 16
(8) :14-15(in Chinese) .

(2] T, k5N, THbEL RE @RS LRELT].
A BEAR,2012,23(5) : 10-13.
MU Tongna,ZHANG Xueyan, YU Hongmin. Connotation and de-
velopment of equipment health management[ J]. Journal of Acade-

my of Equipment,2012,23(5) :10-13(in Chinese).

A M35 htps : // cjam. xjtu. edu. cn

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

HEATON A,FAN I S,LAWSON C,et al. Integrated vehicle health
management and unmanned aviation[ J]. PHM Society European
Conference ,2012,1(1) :1378.

LR NG, E R fEs K S L TR0 R R ST Y
KRR T]. Wiz 30 154 ,2009,24(11) :2589-2594.
JIANG Caihong,SUN Zhiyan, WANG Xi. Critical technologies for
aero-engine prognostics and health management systems develop-
ment[ J]. Journal of aerospace power,2009,24(11) :2589-2594
(in Chinese) .

HOH. RUR SR R A B P 1 A i O 5 A8 D R Oy T
FE[D]. BE MR ATE AR KA, 2008.

MERCER C R,SIMON D L, HUNTER G W,et al. Fundamental
technology development for gas-turbine engine health management
[EB/OL]. (2007-05-08) [2025-01-05]. https://ntrs. nasa.
gov/ citations/20070022364.

WRI W, ERFie , ks, 55, WS R S L RE s BB 5T 0 J K
JEER[)]. PR (HARIE) ,2025,55(8) :1255-1280.
CHEN Xuefeng, WANG Shibin, YANG Zhibo, et al. Aeroengine
health management ; progress and future trends[ J]. Scientia Sinica
(technologica) ,2025,55(8) :1255-1280(in Chinese).

WA, Z PR A SO BRI 5P L[ D). B A B
FOLZS JE R R, 2020.

FOX J J,GLASS B J. Impact of integrated vehicle health manage-
ment ( IVHM ) technologies on ground operations for reusable
launch vehicles ( RLVs) and spacecraft[ C]//2000 IEEE Aero-
space Conference. Proceedings. Piscataway, NJ, USA. IEEE,
2000:179-186.

N B RS B A . A SRS IR R JH R GJB
3872A—2022[ S ]. JbAt. [ 5K 4 AT b o )RR AT O 0 AR
2023.

B R M F-35 BT HRE PHM N 58045 [T]. #r
fH T#2,2012,31(6) :298.

ZHAO Jian, LIANG Zhijun. The PHM application and efficiency
from the items F-35[ J]. Value engineering,2012,31(6) ;298 (in
Chinese) .

BYER B,HESS A,FILA L. Writing a convincing cost benefit anal-
ysis to substantiate autonomic logistics| C]//2001 IEEE Aerospace
Conference Proceedings. Piscataway, NJ, USA: IEEE, 2001 ;3095-
3103.

WILLIAMS Z. Benefits of IVHM: an analytical approach[ C]//
2006 IEEE Aerospace Conference. Piscataway, NJ, USA . IEEE,
2006:1-9.

SOUHME, W BT U0 R S PL A R AE TR A e IR K
HARPMARRBIIEL )] MFEHAR ,2016,35(4) < 1-5.

CAI Guangyao, GAO Jing, MIAO Xuewen. Current situation and
indexes of prognostics and health management system for aero-en-
gines[ J]. Measurement & control technology,2016,35(4):1-5
(in Chinese) .

ASHOK N S, ROBERT W M, CLAUDIA M. Integrated vehicle
health management[ R]. 2009.

VICHARE N M,PECHT M G. Prognostics and health management

of electronics[ J]. IEEE transactions on components and packaging

Bl A AR B B 12



32

IS

F43E

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

technologies ,2006,29( 1) :222-229.

VACHTSEVANOS G,LEWIS F,ROEMER M, et al. Fault diagno-
sis and prognosis performance metrics[ M]//VACHTSEVANOS G,
LEWIS F,ROEMER M. Intelligent fault diagnosis and prognosis for
engineering systems, et al. Hoboken,NJ, USA; John Wiley & Sons,
Inc. ,2006:355-399.

AR, W RS AE R W B RPFFE[ D]
ftzS i R KA, 2010.

WORSFOLD M, ASSEMAN P. TATEM’s contribution to a future

[P0

health managed enterprise ( Overview ,context and emerging opera-
tional needs) [ C]//2008 IET Seminar on Aircraft Health Manage-
ment for New Operational and Enterprise Solutions. Piscataway,
NJ,USAIEEE,2008:1-9.

KOOP W. The integrated high performance turbine engine technol-
ogy program[ Z]//BE97-7175. [S.1.]:[s.n. ],1997.

LITT J S,SIMON D L,MEYER C,et al. NASA aviation safety pro-
gram ; aircraft engine health management data mining tools roadmap
[ C]//Proceedings Volume 4057 , Data Mining and Knowledge Dis-
covery ; Theory, Tools, and Technology II. Bellingham, WA, USA :
SPIE,2000.292-298.

ZUNIGA F A ,MACLISE D C,ROMANO D J, et al. Integrated sys-
tems health management for exploration systems[ C]//1st Space
Exploration Conference ; Continuing the Voyage of Discovery. Re-
ston, VA, USA : ATAA ;2005 ; ATAA 2005-2586.

FIGUEROA F,HOLLAND R,SCHMALZEL J, et al. ISHM imple-
mentation for constellation systems [ C ]//42nd AIAA/ASME/
SAE/ASEE Joint Propulsion Conference & Exhibit. Reston, VA,
USA: ATAA ,2006: ATAA 2006-4410.

CLEVELAND G P,TRAMMEL C. An integrated health and usage
monitoring system for the SH- 60B helicopter [ C ]//Proceedings
Annual Forum of the American Helicopter Society. [S. 1. ]:[s.
n. ],1996:1767-1787.

TEAL M L. Health and usage monitoring on the international CH-
47D [ C]//Proceedings of the American Helicopter Society 53rd
Annual Forum. [S.1. ]:[s.n.],1997.

POWRIE H,NOVIS A. Gas path debris monitoring for F-35 joint
strike fighter propulsion system PHM[ C]//2006 IEEE Aerospace
Conference. Piscataway,NJ,USA ;. IEEE,2006.1-8.

POWRIE H. IDMS and EDMS performance during gem engine in-
gestion tests’ smiths internal report[ Z]//SHL1490. [S. 1. ]:[s.
n. ],2001.

REREE. DN F-135 R B HLE AR RRAE i B2 I 25 R S L 448
TR R RS (0], Mz i 5 T2 ,2015(10) :41-44.
TANG Minfeng. Look forward to the trends of military aircraft en-
gine maintenance support mode from the technical characteristics of
F-135 aero-engine[ J]. Aviation maintenance & engineering,2015
(10) :41-44(in Chinese).

B2 MICHAEL G P, PR, BB 5 (i Hess 3 ( PHM) 3
AREGBUR SR IE[T]. Wiz 224, 2005,26(5) :626-632.

ZENG Shengkui, MICHAEL G P, WU Ji. Status and perspectives
of prognostics and health management technologies[ J]. Acta aero-

nautica et astronautica Sinica, 2005, 26 (5) : 626- 632 (in Chi-

A M35 htps : // cjam. xjtu. edu. cn

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

nese) .

GILMORE D R. Assessment of augmented electronic fuel controls
for modular engine diagnostics and condition monitoring[ M]. [S.
L. J:[s.n. ],1978.

DEMOTT L R. TF41-A-2/A7E inflight engine condition monito-
ring system /TECMS) [ C]//Aircraft Systems and Technology Con-
ference. Reston, VA ,USA:AIAA,1978.AIAA 1978-1472.
DOANE P M,KINLEY W R. F/A-18A inflight engine condition
monitoring system ( [ECMS) [ C]//19th Joint Propulsion Confer-
ence. Reston, VA USA:ATAA 1983 :AIAA 1983-1237.

B, s RSP WT IR A FORBE S (D], B
A AR K, 2009.

SPETH R H,SCOTT B C,LOUIS M St,et al. F15/F100 engine
diagnostic system[ C]//15th Joint Propulsion Conference. Reston,
VA ,USA:AIAA 1979 ATAA 1979-1201.
TEAERS, PN BRJBAR. R S HL R B2 T Ay 2 PR R [ )]
ALz 4%, 1993 ,14(12) : B59S.

FAN Zuomin,SUN Chunlin, LIN Zhaofu. Primary factor model for
jet engine fault diagnosis[ J]. Acta aeronautica et astronautica Sin-
ica,1993,14(12) :B595(in Chinese).

sk RAMIE LIRS A2 W R G ()],
Z5 5 I35, 1994 ,9(4) :339-343.

ZHANG Jin. A condition monitoring and fault diagnosis system for
civil aeroengines[ J]. Journal of aerospace power, 1994,9 (4) .
339-343(in Chinese).

BhEEIE, 18 4, (1 . Rolls-Royce %& shHL 3k £k #2548 7 1%
[J]. LR E R 5E,2010,16(10) :2265-2270.

ZHONG Shisheng, CUI Zhiquan, FU Xuyun. Baseline mining
method of RR’s engine[ J]. Computer integrated manufacturing
systems, 2010, 16( 10) :2265-2270( in Chinese ) .

KD RBHE k. BT 2 ou& vk mIA M R SIS
B[], Wizsgh J1oE4i,2009,24(2) 427-431.

SONG Yunxue, ZHANG Kexing, SHI Yongsheng. Research on

Y,

aeroengine performance parameters forecast based on multiple line-
ar regression forecasting method[ J]. Journal of aerospace power,
2009,24(2) :427-431(in Chinese) .

ZEAF BRI B 6E . BRAA SAL Y R S Rt B M L HE
BRI ], 13 TAREAR R4, 2006,20(2) :108-111.

LI Yongping, CHEN Minye, ZHANG Xingyuan. Parameter selec-
tion and queue rules research of civil aviation engine performance
[J]. Journal of Shanghai University of Engineering Science,2006,
20(2) :108-111(in Chinese).

WANG J R,HUANG D W,SU Y Y,et al. Aeroengine health as-
sessment using a web-based grey analytic hierarchy process[ C]//
2008 International Conference on Computer Science and Software
Engineering. Piscataway,NJ, USA:IEEE,2008:411-414.

Eb RRITF- i as A sh AL & AU A A R 52 i g 57 45 i
(1], o RALABE 24,2004, 22 (H4H) 1) £ 157-160.

WANG Shuai, KANG Liping. Establishment and application of the
comprehensive weight queuing system for aero engines| J]. Journal
of Civil Aviation University of China,2004,22(S1):157-160( in
Chinese) .

Bl A AR B B 12



551 SR s e ShHLAS R fE R 5 I 5 DA St 33
[42] WANG H W,GAO J,LIU Z Y. Maintenance decision based on da- SHAO Fei, YANG Ning, SUN Wei, et al. Research on spacecraft

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

ta fusion of aero engines[ J]. Mathematical problems in engineer-
ing,2013,2013( 1) :628792.
W2k, Selt AR [ M].
2014.

TRALHI. A A I 1Y TG 2 A% R 19 2% R 42 R BEBOR WP
[D]. HP TP, 2012,

TRV, 0 A8 L 5 1 R i H AR 17 e R B i
ik,2011,37(2) .87-91.

SHEN Guanlin.

AL P EBEROR K A

MLI]. HEw
New developments of strain gauge measurement
and transducer technique and applications in all kinds of engineers
and domains[ J]. China measurement & test,2011,37(2) :87-91
(in Chinese).

TEGTMEIER F L.
sis in building structures[ J]. Measurement,2008,41(10) ;1144-

1151.
mk.

Strain gauge based microsensor for stress analy-

FEL BEL R A5 R 2 JR g St 1 T B ———2 78 ri LRz AR e A
70 JA4E(1938-2008) [J]. fij#%,2009,38(4) :46-52.

YIN Fuyan. The review of electronic resistance strain gage develop-

ment history
been for 70 years[ J]. Weighing instrument,2009,38(4) ;46-52
(in Chinese).

K. IR AR T UM 45 4 S 8 Ak SO sE (D]
FH « 2k B A 2 i R K 4%, 2023.

SCHEUREN W J,CALDWELL K A, GOODMAN G A et al. Joint

commemorate electronic resistance strain gage has

strike fighter prognostics and health management [ C ]//34th
AIAA/ASME/SAE/ASEE Joint Propulsion Conference and Exhib-
it. Reston, VA USA:AIAA 1998 :AIAA 1998-3710.

SHIOYA T,STRONGE W J. A study on foreign object damage of
rotating fan blades [ M ]//KAWATA K, SHIOIRI J. Macro- and
Micro-Mechanics of High Velocity Deformation and Fracture. Ber-
lin, Heidelberg: Springer Berlin Heidelberg, 1987 :327-336.
DrélE. BT HUE Y AR B s K S LREFE R R U [ 1], =%
TRERZAZAR (A ABIEERR) ,2019,20(3) :22-28.

FANG Jianfeng. Aero-engine rub-impact fault identification based
on casing strain in ﬂight[]] . Journal of Air Force Engineering U-
niversity ( natural science edition) ,2019,20(3) :22-28(in Chi-
nese) .

Weue, ok . i AR Sk f A S i S ALK R M 1
TRAILT]. Bl2EEAR 5 TR, 2022,22(3) £ 1286-1291.

TAO Ye,ZHANG Shuai. Foreign object impact monitoring and i-
dentification of aero engine fan based on blade strain measurement
[J]. Science technology and engineering, 2022,22 (3) ; 1286-
1291 (in Chinese) .

VEHEY TR BRI, SCHE, S S S LT A 2 I Ak e T
[T]. WLMHERE 2019,41(3) :696-701.

XU Yanzhi, LEI Xiaobo, WEN Min, et al. High temperature load
measurement for nozzle component of a certain aero-engine [ J].
Journal of mechanical strength, 2019,41(3):696- 701 (in Chi-
nese) .

K, AT N A R TG A SR O e A f PR
MFFE[I]. UK A TA2,2018,27(2) :95-103.

A M35 htps : // cjam. xjtu. edu. cn

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

A

structural health monitoring based on optical fiber sensing technolo-

gy[J]. Spacecraft engineering, 2018, 27 (2):95-103 (in Chi-
nese).

JEIAELAE RERNI, XIWISE, 45, HUBCGR ZEGL M 431 225 e il
SLWHBLR SR T]. HURC TR 4, 2013,49(19) ; 55-
69.

ZHOU Zude, TAN Yuegang, LIU Mingyao, et al. Actualities and
development on dynamic monitoring and diagnosis with distributed
fiber Bragg grating in mechanical systems[ J]. Journal of mechani-
cal engineering,2013,49(19) :55-69(in Chinese) .

THEMG. BT DU HEIE A RS G A Y = 2 O A O 1
[D]. WA/RIE  MA/RE Tk K% ,2018.
HILL K O,FUJIT Y,JOHNSON D C, et al. Photosensitivity in opti-
cal fiber waveguides application to reflection filter fabrication[ J].
Applied physics letters,1978,32(10) .647-649.

GARBOS R,MOUYOS W. X-33/RLV system health management/
vehicle health management[ C]//39th ATAA/ASME/ASCE/AHS/
ASC Structures, Structural Dynamics, and Materials Conference and
Exhibit. Reston, VA, USA:AIAA ;1998 AIAA 1998-1928.
PAYNE F P. Photorefractive gratings in single-mode optical fibres
[J]. Electronics letters,1989,25(8) :498-499.
FEEA. FET AT EOCE A BB 1 ) A AR AL
Kt R TR ,2018.
ARARAR. A XOLEF IR E Rk
DL AR R, 2015.
PRIGEAE , 207 R, W65, 4. HIEF N Bragg Selik AT sh 2 A2 il
WAL ], AiESTHEAR ,2002,22(6) :3-7.

CHEN Xiaomei, LI Xinliang,ZENG Wu, et al.

P D].

AGEPAOIEELBID]. K

Investigation of fi-
ber Bragg grating for dynamic strain measurement [ J ]. Aviation

metrology & measurement technology,2002,22(6):3-7(in Chi-

nese) .
kR, BT . S & shALHDREr i Ik s A% AR 3k 1 ik
LT o E R FREFIT B4, 2011,6(2) :217-220.

ZHANG Cheng, ZHOU Lei, HU Wei. Development of the optical
fiber blade vibration sensing probe for aero-engine[ J]. Journal of
China Academy of Electronics and Information Technology,2011,6
(2):217-220(in Chinese).

A, TR ER e AR R MR D]. &
DL UL TR A%, 2021
SABOL S M, SUBRAMANBIAN R, KULKARNI A A. Apparatus
and method of monitoring operating of a gas turbine US, 82359 B2
[P]. 2009-09-01.
BEHBAHANI A R. Need for robust sensors for inherently fail-safe
gas turbine engine controls, monitoring, and prognostics| C ]//Pro-
ceedings of the International Instrumentation Symposium. [S.1. ];
[s.n. ],2006.
SIEZE SIS (e, MEMS HORTER RE AU 2s A s HLH A9 B
FABFFE IR w5 [T]. WS 3h 1244, 2012,27(6) : 1210-
1217.
YAN Xiaojun, ZHANG Kai, WU Xiaoming. Opportunities and

challenges of MEMS technology in the environment of intelligent

AL AL S



34

M

F43E

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

aero-engines| J]. Journal of aerospace power,2012,27(6) :1210-
1217 (in Chinese) .

B 2R, MEMS 771 & J58 #a 355 b e AL SO i 5 [0 ]
UK Tl it 5 B i ,2025(3) < 1-7.

ZHAO Li,LI Genzi. Research on the development trend and stand-
ardization strategy of MEMS industry [ J ].
standardization & quality,2025(3) :1-7(in Chinese).

KT T MEMS AR a2 TR RE TN IL]. IR
4594 71,2023,6(3) :19-21.

ZHANG Dingyin. The application of MEMS sensors in automotive

Machinery industry

electronic control systems[ J]. Automobile and new powertrain,
2023,6(3) :19-21(in Chinese).

Ea e, 0K W, AF IR MEMS g BB B
JEE B AR T]. IJJHJ/TH'%«?MT%?&,ZOZS ,31(2) :71-87.
WANG Jintao, LIU Fei, CAO Huitong, et al. Research status and
development trend of silicon resonant MEMS accelerometer [ J .
Journal of functional materials and devices,2025,31(2) :71-87(in
Chinese) .

WOIKE M R, ABDUL-AZIZ A,BENCIC T J. A microwave blade
tip clearance sensor for propulsion health monitoring [ C ]//AIAA
Infotech@ Aerospace 2010. Reston, VA, USA; ATAA,2010; ATAA
2010-3308.

DUCLOUX O, VIARD R, TALBI A, et al. A magnetically actua-
ted , high momentum rate MEMS pulsed microjet for active flow con-
trol[ J]. Journal of micromechanics and microengineering,2009,19
(11):115031.

SPARKS D, SMITH R, CRUZ V, et al. Dynamic and kinematic
viscosity measurements with a resonating microtube [ J]. Sensors
and actuators a;physical ,2009,149(1) :38-41.

GRAUER F, FILIPOVIC D, PFOERTNER H. Application of
MEMS in turbomachinery [ C]//RTO AVT Symposium on Novel
Vehicle Concepts and Emerging Vehicle Technologies. [S.1.]:
[s.n. ],2007.

Zfl, F, EREL BT MEMS 22 50 XU & s LIRS il &
FE[1]. WU, 2018(5) 1 132-133.
WU Qian, WANG Wu, WANG Minhui. Engine condition monito-
ring system based on MEMS microphones|[ J]. Electronics world ,
2018(5) :132-133(in Chinese).

SADLER D J,AHN C H. On-chip eddy current sensor for proximi-
ty sensing and crack detection[ J]. Sensors and actuators a:physi-
cal ,2001,91(3) :340-345.

AZEVEDO R G,JONES D G,JOG A V,et al. A SiC MEMS reso-
nant strain sensor for harsh environment applications[ J]. TEEE
sensors journal ,2007,7(4) :568-576.

AMINI R,GAYDADJIEV G,GILL E. Smart power management for
an onboard wireless sensors and actuators network [ C ]//AIAA
SPACE 2009 Conference & Exposition. Reston, VA, USA ; ATAA
2009: AIAA 2009-6815.

ZIMDARS A L,BOSE P. Optimal control of wireless sensor net-
works for structural health monitoring [ C ]//ATAA 1st Intelligent
Systems Technical Conference. Reston, VA, USA: ATAA, 2004

ATAA 2004-6460.

A M35 htps : // cjam. xjtu. edu. cn

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

A

HUDAK S J,LANNING B R. The influence of uncertainty in usage

and fatigue damage sensing on turbine engine prognosis[ R]. War-

rendale, Pennsylvania ; Materials Damage Prognosis,2005.

B, SGLF i IE AR [ D], RS WA R TR

2,2019.

EFE R SE I Oy AR E AMIUZS R S HLIT b Sl e e
MEFBALT]. MERHEEIR ,2013(6) :5-9.

WANG Ping. Application review of blade tip timing method for for-

eign aero-engine blade vibration measurement [ J]. Aeronautical

science & technology,2013(6) :5-9(in Chinese).

XA, hEAK, S, HOLZ BRI R SR (1]

Z=i5,2014,35( 12) :1-5.

LIU Jiekun,MA Xiushui,MA Xie. Review of laser doppler vibrom-

eter[ J]. Laser journal ,2014,35(12) :1-5(in Chinese).

MOREAU A,BORZA D,NISTEA I. Full-field vibration measure-

ot

ment by time-average speckle interferometry and by doppler vibro-
Strain,2008,44(5) :386-397.
RUSSHARD P. Development of a blade tip timing based engine

melry — a comparison|[ ] |.
health monitoring system[ D]. Manchester; The University of Man-
chester,2010.

TR Bk, A A TR R AR S R B R T 5
BRFEL )], ACREARS /R ,2002(2) :44-46.
WANG Yuhua,DUAN Fajie, YE Shenghua, et al. New technology
investigation of rotor blades vibration measurement[ J|. Instrument
technique and sensor,2002(2) :44-46(in Chinese).

Hood Technology Corporation. Overview of blade vibration monito-
ring capabilities[ R]. 2010.

VON FLOTOW A,MERCADAL M, TAPPERT P. Health monito-
ring and prognostics of blades and disks with blade tip sensors
[C]//2000 IEEE Aerospace Conference. Proceedings ( Cat. No.
00TH8484). Piscataway,NJ,USA:IEEE,2000.433-440.
CARDWELL D N,CHANA K S,RUSSHARD P. The use of eddy
current sensors for the measurement of rotor blade tip timing: sensor
development and engine testing [ C ]//ASME Turbo Expo 2008 .
Power for Land,Sea,and Air. New York,NY, USA.ASME,2008 .
179-189.

CARDWELL D N,CHANA K S,GILBOY M T. The development
and testing of a gas turbine engine foreign object damage ( FOD)
detection system[ C]//ASME Turbo Expo 2010 Power for Land,
Sea,and Air. New York,NY,USA:ASME,2010.331-342.
WRBH . BT -2 I A e &% 1 1 I Sl R B 2 Bk B R
[D]. KHKAKE, 2011,

BB, AR g A A S-SR M B ARk
WFgELial [ 1], i 274R ,2022,43(9) :74-100.

DUAN Fajie,NIU Guangyue,ZHOU Qi, et al. A review of online

AR

blade tip clearance measurement technologies for aeroengines[ J].
Acta aeronautica et astronautica Sinica, 2022,43(9) :74-100 (in
Chinese) .

XUt AT, R, 45 RS MBE R b IR R AR
TR RS EORE R PR R T [T]. BRI 5 5T,

2015,28(2) :45-48.
LIU Meiru,ZHU Jing, TENG Guangrong, et al. Non-contact rota-

RL T2 57417



5513 SR it e S AL F A RS -5 PP A S 35
ting blade vibration measurement system in rotor blade crack fault 19970026974
test[ J]. Gas turbine experiment and research,2015,28(2) :45-48 [106] &%, M. FET00 30 7 7 W I A4 5 T 4 7 28 5 Tl B8 i ok

(in Chinese).

[94] XSegii, SoMhnm , TLofi, 55, AR e LS 7 44
W HERR T R[], AR A8 505, 2023,36 (1) .
23-29.

LIU Meiru, GAO Weiqgiang, WEI Jinglan, et al. Application of tip
timing in fault elimination of compressor rotor blade cracks[ J].

Gas turbine experiment and research,2023,36( 1) :23-29(in Chi-

nese) .
[95] FA&RJT. iRfent R s S B RIS [ D], dbat.db
AL T R2:,2020.

[96] GUPTA S, NAVARAJ W T, LORENZELLI L, et al. Ultra-thin
chips for high-performance flexible electronics[ J]. NPJ flexible e-
lectronics,2018,2(1) ;8.

[97] LARSEN C,BRANCH N. Broadband waveguide vibration sensor
for turbine bearing health monitoring[ C]//2013 IEEE Aerospace
Conference. Piscataway,NJ, USA:IEEE,2013.1-12.

[98] SHEPHARD D, WRIGHT B, RICHARDS G. Engine health diag-
nostics using radar [ C ]//Evaluation, Control and Prevention of
High Cycle Fatigue in Gas Turbine Engines for Land, Sea and Air
Vehicles. Neuilly-sur-Seine, France ; STO,2005 :4-1-4-6.

[99] HEIMES F,SHEPHARD D, WRIGHT B, et al. Recent progress

with the engine health diagnostics using radar system|[ C]//42nd

AIAA/ASME/SAE/ASEE Joint Propulsion Conference & Exhibit.

Reston, VA, USA ;: ATAA ,2006; ATAA 2006-4584.

SUEES  BAR , X, AF. s R B HLI 3R A I g i K

HRIPEM T[], BHA R 5 T AR, 2009,9 (11) - 2877-

2879.

LIU Jianxun, WEI Dong, LIU Chengwu, et al. Surface residual

[100

[l

stress test for aero-engine blade and its safety assessment[ J]. Sci-
ence technology and engineering, 2009, 9 ( 11) ; 2877- 2879 (in
Chinese) .

RNE, 22 BT, e W] 25 iz R LRGP RTSE [ T]. W
B 4 A i, 2010( 11) +28-33.

SONG Hui, LI Changping, LI Xiaoming, et al. Survey on aircraft

[ 101

[

engine health assessment[ J]. Technology foundation of national
defence ,2010( 11) ;:28-33(in Chinese).
[102] #XAg5, JEF Altium Designer (195125 % shHILHRE sh Wil A 14 2=
GERIWEFE[ D], Kt h E RATR: ,2016.
Did5 R EE A HUBES (@ e I £R iR (7], PR T
24,2021,57(16) :269-292.
FANG Fang,ZHENG Hui, WANG Yu, et al. Mechanical structural

[103

[

health monitoring:a review[ J]. Journal of mechanical engineer-
ing,2021,57(16) :269-292(in Chinese) .

[104] CHAN C J,LEVIN D E,TALLAROVIC J M. A fan aeromechani-

[l

cal flight test investigation on the F110 engines [ C ]//Annual
Symposium Proceedings. Society of Flight Test Engineers. [ S.
L ]:[s.n ],1996:1.1.1-1.1.24.

[105] OLNEY C D,COLLURA J V. A limited in-flight evaluation of the

[

conslant current loop strain measurement method [ EB/OL ].

(1997-08-01) [ 2025-02-14]. https://ntrs. nasa. gov/ citations/

A M35 htps : // cjam. xjtu. edu. cn

W[ C1//72017 425 B RERE A 5 I I B R I 2 B 2R
RSO, dbat P EMIZS %4 ,2017:162-164,167.
Jee T, XA Aok W AL R R Bl R 7 1 AR R 3h
PREEARLT]. Wiz 8h 12%41,2008,23 (1) 144-49.
QU Yuchi, LIU Juncang, ZHANG Yongfeng, et al. Blade-root vi-

[ 107

[

bration monitoring method for blade vibration stress monitoring and
its implementation techniques [ J . Journal of aerospace power,
2008,23( 1) :44-49(in Chinese).
[108] Fif, 3, A8 ¥, 4. KA TE LU K SRV i e 3l i
SRS ]. W= & B, 2017,43(3) 168-73.
TAO Ye,TIAN Lin, XIE Mengtao, et al. Flight test on fan-blade
vibration stress of high bypass ratio turbofan engine[ J]. Aero-
engine,2017,43(3) :68-73(in Chinese) .
MRme. Rz K PR HUIR SRS W R 5L it [ D].
TEFR PRI A AR 2, 2014,
VAR (8. 2 R LIRSl e I AT
1%,2007(2) :127-129.

[109

[l

[110

[l

FELI]. Uit

SUN Haidong, FU Qiang. Research on vibration monitoring of aer-
o-engine[ J ]. Machinery design & manufacture, 2007 (2) ; 127-
129(in Chinese) .

VBRI, DGR XK. Je A4 & PXT PR3l Wil R g ieit
BT HHAALT AR SR ,2010(9) :342-344.

LU Yuegang, GUAN Xiaohui, LIU Juncheng. Design and realiza-

[111

[

tion of monitoring system for aeroengine vibration[ J]. Computer
engineering and applications,2010(9) :342-344(in Chinese) .
GRABILL P,SEALE J, BROTHERTON T. aTEDS: airborne tur-
bine engine diagnostic system[ C]//2004 IEEE Aerospace Confer-
ence Proceedings. Piscataway, NJ, USA ; IEEE,2004 :3563-3570.
WATSON M, SHELDON J, AMIN S, et al. A comprehensive high

(112

[

[113

[

frequency vibration monitoring system for incipient fault detection
and isolation of gears, bearings and shafts/couplings in turbine en-
gines and accessories [ C|//ASME Turbo Expo 2007 Power for
Land,Sea,and Air. New York,NY,USA :ASME,2007.885-894.

[114] United Technologies Corporation. Turbine engine monitoring sys-
tem:US 9,097,122 B2[ P]. 2015-08-04.

[115] NAIRAC A,TOWNSEND N, CARR R,et al. A system for the a-

[

nalysis of jet engine vibration data[ J]. Integrated computer-aided
engineering, 1999 ,6( 1) :53-66.
[116

s

Inha-Industry Partnership Institute. System for fault detection and
diagnosis of aircraft engine and method thereof: US 8,930,120 B2
[P]. 2015-01-06.

FES G, X0 5, 8, AF. BN SR R A T R S
(1], Wiz sl Fr244,1994,9(2) :169-173.

TANG Xikuan, LIU Qingrui, YANG Wei, et al. Development of a

[117

[

high-speed data sampling and signal analysis system[ J]. Journal
of aerospace power,1994,9(2) :169-173(in Chinese).

[118] sk, ®ATIREE Pz KSR I [ D). P42, pydLT
kK2 ,2003.

[119] &Ha. FAYZE &SR SRS Wi RBESE[D]. ik
FH - PR B2 AL R R 27,2012,

Bl A AR B B 12



36 VAR A B S 14

F43E

[120] JMR. fizs R EHLIREN W SRl R G5 [ D], R
e RHE K% 2016.

[121] JAR xRt ik, 55, s & LT L3R s il 2= ge ro o7
K1) RPN S5 ,2015,23(11) :3599-3602.

ZHOU Jun,LIU Junhua, YANG Tao, et al. Development of aero-
engine online vibration monitoring system[ J]. Computer measure-
ment & control ,2015,23(11) :3599-3602(in Chinese) .

[122] ¥, 2900k, BTMHURSITCLEMBA L[], HEBHEER,
2018(3) :26-27.

ZHANG Yang, LI Zhaolong. Wireless monitoring technology for
helicopter vibration [ J]. China science and technology informa-
tion,2018(3) :26-27(in Chinese).

[123] 2kt RABAE 1260 A5, AR Ml il i BOR S i 5 253k

[J]. URSHE,2013,41(23) :150-153.
LUO Shengbin,SONG Chunhua, WEI Xingping, et al. Review for
the development and research of non-contact measurement technol-
ogy[ J]. Machine tool & hydraulics,2013,41(23) ;150-153 (in
Chinese) .

[124] JgE. FETHCF RS XA 72808 w5 P 5E [ D]
W IR B AR Tl R, 2018 :13-18.

[125] Ze7ibh, B I 4 B, . 56T XUH 3L A3 4 B THLE 3

SRS AR L[], SCHR AR S] 2% ,2020,34(1) . 87-
95.
ZUO Chenglin ,MA Jun, YUE Tingrui, et al. Displacement and de-
formation measurements of helicopter rotor blades based on binocu-
lar stereo vision[ J]. Journal of experiments in fluid mechanics,
2020,34(1) :87-95(in Chinese).

[126] SRIRDR, S RAE, 5. BT R G AT N g i A2 0 4k o

Mk RS R[], AR5, 2017,35(2)
193-198.
ZHANG Shunging, GAO Chenjia,ZHANG Long. The development
and latest applications of digital image correlation in stress and
strain measurement [ J . Imaging science and photochemistry,
2017,35(2) :193-198(in Chinese).

[127] BODEN F,LAWSON N,JENTINK H W et al. Advanced in-flight

measurement techniques[ M]. Berlin, Heidelberg : Springer Berlin

Heidelberg,2013:45-49.

KIRMSE T,MARING S,EBEL P B, et al. Fan blade deformation

measurements on the DLR airbus A320-ATRA by means of IPCT

[128

i

as part of the ground test campaign in the frame of the DLR-project
SAMURAI[ C]//New Results in Numerical and Experimental Flu-
id Mechanics X. Cham: Springer International Publishing,2016:
629-638.

[129] BEAM. 3T 2 A BCT RS DGR BT 25 R sh il Jr 42
TEMETTIELD]. WK MR /REE Tk K2, 2022.

[130] AREHVL. B TR FUGAR S M s & Sl v = 4k 28 T2 )
ERORWIFE[ D], MRS /R EE Tl K2, 2021.

[131] 5k JARg2E, B, 45 BT ROHE S MR 4 R 8 ar
PR ZEUEINL T ], HLAE T AR 4z, 2016,52(16) < 1-7.
ZHANG Yong,ZHOU Yunyun, WANG Bo, et al. Neural network
monitoring of aluminum alloy spot welding crack based on acoustic

Emission Signal[ J]. Journal of mechanical engineering,2016,52

A M35 htps : // cjam. xjtu. edu. cn

(16) :1-7(in Chinese).

[132] DROUILLARD T F. Acoustic emission ; the first half century[ M ].
[S.1. ] :Presented at International Acoustic Emission Symposium,
1994.

[133] OHTSU M. Acoustic emission testing M]. [S. 1. ]:Springer Ber-
lin Heidelberg,2008.

[134] DhfEfl, IR, 75 R ST [ M. b5t [R5 Toll ik,
2004.

[135] WHEE, AMEE, ORI, 55, 7 2 S R B A AR I H A iz
LI, i SR ,2008,35(6) :1-3.
HU Changyang, YANG Gangfeng, HUANG Zhenfeng, et al. AE
technology and application in the test[ J]. Metrology & measure-
ment technique ,2008,35(6) ;:1-3(in Chinese).

[136] TANDON N, NAKRA B C. Defect detection of rolling element

[l

bearings by acoustic emission method[ J]. Journal of acoustic e-
mission, 1990,9( 1) :25-28.

[137] ELMALEEHM A A,SAAD N. Development of acoustic emission

[

diagnostic system for condition monitoring of rotating machines
[C]//72008 IEEE 2nd International Power and Energy Confer-
ence. Piscataway,NJ,USA.IEEE,2008:1049-1054.

[138] ARHIIR. LT Sz S H AR B S L AE 2R 38 s DU Oy vk
[D]. de5 dLmfb TR, 2018.

[139] skifflir. JET 7 R ATEORAMT 2 K S ML R 45405 1 I 357 O
BRI D]. dbat: bRt TR ,2019.

[ 1407 k5. H T & 51 0023 & Sl 3 il 7R e e 12 B B R B 5%
[D]. TLFH: FHATE LR R, 2014,

[141] KU 2R 7540, J T 7 24 00 ik i A 25 & S L XU A1 4 i 1
RSN C L/ /57 E P E s B ROR R ScE. bt
[ 23 225, 2023 : 1360-1366.

[142] FEUEHR BRSE, BRST I, 45, —Fifit s K s LR sh il 28 45
BESIEAR [ T]. Mi2s 371241, 2014,29(9) :2256-2263.
WANG Hongwei, CHEN Guo, CHEN Libo, et al. A fault monito-
ring technique for wear of aero-engine rolling bearing[ J]. Journal
of aerospace power,2014,29(9) :2256-2263.

[143] Fhaksfin. & ShL b A Bl s B fE 5 R AR I R BF5E [ D]

TEBH PR FIAR A AR R, 2019.

RIS, AT BN, A5, BT IR S B R B A

FFRGIITETITEL ], B 12244 ,2025,42(5) : 1049-1056.

LI Shuyun, GAO Xuan, ZHENG Xiupeng, et al. Identification

[ 144

[l

method of pipeline vibration loads with limited measurement infor-
mation[ J]. Chinese journal of applied mechanics,2025,42(5) :
1049-1056(in Chinese) .

FaE, B, AR E,E RIVEILEIR S L8 M2
By [J]. BERIJ1A2A, 2024 ,42(6) £ 1237-1245.

LI Yixuan, LI Kaixiang, BAI Chunyu, et al. Vibration transfer path

[145

—

test and analysis of the passenger aircraft[ J]. Chinese journal of
applied mechanics,2024,42(6) ;:1237-1245(in Chinese) .

[146] DYER D,STEWART R M. Detection of rolling element bearing
damage by statistical vibration analysis[ J]. Journal of mechanical
design, 1978, 100( 2) :229-235.

[147] ALFREDSON R J,MATHEW J. Time domain methods for monito-

[

ring the condition of rolling element bearings[ J]. The institution

Bl A AR B B 12



551 3] SR S K S HLAS R FER S W S AL DS it 37
of engineers australia, mechanical engineering transactions, 1985, Tk 2 W B AR AT [J1. m BRML S B ,2025(11) :103-105.
10.102-107. YANG Weimin, YUAN Ye,ZHANG Qingyu. Research on aircraft

[148] MARTIN H R,HONARVAR F. Application of statistical moments
to bearing failure detection[ J]. Applied acoustics,1995,44(1)
67-717.

[149] SERRIDGE M. What makes vibration condition monitoring relia-
ble[ J]. Noise and vibration worldwide,1991,22.17-24.

[150] 2k, A &, LT B0k LMD FZE & RHAE 8 b5 14 7R shfill 7K
RS [ 1], BT RE (B AR , 2021, 44
(2) :145-150.

GU Zhigiang, LIN Yuedie. Fault diagnosis of rolling bearing based

on improved LMD and comprehensive characteristic index [ J].

Journal of Hefei University of Technology ( natural science) ,2021,

44(2) :145-150(in Chinese) .

FHBERA, SR XURAR. IBRGE TR E Al ARG 16 07 7k

RNHREIZ WAL AT ()], HUBRBE T 5 s TR, 2017, 46

(8):123-126.

YANG Hongbai,ZHANG Hongli, LIU Shulin. A visual optimal se-

[151

[

lection method of time statistical feature and its application to roll-
ing bearing fault diagnosis[ J]. Machine design and manufacturing
engineering,2017,46(8) :123-126(in Chinese).

[152] b e, i as K shLB P 4 0 A8 VR s flR e B i2 7 D7 12 B 90
[D]. dt5T JEatfh ToRA%,2022.

[153] BOGERT B P. The frequency analysis of time series for echoes:
cepstrum pseudo-autocovariance , cross-cepstrum, and saphe crack-
ing[ J]. Time series analysis, 1963,15:209-243.

[154

[l

HARTING D R. Demodulated resonance analysis-a powerful in-
cipient failure detection technique[ J]. ISA transactions,1978,17
(1) :35-40.

[155] ABBOUD D,ANTONI J,SIEG-ZIEBA S, et al. Envelope analysis

[

of rotating machine vibrations in variable speed conditions:a com-
prehensive treatment[ J]. Mechanical systems and signal process-
ing,2017,84 ,Part A;200-226.

[156] MATEO C,TALAVERA J A. Short-time Fourier transform with
the window size fixed in the frequency domain[ J]. Digital signal
processing,2018,77:13-21.

[157

[

GILLES J. Empirical wavelet transform[ J |. IEEE transactions on
signal processing,2013,61(16) :3999-4010.

[158] BORGHESANI P,PENNACCHI P,RICCI R, et al. Testing second

i

order cyclostationarity in the squared envelope spectrum of non-
white vibration signals [ J]. Mechanical systems and signal pro-
cessing,2013,40( 1) :38-55.

[159] Rk, FETHEFIGAEAL 2 SRS 2 Wb i i KA R
SAHTID]. BRIl TR R 2018,

[160] Rl , 2% besi, Phas i, ST 1oTDB UM K Sl Ko v
WS L)]. SRR S BT5, 2023,36(3) : 38-
42.
LU Chao, LI Xiaoyu, SUN Jingbo. Aero-engine test data cleaning
and dimension increasing methods based on IoTDB[J]. Gas tur-
bine experiment and research,2023,36(3) :38-42(in Chinese).

[161] BHOM RS, GEBF 3R T. BT REURE S HLER 2 > B = & 3l

A M35 htps : // cjam. xjtu. edu. cn

engine fault diagnosis technology based on big data and machine

learning[ J]. Internal combustion engine & parts,2025(11) ;:103-

105(in Chinese) .

RAR AL B TURBEAE T M A A S ALAEE IR 2 DAl FR A

BAFHAATRIFR D], BUM HUM B TR I 2025,

[163] Z=24eK. Mz RSNHUERRE B IR ER & 58 RS Wy LB 5T
[D]. PZ2. VAL Talk K4, 2022,

[164] T i, FTFAREAMZ U VT EL i 4 & 3 LR A 75 i B
JHERTFE[D]. WAIREE IR IE Tl K24 ,2024.

[165] 200 M, RerhAe, 0, A6, JE T HOF 2 AR M 25 & Sh Lk e
T 50 R AR IF R R [T, S TA Bk, 2025, 44
(9) :6-12.
LI Siyu, CHENG Zhonghua, YUE Guang,et al. Review of aero-en-

[162

[

gine fault prognostics and health management technology based on
digital twin[ J]. Ordnance industry automation,2025,44(9) :6-
12(in Chinese).
[166] RN, 2] RCHE. Wiz REANHUERNETA R AREGSR[T]. At
25 R HHL,2011,37(2) :58-62.
SONG Hui, LI Xiaoming, SONG Wenbo. Review on aeroengine
health assessment technology[ J]. Aeroengine,2011,37(2) :58-62
(in Chinese) .
JAMR RS TR, R SR T 5 A A B ROR [ M ]
A BT Toll iR, 2015,
[168] E5%, B TR, 254, 5. 24 RGEHOR S IEAE B AR IR K
KIEL)]. RPN S ,2013,21(4) :830-832.
WANG Liang, LU Weimin, LI Wei, et al. Status and perspectives
of health condition assessment for complex system[ J]. Computer
measurement & control ,2013,21(4) :830-832(in Chinese).
L, U, EEAR, 45, JE T BRI RS Y =
XLPE USSR BRI 1], sl 5138 ,2017,54(24)
42-49.
HUANG Shanshan,ZHU Wei, WANG Yadong, et al. Development
of high voltage XLPE cable reliability assessment model based on

[167

[

[ 169

[l

load rate and health status[ J]. Electrical measurement & instru-
mentation,2017,54(24) :42-49(in Chinese).
XSS, XU, B A A O A A f B R DAk TR B ST 25
WLJ]. AL S ], 2021,29(11) :1-7.
ZHAO Liqgin,LIU Chang,CAO Mingsheng,et al. Review of health
assessment methods for complex equipment[ J]. Computer meas-
urement & control ,2021,29(11) ;1-7(in Chinese).
2%, S AEAR IR I E SRR S (RIS [ D
B B RIS LR A, 2021
[172] REH, B, 5740k, 5. ST ARREAL LM 5 [CHE B 1 WU &R
GUETOLAERETAG [T]. RGP HHR,2017,13(3) :201-
208.
SONG Dengwei, LU Chen, QI Le, et al. Performance assessment of

hydraulic system based on health baselines and mahalanobis dis-

[170

[

[171

[

tance in variable conditions [ J]. System simulation technology,
2017,13(3) :201-208(in Chinese) .
(€1 A S )

PR A ARG R Jg 224

D\
q{n
<d



	未标题

