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A High-Temperature Large-Strain Optical Fiber Sensor Based on “8” Shaped

Spring Structure

LI Tianliang, WEN Yuhang, ZHANG Ao, WANG Nian
(Wuhan University of Technology, Wuhan 430070, China)

[ABSTRACT]

This study integrates metal 3D printing technology, optical fiber metallization, and laser welding

preparation—encapsulation processes to design a high-temperature, large-strain optical fiber sensor with low stiffness and
a wide measurement range. The aim is to address the challenge of monitoring thermal and mechanical parameters in aero-
engine turbine blades. The designed sensor employs a hybrid demodulation method based on fiber Bragg grating (FBG)
wavelength and light intensity, enabling precise measurement of temperature and strain. Through theoretical modeling,
finite element simulation, and structural optimization of a grooved “8”-shaped spring substrate, the sensor’s reaction force
on the measured structure is reduced to 167 N/e. Experimental results demonstrate that the sensor can achieve a large-range
strain measurement of 37520 pe, with a temperature linearity of 0.9878 within the range of room temperature to 500 °C.
Additionally, the sensor exhibits excellent temperature-strain decoupling performance, with a maximum decoupling error
of less than 8%. These outstanding characteristics indicate that the designed sensor has promising application prospects for
high-temperature strain monitoring in aero-engine turbine blades.

Keywords: Turbine blades; Temperature-strain measurement; Fiber Bragg grating; Metal 3D printing; Wavelength—intensity

mixed demodulation
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