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Abstract: In order to realize small deformation measurements of Numerical Control (NC) machine tool
structures and micro-processing platforms, a high-precision optical fiber Bragg grating (FBG) micro-
displacement-sensor based on a bow shape was designed. The grating region of the FBG was attached
to the upper and lower walls of the bow. Hence, the strain value of the upper and lower walls could
be measured while the bow was deformed, allowing displacement measurement and achieving
temperature decoupling. Experimental results show that in the displacement range of 1 mm, the
sensitivity by fitting a straight line is 2. 02 pm/um, the linearity is 2. 92%, the linear correlation
coefficient is 0. 998 3, the hysteresis error of three groups is 4. 08 %, and the repeatability error of
three groups is 4. 08%. A temperature compensation test is presented in addition, showing a
wavelength drift of less than 1 pm with a temperature increase of 1 °C. Furthermore, a similar half

bow structure was derived and compared with the previous bow type in terms of their performance.
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The comparison shows that the temperature compensation of the bow type is 0. 001 5 pm/pm, which

is smaller than that of the half bow type, while the latter has a better static calibration linearity of

0.4%. Tt satisfies the sensor requirements of stability, higher precision, as well as strong

electromagnetic interference resistance and temperature insensitivity.

Key words: optical fiber sensing; Fiber Bragg Grating (FBG); micro-displacement sensors; high-precision;

temperature compensation
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Fig. 1  Diagrammatic sketch of bow-shaped FBG

sensor
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Fig. 2 Dimension of bow-shaped component
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Fig. 3 Simplified drawing of force analysis
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Fig. 4 Sketch map of sectional calculation
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Fig. 7 Relationship between size and strain of bow-

shaped FBG sensor
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Fig. 12

Static calibration experiment of bow-shaped

FBG sensor
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Fig. 13 Relation between displacement and difference

of wavelength shift of bow-shaped FBG sensor
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shift with displacement
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Fig. 15 Static calibration experiment of FBG sensor

based on half bow-shaped component
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Fig. 16  Relation between displacement and difference
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Temperature compensation experiment of

micro displacement sensor
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Fig. 19  Temperature compensation experiments of

bow-shaped FBG sensor
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Fig. 20 Temperature compensation experiments of

half bow-shaped FBG sensor
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