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Abstract:  The method of stir casting is used to develop the straight sectioned beam which is made up of 
aluminum alloy 7075 for identifying the damping effect and structural changes due to hardening method by 
introducing the double heat treated or otherwise called as dual heat treated by the process of annealing and 
normalizing. The treating temperature of 2000C to 4500C has been used for the addition of heat over the surface 
of the casting specimen. The specimen fully made up of aluminum alloy 7075 by the process of stir casting 
method without adding any additives or reinforcements. The hardened Al7075 specimen involved through the 
vibration test in the formatted setup after it could compressed in mechanical press by hot forming method. The 
comparison has been done in between the dual heat treated and non heat treated specimens. The level of 
vibration has been reduced in the dual heat treated specimen compare with the non treated work pieces. The 
three modes of vibration measurements have been taken by using the external vibration tester.  
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I INTRODUCTION 

 The light weight high strength materials having excellent mechanical properties and application oriented 
usages especially in the automobile sector. The beam having rectangular cross section which is shaped from the 
cylindrical specimen of any nonferrous material that was developed through the process hot forming. Hot forming or 
hot compression is a method of plastic straining of metal especially in non-ferrous through simple shear with some 
equivalent change in the cross sectional surface area of the sample. Here in this process the grain structure is getting 
ultrafine grain size and also very high strain rate and the spins introduced into a specimen as it passes through the 
hot pressing die and with the effect of rotating the model between consecutive presses. In this project work the 
aluminiumAA7075 non-ferrous materials with the addition of some brittle nature reinforcement Zinc and Silicon 
Carbide is in the form of rectangular bar which is created by stir casting method. These are to be used as specimen 
samples and are involved in hot forming processes to develop the highly pressed composite beam from the casted 
bar which will withstand vibration in addition. The bond strength of this structure through strain rate and the 
participation of reinforcements lead to improve the self-damping capacity and hardness of the same specimens. So 
the vibration intensities are to be measured for both the existing bar and hot formed specimens which are having 
same dimensions by direct method of measuring displacement, acceleration and compare it with the existing alloy 
materials. The self-damping character is improved by these compressed composite bars through hot forming. The 
vibration inducer set up has to be arranged to create the uniform amplitude motion over the specimen structure after 
and before pressing through Hot forming processes.  The prediction of stresses and strain rates will be made up of 
modern dynamic simulator Deform 3D. The ANSYS analysis structure will clearly show the participation of 
reinforcement, grain boundary size and particle size reduction. Comparison will be made along the un-pressed 
specimens with the Hot formed specimens. The direct vibration measurements by the vibration tester are to be 
calculated and compare with the ANSYS solutions and vibration inducer setup readings. Then it will be finalized 
whether which one is better and effective. The comparison has to be made between the predicted values of stresses 
and strains with the vibration intensities of these composite beams through this process. 
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Before starting the experimental the specimen material has to be identified based on its mechanical properties and 
composition as shown in table 1. The Aluminum is a light weight high strength materials which is suitable for the 
remolding and melting to the required shapes and sizes. Especially Al7075 alloy was shortlisted for the hot forming 
and molding operation based on its strength and titanium content addition. It will give enormous amount of quality 
and strength.  
 

Fig. 1 Aluminium 7075 alloy rod and casted form
 
The chemical composition of Al7075 alloy:
 
Al 87.1 - 91.4  Cr 0.18 
Mn Max 0.3   l Max 0.15
 
Casting is a manufacturing process in which a liquid material is usually poured into a
cavity of the desired shape, and then allowed to solidify. The solidified part is also known as a
ejected or broken out of the mold to complete the process. Casting materials are usually metals or various
setting materials that cure after mixing two or more components together; exam
are epoxy, concrete, plaster and clay. Casting is most often used for making complex shapes that would be otherwise 
difficult or uneconomical to make by other methods.

Fig.2
 

II EXPERIMENTAL DETAILS 

Before starting the experimental the specimen material has to be identified based on its mechanical properties and 
composition as shown in table 1. The Aluminum is a light weight high strength materials which is suitable for the 
remolding and melting to the required shapes and sizes. Especially Al7075 alloy was shortlisted for the hot forming 

based on its strength and titanium content addition. It will give enormous amount of quality 

Fig. 1 Aluminium 7075 alloy rod and casted form 

The chemical composition of Al7075 alloy:-  

0.18 - 0.28  Cu 1.2 - 2  Fe Max 0.5   
Max 0.15  Si Max 0.4  Ti Max 0.2   

process in which a liquid material is usually poured into a mold, which contains a hollow 
cavity of the desired shape, and then allowed to solidify. The solidified part is also known as a

of the mold to complete the process. Casting materials are usually metals or various
after mixing two or more components together; exam

. Casting is most often used for making complex shapes that would be otherwise 
difficult or uneconomical to make by other methods. 

 
Fig.2 Stir casting process of Al7075 beam 

Before starting the experimental the specimen material has to be identified based on its mechanical properties and its 
composition as shown in table 1. The Aluminum is a light weight high strength materials which is suitable for the 
remolding and melting to the required shapes and sizes. Especially Al7075 alloy was shortlisted for the hot forming 

based on its strength and titanium content addition. It will give enormous amount of quality 

 

 Mg 2.1 - 2.9  
 Zn 5.1 - 6.1 

, which contains a hollow 
cavity of the desired shape, and then allowed to solidify. The solidified part is also known as a casting, which is 

of the mold to complete the process. Casting materials are usually metals or various cold 
after mixing two or more components together; examples 

. Casting is most often used for making complex shapes that would be otherwise 
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Sand casting, also known as sand molded 
the mold material. The term "sand casting" can also refer to an object produced via the sand casting process. Sand 
castings are produced in specialized factories
casting process. Molds made of sand are relatively cheap, and sufficiently refractory even for steel foundry 
addition to the sand, a suitable bonding agent (usually clay) is mixed or occurs with the sand. The mixture is 
moistened, typically with water, but sometimes with other substances, to develop the strength and plasticity of the 
clay and to make the aggregate suitable for molding. The sand is typically contained in a system of frames or
boxes known as a flask. The mold cavities
called patterns, by carving directly into the sand, or by

III PREPARATION OF
 
Stress relieving 
 
 Stress relieving is a technique to remove or reduce the internal stresses created in a metal. These stresses 
may be caused in a number of ways, ranging from cold working to non
accomplished by heating a metal below the lower critical temperature and then cooling uniformly.
commonly used on items like air tanks, boilers and other
welding process. 
 

Fig. 3 Heat treatment of Al7075 alloy in the Muffle furnace

Annealing 
 
 Annealing consists of heating a metal to a specific temperature and then cooling at a rate that will produce a 
refined microstructure, either fully or partially separating th
Annealing is most often used to soften a metal for
like electrical conductivity. 
 
Normalizing 
 
 Normalizing is a technique used to provide uniformity in grain size and composition (
throughout an alloy. The term is often used for ferrous alloys that have been
air. Normalizing not only produces pearlite, but also martensite and sometimes
stronger steel, but with less ductility for the same composition than full annealing.
 

sand molded casting, is a metal casting process characterized by using
material. The term "sand casting" can also refer to an object produced via the sand casting process. Sand 

actories called foundries. Over 60% of all metal castings are pro
Molds made of sand are relatively cheap, and sufficiently refractory even for steel foundry 

addition to the sand, a suitable bonding agent (usually clay) is mixed or occurs with the sand. The mixture is 
moistened, typically with water, but sometimes with other substances, to develop the strength and plasticity of the 

aggregate suitable for molding. The sand is typically contained in a system of frames or
mold cavities and gate system are created by compacting the sand around models 

, by carving directly into the sand, or by 3D printing. 
 
 

III PREPARATION OF HEAT TREATMENT 

Stress relieving is a technique to remove or reduce the internal stresses created in a metal. These stresses 
caused in a number of ways, ranging from cold working to non-uniform cooling. Stress relieving is usually 

accomplished by heating a metal below the lower critical temperature and then cooling uniformly.
anks, boilers and other pressure vessels, to remove all stresses created during the 

Fig. 3 Heat treatment of Al7075 alloy in the Muffle furnace 
 

Annealing consists of heating a metal to a specific temperature and then cooling at a rate that will produce a 
, either fully or partially separating the constituents. The rate of cooling is generally slow. 

Annealing is most often used to soften a metal for cold working, to improve machinability, or to enhance properties 

Normalizing is a technique used to provide uniformity in grain size and composition (
throughout an alloy. The term is often used for ferrous alloys that have been austenized and then cooled in open 

Normalizing not only produces pearlite, but also martensite and sometimes bainite, which gives harder and 
for the same composition than full annealing. 

process characterized by using sand as 
material. The term "sand casting" can also refer to an object produced via the sand casting process. Sand 

. Over 60% of all metal castings are produced via sand 
Molds made of sand are relatively cheap, and sufficiently refractory even for steel foundry use. In 

addition to the sand, a suitable bonding agent (usually clay) is mixed or occurs with the sand. The mixture is 
moistened, typically with water, but sometimes with other substances, to develop the strength and plasticity of the 

aggregate suitable for molding. The sand is typically contained in a system of frames or mold 
are created by compacting the sand around models 

Stress relieving is a technique to remove or reduce the internal stresses created in a metal. These stresses 
uniform cooling. Stress relieving is usually 

accomplished by heating a metal below the lower critical temperature and then cooling uniformly. Stress relieving is 
, to remove all stresses created during the 

 

Annealing consists of heating a metal to a specific temperature and then cooling at a rate that will produce a 
e constituents. The rate of cooling is generally slow. 

, to improve machinability, or to enhance properties 

Normalizing is a technique used to provide uniformity in grain size and composition (equiaxing) 
and then cooled in open 

, which gives harder and 
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Fig. 4 Al7075 Hot compressed specimen for vibration test
 
VIBRATION TEST: 
 
Vibration is a mechanical phenomenon whereby
from Latin vibration ("shaking, brandishing"). The oscillations may be
or random, such as the movement of a tire on a gravel road.
the amount of stress, such as vibration or knock applied to
it is also called as a piezo electric sensor
specimen by the arrangement as sown in fig. by giving the frequency levels as inputs and makes
acceleration and velocity ranges. Simultaneously, the direct method of vibration measurement has been carr
by the vibration meter as shown in figure 4.  
 
 

Fig. 5 Vibration setup of compressed Al7075 alloy beam
 
 

Al7075 Hot compressed specimen for vibration test 

a mechanical phenomenon whereby oscillations occur about an equilibrium point
"shaking, brandishing"). The oscillations may be periodic, such as the motion of a pendulum 

, such as the movement of a tire on a gravel road. Piezo electric sensor generates voltage proportional to 
or knock applied to piezoelectric crystal. It is used to detect knocks and hence 

sensor. The vibration induced over the surface of the hot compressed aluminum 
specimen by the arrangement as sown in fig. by giving the frequency levels as inputs and makes 

Simultaneously, the direct method of vibration measurement has been carr
by the vibration meter as shown in figure 4.   

Vibration setup of compressed Al7075 alloy beam 

 

 

equilibrium point. The word comes 
uch as the motion of a pendulum 
generates voltage proportional to 

crystal. It is used to detect knocks and hence 
of the hot compressed aluminum 

 it vibrate at   certain 
Simultaneously, the direct method of vibration measurement has been carried out 

 

ISSN NO: 0972-1347

http://ijics.com622

INTERNATIONAL JOURNAL OF INFORMATION AND COMPUTING SCIENCE

Volume 6, Issue 7, July 2019



VIBRATION TESTER 
 
 Vibration meter or analyzer is an electronic device which is able to process
Vibration device is able to process the voltage signal and display
displacement and frequency. The device is capable for finding the four different parameters of acceleration, velocity, 
frequency and displacement. Based on the deviation in any structures which we preferred it can be easily measure 
the vibration in the mode of frequency or other parameter. 
the mode key. The magnetic probe end us
parameters.  
 

TABLE I VIBRATION MEASUREMENT OF HEAT TREATED AND NON HEAT TREATED SPECIMEN

 

Sl.No SPECIMEN 
HEAT 

TREATMENT
(°C) 

 
1 Al 7075 

Heat Treated 

 
450 

 
2 

Al 7075 
Dual Heat 

Treated 

 
200-450 

 
3 

Al 7075 
Non Heat 
Treated 

 
-Nil- 

 
IV RESULTS AND DISCUSSIONS 

 

or analyzer is an electronic device which is able to process
device is able to process the voltage signal and display vibration values such as acceleration, velocity, 

The device is capable for finding the four different parameters of acceleration, velocity, 
d displacement. Based on the deviation in any structures which we preferred it can be easily measure 

the vibration in the mode of frequency or other parameter. The display showed clearly the readings at each press of 
The magnetic probe end used to stick over the surface of the vibrant and to measure various 

 
Fig. 6 External Vibration tester  

 
 

TABLE I VIBRATION MEASUREMENT OF HEAT TREATED AND NON HEAT TREATED SPECIMEN

TREATMENT 
ACCELERATION 

(m/s2) 
VELOCITY 

(mm/s) 
DISPLACEMENT

(mm)

9.3 23.8 0.230
7.5 15.97 0.175

10.5 20.30 0.192
9.3 23.8 0.230
6.1 14.57 0.165
6.7 15.7 0.138
9.3 23.8 0.230
6.7 17.69 0.220

13.5 23.59 0.226

or analyzer is an electronic device which is able to process vibration signals. 
values such as acceleration, velocity, 

The device is capable for finding the four different parameters of acceleration, velocity, 
d displacement. Based on the deviation in any structures which we preferred it can be easily measure 

The display showed clearly the readings at each press of 
ed to stick over the surface of the vibrant and to measure various 

TABLE I VIBRATION MEASUREMENT OF HEAT TREATED AND NON HEAT TREATED SPECIMEN 

DISPLACEMENT 
(mm) 

FREQUENCY 
(Hz) 

0.230 43 
0.175 42 
0.192 43.3 
0.230 43 
0.165 41 
0.138 43.2 
0.230 43 
0.220 63 
0.226 68.8 
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Fig. 7 Total displacement values from the vibration meter readings
 
Hardness 
 
 Hardness is a measure of the resistance to localized plastic deformation 
indentation or abrasion. Some materials (e.g.
hardness is generally characterized by strong
complex; therefore, there are different measurements of hardness:
and rebound hardness. 
 
Indentation hardness 
 
 Indentation hardness measures the resistance of a sample to material deforma
compression load from a sharp object. Tests for indentation hardness are primarily used 
in engineering and metallurgy fields. The tests work on the basic premise of measuring the critical dimensions of an 
indentation left by a specifically dimensioned and loaded indenter.
are Rockwell, Vickers, Shore, and Brinell
 
Brinell hardness test: 

 The Brinell scale characterizes the
indenter, loaded on a material test-piece. It is one of several definitions of hardness in
by Swedish engineer Johan August Brinell
in engineering and metallurgy. The large size of indentation and possible damage to test
The Brinell hardness tests were conducted over the hot formed specimen by the deep penetration of ball indentation. 
The diameter of the indentation has carried out at various spots on the surface of the specimen. Better hardness of 
237.46 BHN was achieved in the dual heat treated Al7075 specimen compare with the non heat treated specimens. 

 
Total displacement values from the vibration meter readings 

is a measure of the resistance to localized plastic deformation induced by either mechanical 
indentation or abrasion. Some materials (e.g. metals) are harder than others (e.g. plastics, wood
hardness is generally characterized by strong intermolecular bonds, but the behavior of solid materials under force is 
complex; therefore, there are different measurements of hardness: scratch hardness, indentation hardness

Indentation hardness measures the resistance of a sample to material deformation due to a constant 
compression load from a sharp object. Tests for indentation hardness are primarily used 

fields. The tests work on the basic premise of measuring the critical dimensions of an 
indentation left by a specifically dimensioned and loaded indenter. Common indentation ha

Brinell, amongst others. 

 
characterizes the indentation hardness of materials through the scale of penetration of an 

piece. It is one of several definitions of hardness in materials science
Johan August Brinell in 1900, it was the first widely used and standardized hardness test 

. The large size of indentation and possible damage to test-piece limits its usefulness
The Brinell hardness tests were conducted over the hot formed specimen by the deep penetration of ball indentation. 
The diameter of the indentation has carried out at various spots on the surface of the specimen. Better hardness of 

d in the dual heat treated Al7075 specimen compare with the non heat treated specimens. 

 

induced by either mechanical 
wood). Macroscopic 

id materials under force is 
indentation hardness, 

tion due to a constant 
compression load from a sharp object. Tests for indentation hardness are primarily used 

fields. The tests work on the basic premise of measuring the critical dimensions of an 
Common indentation hardness scales 

of materials through the scale of penetration of an 
materials science. Proposed 

in 1900, it was the first widely used and standardized hardness test 
piece limits its usefulness. 

The Brinell hardness tests were conducted over the hot formed specimen by the deep penetration of ball indentation. 
The diameter of the indentation has carried out at various spots on the surface of the specimen. Better hardness of 

d in the dual heat treated Al7075 specimen compare with the non heat treated specimens.  
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Fig. 8 Brinell Hardness Measurement on Hot compressed Al7075 Specimen

Where, 
BHN  = Brinell hardness number (kgf/mm
D  = diameter of indenter (mm)  

TABLE II HARDNESS MEASUREMENT
 

Fig. 9 Comparison of hardness test results

Sl.No SPECIMEN 

1 Al 7075 Heat Treated

2 Al 7075 Dual Heat Treated

3 Al 7075 Non Heat Treated

 
 

Brinell Hardness Measurement on Hot compressed Al7075 Specimen
 

 

(kgf/mm2)        P  = applied load in kilogram-force (kgf)    
           d  = diameter of indentation (mm) 

 
TABLE II HARDNESS MEASUREMENT 

Fig. 9 Comparison of hardness test results 

HEAT TREATMENT 
(°C) 

BRINELL HARDNESS 
NUMBER

Heat Treated 450 

Dual Heat Treated 200-450 

Non Heat Treated -Nil- 

Brinell Hardness Measurement on Hot compressed Al7075 Specimen 

 

BRINELL HARDNESS 
NUMBER 

(BHN) 

217.81 

237.46 

200.48 
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Prediction through ANSYS simulator
 
 The simulation result from ANSYS 13 was very useful for the prediction before the experimentation. The 
deformation of the bar supported from the centre of the beam has to be induced the vibration. The model can be 
created and the density values were given 
exactly related to the experimental values of the vibration parameters. The model analysis has been followed over 
the beam  model which is mentioned in figure 10. 
 
 

 
 

Fig. 10 Prediction of displacement function in ANSYS 13 
(i) Longitudinal

Prediction through ANSYS simulator 

The simulation result from ANSYS 13 was very useful for the prediction before the experimentation. The 
deformation of the bar supported from the centre of the beam has to be induced the vibration. The model can be 
created and the density values were given to the prior input slots in the simulation tools. The values were obtained 
exactly related to the experimental values of the vibration parameters. The model analysis has been followed over 
the beam  model which is mentioned in figure 10.  

(i) 
 

 (ii)  

Fig. 10 Prediction of displacement function in ANSYS 13  
Longitudinal displacement (ii) Transverse Displacement 

 

The simulation result from ANSYS 13 was very useful for the prediction before the experimentation. The 
deformation of the bar supported from the centre of the beam has to be induced the vibration. The model can be 

to the prior input slots in the simulation tools. The values were obtained 
exactly related to the experimental values of the vibration parameters. The model analysis has been followed over 
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V CONCLUSION 
 
Thus the Aluminium 7075 alloy has been  re-modified with the help of stir casting method for our required shapes 
and dimensions. The casting specimen is trimmed by simple machining and surface treatments. The better hardness 
results were achieved in dual heat treated specimen when compared with normal heat treated and non heat treated 
specimens. Less vibration parameters (acceleration, velocity and displacement) were received for the dual heat 
treated specimen with the fixed support at the centre. The experimental values of hardness and frequency of 
vibration which is exactly related and well predicted with the aid of ANSYS Workbench simulation results of total 
deformation.  
 

REFERENCE 
[1] P.Cavaleire, E.Seri, A.Squillace, Department of Material and Production Engineering, Mechanical 
 Response of Al Alloys, 2005. 
[2] P.Hidalgo-Manrique, C.M Cepeda, Jimi’nez, A.Orozco-Cabellero, O.A Ruano, F.Carreno(J mater Sci), 
 2014 
[3] Mohit Kumar Sahul, Ram Kumar Sahul Trans Indian International Met(IIM),2017. 
[4] D. M. Karpinos,L. I. Tuchinskii,V. Stupko, L. R. Vishnyakov, and Yu. B. Askochenskii Institute of 
 problems of material science, Springer. 
[5]  V.A.Grechishniko,F. Gumerov, V. Lakhnoc,V. P.Voronenkoa,(Russian Engineering Research) 2017, Vol. 
 37, No. 10, pp. 919–924. 
[6] Jaume Pujant,Montserrat Vilasecae,Daniel Casellas& Maria Dolors RieraSpringer Science + Business 
 Media New York , 2015. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ISSN NO: 0972-1347

http://ijics.com627

INTERNATIONAL JOURNAL OF INFORMATION AND COMPUTING SCIENCE

Volume 6, Issue 7, July 2019


