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ABSTRACT

Laminated composite plate structures find numeemmications in aerospace, military and automoiiistries.
The role of transverse shear is very importantoimgosites, as the material is weak in shear dits tow shear modulus
compared to extensional rigidity. Hence an accuratderstanding of their structural behavior is iesflj such as
deflections and stresses. Numerical analysis has lbarried out for Graphite/Epoxy Composite lanentd find the
stresses and displacement of a laminated compaaites subjected to axial loads along X & Y direc$ of the specimen.
In numerical method the displacements and stremsesleveloped for plies of orientatiorf/@0°/-45°) in the laminated

composite and simulate the numerical values wittiefielement method are developed for validation.
KEYWORDS: Laminated composites, axial loading, Numerical hde, FEM, Stresses & Strains

INTRODUCTION

Definition of Composite Materials

A composite is a structural material that consigtéwo or more combined constituents that are coetbiat a
macroscopic level. One constituent is called tlefoecing phase and the one in which it is embeddezhlled the matrix.
The reinforcing phase material may be in the fofrfibers, particles, or flakes. The matrix phasearials are generally
continuous. Examples of composite systems incluferete reinforced with steel and epoxy reinforeéth graphite
fibers, etc.Some examples of naturally found compositeg€xamples include wood, where the lignin matrixeémforced

with cellulose fibers and bones in which the boakjslates made of calcium and phosphate ionsariafsoft collagen.
Description of Graphite Fibers

Graphite fibers are very common in high-modulus higdh-strength applications such as aircraft conspis) etc.
The advantages of graphite fibers include high ifipestrength and modulus, low coefficient of thednexpansion, and

high fatigue strength. The drawbacks include higét,dow impact resistance, and high electricadcmtivity.

Manufacturing: Graphite fibers have been available since the 18t0)s. However, only since the early 1960s
has the manufacturing of graphite fibers taken Gffaphite fibers are generally manufactured fromeahprecursor
materials: rayon, polyacrylonitrile (PAN), and itd®AN is the most popular precursor and the potesnanufacture
graphite fibers from it is given next PAN fibergdirst stretched five to ten times their lengthinprove their mechanical
properties and then passed through three heatimgegses. In the first process, called stabilizatiba fiber is passed

through a furnace between 200 to 300°C to stabitzalimensions during the subsequent high-tempergirocesses.
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In the second process, called carbonization, ftyi®lized in an inert atmosphere of nitrogen oroardgpetween 1000 to
1500°C. In the last process, called graphitizatibis, heat treated above 2500°C.The graphitizagietds a microstructure
that is more graphitic than that produced by caidadion. The fibers may also be subjected to tensiothe last two
heating processes to develop fibers with a higlkgrek of orientation. At the end of this three-steat treatment process,
the fibers are surface treated to develop fibeeaidm and increase laminar shear strength whenattgeysed in composite

structures. They are then collected on a spookgiveperties of graphite fibers obtained from twitedent precursors.
Description of Epoxy

Epoxy resins are low molecular weight organic litpuiand are the most commonly used resins. They are
containing peroxides groups. Epoxies have three lmesnin its ring: one oxygen and two carbon atoh& reaction of
epichlorohydrin with phenols or aromatic amines eskost epoxies. Hardeners, plasticizers, andsfilee also added to
produce epoxies with a wide range of propertiesisfosity, impact, degradation, etc. Although epdscostlier than
other polymer matrices, it is the most popular PM@trix. More than two-thirds of the polymer matdcased in
aerospace applications is epoxy based. The masomsavhy epoxy is the most used polymer matrix riztare 1. High
strength 2.Low viscosity and low flow rates, whadlow good wetting of fibers and prevent misaligmief fibers during
processing 3.Low volatility during cure 4.Low shkirates, which reduce the tendency of gaining lafyear stresses of
the bond between epoxy and its reinforcement 5labkd in more than 20 grades to meet specific ptg@and processing

requirements.
Typical Applications of Polymer Matrix Composites
Applications of polymer matrix composites rangenirtennis racquets to the space shuttle.

Aircraft: The percentage of structural weight of compodiked was less than 2% in F-15s in the 1970s has
increased to about 30% on the AV-8B in the 1990ddth cases, the weight reduction over metal paais more than
20%. In commercial airlines, the use of compodii@s been conservative because of safety concesesofitomposites is
limited to secondary structures such as rudderssénctors made of graphite/epoxy for the Boeing &6d landing gear
doors made of Kevlar—graphite/epoxy. Compositesatge used in panels and floorings of airplanemé&examples of
using composites in the primary structure are theamposite.Composites also allow frames to cdnsfsone piece,
which improves fatigue life and avoids stress cotredion found in metallic frames at their joinBicycle wheels made of
carbon—polymide composites offer low weight anddrdtmpact resistance than aluminum. Tennis anduetball rackets
with graphite/epoxy frames are now commonplace. fitimary reasons for using composites are that thmgyove the
torsional rigidity of the racquet and reduce rigketbow injury due to vibration damping.lce hocksticks are now
manufactured out of hybrids such as Kevlar—glasségpKevlar is added for durability and stiffne&kypoles made of
glass/polyester composites have higher strengtibflity and lower weight than conventional skilg® This reduces

stress and impact on upper body joints as the pkigits his poles.

Medical Devices:Applications here include the use of glass—Keglaoky lightweight face masks for epileptic
patients. Artificial portable lungs are made ofpiride—glass/epoxy so that a patient can be moXiey tables made of
graphite/epoxy facing sandwiches are used for thigin stiffness, light weight, and transparencyddiation. The latter
feature allows the patient to stay on one bed fooperation as well as x-rays and be subjected lawar dosage of

radiation.
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Marine: The application of fiberglass in boats is well lwm Hybrids of Kevlar—glass/epoxy are now replacing
fiberglass for improved weight savings, vibraticangping, and impact resistance. Kevlar—epoxy byfitseuld have poor

compression properties.

Automotive: The fiberglass body of the CorvetteR comes to mwhen considering automotive applications of
polymer matrix composites. In addition, the Corediais glass/epoxy composite leaf springs with iguatlife of more
than five times that of steel. Composite leaf gggialso give a smoother ride than steel leaf spramgl give more rapid
response to stresses caused by road shock. Moyeaveposite leaf springs offer less chance of tatpkic failure, and

excellent corrosion resistance.
Metal Matrix Composites

Metal matrix composites (MMCs), as the name implieave a metamatrix. Examples of matrices in such
composites include aluminum, magnesiuangd titanium. Typical fibers include carbon andcsih carbide. Metals are
mainly reinforced to increase or decrease theip@nties to suithe needs of design. The drawbacks of MMCs over BMC

include higher processing temperatures and higéesitles.
Ceramic Matrix Composites

Ceramic matrix composites (CMCs) have a ceramicirmstich as alumina calcium alumina silicate reioéal by
fibers such as carbon or silicon carbide.

Advantages of Ceramic Matrix Composites:Advantages of CMCs include high strength, hardneigh service

temperature limits for ceramics, chemical inertpnassl low density.
Carbon—Carbon Composites

Carbon—carbon composites use carbon fibers in &onamatrix. These composites are used in very

high-temperature environments of up to 6000°F (38}5and are 20 times stronger and 30% lighter traphite fibers.

Advantages of Carbon—Carbon CompositesCarbon is brittle and flaw sensitive like ceramiBginforcement
of a carbon matrix allows the composite to faildyrally and also gives advantages such as abilitywitostand high
temperatures, low creep at high temperatures, Iwsitly, good tensile and compressive strengths, faitigue resistance,
high thermal conductivity, and high coefficient dfiction. Drawbacks include high cost, low shearesgth,
and susceptibility to oxidations at high temperasur

Finite Element Analysis

The physical structure that was used in this warlaifibre reinforced composite plate, shown in rig@.
The length (a) and Width (b) of the plate is 250mnd thickness (h) of the plate is 15mm. A numbeardlyses are
performed in this design study, using a finite ed@tmmodel of the plate. The global x-coordinatlien along the length
of the plate; the global y-coordinate is taken gltiee width of the plate while the global z-directiis taken out the plate
surface. There are 40 elements in the axial doeaind 40 along the width one.In this finite eletramalysis, all the sides
are constrained in the z direction only. The presspplied on the plate is1000 N/m. In this stutiyee plies (830%/-45°)
symmetric laminated composite plate is considemebhie analysis. The plate is analyzed for deflestiand stresses under
a simply supported boundary condition when theeplatSubjected to a uniformly distributed load wogkalong the

z - direction for various ply orientations %80%-45%), The centre deflection and stresses are preseméee in
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non-dimensional form using the numerical and fieltement methodologies.
LITERATURE REVIEW

M. M. Patunkar, D. R. Dolas, [1] studied ModelingdaAnalysis of Composite Leaf Spring under theiStabad
Condition by using FEA, Under the same static loadditions, deflection and stresses of steel Ipehg and composite
leaf spring are found with the great differencefl®=ion of Composite leaf spring is less as coragddp steel leaf spring
with the same loading condition. Moon Chang-Kwohsgtaidied the composite laminate materials areltennative design
solution in terms of specific strength and stiffneand they offer significant freedom to the desighg allowing,

the strength and stiffness optimization of a congmbror structure for a particular application.

Ashby MF. [3] Studied Materials selection in contgg design, designing a multi-material involves th
determination of all the characteristic paramet@&ise most used method begins by complete desaritfathe set of
requirements, the selection of the geometry ofasgembly, the load type and the materials selettidhe choice of the
multi-materials components in order to allow a difeed evaluation of its performance’s DhanaseRaf,Haider [4]
,Studied that, the difficulties in experimental @asch of existing masonry structures have restilethe adoption of
numerical analysis of the brick masonry. Numergiatulation would help in determining the weakerioeg of stress-

strain distribution and also other parametersdilsplacement and development of cracks.

The masonry exhibits anisotropic behavior due ®jtlints present in horizontal and vertical joiatsd possess
orthotropic strength and softening characteristissexplained by this paper.T C Nwofor [5], has fautvard that the
analysis and design of buildings require the makeyioperties of masonry, for example, the modufiglasticity of
masonry is required for the non-linear static asialyStress-strain curves of masonry are requivednbre detailed non-
linear analysis of masonry structures. Limited agslke has been carried out to obtain a realisticeriztproperty for
masonry. In micro modeling, the brick units and maoare considered as two different materials jpibhg a continuum
brick-mortar interface layer between brick and morit regards the masonry as heterogeneous arteonther hand
macro modeling considers the brick units, the mmcatad the brick-mortar interfaces as a single contn element by
homogenizing the masonry.E. J. Barbero [6], studied Prediction of damage initiation and accumatatin polymer
matrix, laminated composites is of great interesttiie design, production, certication, and momiiof an increasingly
large variety of structures. Matrix cracking duetr@nsverse tensile and shear deformations is diyrie first mode of
damage and, if left unmitigated often leads to othedes such as delimitation, fiber failure of @djat laminas due to
load redistribution, and reduction of the shedfr&ss, which in turn deteriorates the longitudlicmpressive strength of

the composite. After reviewing the above paperserizal values are simulated with FEM for validatiennitiated.
METHODOLOGY
Numerical method and Finite element methods ard asd FEM is used for simulation of the stated [mwb

NUMERICAL METHOD

Problem Solving Procedure Using Numerical Method

Compliance matrix elements are
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The compliance matrix for an orthotropic plane sdrproblem can be written as,
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Qi = (Qus + Qaz — 2055057 C% + Qpa(8* + %)

Where C=cosO and S=sin©

Now find (4] — extensional stiffness matrix
(2] — coupling stiffness matrix

(D] — bending stiffness matrix

Whered;; = ZE_,[(F;)] (g — hy )

H

Coupling stiffness matrixE] is

e _ . . .
BE'_i' = EZ[{?{_{];‘.'\”% — gy

The bending stiffness matrbD] is

Because the applied load ig#W,=1000 N/m

The mid plane and strains and curvatures are fdynagolving the following set of six simultaneouséar

equations

Consider {:JJ =
Where (4] = [4]*

(B8] = —[4]7*[E]

[c*] = [B]l4]

(p*] = [D] - {[B][A]~*}(E]

The fully inverted form is given by
G- 316

Where, [4] = [4] - [B*][D*]*[C"]

[B] =[B" 1D+
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[€]=—[D"]7te]
[D]=[D7+*

Now solving equations to obtain strain values thetload on specimen, ,#N,=1000 N/m

And calculating curvatures

PR
iV
&

Ky \l
.f =0 Nk

Koy ) Ney )

By using following relations to find strains andreatures of each ply with different orientationdrats

definitions under bending

The plate curvatur&, or K, is the rate of change of slope of the bendingeglagither the x or y - direction.

K. Curvature term is bending in the x-axis alonguyis (twisting).Using stress-strain relation fot abgle ply,

-

&

Finite Element Method (FEM)

The physical structure that was used in this werd fiber reinforced composite plate, the lengjofal.0 metre
width (b) of 0.5metre and thickness (h) of the @lst 0.015m. A number of analyses are performetii;mdesign study,
using a finite element model of the plate. The rhoslas developed using linear layered structurall slements in
ANSYS 14.5. The global x-coordinate is taken aldhng length of the plate; the global y-coordinatéaisen along the
width of the plate while the global z-directiontéken out the plate surface. There are 40 elemerte axial direction
and 40 along the width one. The boundary conditialisides are constrained in all directions. phessure applied on the
plate is 21000 N/m. In this study, three ply/BD°/-45°] symmetric laminated composite plate is considénetie analysis.
The plate is analyzed for deflections and streaségr a fully constrained boundary condition whams plate is subjected

to tensile loading along the X and Y - directions ¥arious ply locations.

Geometry of the Shell Element

In ANSYS software, there are many element typesiabMa to model layered composite materials. In B&r
analysis, the linear layered structural shell eleime used. It is designed to model thin to moddyathick plate. An
accurate representation of irregular domains @@mains with curved boundaries) can be accomplighethe use of

refined meshes and/or irregularly shaped elemé&ntsexample, a non-rectangular region cannot beesepted using only
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rectangular elements; however, it can be repredditdriangular and quadrilateral elements. Siitds,easy to derive the
interpolation functions for a rectangular elememd & is much easier to evaluate the integrals ogetangular geometries
than over irregular geometries, it is practicalise quadrilateral elements with straight or cursidé assuming a means to
generate interpolation functions and evaluate tim&grals over the quadrilateral elements.Thealirlayered structural
shell element is shown in Figure 1. Nodes are sgoied by |, J, K, L, M, N, O, and P.

Figure 1. Geometry of 8-Node Element with Six Deges of Freedom
D-8 Node Quadrilateral Shell Displacement Functions
[0/30/-45]s Stacking Sequence
E, =181x18 Pa Young’s Modulus in the Fibre Direction
E, = 10.3x18 Pa Young’s Modulus Perpendicular to the Fibre &ion
G1,=7.17x10 Pa X-Y Plane Shear Modulus
h =3t in Total Thickness

L xW =1x1 in Composite Length and Width

N_.,=1000 N/m Pull Force

t =0.005 m Top and Bottom Layer Thickness
vy, = 0,28 X-Y Plane Poisson’s Ratio
v,; = 0.05936

In the present context, modelling the stresses Bymmetric Cross-Ply Laminar Composite in tensioadl
In ANSYS Mechanical APDL. This composite consistglwee layers. The model will use two dimensioiagkered shell
elements. By comparing the results with the anedytsolution based on the Generalized Hooke’s Lty module will

emphasize techniques on modelling orthotropic neteand layered materials.
Problem Description

An orthotropic plate with three numbers of layersibject to transverse loading condition for clachpoundary

condition has been considered for the present samtythe results were given in diagrammatic form.
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Table 1: Geometric Properties of Orthotropic Material Plates

Dimensions No.of Layers | Stacking Sequence| Fiber Orientation
Length=1.0m
Width=0.5m 3 0°/30°/-45° Symmetric ply
Thickness=0.015m

Table 2: Material Properties of Graphite/Epoxy Compsite Material

Elastic Constants| Values

E, 181GPa
E, 10.3 GPa
E; 10.3 GPa

V12=V13 0.28
2 0.01593

G1,=Gy3 7.17 GP4
G,s 7.17 GP4

RESULTS AND DISCUSSIONS

The defined problem was solved using numerical pgtind the numerical results are tabulated in Talkdad

same was analyzed using FEM based Ansys Softwaréarresults are shown in figure below.

Figure 2: The Stresses on the Specimen in X-Direoti

Figure 4: The Stresses on the Specimen in Y-Dagon Figure 5: The Strain on the SpecimemiY-Direction

Figure 6: The Shear Stresses on the Specinian Figure 7: The Shear Strain on the Specimen in
XY-Direction XY-Direction
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Validation of Numerical Method Results with FEM Values
The numerical analysis results are compared witkl Results to estimate the percentage of error &idation.

Table 3: Comparison of Results for Validation

S.No Design Parameter Numerical Mel::}zsaults FEM Percentage of Error
1 | Stress in X DirectiaiMpa) 3.3585x%é 3.3513xé 0.2143
2 | Stress in Y DirectiofMpa) 6.1891xé 6.1875xé 0.025
3 | Shear Stress in XY DirectiMpa) -2.7525%é -2.7504x%é 0.0076
4 | Strain in X Direction (mm) 8.9855%e 8.943x¢& 0.046
5 | Strain In Y Direction(mm) 5.95475%e 5.8555%& 0.016
6 | Shear Strain in XY Direction(mm) -3.838%%e -3.8389x& 0

CONCLUSIONS

The following conclusions are drawn from the préseork: Layered Composite was successfully analyrsdg
Finite Element Analysis and present work also diedathe following observations. According to theuks, the answers
for three ply laminate of graphite Epoxy with numal values and Finite Element Simulation is witdi®3% of the
comparison error. Thus for a plane stress probtbém,answer can be reached within a very coarse Rk values.

Hence the simulated values are validated.
Future Scope of Work

Finite Element Analysis with different ratios of Mlialus of elasticity and length to width ratios @so be done

to optimize the structure.
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