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Table 1 The specific parameters of diaphragm-type FBG pressure sensor with temperature compensating structure
Parameter P, x/mm A;/nm A,/ nm E/(X10"Pa) i R/mm H/mm P/MPa
Value 0.216 12 1550 1563.6 1.28 0.35 6.7 0.6 0.6
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3 2 (2) AR BN w, i 7.195 pum, W F- 2 FBG JE )45 B 88 09 FEIE TR ) R 0% 5 —1.218 nm/MPa,
18 B A BR 0 40 BT R 1F O B4 20 85 75 4 B 7 32 R 5 1 445 51 D0 181 2, bt i e KA B it w, R 7.407 6 pm, 5 3
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Fig.2 Displacement diagram of diaphragm surface under compression
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Fig.3 The influence of different AX on fiber strain
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Fig.4 Schematic diagram of diaphragm—type fiber grating pressure sensor with temperature compensating structure
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Fig.5 FBG pull-off test results
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Table 2 Data when the FBG was pulled off

Number 1# 2% 3% 4# 5#
A,/nm 1542.205 1542.523 1542.06 1542.866 1542.615
F,./N 2.646 2.646 2.744 3.038 2.842
o/ M 3.432 3.453 3.59 3.936 3.643
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Fig.6 Temperature test curve Fig.7 Temperature response curve
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FEFE T3t 0 3R e R 1, e T T4 TS ZEAL R 4R R A8 B2 UE 7E O mm, i B MOT-ST155 St £ 't i A 374X
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MPa, K 5 BEAT B S0 B o % P S 00 5008 A5 141 8, 48 2N (11) 18 FBG L FH B R it 2 19 7 24 1R ) R U 29y
—1.728 nm/MPa, £ 4 99.9% .
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Fig.9 The two-dimensional cross—section temperature change of the pressure sensor (time=>50 s)
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Fig.10  Pressure test curve without temperature compensation
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Diaphragm-type Fiber Bragg Grating Pressure Sensor with a
Temperature Compensation Structure

YU Luyao'?, ZHAO Qiang®, DU Dawei’, QU Yi'
(1 Hainan Key Laboratory of Laser Technology and Optoelectronic Functional Materials, School of Physics and
Electronic Engineering, Hainan Normal University, Haikou 571158, China)
(2 Institute of Oceanographic Instrumentation , Qilu University of Technology (Shandong Academy of Sciences) ,
Qingdao, Shandong 266061, China)

Abstract: For the field of ocean depth detection, a small volume diaphragm—type fiber Bragg grating
pressure sensor with a temperature compensation structure is made. The length and diameter of the fiber
Bragg grating pressure sensor are approximately 40 mm and 20 mm, respectively. The diaphragm-type
fiber Bragg grating pressure sensor with a temperature compensation structure uses an ultrashort fiber
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Bragg grating string. There are two fiber Bragg gratings on the ultrashort fiber Bragg grating string. The
length of the two fiber Bragg gratings is 1 mm, and the interval between them is 20 mm. One fiber Bragg
grating is used to measure pressure, and the other fiber Bragg grating is only affected by temperature,
which can eliminate the influence of temperature on the pressure measuring fiber Bragg grating. The optical
fiber is encapsulated in a metal tube a short distance away from the measuring pressure fiber Bragg grating.
The end of the metal tube is fixed on the elastic metal diaphragm by a laser welding process. In this way,
the optical fiber and metal diaphragm are not fixed by epoxy adhesive directly, which can avoid the
influence of aging and creep of epoxy adhesive on the performance of the diaphragm-type fiber Bragg
grating pressure sensor with a temperature compensation structure. In the measuring range of 0.6 MPa, the
theoretical pressure sensitivity of the diaphragm-type fiber Bragg grating pressure sensor with a
temperature compensation structure is — 1.214 nm/MPa, and the pressure sensitivity of the diaphragm-
type fiber Bragg grating pressure sensor with a temperature compensation structure obtained by the finite
element analysis method is — 1.364 nm/MPa. After the diaphragm-type fiber Bragg grating pressure
sensor with a temperature compensation structure is fabricated, the pressure and temperature characteristics
of the sensor are tested. With the help of a fiber Bragg grating only affected by temperature, the influence
of temperature on the pressure measuring fiber Bragg grating is eliminated through calculation. The actual
average pressure sensitivity of the diaphragm-type fiber Bragg grating pressure sensor with a temperature
compensation structure is — 1.728 nm/MPa. Moreover, the linearity of the boost and buck curves of the
diaphragm—type fiber Bragg grating pressure sensor with a temperature compensation structure is more than
99.9%, and the boost and buck curves of the diaphragm-type fiber Bragg grating pressure sensor with a
temperature compensation structure also coincide well. In addition, the best way of the tail fiber seal, the
reason of the different temperature response characteristics of the double fiber grating, the method of
improving the linearity and coincidence degree of the pressure curve, the reason and solution of affecting
the stability of the sensor, and the reason of improving the sensitivity of the measured pressure are
discussed. First, when the thickness of the metal tube that encapsulates the optical fiber is relatively thin,
comparative experiments show that the method of sealing the fiber tail with epoxy glue is better than laser
welding. By sealing the fiber tail with epoxy glue, the wavelength shift of the fiber Bragg grating can reach
2 nm. It can be seen that sealing the tail of the optical fiber with epoxy glue more easily maintains the
prestress applied to the optical fiber. Second, a temperature response test experiment of a diaphragm-type
fiber Bragg grating pressure sensor with a temperature compensation structure is carried out. The
experimental results show that the temperature response of the fiber Bragg grating and pressure response of
the fiber Bragg grating are slightly different. Combined with the simulation analysis, it is found that the
main reason for the difference in the temperature response trend of dual fiber Bragg gratings is the defect of
the structural design. Third, to improve the linearity and coincidence of the boost and buck curves of the
sensor, temperature and pressure aging processes are added to the sensor manufacturing process. The
experimental results show that these methods are effective. Next, considering the influence of an optical
fiber tail wobble on the stability of a diaphragm—type fiber Bragg grating pressure sensor with a temperature
compensation structure, it is suggested to use apodisated linearly chirped fiber gratings or set up a region to
isolate external forces to solve the problem. Finally, the problem that the actual pressure sensitivity of a
diaphragm—type fiber Bragg grating pressure sensor with a temperature compensation structure is higher
than the theoretical value is discussed from several angles. The main reasons are that the effective length of
the fiber Bragg grating decreases due to the flow of epoxy glue and the pressure sensitivity of the fiber
Bragg grating increases due to the increase in prestress.

Key words: Fiber Bragg grating; Pressure sensor; Finite element analysis method; Elastic diaphragm;
Ocean
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