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Prediction of Aeroengine Performance Deterioration Index Based on Support Vector Machine
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Abstract: Aiming at the problems of trends prediction for aeroengine performance deterioration, the prediction model of engine

performance deterioration index was regresively built based on the nonlinear Support Vector Machine (SVM), and synthetic index reflected

performance deterioration was obtained. The index of engine performance deterioration was predicted and analyzed by SVM model, which

compared with the Artificial Neural Network (ANN) model. The results show that the SVM model can accurately predict engine operation in

the future.

Key words: SVM; performance deterioration; performance index; performance forecasting; aeroengine

0 3l

A SIHILIE 58 3 56 2 8B4 D — R AUANIF]
IPEREREIRIYBE, AR AETE & ShHLIY iR i R rh A
HPT A RE R R B B, T AP ERE R R T T 43
BT 30 AT LA SR SR BRAE S e E , XF - s L 1 4
18, BEARAED T RUA B AT 2 B BB L,

PERE IR PPAR B 53 5 SRR Y w4l 0 g s
Bl RBCR SIS RS IRSE R . &SPl
FE 3 1R S0 )2 X 2 s LM e e RAR A — 2P 1 &
&G HAT T, By ISR e . BTSRRI AL
(Support Vector Machine ,SVM) BA5 584 I GE 1% >
PR FLRG A 2= 2T R, AR 25 XU e/ Mb
(Structural Risk Minimization, SRM)JEIN®@, 7] DR &
PEmsE IRz AR T AR H IS A R BILX /)

BEATR A TR0 44 ) A
HARRAHE e,

ARSCEF XL ZS K oL RE IR RS 1 & a4
AT T o LASZHE ] AL I A B R JEhth, 45
Tk L RE IR LR SR bR JE S T R BIBLIE
REREIR 1) — 25 K 25 A A
1 =& FRIEFRAIEL

FEMLZS & S RE R i R v B2 AN TR 1Y)
B, ok RE SIS 7R AE 2 1a] 52 I — 2 A9 40 A B
W, RH SVM 2262585 & shpLPERE IR (LIRS #4753
2R THAES 8 S ER RS TR RS B A7
—E M2
1.1 HEEFRIFAEE

LT SVM PR RE RSB PEAL B, anfEl 1 pF

RIS T SVM 1Y T A Y

I fm HHA:2013-10-22

YEE B W81(1982) , 5 1, NS AS & SLB2ADFFE TAE ; E-mail : twchy@sina.cn.,

SIS R, AR, T I T SRR m LA S R S LY RE SR AR AR BRI [J]. A KB, 2014,40(4) :51-55. TAN Wei, XU Jian, YU Xiangcai.
Prediction of aeroengine performance deterioration index based on Support Vector Machine [J]. Aeroengine,2014,40(4) :51-55.


mailto:twchy@sina.cn

52 Wi x= K 3 Ml %40 %
TR PRI T EALE I AR 2 PR ffh7 DV (Degradation Value),0<DV <1,3f H7E/M
o mEE e SN REA SR R P RE R B
R ' 12 MESHMELLE
FRIEHEH

"""" - ]

: Il ZRS VM A b VIR SV MR
1

!

DV=0.5d+0.5

!

KB BEIE L PRl 2DV

B 1 EF SVMIJLIERERMERERIBITMEER

TEPERETEIR WAL AL v | P AL 2 18] A i A 23 [A]
Hh B A S AILPE REAFIE S R i x SR e 7 26
T H Z IR EE RS d T3

[l
Hrp
W=Zyia:¢()(i) (2)
b:%*g<yi-w-¢<xi>> (3)
=X, v,y,3 8 K(x,,x ) (4)

Krb:ah SVM REGw oS AR B & 5b
T 28 (% Ly ) WEBIEREA S s eRY, yie(-1,1 ],
(i=1,,1); K s
Bl 1 i HEZ AN S A3l R SYM BRI 25
MR . B RRIRE ARG AN ZRA iR v 3
P xi LTI RS dio KA 30 o EF 70— kAR EE 75
F -1<di<1, FFHMEY di<0,xe{1E% | ;di>0,%e
(S8 o A THER DT K U B 5 40
DV=0.5d;+0.5 (5)
RCREFR AT LUK & sl Re et A8 st g iR

TE SVM H 38 H ARS8 C Rz B 240k

RS B KT TR B S, KRR SVMI)
R XTI B, B B N T TR

RIS AR R BN BB, 285 LA L 24

SO B

Vv, (6)

max J,(6)= 2, ( — 0 ),yF{-l,l J

(6)

<

o

V, (6)=D(d(x;,60)), {xly= {1,-1} {,i=1,---,1
M, (6)=E(d(x;,6)), {xly={1,-1}},i=1,--,1

AR,y ) ASERY 2 KBCRIIARER Y, () )
R M (0) R R R (.

AR J(0) KRS, #iE RIS E 0.

- ORI BIRRE A , A0SR SR 0 75 K ShHLEfE
- RRIRA R S & ShHLAL T IE RARSHR Y Jy(0)

K, WIBERZSBAE AR P RER AR A B Uk

R, LT R R, R

' BIE

i

DV {H AP RE TR YRR AL , PN G 5 B0 JEUH 4 EA T

(7)

Vv, (6)
( M, (6)

max Jo,(6)= Y,

Yi

BEEEY
Vy‘(0>:D(DV(Xi,9>),{Xi|Yi: {1,-1}1,i=1,-,1
M, (6)=E(DV (x;,0)), {xly= {1,-1 } |,i=1,--,1
1.3 tEERBRIgIRME
DAERS S K shBL AR I 4, S UG o

ML B MR A TR T, B R

F LR 7 AR 1t RS 8 X , 14 AR X A2
Pt SR FHLER AT AR AR AR S & 1 D50k R L
PEREAR Y DR PR RES R CRLAR AR A i ) $2 IR —

L LGRS, A BRI g TR SRS

FIXFNFY 46 B o SRIARZ R0 9 7 13 i
IREE EA TR E 29 T 4 N SVM B RLFEAT I 2, 3

PR A 2 B

MNIE 2 HrRl UL, R SRR IR TR e 1 ISk



55 4 1) B BSE ET IF EALRIU R S RE R AR AR U5 53

08

0.6

0.5

PEABR LR bRDY

0.3

0.2
0

20 25 30
Hedli Ko

2 MREFIBIEIREZ

AR S A, R M RERHE S A R ) 1o
MRS , IF L& B (] 3, R R oLk &
BRI RE AR AN = S A =, PR RE IR SR 5 R
T U 225 1 5 (RS , 3K 5 SEBRARA
2 MHEEIRFEARAYE AT
2.1 THEENEEKENET

s REPLEERE IR & 1 s . Wikt
Fi, PEREIREFER DV HA B PR RN OCHE , RIS i
DV 1B 5 Hoid i 20 A — & IR ; AR 1k
FEPRIEZE A R SRR S AR 5 B,
VCIZAE PR R IESA A0, 0T L & ShbL: R iR 4

B h Al B (] P S AT RIS o TS A shPLgh

M 2%, TAETEOLZAE , A LL & shbl i — e 2544 Y
LM, MR TAESBEA —E BAEEPERHE, A
R FH AR 2 S5 ) s AL I 0 %0 1 i s iR FR A A 7
T o3 AT EL

X T 485 5 ] FE B (X, Xa, o o X}, HEST BT E 2R
f! Rm_>R ’ ?ﬁi/@ H

x(t+D)=f(x(t-(m-1)7), - ,x(t-7) ,x(t) ) (8)
A AT s m R AEEL 7 R EER .

TR E SR ) L AR B[R] 5 %,
o, =X, WEAT THOIN , 17 2 B2 X6} B[] 3 271 306 A 7 AH 25 [) B
LORE VA [N

X(1)={x(t+(m-1)7), -+, x(t+7) ,x(1) }

t=1,2---,n-(m-1)7 (9)

L y(O=f x(O}Z M B e R R f:R"R,

M B AR rRRT UL m A (A A B B S e T

TR 5 7 L5 A5 2801 JE s T T P 9 i 5 B e
BRLJEE O MR B B 1 iSSR0 8, ek LA

m A T (R PE AR, i JCEIE T LA 48, 2 2R
S SR AV BESRE

R I AT A R A m Al 7, A P
LUNE

(1G5 IR m H 7 (B35 My FT T

(2)ff m=2 : My Al 7=1 : 70 A1k, 308 7 BT AT Y
m Al 7o X TR LA my Bl or, XPRE 1 2H F A P
W, 1 P X 2 PR DN FRI I 2%, 10 53 T I Y g,
m; Al 7o HHie[1, T (Min=1)];

(3)RIBUFTHE 1, VB IUIR /Ny, my AT 7, SIS
Fipes=1i » Mpes=Mi , Thest=Ti 5

(4)FI FH A My T T XA b 225000 ]
FEB AT S34T , JEX I s A PSSO A G

T A S 2 A B O R AR
R
X1 X, X X1
X X e X >
x=" 7 e (10)
Xn—m Xn—rml Xn 1 >
Xn-m
Xt Y
V= X2 _ yfn+2
Xn Yn

ARYEAR LA S 1] 4 (0] RS R R, T 5

y= 2 (8- JK (X, Xem)+b (11)
t=1

A EmEL, e T 1R

n-m

Y= 2 (a{—a: ) K(;(ts ;(n—rml)-l'b (12)

t=1

HE—2DHE]F | 25 B A

> (a2, JK(Xes X )+
t=1

yn+1 nem+1

n+. - K X ;»n—m+ +
ley.zzg,(atat)(xtx 2)+h (13)

yn+1 n-m+l-1

> (a-a, JK (X, Xoma)+b
t=1

TEZ A BRI (13) 1, BR You Z50, HE1-1 4
AU B AT — 2P B FNE, DAt |28 T A9
TR ANG 5 P22 B A A R g o

Ao FH 190 U0 S 45 1] AL P RE AR 45 AR A7 T

T RIS T I AR 45 5 LACE B AR
. 222 (Mean Relative Error, MRE )VE MEHIFRIES



54 i s

540 %

y(t)
n

MRE=- (14)

e ()=y (D) -y(O)FLEAFRE ;y (1) .y () F n 435
S ELSEAH B A AR RN

Mg k@ CrT A1, MRE {8/, 2 B FLil (6 5
SEBRAEL A ADLA A BE iy, U)o ) g v ff B s
2.2 FREREIATNFEES S

TEMERE IR AR B FERE L 70T, BEFEAT 40
HEARE R IGHREAR 5 26 HBHRVE IR EEAS, B
SEHEST. SVM TR AR AR BURAER m Al 7, 43 5]
H Moes=3, Toex=20 X T — LT, 4% B (10) i 47 4H
25 [ A, T4 3

X1 Xz X3 X1
X X X X
X=|" 2 T =k (15)
Xn-3 Xn-2 Xn-1 >
Xn—3

X4 Ya

X
y=% =¥

Xn Yn

A X OB ;Y S BAREdE .

YIGRTEEEZ 5 FMRRREA X = (X0, X, -+, X JHHF
YN A FREIAS Y | DT AT A5 380 [ )= F50) 4 — 25 7t
WA y=Xqo

SVM SR A R 7 58 1 AT fe ik
B, A5 3 0 S HUE S 7 C=1.3, N USRI R R4
£=0.0012, &% PR B R %L 0=1.1, K il MRE 1F 4P 5E T
WA BE PP RIBRAE 2 BRI A 1 20 388 o] 25
B, oy S 2 AR AL Horb 4 25 TN S 8k B
Jy C=1.3,£=0.001,0=1.0,

R TET L A SR T BP HZE 4% 11 7 1%
X AR R DN AR RN AR AR 51 722 21 5 7, 14 g
FiIRFEIRIY 1 2L e 20 T 25 R 43 ) an &l 3.4 i,
TSR 2% LR 1.

y L " L " s L " L " L L L ;
41 43 45 47 49 51 53 55 57 59 61 63 65 67

Bl e
B3 MEEFERIERN 1 SRUER

41 43 45 47 49 51 53 55 57 59 61 63 65 67

HClR A
B4 HEEFIRIEIRN 4 SRNER
Zr LR, Tt 2 ®1 FMLRZE

VTS S rp G I TN, MRE  WRRRIs IER L
SVM F4 ToI kS B R B B 1B 3.79% 2.01%
TR I B 420 625% 2.95%
T AR B, Eidle 22 TB) ) SCIRME A 22, AN B2
IR, 2 2 FhJ5 vk A B B A, (HU2: SVM AT
TNPH FEE AR T4 22 28 ) I R 1A L G2 L i
Vil SVM HAEGR A AAEEEIE, RERSTESE AT
R Z (4 L) BT AT RE LA = R (97.05% )
MU TSI % SLPERE A FEAR , SRS S Faml 475 B
AEIFHISOR , BATBSR ) g
3 HRiE

(DR MIMEREEIRTERREL R & A Sl ERE
SHUR R AT ERER R S LAY PERE IR

(2) T SCHF ) s AL AT A Y O A Y A 2 ST L
RETEIR AR b I _b 0 T b 22 I 4, S 5 T i s
RLIEREES

()TEXT R FHLIEA T IERE R Il i R, Anaf
TEZIEPRSEARE T TIYE, X TS R TAEAR
I KAWL TAERES 0B 2 N — PR .

SE WK

(1] A4t , 2. fAnzs K EHUREIEM]. P92 PHAL Tl K
Ji#t:, 2001 :101-104.
LIAN Xiaochun,WU hu. Aeroengine theory [M]. Xi’an:
Northwestern Polytechnical University Press,2001:101-104.
(in Chinese)

[2] X754 , e, SCRemm e Bk 54 M]. Jeat B
% A, 2009 : 46-47.
DENG Naiyang, TIAN Yingjie. Theory, algorithm and
development of support vector machine [M]. Beijing: Science
Press,2009:46-47. (in Chinese)

[3] i, WEAS, o n). BT SRR 1) SR LA LR A LR
PRS2 W], fizs &8, 2010,36(4) - 32-36.



%4 B T SR R ML =S A S RE R F b U5 55

HAN Lei,HONG Jie,MIAO Xuewen. The monitoring and
diagnosis of aeroengine vibration based on the support vector
machine and information fusion [J]. Aeroengine,2010,36(4):
32-36. (in Chinese)

[4] FFRAR. FEAVR S HUSHAUE IERRSE[D]. S0 A < s TR
24 B, 2007,
YIN Dawei. Research of model correction of X engine [D].
Yantai:Naval Aeronautical Engineering Institue,2007. (in
Chinese)

(5] RHARE XI5, R R, 45, s A ShBLEEERAE BT P 2
TR bRA R[], i k8L, 2012,38(5):27-35.
WEI Xunkai,LIU Fang,CHENG Liangfeng,et al. Diagnostic
and prognostic metrics of aeroengine health management [J].
Aeroengine, 2012,38(5):27-35. (in Chinese)

(6] EA™IL, B, BT i B gy PR 3 BRI (EA 2 5 vk
[9]. e A, 2008,29(5) :617-621.
WANG Yankai, LIAO Mingfu. Estimating vibration limit value
based on statistics for engine testing data [J]. Journal of
Propulsion Technology,2008,29(5):617-621. (in Chinese)

[7] FlSPEs. Bra Ak S M. dbat: =g Tl i,

2007 :325-360.

SI Shoukui. Algorithm and program of mathematical modeling
[M]. Beijing: National Defence Industry Press, 2007 :325-360.
(in Chinese)

(8] Wit , WA ) B, S BTSRRI AL ) A S

PERER ST, HEFEHA , 2005,26(3):260-264.

HU Jinhai, XIE Shousheng,LUO Guangqi,et al. Study of
support vector machines for aeroengine performance trend
forecasting [J]. Journal of Propulsion Technology,2005,26(3):
260-264. (in Chinese)

[9] Come E,Cottrell M, Verleysen M,et al. Aircraft engine health

monitoring using self-organizing maps [J]. Proceedings of the
Industrial Conference on Data-Mining,2011:1-10.

[10] fif=7:3C. JET SCAF 1 LA R AR IS WT B 5 07 b5

[D]. & HRiRA%,2004.

HE Xuewen. Research of theory and method of intelligent
fault diagnosis based on SVM [D]. Changsha:Central South
University, 2004. (in Chinese)



