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Fiber-Optic Fabry-Perot High-Pressure Sensor for Marine Applications
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Abstract We investigated a fiber-optic Fabry-Perot high-pressure sensor for marine applications, and established a
finite element method (FEM) numerical model to analyze the full scale cavity length variation of the sensor. The
numerical simulation results showed that the full scale cavity length variation in the FEM model was between the
value of the clamped model and that of the simply supported model. With the decrease of the cavity radius and the
increase of the silicon diaphragm thickness, the length variation of the FEM model deviated from that of the clamped
model. We introduced clamped boundary condition deviation degree S to quantify the deviation degree. We produced
three types of sensors and carried out pressure experiments. The experimental results showed that the full scale
cavity length variations of sensor chip obtained by measurement and the FEM numerical calculation were generally
coincident. The error of the full range cavity length variation was reduced to less than 13.4% when we designed the
sensor chips with the FEM model. The maximum measurement range of the sensor was up to 105 MPa, and the
measurement accuracy in the full scale was within 0.100% .
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Fig. 1 (a) Structure schematic and (b) finite-element model of fiber Fabry-Perot high-pressure sensor
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Table 1 Parameters of sensor chips in different groups

Group ¢t /pm a /pm B /pm L /pm
1 100 450 2500 500
Il 100 450 5000 500
I 300 1250 5000 500
v 375 1050 2500 500
Vv 375 1050 5000 500
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Table 2 Parameters of three types of sensor chips

Sensor No. ¢t /pm a /pm a' /pm B /pm L /pm
1 100 450 463.68 2500 500
2 300 1250 1263.39 5000 500
3 375 1050 1048.85 5000 500
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Fig. 7 (a) Sensor chip array; (b) micrograph of sensor chip 1; (c) fiber-optic Fabry-Perot high-pressure sensor body;

(d) metal casing packaged fiber-optic Fabry-Perot high-pressure sensor
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Table 3 Results of simulation and measurement

Sensor No. Pressure range /MPa AL vps/pm AL./pm AL axs/pm AL./pm
1 20-85 9.66 4.00 8.52 16.49
2 2-40 11.57 4.77 10.42 19.71
2 0.003-0.283 0.0835 0.0352 0.0769 0.1452
3 2-105 11.49 3.14 10.33 12.97
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K4 1~3 SEBAERE

Table 4 Performance of sensors 1~3

Sensor No. Range /MPa R? Error /MPa Accuracy (full scale) /%
1 20-85 0.9999 0.0664 0.100
2 2-40 0.9999 0.0174 0.046
3 2-105 0.9998 0.0823 0.079
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