Published by :
http://lwww.ijert.org

International Journal of Engineering Research & Technology (IJERT)

| SSN: 2278-0181
Vol. 6 Issue 06, June - 2017

Analysis of Free Vibration Characteristic of
Hybrid Polymer Composite Material

Yellamelli Vikas ?,
M.Tech Student,
Department of Mechanical Engineering,
Sri Vasavi Engineering College,
TadepalliGudam Andhra Pradesh-534101

S K Surjan 2 S.Chandrasekhar *
Assistant Professsor, Assistant Professsor
Department of Mechanical Engineering, Department of Mechanical Engineering,
Sri Vasavi Engineering College Sri Vasavi Engineering College,
TadepalliGudam, Andhra Pradesh-534101  TadepalliGudam,Andhra Prades-534101

Abstract— Composites are the choice in the present decade due
to their incredible dominance in so many features. Few of them
are great strength to weight ratio and stiffness to weight ratio
and high temperature enduring competence. The present study
aims at learning the mechanical behavior of hybrid Synthetic
fiber composites. They are used in a variety of engineering
applications such as airplane wings, helicopter blades, sports
equipment’s, medical instruments and turbine blades. Carbon
and E-Glass fibers are used as reinforcement, Epoxy resin used
as matrix. Specimens were cut from the fabricated laminate
according to the ASTM standards for different experiments.
After that experiment is performed under Universal testing
machine (UTM). Flexural strength & Tensile strength were
observed and compared to base values of epoxy polymer to
perceive the change in strength.

An important element in the dynamic analysis of composite
beams is the computation of their natural frequencies and mode
shapes. It is important because composite beam structures often
operate in complex environmental conditions and are frequently
exposed to a variety of dynamic excitations. Free vibration
analysis was carried out for identifying the natural frequencies.
A dynamic analysis is carried out which involves finding of
natural frequencies and mode shapes for different stacking
sequences. Finally, the non-dimensional natural frequencies of
the beam are calculated by using ANSYS model of
corresponding composite beam.

Keywords— Carbon and E-Glass Fibers, Epoxy, ANASYS
software

1. INTRODUTION

A composite is a material consisting of two or more materials
that are synthetically made, dissimilar to one that develops
naturally. A composite material, also, must include
chemically different constituent phases which are separated
by a clear interface. Although, most metallic alloys and many
ceramics have multiple phases, they not fit this definition
because they materialize as a result of natural phenomena.
Numerous composite materials are comprised of just two
phases; one is known as the matrix, which continuously
surrounds the other constituent, which is called the dispersed
phase. The properties of the component phases (i.e., volume
fraction, shape and size of particles, distribution, and
orientation) define the properties of the composite.

Considering the type and the shape of reinforcement used in
fabricating the final material, composites can be classified in
three main categories as shown in figure below, consisting of

characteristic of particle-reinforced composites (i.e., particle
dimensions are nearly the same in all directions); whereas,
the dispersed phase of fiber reinforced composites, has the
geometry of a fiber (i.e., a large length-to-diameter ratio).
Structural composites are mixtures of composites and
homogeneous material.

Classification based on reinforcement:

| Composites based on reinforcement ‘

Fibrous composites

r1 Randomly oriented

Particulate composites |>

L Preferentially oriented
Filler composites
Flake composites

‘ Single layered composites

| Multi layered composites

| | Preferred orientation

Continuous fiber composites | Discontinuous fiber composites -

L Ll Randomorientation
I

Uni-directional composites H Bi-directional (woven) composites |

As a comparison between composites and metals, the
composites materials are some advantages as:
e Light weight
High specific stiffness and strength
Easy moldable to complex forms
Easy bondable
Good dumping
Low electrical conductivity and thermal expansion
Good fatigue resistance
e Part consolidation due to lower overall system costs
Low radar visibility
e Internal energy storage and release
Such as disadvantages of composites are the followings:
Cost of materials
Long development time
Difficulty manufacturing
Fasteners
Low ductility

particle  reinforced, fiber-reinforced, and structural Temperature limits

composites. Each group includes a minimum of two Solvent or moister attack

subdivisions. Equiaxed dispersed phase is the main Hidden damages and damage susceptibility
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Hybrid Composite

Hybrid composites are more advanced composites as
compared to conventional FRP composites. Hybrids can have
more than one reinforcing phase and a single matrix phase or
single reinforcing phase with multiple matrix phases or
multiple reinforcing and multiple matrix phases. They have
better flexibility as compared to other fiber reinforced
composites. Normally it contains a high modulus fiber with
low modulus fiber.

Natural frequency

If a system, after an initial disturbance, is left to vibrate on its
own, the frequency with which it oscillates without external
forces is known as its natural frequency. As will be seen later,
a vibratory system having n degrees of freedom will have, in
general, n distinct natural frequencies of vibration

Mechanical Vibrations

Vibrations are oscillations in mechanical dynamic systems.
Although any system can oscillate when it is forced to do so
externally, the term “vibration” in mechanical engineering is
often reserved for systems that can oscillate freely without
applied forces.

2. MATERIAL AND EXPERIMENTAL DETAILS
The following section will elaborate in detail the
experimental procedure carried out during the course of our
project work.

The steps involved are
1. Specimen Fabrication (Fabrication of FRP).
* By Hand Lay-Up method.
e Cutting of Laminates into samples of desired
dimensions.
2. Tensile test
3. Flexural test (3-Point Bend test).
4. Natural Frequency analysis is done by using ANASYS
SOFTWAER.

2.1 Raw Materials
Raw materials used in this experimental work are
(i) Synthetic fibers
e  Glass fiber
e  Carbon fiber
(ii) Epoxy resin
(iii)Hardener

2.2 Fabrication of Composite Material

There are so many methods to prepare the composite material
like Compressive Molding and Vacuum Molding and
Extrusion method and hand lay-up technique. So i choice the
hand lay-up technique

2.2.1 Hand Lay-Up Technique

The fiber piles were cut to size from the jute fiber cloth. The
appropriate numbers of fiber plies were taken two for each.
Then the fibers were weighed and accordingly the resin and
hardeners were weighed. Epoxy and hardener were mixed by
using glass rod in a bowl. Care was taken to avoid formation
of bubbles. Because the air bubbles were trapped in matrix
may result failure in the material. The subsequent fabrication

process consisted of first putting a releasing film on the
mould surface. Next a polymer coating was applied on the
sheets. Then fiber ply of one kind was put and proper rolling
was done. Then resin was again applied, next to it fiber ply of
another kind was put and rolled. Rolling was done using
cylindrical mild steel rod. This procedure was repeated until
eight alternating fibers have been laid. On the top of the last
ply a polymer coating is done which serves to ensure a god
surface finish. Finally a releasing sheet was put on the top; a
light rolling was carried out. Then a 20 kgf weight was
applied on the composite. It was left for 72 hrs to allow
sufficient time for curing and subsequent hardening.
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FIG 2.1 Hand Lay-up techniqu

2.2.2 Preparation of Test Specimens:

A jig saw machine was used to cut each laminate
into smaller pieces, for Tensile, Flexural and impact test
specimens.

The characterization of the composites reveals that
the % weight of fibers is having significant effect on the
mechanical properties of composites. All the mechanical
testing methods that were carried out were based on
American Standard Testing Methods (ASTM).

There are four tests performed, namely Tensile Test
(ASTM D638), Flexural Test (ASTM D256),respectively.

Table 2.1 Specimen Dimensions

S.No Test Name Astm Standard Dimensions
1 Tensile test D638-03 168X12.5X4
2 Flexural test D256 100 X12.7X4
3 Natural Frequency D175 200 X25X4

2.3 Tensile Test:

In a broad sense, tensile test is a measurement of the
ability of a material to with stand forces that tend to pull it
apart and to what extent the material stretches before
breaking. The stiffness of a material which represented by
tensile modulus can be determined from stress-strain
diagram.

Force (load)

Tensile strength =
Cross section area
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Maximum load recorded P = load at a given point on the load deflection curve,
Tensile strength at yield = N [Ibf]
Cross section area L = support span, mm
b = width of beam tested, mm
Load recorded at break d = depth of beam tested, mm
Tensile strength at break =
Cross section area Flexural Modulus
LM
Ep = ----emmemmemmeeeeeee (36)
4hd?®

Where

Es = modulus of elasticity in bending, MPa
L = support span, mm
M = slope of the tangent to the initial straight line
portion of the load deflection curve, N/mm of deflection
b = width of beam tested, mm
d = depth of beam tested, mm

Fig2.2 SampI-e Loaded Condition For Tensile Testing

2.4 Flexural Test: Flexural strength is the ability of the
material to withstand bending forces applied perpendicular to
its longitudinal axis. Sometime it is referred as cross breaking
strength where maximum stress developed when a bar-shaped
test piece, acting as a simple beam, is subjected to a bending = —
force perpendicular to the bar. This stress decreased due to \@: ISiicHI et LSSESAREEAMERTEAEAR AL
the flexural load is a combination of compressive and tensile ' :
stresses.

C?T\_.“;f\_\ - R FIG 2.5 Sample loaded condition for flexural teéting
R e e
SNl 2.5 Ansys:

i S e N~ ANSYS is a large-scale multipurpose finite element program

e 7?\1:\\\ developed and maintained by ANSYS Inc. to analyze a wide

/?q\\‘j spectrum of problems encountered in engineering mechanics.

R
Steps of Anasys
2.5.1  Material Models
Fig 2.3 3-Point Bending Test Setup ANSYS allows several different material models like:

- Linear elastic material models (isotropic, orthotropic, and

Flexural Strength anisotropic).

3PL - Non-linear material models (hyper elastic, multi linear
or= 2bd2 elastic, inelastic and Viscoelastic)
- Heat transfer material models (isotropic and orthotropic)

Where . .

=t in the out . t midooint. MP - Temperature dependent material properties andCreep

_ of =stress in the outer specimen at midpoint, MPa material models.

[psi]
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1. Loads
The word loads in ANSYS terminology includes boundary
conditions and externally or internally applied forcing
functions, as illustrated in Loads. Examples of loads in
different disciplines are:
Structural: displacements, forces, pressures, temperatures (for
thermal strain),Gravity.
Thermal: temperatures, heat flow rates, convections,
internal heat generation Infinite surface.
Magnetic: manetic potentials, magnetic flux, magnetic
current segments,source current density, infinite surface.
Electric: electric potentials (voltage), electric current, electric
charges, charge Densities, infinite surface
Fluid: wvelocities, pressures Loads are divided into six
categories: DOF constraints, forces (concentrated loads),
surface loads, body loads, inertia loads, and coupled field
loads.

2.5.2 Analysis Types
The following types of analysis are possible using
ANSYS

Structural Analysis: Static Analysis, Modal
Analysis, Harmonic Analysis, Transient Dynamic
Analysis, Spectrum Analysis, Buckling Analysis,

Explicit Dynamic Analysis, Fracture mechanics, and

Beam Analysis.

- Thermal Analysis: Steady-state thermal analysis, transient

thermal analysis.

- CFD (Computational Fluid Dynamics) Analysis: Laminar or
turbulent, Thermal or adiabatic, Free surface, Compressible
or incompressible, Newtonian or Non-Newtonian, Multiple
species transport.

Several types of Electromagnetic field analysis and Coupled
field analysis.

2.5.3  Post Processing

Post processing means reviewing the results of an analysis. It
is probably the most important step in the analysis, because
you are trying to understand how the applied loads effect
your design, how good your finite element mesh is, and so on
Two postprocessors are available to review your results.

2.5.4 Modeling of Solid Element

Modeling solid element named SOLID 45 is taken. It is the
element which is having a higher order 3-D, 8-node element.
The element is defined by 8 nodes having three degrees of
freedom at each node: translations in the nodal x, y, and z
directions. The element has plasticity, creep, swelling, stress
stiffening, large deflection, and large strain capabilities. It
also has mixed formulation capability for simulating
deformations of nearly incompressible elastoplastic
materials, and fully incompressible hyper elastic materials

3. RESULT AND DISCUSSION
MECHANICAL CHARACTERISTICS OF COMPOSITES:
The properties of the Carbon /E-Glass fiber reinforced
epoxy hybrid composites with different orientation of fiber
under this investigation are presented in below Tables
&figures respectively. Details of processing of these

composites and the tests conducted on them have been
described in the previous chapter.

The mechanical properties of synthetic fiber reinforced
composites are largely depends on the chemical, structural
composition, fiber type and soil conditions and also on
atmospheric conditions at the time of fabrication of the
specimens.

The results of various characterization tests are reported here.
This includes evaluation of tensile strength, flexural strength,
natural frequency. Has been studied and discussed.

Based on the tabulated results, various graphs are plotted and
presented in figs 4.1 to 4.3 for different orientation
composites.

Table 3.1: The Tensile properties of Carbon/E-glass hybrid composite

Sample Id Ii_r??\(lj Elonf\l/la:rl\m " %glértljlge:
MPa

T 5530 45 4253.84

T 6099 43 4879.2

Ts 3520 2.3 5415.38

T 5850 3.9 5086.95

Ts 6570 41 5475.1
To 8080 43 6464

The above table shows the load and elongation and
young’s modules values of composites with different
orientations. Compare the all values with each other
composites.

Te was having higher value of load capacity 8080N and
elongation 4.3mm and young’s modules is 6464 MPa.
Ti- Carbon Uni-Direction T,- Carbon and E-Glass Bi-
Direction T3- Carbon Bi-Direction
T4 E-Glass Bi-Direction Ts- E-Glass Uni-Direction Te-
Carbon and E-Glass Uni-Direction

Elongation Vs Load

Load N

—2—¢—0 ¢ &0

1 2 3 4 5 6 7

Elongation mm

Fig3.1
The results indicated that elongation and load of
carbon/E-glass hybrid composite. It is evident that the highest
tensile strength and highest elongation was found. This can
be attributed that hybridization effect as both fibers
contributed higher strength and elongation of the hybrid
composite.
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Evs Comno

Young's modules
=

composites no

Fig 3.2
Here the graph drawn between the Young’s modules and
composites. The Te was having the highest Young’s modules
value as compared to other.

Table - 3.2: The flexural properties of Carbon/E-glass hybrid composite

Sample 1d Load Elongation in Flexural Modulus

P inN Mm (Mpa)

Fy 950 53 55134.75
F, 320 6.6 14913.64
F3 150 9.0 5126.56
F4 1030 13.9 22792.92
Fs 1390 8.6 49715.75
Fe 1520 5.7 82025.03

The above table shows the load and elongation and

flexural modules values of composites with different
orientations. Compare the all values with each other
composites.

Fe was having higher value of load capacity 1520N and
elongation 5.7mm and flexural modules is 82025.03 Mpa.
Fi- Carbon Uni-Direction F,- Carbon and E-Glass Bi-
Direction F3- Carbon Bi-Direction
F4- E-Glass Bi-Direction Fs- E-Glass Uni-Direction Fe-
Carbon and E-Glass Uni-Direction

Elongation Vs Load

£
[ &

Load N

——0—0

Elongation mm

Fig 3.3
The results indicated that elongation and load of carbon/E-
glass hybrid composite. It is evident that the highest load and
highest elongation was found. This can be attributed that
hybridization effect as both fibers contributed higher strength
and elongation of the hybrid composite.

FMvscom

Flexural Modules

composite's

Fig 3.4
Here the graph drawn between the Flexural modules and
composites. The Fg was having the highest Flexural modules
value as compared to other.

Table - 3.3: The Natural Frequency of Carbon/E-glass hybrid composite

sample Id Natural Erzequency
Fr, 113.58
Fr, 80.67
Frs 89.56
Fr, 54.371
Frs 76.01
Fre 120.40

The above table shows the natural frequencyvalues of
composites with different orientations. Compare the all
values with each other composites.

Frs was having higher value of Natural Frequency value
120.40 Hz among other composite.

NF vs COM

com

Fig3.5
Here the graph drawn between the Natural Frequency and
composites. The Frg was having the highest Natural
Frequency value as compared to other.

4. CONCLUSION
The following are the conclusions Based on the
experimental and analytical observations of Carbon & E-
Glass grass reinforced hybrid Synthetic fiber composite.
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Among all the specimens the properties of
Carbon&E-Glass Uni-Direction hybrid composite
have young’s modules 157.56 Mpa and maximum
elongation 4.3mm and ultimate load 8080 N.

Among all the specimens the properties of
Carbon&E-Glass Uni-Direction hybrid composite
have Flexural modules 82025.03 Mpa and maximum
elongation 5.3mm and ultimate load 1520 N.

Among all the specimens the properties of
Carbon&E-Glass Uni-Direction hybrid composite
have maximum Natural Frequency 120.40 Hz by
using ANASY software.

By increasing the weight percentage of Carbon and
E-Glass fiber, the mechanical properties also
increase up to certain limit. Further, addition causes
them to decrease due to poor interfacial bonding
between fiber and matrix.

Due to the high density of proposed synthetic fibers
compared to the Natural fibers (Broom, corie fibers,
etc...), the composites can be regarded as a useful
engineering materials in light weight applications.
Compared the all specimens with each other the
Carbon&E-Glass Uni-Direction Hybrid Composite
shows better results.

Future Scope of Work

There is a wide scope for future scholars to explore

this area of research. This work can be further extended to
study other aspects of Carbon/E-Glass hybrid synthetic fiber
reinforced composites.

The present investigation is limited to the finding of

mechanical properties only. It can be extended to

>

YV VYV

In the present investigation, study of Carbon/E-
Glass fiber with orientation of fiber only. This can
be further enhanced to 50 % fiber content and 50 %
matrix through other fabrication techniques.
Optimization studies.
Water absorption studies.

Experimental results can be compared with FTT.
The work can be extended with various types of
alkali treatments of fibers.
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