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ABSTRACT

To address the need for new intelligent sensing of systems, this study presents a novel strain sensor based on
peizoresistivity of carbon nanotube (CNT) and its nanocomposites. Fabrication and characterization of the carbon
nanocomposite material are discussed and an electrical model of the CNT strain sensor was derived based on electrochemical
impedance spectroscopy analysis and strain testing. The dynamic response of the sensor on a vibrating beam was simulated
using numerical analysis and it was compared with experimental test. The simulation showed good agreement with the strain

response of the actual sensor.
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Fig. 1. Fabrication of CNT/PMMA strain sensors (a)
SEM images of multi-wall carbon nanotube
(MWCNT)/PMMA (20 wt %) sample at 25000x; (b)
SWCNT/PMMA sensor (5 wt %, 5 x 30 x 0.3mm,
resistivity = 58 cn/S); and (c) fabricated
MWCNT/PMMA sensor sprayed on a glass fiber beam
(5 wt % MWCNT, 330 x 5 x 0.08 mm, R=117.03 KQ),
C=14.7 pF).
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Fig. 2. Strain modeling of SWCNT/PMMA composite
sensors with different weight percentages of nanotubes in
the PMMA.,
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Fig. 3. Gage factor of PMMA /SWCNT strain
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Fig. 4. Dynamic EIS impedance test of 10% (wt.)
SWCNT/PMMA composite sample in 3% NaCl
electrolyte (Rp=1.15K ,Cd =3.5uF, W=175.3uS)
and equivalent electrical models : (a) Nyquist diagram;
(b) Bode diagram (phase); (c) Bode diagram
(magnitude); (d) Equivalent electrical model of 2 10%
(wt.) SWCNT/PMMA composite; and (e) simplified
electrical model of CNT composite strain sensor.
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Fig. 5. Electrical circuit model of the composite strain
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Fig. 6. Simulation of the strain response of the
SWCNT/PMMA 10% sensor on a cantilever beam.
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Fig. 7. Test setup of the SWCNT based strain sensor
to measure dynamic strain.
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Fig. 8. Dynamic strain response of the
SWCNT/PMMA 10% strain sensor in free vibration
beam (cutoff frequency 30Hz, gain:20 dB).
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