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Development of a sensor system to observe shear strain field in soft material

for contact safety evaluation
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The measurement of internal stress and strain distribution inside the soft material, which is demanded in the field
of skin contact safety, are hard to be obtained nor estimated using conventional interactive force sensors except for
limited situations. In this study, a shear strain sensor system based on the distributed built-in piezoelectric
Polyvinylidene Fluoride (PVDF) polymer films is developed for measuring the shear strain field inside soft material
and evaluated. The sensing principle is modelled by relating the local shear strain of substrate and the charge generation
induced by piezoelectricity in the in-plane mode. The validity of this sensor system was tested by measuring the three-
dimensional shear strain distribution of an artificial human tissue under simple shear deformation. An applicable
consistency calibration method is also considered for this kind of multi-sensor system. The detected shear strain
distributions by this sensor system show a good agreement with the numerical simulation of the substrate. The proposed
sensor system using distributed built-in PVDF films is confirmed to sensitively detect the distribution of the shear strain

inside soft material.
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(a) Basic structure of a sensor system (b) Detection principle

Fig. 1 Shear strain measuring device.
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Fig. 2 Transformed PVDF in defined coordinate.
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Fig. 3 PVDF films’ arrangement for 3D measurement under central
symmetry contacts.
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Fig. 4 Experimental system.
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(a) Square contact (b) Round contact (c) Diamond contact
Fig. 5 Detected shear strain distribution.

Fig. 6 A tangential traction ¢ acting over the loaded area S [9].
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Fig. 7 Simulated shear strain distribution under the round contact.
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