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ABSTRACT

In thecurrent researchworkperformed, theconsequencescaused in thecastingaluminumalloy
specimenduetomechanicalmouldvibrationsareexamined.Mouldvibrationthroughoutthecasting
providesdecreasedrateofshrinkage,goodmorphology,surfacefinishandlesserprobabilityofhot
tear.Inthisresearchwork,theeffectofmouldvibrationduringsolidificationofAluminumA-1050
alloysfordissimilarvaluesofwavelengthsatapermanentpouringtemperaturehasbeeninvestigatedto
understandthemodificationinmicrostructureandmechanicalpropertiesaftercasting.TheAlA-1050
castinghasbeenmadeinametalmouldwithdifferentvibrations.Thefrequenciesarevariedfrom
15Hzto50Hzduringthecastingprocess.Acastinghasbeenmadewithdifferentvibrationaswell
tocomparetheresultsofcastingswithvibrationfrequencies.Theexperimentaloutcomesexhibited
substantialgrainrefinementandsignificantincreaseintensilestrengthandhardnessofthecastings
withmechanicalmouldvibrationduringthedurationandaftersolidification.
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1. INTRoDUCTIoN

Aluminumalloyisoneofthemostwidelyusedon-ferrousmetalstructurematerialsinthecurrent
industries.Itiswidelyusedinaviationaerospace,automobile,machinerymanufacturing,shipping
and chemical industries.With a rapiddevelopment and advancement in the science, technology
andindustryeconomyinrecentyears,thedemandforweldedstructuralpartsofaluminumalloyis
increasingdaybydaywhichmakestheresearchofweldbilityofaluminumalloydeepen.Thewide
applicationsofaluminumalloyhavepromotedthedevelopmentofweldingtechnologyofaluminum
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alloys.Atthesametime,thedevelopmentofweldingtechnologyhasexpandedintheapplication
fieldofaluminumalloys.Therefore,theweldingtechnologyofaluminumalloysisbecomingone
ofthehotspotsofresearch.ThepeculiarpropertiesofaluminumA-1050alloywhichmakeitmore
versatileliketheweight,highmachinability,highcorrosionresistance,goodconductivityandhigh
thermalconductivity.Amixtureoftribological,mechanicalpropertiesandlowdensityareexhibited
byaluminumalloyswhichmadethealloyshighlysuitableforcomplicatedmetalmanufacturing.
Aluminumalloyscanbeoperatedforpackagingfunctionsinfoodindustries,pistonsproduction,
makingsumpsofinternalcombustingengines,headsofthecylinderandelectricalcables(Chapman,
1975)(Lancer,1981)

Metalcastingisthebesttechniqueusedinthemanufacturingprocessinwhichtheliquid
metal is teemed into themouldcavityand thenallowed tocoolorsolidify in thatcavity.
Amongsteachandeverysinglemanufacturingprocess,thecastingprocedureisreasonable
duetoitsbasicprocedure.Thecastingfeatureisbeinginfluencedbytheflowbehaviourof
themoltenmetalandotherconsiderationsoftheprocess.Extrathan80%ofthemanufactured
goods made nowadays days practice the casting methods (S.S. Mishra et al. 2015). The
heatproducedduringcastingofaluminumalloyvariesbetween650oC–750oC.Toknow
thesubsequentpouring temperaturerequiredfor themetalandalloy informationon their
meltingtemperatureisrequired(Jain,1986)(Dieter,1981).Likewise,pouringtemperature
hasasubstantialoutcomeontheattributeofthecastachieved.Inferiorpouringtemperature
thantheidealvalue,mouldcavitywillnotbestoppedbecauseofthequicksolidificationof
theriserandthisleadstothedisturbanceinsteeringsolidification.Assoonasthepouring
temperature is greater than theoptimum rate, itwill cause consequences suchas casting
contraction and wrapping of the mould (Grill, 1982) (Llewellyn, 1997) (Lancer, 1981).
Most of the researchers implement ultrasonic and electromagnetic vibrations for their
findingson theeffectscaused in thecastingproductandmaterial (AbughAet al.2013)
and (JianX,2016).Aspects such asmould surroundings, pouring temperature, vibration
frequencyandotherparametersoftheprocedurehaveaspecificoutcomeontheproperties
andmicrostructureof castings (JacksonK.A,1958).Sokoloff et al. (2005)examined the
mechanicalvibration influenceon thegrainrefinementand thedevelopmentof thegrain
structure.Cambelletal.(1981)haveresearchedthefactorsthatcanimproveinthecorrosion
andmechanicalpropertiesonanalloywhichthatcanbeachievedbymechanicalvibration
only.Dommaschketal.(2003)investigatedanddescribedthattheconsequencesproduced
duetomechanicalvibrationonpurealuminum,Al-Si-Mgalloysalongwithothernon-ferrous
alloys.Theresearcherconcentratedontheanalysisofthegrainrefinementprocedureand
statedthatthecastingwallwidthwillhaverelianceoncharacteristicsofcastingandcould
beminimizedbyusingmechanicalvibration.Pillai(2004)usedextremelylittlefrequency
vibration on the study to find the effects on A356 and Al12Si alloy due to mechanical
vibration.The researcherdetermined that themechanical vibrationswill tend todevelop
thedensityandelongationofthecastelement.Inappendage,themechanicalvibrationcan
increasethecompositioncirculationwithinthealloyandconfinetheexpansiontoalittle
extent(ZhuJ,2014)(XieJetal.,2016)

Inthisresearchwork,theconsequencesofmechanicalmouldvibrationonmetalcastingalloy
A1050arecalculated.TheA-1050alloyismetalcast in themould.Themechanicalvibrationis
generatedduringthesolidificationprocessofthemetalcast.Aftertheprocess,theobtainedalloy
isdimensionallyreducedandsurfacelevelingisperformedonthelathemachine.Universaltesting
machinewasutilizedforthetesttoobtaintheultimatetensilestrengthandductility.Hardnessand
rigidityareanalyzedbyusingRockwelltestmachine.Theoutcomesofthetestsarerecordeddown
toexamineifithasanyincreaseinmechanicalpropertiesandcharacteristicsofA1050alloy,when
mechanicalmouldvibrationisoperatedduringthecastingprocess.
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2. EXPERIMENTAL SETUP

2.1 A-1050 Alloy Casting
ThecastingofA-1050alloyisdonebyusingsteelmoulds.Thesteelmouldisfabricatedbythe
optimumgrainsizeoftheparticularalloybydifferingthepouringtemperature,compositionsand
physicalandchemicalpropertiesofthealloywhichhasanultimateeffectontheattributesofcastings
producedintheprocess.

2.2 Process of Preparation of the Test Specimens
A-1050alloyiswarmedinthefurnaceuntilitchangesitsformintoliquidandreachesthemaximum
temperatureof650oC.Thetemperatureissustainedtilltheendoftheprocessasthistemperatureof
650oCisthepouringtemperatureofthealloy,thentheliquefiedalloyisteemedintovibratingmetal
mouldsdependingontheultrasonicvibrationproduced.Thevibrationiscreatedbyusingvibration
motorwhichisinducedinthemetalmouldsasshownintheFigure1.Themouldismaintainedunder
vibrationuntilthesolidificationstateisobtainedinthecastedalloy,followingsolidificationprocess,
the casted alloy is removed out from the metal mould for additional processing and conducting
experimentaltests.

Finally,thecastedalloyportionsaremachinedfordimensionalmodificationandsurfacefinishing
whichdonewiththehelpoflathemachinetothemakespecimenofA1050alloyfortheexamination
ofthemechanicalproperties.Itisalsobeingnoticedthattheamountofvibrationwithamplitude
of430microns,frequencyof20Hzandtimeofvibration25sechadsomedegreeofeffectonthe
ductilityofthespecimens.

2.3 Mechanical Properties Testing Process
ThespecimenofalloyA-1050issecuredontotheuniversaltestingmachine-UTMandtensilestrength
testisanalyzedandstress-strainreadingsareselecteduntilthespecimensarefracturedorruptured
asshownintheFigure2.Thestress-strainvaluesarenotedfromtheloaddeformation.Therupture
loadforeachsinglespecimenwasobservedandalsothediameterattheplaceofruptureandthe
ultimategaugelength.Theoriginaldiameterandprimarygaugelengthforeverysinglespecimenwas
recordedinadvancetotheuniaxialload.Hardnessofthespecimenswereexaminedwiththehelpof
therockwellharnesstestingmachine.Thehardnessisexaminedatvariouslocationsofthespecimen,
thevaluesaretabulatedintheTable2andtestsareperformedatroomtemperaturetoshowthereal
timeconditionoftheAl-1050alloywhenitgetsrupturedduetovariousfactorsinthedaytodaylife.

Figure 1. Vibrating table and cast mould experimental setup
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A total of five test specimens (two for ultimate tensile test, three for hardness test and
microstructure)werecastedoutforeachdifferentfrequencyofvibration.Castingsweremadefor
differentvibrationfrequenciesasfrom15Hz,30Hz,50Hz.Afterthecastingprocess,allthespecimens
arehandledforheattreatmentprocess.Aroundtwoforeachfrequencywereheattreatedandthen
convertedintoessentialtensiletestspecimenasperstandard.Thestandardusedintheexperimental
analysisofthealuminumalloyA-1050isE8.

Aftertheultimatetensiletests,thespecimensarearrangedforthehardnesstestandmicrostructure
checkup.Thesehardnessandmicrostructurespecimensarepreparedintofourequivalentpartsall
alongitstotallength.Hardnessspecimensareonlygrindedonthesurfacebybeltgranderandthen
followedbypolishing.Thedevelopmentofwearresistanceiswiththeincreaseinthehardness,tofind
thegrainsizereductionvaluemathematically,Archard’slaw(ShenL.Yet.al,2000)isimplemented.

3. RESULTS AND DISCUSSIoNS

3.1 Tensile Test 
GraphsweremappedfromtheUltimatetensiletestresultswhichwereobtainedfromthestressand
strainvaluesasshownintheTable1.AsobservedfromtheFigurewecanmakeoutthatthetensile
strengthincreasesbytheriseinthemetalmouldvibrationfrequency.Generally,asstatedthatthe

Figure 2. UTM machine showing sample specimen of A1050 tested for tensile and ductility, (b) Test specimens with (1) 15 Hz, (2) 
30 Hz and (3) 50 Hz mould vibrations

Table 1. Tensile test results at various frequencies of mould vibration and the Average Results of mould Vibration

Trail Trail-1 Trail-2 Trail-3 Average

Ultimatetensilestrength(N/mm2)– 15 Hz 320 327 328 325

Ultimatetensilestrength(N/mm2)– 30 Hz 356 360 362 359

Ul t ima te  t ens i l e  s t r eng t h  (N /mm 2)  –  50  Hz 410 412 411 411
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tensilestrengthandcompressivestrengthare reciprocal toeachotherandas the tensilestrength
decreasesthecompressivestrengthincreases.

Themaximumvaluesoftensilestrengthareatvibrationfrequencyof50Hzof412N/mm2and
theminimumvalueisatvibrationfrequencyof15Hzof320N/mm2,bythisreadingitcanbefound
thatthestrengthofthealuminumA-1050decreaseswiththemechanicalvibrationfrequencyafter
castingprocess.Sobasedonthatwecanpredictthatifmouldvibrationincreasesthecompressive
strengthofthecomponentincreases.Tensileresultsofvibratedandmorevibratedtestsamplesare
showninTable-1andFigure-3below.

3.2 Hardness Test 
HardnessresultsofthemetalcastsamplesarepresentedinTable2.Itisevidentthatthehardnessof
metalcastingincreaseswiththeriseinvibrationfrequencybecausevibrationproducerefinement
ofgrainsandgrainstructure.Themaximumhardnesswasattainedattheboundaryinthegraph
foreachsinglespecimen,becausethemaximumcoolingrateandutmostintensityofthemetal
mouldvibrationwasnoticedatthemarginofspecimenasevidentfromthemicrostructurealso
shownbelowfromtheFigure.Additionalcoolingratestimulatesthecreationoffinegrainand
atthesamethevibrationprocedureproducesfinegrains,thatmeansadditionalgrainboundary
canproducemorehardness(AhagakiT.et.al,1981).Sowemaybestatethatduetothemutual
outcomesobtainedfrombothcoolingrateandintensityofvibration,thereareremarkablechanges
ofhardnessinthemetalcastproduct.Thechangesinthehardnesswithmetalmouldvibrations
are shown in the Figure-4 and Table-2 below. From the below Figure-4, rise in elongation
proportion exhibited that the brittleness of A-1050 alloy is reduced. This indicated that the
mechanicalvibrationthoughmetalcastingofA-1050alloydevelopsitsmechanicalproperties.
VibrationproducedthroughoutmetalcastingofalloyA-1050resultedinthegrainrefinement
whichinadvanceleadtocompactnessandincreaseinhardnessofalloyascomparedtoA-1050
alloycastedwithvibrationof15Hz.

Figure 3. Graph representation of different frequencies (Hz) vs ultimate tensile strength(N/mm2)
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Table 2. Representation of variations in hardness in represent to different vibrations

Type No of specimens

Hardness (RHB)

Average (RHB)Number of trails

1 2 3

Metal mould vibration at 15 Hz

1 118 125 124 122

2 106 110 121 112

3 110 115 121 115

4 115 123 124 121

Metal mould vibration at 30 Hz

1 154 156 159 156

2 145 151 150 149

3 148 154 158 153

4 144 149 153 149

Metal mould vibration at 50 Hz

1 189 192 191 191

2 191 193 194 193

3 187 190 193 190

4 186 192 194 191

Figure 4. Graph representation of different frequencies (Hz) vs hardness (RHB)
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.Finally,afterboththetensileandhardnesstests,wecanalsojustifythattheapplicationofthe
mechanicalvibrationcanincreasetheflowoftheliquidalloyintheprocedureofsolidificationand
filling,anddecreasetheresistancealongsidethelayer throughout thefilling,whichisbeneficial
inimprovingthefillingvolumealso(SunYetal.,2017)(LiJQetal.,2007)andfromthemicro
structureanalysisthevibrationcanalsoexpandthecompositiondisseminationinthealloyandreduce
itsgrowthtocertainextent(NieKBetal.,2014).

3.3 Scanning Electron Microscope (SEM) for Image Examination 
Scanning electron microscope representations of the Aluminum 1050 specimens which were
experimentallytestedareshownintheFigure5belowandfromtheimagesrepresentedbelowit
clearlyshows thatby the rise in the frequencyofvibrations thegrain refinement increases.The
grainrefinementchangeditsstructureasthevibrationfrequencyincreasedfrom15Hzto50Hz.The
microstructuresampleswerepreparedbyconductingdifferentmetallographystepslikepolishingon
differentsilicongradedpaper,finepolishingondoublediscpolishingmachineandfinallyetching.
Afterthetestswhenthemicrostructurewasviewed,thegrainsizewasmoreshrunkenasthevibration
increasedandgraindevelopedacompactedstructure,grainwasfurtherinspheroidalformwhen
castingissolidifiedandwhilebeingvibratedsimultaneouslychangeditsstate.

Owingtotheriseintheintensityofvibration,endorsesthebreakingofthedendriticstructure
andpromoteshighheattransfer,makesthegrainfiner(RadhakrishnaK,2011)Finally,wecannotice
fromcastingprocess, thecoolingspeeddeterminestheassemblyofcastingproductproduced.If
coolingratephenomenonisquicker,microstructurewillbebetter.

Figure 5. Microstructure of the Aluminum A-1050 specimen samples with different vibrations after different mechanical and 
metallurgical tests; (a) No vibration, (b) 15 Hz vibration, (c) 30 Hz vibration, (d) 50Hz vibration.
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4. CoNCLUSIoN 

AluminiumalloyA-1050wasconsideredforthestudyontheeffectofmechanicalvibrationonhot
tearing,grainrefinementandothermechanicalparameters.Theconsequencesduetomechanical
metalmoldvibrationonthemechanicalcharacteristicsofAl-1050alloywasevaluatedintheresearch
performed.Basedontheexperimentaloutcomesthesubsequentconclusionswewithdrawn:

1. Tensilestrengthincreasesdependingonthemetalmouldvibrationfrequencyduringcasting,as
thecompressivestrengthupsurgesthetensilestrengthdrops.Theincreaseinthecompressive
strengthisgreatestsigninthestrengthofthecastedproduct.

2. TheultimatetensiletestoftheA-1050alloyovertheeffectofvibrationsindicatedanincrease
inductilityandtensilestrengthofthealloy.

3. Increasingthemouldvibrationfrequencyofthecastingproductincreasesthehardness.which
alsoveryrespectablesignofprogress.

4. FromtheSEMimagesitcanbenoticedthatthegrainsizewasreducedbyvibrationandgrain
becamemorecompact.Thegrainwasmorespheroidalshapewhencastingissolidifiedwhile
beingvibratedsimultaneously.

5. Asthefrequencyofthemetalmouldvibrationriseswiththegrainrefinementimproves,which
givesgoodstrengthofthecastingprocess

Finally,itcanbeconcludedthatthemechanicalvibrationsinducedduringmetalcastingofA1050
alloyhaveasubstantialroleinrefiningthemetallurgicalandmechanicalproperties.Thisleadsto
theconsumptionofthealloymoreefficientlyandpromptlyinmachineryofheavyscaleindustries.

Extendedresearchcanbeconcentratedontheconsequencesduringhightemperature,outcomes
producedwiththefrequencymorethan50Hz.Distinctfromtheabove,effectsproducedduetosize
variationduringthecastingprocessandimplementationwithdistinctmaterialscanbestudied.
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