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Mine wind speed sensor using fiber Bragg grating based

on differential pressure principle

Li Zhen'?, Wang Jigiang'?, Zhao Lin'?, Zhang Huawen®?, Liu Tongyu'?

(1. Key Laboratory of Optical Fiber Sensing Technology of Shandong Province, Jinan 250103, China;
2. Laser Research Institute of Shandong Academy of Sciences, Jinan 250103, China;

3. Shandong Research Institute of Metrology, Jinan 250014, China)

Abstract: A design of mine wind speed sensor using fiber Bragg grating (FBG) was reported, which was
based on differential pressure principle and differential sensitive architecture was adopted which was
composed of a bellows, an equal-strength beam and two FBGs. Furthermore, an algorithm was introduced
for temperature compensation. Through these methods the cross sensitivity of temperature was effectively
eliminated and a high strain sensitivity was achieved. The relation between the central wavelength
variation of the two FBGs and the wind speed was derived. Meanwhile, the hydraulic simulation test of
sensitive architecture was carried out and the sensitivity of 0.703 pm/Pa was given, which agreed well
with the theoretical value. The wind speed sensor was tested by wind tunnel and the results show that the
measurement error of the sensor is within +0.3 m/s in the range of 0.2-20 m/s, and the wind speed
sensor has good linearity.

Key words: wind speed sensing; differential pressure principle; fiber Bragg grating
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Tab.1 Parameters of cantilever beam
3=0.000 703x+0.327 866

R'=0.998 8

Parameters Value

Wavelength shift/nm

0.
Length/mm 30 -0.1
-0.2
Width at the fixed side/mm 8 .
0 L L o o
Thickness/mm 12 0 100 200 300 400 500 600 700 800 900
Pressure/Pa
Material Copper allo e L N
pper atoy B 5 )5 i KA fL i 2
Young's modulus/Pa 1.2x10"

Fig.5 Pressure vs wavelength shift

R2ENEEKEUXE

Tab.2 Relationship between pressure and wavelength shift

First experimental data Second experimental data Third experimental data
Pressure/Pa wavet(:;gth/ nm wavelscggtth/ nm Pressure/Pa Wave%e?;h/ nm WavelS;logftth/ nm Pressure/Pa WaVCi;?lZ%h/ nm Wavelsigl()gl:h/ nm

0 1539.7477 1539.422 1 0 1539.747 3 1539.422 0 1539.748 2 1539.423 1
100 1539.7277 1539.4721 90 1539.729 3 1539.463 8 110 1539.723 8 1539.474 2
180 1539.7117 1539.512 1 200 1539.707 3 1539.5186 230 1 539.706 2 1539.534 1
320 1539.6790 1539.5754 340 1539.679 3 1539.583 8 350 1539.678 2 1539.598 1
540 1539.6320 1539.688 0 510 1539.645 3 1539.666 4 540 1539.645 2 1539.698 1
670 1539.5989 1539.760 8 660 1539.6153 1539.734 2 650 1539.618 2 1539.746 1
800 1539.574 1 1539.8176 800 1539.587 3 1539.818 7 820 1539.584 2 1539.833 1

ML ESC AR T A, UL ALk S SRR, BB RUE Y 0.703 pm/Pa, S
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Fig.6 Wind tunnel tests

Equation y=(a*x+b)*0.5+c
Adj. R-square|0.999 25

Value |Standard error
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Fig.7 Wind velocity vs wavelength difference of two gratings
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