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Optimization and Test of Fiber Bragg Grating Strain Sensor
with Loop Structure
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Abstract A matrix layer is often used in the packaging of fiber Bragg grating strain sensors, and the matrix layer’
structure influences the accuracy of the sensor’s strain monitoring of the structure to be measured. In this study, to obtain a
better base layer structure, four-dimension parameters (distance from the loop structure to the middle section, middle
section’s width, and depth of the groove) are taken as the sensor variables to investigate the effect of dimension parameters
on strain sensitivity using finite element simulation. The structure-optimized sensor is built, tested, and the unknown

parameters are calibrated to determine the sensor’s sensitivity, precision, and effective measurement range. The sensor is

compared with a standard resistance strain sensor, and the subsequent optimization scheme is given.
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Fig. 1 Structure diagram of the FBG strain sensor
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Fig. 2 Schematic diagram of dimension parameters of the FBG
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Table 1 Physical parameters of the sensor

Physical parameter Value
Elastic modulus of FBG E; /Pa 7.2 X 10"
Poisson’s ratio of FBG A, 0.17
Radius of FBG r; /mm 0.0625
Height of bonding layer 4, /mm 0.5
Width of bonding layer D, /mm 1
Length of bare FBG L;/mm 17
Elastic modulus of bonding layer E, /Pa 4 < 10°
Poisson’s ratio of bonding layer A, 0.34
Elastic modulus of matrix E,, /Pa 1.94 X 10"
Poisson’s ratio of matrix A,, 0.3
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Fig. 3 Mesh division and load distribution of the senser
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Fig. 4 Deformation distribution of the sensor with loop structure. (a) Deformation distribution of the FBG;

(b) deformation distribution of the matrix
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Influence of different parameters on the strain sensitivity of the sensor. (a) L; (b) D; (¢) &; (d) 2

1728002-3



R

$£59% F17H1/2022 £ 9 B/ EBEFZHE

A TR FE o A A X A B RS 32 X PR AR
LS EN A NERE UL i N

4 L AT RO WL R Y il 1

R 4l D Ak A Tk g 35 A J2 A 8 ) R 1 1 15 J A
B2 E LG FBG B0 AR 2 JREr i T T4E
B R S EAL BRI R R AR E Ol
FIE M FC/APC #2:3k 55 o 15 BE8 19 S5 K 2 W
E6(a)Irn . PAIEARZE DA RSF B A BR oG 1 & 45
AR H R AR A A5 AR AR 2 RS % [R1E 25 44 5]
o R T A BE B LR E N S mm, TR I TE E D B E N
Amm, B A E R 0.8mm, 15 2 1 K i N

36 mm, FEAf E N S mm, FH A E N 1 mm. AN, G
O TE e TR 1 IO A R R -, (L i R G Y 1S
DT AE R v A 7 I 2 8 A8 K DRI Kl B o f
A 1mmeo FERJZ AR R 304 ASE5 40, 8 i 6 £F e K
LAY J& K5 FBG, 38 o 94 15 52 5 W 603+ 98 5 )l 2F i bz
J1, E 6(b) R o P35 TR G FBG & T 3R A4 2
o I AR G0k FBG RN 44 2 o 7 4 500 0% 4
BTN N P E M IR I, an & 6 (o) B o 8146 5 7 JE 44
JZ W S () G R AR E B ARME R 0.9 mm AR P £kt ol
LFHEWT . FE PR EF BALIN T FC/APC 3k , it 5
FE & ) FBG fiff )8 A0 AH 7% 322 , il 15 58 i) FBG & & 2%
wmE6(d) TR,

6 FBG RS Ml 1F o (a) 218 1 BAR 2 5 (D) I TOREF I TAE & 5 (o) BUR R 58 s (d) il 58 i FBG % A

Fig. 6 Fabrication of the FBG sensor. (a) Matrix of the sensor; (b) workbench for processing optical fibers; (¢) dispensing system;

(d) fabricated fiber Bragg grating sensor
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Fig. 9 Results of temperature-controlled experiments and tensile experiments. (a) Sensor wavelength as a function of temperature;

(b) sensor wavelength drift as a function of tensile load
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