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Fiber Bragg Grating Accelerometer Based on Diaphragm and Diamond Structure

Wei Li, Yu Lingling”, Jiang Dazhou, Liu Zhuang, Li Hengchun
College of Mechanical and Electrical Engineering, Wuhan University of Technology ,
Wuhan, Hubei 430070, China

Abstract A fiber Bragg grating (FBG) accelerometer based on diaphragm and diamond structure is proposed. The
acceleration detection mechanism of the sensor is explained, and its sensitivity and resonance frequency expression
are derived. The structural parameters of the sensor are optimized by using ANSYS and MATLAB softwares, and
the FBG accelerometer with small structural size and meeting the practical application requirements is obtained. The
finite element model is constructed to simulate the vibration characteristics of the sensing system. The sensor is
fabricated and tested for dynamic and static characteristics. The experiments show that the sensor has better
temperature compensation effect under the temperature of 20-90 °C, which effectively reduces the influence of
temperature on acceleration measurement. The first-order natural {requency of the sensor is about 681.4 Hz. In the
range of 0-500 Hz, the sensor’s sensitivity has a good linear relationship with the vibration signal {requency. The
combined application of the diaphragm and diamond structure enhances the sensor’s ability to resist lateral

interference with a lateral interference of less than 5% .
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Table 1 Parameters of FBG accelerometer structure

and material properties

Parameter Parameter description Value
b /mm Diamond side length 12
[ /mm Optical fiber span 17
R /mm Working radius of diaphragm 15
r /mm Hard core radius of diaphragm 2
h /mm Thickness of diaphragm 0.2
m /kg Quality of copper block 8X10°°
A /nm Grating wavelength 1500
A;/m’ Cross section area of optical fiber 1,227 X10%
E./GPa Young's modulus of diaphragm 200
7 Poisson's ratio of diaphragm 0.28
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Table 2 Physical parameters of main parts of sensor

Part Material Young's modulus /GPa Poisson ratio Density /(kgem *)
Diaphragm Stainless steel 200 0.247 7930
Mass block Brass 96 0.380 8500
Force transmission parts Aluminum alloy 71 0.330 2770
Bolt 30 carbon steel 235 0.300 7890
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Fig. 8 Deformation diagrams obtained by finite element modal analysis. (a) First-order mode without considering fiber

force and diamond structure and fiber; (b)-(d) first-order, second-order, and third-order modes considering fiber

force and diamond structure, respectively
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Table 3 Sensitivity parameters of sensor under

different excitation frequencies

Excitation Fitting equation / Sensitivity /

frequency /Hz (pmeg ) (pmeg ™ ")
10 [ AX, — A%, [ =65.86a —0.53 65.33
50 | AX; —Ad, [ =68.20a +0.02 68.22
100 | Ax, —AX, [ =70.93a +0.07 71.00
150 [ AN, — A, [ =72.53a —0.53 72.00
200 [ A, —AX, [ =75.53a—1.20 74.33
250 | AX, —AX, [ =80.06a —2.65 77.35
300 [ AN, — A, [ =85.47a —2.47 83.00
350 [AX, — A%, [ =87.80a —1.68 86.12
400 [ AX, —AX, [ =89.60a —0.27 89.33
450 [AX, — 24, | =93.67a 10.44 94.11
500 | Ax, — AL, [ =97.00a +1.33 98.33
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