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Fiber Bragg grating curvature sensor based

on flexible composite matrix
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Technology University, Beijing 100192, China)

Abstract: In order to solve the curvature measurement problems of flexible mechanism such as biomedical
intelligent equipment, software robots and complex structures of high-end equipment, major infrastructure,
a highly adaptive curvature sensor was proposed. The fiber Bragg grating was encapsulated in the silicone
rubber layer, which was fixed on the polyvinyl chloride matrix to form a flexible silicone rubber curvature
sensor based on fiber Bragg grating. The fiber-optic sensor demodulation system and standard curvature
calibration blocks were used to measure the characteristics of the FBG sensor’s reflection spectrum and its
variation with the calibration block curvature. The relationship between the FBG wavelength shift and the
curvature change was analyzed, as well as the sensor sensitivity and the embedded depth of FBG. The
experimental results show that the curvature sensor based on silicone-polyvinyl chloride can measure the
real-time change of curvature with the highest sensitivity of 0.329 2 nm/m~'. With the increase of the

embedded depth of fiber grating, the sensitivity of the sensor gradually increases with the range from
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0.2 nm/m™ to 0.35 nm/m™". The sensor has good consistency in repeated measurements and can be used

for curvature measurement of flexible mechanisms and complex structures.

Key words: curvature sensor;

measuring calibration
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(a) Free-state of the curvature sensor
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Fig.1 Operating principle of the curvature sensor based on FBG
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(a) Curvature sensor and its encapsulation mould
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(b) Section diagram of encapsulation mould
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Fig.2 Flexible silicone film curvature sensor and encapsulation

mould
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Fig.3 Experimental setup and sensing schematic diagram
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Tab.1 Center wavelength of sensors

Item Parameters

Sensor No. 1-1 1-2 1-3
Fiber 1
Wavelength/nm 1530.9043 1536.2574 1542.0594

Sensor No. 2-1 2-2 2-3
Fiber 2
Wavelength/nm 1530.2112 1535.7492 1541.5116

Sensor No. 3-1 3-2 3-3
Fiber 3
Wavelength/nm 1530.0028 1536.0264 1541.8218
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Fig.4 FBG wavelength shift under different curvature calibration blocks

AR EEE N 1.5 mm £ 1 =14 FBG
TR S MR bR e RO R R 5 BT
o HES AT, BT RE R R AS B 2 AR )RR
HAEM B y (R — A, b et
K5 FBG L K BAELEL R,

—=—FBG3-1 .
451 —*FBG3-2

E ——FBG3-3 S

@ 3.0t 2

= A

& .

o <

g1 7

o3 F

= &

o ¢
0 4 8 12 16

Curvature/m™

5 P B A SR E Pl RO R
Fig.5 Relationship between the wavelength shift and the curvature

of the calibration block
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