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Abstract
Polymer nanocomposites are highly apricated for the sensor and actuator applications. As they are soft and flexible and
can produce higher cyclic loading with good repeatability. But when conductive fillers are woven in the polymer matrix
it loses flexibility and enhances the conductivity. Therefore, studying the loading behavior of the nanocomposite becomes
important for determining the stability and load bearing capacity of the conducting polymer nanocomposite membranes
(CPNC). Therefore, the intent was to design a flexible piezoresistive strain sensor. Finite element analysis (FEA)
technique was used for investigating the deformation behavior with a change in stress and strain by applying loads of 0.4
N, 0.6 N, 0.8 N and 1N. Displacement was taken as one parameter for determining the stress intensities in CPNC local
regions.
Keywords- Conducting, FEM, Modulus, Strain.

1. Introduction
Strain measurement is an important parameter for determining the mechanical strength of any
material. The piezoresistive property shown by the Conducting polymer nano composite (CPNC)
is often used for the sensor and actuator application. Strain sensors ae developed using
piezoresistive material for strain sensing applications (Mason and Thurston, 1957). Previously
metals such as Cu, Au, Bi-Sb, Mn and RuO2 were used for strain sensor applications (Rajanna and
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Mohan, 1987, 1988, 1989; Tamborin et al., 1997). But due to their limitations of flexibility and
stiffness, polymers were looked as the replacement material. Polymers showing conducting
behavior were classified as the conducting polymers (CP), which showed the high interest of
researchers for the sensor and actuator applications (Hu et al., 2011; Wang and Li, 2013; Porter et
al., 2001). CP are polymer materials which allow the electric charge to flow through them when
the electric field is applied. They are classified as intrinsic and extrinsic conducting polymers.
Intrinsic CP is also known as self-conducting polymers. This type of conducting polymers have 
electrons on the backbone of the polymer chain. These  electrons help in movement of charges
when voltage is applied across the polymer membrane (Naarmann, 2000). (Example: poly
(pyrrole)s (PPY), poly (3,4-ethylenedioxythiophene) (PEDOT), poly (thiophene)s (PT),
polyanilines (PANI), poly (p-phenylene sulfide) (PPS)). Whereas, the extrinsic CPs are developed
by infiltrating the conducting fillers such as carbon nano fiber (CNF), carbon nano tubes (CNT),
carbon black (CB), graphene and its oxides (Das et al., 2000; Stankovich et al., 2006; Sun et al.,
2008; Li et al., 2008) in the polymer matrix (example: poly (ethylene terephthalate), polystyrene,
polypropylenes, polyamides, polyethylene’s, poly(butylene terephtahate), poly(lactic acid), poly
(hydroxybutyrate, poly (vinyl chloride) thermoplastic polyurethanes, and bio-polyesters) (Geng et
al., 2007; Pötschke et al., 2007; Yang et al., 2007). Use of CPNC for the application of sensors and
actuators are increasing interest because of their high mechanical strength and flexibility.
Mechanical strength is measured in the form of modulus which is important for the repeatability
and functionality of the CPNC (Gustafsson et al., 1992).
Modulus (E) is an important parameter for determining the mechanical behavior of the composite
material (Shanks et al., 2010). Modulus is dependent on the orientation of fiber in the polymer
matrix and is calculated by means of volume fraction (V) of polymer (PVDF) to filler (CNF).
Equation (1) expresses the modulus obtained for the under ideal conditions of homogeneous
distribution of filler in the polymer matrix, high binding ability of the polymer with filler elements
and uniform distribution of load at the time of bending or deformation where (c) represents
composite, f defines the fiber and m defines the matrix.
𝐸𝑐 𝑉𝑓 𝐸𝑓  𝑉𝑚 𝐸𝑚 𝑉𝑓 𝐸𝑓  (1𝑉𝑓 )𝐸𝑚

(1)

Whereas the modulus obtained in real life little different and is shown by Equation (2) consisting
of less uniformity, non-uniform dispersion of fibers, voids and variation in alignment of fibers in
the CPNC by solvent casting technique. This is defined by the efficiency factor (g). The modulus
is calculated by the universal tensile testing instruments at varying loading conditions. The modulus
calculated in the shear mode emphasizes on the fiber matrix interface. While the flexure mode
shows the combination of matrix and fiber here the upper part comes in tension and lower part in
compression on bending of the CPNC membrane. It is also observed during the study that the
neutral axis of the composite beam is stress free and remained unaffected.
Ec  g 𝑉𝑓 𝐸𝑓  Vm 𝐸𝑚  g 𝑉𝑓 𝐸𝑓  (1𝑉𝑓 ) 𝐸𝑚

(2)
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Figure 1. Represents schematic diagram of CPNC beam under load at the free end

The volume fraction of the composite is calculated using formula shown by Equation (3), where l
is the length of the cantilever beam d is the diameter of the carbon fibers, L and S represents the
longitudinal and lateral spacing of CPNC
.𝑙.𝑑 2

𝑉𝑓 =

(3)

4𝐿𝑆 2

The geometrical fitting parameters such as area {A=2(l/d)} of the cantilever beam for tension and
E as the tensile Young's modulus having the aspect ratio of (l/d)
𝐸𝑐 =

𝐸𝑚 (1+𝐴𝐵𝑉𝑓 )

(4)

1−𝐵𝑉𝑓

Where B is shown by Equation (5)
B=

𝐸𝑓
−1
𝐸𝑚
𝐸𝑓
𝐸𝑚

(5)

+𝐴

The CPNCs having conductive fillers as extrinsic component responsible for conduction reduce the
yield strength in comparison to the host polymer matrix. But when added in the adequate amount
it overall increases the mechanical property. When the composite is fractured the fibers embedded
in the composite are pulled out and the fracture occurs in the fibers intermittently before fracturing
the composite boundaries. Therefore, it is difficult to simulate the CPNCs by FEA as the composite
structure does not behave uniformly and keeps changing during the rapture of the structure.
Therefore, determining modulus by simulation can play a crucial role in the development of
efficient electronic devices such as sensors and actuators where a minute change can make a large
variation. For determining the mechanical properties some assumptions (a) The PVDF-CNF fiber
matrix show perfect interface adhesion. (b) PVDF-CNF fiber matrix composite showed elastic
behavior to the stress and (c) on the end of CNF fibers no axial load is transmitted were made
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during the study to examine the overall behavior of the CPNC (Beckert and Lauke, 1995; Chen and
Liu, 2001; Ausiello et al., 2002).
CPNC cantilever beam was designed for observing the piezoresistive sensor response. Here in the
PVDF-CNF piezoresistive sensor, PVDF acted as bonding material while the CNF acted as
conductive filler which helped in the charge transportation. Force was applied on the CPNC
cantilever free end by applying different loads of 0.4 N, 0.6 N, 0.8 N and 1 N. With the applied
force resulted deformation leads to the generation of strain by changing the dimensions at the inner
and outer part of the membrane finally giving rise to change in resistance. The developed CPNC is
designed in the form of piezoresistive sensor showing high sensitivity and flexibility. The
sensitivity of the CPNC depends on the shape, size, material and fabrication technique of the
cantilever beam and is discussed in the previous work (Prasad et al., 2018). CPNC cantilever beam
is simulated using the FEM software ANSYS 19.0.

2. Sensing Characteristics Measurement of PVDF/CNF Nanocomposite
The cantilever specimen was fixed at one end while the other end was made free. For obtaining
deformation the force was applied on the free end. Different loads (0.4 N, 0.6 N, 0.8 N and 1 N)
were applied at the free end. During deformation the upper part of the beam stretches, and tensile
force is exerted on the upper surface of the beam as shown by Figure 1. While the lower end
contracts leading to compression force at the bottom part. The obtained deformation in the form of
change in strain values gives the resistance change shown by Figure 2, which can be studied in the
form of electrical signals.

Figure 2. Represents PVDF-CNF cantilever beam without deformation and with deformation

The deflection of the CPNC is calculated using Stoney’s formula and represented by Equation (6).
Where l is the length of the beam, E is Young's modulus,  is the poison’s ratio,  is the stress
induced during deformation and t is the thickness of the cantilever beam.
 =

3. .𝑙2 (1−)
𝐸 𝑡2

(6)

The displacement was observed under 0.4, 0.6, 0.8, and under 1N and is shown in Figure 3.
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3. Results and Discussion
A Finite Element Model (FEM) software ANSYS (R19.0) was used for simulation of the
conductive piezoresistive sensor. The mesh of the structure was refined for a stable solution.
Figure 3(a) shows the displacement obtained on applying the load of 0.4 N at the top face of the
cantilever beam at the free end. The minimum displacement of 1.2369 mm is observed at the fixed
end while the maximum displacement obtained was around 11.132 mm at the free end.
In Figure 3(b), 0.6 N of the load was applied on the free end and the displacement observed was
1.8553 minimum and maximum of 16.698 mm. when the load of 0.8 N was applied on the free end
of PVDF/CNF nanocomposite the displace observed was 2.4737 at the fixed end and 22.263 mm
at the free end, while the load was increased to 1N the displacement observed was 3.0921 at the
fixed end and 27.829 mm at the free end.

Figure 3. Represents the displacement obtained on applying (a) 0.4, (b) 0.6, (c) 0.8 and (d) 1N load at the
free end
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The effect of displacement was also observed by strain produced in the cantilever beam and is
shown in Figure 4, representing the equivalent elastic strain at 0.4 N, (b) at 0.6 N, (c) at 0.8 N and
at 1N load. The maximum strain produced on applying 0.4 N load is 0.02159 mm/min, for 0.6 N
0.032 mm/mm. Maximum strain of 0.043179 under 0.8 N load and 0.053974 at 1N. There is no
major strain change when the load is varied form 0.4 - 1 N. This shows the stability of the
piezoresistive sensor.

The equivalent stress produced during the deformation is shown in Figure 5. Where Figure 5 (a)
shows the stress obtained by applying the load of 0.4 N, (b) shows the effect obtained by 0.6 N, 0.8
N and 1N.

Figure 4. Represents equivalent strain obtained on applying 0.4, 0.6, 0.8 and 1N load at the free end
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Figure 5. Represents equivalent stress obtained on applying 0.4, 0.6, 0.8 and 1N load at the free end

4. Conclusion
CPNC are flexible polymer materials which can provide applications in electronic smart devices,
sensors, actuators, human health, soft robotic arms and structural health monitoring. Piezoresistive
sensors is one type of CPNC which can be applied for human health and the structural health
monitoring. In human health the deformation obtained in the CPNC can be used for measuring the
blood flow effect, heart beat rate and many others. While in the structural health monitoring it can
be used for detecting the failure by fracture or misalignment of any crucial component. Thus, the
deformation effect of the CPNC membrane is studied with the help of FEM software. CPNC
Cantilever beam is designed and simulated using the ANSYS R19.0 software. The displacement
behavior is analyzed under different loading conditions of 0.4, 0.6, 0.8 and 1 N. The simulation
results show displacement with low stress and strain and under variable conditions. The maximum
displacement of 27.829 mm is achieved under 1N at the free ends. The strains are highest at the
free ends and minimum at the fixed ends.
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