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Abstract

In order to assist robots in perceiving the interaction with the external environment and objects,
and to make timely judgments and feedback, a tactile sensor based on fiber Bragg grating mea-
surement of three-dimensional forces was studied and developed for force detection on the outer
surface of robots. The sensor mainly consists of a cross shaped elastomer and a grating connected
in series with 5 different center wavelengths. Firstly, SolidWorks software is used for finite elemet
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simulation analysis to study the strain characteristics of each part of the elastic body when sub-
jected to external horizontal and vertical forces. Then, based on its strain characteristics, the op-
timal bonding position of each FBG on the elastic body is determined to achieve the highest sensi-
tivity; Secondly, apply stress to different positions of the elastic body to determine the optimal po-
sition for applying force; Finally, by processing the wavelength changes of five FBGs, the three-
dimensional force sensitivity from the X, Y, and Z directions was measured. Through experimental
testing and analysis, the sensor has good stress sensing sensitivity.
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Figure 1.Cross beam elastic structure diagram
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Figure 2. Strain distribution diagram on the surface of the cross beam
2. TFR EFENTHHE
2000 - —— Upper surface of Beam 1
1 —— Upper surface of Beam 2
1500 - —— Upper surface of Beam 3
: —— Upper surface of Beam 4
1000
:’3; 500
c
= 0-
g 1
0 -500-
-1000
-1500 -
-2000 -

T T T T T T T T
0 5 10 15 20 25
Diantance (mm)
Figure 3. Strain distribution curve of cross beam under Fx action
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Figure 4. Distribution of relative displacement on the lower surface of an elastic body under the application of horizontal
force (left) and vertical force (right)
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Figure 5. Relative displacement distribution curve of the lower surface of the central
cylinder under horizontal and vertical forces
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Figure 6. The bonding position of FBG on elastomers
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Figure 7. Fiber optic spectrogram with 5 FBGs connected in series
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Figure 8. Apply external load, change in center wavelength of X-axis (left), Y-axis (center), and Z-axis (right)
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Figure 9. Linear fitting of calibration data for Fx (left), Fy (center), and Fz (right)
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