L 2% Bl 1R

Aeronautical Science & Technology

Jul. 25 2020 Vol. 31 No.07 72-79

SPHM LA AERTHLVER v (1) 58 2

SR

SRELHI IV, 3%, ST, 5K HT
Wi TR CHLBEVIESERE, UL RHER 610091

B OB REARIAIETFemBEXAREE SRR KFRX ST,

HEIXA EAFR, E A ETN 5 R

I (SPHM) B AR Z — B AFREG R EBEA, T LA HERANEREB P ENEGE I ETRASNINFEEBNEET
Beo At SPHM h £ Zoh it R REBOR A0 R GL kit G AT, AR S 3k T 5% & %t H A9 4F 5k 72 SPHM 77 W 09 #F 58 i R (it
S AR RERE SR, X BB KR T R B T H— R EALSPHM 2 G iy #F 4

KHEIE :SPHM; # /305518 & B MM G/ B R H W; 448 4 Eom)

FESHES:V215.5+1 MAERIRED A

UEAER , B I 0T ZE R 55 Hh SR R 52
UF B ERIEE R, DM BB DIEAR (55 AT
BRERAR I e AT — e AL SR e Ty 5 fit
F45 HE (prognostic and health management, PHM ) 4% R 175 2K
H 535802, PHM HOR S 2 T 5o ot i A s / 9K 3l 4k
B ERA R BRE 5 B N TR RREHR T oi
FKAGHCRE W B2 WA, SEB A FORBERE T .

BT RS BCHLLAE H VERE ) " A RE )™ PR Bt
BRI B R A2 BE 1T TR RE 1 bRk , PHM B2 58
PLIX SEfE T Y B B AR IRl 2 — o ST LA & BB
BOR MR mRE K 2 YRR, 45 R 4y
AT/ T AR A ZT R T DA 0 33 S SR, ey | 48 g g s 73
055 R4S 3 ( SPHM) B A S — T iR A R DR A DG BRER AR

SPHM £ 4t j& ©HL PHM F 48 i 5 B4 R o3, 41 5
P A s AR R MK o AL CHUR S S B A R
Bl | S I R R PR T (e R Bl R EE L
), JXF ik S ) 2 AR A IR R 2 ) R RE 40 A L AR RAIL
SR IR R Z ERE 00 2 WS R RS, A R
R HE R ZS A R4 D3 . R SPHM F A2 5281
P4t i3 J5 AEAE e RIS 5 10 S T RSB BB T B,
TEARUESS G 2 A VR SEPE R AT ER T, AT A 250/ A 8 i )

IKFSEHA: 2020-04-09; RIEEHA: 2020-06-01; RFAIBH]: 2020-06-11

“SBISIEZ : Tel.: 028-65020287 E-mail : duihn060379 @ 126.com

DOI.10.19452/j.issn1007-5453.2020.07.010

FIBEF, [RI R] R 5 B0 S S AT 95 TR 36

AICET X SPHM [ E 2 IR BB TR GE i i F
], XoF iR B B AT BA I 4 75 SPHM Jy I ARS8 R (ke it
SER BOR K R S R T IR

1 SPHM X ZEIh8E

LB TR HL R 25 A B0 T T R B 4 R S
SEHFZL MBIV i, 52 A bR R G S 2L 2T
YEIRTES SMIE B L BGE LA e B IR sl il
ST IR 5E 3 SPHM 240, W50 B T 2 (1)
EIFSE P TR I BIR S 254 B LA R0 A
iy, 44 S R R TR (5 (2) IR
7 8 e 2 R R R B A
Bl ) SRR R R 0, AR AR R O 4 i (3) BT
SEHLEEHIAR 0 e A L (4) MRT AT
TTHBBAZE A IR (FSMP) 5 S o 357 2 /s )
5 (L/ESS) | LIRS (TAT) 2625 Hy 52 Bk ML AT 55
SASE AT S (RO R PR A5 (5) BB SE BN K A b
G H A5 W R 5 (6) 3 A6 128 R 55 M otk 25
(Y0 5 3 AT A B (7) 8 2 S BN S B B LA

S|E#&Z: Dui Hongna, Liu Xiaodong, Wang Yongjun, et al. SPHM technology practice and development in a new generation of fighter[J].
Aeronautical Science & Technology, 2020, 31(07):72-79. 4THF, XINR, FEE, F.SPHM $L R FE# M FHIPEVSERE S LRI ],

MERIFH AR, 2020,31(07):72-79.



SLELUR %5 SPHM SARAEFT DR v #9225 % g

73

CECAHAIR ] SRR B 5 ) B B M P R

2 SPHM &K
2.1 HiERSSLES T

SPHM Z 48 85 M 2 RIS R () 12 I8 B0 , B 38 kAT
R B BYOE AL E  REE R RS
BRI A S AR AT S8, I HG BT L I i )k
PRAHR WAL AR 455 1 T SPHM (L% .

SPHM F 45 M {5 S5-I i Al A2 Wi R st IR A BF
il R LR E A BT 2 R GHR B
T FEAG IR FRIE R YRR G 22 kAT, LIS
ZIZWR Z A ZSETEERI FNZ K L e A 1
ZEARRRIED,

$SCHR A B 5 6 T LA B F) A i D S (G
FMEIE s ug o 511 CR A B 5387 N A )
[ AL R AL MO AL/ IS 555 T RE

KO HT 4 R AELE (L) b B0 AN M TG AL 21, X6 T 24
Ry I TR RS BT ATE ML b 58, B4R S AR B L i
R . XTI MK s B A5 A B U R 5 1 4
PEAS AN Il A i o A, 38 H T A TR R S8
2.2 ZEMa(EREE/FMRIEIREL

AR IBUBRATLES F o FH 8 0m7 1) 5 1A AR T R R SR,
07 A R R T 7 AR 28R A R MR A L I AR — A
(G 3 28 g A B0 AT 28 o 0 4 B o ) AR I 5 4 3
M RSP T ATSH i e 4 et/
PE BN 2B S AL g2 2] SRR A S AR
CERIRAT IR . KSR IR IR T SR 1 R S
REAS  BEARISE T2 07 S LB ELHEI i (A8 ) 5

H AT 4025 AL R FH B4 28 o W4 O =R R AR ], R
Z RV €S 3 AR A A 010, 7R TRBLEE A
SRR, AR A TSI LR RS R S
SLHREARE AT HRAS (E RN 8 B 8 e , O A AL Ik
AN s F A TR E

Sy S R I < AR — A R, AR T BA LA R AR
ML FOA A o o A Syl B, 0 7 28 A7 1) e A 250 0 A
T o A 2 [ it 25 R AR A Ak i, Bt — A AR 3
R0y 200 2R v 7 AR A T A AR T W A R
b 5 £ TR0, SRE AR DR 2T 00 o8 A PE RN A A 1
[ B >R 2 e 1A 20 e RN ZRPEAE IE AR 256 i 0L 287 Ty
R T 2 gy R, S b R A — A R A

S T PR — 22 LA T 1T A B e s Al

b TETAR A U R AR AR A R . X TR
BRRML b2 oy AR A A AR B O, B T A5 R B R
T RERC R ORI L R REEE AR A B R
G525 5, AR CHILTE ] — 0 IR AT A v A e 1 AN
[ o A R AR T RABILAR R P A 20 () b T o 1 25 K S
S it SPHM (18 A FIME BE , 1T HL— U Ay b T8 A7 1 3 A
RESR CAILAC I e hby A8 it A0 TR AR [ R

Ry T AE AL AR RE SR 1 R b S AT RE R AL TR
BT b o T R R I 2, AR 141 DA 3 — T2 rh g b
FE U R AL S 5 AR SN 2 B YOG R X
T ML AT Iy R A T LM T AR AL A8y A, DA
“HHUARE AMBALAT T o A RHLAE T AT ANk T B
(YL TETRR A , 25 PP bR AT 3 ) i TR A TR B A 1T

BT LGSR B 52 2 RBL A TARAS B 2R D
AT 5 ATSECZ M ARG R T AT S50
EE BTSRRI R S 3. ENAMER S IETFE TR
SR NS N ESY IR 5 % NN EE 2 s & NN [ RIF 3 Ea
AR GRA BIFOIHORSE Z R T B ke,

R R S — AT R R AR AT
A3 TR S S S A it  WBERIE U BdE Rl &
B AR RS > S5 5 T RIS 51t 1758
BAVBIRIZI M TR R G, T BT T
SR S5 R AT B AT AR B 15, 288 T HLAh R 300 (I &
1) AS B R R BG4 2 F LN LR % 2 0]
VA3 AT 5 vk, LI 2) DL K 6 T a8t A% B A 1 i 28 ) 2%
PRUNSE ZIOCHHAR

TEE 2(a) R, X/%%fﬁéﬂ%ﬁ 1A 73 Hr 3 28 6 x, il x,
AIRAH O RECG R, IR, J& A7 G x FIR AR iy H AR i x,
A S 5y 43 BT A B 28 1 CHERR x, Rl x) TR B4 AH OC &

AT I

e Tk 2

(e ) P |22

HLBHHIEE

i )| i |

BB N

Y
B1 NEHRBIAE

Fig.1 Maneuver identification process



74

LIRAEE L P N

Jul. 25 2020 Vol. 31 No.07

B RS WS SRR 13

TER 2(b) e G it it e 2 [l 2 A T B A G
MGt (RN ¢ 43A15) | p J& ¢ G ) L 1) o BRARE 2, o S
IR, PEAR AR 2 LS5 SOk (13 ]

JEUh A R X

Wﬁ%%%ﬁifj& j [IIEp
7¢ 77777 - ——— 7¢7

r—— -

| KU 125 F, |

} IEETECE |

!

\
\
\
| R, LR, R, | }
\
\

| i, |
;
| iR, |
¥
SRR R,
B R
\

(a) ZEILLNMT

i

| P |

:

PSR RSME A
BIPN )R s

FHA SRR A
eI

| HE min (p) X975 b
—| EIPNGIEL %] |

| Phibmax(p ) MR |

.

IR S l—

(b) AR5
B2 WASEIESE
Fig.2 Selection of input parameters
RS AL R RA T R AR R LS e P
BT SIS FIBLIAR S R AT AR A, X [ B 27
2] 75 R AR AU G R B A T X LG A3 B mT R ZE L5 R A
1AL () RE 3 5 T, 2B L S AL Y BP 22 R 28 1 2

Ao YIZRFEAUS AT BEXT EEAN AL 3 Fir/R o

¥=0.9995x
R?=0.9992

g
=
Z

* PZE LA |

— yex
| | >I_“ gﬁ‘lﬂ:—?u%
(a) WMLk
y=0.987x+4136.9  *
R?=0.987 .
3
@ *
=
=S
4
. o SeAT RS |
—y=x
pZ - A
H¥ME

(b) ZIL&MEEIHE

B3 HEUESEENL
Fig.3 Comparisons of load fit accuracy

BEAL A WA DT (4 2 B A 337 P AR X S B A A3 3
FR9 957 45 05 , AR — I ZN A BT . BT X L B RESE G
FERAL , R FH R — R | 7 — 2550k HE S 5 Tt 48
i AR BB B2 5, W 4 P Al
PIRh AT 1 T BB 57 022 /N T 5%

AL RS L RS — M e R, A P A 2o
X A S LA v S S i B A TR EE A2 N T — Bk
TRAT SRR TE A AT AR IBO  , AN EAAMER
VRO bR AL I SR ST U B AR X s T S YA
% BOAT U , SRS SR BSR4 2 IR AR 3 A 1 254 55 Be
ONNE e AT i

B TR TR 7 Y R K AR A T A5 R 1R 5 BIrs , B
IR BT R TR 2B, (H AR BT G T 15 B v 2R 1 e 1Y
HUAREE AT AR T TR 2B

B 1 LB R Ay S 7 AT, 3B 7 0 A sl
AT BT AT AR BT | e R A | AR B B S R
PRAATIEA L I o X TN PR L UEMR S e



SLELUR %5 SPHM SARAEFT DR v #9225 % g

75

7.E-03
6.E-03
5.E-03

8
= 4.E-03
R

2 3E-03 -

B — RS
2B-03 — BT
1.E-03 - ST R AT TSRS +5%.

- S AT IE B -5%
0.E-03 == AT ——— —

TR 52805 RR855332aN83
B4 SNSTNEELE T RIVESRIDNE

Fig.4 Comparison of fatigue damage accumulation

under actual and predicted load spectra
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Fig.6 Flowchart of fatigue damage assessment with

generalized correction methodology
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Fig.8 Overview of structural load measurement subsystem
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SPHM Technology Practice and Development in a New Generation of Fighter

Dui Hongna*, Liu Xiaodong, Wang Yongjun, Dong Jiang, Zhang Lixin
AVIC Chengdu Aircraft Design & Research Institute, Chengdu 610091, China

Abstract: The requirements for the airframe of a new generation of advanced fighter are light weight, high g capacity, long
life and multi-function. To achieve this goal, SPHM is one of the key techniques that need to be solved, and also an important
means to realize on-condition maintenance from the traditional breakdown maintenance and regular maintenance. This
paper describes the research results, design practice and technical developments in SPHM by the strength team in recent
years, which include the main function, key technologies and system designs of SPHM. These research results have been
successfully applied to the development of a new generation of high performance fighter airframe.

Key Words: SPHM; load/environment spectrum; metal structure damage assessment; composite damage
monitoring; corrosion damage monitoring
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