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ABSTRACT

Theextrusionofcopper-basedaluminiumalloysisdifficultinthecoldstate.Extruding
thesealloysbetweenthesolidusandliquidustemperaturesofferpreferredproperties
onthesealloys.Inthepresentwork,AA2017,acopper-basedaluminiumalloyhas
beenextrudedinthesemi-solidstate.Themechanicalandmetallurgicalpropertiesof
thealloyvaryatdifferenttemperaturesbetweenthesolidusandliquidustemperatures.
Theaimofthepresentworkistooptimizetheprocessparameters,namely,temperature
ofbillet, strain rate,approachangleandpercentagereduction inareaon thesemi-
solidextrusionofAA2017alloy.ExperimentsweredesignedaccordingtoTaguchi
experimentaldesignandL9orthogonalarraywasusedtoconducttheexperiments.
Analysisofvariance (ANOVA)methodwasused to find the significanceofevery
processparameteronthethixo-extrusionprocessresponses.Theresultsindicatethat
percentage reduction area is themost important factor influencing themechanical
propertiesofthixo-extrusionspecimenfollowedbytemperatureandstrainrate.
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1. INTROdUCTION

Extrusionisoneoftheformingprocesseswhichisusedtoproducelongandstraight
metalproductswithconstantcrosssections,suchasbars,solidandhollowsection,
tubesandwires(Pearson&Parkins,1960).Inextrusionprocess,thebilletisheated
andforcedthroughadieorifice.Theproductsfromthisextrusionprocessare ina
near net shape. However, the extrusion process requires a high pressure machine
to force the metal in the solid state. In addition to that, defects such as surface
cracking,oxideinclusionandpipingdefectscanbefoundinproductsofanextrusion
process (Kalpakjian&Schmid,2008).Thixoextrusion isanalternativeprocess to
reducetheseprocesslimitationsbecauseithasseveralmeritssuchaslowextrusion
force,goodflowability,lessfrictionbetweenthediesandtheperformmaterialsetc.
(Fleming,1991).Themainrequirement forsemi-solidprocess is tohavespherical
andnondendriticparticlessuspendedinaliquidmatrix.Spenceetal.(Spencer,1971)
developedthisprocesswhileperforminghotteartestonSn-15Pballoy.Largenumber
ofprocessparameters influence thefinalpropertiesof thesemi-solidcomponents,
thus contributing to the complexity of the process. Thus, to produce high quality
complexproducts,itisnecessarytoknowtheeffectofeachprocessparameteronthe
mechanicalandmetallurgicalpropertiesofthefinalpart.

The literature survey indicates that limited work has been done to assess the
effectofprocessparametersonthefinalpropertiesandformabilityofthesemi-solid
materials,bothnumerically(Alexandrouetal.,2003;Itamuraetal.,2002;Modigellet
al.,2002)andexperimentally(Alexandrouetal.,2001;Zavaliangos&Lawley,1995;
Zudeetal.,2010;Moradietal.,2009;Bayoumietal.,2009).Mechanicalproperties
decreasesastheforgingtemperatureincreasesfornewα+Ti2Cualloyandalsofound
intergranularfracturesaftersemi-solidforgingat1050and1100°C(Chenyetal.,2009).
Anewrheoformingtechniquewasusedtofindthemicrostructurecharacteristicsand
mechanicalpropertiesof2024wroughtaluminumalloy(Guoetal.,2008).Mostof
theinvestigatorsconsideredonlyoneortwoparametersindependentlyandneglected
otherprocessparameters(Bayoumietal.,2009;Chenyetal.,2009;Guoetal.,2008;
Kang,2006;Chow&Kanc,2000).Togetmostoptimumresultsinsemi-solidprocess,
themostimportantprocessparameters,thatinfluencetheproductquality,namelythe
temperatureofbillet,strainrate,approachangleandpercentagereductioninthearea
havetobeoptimizedandthustheyhavebeenconsideredinthispaper.Taguchiand
ANOVA techniqueswereused to find thepercentagecontributionof eachprocess
parameteronthemechanicalproperties.StatisticalanalysissoftwareMINITABwas
usedforthedesignandanalysisofexperimentsandtoperformANOVAanalysis.

2. METHOdOLOGy
2.1. Taguchi Method
Taguchi suggested a special design of orthogonal arrays, which are the shortest
possible matrix of permutations and combinations of the controlling factors. This
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