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High Precision Fiber Bragg Grating Pressure Sensor with Real-Time

Temperature Compensation
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Abstract A novel high precision fiber Bragg grating (FBG) pressure sensor is proposed. The sensor is based on
the structure of elastic diaphragm. The pressure sensing FBG (PS FBG) is connected directly to the diaphragm. Axial
displacement occurs under pressure and compresses the PS FBG to realize pressure measurement. The temperature
compensating FBG (TC FBG) departs form the diaphragm. So it is insensitive to external pressure. Both FBGs are
applied with certain pretensions. Therefore, their response to environmental temperature is nearly the same.
Accordingly, real-time temperature compensation can be realized. Without strain delivery among structures, the
proposed sensor responses to external pressure immediately and ensures a high precision measurement. In the
experiment, the pressure measurement fluctuation of the sensor is less than +0.7%F.S. during temperature variation.
The pressure precision reaches 0.19%F.S. in the rage of 25 MPa.
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Fig.1 Schematic diagram of the proposed pressure sensor
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Fig.2 Simulation result of the sensor’s deformation under the pressure of 1 MPa
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Fig.3 Relations of both FBGs with the pressure
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Fig.4 Wavelength relation of both FBGs and the temperature

49.4
492} y=-0.044432r+49.33277
5 R?=0.99996
2 49.0+
4881
F48.6 1
X
T 4841
&m
482 |
48.0 . . L g
0 5 10 15 20 25
Pressure /MPa

B5 P2 A, - K Ky, 5E T R 2
Fig.5 Relation between A —A,K, /K, and the pressure
3.2.3 A IR JE e R X

P AL B AR 1 XA T 32 ) 7 0 5t el R v o A TR T R R A K b R RS e R A
— Y BE A K S I SR a2 aek R e I ' B AR U R S A 1 T A A A% R AR Y R T 2 A R A, D 2
BWE 6 7Hiax. IWEH A LLE 1, 15 A8 N 25 25 CHIZK AL 15 CCRYZK Fr i, 0 6 R i # 'G
X i 6 i 1 L[] 25, AN Ta) B 220 9 2 1) 3 B2 22 d5 KA R 0.16 C, T BE 25 F- AR 0.02 Co T ) 4% Ik
A S A B R R AR 0.18 MPa, 298 0.7%F.S.. 7] UL, 35 4 6 M R % S sk s X6 300 5 S Al a2 75 98 2 b

2, B A% SRR A s 0 ek A v mT LA A3 0 iR R AR A UK
26
24
©22
20
§18
§16
14
12

0 50 100 150 200 250
Time /s

Pl 630 T S 3 e I Al s P g oz 0 3 4 2R

Fig.6 Test result of two FBGs' response to temperature variety
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Fig.7 Fluctuation of the sensor’s output during temperature quickly changing
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Table 1 Precision test of the sensor

Reference pressure /MPa Measured pressure /MPa Pressure error /%F.S.
5.000 5.024 0.096
10.000 10.029 0.118
15.000 15.048 0.194
20.000 20.039 0.158
25.000 25.023 0.092
Pressure accuracy /%F.S. 0.194
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