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Development of a Four-axis Flexible Tactile Sensor
with Strain Gauges
— Fundamental Investigation of the Sensor Shape and
an Estimation Method for the External Force
Applied on the Sensor —
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A new type of a flexible tactile sensor is proposed. It comprises a truncated quadrangular pyramid-
shaped silicone rubber and four strain gauges patched on four side surfaces of the rubber. The application of force
to the tactile sensor causes deformation of the sensor and a change in the resistance of the strain gauges. The strain
responses of the sensor to external forces of various types were investigated analytically and experimentally.
Results showed that the horizontal force, the vertical force, and the torque are detectable from the combination of a
change in the resistance of the strain gauges.
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Fig. 1 Schematic illustrations of the shape of the sensor-
element proposed.

(a) Geometry and boundary conditions

(b) Strain components evaluated

Fig. 2 Conditions for the analysis. Young’s modulus: 2.57
MPa, Poisson’s ratio: 0.499, F;, = Fy =1 N, F; =1
N-mm.
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Fig. 3 Contour plot of the normal strain, €p, calculated
for the torque F; applied on the top of the sensor
element.
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Fig. 4 Relations between the direction of the horizontal
force Fy;, 0 and the normal strain (a) €., (b) €r
and (c) €p calculated for the respective sides of the
sensor (face ID from (D to @ ) under the condition
of the single horizontal load F,.
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Fig. 5 Relations between the face ID and the three normal
strain components €, €1 and € calculated for the
single load: (a) the torque F; and (b) the vertical
force F respectively.
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Fig. 6 Schematic illustrations of the sensor element with (a)
8 strain gauges, (b) 4 strain gauges.
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Fig. 7 Appearance of the specimen prepared.

Loading jig

Fixing jig

Fig. 8 Schematic illustration of the specimen combined
with the loading jig and the fixing jig.
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Fig. 9 Comparison of the experimental results with the
FEM results on the relations between the direction
of the horizontal force Fy, € and the strain on the
sides of the sensor (face ID from @ to @) ) induced
by the single horizontal load F,.
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Fig. 10 Comparison of the experimental results with the
FEM results on the relations between the applied
load, F; or Fy and the strain on the sides of the
sensor (face ID from D to @) ).
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