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ABSTRACT

The technology for health management of gas turbine engine has grown with engine development
itself for 60 years and regarded as important area for performance monitoring and maintenance of the
system. This technology which is based on several areas such as advanced measurement technology,
electronics, software technology and reliable system modeling is realized. This paper analyzed the past,
current and future technical trend of a technically advanced country and compared with domestic
research status. Based on the analysis, the key research topics for the realization of technology is

suggested.
= =

7h=EHL ARle] AR dErled AR AEa st 60d7 ALAH oz WA FokEA A
28 AsuSF 5 FA RS AdolA wig- FasHA gFoA T o] red E"
g gl &z e e a3 A4 de 2d NS 229U Ves
74 Zoke] ZleF el ol &3 HAW & =EolMe Adx=elAMe AA AHAE B
B QAE FHHo] B, ouet AFE AATEA oA ghom, &5 ofgA T} & ZIA
Holtt mpAlgte g o] dAFEde ARy AW divl Ao g2l dRE v Bages
A, B Zes 283 stal AAEek] AR A7dEel s Albst it

Key Words: Gas Turbine Engine(7}2: EI¥l <2l%l), Engine Health Management(13 AHA #2),
Engine Diagnosis(13 ZI©), Engine Monitoring(1%l #3)

Received 9 February 2017 / Revised 17 April 2017 / Accepted 21 April 2017
Copyright © The Korean Society of Propulsion Engineers Jb2~EE AR FHEIo o] =o &%
pISSN 1226-6027 / elSSN 2288-4548

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org
[licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://crossmark.crossref.org/dialog/?doi=10.6108/KSPE.2017.21.5.108&domain=journal.kspe.org&uri_scheme=http:&cm_version=v1.5

H212 H[5& 2017. 10.

83718 7taEE AR HAY HE s YN ST 109

Ry g 8 g a8 st <Azl
AR #2]71<(EHM,  Engine  Health
Management)®] dg&do] thiFHAS. A F
TEEHI(IATA)Y 20159 % &F7] FARS
H &84 By wEd 20149% 6219 28
o o2& #FARST A fE7F 2024 xol
T 9009 2ElE FUks) & Zow FASA 9
TH1L. o] Hl&2 & F7AA, 38 8 AdE
LR Ager &) vd 2o 2 R7}
qFHEI, FF7l & AFAY, LE&AHOn
Wing Time)®] St 27 ZAgste] #A Rof
o] ZledAdA Ao B HAH o Fhs
Z Ao g dgdh vy Fue] 7h2HREL <l
A9 M FEL A FrAASEeRE A 4
Az APE BAs 032, =9 OEM

B 3T

(Original Engine Manufacturer)Atel] =& F&
< g¥ste AF s9S grsa o wekA
7h2ENL AR A 2® FEA A A

< HAEE vl =D AolH, o
o AABtA = 9 APAY HIte re N
o

e &oE orists Aom ASEHAAT o
AL W5 e BN Ao Zlela, ’
o sEAd vE =S ok 1980

FADEC (Full Authority Digital Engine Controller)©]
MEHAA HY F g3 JRE FAL F
AL o] e Faow ALD 5 A H
"4 EHM 7]l€2 Hng we7 3l s
EHM<S 93 A¥3td s glen ol A
|4 agok Alz=dle] B4 wel ggd
Hz yehd 4 At o] sife & o]
FHE A ZHldA 1 dd g 2, 1
A= ot&y "HAE FElAe FAES
Adstar, Aol Z71zke] & L
yA do dad JRE AFSE 7ee
gt ol V|E F=EE |

EHM2 AHE37E, d&d dolH A=rl<,

Y
(i
M
rlo
2
m
-
=}

5]

aQ

=)

o)

2]

z
o
N
o
2]
[
)

g
N 271258, 145 AAe A2 ZHlE 7]

4 #(PHM, Prognosis and
Management)ol] #3 7|2 73 F8 &0
o= FuEd [34]5 7INteZ 3, Myt

Aol 7% ool W WFsh AAH FHe

AuRd [58]e 2Po2 YT npAToz
W Jlewdel d%e #Tr) AW 18w
B argEoke] TES Al thal 1tg
8 o 337 SR

o
fru
odk
o
N

2. 71

0

N
—_

L B
ox

(o3

F_‘EL

m

2

35 goj2 Bt} WEsy] 98 o
o skt

4 (Safety): Al=El 1A WA A ALY =
Aol e NAA FE BAY AS

A (Reliability): Al2®lo] Aujstz] oS
of g A=

o

e )
T
S
3

[o-

o

L

N
N
op
o,
>
<
=
)
=%
g
B>
=
>
N
s
HO
o
£
2
H
filo

ol
)

T U= 4
ZZ(Abnormal condition): % #3
7l 2oz Ee| Hojd A=

(Fault): &2, W& 7he3t o) d=x

ZH(Failure): T ol =3 H5& L3I

e JHE 45 Asrt AT o=z

(Malfunction): A28 &7 7]5< M€
LEATN A Fohs 223

}(Error): &4 = 2

e
Jlgsom A8 Hg

37 7t

off

o
o ox

frfo o Hr 4 Ko
BN e

o



110 groj - g

58 - Ty S FE S AR

s
2} (Residual): 2RO A2 02 HE A4k
#H SAUAL] Aol

2% AA(Fault detection): Al2=Hlol|l ZAFlo]
EAst=AE Bdste AT HEANE AA
A3t E2l(Fault isolation): 239 F&/F, X
2 A3 HAE e 2A

A3 ¥ (Fault identification): A2l =7]¢}
A Ase] AA

A3 W (Fault diagnosis): A% FF/, =
7, 1A 2 HE AY AA, A3 B4
Sz 3

Al(Monitoring): &2]& A~ JeHiE A
Aote AEHA AARE B4
ZH(Diagnosis): A Ev= HAY o]z

Fe T2

o o o o o

21
ftlo
f

o
o >

filo

o of| & (Prognosis): A AEd AFE ZUe=E
skl mEfe] HF, 71548 B J#FE FAS=

Z2M
ueh ge @

1t

golgh, dE& EFst] A
| AF= 3

=
ofo
rlo
Sle:?
)
w
L
9
R
rin

o
o,
off

rﬁ
)
f
o
of
ol
N
Ho
of o
2
L)
oX,
N
=3
o
o
)
2
fu)

o ko
£ 4
i)
rr
>
[
o
2

ofy
i
o ot
(A
o
>ofE 2o oox N[ o

A ko orlr & odo &
2|
H o
o
m
ox o
f
(I

X0,
v
)
=y
W)
ok
=
o
o
=
N
oy
fo M

H] (Preventive
Maintenance) 9] 7'del A, FA RS vl &9 A7
IoQlde) EAE FUHE Hste]l =R A
(Condition Based Maintenance)®] 7do= &
Al 7hal 3] olEd AdAA B FARS
oA e 275 FFsr] HAdAd= AR
AU E AFHoE AAFo =N AT AF

o] Hasity o Aol HHAA #E %

% 71%% 7O o|Fojxy] e of Rof
EoAzgY A% % g 8TE 24
A3 FE7] AR 2§ oldol WweA HAH o
oF s} Hofolth

B
=2
>
s
o=
m?i_g
N
S
off
ox
o

3. =2 7=

3.1 FA(20003 o]F)
FA AZ FEHE DT
Aartr 2%, 2~

=, =

3L
=
Asarel NEL BEFoRH 4

Av AA gv ZASAHA wMA=AE A&
o = H&o] Utk o]y dF= 2TA
7F vl Fol 2FAe X oA A A

g 4712 7153 n o8 Aol BAAAA A

Fola BAFoEH AWe St
Z o=

A& =71 AIDS (Airborne Integrated Data
System) 2.2 B A7} o] Fodl= AIMS (Airborne
Integrated Monitoring System)© 2 7 = 1t}



H212 H[5& 2017. 10.

83718 7taEE AR HAY HE s YN ST 111

Z7lole AR AoE WMFET FA JEHNU
oy olFde d&d ¥, HPC (High
Pressure Compressor) Y§7 <% % =€ 2
& Mol FE. o :
A 8 OBMS®| ®elol oja)
& 2R AARZHAEH, AIMSE 34
Az B 87E B A% B9
oA 44 NEEe Egen AU
AIMSE T3 53 HolHe =& T o &
83 A5 HAXE 7IEFAL, olF Fo &
A de WEEC] QAR (Quick  Access
Recorder)ell 71&F ATt A dlolH= A%
AFEZ oA AZEHo] HolE e AFE, T8
g HEEY 8 oAF, dY AdAY BHIre
FART A g He Fo AHuo| &
=l

1980 =0 HAE Atz 951, 3 A
271 et AFEZE 2l Hol o B3k 7]
e BA3 AIMSTE 7hstAl HdTh oS R
F¥ FADECe] #3% AAZ T5HE A=H
ASHA HRAa, 1&8 HAE HolH w2
08 %2 dHolHE AHE 7HsstAl skt
g% sgo=r <3 QARE HIE F TlolH
HEo]l 7Fsd ACARS (Airborne Communication
Addressing and Reporting System) .2 th )| =] o] 3k
o oz A4E dHolHEe XA A
g 2FY WmE E4E T3 FAF oA
ZA g0 7T A8 7HA ARE A
g AT A AFEH sHoE <
st AIMSE & F7]19 4HE ZUHT g
& g 53t#l= ACMF (Aircraft
Condition Monitoring Function) E il4]9]
BAS SAAHAL, 308 Ao Aol A
ACMF= ®o FHLL d9o=2 4%
st g F7] Az ZUEHIYS 943 484
Sdol itk ole® FRY HuA &
AA3] ArFol s HF Aol BTH
AL wWol §lA Bk, o] & nrh A
o2 APstr] fsted 1970 =l GPA
(Gas Path Analysis) 4 7|Ho] Hx=E =
A= A

Sl ot

c

i

rlo

Erosion, Corrosion
Fouling, Worn seals
FOD, Plugged nozzle

AEfficiencies
AFlow capacities
ANozzle Areas

Speeds, Temperatures
Pressure, Fuel flow
Power Output, Etc

Results in Producing

Degraded ‘:/
Component

Performance :{%}m

Permits Allows
Correction of Isolation of

Physical in
Hardware 4 Measureable

Faul Parameters

Change ‘

Fig. 1 Gas path analysis principle[5].
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Fig. 2 Gas path measurements[66].

GPA: Fig. 13} #o| dxle] 71258 A=)
UE /25 SAH(Fig. 2)S o] &3t o]
ZZ1(Abnormal condition)& ZAA3l7] $%
8t HZolth o] Eoke 60dzFe] NI/ T
Tokell Al A} & FEokEHA MPA (Modular
Performance Analysis)Zt =31, <z A&
3 A A ARuto 2w zttoe] 71Fd)
o B QVE FEI uH14-16].

Aol AW ARAES o] E4 WS A&
g ZEIHS EAE Jded, E22029
COMPASS[17], =& 3EU]¢] SHERLOCKTM[1S],
AUd ddEZe] TEMPER[19]9} 2& Z 2713
o] HlEAolt} o] TEIOYEL GPAL E47]
Hool9ox /i XY ol HolHEZFE A

g FEY 7 de 71eH, 1F Fsor &
gl gk B&AHQ BHNA HEE AT
o oy ]ET-CAREoﬂ A A &&= iECHOGPA
9 o] &3t HlolEE ¢

f

ok

= AH2E AFse
o] A& YHoz Tk



A, 24 HARe Ae W Aavr 2L 3

FF AFPHDICM, Influence Coefficient
Matrix) 2FE 93¢ FCM (Fault Coefficient
Matrix) & 7& < o EAE dA 4T +
Us WHolnh o] Fe] =Y g ZAHQXEHH
AR eaE AHWsR Frhete] BAA W
A2 FxE T8, olF ZW B9 4
g e Hd A$ FEMax. a posterior
probability)& 7M=& #E Tt WHoE I
AstATH19]. =71 7N o] % - Fek o]
7IHS 2 7HA 2 E VA dSddE &
3 HAANA AEHoE THEL o
719l AF 2zt AF &4 o LA
A7t RE TAFLE AygdHs WA
(Smearing effect)oll that A7 o] 3
T}H20-22].

A AFEH 7IHES AGEE HolHE oF
H Aol AEe Yo B Bt AL
24 19708 =7H 19909 =7k 9 gA F5FE
£ 9 AR &7 FA Y AEHUS
o7y 834 AFEHY AeS ALY HFHl
Hg) BA(2=x, IE, B AHF A5 £4A=Z 10
| AR Asol FAAAA HI olfqF olf=E

[

-

1574

ol

32 ox 1o

o

gAY Adr)se e5do] HlE ul$ H
ozl 2o MEY AT

Are A AdE FHo= 3 3 EHM
S FHo=R 3 Aoz FEEF UAEH, THE
A dE/2E AAd Hgte Fdor M
glo] Zo] gz £33, IeEH AHE st
o /7o ak/ERl 2gollA SAFAT f
T BHEG A AAY FoF dgZFe 5~20
Hz & v8] s A5e 2~5 kHz¢l A
w3 gA Al 4 oHA 3 o] Fol
715 3ty Foe BEA Oig BME AR &
Fo| AR At AU oA FAHsA A
FelA BAste AR 44 U wEkA ol
g W SAHL IE9 HAFS A o
Z 3§ FAXY vude FEN HEH AU
g @R BO £E 52 B4 g Az 4
gAY o] FEI A4 THol e HAFH

AN 7hestA Tt

2 Az M5 o2e Hol AL
oo exe gUe ZRFoM 54 WS
FAE oA FAT 5 Ao, ede
ol Aol e B4 AN A 2
e Bl HUAT 5 UTh 2Yo] 2 AEA
HelE A 2 .

7] SFAEEEH FE"E AHH
o] g3ty FHE vl A wHe ue A4
Aog WAL, o] F 1980ty FrRbe] A
o) F7bel e g oz FAETH23,24]. 3t
A gk olEgt ATE UA AFH A AF=A

Ris gl

HZHA FE7l FAES F3T1Y #A

=4, OEMS| B $ES
Fol A Aul 2 el olg o2 I Adol W
AsSet ol AR FFHoR LAY W o
ool St B Ae olvshl Hem, A%
3 BgIAES e §I

AEA EHM2  &F7|(Aircraft fleet)®]
A dHolHE ol &stAY, AzAE 7IHE o]

gstgeol s, Aol AEe FA suwel
=2

Tumer®} Bajwat= EHMO| dig F 7}A 9] @4
2 ZAAE A7 ol URY B

d 4" AEE ARG E Aola, EFE
=4 AR A% o] FAAT25]. wek
dAe] EHMel #3F A< o ¥ A

2ok M



H212 H[5& 2017. 10.

83718 7taEE AR HAY HE s YN ST 113

High Freguency Data

Structural Sensort

FADEC
Fault codes

Structural Sensori

Vibration Sensor1

Vibration Sensori

Aircraft

Sensors
Gaspath Sensori
Gaspath Sensori

Low Frequency Data
ubrication & Fuel
Sensorl
ubrication & Fuel
Sensori

Data analysis
and
feature
extraction

Data analysis

extraction

and
feature

Data Alignment module

! |

Analysis/Models Module

Mgg‘st:w;’fo Pr:lst Health Features Health Features {} Health Features
Engine High Level Diagnostic Feature Information Fusion Module
Maintenance
History
Engine Health
Assessment

Fault Isolation Reasoner Module

Recommended
Maintenance Action

Fig. 3 General EHM information fusion architecture[36].
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