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Abstract: Small-diameter shape sensors have a variety of potential applications in medicine such as the
positioning of breast tumor chest needles, shape display of intestinal endoscopes., and positioning of
cardiac vascular catheters. The shape-reconstruction and end-positioning accuracies of shape sensors
have always been major concerns of researchers. To improve the shape-reconstruction accuracy of a fi-
ber Bragg grating (FBG) shape sensor, the strain transfer law of an FBG shape sensor with 90° distri-
bution of fiber around the center of the substrate was studied and verified experimentally. Epoxy resin
glues the FBG to the surface of the nickel-titanium alloy wire to form a four-layer structure of the sub-
strate-bonding layer-fiber-bonding layer of the FBG shape sensor. Based on a simplified model of
strain transmission mechanics of the FBG sensor, the corresponding average strain transfer rate for-

mula was derived. The effects of the fiber-to-substrate center distance, bond layer length, thickness,
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and elastic modulus on the average strain transfer rate of FBG sensors were also analyzed and experi-

mentally verified. Experimental results show that the average strain transmission rate of the packaged

FBG sensor increases with increasing substrate length in the effective range, whereas an increase in

the outer diameter of the bond layer has little effect on the average strain transmission rate, thus veri-

fying the applicability of the theoretical model. The strain transfer rate is introduced into the shape re-

construction, and the shape-reconstruction accuracy of the FBG shape sensor is reduced from 3. 5%

to 2. 7%.
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Tab. 3 Shape reconstruction error before and after introduction of strain transfer rate a
WA/ mm 0 1 2 3 4 5 6 7 8 9
X, 0 90.0  179.0  265.0  348.0  428.0  502.0  571.0  637.0  702.0
X, 0 89.9  179.2  266.8  351.3  432.0  508.2  580.2  648.5 = 714.2
Y, 0 9.0 26.0 50.0 8.0  126.0  175.0  229.0  289.0  351.0
Y, 0 2.8 13.7 34. 3 64.9  104.6  152.3  206.2  264.7  326.1
X, 0 90.0  159.0  264.0  344.0  420.0  490.0  553.0  611.0  666.0
X' 0 90.0  178.6  264.6  345.8  420.4  487.8  548.0  602.6  653.8
Y, 0 10.0 28.0 57.0 96.0  145.0  200.0  262.0  328.0  399.0
Y, 0 4.1 18.5 14,9 83.5  133.4  192.9  259.6  331.0  404.9
AT () 0 6.2 12.3 15.8 19.4 21.7 23.6 24.6 26. 8 27.8
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