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Abstract: -- In present scenario of manufacturing, Aluminum plays an important role in the field of new materials. Aluminum alloys,
because of its low density and excellent strength, toughness, and resistance to corrosion, finds important applications in the aerospace
field. In modern manufacturing process graphene is widely used for making composite materials due to its novel properties like
electrical conductivity, optical property, mechanical properties, and thermal properties. Graphene, one of the allotropes of elemental
carbon, is a planar monolayer of carbon atoms arranged into a two-dimensional (2D) honeycomb lattice with a carbon—carbon bond.
Graphene has the highest elastic modulus and strength. In present research work Aluminium 6061 is used as a matrix and graphene
as a reinforcement and modal analysis is done using Al 6061 with varying percentage of Graphene.
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1. INTRODUCTION

Metal Matrix Composites (MMCs) have evoked a keen
interest in recent times for potential applications in
aerospace and automotive industries owing to their
superior strength to weight ratio and high temperature
resistance. Reinforcement to the aluminium alloys with
graphene enhances the mechanical properties like strength,
hardness, and thermal conductivity of the aluminium
composite material. In the present project, the main aim is
to improve the dynamic properties of the composite
material. Aluminum is reinforced with Graphene to
improve its mechanical properties.

Graphene, one of the allotropes (carbon nanotube,
fullerene, diamond) of elemental carbon, is a planar
monolayer of carbon atoms arranged into a two-
dimensional (2D) honeycomb lattice with a carbon—carbon
bond length of 0.142 nm.[2]

Effect of sintering temperature on structural and
mechanical properties of graphene reinforced aluminum
matrix composites has been investigated by Pulkit Garg
et. el.,

This has been taken as a reference in the present research
work where Graphene has been used as reinforcement
with varying percentage. [3]

Jingyue Wang et.el. has studied the reinforcement with
graphene nanosheets in aluminum matrix composites.
Since Graphene has high fracture strength of 125 GPa, it is
an ideal reinforcement for composite materials. Aluminum
composites reinforced with graphene nanosheets (GNSSs)
were fabricated. [4] Considering this, AA 6061 as a matrix

was chosen to carry out a research and Modal analysis was
used to determine the inherent dynamic characteristics of a
system in forms of natural frequencies, and mode shapes,
and a mathematical model was formulated by using the
results of the Modal Analysis for its dynamic behavior.
The effects of Young’s Modulus, Poisson’s Ratio and
Density, were also evaluated for AA 6061 matrix with
varying percentage of Graphene reinforcement using
ANSYS 15.0 [4] [5] [6]

Il ANALYSIS
The present work is carried out with AA 6061 as metal

matrix, with Graphene as reinforcement.
The Chemical composition of AA 6061 is as follows:

Si

Fe | Cu Mn Mg | Cr Zn | Ti Al

04-]0-
0.8 07 |04 0.15 1.2

0.15- | 0- 08- | 004 |O- 0- Bal
- 0.25 | 0.15
0.35

Table 2.1

1. Mechanical Properties of Aluminium 6061 Alloys

Table 2.2
Sl .No. Property Value
1 Density 2700 Kg/m®
Young's Modulus of
2 o 69 MPa
Elasticity
3 Poisson's Ratio 0.33
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2. Mechanical properties of Graphene

Table 2.3
S.No. Property Value
1 Density 2200 kg /m®
Young's Modulus of
2 1 TPa
Elasticity
3 Poisson's Ratio 0.2

Graphene has demonstrated a variety of intriguing
properties including high electron mobility at room
temperature (250,000 cm?/Vs.) exceptional thermal
conductivity (5000 W m™ K™) and superior mechanical
properties with Young’s modulus of 1 TPa. Its potential
applications include single molecule gas detection,
transparent conducting electrodes, composites and energy
storage devices such as super capacitors and lithium ion
batteries. [7] [8] [9]

Molecular bonds

~0.142nm
| o |

Carbon atoms

Figure: 1 c structure of a graphene

FORMULATION
1. Volume Fractions

Ve =Z—: 1
Vm = (2)
Ve+Vp =1 (3)

Where,
V; = fiber volume fraction
Vi, = matrix volume fraction

2. Mass Fractions

W= \‘/’vv_,: (4)
W; ::Vv—z (5)
WeW,, = 1 (6)
Where,

(W) = mass fraction (weight fraction) of the fibers

(W) = mass fraction matrix

3. Density
1 _Wm Wt
Pc Pm + Pf (7)
We = %Vf (8)
Wy =22V, ©)
Where,

Pems = density of composite materials .matrix and fiber.

4. Longitudinal Young’s modulus, (E)
E=E;V;+ E\V, (10)
Where,

E¢ and E,, = young modulus of fiber and matrix.

5. Poisson’s ratio

He = llme + e Vf (11)

Where,

U, Umand pe = density of composite materials ,matrix and

fiber respectively.

CALUCLATION

0.25% by wt. using Graphene in Aluminium Matrix

Let us consider total weight of composite w,= 100 gm
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Therefore, wy =0.25 gm
Wy, =99.75gm
Caluclated value of Weight fractions are as follows
Therefore,
W; =0.0025 and Wy, = 0.9975
1. Density

1 _ 0.9975 0.0025

pc 2700 2200

p. = 2698.47 Kg/m®

2. Longitudinal Young’s modulus

00025 = —=20_,
' T 269847 1
V; = 0.00306 m®
2700
0.9975 = —=-V,,

V,, = 0.99694 m?
E, =1x10"'2x0.00306+69x10°x0.99694
E. = 71.84 GPa

3. Poisson’s ratio

= 0.33x0.99694+0.2x0.00306

1.=0.3295
Table 2.4
Percentage ) > Young's
) Density | Poisson's
S.No. | Variation of ’ . modulus
Kag/m Ratio
Graphene GPa
1 0.00 2700.00 0.3300 69.00
2 0.25 2698.47 0.3295 71.84
3 0.50 2696.49 0.3292 74.707
4 0.75 2695.51 0.3288 77.55
5 1.00 2693.88 0.3284 80.36

C. MODEL (GEOMETRY ) CREATING

ANSYS
R15.0

0.00 50.00 (mm) ./L‘
— E2 x

25.00

Figure:2, 2-D CAD Model

D. GENERATE MESHING

0.00 50.00 (mm) /L‘
v X

25.00

Figure:3, Meshed Model
Present research work uses the following constituents to

find the dynamic properties of a composite material using
ANSYS 15.0

Case 1: Aluminium + and 0.00% of graphene

Case 2: Aluminium + 0.25 % by weight of graphene
Case 3: Aluminium + 0.50 % by weight of graphene
Case 4: Aluminium + 0.75 % by weight of graphene
Case 5: Aluminium + 1.00 % by weight of graphene

MODAL ANALYSIS OF AA 6061 WITH VARYING
PERCENTAGE OF GRAPHENE

Case 1: Aluminium 6061 + 0.00% of graphene
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Figure:4, Total deformation-1
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Figure:5, Total deformation-2
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Figure:6, Total deformation-3
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Figure:7, Total deformation-4

0.00 50,00 (mm) z_)\‘ v

25.00

Figure:8, Total deformation-5
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x

25.00

Figure:9, Total deformation-6

Case 2: Aluminium + 0.25 % by weight of graphene

0.00 40,00 (mm) a.,I\‘
x
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Figure:10, Total deformation-1
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Figure:11, Total deformation-2
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Case 3: Aluminium + 0.50 % by weight of graphene

.
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Figure:12, Total deformation-3 >

) x
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Figure:15, Total deformation-1
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Figure:13, Total deformation-4

0.00 30.00 (mm) z-/k
Er— x

15.00

Figure:16, Total deformation-2
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Figure:14, Total deformation-5 /f\

Figure:17, Total deformation-3
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Figure:14, Total deformation-6 Figure:18, Total deformation-4
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Figure:19, Total deformation-5

Figure:23, Total deformation-3

0.00 30.00 (mm) ;u)\ % ”
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Figure:20, Total deformation-6 x

. ) Figure:24, Total deformation-4
Case 4: Aluminium + 0.75 % by weight of grapheme
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Figure:21, Total deformation-1

Figure:25, Total deformation-5
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Figure:22, Total deformation-2

Figure:26, Total deformation-6
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Case 5: Aluminium + 1.00 % by weight of grapheme

0.00 30.00 (mrm) z./f\ D-W_mm:%iﬂo T l-/L. *
Figure:27, Total deformation-1 Figure:31, Total deformation-5
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Figure:28, Total deformation-2
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Figure:32, Total deformation-6
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p . 111 RESULTS AND DISCUSSIONS
Figure:29, Total deformation-3
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Figure:30, Total deformation-4

Graph:1, Mode vs Frequency
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WT. AA6061 AA6061 AA6061 AA6061 AA6061
%

+0%G +0.25%G +0.50%G | +0.75%G +1%G
OFG
MbD1

5221.5 5329.2 5435.9 5539.9 5640.8
MD2

5222 5329.7 5436.5 5540.4 5641.4
Mo3 12517 12776 13032 13281 13523
Mpd 12518 12777 13033 13282 13525
MD5

21997 22456 22908 23350 23780
MD6

23720 24211 24696 25169 25629

G;Graphene Table No. 3.1
CONCLUSION

In the present research work, it is concluded that there is
gradual increase in frequency with respect to modes, by
varying the weight percentage of Graphene. It is also
observed that density, as well as Poisson’s ratio decreases
by increasing the weight percentage of Graphene with
AA-6061. Young’s Modulus increases with an increase in
weight percentage of Graphene with AA-6061.
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