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Abstract- The material characteristics of Sic-Tio2 reinforced metal matrix composites made by powder metallurgy route 
were studied. This particulate reinforcement of metal matrix composites is an important to the development and application 
of these for structural use. Generally aluminium based composite materials has high strength to weight ratio, high hardness 
and good thermal conductivity for compared to other than materials. In this investigation, using numerical approach was 
used to correlate the characteristicsof materials and to illustrate the mechanical behavior of aluminiumalloys. Three 
dimensional models, simulations of the mechanical behavior under the tension, impact and double shear was performed. The 
metal matrix composites of test specimens are prepared with varying reinforcement ratio as 5%, 10%, 15%, 20% 
respectively. Tensile, impact, and double shear was investigated for the prepared specimens of MMC’s under the powder 
metallurgy route. It shows the effect of reinforcement increasing weight fraction. The microstructure was investigated 
depending upon the precipitation hardening. This present work for adding different fractions of reinforcement to achieve 
high hardness, tensile strength at environmental and working temperature.The numerical results were found good agreement 
with the experimental results.  
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I. INTRODUCTION 
 
Advanced hybrid composite materials like Al-Sic-
Tio2 metal matrix composites can be used wide range 
of industrial applications [6]. e.g. aerospace, 
automobile industries, and manufacturing industries 
due to necessary characteristics of good corrosion 
resistance, high thermal conductivity, light weight 
metal, high hardness and thermal shock resistance, 
superior wear , high fatigue strength and so on [1-4]. 
These properties of reinforcement matrix materials 
are productive of the metal matrix composites 
(MMC’S).The advantage of reinforcement to increase 
the strength of the mixed composite materials. And 
the distribution of reinforcement based on the 
different aspects such behavior of matrix melt, 
particle incorporated method, powder mixing before 
and after [5]. Fatigue behavior is an important role in 
manufacturing of composite materials. It is very 
essential for aluminium based composite materials as 
well as the automotive applications. These aluminium 
composites should containsmall amount of ceramic 
particles (Sic-Tio2) increasing the resistance, but 
reduced the tensile strength and fatigue characteristics 
[7-9].Bhattacharyya, reported as combinations 
aluminium and silicon carbide metal matrix 
composites has low density and light weight, high 
strength, and high wear resistance compare with the 
other materials [10]. However the most amongst 
preferred method is stir casting liquid metallurgy for 
manufacturing the composites. The basic concept is 
dispersed phase or reinforced phase consist of 
particulate as silicon carbide and titanium di oxide are 
used to improve the characteristics of the matrix 

phase [11]. Instead of these cases of matrix phase 
compared with the other types ceramic composites. 
 MMC’s generally made most of the stir 
casting method was preferred compare with the other 
casting methods. It was easy to manufacturing, high 
flexible during the machining process.In this method 
reinforcement is distributed uniformly for the 
different conventional alloys. During this 
conventional process the binding of metal and 
ceramic isbiggest achievement of composite 
materials. Development of composite material good 
bonding between the base material and reinforcement 
material.Oxidation is difficult to placing between the 
matrix material and reinforcement in order to achieve 
uniform distribution of powder particles. The size and 
shape of powder material of reinforcement 
encountered during the manufacturing of metal 
matrix composites. 
 Various properties of reinforcement are used 
different materials as Sic, TiO2, Al2O3, B4T etc. 
These Tio2 is a new reinforcement in metal matrix 
composites and has good thermal conductivity, high 
stiffness, and low weight ratio respectively for the 
distribution of metal matrix composites.  Present 
work to investigate the effect reinforcement bonding 
with different percentage ratios in aluminium based 
composite metal matrix composites. And also using 
finite element method through tensile and impact test 
was investigated belongs to under the different 
loading conditions. The properties of tensile, 
hardness, and impactwas investigated in this metal 
matrix composites. Microstructure was evaluated the 
binding of three more composite materials as matrix 
and reinforcement phase. 
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II. EXPERIMENTAL SETUP 
 
Initially Al 6061 was melting with the help of 
Crucible furnace .The furnace was heated for the 
reinforcement materials as Sic and Tio2 gradually 
raised the temperature upto 857o C slightly more than 
the liquid temperature maintained at particular period 
of time.Vortex technique is used to dispersethe 
reinforced matrix of Sic and Tio2 particle size 5-
30µm was used in FCC structure. This reinforcement 
material preheated at 200-350o C of vortex was 
created to mix with the liquid metal at a rate of 150 
g/min. To increase the wettability of base material a 
small amount of ceramic was used. After the melting 
process, composite material has fully stirred and to 
create a good binding capacity.Totally four 
specimens are prepared along the cylindrical die. It 
was machined named by universal testing machine 
xxxx. The different composition of aluminium alloys 

80% and others 20 % was used in this present study 
for the preparation of composite metal matrix 
composites. The entire test was carried out the way to 
compared with the base material and combinations of 
reinforced material along with the ASTM standards. 
The chemical compositions and mechanical 
properties of AA 6061 alloys tabulated below the 
table 1 and 2.Tensile test were performed under the 
loads and atmospheric temperature in the universal 
testing machine. The specimen has machined as 
rounded shape of diameter 10mm and length 150mm 
was performed. It can be used to determine the 
elongation of the material elasticity as for the 
materials are inhomogeneous.ASTME-8 Standard 
specimens with 203mm gauge length and extension 
Length of 51mm were used to evaluate ultimate 
tensile strength, yield strength and percent elongation. 
 

 
Table 1.Chemical properties of composite materials 

  
Table 2. Mechanical properties of composite materials 

  
Impact test was conducted for the metal matrix 
composites along with the different compositions. 
The testing machine to absorb the energy mechanism 
of izod impact test was used. And stir casting 
preparation of test specimens are cutted into 
particular length was measured. This Phenomenon of 
applying shockloading, when the workpiece absorb 
the strain energy due to material resistance before it 
breaks through the material toughness.Impact 
specimen having the dimension of 10x10x100 and 
corresponding values of impact strength were 
investigated. 

 Brinell hardnessAIT 300N test was conducted for the 
prepared specimens. The addition Sic and Tio2 weight 
volume fraction, effect of hardness value decreased 
gradually at the rate 10%, 20%, and 30% 
respectively. The lesser amount load was applied on 
the specimen.Bulk hardness measurements were 
carried out on the base metal and composite samples 
by using standard Brinell hardness test machine.  
Load applied was 250kg and indenter used was 1\16 
inch B scale type. 

 

 
 
The ASTMB769 Test method provides ultimate shear 
strength. The loading device is a double-shear fixture 
design capable of specimen diameters of 0.1875 
in(4.76mm),0.375 in (9.52mm) and 0.5 in(12.7 
mm).The fixture is constructed with high 
strength,high corrosion-resistant hardened steel dies. 

The fixture was designed to keep the center die 
accurately on the load centerline even after the dies 
have been sharpened. The fixture is kept in the 
universal testing machine and the double shear stress 
was investigated. 
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III. FINITE ELEMENT METHOD 
 
Numerical method is an advancement technique for 
solving engineering designs. The designs to interrupt 
the graphical representations of the physical 
phenomenon. This process of finite element method 
to applying materials, boundary conditions and 
loading conditions were applied similar to the 

experimental boundary conditions [12]. The material 
properties of young’s modulus and poisons ratio was 
tabulated along with the experimental results. This 
numerical solution was used to identify the tensile, 
and impact strengthof the composite materials. The 
ansys element triangular mesh was used to discretize 
for the element model as shown in figure.   
 

 

 
Fig 2.(a)Tensile specimen (b) Mesh odel 

 

 
 
IV. RESULTS AND DISCUSSIONS 
 
Ultimate tensile strength is shortened by tensile strength is the maximum stress starts with center of the position 
termed as change in dimension of the contract. The properties of the test specimen don’t change, but it can 
change different mixture of composite materials of matrix and reinforcement bonding. The tensile strength 
depends on bonding between the matrix and reinforcement. The function of matrix to enhanced with the 
reinforcement and transfers the load through the ceramics. The characterization of the composite reveals that for 
the content of ceramic has significant effect of good mechanical properties. The ultimate tensile strength for the 
graph shows the variation of adding reinforcement material to measure the volume fractions between the metal 
matrix composites 0%, 10%, 20%, 30% respectively. The experimental results of tensile specimen for the 
different volume fraction specimen as shown in below the graph. The tensile strength increases with increasing 
reinforcement are the main load carrying members and increase the maximum stress. 
 

 
Fig 3. Tensile strength 

 
The impact strength of the compositions for the graph variation as shown in below the graph. Impact of high 
energy can be withstand for the increasing the reinforcement to desire the strength of the metal matrix 
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composites. The moment increasing torsion for the test specimen toughness of the material under the dynamic 
loading condition was determined. And the principle of amount of strain energy will break the test specimen, 
matrix and reinforcement characteristics was evaluated. This energy variation shows the stiffness of the 
material. 
 

 
Fig 4.Impact strength 

 
Double shear test was investigated for the different amount of percentage mixed reinforcement materials. The 
ASTMB769 machine was used to determine the double shear characteristics of the prepared metal matric 
composites. It determinate loading structures and resistance of load carrying capacity for that addition of 
reinforcement increased gradually. This shear test was conducted for the room temperature. These value of 
could be noted in digital measuring instruments. 
 

 
Fig 5. Double shear 

 

 
Fig 6. % of elongation 

 
The result predicts the weight percentage of Sic and Tio2 to decrease the percentage of elongation. This is due to 
increase the ductility of the material for the high tensile strength.  
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Fig 7.Hardness value 

 
The hardness of the specimen varies because of adding silicon carbide and titanium di oxide. The addition of 
10% of any constituent’s similar hardness values.At the same time, the addition of 10 Percentage of titanium 
dioxide also has the same hardness value and also the 10 percentage addition of silicon carbide reduces the 
hardness value to a lower hardness. This is due to the volume fraction reduction in that particular specimen. 
 
Finite element formulation of matrix and reinforcement material deformation and stress variation as shown in 
below figures. The red color of the maximum deformation, those results was characterized by decreasing 
strength due to static loading condition. This strength decreasing gradually to establish the tensile behavior of 
the composite materials.  
 

 
Fig 8.Deformation and Von-misses Stress due to tensile force Al 6061+10Sic+10Tio2  (b) Al 6061+20Sic+20Tio2 (c)Al 

6061+30Sic+30Tio2 
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Fig 9.Deformation and Von-misses Stress due to Impact force 

Al 6061+10Sic+10Tio2 (b) Al 6061+20Sic+20Tio2 (c)Al 6061+30Sic+30Tio2
 

With the advancement of computers, finite element 
analysis [6] has become one of the most important 
tools available to an engineer for design analysis. The 
finite element method is one of the most general 
procedures for solving complex analysis problems.  
For  performing  finite  element  analysis the  material  
was  considered  to  be  isotropic  in  nature  and the  
boundary  condition  and  load  conditions  applied  
were similar  to  the  experimental  condition.  The  
element  type used  for  ANSYS  work  was  solid  8-
node  45  [23]  and  the values of young modulus and 
poison ratio were taken from experimental  results.  
The force v/s deflection plots were plotted using 
ANSYS data and the comparisons were made with 
experimental results. 
Results revealed that tensile and impact results for 
numerical analysis are better than experimental 
results. This deviation of results occurred due to 
manufacturing defects of composites like blow holes, 
porosity etc.Further in  

 
analysis part isotropic behavior was considered, but it  
is not possible to achieve isotropic behavior 
practically using random oriented fibers due to stress 
concentrations at ceramics ends. 
 
CONCLUSION 
 
The present investigations of mechanical behavior of 
metal matrix composites revealed that the tensile 
strength and Impact strength is greatly influenced by 
the ceramic content/ weight fraction of reinforcement 
in matrix. A reinforced composite shows more tensile 
and flexural strength than unreinforced epoxy. With 
increase in 30 % of weight fraction of glass fibers 
over pure ceramic, the tensile strength and 
impactstrength increased by 14.5 %and 123.65%. The 
contribution to Impact is more than tensile strength 
due to presence of ceramics which increased the 
overall stiffness of composites. The value of young 
modulus of elasticity also increased with increase in 
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weight fractionof material, which signifiesincreased 
strength and reduced strain. The finite element 
analysis of ceramic reinforced composite  has  
generated  the detailed  quantitative  data  about  the  
failure  morphology  of the  composites.  For tensile 
tests maximum stresses are occurring at Centre of 
specimen from where fracture starts. In  impact  
testing  also maximum stresses are occurring at the  
point  where  load  is  applied  and  breaking  starts  
from here.  Both theresults of finite element analysis 
and experimental analysis are in good agreement. 
 
Moreover the addition of 5 percentages in Sic 
improves the tensile properties very much nearer to 
titanium dioxide with aluminium. Yield strength is 
high in the composition of 5 Percentage Sic with 
Aluminium compare with other specimens. The 
impact strength of specimen is high in addition with 
10 percentage composition of titanium dioxide and 10 
percentage siliconcarbide. Further the addition of 5 % 
of titanium di oxide and silicon carbide decrease the 
impact strength. The flexural strength of the 
aluminium metal matrix composite has improved in 
aluminium reinforcement with titanium dioxide both 
at 10% and 5 %. But in addition of silicon carbide 
reduces the flexural strength of entire aluminium 
metal matrix composite. 
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