
Electronic skin (e-skin) is an emergent area that focuses on mimicking the functionalities of human skin

through sensing materials and electronic devices. While conventional fabrication methods like

photolithography and transfer printing have been used to produce e-skin devices, 3D printing technology can

introduce advantages like ease of design and rapid prototyping of complex geometries for soft sensors.

This work introduces a versatile 3D-printable conductive human skin-like composite material to generate

complex three-dimensional structure-based high-performance resistive pressure and strain sensors for e-

skin applications that can be integrated in robotic limbs and prostheses to measure touch and a wide range

of human motions. By using a combination of silicone inks as a matrix alongside conductive nanofibers, our

technique can generate pressure sensors that can perceive and quantify mechanical stimuli by transducing

applied stimulus into a change in electrical resistance, with conductivity values of up to 0.7 S m-1,

stretchability of up to 1000%, and Young's modulus (0.3 MPa) that approaches that of real human skin.

We aim to develop pigmented e-skin sensors and utilized them to build complex resistive pressure and

strain sensors with a 1200% increased sensitivity in comparison to bulk sensors.
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Figure 1. 3D printing process. A)
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Figure 2: (a) molecular structures of silicone and carbon nanofiber. (b) Table for High-quality printing parameters for the conductive 
nanocomposite.properties of nonhalogenated green solvents compared to the conventionally used Dichlorobenzene.

Results & Discussion

We adapted and standardized Direct-Ink-Writing (DIW) and Fused-Deposition (FDM) 3D
printing parameters including ink viscosity, extrusion height, material flow, and printing speed,
to obtain consistent CNF-based structural patterns and geometries. We explored the influence
of printing angles and infill density on the mechanical properties and conductivity directionality
of the printed structure, and utilized them to build complex resistive pressure and strain
sensors. We developed relieved pigmented e-skin sensor parts that can be integrated in robotic
limbs and prostheses to measure touch and a wide range of human motions.

Figure 3: (a) Tensile test in samples varying printing angles, (b) Conductivity, (c) Compression test and (d) Cyclic compression test. 
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Figure 4: (a) Stretching test and (b) Mechanical properties of cyclic stretching test. 
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Figure 5: (a) Visual sensing map of a platform in a robotic hand, (b) Change in resistance while touching the platform and (c) Differents pressing
detection.


