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Abstract: In the present work multi-walled carbon nanotubes
(MWNTYSs), the highly anisotropic, promising nanofillers used as
additional structural reinforcement to improve the tensile, fatigue
and damping capabilities of glass fiber reinforced composites
(GFRP) for the Micro Air Vehicle (MAV) application. Further,
the GFRP nanocomposites have been strengthened by making use
of strong anisotropy of MWNT’s by aligning them on each layer of
GFRP laminate. GFRP nanocomposites have been prepared for
very low weight percentage (0.5 wt%) of MWNT, with alignment
and without alignment. The alignment has been done with the
newly developed in-house electrode-fixture assembly, which can
be scalable to any size. The result shows that the alignment of
MWNTs on GFRP lamina has a significant effect over GFRP
lamina without MWNT alignment and the neat GFRP (without
any nano reinforcements) without sacrificing any of the
mechanical properties.

Keywords: Multi-Walled Carbon Nanotubes (MWNTSs), Glass
fiber reinforced composites, Nanotube Alignment, Fatigue,
Structural Damping.

I. INTRODUCTION

The invention of composites has given a big boom to the

manufacturing industries. Owing to their excellent material
properties the Composites have become very popular and
widely used in many industries. Especialy in early 20th
century anew era has started after the discovery of synthetic
resins (polymers) and in the middle of 20" century the
composites evolved as durable and reliable structura
elements reinforced with artificial fibers (glass, carbon,
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aramid fibers), since then the applications of composites
traced in every possible sector like automotive, aerospace,
marine, defence, biomedical, etc. Further, these artificial
fibers can able to offer very high performance when
combined with polymersrather than metal aloysor ceramics
[1-4]. Among many artificia fibers especialy glass fiber
reinforced polymer composites (GFRPs) and carbon firber
reinforced polymer composites (CFRPS) are very popular and
widely accepted for the commercial applications because of
its high strength and stiffness, large fracture toughness and
strength, huge fatigue capacities, low density and ease of
fabrication [5-6]. Apart from the superior mechanical
properties, GFRPs and CFRPs exhibit low cost to
performance ratio when compared with Kevlar and aramid
reinforced polymer composites. Thislow cost to performance
ratio makes the GFRPs and CFRPs to use extensively in
manufacturing many aircraft parts of the new generation and
indigenously developed Indian aircrafts like Tejas, Saras,
Hansa, etc.

However, the performance of many aircraft parts,
including wings, ailerons, flaps, spoilers and rudders severely
get affected due to the vibrations despite of their superior
mechanical properties obtained from the GFRPs or CFRPs.
In general, the materials with huge stiffness exhibits low
damping, which leads to a serious issue when the aircraft
structures have preexisting micro-cracks or developed during
the operation results in fatigue failure due to vibrations
[7-11]. This high stiffness and low damping ability limit the
extensive usage of GFRPs and CFRPsin the aircraft industry.
Many attempts were made to enhance the damping ability of
FRPs without sacrificing their mechanical properties, but no
significant improvement has been recorded.

After lijima developed coaxia tube structures made of
carbon at nano dimension [12], the scientific community has
devoted significant efforts to enhance the composite
properties by using CNTs as promising structural
reinforcement [13-14]. The carbon nanotubes exhibit
excellent mechanical, thermal and electrical properties due to
its 1D structure. CNTs gives good results, especially with the
polymers. Further, the CNTs offer a very good damping
ability when used asreinforcementsin the polymersdueto its
large surface and interfacia area, and weak interfacia
adhesion which causes dissipation of more energy at the CNT
and polymer matrix interface.
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The mechanism behind this phenomenal improvement of
damping at the interface of nano reinforcements and the
polymer matrix is known as the ‘‘stick-slip’> mechanism
[15]. If the forceis applied on the nanocomposites, the CNTs
and the polymer matrix will start deforming together.

Once the externa load exceeds the threshold value, the
CNTs stop deforming while the polymer matrix continues
which makesthe CNTs dip at the polymer matrix boundaries
results in energy dissipation [16]. Further, the interfacial
energy dissipation capacity depends on the amount of force
applied and the rate of applied force. Usually, the dissipation
energy isdirectly proportional to the amount of force applied
and its rate of application.

Most previous studies were related to improving the
mechanical, vibration damping and electrical properties of
epoxy-based nanocomposites and fiber  reinforced
nanocomposites with CNTs distributed randomly in their
matrix, but the influence of CNT alignment was not much
studied. In our previous work [13-14], we have studied the
effect of CNT alignment on fatigue and vibration damping in
epoxy-based nanocomposites. Now in our present work, we
studied the effects of CNT alignment on tensile, fatigue and
vibration damping characteristics of CNT/GFRP hybrid
composites. The CNT/GFRP hybrid composites are produced
using hand- layup technique. CNT reinforced resin was used
asacomposite matrix and CNTsare aligned or oriented using
a special in-house developed aignment setup which works
on the paralel electrode concept. The tensile, fatigue and
vibration damping tests are conducted as per the respective
ASTM standards.

Il. MATERIALSAND EXPERIMENTAL
METHODOLOGY

A. Materials
The nanoparticles used in this study were Multiwall

Carbon Nanotubes (MWNT), purchased from Nano shell,
USA. The MWNTs were produced by chemica vapor
deposition (CVD) technique and functionalized with acid for
better dispersion. As per the supplier’s specification, the
physical dimensions of MWNTSs were as follows: diameter
ranged between 10 - 20 nm and length ranged between 10 -
15 mm. Glass fiber, bi-axial mat (7 mills) was used as fiber
reinforcement, and it was supplied by Arun fabrics,
Bangalore. The Diglycidyl ether bisphenol A (DGEBA) —
commercial structural thermosetting resin, was used as
matrix system and Triethylenetetramine (TETA) was used as
curing agent/hardener for preparation of fiber reinforced
composite specimen, and these were procured from
Sigma-Aldrich Chemicals, USA. The DGEBA and TETA
were employed with a mix ratio of 100:12, respectively, by
weight [17]

B. Preparation of Specimens

The MWNTSs procured were added to the epoxy resin
without any chemical modification and manualy mixed
thoroughly about 5 — 10 minutes, then the solution was
sonicated for one hour to improve the quality of MWNT
dispersion in the epoxy. During sonication, the nanomixture
temperature was continuously monitored and maintained low
to avoid the issues arising due to overheating. The
MWNT/epoxy mixture was then degassed in a vacuum oven
for 10 minutes to eliminate the entrapped air, and further
curing agent/hardener was added with aweight ratio to epoxy
of 12:100.

After athorough manual stirring for about 10-15 minutes,
the homogeneous nanomixture was used to wet the glass
fabric layer. The wetting of a glass fabric layer was done in
the wetting zone with the help of a soft roller. The wetted
layer was then gone through the sizing zone where the excess
amount of resin was squeezed out by sizing die. The glass
fabric layer with optimum resin then passed through distance
and connected to the DC electric field. The speed of the layer
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Fig.1. Schematic of apparatusfor CNT dispersion and alignment of glassfiber reinforced nanocomposite fabrication
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Fig. 2. Inhouse developed CNT dispersion and alignment fabrication setup (a) Fabrication setup of fiber reinforced composites
with CNT alignment (b) Close view of electric field zone (c) CAD model of fabrication setup (d) Different zones of fabrication
process

through the electric field zone was maintained constant
(2 m/min) in such away that, the MWNTs will get sufficient
time to react and align for the applied DC electric field. Once
the alignment process was over the layers were stacked up to
prepare alaminate. This laminate with aligned MWNTSs was
then allowed to cure for 24 hours at room temperature

(23 £ 2 °C), and during the curing process, uniform pressure
was applied on the laminate to obtain uniform thickness. The
cured composite laminates were post cured for a high degree
of polymerization at 50° C for 30 min, 70° C for 60 min and
85° C for 2 h in the oven. Fig. 1 shows the Schematic of
apparatus for CNT dispersion and alignment of glass fiber
reinforced nanocomposite fabrication.

In this current research work, glass fiber reinforced
nanocomposites were prepared with low content of MWNTSs
(0.5 wt %) in the epoxy matrix with random and aligned CNT
networks. For comparison purposes, the neat epoxy
specimens (GFRP/NE) were aso prepared along with the
random oriented (GFRP/R0.5%) and aligned (GFRP/A0.5%)
fiber reinforced nanocomposites. The composite laminate
was made for atotal of four layers. Fig. 2 shows the inhouse
developed CNT dispersion and alignment fabrication setup
and various stages of the fabrication process.

C. Testing Procedure

The tensile tests were carried out on the glass fiber
reinforced nanocomposites to measure tensile strength,
tensile strain (strain at break), and Young’s modulus. The test
specimen prepared were of rectangular geometry with the

Retrieval Number: C5774029320/20200BEIESP
DOI: 10.35940/ijeat.C5774.029320
Journal Website: www.ijeat.org

2995 Blue Eyes Intelligence Engineering

dimensions of 100 x 10.5 x 0.7 mm?®. The tensile tests were
conducted on Instron E 3000 under position control with a
constant pull rate of 0.5 mm/min as per the ASTM D 3039. A
clip type extensometer (Instron 2620-601) with a gauge
length of 12.5 mm was used to measure the strain of the
specimen. Data acquisition and processing was done by Blue
hill 2® software to obtain the tensile properties. Fig. 3. shows
the experimental setup and test specimens of tensile, fatigue,
and dynamic mechanical analysis.

The cyclic fatigue tests were conducted in Instron Electro
pulse 3000 under force control mode with test parameters:
sinusoidal fixed cyclic frequency f=3 Hz, stressratio R = 0.1
(R=omiv/omax) [2]. The cyclic frequency 3 Hz was so arrived
after performing many trialsin the frequency range of 1-3 Hz.
The fatigue tests were performed on each category of
specimens either up to failure or 1X105 cycles. Fig. 3. shows
the experimental setup of fatigue tests.

The dynamic mechanical analysiswas doneto evaluate the
material damping characteristics of the fiber reinforced
nanocomposites. The DMA tests were conducted on Instron
Electro Pulse 3000, with constant force amplitude, tensile —
tensile oscillation mode in the frequency range of 0-30 Hz.
Theload corresponds to 0.05% of strain of simple tensile test
was applied as load amplitude. The specimens were of
rectangular geometry with the dimensions of 100 x 10.5x 0.7
mm?,
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Clip type dynamic extensometer (Instron 2620-601) was
attached to the specimen to capture the dynamic response of
the specimen under the time and frequency dependent
loading. The data acquisition and processing were done by
wave matrix software to obtain storage modulus,

loss modulus, and damping factor values. Fig. 3 showsthe
experimental setup of DMA.

OIL wos-non |6

L SRR

Fig.3. (a) Test setup of tensile, fatigue, and dynamic mechanical
analysis (b) Test specimens of the tensile, fatigue and dynamic
mechanical analysis

Impulse vibration tests were performed on the fiber
reinforced nanocomposite beam samples to find the natural
frequencies (f,) and damping ratios (). The nanocomposite
beams were of rectangular geometry with the dimension 250
X 25 x 1 mm® were used as cantilever beams. An impulse
hammer (PCB 086E80) was used to give initial excitation,
and a uniaxia accelerometer (Dytran 352C22) was used to
collect the response through LMS MOBILE SCADAS
SCMO1. LMS test lab was used to acquire and process the
vibration data. The half-power bandwidth technique was
adapted to calculate the fundamental frequencies (fn) and
damping ratios ({) from the corresponding FRF’s (Frequency
Response Function). Fig. 4 shows the experimental test setup
of Impulse vibration test.

Microscopic analysis was done to check the quality of
dispersion and the alignment of MWNTSs on the GFRP layer.
Besides to this analysis, the fracture investigation and
analysis was also done by examining the fractured surfaces.
Field emission scanning electron microscope (ZEISS supra
40V P) was used for microscopic anaysis.
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[1l. RESULTSAND DISCUSSION

A. TensileTest
The Flg 5 shows the typlcal stress-strain curves of glass

Fig.4. Experimental test setup of Impulsevibration test (a) LMS
data acquisitions system, (b) Vibration test specimens of glass
fiber reinforced nanocomposite, (c) Experimental setup of
Impulsevibration test
random MWNT and GFRP with aligned MWNTs. The
average and standard deviation values of the tensile modulus
(E), ultimate tensile strength (cy) and ultimate tensile strain
(eu) arelisted inthe Table.1. It was observed that the addition
of MWNTSs to the GFRPs improved the tensile modulus
compared to the neat GFRP. The random MWNT networks
in the GFRP has shown nearly 10% improvement over neat
GFRP. Whereas, for the sasme MWNT loading the aligned
MWNT networks in the GFRP has shown 26% over neat
GFRP and 14% over GFRP with random networks. It was
also observed that there is a remarkable effect on ultimate
tensile strain due to MWNTSs inclusion and aignment.
However, considering the low weight percentage of
inclusion, the differences may be small to be considered
Statistically significant.
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It isworth noticing that, the tensile strength was very similar
for all the specimen categories examined. Another interesting
observation was that the toughness (area under the
stress-strain curve) of both random and aligned networks
dlightly increased with respect to the neat GFRP due to the
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random networks was observed. Fig. 6 (b) shows the bar
graph of FSC for the various specimen tested.

Table. 2. Fatigue properties of the nanocomposites.

incr | Specimen Fatigue Strength Fatigue Strength
. . . . type Coefficient - FSC (MPa) Exponent (FSE)
Table. 1: Thetensile properties of the glassfiber reinforced
nanocomposites GFRP/NE 413.37381 + 32.25051 -0.1282 + 0.01046
. : ; + - +
Specimen Tensile Ultimate Tensile Ultimate Tensile GFRP/R0.5 443.18663 + 29.33274 0.1321 + 0.00854
t Modulus Strength — ou . 0
ype - E (GPa) (MPa) Strain - &u (%) GFRP/A0.5 445.30639 + 24.6439% -0.1300 + 0.00701
GFRP/NE 1542 +1.39 219.24 +£12.04 1.82+0.36
220
GFRP/RO5  17.08+1.16 21754+ 10.75 230+ 0.65 GFRP/NE
200 L a - GFRP/R0.5
GFRP/A05  19.46 +0.97 216.73 £13.01 2.36+0.75 © GFRP/A0.5
©
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Fig. 5. stress-strain curve of glassfiber reinforced
nanocomposites

ultimate tensile strain. Further, the aligned MWNT networks
have recorded little higher toughness than the random
MWNT networks. This indicates that the inclusion and the
alignment of MWNTSs have significant improvement in
enhancing the diffness and toughness of glass fiber
reinforced nanocomposites.

B. Fatigue Test

The fatigue tests have been done to investigate the effect of
MWNT aignment on fatigue behavior of glass fiber
reinforced nanocomposites. The tensile fatigue tests were
conducted under tension- tension mode with stress ratio (R)
0.1 and constant amplitude. The experimental fatigue data
was used to fit the S-N curves by Basquin’s equation. Fig. 6
(8) showsthe S-N curves of the specimen tested.

o :O'f(Nf)b ........................ (D

max

Where of is the fatigue strength coefficient (FSC), which is a
direct measure of fatigue life, Ny is the number of cycles for
failure and b is the fatigue strength exponent (FSE). Table. 2
givesthevaluesof FSC and FSE. Fromthe Table. 2, itisvery
clear that the addition of MWNTs to the GFRPs has
improved the FSC value than the neat GFRP which clearly
indicates that the MWNTSs are favorable for enhancing the
fatigue life provided with proper dispersion. Further, the
alignment of MWNTSs showed moderate improvement (7%)
over neat GFRP and margina improvement (0.5%) over
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C. Dynamic Mechanical Analysis

The material damping of MWNT reinforced (random and
aligned) glassfiner reinforced composites has been presented
in terms of tan(delta) curvesin Fig. 7 (). It can be clearly
seen that all the three categories of the specimen have shown
similar damping trend in the frequency range of 1-30 Hz. For
ease of analysis, the graph has divided into two portions;
portion | (1-8 Hz) and portion Il (8-30 Hz). In the portion I,
the damping was increasing continuously with increasein the
frequency up to 8 Hz,
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which is due to the fact that at lesser frequencies the
material system will have enough time to respond and
stabilize for the applied |oad/stress. So, the damping keepson
changes until it stabilizes. In the portion |1, the damping hasa
decreasing trend till 30 Hz with a constant slope. The material
system will lose its damping capability as the frequency
increases, and the fact behind this phenomenon is; as the
frequency increases the system will be getting lesser time to
react and offer some resistance to the applied forces/stress. It
can be clearly seen that the addition of MWNTSs has shown a
marginal improvement in material damping over neat GFRP.
Further, the alignment of MWNTs along the longitudinal axis
for the same percentage of loading has shown significant
improvement in damping over neat GFRP and GFRP with
random MWNT networks. It was also observed that all the
three specimen categories had shown small peaks at 11 Hz
and 15 Hz, and the reason behind these peaks was that one of
the test machine components frequency was matching with
the operational frequency of the test machine.

Fig. 7 (b) shows the storage modulus of glass fiber
reinforced nanocomposites. Similar to the tan(delta) curves,
al the three categories of the specimen have followed the
same trend in the 0-30 Hz freguency range. It was observed
that al the three storage modulus curves have a very little
positive slope over the frequency range 0-30 Hz except at the
very beginning stage of the curves, i.e. 0-2 Hz. The main
reason for the negative slope in the 0-2 Hz frequency range
was that the DMA machine would have more inertia at the
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v, —+— GFRP/A 0.5
\/\A\/
0.030 4 W\v\
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Fig.7. DMA curvesof fiber reinforced nanocomposites (a)
tan(delta) curves (b) storage modulus curves
beginning and it will take some time to reach the given
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amplitude and frequency. It was noteworthy that there was a
sudden drop in storage modulus at the frequencies 11 Hz and
15 Hz which was due to the resonance. The addition of
MWNTs and the alignment of MWNTSs for a given wt.% has
aremarkable improvement in storage modulus.

From the DMA test, it is very clear that the addition of
MWNTs has shown significant improvement in material
damping as well as storage modulus. On top of that, the
aligning of MWNTsin thelongitudinal axis hasimproved the
key material properties without sacrificing other material
properties

D. Flexural Vibration Test

The flexura vibration test was done to estimate the
damping ratio (structura damping) of GFRP with and
without MWNT alignment. The Fig. 8 shows the FRF of all
the three categories of the specimen. It can be clearly seen
that the first three natural frequencies of al the three
categories of specimen were same. It was observed that in the
frequency bandwidth of O - 100 Hz all the peaks were sharp
except the third peak which may be due to the insufficient
energy to excite that particular mode at that frequency. The
damping ratios which were calculated using the 3db method
a the first natural frequency were compared to study the
effect of MWNTSs random and aligned dispersion behavior.
From the Table 3, it is very clear that the damping ratio of
both random and aligned networks have shown improvement
over neat GFRP, but the improvement was marginal.

Table. 3. Fundamental frequencies (fn) and damping
ratios (€) of glassfiber reinforced nanocomposites

2098 Blue Eyes Intelligence Engineering

Specimen Fundamental Damping
type Frequency (H2) Ratio ({)
GFRP/NE 10.5 252
GFRP/R0.5 10.5 281
GFRP/A05 105 2.97
2400
—— GFRP/NE
2200 + —— GFRP/R0.5
2000 - —— GFRP/A0.5
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2 1600
221400 4
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Frequency (Hz)
Fig. 8. FRF of glassfiber reinforced nanocomposites
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It was found that a moderate enhancement in the damping
ratio is observed with the random MWNT networks than the
neat GFRP. Whereas, the aligned MWNT networks have
shown margina improvement (5%) over random networks;
however, the improvement was significant (11%) when
compared with neat GFRP. Similar kind of behavior has also
been observed in the DMA studies.

E. Microscopic Analysis

The microscopic analysis was done by examining the
fractured surfaces of the MWNT/GFRP nanocomposites to
check the failure pattern. From the previous results of tensile,
vibration damping, fatigue and dynamic mechanical testsitis
evident that CNTs can be used as secondary reinforcements
asfunctiona fillersto enhance critical structural and material
properties of GFRP composites. In genera, GFRP
composites hold high stiffness and fatigue strength, but they
suffer from weak damping. CNTs as secondary
reinforcements strengthen the primary reinforcements in
micro or nano scale and enhances the damping without
affecting the other parameters.
In the present microscopic anaysis, the specimens:
GFRP/NE, GFRP/R 0.5 and GFRP/A 0.5 were examined to
emphasize more on the role of MWNT in enhancing the basic
material properties. The fractured planes of the failure
specimens examined in different view angles to study the
interfacial behavior of the CNTs at the fiber and polymer
interfaces by using scanning electron microscope (SEM).
Field emission scanning electron microscopy (FESEM) was
aso
done for getting finer details of the fractured planes.

Fig. 9 (a) and 9(b) shows microscopic views of GFRP/NE.
In Fig 9 (@), both horizontal and vertical fibers of different
layers can be observed. Fig 9 (b) is the close view of
GFRP/NE fractured specimen where the fractured plane is
perpendicular to the loading axis.

»‘ . 0‘( )
£4%

f ‘:( . { '(\:» -
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) = v
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Fig 10 (a) shows the distribution of CNTs on glass fabric.
The SEM image of GFRP/R 0.5 clearly showed amixed trend
of CNT distribution where some shiny objects are spotted
like dots and long elements, and this indicates that the CNTs
are distributed randomly in the GFRP composite. It is also
observed that some fibers protruded from the fractured
surface and small pits are found on its counterparts, which
confirms the fiber pull-out failure mechanism. The fiber
pullout mechanism directly relates the toughness and other
properties of fiber reinforced composites. In fiber reinforced
composites crack is developed or initiated at the surface of
the composite specimen and it will propagate through the
from the matrix, which are trying to bridge the gap created by
the crack. Both fiber breaking and fiber pull-out mechanisms
improves strength, fracture toughness, fatigue life and
damping by delaying the crack propagation and final fracture.
Fig 10 (b), (c) and (d) shows the fiber pull-out of GFRP
nanocomposites.

Especialy in the case of GFRP composites both fiber and
epoxy matrix are brittle materials, the load carrying
capabilities of fiber and interfacia bonding of fiber and
matrix will be low. The addition of CNTs to the GFRP as
secondary reinforcement not only strengthen the glass fibers,
i.e., primary reinforcements but also enhances the interfacial
bonding of fiber and the matrix which results in extended
crack propagation time. Further, this effect can be still
improved by aligning the CNTs in a specific direction, i.e.,
aong with the loading axis which makes the fibers very
strong.

Asthe CNTsare embedded in the epoxy matrix and coated
on the GFRP fabric with very low wt.% it isdifficult to locate
the CNTs through scanning electron microscope. FESEM
analysis was also done to examine the microstructural
behavior of CNTs in the GFRP composites. Fig. 11 shows
the FESEM images of the fractured surfaces

SEN HV: 100 aV
SEM MAG: 2.00 kx

WO 15,61 e | BEEEE |

Owt: S8 20 pm

Fig. 9. Fractographic analysis of MWNT/GFRP nanocomposites. (a) fractured surface of GFRP/NE, (b) fractured surface of
GFRP/A0.5
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Fig. 10. SEM analysisof fiber pullout: (a) distribution of CNTsin GFRP/R 0.5, (b) fiber pull-out in GFRP/R 0.5, (c) fiber pull-out in
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IV. RESULT AND DISCUSSION

The current research has studied the effect of MWNTSs
alignment in glass fiber reinforced nanocomposites with low
content of MWNTSs (0.5 wt %). The following results can be
highlighted from the investigation:

1) The addition of MWNTs to the GFRP composites
improved the tensile modulus. The random dispersion of
MWNTs in the GFRP has shown nearly 10%
improvement over neat GFRP. Whereas, for the same
MWNT loading the aligned MWNTS in the GFRP has
shown 26% over neat GFRP and 14% over GFRP with
random networks.

2) There is a remarkable effect on ultimate tensile strain
due to the MWNTSs inclusion and alignment, which
further enhances the toughness (area under the
stress-strain curve) of both random and aligned networks
over the neat GFRP. Thisindicates that the inclusion and
the alignment of MWNTSs have significant improvement
in enhancing the stiffness and toughness of glass fiber
reinforced nanocomposites.

3) TheMWNTsare favorable for enhancing the fatigue life
provided with proper dispersion. The aignment of
MWNTSs in GFRP has a moderate improvement (7%)
over neat GFRP and marginal improvement (0.5%) over
random networks.

4) The presence of MWNTs in GFRPs has shown
noticeable improvement in damping, but the
improvement was moderate for random MWNT
networks and significant for aligned MWNT networks.

5) The addition of MWNTSs favors the improvement of
damping (structural) capabilities moderately without
changing the natural frequency. Further, the MWNTSs
with specified orientation have shown margina
improvement (5%) over random networks; however, the
improvement was significant (11%) when compared
with neat GFRP.

V. CONCLUSION

CNTs are highly anisotropic at the particle level but not in
the bulk form mainly due to the agglomeration and random
orientation. Dispersion and alignment of CNTs is the only
solution to transfer the particle level high anisotropy to the
bulk nanocomposites. Nevertheless, the resulting properties
of nanocomposite depends on various parameters like CNT
loading weight percentage, quality of dispersion and the
alignment technique adopted. In this research, the alignment
of CNTs on glass fiber laminae has done using a paralld
electrodes connected to DC electric field. The addition of
MWNTs to the glass fiber reinforced composites as
secondary reinforcement at very low weight percentage (0.5
wt%) has distinct improvement in nanocomposites
vibrational damping without compromising its critical
mechanical propertiesfurther thiseffect will be significant by
orienting the MWNTSs in the preferred direction which not
only enhances the vibrational damping and mechanical
properties but aso the directional properties of
nanocomposites.
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