
Int. Journal of Engineering Research and Application                                                    www.ijera.com 

ISSN : 2248-9622, Vol. 8, Issue 7, ( Part -III) July 2018, pp.141-147 

 

 www.ijera.com                                   DOI: 10.9790/9622-080703141147                   141 | P a g e  

 

 

 

 

 

 

Evaluation of mechanical characteristics for Aluminum-

copper Metal matrix composite 
 

1
MAYURESH MOHARANA,  

Gandhi Institute of Excellent Technocrats, Bhubaneswar, India 
 

2
SANGRAM KUMAR PATTANAIK,  

Black Diamond College of Engineering & Technology, Jharsuguda, Odisha, India 

 

ABSTRACT 

The use of high performance materials in both the airframe and propulsion systems enables the modern aircraft 

to rotatelarger degree while retaining its strength. To obtain continual performance, designers are constantly 

searching for lighterand stronger materials. The attractiveness of aluminum is that it is relatively low cost, light 

weight metal that can be heattreated to fairly high strength levels and it is one of the most easily fabricated high 

performance materials, which usuallycorrelates with lower costs. The aluminum-copper and aluminum-zinc 

alloys are the primary alloys used in airframestructuralapplications.Thealuminum-

coppermetalmatrixcompositesareusedindamagetoleranceapplicationssuchasthe lower wing skins and fuselage 

structure of commercial aircraft. In the present study, aluminum alloy specimens (6061)will be developed with 

variations of % of copper in the composition viz., 4%, 6%, 8%, 10% using die casting process. Themechanical 

properties like tensile strength, hardness, % elongation, impact strength and micro structures analysis will 

becarriedout. 
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I. INTRODUCTION 
Aluminumisthefamiliarmatrixforthemetal

matrixcomposites (MMCs)
1,2

. The Al alloys are 

quite useful due totheir low density, good corrosion 

resistance, high thermal andelectrical 

conductivity,andhigh damping capacity.They 

offeralargevarietyofmechanicalpropertiesdepending

onthechemicalcompositionoftheAl-

matrix.Therearetwoprincipalclassifications,namelyc

astingalloysandwroughtalloys. About 85% of 

aluminium is used for wrought products.Aluminum 

alloys are used extensively in aircraft due to 

theirhighstrength-to-

weightratio.Ontheotherhand,purealuminum metal is 

much too soft for such uses, and it does nothave the 

high tensile strength that is needed for airplanes 

andhelicopters
3,4

. Copper is one of the best alloying 

element sincethe beginning of the aluminum metal 

matrix composites. In 

thecastalloysthebasicstructureconsistsof 

dentriticinnatureandpossessaluminumsolidsolution,

withavarietyofparticlesatthegrainboundariesorinterd

endriticspaces,formingabrittlecomponentswitheutec

ticsinnature.Mostalloyingelementscanimprovethem

odulusofelasticityofaluminum,buttheincreaseisnotre

markableforthealuminum-

copperalloys
5
.Themodulus of elasticity 

atroomtemperature is of the order of 70-75 GPa 

and practically thesame in tension and in 

compression. It changes regularly withtemperature 

from a value of76-78GPa at 70K toa value 

oftheorderof60GPaat500K.ThePoissonratioisoftheo

rderof0.32-

0.34.ThePoissonratioincreaseswithincreasingtempe

rature
6-8

. Many of the cast alloys and of the 

aluminum-copper-nickelalloysareusedforhigh-

temperatureapplications,wherecreepresistanceisimp

ortant
9-11

. 

 

II. METHODOLOGY 
Castingisaprobablyoneofthemostancientprocessesof

manufacturingmetalliccomponents.Alsowithfewexc

eptions, it is the first step in the manufacture of 

metalliccomponents.Theprocessinvolvesinmeltingt

hemetal,pouringitintoapreviouslymademouldorcavi

tywhichconforms to the shape of the desired 

component. Allowing 

themoltenmetaltocoolandsolidifyinthemouldandfin

allyremoving the solidified component from the 

mould, cleaning itand subjecting it to further 

treatment, if necessary. The 

castingtechniqueusedisdiecasting. 

 

Diecasting:Itisametalcastingprocessthatischaracteri

zedbyforcingmoltenmetalunderhighpressureintoam

ouldcavity. Themouldcavity 

iscreatedusingtwohardenedtoolsteeldieswhichhaveb

eenmachinedintoshapeandworksimilarly to an 

injection mould during the process, most 

diecastings are made from non ferrous metals 

specifically zinc,copper, aluminium, magnesium, 

lead, and tin based alloys
12-13

.Depending on 
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thetypeofmetalbeing cast,ahot- orcold-chamber 

machine is used. Die casting produces more 

castingsthananyothercastingprocess.Diecastingsare

characterizedbyaverygoodsurfacefinishanddimensi

onalconsistency. 

 

Process:Diepreparation,filling,ejection,andshakeou

tarethe four steps in traditional die casting, also 

known as high-

pressurediecasting.Thediesarepreparedbysprayingth

emould cavity with lubricant. The lubricant can 

helps in 

controlthetemperatureofthedieanditalsoassistsinther

emovalofthecasting.Thediesarethenclosedandmolte

nmetalis 

 

injected into the dies under high pressure between 

10 and 

175MPa(1,500and25,400psi).Oncethemouldcavityi

sfilled,the pressure is maintained until the casting 

solidifies
14-15

. Thedies are then opened and the shot 

is ejected by the ejector 

pinswithproperlubrication.ThePreparedinspectedAl

-Cusamples are shown in Figure 1 and 2 for 

conducting 

tensilestrength,hardnessandanalysisofmicrostructur

es. 

 

Figure-1 

Al-CuSamplesfortestingofTensileStrength 

 

 

 
Figure-2 

Al-CusamplesforMicrostructureanalysis 

 

III. RESULTS AND DISCUSSION The samples of Al-Cumetalmatrix 
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composite are tested andthevaluesof 

tensilestrength,Hardness,and% of elongationare 

showing in the table-1. The experimental results of 

ImpactstrengthbyusingIzodandCharpytestsareshow

nintable-2. 

 

 

Table-1 

ExperimentalresultsofsamplesofAl-Cumetalmatrixcomposite 

%ofaluminium %ofcopp

er 

Tensilestrength

N/mm^2 

Hardnessnumber %of elongation 

96 4 121.45 147 10.26 

94 6 129 152 14.56 

92 8 131.37 157 6.02 

90 10 86.57 144 4.86 

 

Table-2 

ExperimentalresultsofsamplesofAl-Cumetalmatrixcomposite 

%ofaluminium %ofcopp

er 

Izodimpactenergyjoules Charpyimpactenergyjoules 

96 4 6 3 

94 6 3 8 

92 8 8 10 

90 10 2 4 

 

ThemicrostructuresofAl-

CuMMCmaterialareshowninFigures3,4,5and6andc

anstronglyinfluencephysicalpropertiessuchasstrengt

h,toughness,ductility,hardness,corrosionresistance,

high/lowtemperaturebehavior,wearresistance, and 

so on, which in turn govern the application 

ofthesematerialsinindustrialpractice.Foranalysisofm

icrostructuresofAl-

Cusamples,theKeller'sreagentisused
16,

 
17

. The composition of Keller's reagent is 92% 

Distilled water6% nitric acid and 2% hydrofluoric 

acid
18

.The graphs betweenvarying composition 

with tensile strength, % elongation, impactstrength 

by using izod and charpy tests are shown in figure 

7, 8,9 and10. 
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Figure-3 

Microstructureofsamplecontaining4%Cu 

 

Figure-4 

Microstructureofsamplecontaining6%Cu 

 

 
Figure-5 

Microstructureofsamplecontaining8%Cu 
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Figure-6 

Microstructureofsamplecontaining10%Cu 

 

 

 
Figure-7 

PlotbetweenCompositionVsTensilestrength 

 

 

 
Figure-8 

PlotbetweenCompositionVs%Elongation 

 

Figure-9 

PlotbetweenCompositionVsImpactstrength(IzodTest) 
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Figure-10 

Plot between Composition Vs Impact strength(Charpy Test) 

 

IV. CONCLUSION 
Aluminum-

copperparticulatecompositewassuccessfullysynthes

izedby the Die-castingmethod. Thismay be 

attributedto the fact that Cu particlesgreatly 

interactwith each 

otherleadingtoclusteringofparticlesandconsequently

settling 

down. The micro structural behavior of aluminium 

with copperhas been studied by varying mass 

fractions of 4%, 6%, 8%, 

and10%.Microstructuralobservationsshowthattheco

pperparticulatesareuniformlydistributedintheAl606

1matrix.Inall microstructures consist of coarse 

grains of aluminium 

solidsolutionwithcopperintermetallicparticlesintheg

rainboundariesareobservedandthiscaninfluencethefr

acturebehavior. It is observed from results that 

thehardness of Alalloy (6061) with Cu MMC 

increases with increasing wt% 

ofcopperparticulateupto8wt%andthendecreaseswith

increasing wt% of Copper particles. The tensile 

strength 

andimpactstrength(byusingCharpytest)ofthecompos

iteincreasedwithincreaseinwt%ofcopperparticulates

upto8%. 
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