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Abstract: The effectiveness of multiwalled carbon nanotubes (MWCNTs) as strain sensors is
investigated. The key contribution of this paper is the study of real-time strain response at the
macroscale of MWCNT film under tensile load. In addition, real-time voltage change as a
function of temperature is examined. MWCNT films attached to a brass specimen by epoxy
using vacuum bonding have been studied. The brass specimen is subjected to tensile loading,
and voltage output from the MWCNT film is obtained using a four-point probe and a sensitive
voltage measurement device. Experimental results show that there is a linear change in voltage
across the film when subjected to tension, and the MWCNT film both fully recovers its
unstressed state upon unloading and exhibits stable electromechanical properties. The effect of
temperature on the voltage output of the nanotube film under no load condition is
investigated. From the results obtained it is evident that MWCNT films exhibit a stable and
predictable voltage response as a function of temperature. An increase in temperature leads to
an increase in conductivity of the nanotube film. The study of MWCNT film for real-time strain
sensing at the macroscale is very promising, and the effect of temperature on MWCNT film
(with no load) can be reliably predicted.
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1 INTRODUCTION

Strain sensors are widely used in various fields of
engineering for monitoring as well as for damage
detection of critical infrastructure. Conventional
strain gauges are limited by the requirements of
the strain gauge to be able to measure strain only in
designated directions and locations. The demand for
multifunctional and multidirectional sensors is on
the rise, and the use of carbon-nanotube-based
sensors holds the promise of fulfilling these objec-
tives owing to their superior mechanical and
electrical properties [1, 2].

The discovery of carbon nanotubes by Iijima [3]
led to an ever-increasing interest in carbon nano-
structures and their applications. This is largely due
to the combination of their expected structural
perfection, small size, low density, high stiffness,

high strength, and excellent electronic properties [1,
2]. As a result, carbon nanotubes have found
applicability in a wide range of fields [1, 2].

To date, various studies have been done on the
reversible electromechanical characteristics of car-
bon nanotubes. Schadler et al. [4] observed a shift in
the Raman peak when subjected to tension and
compression while investigating load transfer in
carbon nanotube epoxy composites. Tombler et al.
[5] observed reversible electromechanical character-
istics in an individual single-walled carbon nanotube
deformed using an AFM tip. Semet et al. [6]
demonstrated the reversible electromechanical char-
acteristics of an individual multiwalled carbon
nanotube (MWCNT) subjected to longitudinal bend-
ing. Recent experiments conducted by Jang et al. [7]
on an individual MWCNT revealed that the electrical
resistance increased when the MWCNT was elon-
gated and that the change corresponded to the strain
applied to the nanotube. The change in electrical
resistance was recoverable to its preloading value
when the MWCNT was strained below its elastic
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interesting to note how the change in voltage tracks
the strain. A continuous change in voltage DV across
MWCNT film as a function of strain (Fig. 5(d)) shows
a linear relationship between them, and highlights
the real-time response of the MWCNT film to load
changes.

It can also be observed from the results in Fig. 5(d)
that the electromechanical characteristics are fully
reversible, and voltage across the nanotube film
corresponds linearly to strain during both loading
and unloading. Semet et al. [6] and Jang et al. [7]
observe similar reversible electromechanical char-
acteristics at the nanoscale using an individual
MWCNT; the present results reinforce a similar
characteristic trend observed at the macroscale.

The effect of temperature on MWCNT film was
studied by heating the specimen and clamping both
ends of the specimen in a universal testing machine
with no load. It was observed that the resistance of
the MWCNT film decreased upon heating. A plot of
voltage versus temperature is shown for two differ-
ent experiments in Figs 6(a) to (c) and Figs 6(d) to
(f). A linear behaviour was observed in the voltage
response of MWCNT film to temperature. However,
it was noted that the resistance (calculated from the
voltage response with an input current of 100 mA)
changed by 0.0217 V only for a temperature differ-
ence of 13.9 uC (21.1–35 uC). Similar results were
obtained by Koratkar et al. [22] for the temperature
range 20–200 uC, where the authors observed only a
small change in resistance with temperature.
Although the study conducted by Koratkar et al.
[22] was on vertically aligned MWCNTs, the results
in the present study indicate a similar trend in the
voltage response of randomly aligned MWCNT films.

4 CONCLUSION

The effectiveness of MWCNT films in measuring
real-time strain at the macroscale has been investi-
gated experimentally. It can be concluded from the
results of this study that there is a linear relationship
between the measured change in voltage in the
MWCNT film and the measured strain in the brass
specimen. It has also been observed that the
MWCNT film responded very well to loading and
unloading. Fully reversible electromechanical char-
acteristics have been observed from the results; the
MWCNT film demonstrated excellent recovery to
preload conditions upon unloading. The relationship
between temperature and voltage change has been
studied in a limited temperature range. The testing
needs to be performed over a wider range of

temperatures before general conclusions can be
drawn. However, the limited results presented do
indicate excellent predictable voltage response to
temperature changes. The results presented in this
paper are very encouraging and indicate the poten-
tial of using MWCNT film as a strain sensor at the
macroscale.
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