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Abstract- The work is dedicated to the calculation of the
overall elastic properties of matrix composite materials
containing two different populations of inclusions (three phase
hybrid composites). The application of the well known Mori-
Tanaka method or self-consistent effective medium method to
the solution of this problem gives overall elastic moduli
tensors of such composites that do not have the necessary
symmetry (the symmetry with respect to the first and second
pairs of indices). In this work, a new version of the effective
field method that takes into account specific features of the
microstructure of three phase composites is developed. In this
version, the field that acts on every inclusion in the composite
is assumed to be different for inclusions of different
populations. It is shown that the modified effective field
method gives a correct symmetry of the overall elastic moduli
tensors of three phase composites. The method allows us to
describe the influence of the peculiarities in spatial
distributions of inclusions on the overall elastic constants. The
cases of media containing infinite cylindrical fibers and thin
ellipsoidal disks or spherical pores are considered. Various
boolean type probabilistic models of random sets of such
inclusions are proposed and the elastic moduli tensors of the
corresponding three phase composites are obtained and
analyzed. It turns out that these tensors strongly depend on
statistical properties of the random fields of inclusions. It is
shown that for two phase composites, the Mori—Tanaka
method is a particular case of the effective field method. In the
case of three phase composites, the formulas of the Mori-
Tanaka method follow from the equations of the effective field
method if a general property of the symmetry of cross-
correlation functions of different populations of inclusions is
violated. As a result, the overall elastic moduli tensors
obtained by Mori-Tanaka method lose their natural symmetry.

Keywords- Matrix composites, Inclusions, Hybrid structures,
Elastic properties, Statistical models.

I. INTRODUCTION

As long as there is development in the field of
aerospace, automobile, healthcare, electronics and consumer
industry the demand for new materials will never seize. The
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demand for new materials has controlled to continuous
research and development of new techniques to satisfy the
requirements.

The reinforcements can be particles or fibres of size
of few nanometers. The nanocomposite has a wide range of
materials from 3-D metal matrix composites, 2-D combination
composites and nano-wires of small dimension representing
variations of nano reinforcements. Using nanoscale
reinforcements was introduce built a nanocomposite using
polyimide and organophilic clay. The nanocomposite formed
had twice the tensile modulus as compared to neat polyimide
with just 2% volume fraction of nano reinforcement.
Nanocomposites have gained a wide popularity among
researchers. Researchers have discovered that the properties of
the nanocomposite are better when compared to the individual
components of the composite. Properties such as increased
tensile strength, increased thermal conductivity are observed.

Il LITERATURE REVIEW

In 2014, Suleyman Basturka et al [1] in this study,
the Nonlinear damped vibrations of a hybrid laminated
composite plate subjected to blast load, In this study, the
nonlinear dynamic response of a hybrid laminated composite
plate composed of basalt, Kevlar/epoxy and Eglass/ epoxy
under the blast load with damping effects has been
investigated. The von Karman type of geometric nonlinearities
are taken into account and the rectangular composite plate is
assumed to be simply supported on all edges. The Galerkin
Method is used to obtain the nonlinear differential equations in
the time domain, and those equations are solved by Finite
Difference Method.

Parametric studies are conducted. The influences of
some parameters such as damping ratios, aspect ratios and
different peak pressure values have been investigated.Hybrid
laminated composite plates can offer better mechanical
properties than conventional composite plates composed of
same materials. Hybrid composite plates will become more
favorite structural materials due to their high performance in
order to use in various engineering applications such as space
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station structures, aircraft, automobiles and submarines. In
order to investigate the dynamic behavior of hybrid composite
plates, there are some studies in the literature.

In 2014, Raifee et al [2] estimated mechanical
properties of epoxy based nanocomposite with SWCNT,
MWCNT and graphene platelets were compared for weight
fractions of 0.1%. The material properties measured were
Young’s modulus, fracture toughness, ultimate tensile
strength. The tensile strength of graphene based
nanocomposites showed better properties as compared to CNT
based nanocomposites.

Raifee et al [7] estimated mechanical properties of
epoxy based nanocomposite with SWCNT, MWCNT and
graphene platelets were compared for weight fractions of
0.1%. The material properties measured were Young’s
modulus, fracture toughness, ultimate tensile strength. The
tensile strength of graphene based nanocomposites showed
better  properties as compared to CNT  based
nanocomposites.F.H. Gojny et al [8] detected mechanical
properties resulted in an increase in Young’s modulus,
strength at weight fractions of 0.1%. There was good
agreement between experimental observed data and results
from modified Halpin-Tsai relation. Florian H [9] proposed
choosing appropriate type of CNTs (SWCNTs or DWCNTSs or
MWCNTS) has been a problem ever since they are being used
in composites.

They evaluated the properties of nanocomposite for
different nano fillers. The nanocomposites exhibited greater
strength, stiffness and fracture toughness. They found that
DWCNT based nanocompositedisplayed greater fracture
toughness.

In 2014, Florian H et al [3] proposed choosing
appropriate type of CNTs (SWCNTs or DWCNTs or
MWCNTS) has been a problem ever since they are being used
in  composites. They evaluated the properties of
nanocomposite for different nano fillers. The nanocomposites
exhibited greater strength, stiffness and fracture toughness.
They found that DWCNT based nanocompositedisplayed
greater fracture toughness.

In 2015, Seidel et al [4] estimated actual elastic
properties of composites consisting of aligned SWCNTSs or
MWCNTSs using Mori-Tanaka method. The effects of an
interphase layer between CNTs and the polymer is also
investigated using a multi-layer composite cylinders approach.

Seidel et al [5] estimated actual elastic properties of
composites consisting of aligned SWCNTs or MWCNTS using
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Mori-Tanaka method. The effects of an interphase layer
between CNTs and the polymer is also investigated using a
multi-layer composite cylinders approach.

Liu and Chen [6] estimated effective -elastic
properties of the nanocomposite are evaluated using
continuum modeling and finite element method. The extended
rule of mixture is used to definethe properties of the
continuum model.

11 HYBRID COMPOSITES

The important properties that are desired from any
composite are strength, stiffness, ductility, toughness,
damping, energy absorption, thermal stability and low weight.
With conventional materials it is not possible to get all the
desired properties, but with composite materials we can tailor
the properties of material as per our needs. By using
reinforcements of nanoscale in polymer composites there has
been tremendous increase in mechanical properties as
compared to neat polymer matrix. Hybrid compounds are new
type of three phase composites which have reinforcements of
nano scale in addition to conventional reinforcing fiber in
matrix or by growing reinforcements of nano scale on the
surface of fiber. R.C.L. Dutra et al [10] defined hybrid
composites as composites containing of different fibers. The
main purpose of using hybrid composites is it increases the
matrix dominated properties.

IV CLASSIFICATION OF PLATES
Plates can be classified into two types: [11].

. Thin plates.
. Thick plates

e A thin plate can further be classified as:

Plates with large deflection Plates with small
deflection If the deflection of a plate when subjected to
loading is less than or nearly equal to thickness, then the plate
is said to have small deflection. The necessary assumptions for
developing theory for plates having small deflection are[12]:

The middle plane does not deform on loading. Point
on the plate initially normal to middle plane remain normal to
middle plane even after loading. The stresses in the thickness
direction can be neglected[13].

e Thin plates with large deflection

If the deflections of the plate are large when
subjected to lateral loading as compared to thickness, then the
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plate is said to have large deflection. When plate is loaded mid
plane strains are developed. In plates with small deflection it is
normally neglected, as a result the stresses are also neglected.
[14]But if deflections are large as compared to thickness, the
strains developed are large. So stresses cannot be neglected. In
this case we obtain nonlinear equations and analysis becomes
complicated.

Thick plate

The above approximations for thin plates are not
applicable. Thick plate theory must be used[15]. The thick
plate theory contains 3-D theory of elasticity and calculation
of stresses is quite complicated.

Difference between plate and shell

The major difference between plates and shells can
be observed under the action of loading. When a plate member
is subjected to lateral load, equilibrium is possible by the
action of bending and twisting moments[15]. In shells, when it
is subjected to lateral loading, equilibrium is possible by
membrane stresses which act parallel to tangential plane at a
point on middle surface and are distributed uniformly over the
thickness of shell. Plates are plane member and shells are
rounded structural members.

Damping in composites

Damping is a very essential parameter for vibration
control, noise reduction, stability of system, fatigue and
impact resistance [16]. The damping in fibre reinforced
composites is different from that of metals. The various forms
of energy dissipation are Damping behaviour of matrix
material. The major contribution to damping is from matrix,
the damping of fiber must also be included for calculation of
damping. [17]Damping behaviour of interphase Interphase is
the region between matrix and fiber. The type of interphase
plays an important role in damping. The interphase can be
weak or strong. Damping due to damage Frictional damping
due to delamination. Damping due to energy dissipation of
cracked fibers or cracks inmatrix. Visco plastic damping At
higher amplitudes of stresses, there is non-linear damping due
to presence of high stress and strain.

Impulse response of linear time invariant system (LTIS)

Impulse force is a force which acts on the system for
very short amount of time. [18]Knowing the impulse response
of LTIS we can obtain by superposition the response of the
same system to any input provided the input conditions are
zero in all cases. Unit impulse input has very short intervals of
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time but very large amplitude and hence the effect of the
behaviour of the system under study is not negligible. Ex: Ball
hitting the cricket bat, the ball is acted upon by very large
force for a short duration of time.

IV MOTIVATION

Hybrid composites are new type of three phase
compounds which increase the matrix dominated properties.
The hybrid composite that is to be exhibited here consists of
nanocomposite matrix and continuous long carbon fibers. The
nanocomposite is made up of randomly distributed CNTs and
polymer matrix. The nanocomposite is modeled using Mori-
Tanaka method. The hybrid composite can be exhibited using
mechanics of materials approach. As the mobility of system
goes on increasing, exhibiting damping for such systems
becomes complicated. Rayleigh damping model has been used
to perfect such multi degree of freedom systems. Further
investigation has been carried out by assuming suitable
damping ratios for first mode and last significant mode where
mass is proportional to damping. Impulse response of the
system has been carried out and a comparative study has been
made to know effect of damping in systems by varying the
volume fractions of carbon fiber and CNTSs.

V OBJECTIVE
1. Material modelling and material characterization.
2. Nanocomposite has been modeled exhausting Mori —
Tanaka method.
3. Hybrid composite containing of carbon fiber and

nanocomposite matrix has been modelled using
mechanics of materials approach.

4. 8 noded shell element formulation.

5. Mindlin theory of plates and shells has been used to
perfect shell.

6. Modelling damping and Impulse response.

7. Rayleigh damping has been used to model the
damping of MDOF system.

8. Impulse response of the system has been carried out

using the state space model.
VI MATERIAL MODELING
The material modeling is divided in two phases:

. CNT based nanocomposite modeling.
. Hybrid composite modeling.

The nanocomposite consists of randomly dispersed
straight MWCNT as reinforcements and epoxy as matrix. As
the CNTSs are randomly distributed the nanocomposite can be
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modeled as isotropic material[19]. The property of
nanocomposite is estimated using the Mori — Tanaka method.
Assuming perfect bonding between fiber and nanocomposite
the hybrid composite can be exhibited similar to conventional
composite using mechanics of materials approach.

e  CNT bases nanocomposite modeling

Fig.1 shows a RVE of randomly distributed CNT in epoxy
matrix.

—— Carbon fiber

Nanocomposite
matrix

Hexagonal packed array

The Mori — Tanaka method was used to estimate the
elastic properties of the randomly dispersed MWCNT in
matrix[21].

Fig.2 shows a hexagonal RVE of hybrid composite consisting
of carbon fibers dispersed in nanocomposite matrix.

Using the above considered nanocomposite
properties, the properties of the transversely isotropic hybrid
composite can be evaluated by the formulation of Kundalwal
and Ray for fuzzy fiber[20]. Assuming perfect bonding
between carbon fiber and nano compostie, the normal strains
in hybrid composite, carbon fiber and nanocomposite are
equal along the fiber direction and the transverse stresses in
the same phase are equal along the direction transverse to the
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fiber from is of field conditions.[22] Using rules of mixture
one can express the longitudinal and transverse stresses and
strains in terms of volume fractions of nanocomposite and
carbon fiber.

VII CONCLUSIONS

Strength properties were also evaluated using Direct
Micromechanics method and variation with volume fraction
was also studied. Longitudinal tensile strength like the
longitudinal modulus largely depends on the volume fraction
of reinforcement and follows a linear trend. Although,
longitudinal compressive strength was evaluated using similar
methods, the accuracy of the data is still questionable. This is
because, phenomena like micro-buckling and instability of
fibers which largely govern the compressive strength, have not
been taken into account.

REFERENCES

[1] Gary D. Seidel, Dimitris C. Lagoudas,
Micromechanical analysis of the actual elastic
properties of carbon nanotube reinforced composites,
Mechanics of Materials 38, pp: 884-907, 2004.

[2] JiangYu Li and Martin L. Dunn, Anisotropic coupled
field inclusion and inhomogeneity problems,
PHILOSOPHICAL MAGAZINE A, 2004, VOL. 77,
and No. 5, 1341 — 1350.

[3] Timoshenkho and Krieger, Theory of Plates and
Shells, McGraw Hill Publication 2005.

[4] Ronald F. Gibson, Modal vibration response
magnitudes for classification of compound materials
and  productions, Composites Science and
Technology 60, 2006, pp:2769-2780.

[5] R. Chandra 1, S.P. Singh, K. Gupta, Damping
readings in fiber-reinforced composites are view,
Composite Measures 46, 2007, pp 41-51.

[6] Gary D. Seidel, Dimitris C. Lagoudas,
Micromechanical analysis of the actual elastic
properties of carbon nanotube reinforced composites,
Mechanics of Materials 38, pp: 884-907, 2007.

[7] J.P. Lu, Elastic properties of carbon nanotubes and
nanoropes, Physical Evaluation Letters vol. 79, 2007,
pp.1297-300.

www.ijsart.com



1JSART - Volume 5 Issue 6 -JUNE 2019

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Mohammad A. Rafiee, Javad Rafiee, and Nikhil
Koratkar, Enhanced Mechanical Properties of
Nanocomposites at  Low  GrapheneContent,

AmericanChemical Society NANO, Vol. 3, No. 12,
2008, pp3884 —3890.

Florian H. Gojny 1, Bodo Fiedler, Karl Schulte,
Influence of different carbon nanotubes on the
mechanical properties of epoxy matrix composites —
A comparative study, Composites Science and
Technology 65, pp: 2300-2313, 20009.

F.H. Gojny, M.H.G. Wichmann, K. Schulte, Carbon
nanotube-reinforced epoxy-composites: improved
stiffness and fracture toughness at low nanotube
content, Composites Science and Technology 64, pp:
2363-2371,2010.

Y.J. Liu, X.L. Chen, Evaluations of the definite
material properties of carbon nanotube-based
compounds using a nanoscale representative volume
element, Mechanics of Materials 35,pp: 69— 81,
2010.

R.B. Mathur, SouravChatterjee, B.P. Singh, Growth
of carbon nanotubes on carbon fibre substrates to
create hybrid/phenolic composites with improved
mechanical properties, Composites Science and
Technology 68, pp: 1608-1615, 2011.

Enrique J. Garcia, Brian L. Wardle, A. John Hart,
Namiko Yamamoto, Fabrication and multifunctional
properties of a hybrid laminate with aligned carbon
nanotubes grown In Situ, Composites Science and
Technology 68, pp: 2034-2041, 2011.

S. I. Kundalwal, M. C. Ray, Micromechanical
investigation of fuzzy fiber reinforced composites, Int
J Mech Mater Des 7,pp: 149-166, 2011.

Tarapada Roy, DebabrataChakraborty, Optimal
vibration control of smart fiber reinforced composite
shell structures using improved genetic algorithm,
Journal of Sound and Vibration 319, pp: 15-40,
2012.

C. Kyriazoglou, F.J. Guild, Finite element
extrapolation of damping of composite GFRP and
CFRP protects — a hybrid formulation — vibration
damping experiments and Rayleigh damping,
Composites Science and Technology 67, pp: 2643—
2654, 2012.

Page | 468

[17]

[18]

[19]

[20]

[21]

[22]

ISSN [ONLINE]: 2395-1052

R. Verdejo, R. Stdmpfli, M. Alvarez-Lainez, S.
Mourad, M.A. Rodriguez-Perez, P.A. Brihwiler,M.
Shaffer, Improved acoustic damping in flexible
polyurethane foams filled with carbon nanotubes,
Composites Science and Technology 69,pp: 1564-
1569, 2013.

M.H. Yas, M. Heshmati, Dynamic consideration of
functionally ~ confidentialnanocomposite ~ beams
reinforced by intermittentlyconcerned through carbon
nanotube under the act of moving load, Realistic
Mathematical Modelling 36, pp: 1371-1394, 2013.

Suleyman Bagturka et al, the Nonlinear damped
vibrations of a hybrid laminated composite plate
subjected to blast load, Science Direct Procedia
Engineering 88 ( 2014).

Dong-Li Shi, The Effect of Nanotube Waviness and
Agglomeration on the Elastic Property of Carbon
Nanotube- Reinforced Composites, JOURNAL OF
ENGINEERING MATERIALS AND
TECHNOLOGY, Vol. 126, JULY 2014, pp: 250 —
257.

IndrajitChowdhury, Computation of Rayleigh
Damping Coefficients for Large Arrangements,
Department of Civil Engineering, Indian Institute of
Technology 2015.

KuniakiHonjo, Thermal stresses and definite
properties measured for fiber compoundsbydefinite
cylindrically-anisotropic  properties of interfacial
carbon covering, Carbon 45, 2016, pp:865— 872.

www.ijsart.com



