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  Automobiles are using heavy materials which reduce the mechanical efficiency, thermal efficiency and fuel Consumption is 

increasing vice versa. In my point of view all these drawbacks can be overcome by replacing composite materials instead of heavy 

metals in manufacturing. High specific stiffness and near-zero coefficient of thermal expansion is being experienced in Metal 

Matrix Composites (MMC’S).These are a new class of materials that combine two or more separate components into a form 

suitable for structural applications. While each component retains its identity, the new composite material displays macroscopic 

properties superior to its parent constituents, particularly in terms of mechanical properties and economic value. Aluminum 

possesses favorable physical and chemical properties such as high strength, hardness, elastic modulus and excellent resistance to 

thermal and chemical environments. However, its applications are somewhat limited because of poor toughness and inferior 

thermal resistance. On the other hand, most structural ceramics present poor electrical conductivity. The different composition of 

Copper, Aluminum and Zirconia will be analyzed and identify the suitable composition. It will be report that the incorporation 

of some amounts of small-size metal particles into an Al matrix, as in the case of Cu – Aluminum and Zirconia composite 

materials specimens is to be fabricated. The Hardness, Impact and microstructure of the composites is observed. 
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1. INTRODUCTION 

COMPOSITE MATERIALS: 

Composite materials (or composites) are materials 

fashioned from two or a lot of integration materials 

having considerably totally different physical or 

chemical properties, that once combined along, produces 

a fabric having totally different characteristics from the 

individual parts. The individual parts can stay separate 

and distinct inside the finished structure. 

Typical examples of engineered composite materials 

include: 

 Ceramic Composites 

 Metal Composites 

 Composite building materials like cements, concret 

Composite materials generally used farm and 

construction and transportations and automotive 

components. Some infrastructure including building 

blocks, roads, bridges. Marine components of boat hulls, 

bulkheads and other components of military. Composite 

material are broadly classified into five these are metals, 

elastomers, glasses, ceramics and polymers show in 
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figure. The distinction between material and structure 

isn't clearly outlined. after we conjointly embrace 

material structures, the amount is greater, and also the 

cataloguing of the term (materials and structures), 

although it's not a traditional means of constructing a 

cataloguing, could appear as if the one purposed. 

CONSTITUENTS OF COMPOSITE MATERIALS: 

There are two phases of composite materials, thus are 

 Matrix phase 

 Reinforcement phase (dispersed) 

MATRIX PHASE 

The matrix is that the monolithic material into that the 

reinforcement is embedded, and is totally continuous. 

This implies that there's a path through the matrix to any 

purpose within the material, in distinction to two 

materials sandwiched on. In structural applications, the 

matrix is usually a lighter metal like range 13, 

magnesium, or metal, and provides a compliant support 

for the reinforcement. 

REINFORCEMENT (DISPERSED) PHASE 

The second section (or phases) is embedded within the 

matrix in a very discontinuous type. This secondary 

section is termed form is sometimes stronger than the 

matrix, thus it's typically referred to as reinforcing 

section. Several of common materials (metal alloys, 

doped Ceramics and Polymers mixed with additives) 

even have atiny low quantity of distributed phases in 

their structures, but |they're not thought-about as 

composite materials since their properties area unit the 

same as those of their base constituents (physical 

properties of steel are the same as those of pure iron). 

METAL MATRIX COMPOSITE PROCESSING 

METHODS 

The Metal matrix composites are fabricated by various 

techniques which are generally classified in to two major 

methods such as 

1) Liquid State Fabrication 

2) Solid state fabrication 

Here we have focused on the Liquid state fabrication 

techniques. 

a. Stir Casting 

b. Infiltration 

c. Gas Pressure Infiltration 

d. Squeeze Casting Infiltration 

e. Pressure Die Infiltration 

Stir Casting: 

 Stir Casting could be a liquid state methodology of 

composite materials fabrication, within which a phase 

(ceramic particles, short fibres) is mixed with liquid 

metal 8 matrixes by, suggests that of mechanical stirring. 

Stir Casting is that the simplest and therefore the most 

value effective methodology of liquid state fabrication. 

The stir casting machine is as shown in fig. 1.6.The liquid 

material is then forged by typical strategies and should 

even be processed by typical metal forming technologies.  

Stir casting is characterized by the following features: 

 Content of dispersed particles is restricted (usually 

less than 30vol. %). 

 Distribution of dispersed particles throughout the 

matrix isn't absolutely undiversified. 

 There are native clouds (clusters) of the dispersed 

phase (fibres). 

There could also be gravity segregation of the part 

dispersed particles phase form because of a distinction 

within the densities of the distributed and matrix phase. 

 

OBJECTIVE OF THE WORK:  

The objectives of this work are to study the fundamental 

characteristics of Aluminium and 

 Copper - Zirconia. From the existing studies, 

improve the toughness of the aluminium and 

Copper Composite material, through with various 

composition as discussed for the application of 

brake. 

 To analyze the Aluminium, Copper and Zirconia 

with various compositions and adopt for some 

specific applications. 

 

2. SELECTION OF MATERIALS: 

In this work mainly three materials required those are 

a. Matrix Material - Aluminium-6061  

b. Reinforcement –Copper-Zirconia 

 Matrix Material Aluminium: 

Aluminium is employed as matrix material as shown in 

fig three.1.it is one among the foremost bumper metal on 

the planet and most economic furthermore. 

Reinforcement of Copper and Zirconia: 
COPPER 

Copper is a chemical element with the symbol Cu and 

atomic number 29. It is a ductile metal with very high 
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thermal and electrical conductivity. Pure copper is rather 

soft and malleable and a freshly-exposed surface has a 

pinkish or peachy color, which (besides gold and 

cesium) is unusual for metals, which are usually silvery 

or grayish. It is used as a thermal conductor, an electrical 

conductor, a building material, and a constituent of 

various metal alloys.The chemical composition of copper 

material 

ZIRCONIA 

Zirconia can be found in three crystal structure. These 

are monolithic (m), tetragonal (t) and cubic (c) structures. 

Monolithic structure is stable between room temperature 

and 1170 0C while it turns to tetragonal structure above 

1170 0C. Tetragonal structure is stable up to 2379 0C and 

above this temperature, the structure turns to cubic 

structure.Zirconia (ZrO2) is a ceramic material with 

adequate mechanical properties for manufacturing of 

medical devices. Zirconia stabilized with Y2O3 has the 

best properties for these applications. When a stress 

occurs on a ZrO2 surface, a crystalline modification 

opposes the propagation of cracks. 

Compression resistance of ZrO2 is about 2000 MPa. 

Zirconia is a crystalline dioxide of zirconium. Its 

mechanical properties are very similar to those of metals 

and its color is similar to tooth color. 

 

 
Table 3.1: Chemical Composition of Aluminium-6061 

Mg Si Fe Cu Ti Cr Zn Mn Others 

0.8-1.2 0.4-0.8 Max 0.7 0.15-0.4 Max0.15 0.04-0.35 Max0.25 Max0.15 0.05 

 

3.TESTING SPECIMENS 

STRUCTURAL ANALYSIS USING ANSYS: 

Structural analysis is the determination of the effect of 

loads on physical structures and their components. 

Structures subject this type of analysis include all that 

must withstand loads, such as buildings, automobile 

parts and ships. Structural analysis employs the field of 

applied mechanics and materials science to compute a 

structures deformation, internal forces,stresses,support 

reactions, accelerations and stability. The results of the 

analysis are used to verify a structures fitness for use, 

often precluding physical tests.  

Ansys program for brake rotor which is now used in 

automobiles is steel  

The analysis is done for different percentages of matrix and 

reinforcement and select the one which gives best result  

Then we will go to casting process with stir casting. 

INVERTED METALLURGICAL MICROSCOPE: 

Although utterly adjustable and very precise for testing 

the softest and hardest of materials, to a lower place 

varied a whole lot, the Rock wells machine may be a 

floor standing unit that is extra cheaper than Rock well 

machines. 

In a TEM the electrons suffer the sample, analogous to 

basic optical analysis. this desires careful sample 

preparation, since electrons square measure scattered 

powerfully by most materials. The samples ought to 

even be very skinny (50-100 nm) therefore as for the 

electrons to suffer 31it. Cross-sections of cells stained 

with Os and heavy metals reveal clear organelle 

membranes and proteins like Ribosome's. With a 0.1 nm 

level of resolution, elaborate views of viruses (20-300 

nm) and a strand of DNA (2 nm in width) is obtained.In 

distinction, the SEM has formation coils to scan the 

surface of bulk objects with a fine ray. Therefore, the 

specimens don't essentially have to be compelled to be 

divided, however need coating with a substance like an 

important metal. This permits three-dimensional views 

of the surface of samples Ribosome's. With a 0.1 nm level 

of resolution, elaborated views of viruses (20-300 nm). 

 
UNIVERSAL TESTING MACHINE: 

Tensile testing, additionally called tension take a look 

ating could be a basic material science and engineering 

test during which a sample is subjected to a controlled 

tension till failure. A tensile take a look at applies tensile 

(pulling) force to a cloth and measures the specimen's 

response to the strain. By doing this, tensile tests confirm 

however robust a cloth is and the manner plentiful it'll 

elongate. Tensile tests unit sometimes conducted on 

robot or universal testing instruments, unit simple to 
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perform, and unit fully standardized. Properties that 

unit directly measured via a tensile take a glance at unit 

final durability, breaking strength, most elongation and 

reduction in house. From these measurements the 

following properties can also be determined: elastic 

modulus, Poisson's relation, yield strength, and 

strain-hardening characteristics. Uniaxial tensile testing 

is that the foremost commonly used for obtaining the 

mechanical characteristics of identical materials. Some 

materials use biaxial tensile testing. 

 

The procedure for conducting the tensile take a look at is 

Specimen is machined within the desired orientation and 

per the standards. Magnitude of the load is chosen with 

relevancy the lastingness of the fabric. Specimen is fit the 

take a look at machine. Most loads are recorded 

throughout testing. Once fracture of the fabric, final gage 

length and diameter is measured. Diameter ought to be 

measured from the neck. 

VICKERS HARDNESS TEST MACHINE: 

The Vickers ha rdness test is a test performed to measure 

the hardness of materials, specifically thin sections and 

small parts. It is comprised of a diamond indenter and a 

light load to produce an indentation on the subject under 

testing. The depth of indentation is converted into the 

hardness value of the object. 

The smaller the indentation, the harder the object. 

Likewise, if the indentation is large, the material is 

lacking in hardness. This test is utilized by many 

industries to determine the right type of material to use 

for operations and machinery. A material with ideal 

hardness according to its purpose should be chosen.The 

Vickers hardness test is also known as micro hardness 

testing. 

 

 
 

 SALT SPRAY TEST: 

Salt spray testing is a method of checking the corrosion 

resistance of coatings and materials used to manufacture 

products such as fasteners. During salt spray testing, an 

accelerated corrosive attack is produced in order to 

better predict how well the coating protects the 

metal.Salt spray testing is typically used to produce 

quick comparisons between expected and actual 

corrosion resistance. In reality, there is only a weak 

correlation between the coatings duration in the test and 

its actual expected life. This is due to the fact that many 

external factors influence corrosion as it is not a simple 

process.  

 
For this reason, salt spray testing is most effective when 

used on samples to determine a pass-or-fail grade and 

compare it to expectations. This is typically done in a 

quality control role or to test for the effectiveness of a 

particular production process.Salt spray testing has long 

been the standardised corrosion test method, due to the 

fact it's quick, repeatable and relatively inexpensive. The 

first such internationally recognised tests date back to 

1939. ISO 9227:2012 is the current international test 

standard for conducting the neutral salt spray test and 

results are usually specified as a 'grade' according to 

other relevant standards.  
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CHARPY IMPACT TEST: 

The Charpy Impact Tester is used on machines capable 

of measuring less than one foot-pound to three hundred 

foot-pounds at temperatures ranging from -320°F to over 

2000°F. It is a high strain-rate test where a notched 

specimen is hit with a controlled weight pendulum 

swing from a set height. This test measures the amount 

of impact energy absorbed by the specimen when it is hit 

by the pendulum and is considered as a good metal 

impact tester. It shows whether a specimen can be 

classified as ductile or brittle, especially ferritic steels. 

Aside from the impact energy absorbed, the fracture 

sustained by the metal specimen can also indicate its 

toughness. A brittle fracture is bright and crystalline, 

while a ductile fracture is dull and fibrous. The 

percentage crystallinity is determined by the amount of 

crystalline or brittle fracture on the surface of the broken 

metal specimen. 

  

1) A Charpy V-notch specimen is placed across parallel 

jaws in the impact-testing machine 

2) The pointer is being set up to it’s maximum value (300 

J) 

3) The hammer is released from the initial height 

downward towards the sample. 

4) Observations and the energy absorbed is recorded and 

tabulated. 

5) Step 1-3 is repeated for another type of metal. 

 

4. RESULTS AND DISCUSSIONS 

STRUCTURAL ANALYSIS RESULT 

 

 

Temperature Analysis Results 

 

AL90+CU3+ZR7 AL92+CU2+ZR6 AL94+CU1+ZR5 AL96+CU1+ZR3 

HEAT FLUX 0.19415 0.19415 0.19415 0.19415 

Heat flux Analysis Results 

 

AL90+CU3+ZR7 AL92+CU2+ZR6 AL94+CU1+ZR5 AL96+CU1+ZR3 

TOTAL 

DEFORMATION  
0.023237 0.023308 0.023575 0.023451 

Deformation Analysis Results 

 

AL90+CU3+ZR7 AL92+CU2+ZR6 AL94+CU1+ZR5 AL96+CU1+ZR3 

EQUIVALENT 

ELASTIC 

STRAIN 

0.00066734 0.00067073 0.00067417 0.00067766 

 

 

AL90+CU3+ZR7 AL92+CU2+ZR6 AL94+CU1+ZR5 AL96+CU1+ZR3 

TEMPERATURE 77.686 77.628 77.571 77.513 
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Elastic strain Analysis Results 

 

AL90+CU3+ZR7 AL92+CU5+ZR3 AL94+CU4+ZR2 AL96+CU1+ZR3 

EQUIVALENT 

STRESS 
89.677 88.526 87.268 86.157 

Stress Analysis Results 

 

We conclude that from the above analysis result we can 

assume Al90+Cu3+Zr7 is better than other compositions 

The forged specimen’s area unit tested to see the 

mechanical properties like durability and, 

microstructure, small hardness and corrosion. These take 

a look at graphs area unit tabulated in table and therefore 

the share of variation of reinforcements. 

 

5. TENSILE STRENGTH: 

Below Table shows the result values of tensile strength of 

MMC Al-Zr-Cu 

Parameters Al90-Zr7-Cu3 Average 

Specimen 

1 

Specimen 

2 

Ultimate Tensile 

Strength 

(N/mm2 or MPa) 

109 86 97.5 

Yield 

Strength(MPa) 

91 108 99.5 

Elongation(50mm 

GL) 

2.0 1.5 1.75 

Tensile Strength Result

 
Results in between samples and properties. 

CHARPY IMPACT TEST: 

Specimen size (mm) – 10*10*55, V Notched at 

Temperature 24oC 

Al90-Zr7-Cu3 Absorbed Energy 

(Joules) 

Specimen 1 2 

Specimen 2 2 

Specimen 3 2 

Average 2 

 

Results in between samples and absorbed energy. 

SALT SPRAY TEST: 

The below details are test parameters for both MMC and 

Stainless steel  

Chamber Temperature: 34.5-35.5oC 

pH Value: 6.65-6.85  

Volume of Salt Solution Collected: 1.00-1.50 ml/hr 

Concentration of solution: 4.80-5.30% of NaCl 

Air Pressure: 14-18 Psi 

Components Loading in the Chamber Position: 30 

Degree Angle 

Al-Zr-Cu Observation: 

No white rust formation noticed at 18 Hrs. 

Stainless steel: 

No red rust formation noticed at 18 Hrs. 

VICKERS HARDNESS TEST: 

Below Table shows the comparison between MMC and 

Stainless steel for Hardness values. 

Parameters Al-Zr-Cu(Hv10kg) Stainless 

steel(Hv10kg) 

Trail 1 124 180 

Trail 2 127 183 

Trail 3 126 181 

Hardness Test Result 

 

Results in between samples and hardness. 
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MICRO STRUCTURE: 

Composite Al90+Zr7+Cu3: 

 
Fig 6.1: Microstructure of Composite at 100x 

 

Fig 6.2: Microstructure of Composite at 500x 

Stainless Steel:  

 
Fig 6.3: Microstructure of Stainless Steel at 100x 

 
Fig 6.4: Microstructure of Stainless Steel at 500x 

 

The MMC’s were discovered by Inverted science 

magnifier with the assistance of 100X and 200X 

magnification lens. The specimen surfaces were prepared 

by grinding through 220 to 800 mesh size abrasive papers 

and sprucing with velvet material. An image analyzer 

was accustomed observe the distribution of the zirconia 

particles at intervals the number thirteen matrix. above 

figures shows micrographs of MMC. 

 

6. FUTURE SCOPE AND CONCLUSION 

 The future scope the work fabrication of metal 

matrix composite by using solid state fabrication 

methods like chemical vapour deposition method 

for better enhancement bonding of composites. 

 Further done investigation of tribological properties 

like wear rate and lubrication. 

Further the composite can also be replaced by 

present automobile parts like disc brake rotor and 

can be investigate. 
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