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Strain transfer characteristics of fiber Bragg grating sensor

in aerostat flexible composite skin deformation
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Abstract: In order to improve the strain transfer efficiency of the fiber Bragg grating (FBG) sensor for the
deformation monitoring of the aerostat airbag skin, the strain transfer characteristics of FBG for the flexible
composite skin monitoring were studied. According to the structural characteristics of the flexible composite skin
material, a three-layer strain transfer model of "FBG-adhesive layer-skin structure" was established and the strain
transfer function was deduced. The strain transfer at each point of the FBG sensor was carried out by analytical
and finite element methods. The influence of the relevant parameters of adhesive layer and skin structure on the
transmission rate was analyzed and the best packaging parameters of the surface bonded FBG sensing structure
were obtained. The research results show that the calculation error of the analytical and numerical methods is less
than 5% for the strain transfer efficiency in the middle of the sensor. When the elastic modulus of the adhesive

layer is 0.5 GPa, the adhesive length is 40 mm, the adhesive width is 6 mm, and the thickness of the upper and
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lower adhesive layers are 0.2 mm and 0.1 mm respectively, the strain transfer rate of the fiber grating strain

transfer model after packaging parameters optimization can reach 97.04%. It can meet the sensitivity requirements

of aerostat airbag deformation monitoring.
Key words: aerostat;  flexible composite skin;

strain transfer
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Tab.1 Material parameters of each layer structure

FBG Adhesive layer  Skin structure

Elastic modulus/Pa~ 7.2x 10%° 3.0x10° 3.59%10°
Poisson's ratio 0.17 0.35 0.3
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Tab.2 Structure parameters of pasted layer
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Tab.3 Skin structure parameters

Structural parameters Value range
Elastic modulus/Pa 1.75-3.59
Skin thickness/mm 0.5-4.5
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Fig.11 Effect of elastic modulus of skin structure on average strain
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K, RN, FBG (B RSB AL R R, 476
PSR ARVEUE R BT, 456 A BB BRI T
KT, TR A a5 B R TR I O 2R S % Jak
T PG SRAS Y BB S B0 B Oy TR HU AR i 2
4 0.5 GPa I FR B i I R AT 52, FORG NG 24 B Sy
40 mm, K )Z 9 A 6 mm. b T ORE I IR BE 4 iR
0.2 mm A1 0.1 mm, W3 4 PR, EIXFESHT, K
o7 A5 38 2] 1K 97.04%.

R 4 FBG £ E LIS AR

Tab.4 FBG sensing structure parameter selection

Parameters Value range
Half length of adhesive layer/mm 20
Width of adhesive layer/mm =6
Thickness of upper adhesive layer/mm 0.2
Thickness of lower adhesive layer/mm 0.1
Elastic modulus/GPa 0.5
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BE X T7 25 2% R R 26 5% R 6 e 1o 72 T o P 1) 2%
TR WG LR GG IR, HEST T8 52 2 SR 254 2%
JETEN Y FBG = 2 A& IR A, IR HE S 1l i
TR T B 0 AR A5 38 R A, R TR BT T iR S A R OT T iR
ST 4 A TR AR HE K BE () FBG 4 S g k47 % 1 20
SERFHL IR BT IR 4 A IR ALY H A A AL
{18 1oy AR A% 338 R AL i 2, O ELTE A% 8% Hh TR) DX — 3%
SEIRMXTIR2E/INT 5%, X500 552 {7 - 24 1 AR A% 33 %
R 0 A 1 P 7i  a  V A= 3 s  3 3 d y .%
RUYEREIG 2 AN 0.5 GPa, K4 40 mm, T8 K
6 mm, b, ARSI EEE 43 5k 0.2 mm Al 0.1 mm (%) 35f
WSHOT, HV ARG R ATIK 97.04%, A4S G A5 4%
BEARZERI Z 15070, W 7E FBG 1% [BRA% Kl W % o5 S Aor
MR V725 A A8 W R e kG . R R PE
G5 A I A il 5 R A A M A e SR R
], FOV-2 0 AR L i R . #E TARE SR H i, A
[F) 77 25 28 5¢ B2 AT AR A% 8648 S 80000 1 25 R AR AL A% IR
Ay = 1= U R Lt S I B R U
FME AR I145 )= 2 B 12 Mg, 45 B Ober g
AR, XM G 5 R A JE MR TR O DA
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