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Abstract: Pressure sensors are the essential equipments in the field of pressure measurement. In this 
work, we propose a temperature compensation fiber Bragg grating (FBG) pressure sensor based on 
the plane diaphragm. The plane diaphragm and pressure sensitivity FBG (PS FBG) are used as the 
pressure sensitive components, and the temperature compensation FBG (TC FBG) is used to improve 
the temperature cross-sensitivity. Mechanical deformation model and deformation characteristics 
simulation analysis of the diaphragm are presented. The measurement principle and theoretical 
analysis of the mathematical relationship between the FBG central wavelength shift and pressure of 
the sensor are introduced. The sensitivity and measure range can be adjusted by utilizing the different 
materials and sizes of the diaphragm to accommodate different measure environments. The 
performance experiments are carried out, and the results indicate that the pressure sensitivity of the 
sensor is 35.7 pm/MPa in a range from 0 MPa to 50 MPa and has good linearity with a linear fitting 
correlation coefficient of 99.95%. In addition, the sensor has the advantages of low frequency chirp 
and high stability, which can be used to measure pressure in mining engineering, civil engineering, or 
other complex environment. 
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1. Introduction 

Pressure sensors are the essential equipments in 

the field of pressure measurement. But for electrical 

pressure sensors have a lot of technological 

limitations which restrict their application in harsh 

environments with electromagnetic interference, 

dangerous explosion matters, or extreme 

temperatures and pressures [1]. While the fiber 

Bragg grating (FBG) sensing technology being as a 

new measurement technology [2], which is mainly 

used as a sensitive component for the manufacture 

of optical fiber sensors and has the virtues of 

intrinsic safety, small size, light weight, 

anti-causticity, anti-electromagnetic, high sensitivity, 

strong reliability, and ease to form a 

quasi-distributed sensing system [3]. With these 

merits and different packaging structures, many 

physical quantities for measurement of the 

temperature, strain, pressure, torque, and others can 
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be achieved [4]. 

However, the bare FBG is thin and brittle, and 

its usual pressure sensitivity is only 0.003 nm/MPa 

[5], which cannot meet the requirements of 

engineering application and must adopt the 

appropriate packaging technology and methods in 

the actual measurement. Peng et al. [6] proposed an 

FBG pressure sensor based on the free elastic 

cylinder and obtained the pressure sensitivity of   

27 pm/MPa. Zhang et al. [7] reported a pressure 

sensor by using the polymer coated FBG in the 

thick-wall metal elastic cylinder. Their results 

showed the pressure sensitivity of this sensor is 

1722 times higher than that of the bare grating. Some 

other groups used methods contain bonding FBGs to 

an isosceles triangle cantilever or a diaphragm 

structure [8‒10] or embedding FBG in polymer [11, 

12]. However, some methods have complex 

structures which are hard to be fabricated and 

multiplexed in one single optic fiber. 

In order to improve the strain-temperature 

cross-sensitivity of the FBG, Pan et al. [13] 

described a distinguishing range FBG 

pressure-temperature monitoring device to realize 

the double sensitivity measurement of pressure and 

temperature, but this structure reduced the pressure 

measurement accuracy and couldnot achieve the 

precise temperature compensation by introducing 

another temperature sensors. Huang et al. [14] 

designed a diaphragm-type temperature insensitive 

FBG pressure sensor with a string of two bare FBGs 

directly bonded on the diaphragm surface. By using 

two FBGs and analyzing the difference in the 

wavelength shift, the temperature sensitivity is 

effectively eliminated. Furthermore, other groups 

proposed some feasibility techniques such as writing 

two FBGs in different diameter fibers, using a 

reference FBG, and combining FBG with 

Fabry-Perot cavity [15‒17]. In this paper, a 

temperature compensation FBG pressure sensor 

based on the elastic diaphragm is reported. The 

mechanical deformation model of the diaphragm is 

established, and the mathematical relationship 

between the FBG central wavelength shift and 

pressure is also reported. Also, the influences of 

diaphragm’s material and dimensions on the 

sensitivity are numerically analyzed by MATLAB 

software, and the numerical simulation of the 

deformation characteristics of the diaphragm is 

conducted with finite element software ABAQUS. 

The performance experiments indicated that the 

FBG pressure sensor has good linearity, low 

frequency chirp, and high stability, and the 

temperature cross-sensitivity is effectively avoided, 

which can provide guidance for the design and 

manufacture of the sensors, and also can be used to 

measure pressure in mining engineering, civil 

engineering, or other complex environment. 

2. Sensor structure and theoretical 
analysis 

2.1 Sensor structure 

The schematic diagram of the FBG pressure 

sensor is shown in Fig. 1. The plane diaphragm and 

pressure casing are sealed by the o-ring and circlip. 

One end of the fixed skeleton connects plane 

diaphragm by welding, and the other end is fixed to 

the casing. The pressure sensitive FBG (PS FBG) is 

pasted on the groove in the center of the fixed 

skeleton by epoxy resin adhesive and used to 

perceive wavelength shift caused by the pressure. 

The temperature compensation FBG (TC FBG) is 

pasted in the casing to compensate temperature, 

which is connected with the PS FBG through the 

coupler. Optical fiber sheath and pigtail protection 

cover are used to encapsulate and protect the optical 

fiber pigtail. 
When the pressure is applied on the plane 

diaphragm, the deflection deformation of diaphragm 

will occur and be transferred to the PS FBG through 

the fixed skeleton, which leads to the shift of the 

fiber grating central wavelength. The wavelength 

shifts of TC FBG and PS FBG are detected by a 

fiber grating analyzer, and we obtain the wavelength 
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shift by pressure only when eliminating the 

wavelength shift caused by temperature and then 

calculate the pressure value. 

 

Fig. 1 Schematic diagram of the FBG pressure sensor: 
1‒o-ring; 2‒plane diaphragm; 3‒temperature compensation 
FBG; 4‒pressure casing; 5‒optical fiber pigtail; 6‒optical fiber 
sheath; 7‒pigtail protection cover; 8‒nut; 9‒coupler; 10‒groove; 
11‒pressure sensitive FBG; 12‒fixed skeleton; 13‒circlip. 

2.2 FBG sensing principle 

According to the coupled mode theory [18], due 

to the incident for broadband optical transmission in 

the optical fiber Bragg grating when generating 

mode coupling, the Bragg wavelength λB depends 

both on the physical characteristics of the fiber and 

geometrical characteristics of the grating as 

eff2B nλ Λ=
              

(1) 

where λB is the central wavelength of the fiber 

grating, neff is the effective refractive index of the 

grating in the fiber core, and Λ is the grating period 

[19]. Both neff  and Λ are the main factors of the 

central wavelength and dependent on the strain and 

temperature, which lead to the central wavelength 

shift and affect reliability and sensitivity of the 

sensor [20]. For common single-mode fiber [21, 22], 

the Bragg wavelength shift ΔλB caused by the strain 

and temperature changes is given as 

( ) ( )1B B e BP Tζλ λ ε λ αΔ = − Δ + + Δ
    

(2) 

where Pe = 0.22 is the effective photo-elastic 

coefficient of the fiber, Δε is the axial strain change, 

α is the thermal-expansion coefficient, ζ is the 

thermal-optic coefficient, and ΔΤ is the temperature 

variation. According to (2), the FBG can be used for 

sensing physical parameters such as the strain, 

temperature, and pressure. 

2.3 Temperature compensation principle 

As is well known, the PS FBG wavelength shifts 

with the changes in the temperature and pressure, 

the TC FBG wavelength shift is only affected by the 

temperature. In the linear range of the grating, the 

wavelength shifts of the PS FBG and TC FBG with 

the changes in the temperature and pressure can be 

described as the following formulae [23, 24]: 

( ) ( )
( ) 1

1

1

P P e P P P

e T P

P T

P K T

λ λ ε α ζ
ε

Δ = − Δ + + Δ =

− Δ + Δ     
 (3) 

( ) 2T T T T T T TT K Tλ λ α ζΔ = + Δ = Δ       (4) 

where ΔλP is the wavelength shift of the PS FBG, λP 

is the central wavelength of the PS FBG, ΔλT is the 

wavelength shift of the TC FBG, λT is the central 

wavelength of the TC FBG, KT1 is the temperature 

sensitivity of the PS FBG, and KT2 is the temperature 

sensitivity of the TC FBG. The PS FBG and TC 

FBG are located in the same temperature field (ΔΤP 

= ΔΤT). Synthesizing (3) and (4), we have 

( )1 2 1P P T T T T eK K Pλ λ λ λ εΔ − Δ = − Δ .   (5) 

According to (5), the effect of temperature 

variation on the strain measurement can be solved, 

which overcomes the problem of cross-sensitivity of 

the strain and temperature. 

2.4 Mechanical analysis of plane diaphragm 

The spring element of the pressure sensor is a 

plane circular diaphragm, and the strain model is 

shown in Fig. 2. Deformation and strain would be 

produced when the pressure liquid to be measured is 

introduced into the chamber. Based on the small 

deformation theory [25, 26], the differential 

equation of the plane circular diaphragm can be 

calculated as 

1d d d Q
r

dr r dr dr K

ω   =               
(6) 

where r is the distance between the measuring point 

and the diaphragm center, ω is the diaphragm 

deflection, Q is the unit length shear force of the 

circular cross section with a radius of r, K = 
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Eh3/12(1‒μ2) is the bending stiffness of the 

diaphragm, μ is the Poisson’s ratio of the diaphragm, 

E is the elastic modulus of the diaphragm, and h is 

the diaphragm thickness. 

 

R 

r 

hP

θ ω

F 

 
Fig. 2 Strain model for the plane circular diaphragm. 

When the uniform pressure P is applied to the 

surface of the plane circular diaphragm, the shear 

force can be obtained as follows: 
22 .rQ r Pπ π=              (7) 

Synthesizing (6) and (7), we have 
3

1 2

4 2

1 2 3

1

16 2

ln
64 4

d Pr r
C C

dr K r
Pr r r

C C C
K R

ωθ

ω


= = + +


 = + + +      

(8) 

where R is the diaphragm radius, θ is the rotation 

angle, and ω is the diaphragm deflection, and the 

boundary conditions are as follows: 

0 0

0

0.

r

r R

r R

θ
θ
ω

=

=

=

 =


=
 =              

(9) 

So we can obtain C1 = ‒PR2/8K, C2 = 0, and C3 = 

PR4/64K. Then the diaphragm deflection ω can be 

given as follows: 

( ) ( )
2

4 2 2 4

3

3 1
2 .

16

P
R R r r

Eh

μ
ω

−
= − +

    
(10) 

From (10), when the radius r = 0, the maximum 

deflection of the circular plane diaphragm can be 

expressed as follows: 

( )2 4 33 1 16 .P P R Ehω μ= −
       

(11) 

Under the pressure, the deflection of the 

diaphragm induces the concentrated force F = 

AEfΔLf/Lf in the fixed skeleton, where ΔLf is the 

deformation of the fixed skeleton, Lf is the length of 

the fixed skeleton, A is the cross sectional area of the 

fixed skeleton, and Ef is the Young’s modulus of the 

fixed skeleton. Therefore, the displacement in the 

center of the diaphragm caused by the force F is 

expressed as follows [27]: 

( )2 2 33 1 4 .F F R Ehω μ π= −
      

(12) 

The fixed skeleton and PS FBG have the same 

deformation, that is ΔL = ΔLf, where ΔL is the 

deformation of the PS FBG. 

The axial strain Δε of the PS FBG under 

diaphragm deflection can be expressed as follows: 
/ .P FL L Lε ω ωΔ = Δ = −          (13) 

Synthesizing (5), (11), (12), and (13), the 

mathematical model between the pressure and 

wavelength of the sensor can be formulated as 

( )

( )( )

2 2

3

3

1

2 4
2

3 1
16 1

4

3 1 1
P T

P T

f

f T

Te

P

R AE
ELh

Eh L K

KP R

λ λ
λ λ

μ
π

μ
Δ Δ

= −

 −
+     

 − −  
 

(14) 
where L is the effective length of the PS FBG. Thus, 

the measured pressure value can be obtained from 

(14). 

3. Numerical analysis and finite element 
simulation 

3.1 Effect of material parameters on sensitivity 

Equation (14) shows that the different pressure 

values of the sensor are affected by any parameters 

of the diaphragm material, such as the elastic 

modulus, Poisson’s ratio, radius, and thickness. 

Hence, the sensitivity and measure range can be 

adjusted by utilizing different materials and sizes of 

the diaphragm to accommodate different measure 

environments. 

From (14), the sensitivity coefficient SP can be 

expressed as follows: 

( )( )
( )

2 4

2 2

3

3

3 1 1
.

3 1
16 1

4

e

P

f

f

P R
S

R AE
ELh

Eh L

μ
μ

π

− −
=

 −
+  

 
    

(15) 

The effect of material parameters on the sensitivity 

coefficient are numerically analyzed by MATLAB 
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software, as shown in Fig. 3. Figure 3(a) shows that 

the sensitivity coefficient decreases linearly, the 

change range is small with an increase in the length 

of the fixed skeleton, and the influence of the length 

of the fixed skeleton on the sensitivity decreases 

with an increase in the elastic modulus. Figure 3(b) 
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(e)                                          (f) 
Fig. 3 Curves of material parameters and sensitivity coefficients: (a) effect of the length of the fixed skeleton on the sensitivity 

coefficient: calculation parameters: R = 7 mm, h = 1.2 mm, E = 195 GPa, μ = 0.272, and L = 33 mm, (b) effect of elastic modulus of the 
fixed skeleton on the sensitivity coefficient: calculation parameters: R = 7 mm, h = 1.2 mm, E = 195 GPa, μ = 0.272, and L = 33 mm,    
(c) effect of the Poisson’s ratio on the sensitivity coefficient: calculation parameters: R = 7 mm, h = 1.2 mm, and L = 10mm, (d) effect of 
elastic modulus on the sensitivity coefficient: calculation parameters: R = 7 mm, h = 1.2 mm, and L = 10 mm, (e) effect of diaphragm 
structure dimension on the sensitivity coefficient: calculation parameters: h = 1 mm, L = 10 mm, and μ = 0.3, and (f) three dimensional 
curves of sensitivity coefficient with diaphragm radius and thickness: calculation parameters: E = 195 GPa, μ = 0.272, and L = 33 mm. 
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shows that the sensitivity coefficient inverse 

proportion function decreases with an increase in the 

elastic modulus of the fixed skeleton. We can see 

that the influence of the length and elastic modulus 

of the fixed skeleton on the sensitivity of the sensor 

is smaller than those of structure and material 

parameters of the diaphragm. Figure 3(c) shows that 

the sensitivity coefficient decreases linearly, the 

change range is small with an increase in the 

Poisson’s ratio, and the influence of Poisson’s ratio 

on sensitivity decreases with an increase in the 

elastic modulus. Figure 3(d) shows that the 

sensitivity coefficient inverse proportion function 

decreases with an increase in the elastic modulus, 

and when the elastic modulus is small, the changes 

range of the sensitivity coefficient is large. Figure 

3(e) shows that the sensitivity coefficient increases 

obviously, and the change range is large with     

an increase in the structure dimension R/h.        

We can know the diaphragm radius and thickness 

are the main factors that affect the sensitivity 

coefficient. We can get a higher sensitivity 

coefficient by increasing the diaphragm radius   

and reducing the diaphragm thickness, as shown   

in Fig. 3(f), which indicates that we should  

increase the sensitivity and maintain the    

structure size in the practical optimized design of the 

sensor in order to achieve a good performance [28]. 

3.2 Finite element simulation of diaphragm 

In order to observe the deformation state and 

real-time variation of the diaphragm after being 

subjected to different uniform pressures, the 

simulation analysis of the diaphragm is conducted 

with finite element software ABAQUS, and the 

parameters of the diaphragm used in the simulation 

are given as follows: diaphragm radius R = 6 mm, 

diaphragm thickness h = 1 mm, elastic modulus    

E = 195 GPa, and Poisson’s ratio μ = 0.272. Finally, 

the solid model, the finite element model, and the 

displacement clouds of the diaphragm under 

different uniform pressures of 100 kPa, 500 kPa, 

1000 kPa, and 2000 kPa are shown in Fig. 4. 

It can be found from Fig. 4 that the displacement 

of the diaphragm increases with an increase in the 

pressure, and the maximum displacement locates in 

the diaphragm center and decreases along the radius 

direction. The displacement of the diaphragm  

center reaches 1.282 × 10‒3
 mm under 1000 kPa, 

resulting in the same change in the FBG length. The 

effective length of the PS FBG L is 33 mm, and the 

strain sensitivity of the bare FBG is 1.2 pm/με (με is 

the micro-strain). Accordingly, the central 

wavelength shift of the PS FBG is 46.62 pm,    

that is, the pressure sensitivity is 46.62 pm/MPa. 

           
(a)                                  (b) 

       
(c)                                   (d) 
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(e)                                       (f) 

Fig. 4 Model and displacement clouds of the diaphragm: (a) solid model of the diaphragm, (b) finite element model of the 
diaphragm, (c) displacement cloud of the diaphragm under 100 kPa, (d) displacement cloud of the diaphragm under 500 kPa,        
(e) displacement cloud of the diaphragm under 1000 kPa, and (f) displacement cloud of the diaphragm under 2000 kPa. 

4. Sensor experiment and result analysis 

4.1 Sensor fabrication 

The reasonable choice of the elastic diaphragm 

material is the basis for the design and fabrication of 

the sensor [29]. FBG pressure sensor design 

principles are as follows: 

(1) The material has a high strength, high elastic 

limit, and small temperature coefficient within the 

measurement scope;  

(2) The material has a good anti-oxidation, 

anti-causticity, and impact toughness;  

(3) The material is isotropic which has a    

good heat treatment performance and small 

thermal-expansion coefficient; 

(4) Considering the measurement range and 

structure size, select the suitable adhesive. The FBG 

pressure sensor’s shell and diaphragm adopt 

stainless steel 17-4PH and use epoxy resin adhesive 

gratin. The photo of the sensor is shown in Fig. 5. 

The fiber grating parameters used in the sensor 

are as follows: the effective length of the FBG     

L = 33 mm, the central wavelength of the PS FBG λP = 

1528.275 nm, and the central wavelength of the TC 

FBG λT = 1531.383 nm. The pre-tensioning effect of 

the packaging process causes a wavelength shift of  

1 nm. And the wavelength of the PS FBG after 

stabilization is 1529.298 nm. When the temperature 

changes is small, that is ΔλT = 0, the theoretical 

pressure sensitivity can be calculated, which is       

40.43 pm/MPa. 

Optical fiber pigtail 

Sensing unit 

FC/APC splice

 
Fig. 5 Photo of the FBG pressure sensor. 

4.2 Sensor measurement system 

The pressure experiment measurement system is 

shown in Fig. 6. The pressure loading device 

(SSR-YBS-60TB) with the maximum range is    

60 MPa, and the accuracy is 0.03 MPa. The FBG 

pressure sensor is connected to the pressure loading 

device. The optical fiber pigtail of the sensor is 

connected to the FBG analyzer by the FC/APC 

(ferrule connector/angled physical contact) splice, 

and the FBG analyzer is connected to the computer 

processing system by the network cable. The 

pressure source loading is controlled by the handle, 

the size of pressure of the piston cylinder is 

controlled by pressure retaining valves and handle, 

the digital pressure gauge displays pressure value in 

real time, and the FBG analyzer modulates and 

demodulates the pressure and displays the dynamic 

spectrum in the computer processing system in real 

time. 
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The temperature experiment measurement 

system is mainly composed of the broadband light 

source, FBG analyzer, temperature measuring 

device, computer processing system, and optical 

fiber, which has the same wavelength demodulation 

and data processing with the pressure experiment 

system. The temperature measuring device (RTS-40) 

with the measuring change is from ‒40 ℃ to 95 ℃, 

the temperature resolution is 0.01 ℃, and the 

precision is 0.05 ℃. The FBG analyzer wavelength 

scanning range is 1510 nm ‒ 1590 nm, the 

wavelength resolution is 1 pm, the working 

frequency is 1 Hz ‒ 10 Hz, and the sampling 

frequency is 1 Hz. 

Digital pressure 
gauge 

Piston 
cylinder 

Handwheel

FBG Sensor

Pressure 
retaining valve 

Connection 
pipe 

Optical fiber

Computer processing
system

FBG analyzer
Pressure 
source Handle 

 

Fig. 6 Photo of the pressure experiment measurement 
system. 

4.3 Experiment and result 

4.3.1 Pressure experiment 

In the pressure experiment process, the pressure 

sensor is loaded and controlled by the piston 

cylinder and hand-wheel, with pressure changed 

from 0 MPa to 50 MPa at an interval of 5 MPa, and 

the temperature is fixed at the room temperature 

(25 ℃), then we record the central wavelength shift 

of the PS FBG and TC FBG for each step. Figure 7 

shows the central wavelength changes versus the 

pressure variation for the PS FBG and TC FBG. The 

wavelength of the PS FBG has a blue shift, 

indicating that the PS FBG is compressed and senses 

the negative strain. While the wavelength of the TC 

FBG has a red shift which verifies the TC FBG is 

not sensitive to the pressure. 

It can be found from Fig. 7 that the central 

wavelength of the PS FBG decreases linearly with 

an increase in the pressure and has a negative linear 

correlation. The linear fitting equation y = ‒0.0357x + 

1529.298 is also presented, the linear fitting 

correlation coefficient reaches 99.95%, and the 

pressure sensitivity is 35.7 pm/MPa. This pressure 

sensitivity is slightly smaller than the theoretical 

value and simulation value, which is mainly caused 

by:  
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Fig. 7 Central wavelength changes of the two FBGs versus 

pressure variation. 

 (1) The errors of the structure size and bad 

processing quality of sensor’s parts in the sensor 

fabrication, which affect the pressure sensitivity; 

(2) The effect of the PS FBG and the elastic 

diaphragm center, which are not in the same axis;  

(3) The elastic plastic character of the epoxy 

resin, which leads to the strain transfer efficiency 

between the diaphragm and the FBG does not reach 

100%; 

(4) Some boundary conditions in the simulation 

process, which are idealized and have difference 

from the actual ones; 

(5) The fixed skeleton in the casing, which gives 

the diaphragm a reaction force, which reduces the 

diaphragm displacement and affects the pressure 

sensitivity. 

4.3.2 Temperature experiment 

During the temperature experiment, the 
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temperature is controlled by the temperature 

measuring device and applied to the sensor, which is 

changed from ‒10 ℃ to 70 ℃ with a step of 10 ℃ 

and without applying any pressure, and then we 

record the central wavelength of the PS FBG and TC 

FBG for each step. Figure 8 shows the central 

wavelength changes versus temperature variation for 

the PS FBG and TC FBG. The central wavelengths 

of the PS FBG and TC FBG increase linearly with 

an increase in the temperature and have a positive 

linear correlation. The linear fitting results are 

presented that the linear fitting correlation 

coefficient reaches 99.95% and 99.94%, 

respectively. The temperature sensitivities of the PS 

FBG and TC FBG are KT1 = 1.63 pm/℃ and KT2 = 

11.25 pm/℃, respectively. 

In order to evaluate the sensor’s temperature 

compensation performance, the variation of 

wavelength difference (ΔλP/λP ‒ ΔλT·KT1/λT·KT2) 

versus pressure increase has been given, as shown in 

Fig. 9. The linear fitting results are obtained. The 

linear fitting correlation coefficient reaches 99.83%, 

and the sensitivity coefficient is 2.35 × 10‒5
 /MPa. 

Therefore, the actual pressure sensitivity of the 

sensor is calculated to be 37.48 pm/MPa, and the 

sensor’s temperature compensation effect is 

conspicuous. 
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Fig. 8 Central wavelength changes of the two FBGs versus 

temperature variation. 

4.3.3 Stability experiment 

The pressure is applied to the FBG pressure 

sensor of 0 MPa, 22 MPa, and 44 MPa, the 

temperature is fixed at the room temperature, and 

the bandwidths of 3 dB reflection spectrum of the PS 

FBG are 0.438 nm, 0.439 nm, and 0.436 nm, 

respectively, indicating that there is no bandwidth 

broadening or low frequency chirp phenomenon in 

the reflection spectrum of the sensor, as shown in 

Fig. 10. 
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Fig. 10 Reflection spectra of the sensor under different 

pressures of 0 MPa, 22 MPa, and 44 MPa. 

Stability experiment has been carried out with 

the pressure, which is applied to the pressure sensor 

of 20 MPa, and the temperature is fixed at the room 

temperature (25 ℃) for 10 times. We record the 

stable central wavelength of the PS FBG, and the 

results are listed in Table 1. The mean square 

deviation of wavelength can be calculated is 3.2 × 

10‒3, which shows that the variation of the sensor’s 

central wavelength is small and has high stability 

performance with the same pressure. 
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Table 1 Experimental results for wavelength of the PS FBG. 

 Times Wavelength (nm) Times Wavelength (nm)

(25 , ℃  
20 MPa) 

1 1528.597 6 1528.602 
2 1528.595 7 1528.593 
3 1528.601 8 1528.599 
4 1528.598 9 1528.595 
5 1528.594 10 1528.592 

 

From the above research, it could be concluded 

that the FBG pressure sensor with temperature 

compensation based on the plane diaphragm can be 

used to measure pressure of gas and liquid. By 

analyzing the experimental data, the sensor has the 

good linearity, low frequency chirp, and high 

stability. The temperature cross-sensitivity is 

effectively avoided, which can provide guidance for 

the design and manufacture of the sensors. With 

these advantages, this kind of FBG pressure sensor 

is supposed to have many engineering applications 

to the pressure measurement in mining engineering, 

civil engineering or other complex environment. 

5. Conclusions 

In this paper, a temperature compensation FBG 

pressure sensor based on the plane diaphragm has 

been designed and tested. The sensor adopts a plane 

circular diaphragm as the pressure sensitive 

component, and the mechanical deformation model 

of the diaphragm is established. The mathematical 

relationship between the FBG central wavelength 

shift and pressure is deduced by the theoretical 

calculation. The effects of diaphragm material 

parameters on the sensitivity coefficient are 

numerically analyzed by MATLAB software, and 

the theoretical pressure sensitivity of 40.43 pm/MPa 

is achieved. Furthermore, the sensitivity and 

measure range can be adjusted by utilizing the 

different materials and sizes of the diaphragm to 

accommodate different measurement environments. 

In addition, the deformation characteristics of the 

diaphragm under different uniform pressures are 

conducted with numerical simulation by finite 

element software ABAQUS, and the results show 

that the pressure sensitivity is 46.62 pm/MPa. The 

performance experiments indicates that the pressure 

sensitivity of the sensor is 35.7 pm/MPa which is 

slightly smaller than the theoretical value and 

simulation value, and has good linearity with a 

linear fitting correlation coefficient of 99.95%. More 

importantly, the actual pressure sensitivity of the 

sensor is 37.48 pm/MPa after temperature 

compensation, and the sensor has the advantages of 

low frequency chirp and high stability, which can be 

used to measure pressure in mining engineering, 

civil engineering, or other complex environment. 
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