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A high temperature measurement method using femtosecond

fiber Bragg gratings

ZHANG Penghao, CHEN Shuang, WU Hongbo
(Changcheng Institute of Metrology & Measurement, Beijing 100095, China)

Abstract: In order to achieve accurate temperature measurement in high-temperature environments, a measurement
method based on femtosecond fiber Bragg gratings (FBG) is proposed, utilizing the outstanding thermal stability of FBG
fabricated by femtosecond lasers. A FBG central wavelength-temperature model was established based on the dependence
of thermal optical coefficient and thermal expansion coefficient on temperature. Since there is no analytical expression for
the model, the temperature-central wavelength working curve is fitted by using the single point specific solution of central
wavelength -temperature and quartic polynomial. Based on this working curve and pre annealing (1 000 “C, 20 h) FBG,
temperature measurement experiments were conducted from room temperature to 900 °C, and the results showed that the
maximum measurement deviation was less than +2 “C. This method only needs to calibrate a single point central wave-
length-temperature to achieve accurate temperature measurement over a wide temperature range. It is simple and effec-
tive, and has important research and application value in the fields such as aerospace, nuclear power metallurgy, etc.
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Tab.1

Maximum temperature deviation fitted by poly-

nomials of different orders C

AT FR R U A 2

LME 16.918 83
ZREWAAE 1.066 75
ZREIAAA 0.075 29
LN EATER % Eey 0.005 42
HIRZTAA 0.001 04
AN ETAA 0.000 50
LRZHAE 0.000 32
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IR Z I IUA 0.000 05
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Fig.2 Experimental setup for fabricating FBG based on femto-

second laser point-by-point method
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Fig.4 Schematic diagram of the annealing and

calibration device for FBG
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Fig.6  Drift of the central wavelength of FBG during annealing
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A Al /b AL R (pm - h™")
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17 ~20 0.2
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Fig.7 Comparison between temperatures measured by

FBG and thermocouples
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initial center wavelengths
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