
A Multifunctional MWCNT Strain Sensor: Sensing and Damping Characteristics 

X. Li, A. K. Keshri, A. Agarwal and C. Levy* 
 

Dept. of Mechanical and Materials Engineering 
Florida International University, Miami, FL 33174, USA 

* Author of correspondence. Email: levyez@fiu.edu. 
 

ABSTRACT 
 
The goal of this work is to develop and investigate the 

properties of a new type of multifunctional composite 
which is based on multi-walled carbon nanotubes 
(MWCNT). The composite was prepared from a paper like 
MWCNT film which was sandwiched between two 
adhesive layers.  Both two point probe and four point probe 
methods were used to test its mechanical strain sensing 
properties. The Young’s modulus and shear modulus of 
MWCNT film composite were acquired by the 
nanoindentation test and direct shear test. A free vibration 
test was also performed to investigate its structural damping 
properties. Our research indicated that this new type of 
carbon nanotube based composite is potentially capable of 
functioning as a strain sensor and damping treatment 
simultaneously for structural vibration control.  

         
Keywords: multiwalled carbon nanotube, strain sensor, free 
layer damping, vibration control  
 

1 INTRODUCTION 
 
Foil strain gauges are sensitive, stable, low cost and 

easy to apply transducers, and they have been widely used 
for stress, strain and vibration measurement. Viscoelastic 
polymer patches have also been popularly used for 
structural vibration damping and noise reduction since 
1950’s. These are two different components, made from 
different materials and processes, having two different 
functions, would seem to have very little in common until 
recently. In this work, we report on a new type of MWCNT 
based multifunctional material that can potentially serve as 
strain gauge and viscoelastic damping treatment 
simultaneously, i.e., the new material integrates the 
transducer and the damping patch into one element.    

Since their discovery in 1991[1], carbon nanotubes 
(CNTs) have been intensively investigated. Their 
extraordinary electrical and mechanical properties make 
them perfect candidates for many potential applications. It 
has been reported that CNT mechanical deformation and its 
electrical resistance change are related to each other [2-3], 
which implies the possibility of using CNTs as nano-scale 
strain sensors. A more recent study [4] indicated that 
macro-scale single-walled carbon nanotube (SWCNT) films 
can act as strain sensors. We reported that this strain 
sensing property can also be found in the pure MWCNT 
films [5]. CNT composite films, which are usually 

manufactured by mixing a small (0.5~10 %wt) amount of 
MWCNT or SWCNT with some sort of polymer, were 
investigated by a few research groups. All of these CNT 
composites were reported to have the promising 
characteristic of a mechanical strain sensor [6-8]. In all of 
these tests involving applied strain versus resistance change 
is the measurement method issue, namely, the two point 
probe method [6-8] or the four point probe method [4].  
Both methods were used for measurement of the CNT film 
resistance. It has been reported that the resistance of an 
individual MWCNT measured by two point probe method 
and four point probe method have large differences [3]. 
This result also questions the reliability of the CNT 
composite film resistance that was measured by these two 
methods. No comparison experiments have been carried out 
to clarify this issue yet, and it is one of main goals of this 
work. 
     Structural damping is very important in many 
engineering applications. Polymers are typical structural 
damping materials. The most common and effective way to 
enhance polymers damping capacity is to add large aspect 
ratio carbon fibers. Carbon nanotubes are the smallest 
carbon fibers with much larger aspect ratio and therefore 
are expected to have better damping enhancement 
capability. It has been reported, both experimentally [9] and 
theoretically [10], that the addition of a small amount (<10 
%wt) of well dispersed CNTs into polymer matrices can 
boost the damping ratio of the composites dramatically. For 
example, 5 %wt of MWCNT in epoxy can result in 700% 
damping ratio increase [9]. Meanwhile, experiments have 
shown that composites consisting of large amounts of 
aggregated, highly compacted and tangled CNTs (>50 
%wt) also exhibited good damping properties. Two cases 
were reported, the first case was a high density pure 
MWCNT film prepared by chemical vapor deposition 
method. Investigation showed that the existence of such a 
MWCNT film increased the baseline structure damping 
ratio by 200% [9]. The second case was a laminated 
composite manufactured by sandwiching single-walled 
carbon nanofiber paper/sheet between epoxy layers [11]. A 
200-700% damping ratio increment was reported at higher 
frequencies. We now report a third case of a laminated 
composite that was prepared by MWCNT bulky paper 
sandwiched between two layers of adhesives having good 
damping character.  
      Although both the strain sensing property and the 
damping enhancement property have been reported for 
CNT based composites, these investigations were reported 
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in an unrelated manner. Previous investigation of the 
simultaneous strain sensing and damping property 
characteristics for CNT based composites have never been 
carried out because the composites were never considered 
to be multifunctional materials. In this work, we report for 
the first time a multifunctional MWCNT film composite, 
which is potentially able to serve as strain sensor and 
damping treatment simultaneously.  

 
2 EXPERIMENTAL SETUP 

 
Freestanding MWCNT films (“bulky paper”) were 

purchased from Nano-Lab Inc. (Newton, MA) and used “as 
is”. Detailed description on preparation of the MWCNT 
film can be found in [5], which presented a comprehensive 
investigation of the strain sensing property by the two point 
probe method.  

Four experiments were carried out for the analysis of 
the multifunctional MWCNT film composite: two point 
probe and four point probe comparison test for clarifying 
and verifying the previous conclusion on strain sensing 
property; nanoindentation test and direct shear test for 
evaluating mechanical property; and the free vibration test 
for analyzing the composite’s damping enhancement 
property. The sample preparation, experimental setup and 
test procedure will be discussed in detail in this section.  

The MWCNT film used in all of these three 
experiments were exactly the same MWCNT materials as 
used in [5]. They were purchased and received at the same 
time and went through the same process.  
    
2.1 Strain Sensing Test by Two Methods 

The purpose of this re-analysis strain sensing test is to 
clarify the measurement reliability issue. Three MWCNT 
film samples were prepared, namely N1, N2 and N3. Each 
sample was: 2”x0.5”x0.0040”. Eight round aluminum 
terminals/electrodes (D=~0.07”) were deposited on the film 
surface symmetrically and aligned along the center line by 
vacuum thermal deposition method to make solid and stable 
contact between the film and the probes.  Wires were then 
attached to ABCD or 1234 terminals/electrodes (refer to 
Fig.1) by silver ink to serve as the probes for the four point 
probe test. In order to compare between the two and four 
point probe test, two terminals/electrode strips for two point 
probe test were also prepared in the same manner. The 
probe space S was 0.25”. Therefore, t/S satisfies the 
condition for using equations (1) to calculate 
resistivity/resistance change by the four point probe method 
[12]:  

sheet
Δρ ΔVΔR = =1.9747*
t I

                           (1) 

ΔRmeas = 2 Rcontact + Rsample                         (2) Δ Δ

where ΔRmeas is the measured total resistance change, and  

ΔRcontact is the contact resistance change, ΔRsample is the 
MWCNT film intrinsic resistance change, respectively, for 
the two point probe test.  ΔRsheet is MWCNT film sheet 
resistance change, Δρ is the resistivity change measured, 
and ΔV/I is the measurement reading, respectively, by the 
four point probe method. 

The strain sensing tensile test was performed on the 
same MTS machine and followed exactly the same 
procedure as described in [5].  Tensile tests were run twice 
for each sample. The first measurement used the two point 
probe method with Wheatstone bridge and the second 
measurement used the four point probe method.  

 

Figure 1: MWCNT sample for two and four probe test. 

2.2 Mechanical Property Test 

Young’s modulus is an important parameter of the 
MWCNT composite film. Information about its mechanical 
properties is beneficial in the design of the multifunctional 
components. The traditional tensile test can not be easily 
applied to small dimensional thin film samples for 
acquiring Young’s modulus. The nanoindentation test and 
the direct shear test were employed to obtain the Young’s 
modulus for pure MWCNT film and the MWCNT film 
composite, respectively. The nanoindentation test was 
carried out on a Hysitron TI 900 Triboindenter. Peak load 
of 70µN was employed during the test, and each 
indentation experiment consisted of three steps: loading for 
10 seconds, holding the indenter at peak load value for 4 
seconds, and then unloading in 10 seconds completely. The 
measurement sequence consisted of 16 indents.   

The direct shear test sample (Fig.2) was sandwiched 
between two aluminum bars. The MWCNT film composite 
under test was 1”x 1” x 0.012”. The direct shear test 
procedure followed the same tensile test procedure as 
employed in [5].  

 
 
 

Figure 2: Sample: MWCNT composite direct shear test  
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2.3 Damping Property Test 

A simple aluminum beam (2”x0.275”x0.008”) was 
employed as base beam for the MWCNT damping property 
test. Due to the small dimensions of the test samples, free 
vibration displacement measurement was adopted for the 
damping test. Two test specimens were prepared: one was a 
cantilever beam coated with pure adhesive layer and the 
other was the same cantilever beam yet coated with 
MWCNT film composite.  The composite consisted of one 
layer of MWCNT film sandwiched between two layers of 
adhesive (ethyl cyanoacrylate: 70%, Poly (methyl 
methacrylate): 30%). Coatings for both specimens were 
0.012”. The cantilever beam was given the same, small, 
initial displacement and then released for free vibration. 
Free end displacements were measured by laser vibrometer 
(Polytec OFV 2500 controller and OFV 350 sensor head), 
and a two channel digital oscilloscope (Tektronics TDC 
2024B) was used to display and store the vibration signal.  

 
3 RESULTS AND DISCUSSION 

 
Figure 3shows an example of the strain sensing results 

from sample N1 by two point and four point probe. 
Sensitivity factors were calculated by equation 

RSF
Rε
Δ

=                                     (3) 

Measured and calculated resistance change and resistivity 
change were also calculated by equation (1) and (2), 
respectively. Data are summarized in Table 1. It can be 
seen from Fig. 4 that the test results from the four point 
probe method and the two point probe method shared some 
similarities. Results by four point probe method confirmed 
the conclusions drawn from the two point probe method, 
i.e., the MWCNT film resistance/resistivity changes with 
applied strain, but the four point probe method indicates a 
higher sensitivity factor. The values in the four point probe 
group were typically about 15 times those of the two point 
probe group (Table 1). Also, it can be seen that the four 
probe method did not show definite improvement in signal 
linearity (Fig.3. Actually, the measured signal linearity 
values are close to each other (see global error in Table 1). 
The linearity result was consistent with another 
investigator’s work [4], who also employed four point 
probe method to measure the resistance change of a 
SWCNT film.  Since the four probe method did not include 
the contact resistance change and showed a much higher 
sensitivity factors, we would propose to use of this method 
instead of two probe method. 

Typical MWCNT film Young’s modulus was found to be 
in the range of 0.1-12 GPa (Fig. 4 by nanoindentation 
method.  This large variation was due to the porous 
(relative density 50%) microstructure of the MWCNT film 
[5].   The Young’s modulus of the MWCNT composite and 
the pure adhesive material were calculated from direct 
shear test (Fig.5) and both were found to be around 7.04 
MPa .     This value was in compatible with another group’s  

 

 
Table 1 Comparison between the two probe and four 

probe test results. 

 

Figure 3 Strain sensing test results from two point (L) and 
four point method (R) 

results [9]. The result indicated that insertion of the 
MWCNT film into the adhesive did not change the elastic 
modulus of the composite. Young’s modulus of MWCNT 
film ranged from 0.1 GPa to 8 GPa by the nanoindentation 
test, but the mechanical strength of the composite was 
calculated to be 4.99MPa and 3.19 MPa based on interfacial 
shear strength.  It can be seen clearly that the shear modulus 
and Young’s modulus of the composite were controlled by 
the adhesive material, while the mechanical shear strength 
was affected by the existence of MWCNT film. 
 

 
Figure 4 Nanoindentation test for MWCNT film. 

 
 

 

Figure 5: Direct shear test 
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Figure 6: Free vibration damping test (L): beam with 
adhesive only; (R) Beam with MWCNT composite 

 

 

Table 2: Summary of the damping test. 

    Damping ratios for the structures were calculated using 
an equivalent single degree of freedom model, viz., eq. (4) 
[13]: 

1

1

1 ln( )
2 m

x
m x

ζ
π +

=                                     (4) 

where x1 is an arbitrary chosen maximum starting point, 
and xm+1 is the (m+1)st displacement in the sequence 
thereafter. With only 12.57 % extra mass added, the 
insertion of MWCNT film into the pure adhesive layers 
increased the structural damping ratio 110.57% (from 
.003129 to .006589). These test results indicated that the 
MWCNT film composite exhibited a good damping effect.   

Using the same model, the damping characteristic of the 
MWCNT composite and the system can be calculated. The 
material viscous damping coefficient, c, can be related to 
the structure damping ratio as [13]: 

               
22

c
mKM

ζ c
ω

= =                               (5) 

The possible reason for the increased damping ratio (from 
.000595 to .001339) is that the MWCNT composite had a 
much higher damping coefficient c, since K and M both 
increased when extra mass was added to the beam with 
adhesive coating. This new carbon nanotube film composite 
material showed a 225% increase in damping coefficient 
compared to the pure adhesive materials. Results in this 
study were compatible with the results from another 
investigator [11].  

  
4 CONCLUSION 

 
Four point probe method was carried out to verify the 

previous results by two point probe method. Results by four 
point probe method confirmed the results by two point 
probe method: MWCNT film resistance/resistivity changed 
almost linearly with applied strain. Young’s modulus of 
MWCNT film was measured by nanoindentation test. 
Direct shear test results indicated that the existence of the 

MWCNT did not improve the Young’s modulus of the 
composite. The mechanical strength of the MWCNT 
composite was determined by the interface strength 
between the MWCNT and the adhesive.  Free vibration test 
indicated that with only 12.57 % extra mass added, the 
MWCNT film can increase the structural damping ratio 
110.57%. Our results indicate that MWCNT film is 
potentially capable of concurrently serving as 
multifunctional material, i.e., strain sensing and damping 
treatment, for structural health monitoring and vibration 
control application. 
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