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Research on Technology and Application of Strudtdieslth
Monitoring based on Fiber Bragg Gratings
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Abstract: Some advances of the research on Structural Health Monitoring (SHM) carried
out in the past years by Institute of Mechanics, Chinese Academy of Sciences, are
presented. They mainly includes SHM sensing technology based on Fiber Bragg
Gratings (FBG) that involves the development of a family of fiber sensors (strain,
temperature, acceleration and displacement) and the algorithm and technology of
strain distribution measurement, cryogenic strain and temperature sensing and its
application to SHM, SHM theory in modal space and the measurement technology of
modal strain based on FBGs, SHM theory and technology in state space, such as static
load monitoring and the damage recognition in phase space for nonlinear systems.
In addition, the integration of the SHM system and its application to the engineering
structure in practice are demonstrated. Finally, prospects on some important issues
of SHM are given.
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I 1] 3 51 20 A R 8 P R A, LA S AR . kT
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Vit +(m=1)7] JA8h5, Fit—A> mYEr)asale SR EL R A 2 8] TR i o Al sl gl Al (U
17D AT LU R SGE B IE . Takens & PR W HLM) AOAH A5 0] A0 S5 5l 1) RS8R # 4

JRE ST 1

A A E A R AH 2 TR) BB 78 40 Hb s R R SR IE s IARFAE, 250G X HiuZe Y 45 m FITEE IR
WA T o B S AR S )P A { (1)} i3 Toeplitz KHPFE:

y(1) y(2 - y(a)
a= Y@ Y vlard (3)

y(N.—q) y(N;q+1) y(N-1)
o N Az R RS YO} AR, {0} TP AR AR R R TR g A At , A4
g f =10t . q=f/ 7, 7 RMARAE S M FFT KR FHHE AR, RASKE.
X BE A BEAT ZF % 9 R SVD(A)=USV , I S=diag(a,,0,,,0,)

0 >0(i=1,2;- 1), r=rank(A). WEFRELTI L, HET TR T 7
GEIIY T, SRR 7 S A 52 FRIE LRI T 3 ) RESEIRIN B . T HRERR i
Heaemsic(r) 9, fEo(r) -1 Mgk, RIS KME 0 L T (0 IR

M8 9 fEH . UK TIXFER T8, ABAR Y[t +( ] +D)7] SR y(t + JT) BERADCIERVDN, X

T T AR, AbATTA 2 58 A B ARSI

A 2 M T 5% 22 450 407 DR 1 DA 85 A () mig A5 v i ST BRHE R 51 T (Baseline
Attractor), SRJ5 54040 45K (R m N G 57 K HiA 5 F- (Damaged Attractor) fEXfEL,
PP 2 I SRR SR A B R B i b BT v an i 22 Bo, DA 4517 4.

Baseline Attractor Damaged Attractor
x(n) v (n)

Lasl ﬁiiﬁg?orhmd Fiducial point

y(f)

Actual Future Value
Predicted Value
y(f+8)

22 ARSI R 72 Ji B i 14
FESNNE /AN SR 1 SR GU: 17 N < S /3 IR VAR = A G~ G
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x(n) = (x(n), X(N+7),..x Q0+ =21y ) ), Herbr x(n) Sy TCHREE RIS S5 51 A
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KACESGTFLAE (BRI, y(n) S L K s B f 5 541 1 x (n) g sraeng s |
o 3Ry () RSTHIBILS] FHATEES, TSR 7
A5 03T o BN B — A ), A R T AR 0 Sy ( )
(Fiducial point). {EHEHEWESIT LY (f)hht, FH$EEN ¢ WX, () WE
SRS X (py)
Xt (P):[x(py) =y ()| <& =1 N, (4)
HpEEER p, B BT LRIBER, 8 x( p, ) MR RL LTI, mEErE sy ()2
RO JL BB B A . I ELIOEAR € RTARIN, Bh Xy (D)) AT O BEHER 5 A H 2 H
N b, KRS € FA/N. N, B4R (10PN, 6x 10°N HA. 23|
TR S KF AR B, AR (| +5) SISt rBes] ks

AN y( f ) E‘J?ﬁ%y(f +S) ELE, 36T f iR ge il 2 y (Nonlinear

Prediction Error, NPE):

. 1 &
y(f+5)=N—HZ:;,me(p,-+s) (5)
y=[9(f+s)-y(f+s) (6)

AP A SIEUETE BN 1< s< 0.50 o SR AR 2 p o2 % TRENL ) i £ Tt i
o MFRABIRG] T, G AT AR BEHLER N U, N 20 W3 7] 7516
KRR 5%, A N ATINIRZE pAEFF AT T3, whfS SRR G | 7 A S K RSB 2

AL ME TR ZE Y o il K — 7 M4, i mT AR ST AR FOI 58 2 A5 05 P BE 2 T Fr A

ES
I P A2 Pk TR 2 B0 K AN = 1 R BE SRR 1 BT T B0 R 0 i, [
23 FoN BT I I ARG TR 22 ) (NPED, W LU B s — 5 I, AHN AR B 5 (H
XA (Y] PDEREHRG R RN, e A R NPEAALEUN, SO SN
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