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ABSTRACT

AAT075 is super-strength aluminum alloys to under the Al-Zn-Mg-Cu group and natural aging characteristic. The increasing need for metal
matrix composites to be cost-effective and at the same time have an optimum level of performance. The contemporary market of industry-
oriented software for structural strength analysis impresses very much by its versatility. The effect of conventional casting and lost foam casting
of AA7075 materials mechanical properties, cluster analysis, surface roughness, and FEA analysis has been studied. The finite element analysis
models were generated in ANSYS. The surface roughness of aluminum alloy 7075 made by conventional casting is lower than the by lost foam
casting. From this SEM images of the aluminum alloy 7075 part made of foam casting posse’s better bonding of aluminum material than
conventional casting. The dense molecular bonding of aluminum in foam casting may improve the mechanical properties.
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1. INTRODUCTION

Composites are materials that exploit the combination of its
constituents to raise the preferred performance characteristic.
It has developed to get better the strength, stiffness, and
toughness of existing materials. Based on the processing
techniques are grouped into two types namely solid-state and
liquid state techniques [1]. This grouping is based on the
processing temperature which is above (liquid state) or below
(solid-state) the melting point of the matrix materials. The
processing temperature of all processes is well below the
melting point of ceramic particles. The composites are
produced various traditional techniques such as stir casting,
compo casting, mechanical alloying, spray deposition and
powder metallurgy [2-5]. AA7075 is super strength aluminum
alloys to under the Al-Zn-Mg-Cu group and natural aging
characteristic. It widely used in highly stressed structures and
aircraft structures application. The Al/0—30 % weight of SiC
reinforced metal matrix composites fabricated by using two-
step stir casting and to analyze the microstructure and
dispersion of reinforced particles [6]. The mechanical property
of casted AA6061/B4C composites was evaluated. It revealed
that to increasing the weight percentage of the B4C to increase
the mechanical properties [7]. The effect of alumina particle
and size on the mechanical properties of the composites was
modified [8]. The wetting agent K,TiFs is improving the
interfacial bonding of the matrix materials and reinforcements
[9]. AA2014/20 vol% SiC MMC was fabricated using stir
casting and examined the tool wear while machining of the
composites. The industry-oriented software for structural
strength analysis impresses very much by its versatility and
widest functionality [10]. The numerical modeling techniques
possible of value in serving to optimize the properties and
process for manufacturing improved composites. FEA was
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used (finite element analysis) at the micro scale and this
approach proved to be quite accurate under definite situations.
The micro-mechanical scratch development of composites
was forecasted by various authors and the 2D axisymmetric
model and 3D unit cell models to calculate the elastic nature
of the composites [11-15]. 2D FEA calculations were
performed to calculate quantitatively the tensile nature of
composites with ceramic particles united in stripes [16]. The
orientation of the reinforcement has significant effects, both in
the elastic and plastic region [17]. The FEA models were
generated in ANSYS, using scanning electron microscope
images. The percentage of major failures and stress—strain
responses were predicted numerically for each microstructure
[18]. It is evident from the analysis that the clustering nature
of particles in the matrix dominates the failure modes of
particle reinforced metal matrix composites. The objective of
the present work is to analyze the different manufacturing
methods are study and predict the mechanical properties of
AA7075 and distinguish the cluster analysis, the failure
mechanisms from SEM image based model using finite
element analyses. The major failures of AA7075 properties
were studied from this model.

2. METHODS AND MATERIALS

The core testing materials are prepared in the foundry at
Meenakshi Foundry, Madurai, India. The testing specimens
are prepared from the core testing materials according to the
ASTM standards. The tensile test specimen is prepared as per
ASME E8 standards. The hardness values are measured in the
B- scale by using a Rockwell hardness testing machine. The
indenter ball diameter is 1.58 mm and the major load applied
is 100 kg. The Charpy V-notch test is a standardized high
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strain-rate test which determines the amount of energy
absorbed by a material during fracture. The Charpy V- notch
test specimen is 55 x 10 x 10 mm, position of the groove from
one end is 27.5 mm, depth of the groove is 2 mm and width of
the groove is 4 mm. The scanning electronic microscopic
(SEM) analysis is carried out to find the morphologies on the
AA7075 manufactured by conventional and lost foam casting
methods. The cluster analysis is used to identify the orientation
of the aluminum at breaking edges in the AA7075. K-means
is one of the simplest and efficient algorithms. It does solve
the clustering problem using color-based segmentation. The
'MATLAB' is used for simulating the K-mean cluster
algorithm. K-means clustering calculates the distances
between the inputs and centres. These centres are placed in a
sly way for the reason that of the different positions causes a
variety of results. For the betterment, the centres have to place
far away as much as possible. The new cluster centre is
recalculated from Equation (1). Finally, minimizing an
objective function known as the squared error function given
in Equation (2).
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Finite Element Analysis (FEA) software 'ABAQUS 6.14' is
used for the simulation of loading and reverse loading
conditions of the tensile test specimens for multiple analyses
such as fully elastic material properties, elastic-plastic material
properties. The test specimen is loaded in tension for elastic
analysis and for elastic-plastic analysis, the tension and
compression loads are considered. The mesh converging study
has been carried out to determine the optimum number of
elements for the analysis by varying the size of seed between
0.0012 and 0.0007. It is identified that the optimum size of the
seed is 0.0008 and the number of elements is 23240. The
maximum load applied to the tensile test specimen in the FEA
model is 15000 N for mesh converging study. The element
type of C3D8R is chosen for the analysis. It is used to
determine the various parameters like Von-Mises stress,
displacement, elastic and plastic strain in AA7075 materials.
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Figure 1. Properties of aluminium alloy 7075 made by conventional casting and lost foam casting

3. RESULTS AND DISCUSSION

Figure 1 (a) shows the average hardness values for
aluminium alloy 7075 made by conventional casting and lost
foam casting method. It is found that the average hardness
value of aluminium alloy by lost foam casting is lower than a
conventional casting. So that aluminium alloy 7075 made by
the conventional casting is the harder material. Figure 1(b)
shows that the surface roughness of aluminium alloy made by
conventional casting is lower than the aluminium alloy 7075
by lost foam casting. Due to the presence of foam, the surface
roughness is high in the lost foam casting. Figure 1 (¢) shows
that the impact strength for aluminium alloy 7075 made by lost
foam casting is higher than the aluminium alloy made by
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conventional casting. Figure 1(d) shows that the tensile
strength of aluminium alloy 7075 material from the lost foam
casting is higher than the conventional casting.

3.1 SEM analysis

Figure 2 (a) and (b) shows the SEM image of aluminium
alloy 7075 made of lost foam casting is taken at two zoom
level viz 500x and 1500x respectively. In SEM image with
500x taken at a cut section of foam cast aluminum, the
aluminum is distributed with close texture with 50 um size.
This is viewed in detail by the SEM image with 1500x. The
image has aluminum evenly spread over the surface with a 10
pum size. The area marked in red has dense aluminum particles
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which strengthen the surface integrity. Figure 2 (c) and (d)
show the SEM image of aluminium alloy 7075 made of
conventional casting is taken at two zoom level viz 500x and
1500x respectively. In SEM image with 500x taken at a cut
section of conventionally casted aluminum, the aluminum is
distributed with a spider web-like texture with 50 pm size.
This is viewed in detail by the SEM image with 1500x. The
image has an aluminum layer with pores like over the surface
with a 10 pm size. The area marked in red has aluminum
particles with loose bonding which may affect the surface
integrity. From this SEM images of the aluminum part made
of foam casting posses better bonding of aluminum material
than conventional casting. The dense molecular bonding of
aluminum in foam casting may improve the impact strength.
The spider web-like a form of the aluminum particle in
conventional casting may yield less impact strength. The even
surface texture of aluminum in foam casting may reduce its
hardness and tensile strength when compared with
conventional casting. The application for which the part is
used may decide the demand for casting type.

3.2 Cluster Analysis Results
Cluster analysis is the task of grouping a set of substance in

such a way that substances in the same group are more similar
to each other than to those in other groups.

Figure 2. SEM image of AA 7075 - lost foam casting (a)
500x (b) 1500x and conventional casting (c) 500x (d) 1500x

Figure 3. SEM image of lost foam casting AA 7075 (a)
Original image (1500x) and (b) Edge deduction image.

It is the main task of exploratory data mining and a common
technique for statistical data analysis. The quality of a
clustering technique is deliberate by its capability to find out
some or all of the unseen patterns. The cluster analysis is
carried out for the SEM test image of the material AA7075

manufactured in the lost foam casting and the conventional
casting for the image at the high zoom level of 1500x. There
are many methods of clustering developed for a wide variety
of purposes. In the present study, the K-means algorithm is
used to determine the natural spectral groupings present in a
dataset (Image). In the K-mean algorithm, the cluster analysis
is carried out for the 'K' values between 2 and 4. The
simulation is carried out in the MATLAB software.

The image pattern is given as an input for the cluster
analysis is shown in Figure 3(a) and the edges of the input
image pattern are deducted as shown in Figure 3(b). The
texture and colour feature extraction algorithm is implemented.
K-means clustering algorithm is used for segmentation. Gray
Level Co-occurrence Matrix (GLCM) is used for feature
analysis and feature extraction.

Figure 4. K-means clustering image of lost foam casting at
(a) K=2, (b) K=3 and (c) K=4.

Figure 5. SEM image of Conventional casting AA 707(a)
Original image (1500x) and (b) Edge deduction image

Figure 6. K-means clustering image of conventional casting
at (a) K=2, (b) K=3 and (c) K=4.
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Figure 4(a), (b) and (c) show the K-means segmentation
images for the different K-means such as K=2, K=3, and K=4
respectively. It is observed that for K=2 and 3 the black and
white colours are equally contributed so that it's very difficult
to identify the boundaries of the material texture of AA7075
manufactured in lost foam casting. For K= 4, it is identified
that the white colour is more dominated than black. So that it
is easy to identify the boundaries of the material texture. It
revealed that the boundaries of the material texture are
presented in the continuous long pattern arbitrarily in AA7075
material manufactured in the lost foam casting method. The
cluster analysis is carried out for the SEM test image of the
material AA7075 manufactured in the conventional casting. It
has been carried out for the image at the high zoom level of
1500x. The image pattern is given as an input for the cluster
analysis is shown in Figure 5 (a) and the edges of the input
image pattern are deducted as shown in Figure 5 (b). Figure 6
(a) (b) and (c) shows the K-means segmentation images for the
different K-means such as K=2, K=3, and K=4 respectively. It
is observed that for K=2 and 3 the black and white colours are
equally contributed so that it's not easy to identify the
boundaries of the material texture of AA7075 material
manufactured in the conventional casting method. For K =4,
it is identified that the white colour is more dominated than
black. So that it is easy to identify the boundaries of the
material texture. It revealed that the boundaries of the material
texture are presented as scattering form in AA7075 material
manufactured in the conventional casting method.

3.2.1 Finite Element Analysis

Initially, the minimum load required for yielding of
AA7075 material is estimated from the basic expressions and
for this, the Von-Mises stress is calculated without considering
the stress concentration factor. The calculated Von-Mises
stress is compared with the simulation Von-Mises stress value.

<

¢ ODB: WORKPIECE.odd  Abaqus/Standard 6.14-1 Fri Feb 09 01:07:28 India Standard Time 2018

61 Step Time = 1.000
£E22

40,

Displacement

&0

B.08
Stress

[x1.£9)

2 ri U, Magn
Deformed Var U Deformation Scale Facton +9.9344001

Then the stress concentration factor has been estimated, the
Von-Mises stress has been calculated and determines the
percentage error in the stress value. The estimated percentage
error in the stress value is shown in Table 5.1. It is observed
that the Von-Mises stress developed in the finite element
elastic model is 0.0639 % is greater than the Von-Mises stress
calculated with considering the stress concentration factor
from the basic expressions. This percentage deviation is within
the acceptable limit

Table 1. Comparison of Von-Mises stress - Elastic model

FEA Von-Mises stress (N/m?2) Percentage
model Calculated value Simulation value deviation
Elastic 165.029 x 10° 1.653 x 108 0.1639 %

3.2.2 Elastic model

The elastic model simulation has been carried out for a load
0of 6500 N. This load is greater than the minimum load required
to yield material AA7075 calculated from the basic
expressions. Table 2 shows the minimum and maximum
values of various parameters such as Von-Mises stress, elastic
strain, plastic strain, and spatial displacement. It is observed
that the minimum and maximum plastic strain values are zero.
It revealed that the model has analyzed within the elastic limit.

Table 2. Results of various parameters - Elastic model

S. Minimum Maximum
Parameters
No. value value
1 Von- Mises stress (N/m?) 0 1.653 x 108
2 Elastic strain ‘1'1207_ X 047108
3 Plastic strain 0 0
4 Spatial displacement (m) 0 1.309x 10
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Figure 7. (a) Elastic strain component (b) Spatial displacement (c) Stress Vs Displacement (d) Stress Vs Strain
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Figure 7(a) shows the minimum and maximum elastic strain
component of the elastic model of AA7075 material. The
maximum elastic strain located at the end of reduced sections
and the minimum in both end sections. It is observed that in an
elastic model tensile specimen the end sections have zero
strain.

Figure 7(b) shows the maximum spatial displacement at the
top end section and the portion of the reduced section. The
minimum displacement at the bottom end section. Figure 7(c)
shows that, the relation between stress and displacement of
material AA7075. It is observed that the stress is directly
proportional to the displacement. This relation revealed that
within the elastic limit the AA7075 material is a linear model.
Figure 7(d) shows the relationship between stress and strain of
material AA7075. It is identified that in material AA7075
within the elastic limit, the stress is directly proportional to the
strain rate. This behavior shows that the model which has
analyzed in the software '"ABAQUS' obeys Hook's law.

3.2.3 Elastic-plastic model

The elastic-plastic model simulation has been carried out for
a load of 15000 N. Table 3 shows the minimum and maximum
values of various parameters such as Von-Mises stress, elastic

strain, plastic strain, and spatial displacement. It is observed
that in the elastic-plastic analysis the plastic strain is more than
the elastic strain. It revealed that the model has analyzed
within the elastic-plastic limit.

Figure 8(a) shows the minimum and maximum elastic strain
component of the elastic-plastic model of AA7075 material. The
maximum elastic strain located just below the end of reduced sections
at the top and the minimum in both end sections. It is observed that
the elastic strain is migrated toward the center of the reduced section
in the specimen. Figure 8(b) shows the plastic strain component of
the specimen. It is identified that the plastic strain also migrated
towards the center of the specimen. Figure 8(c) shows the spatial
displacement of the specimen. The maximum displacement at the top
end section and gradually it's decreased in the reduced section. The
minimum displacement at the bottom end section. The displacement
is zero in the bottom end section of the specimen.

Table 3. Results of various parameters (Elastic-plastic model)

S. Minimum Maximum
Parameters
No. value value
1 Von- Mises stress (N/m?) 6.028 x 10* 3.982 x 108
2 Elastic strain 1.125x 102 -3.074x 10*
3 Plastic strain 0 6.219x 103
4 Spatial displacement (m) 0 7.408 x 10*

Figure 8. (a) Elastic strain plot (b) Plastic strain plot (c) Spatial displacement plot
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Figure 9 (a) shows the relation yield stress and plastic strain
of material AA7075. It is identified that for zero plastic strain
the yield stress is gradually increased and again increases by
the increase in plastic strain. Figure 9 (b) shows the
relationship between displacement and stress in the elastic-
plastic model. It is observed that the displacement is gradually
increased with an increase in the stress value. When the
specimen reaches the maximum stress, the displacement is
increased rapidly.

3.2.4 Reverse loading analysis results

The finite element method has been used to study the
reverse loading of solid homogeneous materials AA7075. The
load of negative 15000 N is applied at the top side of the
elastic-plastic specimen in the Reference Point (RP). The
reverse loading (compressive load) is carried out in an elastic-
plastic model. In this analysis, the specimen is allowed to
move in a vertically downward direction. The various
parameters such as Von-Mises stress, elastic strain component,
plastic strain component and spatial displacement of the
material AA7075 are analyzed. The 'AC yield' is observed in
the reverse loading analysis is shown in Figure 10 (a).

From Table 4 shows that the Von-Mises stress developed in
the finite element elastic-plastic model and reverse loading
model are the same. It's revealed that the stress has been
retained in the specimen under reversed loading. In both
elastic-plastic and reverse loading models the spatial

displacement also the same. Therefore the nodes in the
specimen are retained its position at the end of the reverse
loading process. The elastic and plastic strain is having the
deviation between both models. It shows that at the end of
reverse loading the total strain of the material AA7075 is not
retained. It is happened due to the effect of strain hardening of
the material. Figure 10 (b) shows the spatial displacement of
the AA7075 material in the reverse loading process. It is
observed that the displacement is gradually decreased and
rapidly decreased at the end of the reverse loading. This
phenomenon is reversed in the case of an elastic-plastic model.
It revealed that the spatial displacement of material AA7075
in the positive y-direction in case of tensile load and the
negative y-direction of compressive load are the same. Figure
10(c) shows the strain of AA7075 material in the reverse
loading process. It is observed that the strain is gradually
decreased, but in an intermediate portion between the starting
and end of reverse loading, the fluctuation of strain has been
taking place. This phenomenon is happened due to the
hardening and softening of the material. This consequence
occurs due to the sudden decrease in the strain hardening rate.
The identical result has been obtained in the stress of the
material as shown in Figure 10(d). The stress in the
intermediate portion of the material between the starting and
end of reverse loading is also varying based on the strain
hardening rate.

Table 4. Comparisons of various parameters of elastic-plastic and reverse loading models

Reverse loading model

Elastic-plastic model Percentage deviation

8. No. Parameters Maximum value Maximum value in %
1 Von- Mises stress (N/m?) 3.982 x 108 3.982 x 108 0
2 Elastic strain 1.205 x 102 1.125x 102 6.639
3 Plastic strain 6.989 x 1073 6.219x 103 11.017
4 Spatial displacement (m) 7.408 x 10 7.408 x 10 0
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Figure 10. (a) AC YIELD plot (b) Spatial displacement Vs Simulation time period (c) Strain Vs Simulation time period (d)
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4. CONCLUSION

In this paper, the effect of conventional casting and lost
foam casting of mechanical properties, cluster analysis,
surface roughness and FEA analysis have been studied. The
following conclusions have been drawn:

The surface roughness of aluminium alloy 7075 made by

conventional casting is lower than the by lost foam casting.

The tensile strength of aluminium alloy 7075 material
from the lost foam casting is higher than the conventional
casting.

From this SEM images of the aluminium alloy 7075 part
made of foam casting posse’s better bonding of aluminum
material than conventional casting. The dense molecular
bonding of aluminum in foam casting may improve the
impact strength.

The maximum elastic strain located at the end of reduced
sections and the minimum in both end sections.
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