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Fig.2 (a) Three-dimensional schematic of this photonic crystal fiber;

(b) Cross-section schematic of this photonic crystal fiber
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Fig.3 (a) Electric field distribution in the y polarization axis; (b) Electric

Electric fiel

field distribution in the x polarization axis
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Fig.4 (a) Pressure applied along the y-axis; (b) Pressure applied along

the x-axis
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Fig.5 (a) Cross-sectional variation when force is applied along the y-
axis of this fiber; (b) Cross-sectional variation when force is

applied along the x-axis of this fiber
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Fig.6 Variation of birefringence with pressure when pressure is applied

along the x-axis of this fiber
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Fig.7 Variation of birefringence with pressure when pressure is applied
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Fig.8 Variation of birefringence frequency shift when pressure is

applied along the x-axis of this fiber
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Fig.9 Variation of birefringence frequency shift when pressure is

applied along the y-axis of this fiber
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Fig.10 Variation of BDG when pressure is applied along the x-axis
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Fig.11 Variation of BDG when pressure is applied along the y-axis
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Fig.12 Variation of fiber birefringence coefficient with temperature
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Fig.13 Variation of birefringence frequency shift with temperature at

different pressures

BT BDG 4R A8 AL 43 il an ] 13, 14 oo
P13 AT L, 241 g 5 B, ST SR ARRS 5 0 B R R A
Wikt & . & 14 0 MPaif, AJRIEE T 1
BDG S5 iR f G 10, 24 PRI Il B B R 5, BDG
SRS AL 10 A7 A, RIS S0 RS i i 3 K, X 5
P13 H LT SRS AR A O — 3

1.0

=60 °C —+-10 C
A 4 -50C <« 20%C
o -40C —~-30C
Aa —=— 30 C 40 C
Aa = 20°C + 50C

0.8 |

0.6

04 |

Normalized intensity

02

: . . Ko
2.8206 2.8210 2.8214 2.8218 2.8222 28226
Avg,./THz

0

I 14 R[ETEEE T BDG #ifs B A

Fig.14 Variation of BDG frequency shift at different temperatures
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Fig.15 Schematic diagram of force application angle
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Design of transverse pressure sensor based on Brillouin dynamic grating

Zhao Lijuan'**, Yin Lixing', Xu Zhiniu'"

(1. School of Electrical and Electronic Engineering, North China Electric Power University, Baoding 071003, China;

2. Hebei Key Laboratory of Power Internet of Things Technology, North China Electric Power University, Baoding 071003, China;

3. Baoding Key Laboratory of Optical Fiber Sensing and Optical Communication Technology,
North China Electric Power University, Baoding 071003, China)

Abstract:
Objective

Brillouin dynamic grating (BDG) based fiber optic sensing was first proposed in 2008. BDG can

effectively separate the pump light, detection light and reflected light to improve the measurement accuracy and

spatial resolution while achieving simultaneous sensing of temperature and strain, etc. Both ambient temperature
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and pressure changes can lead to changes in the birefringence coefficient of the fiber, which in turn can change
the birefringence frequency shift of BDG. Therefore, temperature and pressure sensing can be achieved based on
the birefringence frequency shift of BDG. The structure of the photonic crystal fiber has a large impact on the
birefringence coefficientnd. And its mechanics, thermal, and optical properties can be optimized by designing the
shape and arrangement of the air holes. The existing distributed transverse pressure sensors have problems such as
low sensitivity and small temperature measurement range. Therefore, a new multilevel structure of photonic

crystal fiber is designed in this paper.

Methods The core area of the designed new multilevel structure photonic crystal fiber is surrounded by two
types of elliptical air holes, and all air holes are stacked along the y-axis and symmetric about the x-axis (Fig.2).
The geometric model of the photonic crystal fiber is constructed according to the fiber structure, and the fiber
length is set to 1 m. Then, the two-dimensional model of the fiber is numerically analyzed by the finite element
method, and the temperature study range is extended to —100-100 °C with the applied transverse pressure of
0-40 MPa. The birefringence frequency shift at different temperatures and pressures is calculated at low
temperatures and high pressures to study its temperature and pressure sensing characteristics. To improve the
reliability of the results, we added a perfect matching layer (PML) outside the fiber for simulating the boundary

absorption conditions, and then used extra fine accuracy for meshing. Finally, the model is solved.

Results and Discussions  The results show that in the temperature range of 0-100 °C and pressure range of 0-40
MPa, the pressure sensitivity in the x-axis direction of the photonic crystal fiber is about —1.004 GHz/MPa, and
the pressure sensitivity in the y-axis direction of the photonic crystal fiber is about 1.021 GHz/MPa. The
temperature sensitivity is about 0.554 3 MHz/°C when the applied temperature ranges from —100 °C to 100 °C and
applied pressure ranges from 0 MPa to 40 MPa, and it has temperature insensitive characteristics. For every 10°
change in force application angle, the change in pressure sensitivity is greater than or equal to 75 MHz/MPa,

which is sensitive to the force application angle.

Conclusions A new type of photonic crystal fiber with multilevel structure is proposed, which is made of pure
silica, and the core area is surrounded by two types of elliptical air holes, all of which are stacked along the y-axis
and symmetric about the x-axis. The two-dimensional model of the fiber is numerically analyzed using the finite
element method to study its temperature and pressure sensing characteristics at low temperatures and high
pressures. It is concluded that the pressure sensitivity in the x-axis direction of the photonic crystal fiber is about
—1.004 GHz/MPa, and the pressure sensitivity in the y-axis direction of the photonic crystal fiber is about
1.021 GHz/MPa for pressures ranging from 0 MPa to 40 MPa and temperature ranging from 0 °C to 100 °C. The
temperature sensitivity is about 0.554 3 MHz/°C when the applied temperature ranges from —100 °C to 100 °C and
applied pressure ranges from 0 MPa to 40 MPa, and it has temperature insensitive characteristics. The new
photonic crystal fiber proposed in this paper is suitable for high-sensitivity monitoring in high-temperature and
high-pressure environments such as subsea and civil engineering.
Key words: photonic crystal fiber; Brillouin dynamic grating; finite element method; transverse
pressure sensing
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