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[Abstract] Fiber Bragg Gratings (FBG) have been widely used in optical strain, temperature measurements as one
of non-electromagnetic signal testing methods. They have advantage of significant anti-electromagnetic interference
and can be embedded inside of the structure. However, under extreme conditions (such as cryogenic temperature) ,
the optical fibers due to the limitations of the material characteristics, their sensing characteristics are invalid which
even limit applications. Based on the method of changing structural stiffness, this paper presents a structural design
of enhancement of temperature sensitivity for the fiber Bragg grating sensor in low-temperature region. The results
show that the FBG can effectively work at low temperature, and the temperature sensitivity is obviously enhanced.
The sensitivity dependence on structural material and geometrical properties is obtained, and the sensitivities of the
grating region related to temperature and strain are optimized to even increase an order of magnitude. Finally, we

completed the design and manufacture of this structure to validate the proposed method.
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Fig.1 Schematic diagram of variable stiffness structure

for enhancement of temperature sensitivity of FBG
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Fig.2 Material properties at low temperature
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Table 1 Polynomial fitting coefficients of thermal expansion coefficients of materials at low temperature

K Teflon 304 SS CuBe, Cu

a, +3.278¢-5 —4.052¢-6 —4.647¢-6 +2.194e7 —8.810e-6
a —1.644e-7 +1.880e-7 +2.166¢-7 —2.662¢-8 +3.292¢-7
a, +2.173¢-9 —6.329¢-10 —8.679¢-10 +4.801e-10 —1.774¢-9
a, 0 +5.512¢-13 +1.340e-12 +6.093¢-11 +4.546¢-12
a, 0 0 0 —6.196e-13 —4.484¢-15
i X 30.300 K 10.300 K 10.300 K 13.60 K 60.300 K

®2 RERSHHNEEESESTAMNERHEN
Table 2 Polynomial fitting coefficients of elastic

modulus of materials at low temperature

oy Teflon 304 SS CuBe, Cu
b, 6.899e+9 +2.078e+11 +1.525e+11 +1.370e+11
b, —1.381e+7 +1.57le+8 —1.164e+8 —3.331e6
by —1.061le+5 —1.65let+6 —+1.903e+5 —1.270e+5
b +2.644e+2 +5.2974e+3 0 0
b, 0 —6.388¢e0 0 0
X 30~295 K 10~295 K 20~310 K 10~300 K
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Fig.3 Sensitivity factors varying with temperature for two

methods (polymer coating material, variable stiffness structure)
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Fig. 4 Temperature sensitivity of variable stiffness

structure dependence on geometrical dimensions
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Table 3 Temperature sensitivity of different structures and dimensions at 77 K

ZE Ky G LT HEf0E L, =3 cm L, =4cm L, = 6.5 cm
AA—A —0.00244 —0.00895 —0.01254 —0.01374 —0.01420
X 34 R T 1 3.668 5.139 5.631 5.820
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