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Abstract A miniaturized, wide-band, high-sensitivity fiber Bragg grating (FBG) vibration sensor is proposed. The
millimeter-scale FBG is used to design the sensor structure. The “lever hinge” structure is used as the strain transfer
beam, and the center of gravity of the entire mass block is adjusted by hollowing out the end of the mass block, which
improved the natural frequency of the sensor. This structure increases the natural frequency of the sensor with a slight
decrease in sensitivity. In this study, a vibration sensor with a volume of 15 mm X 15 mm X 15 mm is designed to satisfy
the miniaturization requirements of sensors on space cameras, and structural design and finite element simulation analysis
were performed. The structural optimization of the sensor is completed, considering the working frequency band and
sensitivity. The sensor is fabricated by millimeter FBG writing and sensor packaging. A vibration test system is built to
test and analyze the characteristics of the sensor. The results show that the natural frequency of the sensor is approximately
1250 Hz, the sensitivity exceeds 83. 3 pm+g ' when the excitation frequency is 750 Hz, the lateral anti-interference ability
of the sensor is excellent, and the cross-sensitivity is lower than 4%.
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Table 1 Design parameters of the sensor

Parameter Value
A, /mm® 0. 005024
E,/GPa 72
[ /mm 1.5
R /mm 1
£ /mm 3
¢ /mm 1.5
m /g 5. 465
d /mm 4.63116
h /mm 9
@ /mm 11
b /mm 0.36
E /GPa 90
A /nm 1556. 69
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Fig. 5 Sensor stress profile. (a) Mass block not hollow; (b) mass block hollow
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Table 2 Sensor parameters of different structures
Natural .
Sensor structure S/(pm-g ")
frequency f/Hz
Mass block not hollow 1141 129.53
Mass block hollow 1231 128. 64
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Table 3 Research status of fiber grating vibration sensor

Reference Sensor structure //Hz S /(pm-g")
[11] Torsion beam 1180 6.290
[12] Accelerometer =2000
[13] Accelerometer 3000 19
[14] Diaphragm 1240 45.9
[15] Hinge 1525 12
[16] Hinge 2300 29
[17] Diaphragm 600 20. 189
[18] Compliant cylinder 400 42.7
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