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Abstract

The conventional microelectromechanical system (MEMS) process has been used to fabricate sensors with high costs and high-vol-
ume productions. Emerging 3D printing can utilize various materials and quickly fabricate a product using low-cost equipment rather
than traditional manufacturing processes. 3D printing also can produce the sensor using various materials and design its sensing structure

with freely optimized shapes. Hence, 3D printing is expected to be a new technology that can produce sensors on-site and respond to
on-demand demand by combining it with open platform technology. Therefore, this paper reviews three standard 3D printing tech-
nologies, such as Fused Deposition Modeling (FDM), Direct Ink Writing (DIW), and Digital Light Processing (DLP), which can apply
to the sensor fabrication process. The review focuses on strain/load sensors having both sensing material features and structural features

as well. NCPC (Nano Carbon Piezoresistive Composite) is also introduced as a promising 3D material due to its favorable sensing char-

acteristics.

Keywords : 3D printed sensor, Nano carbon composite, Loadcell, Piezoresistivity, Strain sensor.
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Fig. 1. Overview of 3D Printed Flexible Sensors Fabrication Process
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Fig. 2. DIW(direct ink writing) process [18].
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Sample holder

Fig. 3. Various sensor structures and their SEM images printed by
DIW using 10wt% CNT ink [18].
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Fig. 9. Charaterization of PCL (polycaprolactone)/CB (carbon black)
conductive filament [5].
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a) 3D Printed Flex Sensors b) 3D Printed ‘Glove’
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Fig. 10. 3D printing of flex sensors and glove [5].
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Fig. 11. 3D printing cubic force sensor using CNT (carbon nano-
tube)/TPU (thermoplastic polyurethane elastomers) filament
and real-time resistance changes [27].
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5. NCPC(Nano-Carbon Piezoresistive
Composite) 7|8 3D ZZIE MM 217
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Fig. 12. The pressure sensor based on NCPC by using 3D printing:
(a) cantilever sensor electrode filled with NCPC (black) in
the ABS sensor body (white); (b) the sensor body plugged
in the piper end cap; and (c) the sensor installation on a
pressure standard jig on the calibrator [13].

Nano-Carbon Piezoresistive Composite
(NCPC)

Fig. 13. 3D Printed Loadcell (PLC) using NCPC (nano- carbon
piezoresistive composite) [14].
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Table 1. Overall characteristics of the 3D printing types for sensor

fabrication
Type DLP DIW FDM
Cost x O ©
Material variety A © ©
Reproducibility ©) O O
Printing resolution O A O
Fab. size A O ©
Clogging © X O
Post process O A O
Fab. Speed O O ©
Fabrication suitability A O ©

(Fabrication compatibility: High © O A x Low)
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