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ABSTRACT: Stretchable strain sensors have been developed for potential future applications including wearable devices
and health monitoring. For practical implementation of stretchable strain sensors, their stability and repeatability are
one of the important aspects to be considered. In this work, we utilized 3D printed polymer structures having
kirigami patterns to improve the stretchability and reduce the hysteresis. The polymer structures were coated with
graphene/carbon nanofiber hybrids to make a robust electrical network. The stretchable strain sensors showed a high
gauge of 36 at a strain of 32%. Because of the kirigami structures and the robust graphene/carbon nanofiber coating,
the sensors also exhibited stable resistance responses at various strains ranging from 1% to 30%.
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Fig. 1. Design of the strain sensor with kirigami patterns
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Fig. 2. Schematic illustration of the fabrication process of the
3D-printed stretchable strain sensors
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Fig. 3. (a) Photograph of the graphene/CNF-coated strain sen-
sor. (b) Photograph of the strain sensor under the test. (c)
and (d) SEM images of the surface of the strain sensor
with graphene/CNF hybrid coating
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Fig. 4. Hysteresis curves of the 3D printed polymer structures
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Fig. 5. Electrical responses of the graphene/CNF-coated strain
sensor with kirigami patterns. (a) Resistance responses as
a function of applied strain, (b) Gauge factors as a func-
tion of applied strain
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Fig. 6. Electrical responses of the graphene/CNF-coated strain
sensor with kirigami patterns under various applied

strains
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Fig. 7. Resistance-strain responses of the graphene/CNF-coated

strain sensor with kirigami patterns under 1000 stretch-
ing-releasing cycles at a strain of 10%
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