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Elliptical optical fiber transverse load sensor and its temperature
self-compensation research

LIU Ruiyang, KANG Juan” , XIE Liyuan, TANG Yi, LI Yi
(College of Optical and Electronic Technology » China Jiliang University, Hangzhou, Zhejiang 310018, China)

Abstract: To solve the problem of low sensitivity and temperature cross-sensitivity of optical fiber trans-
verse load sensor,an elliptical structure optical fiber transverse load sensor with temperature self-com-
pensation is proposed. The sensor is formed by bending a standard single mode fiber (SMF) into an el-
liptical structure and encapsulated in polydimethylsiloxane (PDMS). The temperature self-compensation
is realized by paralleling another nearly twin elliptical structure of the measuring element. The core mode
and cladding mode interfere in the elliptical bending SMF,and the interference spectrum shifts with the
change of applied transverse load. The experimental results show that the characteristic wavelengths of
the sensor have a linear relationship to the transverse load in the range of 0. 25-—0.5 N. In the tempera-
ture range of 33.5—44 °C ,the sensitivity after temperature self-compensation can reach 6. 6 nm/N,the
temperature cross sensitivity is only 0. 0015 N/°C ,and the temperature self-compensation error is less
than 0. 089 nm. The proposed transverse load sensor has high sensitivity, low cost and simple structure.
It has certain application reference value.
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Fig. 1 Optical path to form WGM in bent fiber:
(a) Elliptical bent fiber; (b) U-shaped bent fiber '’
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Fig.2 Fabrication of the sensor:

(a) The elliptical fiber structure;

(b) Encapsulation process of the sensor;

(c) Physical image of the sensor
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Fig. 3 Diagram of transverse load measurement

experimental device
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Fig.5 Low-pass filtering of the output spectrum:

(a) Spectrogram of output spectrum;
(b) Separate output spectrum of the sensor under

different transverse loads
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Fig.7 Diagram of temperature measurement

experimental device
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Fig. 11 Temperature compensation error of the sensor
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Tab.1 Performance comparison of optical fiber transverse load sensors with temperature compensation

Sensor structur Transverse load Transverse load Temperature intercross Ref
Densor structure sensitivity/(nm/N) range/N sensitivity/(N/°C) ¢
Paralleled FPI —3.75 0.00—0. 98 0.0009 [5]
F-P/M-Z hybrid 1.53 0.00—2. 45 —0.0090 [10]
interferometer
Fiber-tip micro-cavity 1. 37 0.00—5. 00 0.0015 [22]
Air bubble cavity FPI 1.31 0.00—3.63 0.0008 [23]
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