1248 %3 iz TREE R Vol. 12 No.3
2021 4E 6 A ADVANCES IN AERONAUTICAL SCIENCE AND ENGINEERING Jun. 2021

XEHS:1674-8190(2021)03-001-08

CITRBERRSHRIET EHR

1 5 3
(BT RERE iz TRSBE, 759% 710038)

MO (R R R R A e A S L A AR ) 3l B ) ) S HE R, T O AR R R B A Y
WA HOAR o BE O TRAT A R DR 25 M L ) R AR B, 4R SR AE R AT R A R G0 RO LA B R S Y i S
Be——" QR s TE LA b 25 1 RAT S A AR ST AN R L R B T O E U O S S T R S
RATERAS R G/ B REAR ST A vk —— (e B A A A B = SO U 5 AR B4 2 T BRI ZS AY T
AT 2345 72 50 /R LR 1 41 A8 DRt 5s 58 s ——— 12 B IS T 2008 S0 {8 B2 1o i 7 0 A8 S S 228 B I 23 20 8 114 5 A
R LA B 5 28 0 P B ORAH 285 4 g A S SR W o AR SCIY BT 5 o it R M 3 BOR A AT i B A RN T 2958 T
fill, BEAS I B T AR 5 R G RR 4

KERI : G A s RATAR ARG BRI 5 BN S s (R s AR 1B B

hESFES: V328.5; V267; E926.3 ERARIRED: A
DOI: 10. 16615/j. enki. 1674-8190. 2021. 03. 01 FR R (RIRIR S ) #1755 (OSID):

Study on Characterization Method of Aircraft Health Status

HE Yuting
(College of Aeronautics Engineering, Air Force Engineering University, Xi’an 710038, China)

Abstract: Health monitoring technology is the key technology to improve the safety, combat readiness and quick re-
sponse ability of equipment, which has become the necessary technology of modern high—tech equipment. In order
to characterize the aircraft health status clearly and effectively, the parameters “health degree” is put forward to
characterize the health level of aircraft and its sub—systems. Based on it, the calculation and determination methods
of the basic health degree and the mission health degree of aircraft and its sub—systems were given out. Then, the
health status evaluation methods of aircraft and its sub—systems were established based on the “health degree” pa-
rameter as well as the “healthy”, “sub—healthy” and “unhealthy” employed to express the typical three healthy sta-
tuses of them. Finally, the condition—based maintenance (CBM) strategies for aircraflt and its sub—systems based
on the health statuses were described by means of an example: the aircraft and its sub-systems do not need mainte-
nance when they are healthy, the aircraft and its sub—systems need to make maintenance plan when they are sub—
healthy, the aircraft and its sub—systems need maintenance at once when they are unhealthy, and the final imple-
mentation maintenance strategy should be carried out considering the economic requirements. The results of this pa-
per lay a foundation for the effective applications of health monitoring technology in aircraft and its sub—systems,
and they can also be extended to the health monitoring of other equipment and systems.
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Fig.2 Series—parallel model of mission health degree
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Table 1 Condition—based maintenance method of aircraft structure based on health status
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Table 2 Condition—-based maintenance method of military aircraft based on health status

o ey I X ] Fuei s/ S TIERILS Y
BB [90%,100% ] (30%,90%) [0%,30%] 60 1500 1500 fh )5 &1
ESTIEE [90%,100% ] (60%,90% ) [0%,60% ] 95 — N3
WER G [97%,100% ] (80%,97%) [0%,80% ] 81 527 527 5 &3
HARG [99%,100% ] (90%,99%) [0%,90% ] 100 — N3
BARG [90%,100% ] (65%,90%) [0%,65%] 70 70 70 hJF BB
Wi RG [90%,100% ] (70%,90%) [0%,70%] 75 220 220 fh )i & 28
BT R4 [99%,100% ] (80%,99%) [0%,80%] 82 95 70 thJ5 & B1

KL [90%,100% ] (80%,90%) [0%,80%] 89 230 220 fh )5 &30

4 % i A B E FIAT: 55 { R JEE , UM AE O~1 22 J) o

(1) ASSCHE Y T RAL ©AT 4% 45 2 48 S B PL
S ERRET, IR R o O A

FE R JRE Y

(2) 25 T AT &5 4% & S8 AR HLAE BR JE A9 31
SR DT —— BRI R B TS A R

w7 R AR AR



% 34

T4 - TRAT e IR ) R AL 7 ik W5 7

(3) /ar 73T “HEE"S RN THRE R
Gt /AL BEOR SV 7 85 ——fd B L4 BR AR
i HE = PP 1%, w] DUA T 34 AT 2R B HL LA
FUHLH ZR G M HL 7 22 58 B0 et BRE AR 2

(4) IR g T 2 T4 RS 19 RAT 48 4%
FA G/ B HURG I 2 18 £ I 5% I —— f B i 1 4
16 7 A BRE IR ) A2 546 T ) A felt B IR a6 202 A 1Y
BRSNS DL K 5 28 B EOR AR 45 G Y R A S0 R
W o filt R E Y S5 RAE N O s AT LR
T HAL B A GE R B A%

& % X ik

[1]  GARCIA Wirt, BAIR Robert, CARUSO Pete, et al. F-
22 force management: overcoming chanllenges to maintain a
robust usage tracking program[ C]// 2006 USAF ASIP Con-
ference. San Antonio, USA: USAF, 2006: 1-5.

[2] CARUSO Pete. Verification of IAT program equations
[C]// 2008 USAF ASIP Conference. San Antonio, USA:
USAF, 2008: 1-5.

[3]  WOODWARD M R. Structural prognostics and health man-
agement for the F-35 lighting II [C]/ 2009 USAF ASIP
Conference. Jacksonville, USA: USAF, 2009: 1-4.

[4] FALLON Tim. Structural prognostics and health manage-
ment[C]// 2007 USAF ASIP Conference. USA: USAF,
2007: 1-5.

[5] HEBDEN I, DIEHL S, MCFEAT I, et al. Applicability
of a UK MASAAG guidance paper to F-35 SPHM evolu-
tion process [J]. Structural Health Monitoring, 2015 (6) :
1-6.

[6] BETZD, STAUDIGEL Lothar. Test of a fiber bragg grat-
ing sensor network for commercial aircraft structures [C ] //
Proceedings of Optical Fiber Sensors Conference. [S. 1. ]:
[EEE, 2002: 55-58.

[7]  WILDSCHEK A, STORM S, HERRING M, et al. De-
sign, optimization, testing, verification, and validation of
the wingtip active trailing edge [ C]// Proceedings of the Fi-
nal Project Conference. Berlin: Springer, 2015: 219-255.

[8] BOIVIN Guillaume, VIENS Martin, BELANGER Pierre.
Development of a low frequency shear horizontal piezoelec-
tric transducer for the generation of plane SH waves [C] /
6th European—-American Workshop on Reliability of NDE.
[S.1.]: IEEE, 2016: 1063.

[9] PAGET C A, ATHERTON K J. Damage assessment in a
full scale aircraft wing by modified acoustic emission [C] /
Proceedings of the 2nd European Workshop on Structural
Health Monitoring. [S. 1. ]: University of Sheffield, 2004 :
1-3.

[10]

[14]

[16]

F G RO LA AN B2 A R RE R RS S5 A 4
iU AESE (D], B iU TR, 2004,

XIN Sijin. Damage identification of intelligent materials and
structures based on fiber grating and wavelet packet analysis
[D]. Wuhan: Wuhan University of Technology, 2004. (in
Chinese)

B, EOT, EAWE . R TS5 R R Y T2 DSP L
6 SR S BNy TR [T ). PR, 2003, 22(4) ¢ 16-
20.

ZHAO Xia, YUAN Shenfang, WANG Bangfeng. Real-
time data sample and wavelet analysis system based on dsp
implementation for structure health monitoring[ J]. Measure-
ment & Control Technology, 2003, 22(4): 16-20. (in Chi-
nese)

NS, REBTT, BRT, 45 . LT Lamb AR 74 M 1 P {5
S8 J7 i AR DN (). s 224, 2009, 30(7) 1326
1330.

SUN Yajie, YUAN Shenfang, QIU Lei, et al. Structural
health monitoring based on LLamb wave phased array and im-
age enhancement[J]. Acta Aeronautica et Astronautica Sini-
ca, 2009, 30(7): 1326-1330. (in Chinese)

TFok, RT3 8 Lamb i 45 b e B WD op (5 S B 0k
BRI LT ] foias 244, 2008, 29(4): 1062-1067.
WANG Qiang, YUAN Shenfang. Amplifying signal and im-
aging damage method for active Lamb wave structure health
monitoring [J]. Acta Aeronautica et Astronautica Sinica,
2008, 29(4): 1062-1067. (in Chinese)

A OB AR D WRAR SR R B BIL SRS D 552 W G
B ARBIF (D], Kb EBFREHAR K, 2014,

LI Yanjun. Research on fault detection and diagnosis key
technologies of new generation high—thrust liquid—-propellant
rocket engine [D]. Changsha: National University of De-
fense Technology, 2014. (in Chinese)

Pt g AT A A K e sl L R R A 4 3 g
SRR T A (D] Kb R R K
2009.

CHENG Yugqiang. Key components’ damage dynamics and
damage—mitigating control techniques for reusable liquid—pro-
pellant rocket engines [D]. Changsha: National University
of Defense Technology, 2009. (in Chinese)

SRR MG VR A K Bl BIL IR R D 2 W e 0 R AT 5 () A
[J]. #fEkd A, 2002, 23(5): 353-359.

ZHANG Zhenpeng. Fundamental study of fault monitoring
and diagnostic technology of liquid rocket engine[J]. Journal
of Propulsion Technology, 2002, 23(5) : 353-359. (in Chi-
nese)

WAR R KR A R R e R R R R B AR [T ] ik
HoA, 1997, 18(1): 1-7.

CHEN Qizhi. Evolution of health monitoring technique of



Mo zs TR HE R

W12 4%

[18]

[19]

[20]

[21]

[22]

liquid rocket propulsion system [J]. Journal of Propulsion
Technology, 1997, 18(1): 1-7.(in Chinese)

Wz . RLVEREE BT 5 Kot R 5 M [D]. 74
22 PEAE Tl K%, 2005.

PENG Yun. RLV health management scheme and key sys-
tem monitoring principle [D]. Xi” an: Northwestern Poly-
technical University, 2005. (in Chinese)

INE, B, BTz, 55 R ARSI R g P IR R R AL
FHATHOFELT]. T4, 2015, 47(5) . 772-778.
SUN Yang, WANG Biao, WANG Qiaoyun, et al. Study
of the substrate crack penetration mechanisms in crack—de-
Chinese Journal of Theoretical

772=778. (in Chi-

tected coating system [J].
and Applied Mechanics, 2015, 47 (5) :
nese)

FARE, B, D, 55 8 AR R 24 A8 i 2 ey
TR AVELT]. RS, 2015, 37(1): 42-44.

BAT Shengbao, XIAO Yingchun, LIU Mabao, et al. Engi-
neering applicability of monitoring crack by smart coatings
sensor [J]. Nondestructive Testing, 2015, 37 (1) : 42-44.
(in Chinese)

B, BB, L, AR O A AR AL (Y 9% 5T
BNATFELT]. AL, 2020, 48(8): 129-135.

ZHAO Yizhao, LIU Yong, BAI Fan, et al. Fatigue life pre-
diction of pipe with cracks on external surface[J]. China Pe-
troleum Machinery, 2020, 48(8): 129-135. (in Chinese)
BT, T, X, AF R T PRI T A SRR 1
TRHLES R P (7). A B BOR 2020, 31(7) 2 80—
87.

ZHAO Yizhao, GAO Pengfei, LIU Defeng, et al. Corro-
sion monitoring of aircraft structure based on linear polariza-

tion resistance sensor[ J]. Aeronautical Science and Techno-

[24]

logy, 2020, 31(7): 80-87. (in Chinese)

FESRTE BT RORAZ IR OT Y L4 i S5 9 5 51003 M O
BERORBETE[D ). P 2 E TR RE, 2010: 85-87.

CUI Ronghong. Study on aircraft steel structure fatigue dam-
age monitoring key technology based on micron sensing ele-
ment[D]. Xi’an: Air Force Engineering University, 2010:
85-87. (in Chinese)

CUI Ronghong, HE Yuting, YU Zhiming, et al. Structural
crack monitoring using electrical potential technique and mod-
ern surface technology [J]. Chinese Journal of Mechanical
Engineering, 2011, 24(4): 601-606.

CUI Ronghong, HE Yuting. Copper multilayer coating pre-
pared by ultrasonic—electrodeposition [ J]. Advanced Materi-
als Research, 2010, 97/101: 1348-1351.

CUI Ronghong, HE Yuting. Experimental study of the elec-
trical potential technique for crack monitoring of LY 12-CZ
plate specimen [J]. Advanced Materials Research, 2010,
118/120: 231-235.

T, S, B, % 3T DSPHFPGA M DWT-
SVM HLALBL & W B2 W7 7 i Foe (7], Aot 54, 2020,
27(10): 83-87.

WANG Yun, JING Bo, HUANG Yifeng, et al. Fault diag-
nosis of DWT-SVM for airborne equipment based on DSP—+
FPGA architecture platform [J].
trol, 2020, 27(10): 83-87. (in Chinese)

Electronics Optics & Con-

EEE N :

IFIE966—) W Hi . FEBITr 1 450 1 e

(%Rig:MHEH)



