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ABSTRACT

A laminated composite material consists of several layers of a composite mixture consisting of matrix and fibers.
Each layer may have similar or dissimilar material properties with different fiber orientations under varying
stacking sequence. There are many open issues relating to design of these laminated composites. Design engineer
must consider several alternatives such as best stacking sequence, optimum fiber angles in each layer as well as
number of layers itself based on criteria such as achieving highest natural frequency or largest buckling loads of
such structure. Analysis of such composite materials starts with estimation of resultant material properties. In this
study, a three layered composite shell consisting of middle layer of High Strength Steel-4340 and outside layers of
Aluminium Alloy 7075-76 is designed and analysed for complex aerodynamic loading. The analysis results are
found for both elemental & nodal solution. The minimum & maximum elastic strain intensities are 0.172e-04 and
0.00855 respectively for elemental solution while the minimum & maximum values of stress Intensity are 0.140e+07
& 0.594e+09 respectively in case of Nodal Solution, which indicates the variation in the stress intensities in
different materials corresponding to their moduli of elasticity. The analysis results directly relate to the stress-strain
characteristics of each material and need to be carefully considered keeping in view the variation in stress-strain
characteristics of different grades of steel and numerous alloys of Aluminium. The behaviour of each material
subject to axial & biaxial tensile as well as compressive loading up to elastic limit is taken into account in the
analysis of composites for point loads.
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1. INTRODUCTION AND TERMINOLOGY

Structural materials can be divided into 4 basic categories:
Metals

e Polymers

e Ceramics

e  Composites

Composites, which consist of two or more separate materials combined in a macroscopic structural unit, are made
from various combinations of the other three materials.

The relative importance of the four basic materials in a historical context has been presented by Ashby (Technology
of the 1990s: Advanced Materials and Predictive Design, M.F. Ashby, Philosophical Transactions of the Royal
Saciety of London, A322, 393-407, 1987) and is shown schematically below (figure taken from Gibson):
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FIGURE 1.1

The relative importance of metals, polymers, composites, and ceramics as a function of
time, The diagram is schematic and describes neither tonnage nor value. The time scale is
nonlinear. (From Ashby [1.1).)

MATRIX AND FILLER MATERIALS
Polymers, metals and ceramics are all used as matrix materials in composites. The matrix

o holds the fibers together in a structural unit,

e protects them from external damage,

o transfers and distributes the applied loads to the fibers, and

e In many cases, contributes some needed property such as ductility, toughness, or electrical insulation.

Because the matrix must transfer load to the fibers, a strong interface bond between the fiber and

matrix is extremely important; either through a mechanical or chemical bond between fibers and matrix. Fibers and
matrix must obviously be chemically compatible to prevent undesirable reactions at the interface; this is especially
important at high temperature where chemical reactions can be accelerated.[4]
Service temperature is quite often a controlling factor in consideration of a matrix material. Listed in order of
increasing temperature capability, we have:
Polymers are the most widely used matrix materials. They may be either thermosets (e.g., epoxy, polyester,
phenolics) or thermoplastics (e.g., polyimide (PI), polyetheretherketone (PEEK), polyphenylene sulfide (PPS)).
Upon curing, thermosets form a highly cross-linked, three-dimensional molecular network which does not melt at
high temperature. Thermoplastics, however, are based on polymer chains that do not cross-link. As a result,
thermoplastics will soften and melt at high temperature, then harden again upon cooling.
Epoxies and polyesters are also widely used. High grade epoxies are typically cured at about 350F and are generally
not used at temperatures about 300°F. The advanced thermoplastics (PEEK, Pl and PPS) have melting temperatures
in the range of 600-700°F. For higher temperatures, metal, ceramic or carbon matrix materials are required.
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Lightweight metals such as aluminum, titanium and magnesium and their alloys such titanium aluminide and nickel
aluminide may be used as matrix materials. For some of these, operating temperature can be extended to about
2,250°F. Advantages of metal matrices include higher strength, stiffness and ductility (compared to polymers) but
at the expense of higher density. [5]

Ceramic matrix materials such as silicon carbide and silicon nitride can be use at temperatures up to 3,000°F.
Hoever, ceramics have poor tensile strength are are quite brittle.

Carbon fiber/carbon matrix composites can be used at temperatures approaching 5,000°F, but the cost is such that
they are only used in a few critical aerospace applications.

Filler materials are often used as a third component of a composite, and are typically mixed with the matrix material
during fabrication. Fillers do not typically enhance mechanical properties but are used to alter or improve some
other characteristic of the composite. Examples include: hollow glass microspheres are used to reduce weight, clay
or mica particles are used to reduce cost, carbon black particles are used for protection against ultraviolet radiation,
and alumina trihydrate is used for flame and smoke suppression.

2. LITERATURE SURVEY

Anil kumar et al [10] investigated the mechanical properties of fly ash reinforced aluminum alloy (Al 6061)
composites fabricated by stir casting. Three sets of composites with fly ash particle sizes of 75-100, 45-50 and 4-25
um were used. Each set had three types of composite samples with the reinforcement weight fractions of 10%, 15%
and 20%. The mechanical properties studied were compressive strength, tensile strength, ductility and hardness.
Unreinforced Al6061 samples were also tested for determining the mechanical properties. It was found that the
compressive strength, tensile strength and hardness of the aluminum alloy composites decreased with the increase in
particle size of reinforced fly ash. With an increase in the weight fractions of the fly ash particles, the ultimate
tensile strength, compressive strength, hardness and the ductility of the composite decreases. The SEM of the
samples indicated uniform distribution of the fly ash particles in the matrix without any voids.

AzamTafreshi et al [1] analyzed that the composite cylindrical shells and panels are widely used in aerospace
structures. These are often subjected to defects and damage from both in-service and manufacturing events.
Delamination is the most important of these defects. This paper deals with the computational modelling of
delamination in isotropic and laminated composite cylindrical shells. The use of three-dimensional finite elements
for predicting the delamination buckling of these structures is computationally expensive. Here combined double-
layer and single-layer of shell elements are employed to study the effect of delamination on the global load-carrying
capacity of such systems under axial compressive load. It is shown that through-the-thickness delamination can be
modelled and analysed effectively without requiring a great deal of computing time and memory. A parametric
study is carried out to study the influence of the delamination size, orientation and through-the-width position of a
series of laminated cylinders. The effect of material properties is also investigated. Some of the results are compared
with the corresponding analytical results. It is shown that ignoring the contact between the delaminated layers can
result in wrong estimations of the critical buckling loads in cylindrical shells under compressive load.

AzamTafreshi and Tobias Oswald [2] investigated that the finite element models were developed to study global,
local and mixed mode buckling behaviour of composite plates with embedded delaminations under compression.
The global modelling results were compared with corresponding experimental results. It is shown that the numerical
results for embedded delaminations agree very well with the experimental results, whereas the difference between
the results was high for delaminations located at the edge of the plates. It is also shown that at lower loading levels
the interaction of global and local buckling is negligible. At higher loading levels the strain energy release rate
distribution and the delamination growth potential at the delamination front strongly depend on the shape of the
debonded region and the local buckling mode. It was observed that the local buckling mode was highly influenced
by the laminate stacking sequence. In the course of global buckling a parametric study was carried out to investigate
the influence of the delamination size, shape and alignment of a series of composite plates.

C.Roos et al [3] studied that the Flexible matrix composites (FMCs) consist of low modulus elastomers such as
polyurethanes which are reinforced with high-stiffness continuous fibers such as carbon. This fiber—resin system is
more compliant compared to typical rigid matrix composites and hence allows for higher design flexibility.
Continuous, single-piece FMC driveshafts can be used for helicopter applications. In the present investigation, an
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optimization tool using a genetic algorithm approach is developed to determine the best combination of stacking
sequence, number of plies and number of in-span bearings for a minimum-weight, spinning, misaligned FMC
helicopter driveshaft. In order to gain more insight into designing driveshafts, various loading scenarios are analyzed
and the effect of misalignment of the shaft is investigated. This is the first time that a self-heating analysis of a
driveshaft with frequency- and temperature-dependent material properties is incorporated within a design
optimization model. The analysis assures that the material does not overheat and that allowables are not exceeded.
The challenge is that the analysis needs to address several physical processes such as self-heating in the presence of
material damping, conduction and surface convection, ply-level stresses and strains, buckling and dynamic stability.
Quasi-static and dynamic temperature- and frequency-dependent material properties for a carbon-polyurethane
composite are embedded within the model. For two different helicopter drivelines, weight savings of about 20% are
shown to be possible by replacing existing multi-segmented metallic drivelines with FMC drivelines.

C.s.ramesh et al [4] studied the Al6061 matrix composite reinforced with nickel coated silicon nitride particles
were manufactured by liquid metallurgy route. Microstructure and tribological properties of both matrix alloy and
developed composites have been evaluated. Dry sliding friction and wear tests were carried out using pin on disk
type machine over a load range of 20-100 N and sliding velocities of range 0.31-1.57 m/s. Results revealed that,
nickel coated silicon nitride particles are uniformly distributed throughout the matrix alloy. AI6061-Ni—P—
Si3N, composite exhibited lower coefficient of friction and wear rate compared to matrix alloy. The coefficient of
friction of both matrix alloy and developed composite decreased with increase in load up to 80 N. Beyond this, with
further increase in the load, the coefficient of friction increased slightly. However, with increase in sliding velocity
coefficient of friction of both matrix alloy and developed composite increases continuously. Wear rates of both
matrix alloy and developed composites increased with increase in both load and sliding velocity. Worn surfaces and
wear debris was examined using scanning electron microscopy (SEM) for possible wear mechanisms. Energy
dispersive spectroscope (EDS), X-ray diffraction (XRD) and X-ray photoelectron spectroscope (XPS) techniques
were used to identify the oxides formed on the worn surfaces and wear debris.

BalasivanandhaPrabu et al [29] investigated that the better stir process and stir time. The high silicon content
aluminum alloy —silicon carbide MMC material, with 10% Si-C by using a variance of stirring speeds and stirring
times. The microstructure of the produced composite was examined by optical microscope and scanning electron
microscope. The results with respect to that stirring speed and stirring time influenced the microstructure and the
hardness of composite also. They investigated that at lower stirring speed with lower stirring time, the particle group
was more.

Increase in stirring time and speed resulted in better distribution of particles. The mechanical test results also
revealed that stirring speed and stirring time have their effect on the hardness of the composite. The uniform
hardness valued was achieved at 600 rpm with 10min stirring but above this stir speed, the properties degraded
again. This study established the trend between processing parameters such as stirring speed and stirring time with
microstructure and hardness of composite.

Bienias et al [12] studied the microstructure characteristics of aluminium matrix Ak12 composites containing of fly
ash particles, obtained by gravity and squeeze costing techniques followed by the study of pitting corrosion
behaviour and corrosion kinetics. It was found that in comparison to squeeze casting, gravity casting technology is
advantageous for obtaining higher structural homogeneity with minimum possible porosity levels, good interfacial
bonding and quite a uniform distribution of reinforcement. The fly ash particles lead to an enhanced potting
corrosion of the Ak12/9%flyash (75-100 um fraction) composite in comparison with unreinforced matrix (Ak12
alloy), and further the presence of nobler second phase of fly ash particles, cast defects like pores, and higher silicon
content formed as a result of reaction between aluminum and silica in Ak12 alloy and aluminum fly ash composite
determining the pitting corrosion behaviour and the properties of oxide film forming on the corroding surface.

G.Sharifishourabi et al [9] Studied the composition of the beam varies gradually from ceramic to metal along both
the thickness and width directions. Continuous gradations according to both the power law and exponential law
variations are considered. In the presence of a thermal gradient and transverse distributed loads an analytical
solution based on the Euler-Bernoulli beam theory is presented. Numerical sample where material gradations vary
along both the thickness and width directions is carried out. It is found that the gradation of materials affects the
neutral axis position.
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Karunamoorthy et al [28] analyzed that the 2D microstructure-based FEA models and these were then developed
to study the mechanical behavior of MMC. The model has taken into account the randomness and clustering effects.
The particle clustering effects on stress-strain response and the failure behavior were studied from the model. The
optimization of properties was carried out from analysis of microstructure of MMC, since the properties depend on
particles arrangement in microstructure. In order to model the microstructure for finite element analysis (FEA), the
micro-structures image converted into vector form from the raster was further facilitated by its conversion push to
IGES step and mesh in FEA model in ANSYS 7. The failure such as particle interface de-cohesion and fracture
predicted for particle clustered and non-clustered micro structures. They analyzed that failure mechanisms and
effects of particles arrangement as well.

Li Li et al [15] studied the various methods for the calculation of the sensitivity of element modal strain energy
(MSE) are surveyed and classified as the finite difference method, the indirect method and the direct algebraic
method. Also, based on the variation principle, a method is presented to accurately calculate the sensitivity of
element MSE for undamped systems with distinct eigen values. The method computes the sensitivity by
constructing a Lagrange function. Once the Lagrange multipliers are evaluated, the sensitivity can be determined
directly. Note the Lagrange multipliers are independent of the number of design variables. More importantly, the
proposed method is robust since the linear system is independent of the derivatives of system matrices and some
weight constants are introduced in the coefficient matrices of the linear system to reduce the condition number. An
operational flop count to compare the relative computational cost of the indirect method, Yan and Ren’s method and
the proposed method is evaluated as a function of system matrix size, the number of mode shape of interest, the
number of design variables and the number of individual element stiffness matrices. The storage capacity and
robustness are also considered. General guidelines are established to choose the computational method for a given
problem. Finally, three examples are used to show the effectiveness of the results. It is shown that the proposed
method is more robust than the indirect method and the direct algebraic method.

Mahendra et al [21] concluded that development of hybrid metal matrix composites has become an important area
of research interest in materials science. In view of this, this study was aimed at evaluating the physical properties of
Al-2024 in the presence of fly ash, silicon carbide and its combinations. Consequently Al-MMC combination
resulted in the strength of the reinforcement with the toughness of the matrix to achieve a combination of desirable
properties not available in any single conventional material. Stir casting method was used for the fabrication of Al-
MMC. Structural characterization was carried out on MMC by x-ray diffraction studies and optical microscopy was
used for the micro structural studies. The mechanical behaviors of MMC like density, elongation, hardness, yield
strength and tensile test were ascertained by performing carefully designed laboratory experiments that replicate as
nearly as possible the service conditions. In the presence of fly ash and silicon carbide [sic (5%) + fly ash (10%) and
fly ash (10%) +sic (10%)] with Al, the result show that the decrease in density with increasing hardness and tensile
strength was also observed but elongation of the hybrid MMC in comparison with unreinforced aluminium
decreased. The hybrid metal matrix composites significantly differed in all of the properties measured.

Rama Rao et al [30] examined that aluminum alloy-boron carbide composites were fabricated by liquid metallurgy
techniques with different particulate weight fraction (2.5, 5 and 7.5%). Phase identification was carried out on boron
carbide by x-ray diffraction studies microstructure analysis was done with SEM a composites were characterized by
hardness and compression tests. The result shows that with an increase in the amount of the boron carbide, the
density of the composites decreased whereas the hardness is increased. Whereas the compressive strength of the
composites was increased with increase in the weight percentage of the boron carbide in the composites.

Rohatgi et al [23] analysed the A356-fly ash composites which can be synthesized using gas pressure infiltration
technique over a wide range of reinforcement volume fraction from 20 to 65%. The densities of AI356-fly ash
composites, made under various experimental conditions, are in the range of 1250-2180 kg/m3 corresponding to the
volume fraction of cenosphere in the range 20-65%. The density of composites increased for the same cenosphere
volume fraction with increasing size of particles, applied pressure and melt temperature. This appears to be related
to a decrease in voids present near particles and enhancement of the melt flow in a bed of cenosphere. The
compressive strength Plateau stress and modulus of the composites increased with the composite density.

Siva Prasad et al [6], this investigation, studied the dry sliding wear behavior of aluminum (Al) matrix hybrid

composites reinforced with rice husk ash (RHA) and silicon carbide (SiC) particulates up to 8% (in equal
proportions) fabricated by vortex method. Pin-on disk wear test was carried out for both unreinforced alloy and
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hybrid composites. Scanning electron microscopy is used to study the wear characteristics of the unreinforced Al
alloy and the hybrid composites. The results showed that the hybrid composites exhibits higher wear resistance than
the unreinforced alloy. The wear mechanisms in the unreinforced alloy and the hybrid composites are analyzed and
presented.

3. RESEARCH OBJECTIVE

The following are the objectives of the present work:

1. To predict the overall elastic properties of multilayer composite material of given number of layers, stacking
sequence and elastic constants of each layer.

2. Validate the elastic data with finite element modeling.

3. Analyse the program in a graphic user interface.

4. using equivalent modulus beam theory, estimate the strain properties, Stresses and load of beams.

5. Comparison and effect of material properties, material behavior of composite material Al-Steel-Al and its
characteristics with the uses of analytical tool: ANSY'S

3.1 LAMINATED COMPOSITE STRUCTURES

A laminate is constructed by stacking a number of laminas in the thickness (z) direction. Each layer is thin and may
have different fiber orientation. The fiber orientation, stacking arrangements and material properties influence the
response from the laminate. The theory of lamination is same whether the composite structure may be a plate, a
beam or a shell. Figure 3.1 shows a laminated plate or panel considered in most of the analysis.

The following assumptions are made in formulations: (i) the middle plane of the plate is taken as the reference
plane. (ii) The laminated plate consists of arbitrary number of homogeneous, linearly elastic orthotropic layers
perfectly bonded to each other. (iii) The analysis follows linear constitutive relations i.e. obeys generalized Hooke's
law for the material. (iv) The lateral displacements are small compared to plate thickness. (v) Normal strain in z-
direction is neglected.

Figure 3.1 Plate Figure 3.2 Beams

As shown in Figure 3.1, laminated beams are made-up of many plies of orthotropic materials and the principal
material axes of a ply may be oriented at an arbitrary angle with respect to the x-axis. In the right-handed Cartesian
coordinate system, the x-axis coincides with the beam axis and its origin is on the mid-plane of the beam. The
length, breadth and thickness of the beam are represented by L, b and h, respectively.

In practical engineering applications, laminated shells of revolution may have different geometries based mainly on
their curvature characteristics such as cylindrical shells, spherical shells and conical shells. The composite shell of
revolution is composed of orthotropic layers of uniform thickness as shown in Figure 3.3 a differential element of a
laminated shell shown with orthogonal curvilinear coordinate system located on the middle surface of the shell. The
total thickness of the shell is h.
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Figure 3.3 Shell (cylindrical)

3.2 MODELLING OF THE Al-Steel-Al COMPOSITE

The Modelling of three layered composite has been done using ANSY'S 14.5. The layers are modeled as SHELL181.
It is suitable for analyzing thin to moderately-thick shell structures. It is a four-node element with six degrees of
freedom at each node: translations in the X, y, and z directions, and rotations about the x, y, and z-axes. (If the
membrane option is used, the element has translational degrees of freedom only). The degenerate triangular option
should only be used as filler elements in mesh generation. SHELL181 is well-suited for linear, large rotation, and/or
large strain nonlinear applications. Change in shell thickness is accounted for in nonlinear analyses. In the element
domain, both full and reduced integration schemes are supported. SHEL L181 accounts for follower (load stiffhess)
effects of distributed pressures. SHELL181 can be used for layered applications for modeling composite shells or
sandwich construction. The accuracy in modeling composite shells is governed by the first-order shear-deformation
theory (usually referred to as Mindlin-Reissner shell theory). The element formulation is based on logarithmic strain
and true stress measures. The element kinematics allow for finite membrane strains (stretching). However, the
curvature changes within a time increment are assumed to be small.

The Material model used in this study is Linear Isotropic Structural Static model. Further, the properties of the
layered shells are given in Figure 3.4.
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The Material properties of Steel & Aluminium alloy used in this study are given in Table 3.1.

Material Young’s Modulus of | Density Poisson’s Co-eff. of Thermal
Modulus, E Rigidity, G Ratio Expansion
High Strength Steel 4340 | 210GPa 76Gpa 7.8Mg/m°> | 0.26 14*10°
Aluminium Alloy 7075-76 | 70GPa 28Gpa 2.7Mg/m*> | 0.34 33*10°
Table 3.1.
4. RESULTS

4.1.1  1st Principal Elastic Strain

ELEMENT SOLUTION AN SYS
aTEPw: R14.5
auUn =i 4 JOoa7T
TIME=S 23:47:23
eveELsy LHOAVG )

TACK ™. J34E-03

SN = _S0aE~0S
BMX =, . 00BRII

RoAE-GN coizen coslTe
€81E-00 Q014 003z 004BEe ocoeeaz

The maximum 1% principal elastic strain is 0.005822 and the minimum is 0.50e-05.

4.1.2  2nd Principal Elastic Strain

ELEMENT 2OLUTION ANSYS
aTEE-: R1A.5
aUB =3 ocT 4 2037
E s E1:37:39
eyeLa I NOAVG)
CMX =, 3348-03
MO8 =-_OoCileae
MK w. 00in3e
o e o I S m
~.0018%3 ~_S43g-03 1s3g.03 sosE-0)3 suiese

The maximum & minimum 2™ principal elastic strains are 0.001636& -0.001636.
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4.1.3  3rd Principal Elastic Strain
ELEMENT SOILUTION ANSYS

sTEFP=2 R14.5

SUB =2 ocT 4 2017
TINE=2. 21:37:35
EPELZ (WOAVG)

DaEX =_.23SE-O3
DOT =—_ 005822
X =—_.S04E-0S

i
-_ITIT 'm. ba =

-.c93373 ) ~.ccasel ) -.co33 ~.coiams ~.3caE-o3

The maximum & minimum 2™ principal elastic strains are 0.50e-05& -0.005022 respectively.

4.1.4  Elastic Strain Intensity
EILEMENT SOLUTION AN SYS

sSTES=1 R14.5

SUS =231 ocT 4 2017
TINT=21 21:37:4€
EFELINT (WOAVE)

DX =_234E-03
IO = _172E-04
oK =_.00e5S

e R —
-1722-04 .001513 -co3s0s v’:e -co7ecz
.SEsSE-03 .002861 .004757 .ooees4

.cocess

The minimum & maximum elastic strain intensities are 0.172e-04 and .00855 respectively.

415 Von Mises Elastic Strain
ST SOATE N ANSYS

STEP=-) H14.%
20D =i ooy * Zoav
TIME™I F2ca7:na
ErELEQY (BOATS)

DMK = . 234E-03
SMN = 3i30E8~0e
SO - O0E0D2

1I30E-04 oci1343 ccaee I3 CLOEER
aTem-03 003008 o033 ooee7 00eons

The minimum & maximum Von-Mises Elastic strains are 0.12e-04 & 0.006002 resp.
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4.1.6  X- Component of Elastic Strain
ELEMENT MOLUTION ANSYS

LB B

SLr3@:33
ErELx CROANVTS |
navees

DRCK ™. 2346-03
SMM = O08ene
MO = 00Bese

Y Ty Ty ey Ty caaaa

-~ saexwm ~. 333y sasE-33 susIes cosesw

The minimum & maximum values of X-Component of Elastic strain are -0.005656 & 0.005656 respectively.

5. CONCLUSIONS
From the analysis of the three layered Al-Steel-Al composites, following conclusions can be drawn:

1. The minimum & maximum elastic strain intensities are 0.172e-04 and 0.00855 respectively for
elemental solution while the minimum & maximum values of stress Intensity are 0.140e+07 &
0.594e+09 respectively in case of Nodal Solution, which indicates the variation in the stress intensities
in different materials corresponding to their moduli of elasticity.

2. The non-linear behaviour is considered concerning only material & geometric nonlinearities while the
structural non-linearity is not considered.
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