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Productissomethingthatmaybeofferedtoamarketplaceforattention,acquisition,use,orconsumption
whichmaysatisfyawishorwant.Inbusinessandengineering,developmentisthecompletemethod
ofdeliveryofabrandneworchangedproducttopromotetoreworkamarketchanceintoaproducton
themarketpurchasable.Productsareoftenclassifiedastangibleorintangible.Atangibleproductcould
beanobjectwhichwillbeperceivedbytouchorvisionlikeamachine,instrument,equipment,gadget,
vehicleetc.whereasanintangibleproductcouldbeaproductwhichwillsolelybeperceivedindirectly
likean insurance,softwareetc.Adecentunderstandingofclientdesiresandneeds, thecompetitive
atmosphereandalsothenatureofthemarketrepresentthehighestneededfactorsforthesuccessofa
launchedproductforanincreasedexistence.

Cost,time,andqualityarethemostimportantvariablesthatdrivetheclientwants.Aimedtoward
thesethreevariables,firmscontinuousdevelop/improvepracticesandtechniquestosatisfythecli-
entnecessitiesandreciprocallyincreasetheirmarketshareandprofit.Thereareseveraluncertainties
andchallengesthroughoutthemethodwhicharethemainconcernsforthemanagementandusageof
bestpracticeseliminateshurdlesorbarriers.Mostorganizationsrealizethatallproductshavealimited
lifespan,andsoproductsneedtobedevelopedandmodifiedcontinuouslybythecompanytostayin
business.Designingandoptimizinganewproductistypicallyahugepartofanymanufacturingprocess
andinlongrunextendsproductlifespan.

ThemainobjectiveofthebookisproductdevelopmentandtargetaudienceareallAcademicsStu-
dents,ResearchersandIndustryPractitioners,Engineers,ResearchScientists/Academiciansinvolved
indesignofMechanicalEngineeringproducts.

Thechaptersinthebookhasbeencategorizedinthreesections,namelySection1:DesignandDe-
velopmentofNewComponent/ProductandUsageofAlternativeDesignMethodologyforBetterment;
Section2:DevelopmentofNeworAlternativeMaterialforanExistingComponent/Product;andSection
3:ProductandProcessOptimization.

Section1containsChapter1toChapter6,whereasSection2hasChapter7toChapter10,andSec-
tion3withChapters11to14

Section1startswithChapter1whichintroducesthereaderstodifferentapproachestoNewProduct
Developmentandthevariousvariablesassociatedtothem.Itisafactthatnewproductsarelaunched
dailyacrosstheworldprovidinganswerstocommonorspecializedproblems,enrichlifestyles,provide
alternativestooldsolutions,amuseusetc.NewProductDevelopmentisamajorissueformostcompa-
niesastheyseektoreducetimetomarket,reducethedevelopmentcycle,accessnewtechnologiesand
developmoreandbetterproductsandservices.Companiesthatdevelop,design,manufacture,market
andselltheseproductsseekcommercialcompensationintheshort,mediumorlongterm“success”.
Subsequently,newproductsthatcansuccessfullycompeteinlocal,nationalandglobalmarketsarea
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keyconcernforthemajorityofcompanies,sothischapterreviewstheNewProductDevelopmentpro-
cessandconsidersthevariablesassociatedwiththedifferentapproaches,whichmaybeneededwhen
developinganewproduct.

Chapter2indicatesdevelopmentofaproperResinTransferMouldingprocessforapropermould
design.Itisverymuchrequiredforcompositepartsthatarelargeandcomplexgeometryandwouldbe
difficulttomanufacturebyhandlayupmethod.TheRTMprocessisabettersubstitutetoit,butisnot
usedreadilyduetothelackofpropermanufacturingtechnology.Inaddition,thedifficultyinthetooling
designandmouldfabricationcostincreaseswithincreaseinsizeandcomplexityofthecomponent.The
scaledownstrategyoffullscaleproductavoidsbiggersizemouldrequirements,prototypebulkproduc-
tionforproducttestingandqualitycheckatthestartingphaseofproductdevelopment.Moreover,the
mouldscaledownstrategycanbeusedtovalidatetheprocessandtheproductwithlesscapitalinput.
Inthischapter,amethodologytodevelopaRTMtechnologyformanufacturingofacomplexandlarge
compositestructure(highspeedcabfront)utilizingtheprocesssimulationweredemonstrated.

Chapter3highlightstheusageoftwodifferentmethodologiesnamelyFreevortextheoryandmean
streamlinetheoryfordesigningofmixedflowpumpsusedinawiderangeofapplicationsuchasthat
inirrigation,floodcontrol,dewateringandpowerstationcoolingsystems.Inthisbladesoftheimpeller
ofthemixedflowpumphasbeendesignedusingMeanstreamlinetheoryandthefreevortextheory
andstressesarisingduetostaticloadingconditionshasbeenobtainedforboththecases.Comparison
analysisfortheequivalentstressesdevelopedduetostructuralloadingusingvariousmaterialsforthe
bladewasundertaken.Itwasfoundthatthestressforthebladedesignedusingmeanstreamlinetheory
isalwaysonthehighersideincomparisontothatdesignedusingfreevortextheory.

InChapter4BaseIsolationSystemforBuildingsisdesigned.Baseisolationhasnowbeenimple-
mentedinnumerousbuildingsincountrieslikeItaly,Japan,NewZealand,andUSA.Ithasalsoproven
tobeeffectiveforretrofittingof importantbuildings(likehospitalsandhistoricbuildings).Seismic
baseisolationisoneofthemostwidelyimplementedandacceptedseismicprotectionsystemsandisa
relativelyrecentandevolvingtechnology.ThemostcommonisolationsystemusedisLaminatedLead
RubberBearings(LLRB).Theycombinethefunctionofisolationandenergydissipationinasingle
compactunit,givingstructuralsupport,horizontalflexibility,damping,andare-centeringforceina
singleunit.TheforcedeformationbehaviorofLLRBismodeledasbilinearsystemwithviscousdamp-
ing.Inthischapter,acomprehensivedesignofLLRBispresented.Accurateevaluationofthestructural
propertiesandprecisemodelingofisolationdevicesareofutmostimportanceinpredictingtheresponse
ofthestructureduringtheearthquakes.

Chapter5elaboratesapplicationofreverseengineeringtechniquefordesigningatwintubeshock
absorberwhichcanbeusedinanautomobilewherepresentlymonotubeshockabsorbersarebeingused.
Thewholeworkhasbeendoneonavirtualplatformformgenerating3DCADmodelofthedamperto
CFDanalysisofthesame.Thedataobtainedwasusedasthedatumforthedesignmodificationsand
performanceenhancementofthepart.Subsequentlysimilaranalyseswereconductedonthemodified
assembliesandmostoptimalonewashighlighted.

In Chapter 6 a Louvered Cylindrical Mixing Pipe was designed with an aim of Maximum Air
Entrainment. Inorder toachieve thesame,Conservationequationsofmass,momentumandenergy
havebeensolvednumericallyalongwithatwoequationbasedk-ɛturbulentmodeltodeterminethe
airentrainmentintoamixingpipe.Twodifferentlouveredpipeconfigurations(onewithentranceface
closedtoatmospherewhiletheotherwasopened)wereusedtoentrainairintothemixingpipeandby
changingvariousdesignparameters,theresultingeffectswerestudied.Forboththeconfigurations,the
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openingareaandthenumberofnozzles(assumedexhaustpipe)hadsignificanteffectinbringingdown
theexhausttemperatureespeciallytheconfigurationwithitsentrancefaceopenedtoatmosphereand
temperatureaslowas309K(approx.)wassuccessfullyachievedthroughtheanalysis.Thisendsthe
sectionwhichwasdedicatedtodesigninganddevelopmentofnewComponentsorproductsandalso
usageofalternativedesignmethodologyforbetterment.

Section2,dedicatedtodevelopmentofneworalternativematerialforanexistingcomponentorprod-
uct,startswithChapter7.Thechapterproposescompositebasedmaterialasareplacementforbracesof
orthoticcaliperswherepresentlyaluminiumalloysarebeingused.Componentswerefabricatedusing
boththermosetandthermoplastmatrixmaterialwithcompatiblereinforcement.Thecomponentswere
testedforsomeofthemechanicalpropertiesbothbyexperimentationandbysimulation.Thefindings
werequiteencouragingasitnotonlyhadahighermechanicalstrengthbutalsohadamuchlowerweight
tovolumeratio,makingitmoreadaptableforthelocomotionaffectedpatients.

Chapter8describesFriction-stirprocessingasapropertyenhancementtechniquewhich,notonly
removesthedefectsofinitialcastingprocess,butalsoimprovesthemicrostructureofthemetalsandmetal
matrixcomposites.Thetechniquecanbespecificallyappliedtodevelopfine-grainedmicrostructures
throughoutthethicknessofmetalsurface,toimpartsuperplasticityandensurehomogeneousdistribution
ofreinforcedparticles,ifany.Thischapterisadedicatedefforttoconsolidatethelatestdevelopments
contributedbydifferentresearchersinlastfewyears.Theworkcoversvariouscomponentsandparam-
eters,selectedandusedtoobtainspecificdesiredresults.Also,itincludespastresearchestoexhibit
variouschangesinmechanicalpropertieswithakeenfocusonmorphologicalstudyoftheseMMCs.

InChapter9lookingattheenvironmentalissues,energygenerationusingrenewableresourceshas
beentargeted.Againinordertomovefurtherthebladesoftherotorforthewindturbineshavebeen
developedusingbiodegradableandlightweightnaturalplantfibresforreinforcementinpolymericresin
toproducerequiredpolymercomposites.

Chapter10investigatestheperformanceofannularfinwithfunctionallygradedcompositemateri-
als.Thechapterinvolvescomputationofefficiencyandeffectivenessofsuchfinsandcomparesthe
finperformancesfordifferentgeometryandgradingparametersassumingunidirectionaltemperature
gradienti.e.alongtheradius.Ageneralsecondordergoverningdifferentialequationhasbeenderived
foralltheprofilesandgradingconsideringthicknessoffinandfunctionalgradingofthermalconduc-
tivitytobeapowerfunctionofradialco-ordinate.Theperformanceanalysisrevealsthedependenceof
thermalbehaviourofannularfinsongeometryandgradingparameter.Thisendsthesectiondedicated
todevelopmentofneworalternativematerialforanexistingcomponentorproduct.

Thelastsection,i.e.,Section3,dedicatedtoproductandprocessoptimization,commenceswithChap-
ter11.Thechapterintroducesapplicationofasoftcomputingtechniquei.e.artificialneuralnetworkfor
performanceoptimizationofMicroElectroDischargeMachining.MicroElectroDischargeMachining
isanon-conventionalornontraditionalmachiningtechniquecurrentlyhavinghighmarketdemanddue
toaccuracy,abilitytowardscomplicatedmachiningaswellasmachiningofextremelyhardmaterials
likeTungstenCarbide.ThischapterdiscussesaboutmicromachiningonElectricDischargeMachining,
itsworkingprincipleandproblemsassociatedwithit.Solutiontothoseproblemsissuggestedwiththe
additionofpowderindielectricfluid.TheoptimizationofMaterialRemovalRatewasdonewiththe
helpofANNtoolboxinMATLABsoftware.

TodayallforumsandorganizationsareverymuchconcernedaboutGlobalWarming.Thenextchapter
inthissection,Chapter12introducesmulti-criteriadecisionmakingoptimizationtooltowardsgreen
manufacturing.Presentlyindustries,especiallymanufacturingindustries,areimplementingusingvarious
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advancedmanufacturingprocessesforoptimalproductdevelopment.Theadvancemanufacturingprocess
generateslargeamountsoftoxicsubstancesresultsinvariousenvironmentalissuesduringtheoptimal
productmanufacturing.Minimizationofenvironmentalissuesandtheamountofwastegeneratedare
stronglydependsonitsprocessandresponseparameters.Thus,optimizationofprocessparametersfor
GreenManufacturingisessentialandisaproblem.Thischapterprovidesanoverviewofapplicationsof
somemulti-criteriadecisionmakingmethodsforoptimizationfollowedbydetailedfundamentalaspects
ofoptimizationissuesingreenmanufacturing.Theworkproposedanintegratedmethodconsistingof
AHPcoupledwithMOORAandvalidatedthroughanexperimentalcasestudy.

Mostofthemovingproductusuallyundergoeswearandtear.Thesituationbecomesverycritical
incaseofcoatedproducts.Chapter13aimstodetermineoptimaltribo-testingconditionforminimum
coefficientoffrictionandweardepthofelectrolessNi-P,Ni-P-WandNi-P-Cucoatingsunderlubrication
usingTaguchicoupledmultiobjectiveoptimizationtoolnamely,greyrelationalanalysis.Electroless
Ni-P,Ni-P-WandNi-P-CucoatingsaredepositedonAISI1040steelsubstrates.Coatingcharacteriza-
tionwasensuredbystudyingresultsofscanningelectronmicroscopemonographs,energydispersive
X-RayanalysisandX-Raydiffractiontechniques.Frictionandweartestsunderlubricatedcondition
werecarriedoutfollowingTaguchi’sexperimentaldesignprinciple.Finally,thepredominatingwear
mechanismsofthecoatingswerediscussedandtheoptimalparametersweresuggested.

ThelastchapterofthebookandthesectionChapter14optimizestheinputvariableslikepulseon
time,pulseofftime,peakcurrent,andservovoltageinWireElectroDischargeMachineforachieving
simultaneousoptimizationof cutting rate, surface roughness,dimensionaldeviation, andwirewear
ratioformachiningofInconel625.Inconel625isanickel-chromiumbasedsuper-alloywhichismostly
usedinhighendapplicationsduetoitsexcellentchemicalandfabricationpropertiescombinedwith
highstrengthandoutstandingcorrosionresistance.HereusingTaguchi’sL9orthogonalarraywithone
replicationexperimentalinvestigationwasundertaken.Taguchimethodhasbeencombinedwithgrey
relationalanalysisformulti-characteristicoptimizationandanalysisofvariance(ANOVA)hasbeen
appliedtodeterminethesignificantparametersandtheircontributionsonresponsevariables.Finally,
resultswerevalidatedwiththehelpofconfirmationexperiments.

Firstandforemost,theeditorswouldliketothankGod.Intheprocessofputtingthisbooktogetherit
wasrealizedhowtruethisgiftofwritingisforanyone.Youhavegiventhepowertobelieveinpassion,
hardworkandpursuedreams.ThiscouldneverhavebeendonewithoutthefaithinYou,theAlmighty.
TheEditorswouldalsoliketothankalltheChapterContributors,theReviewers,theEditorialAdvisory
BoardMembers,BookDevelopmentEditorandtheteamofPublisherIGIGlobalfortheiravailability
forworkonthiseditorialproject.
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