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Abstract: Fiber Bragg Grating(FBG) sensor with a stickup plane structure can not test the strain pre-
cisely in ship structure health monitoring due to its small measuring range. For overcoming this prob-
lem, this paper designs a composite structure stickup FBG sensor composed of an annular plane spring
and a slab on the basis of stainless steel. This kind of stickup FBG sensor can convert the large strain
of composite structure into a small strain of FBG by the annular plane spring. By decreasing the strain
coupling coefficient between FBG and tested structure, large-scale strain test is implemented. The
sensing principle of the composite structure is analyzed and the stress and strain distribution of the
stickup FBG sensor are simulated through finite element method. The simulation result demonstrates
the feasibility of this structure in a large strain test. Finally, a loading experiment are performed on a
special steel sample. The experiment result shows that this structure has a measuring range more than

20 000 pe and good linearity. In addition, the correlation coefficient is up to 0. 99. As a conclusion,
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the sensor is convenient for setting up because of the small volume, and can resolve the problem of

large strain test in ship structure health monitoring with good performance.

Key words: fiber sensor; Fiber Bragg Grating (FBG); strain sensor; health monitoring; ship struc-

ture; composite structure; finite element method
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Fig. 1 Architecture diagram of large strain sensor

JO7 AR I, sk B A R 2 S e [ TR
DA b T AR £ 0 1 1 A 38 3 [ 5 s A% 3
EIEZY A QTIELS. WX (VIR ey I P e
R 7 A WA T Bl T R A T AR A R D kA
PEAE , T FBG [ ot 4 7= AR T RS - S5 30 6t
IO AR 0 e AR RS I AR bl ST T L 5 AL A A
JERAS K B H B S R UL AE

2.2 fERARIE

H % JER A0S 1Y) 45 4 T8 T R R A 25 A 1 R
43 07 B FRE V- TSR R K S5 1R
JO7 A5 B A Ay v T8 S i A A A% 2N 7 A L B AT S R
KR AS IR, 31X L e AL R ) 45 R N A e 5
FBG B KIES & Al IR R K RBE R
BOHATHES:

W 2 fr 7R o AR B ) AS 55 B0 b J5 1Y) F Al 25
MK EER LRI K Sk EE o E L i E
BN ALSERER d AR e s IRZ N )R Frs K
JEARb 5 A AL 5 P i 1) AN B A 18 IR 43 B2 Oy
Lo SWIBE R K SRRl B AR R e o 7R BZ
Tl Fo K BEAEL RN AL, . HUEAS 454 Y
MK L=L + 2L, KEATHE AL =

ALI +2AL2 ’ 1%@%%%@@%7 €FBG o

Ly,Kn.€y LK€

aY
U

Lp.K7,&)

>

Yol
U

B2 AR A

Fig. 2 Principle of sensor
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Fig. 4 Sample of composite structure sensor
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Fig. 8 Relationship between structure strain and wavelength shift
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