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Design for Assembly and ManufacturingDesign for Assembly and Manufacturing

�� SophisticatedSophisticated productsproducts involvesinvolves aa largelarge numbernumber ofof
individualindividual componentscomponents andand subassembliessubassemblies..

�� 7070 toto 8080 percentpercent ofof thethe costcost ofof manufacturingmanufacturing aa productproduct
isis determineddetermined duringduring thethe designdesign phasephase

�� AA rationalrational designdesign forfor easyeasy andand lowlow--costcost assemblyassembly isis thethe
selectionselection ofof thethe mostmost appropriateappropriate methodmethod forfor assemblingassembling
thesethese productproduct..

�� So,So, aa designdesign EngineerEngineer shouldshould bebe concernedconcerned withwith thethe
easeease andand costcost ofof assemblyassembly..

�� Thus,Thus, thethe conceptconcept ofof designdesign forfor assemblyassembly (DFA)(DFA)
emergedemerged..
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TYPES AND CHARACTERISTICSTYPES AND CHARACTERISTICS
OF ASSEMBLY METHODSOF ASSEMBLY METHODS

ManualManual AssemblyAssembly
�� InIn manualmanual assembly,assembly, thethe operationsoperations areare carriedcarried outout

manuallymanually withwith oror withoutwithout thethe aidaid ofof simple,simple, generalgeneral--
purposepurpose toolstools likelike screwdriversscrewdrivers andand plierspliers..

�� IndividualIndividual componentscomponents areare transferredtransferred toto thethe workbenchworkbench
eithereither manuallymanually oror byby employingemploying mechanicalmechanical equipmentequipment
suchsuch asas partsparts feedsfeeds oror transfertransfer lineslines andand thenthen areare
manuallymanually assembledassembled..

�� ThisThis assemblyassembly methodmethod isis characterizedcharacterized byby itsits flexibilityflexibility
andand adaptabilityadaptability..

�� TheThe assemblyassembly costcost perper productproduct isis nearlynearly constantconstant

�� IndependentIndependent ofof thethe productionproduction volumevolume..
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TYPES AND CHARACTERISTICSTYPES AND CHARACTERISTICS
OF ASSEMBLY METHODSOF ASSEMBLY METHODS

AutomaticAutomatic AssemblyAssembly
�� MainlyMainly referredreferred toto asas fixedfixed automationautomation oror thethe DetroitDetroit typetype..

�� EitherEither synchronoussynchronous indexingindexing machinesmachines andand automaticautomatic
feedersfeeders oror nonnon--synchronoussynchronous machinesmachines wherewhere partsparts areare
handledhandled byby aa freefree--transfertransfer devicedevice areare usedused..

�� MachinesMachines areare dedicateddedicated forfor thethe production/assemblyproduction/assembly ofof aa
productproduct..

�� TheseThese systemssystems lacklack anyany flexibilityflexibility toto accommodateaccommodate tangibletangible
changeschanges inin thethe designdesign ofof thethe productproduct..

�� RequiresRequires aa largelarge--scalescale capitalcapital investment,investment, asas wellwell asas
considerableconsiderable timetime andand engineeringengineering workwork beforebefore actualactual
productionproduction cancan bebe startedstarted..
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AutomaticAutomatic AssemblyAssembly UsingUsing RobotsRobots // RoboticRobotic AssemblyAssembly::
�� ProductionProduction volumevolume isis higherhigher thanthan thatthat ofof aa manualmanual assemblyassembly

systemsystem butbut lowerlower thanthan thatthat ofof anan automaticautomatic assemblyassembly systemsystem
(Fixed(Fixed automation)automation)..

CommonCommon formsforms ofof RoboticRobotic AssemblyAssembly::
1.1. OneOne--armarm robotrobot operatingoperating atat aa singlesingle workstationworkstation thatthat includesincludes

partsparts feeders,feeders, magazines,magazines, etcetc..

2.2. TwoTwo roboticrobotic armsarms operatingoperating atat aa singlesingle workstationworkstation
�� AA programmableprogrammable controllercontroller (PLC)(PLC) isis usedused toto simultaneouslysimultaneously controlcontrol

andand synchronizesynchronize thethe motionsmotions ofof thethe twotwo armsarms..
�� ReferredReferred asas aa roboticrobotic assemblyassembly cellcell andand similarsimilar toto FMSFMS cellcell..

3.3. MultiMulti--stationstation roboticrobotic assemblyassembly systemsystem
�� CapableCapable ofof performingperforming severalseveral assemblyassembly operationsoperations simultaneouslysimultaneously..
�� CanCan performperform differentdifferent assemblyassembly operationsoperations atat eacheach stationstation..
�� HighHigh flexibilityflexibility andand adaptabilityadaptability toto designdesign changeschanges..

Types and characteristics of assembly methodsTypes and characteristics of assembly methods
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Comparison of Assembly MethodsComparison of Assembly Methods

�� ManualManual assemblyassembly requiresrequires thethe leastleast capitalcapital investmentinvestment followedfollowed byby thethe
twotwo simplestsimplest formsforms ofof roboticrobotic assemblyassembly..

�� MultiMulti--stationstation roboticrobotic assemblyassembly systemsystem comparescompares toto AutomaticAutomatic systemsystem
withwith specialspecial--purposepurpose machinesmachines requiresrequires moremore capitalcapital investmentinvestment forfor aa
largelarge productionproduction volumevolume butbut lessless capitalcapital investmentinvestment forfor aa moderatemoderate
productionproduction volumevolume..

�� AssemblyAssembly costcost perper productproduct isis constantconstant forfor manualmanual assemblyassembly

�� AssemblyAssembly costcost perper productproduct isis
decreasesdecreases linearlylinearly withwith increasingincreasing
productionproduction volumevolume forfor automaticautomatic
assemblyassembly usingusing specialspecial--purposepurpose
machinesmachines..

�� InIn thethe casecase ofof roboticrobotic assembly,assembly, thethe
assemblyassembly costcost perper productproduct decreasesdecreases
withwith increasingincreasing productionproduction volume,volume, butbut
becomesbecomes lessless economicaleconomical afterafter
exceedingexceeding thethe annualannual productionproduction
volumevolume atat aa certaincertain pointpoint..
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SELECTION OF ASSEMBLY METHODSELECTION OF ASSEMBLY METHOD

FactorsFactors affectingaffecting selectionselection ofof anan
assemblyassembly methodmethod::

�� CostCost ofof assemblyassembly

�� AnnualAnnual productionproduction volumevolume (or(or
productionproduction rate),rate),

�� NumberNumber ofof individualindividual componentscomponents
toto bebe assembledassembled inin aa productproduct

�� NumberNumber ofof differentdifferent versionsversions ofof aa
productproduct // ss

�� AvailabilityAvailability ofof laborlabor (with(with costcost
consideration)consideration)

�� PaybackPayback periodperiod

-- TheseThese factorsfactors areare interactiveinteractive

-- ImpossibleImpossible toto havehave aa singlesingle
mathematicalmathematical relationshiprelationship betweenbetween
thesethese factorsfactors..
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PRODUCT DESIGN FOR MANUAL ASSEMBLYPRODUCT DESIGN FOR MANUAL ASSEMBLY
ToTo designdesign productsproducts forfor manualmanual assemblyassembly wewe needneed toto reducereduce bothboth thethe
assemblyassembly timetime andand thethe skillsskills requiredrequired ofof assemblyassembly workersworkers..

GuidelinesGuidelines forfor productproduct designdesign forfor manualmanual assemblyassembly::

�� Eliminate the need for any decision making by the assembly worker, Eliminate the need for any decision making by the assembly worker, 
including his or her having to make any final adjustments.including his or her having to make any final adjustments.

�� Ensure accessibility and visibility.Ensure accessibility and visibility.

�� EliminateEliminate thethe needneed forfor assemblyassembly toolstools oror specialspecial gagesgages byby designingdesigning thethe
individualindividual componentscomponents toto bebe selfself--aligningaligning andand selfself--locatinglocating.. FigureFigure:: itit isis
farfar easiereasier andand takestakes lessless timetime toto insertinsert thethe pinpin withwith thethe chamferchamfer..

�� MinimizeMinimize thethe typestypes ofof partsparts byby adoptingadopting
thethe conceptconcept ofof standardizationstandardization asas aa
designdesign philosophyphilosophy..

�� ExpandExpand thethe useuse ofof multifunctionmultifunction andand
multipurposemultipurpose componentscomponents..
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DESIGN FOR MANUAL ASSEMBLY continue…DESIGN FOR MANUAL ASSEMBLY continue…

�� MinimizeMinimize thethe numbernumber ofof individualindividual partsparts inin anan assemblyassembly byby eliminatingeliminating
excessexcess partsparts and,and, wheneverwhenever possible,possible, integratingintegrating twotwo oror moremore partsparts
together,together, asas handlinghandling lesserlesser partsparts areare muchmuch easiereasier..

�� TheThe criteriacriteria forfor reducingreducing thethe partsparts countcount perper assembly,assembly, establishedestablished byby
GG.. BoothroydBoothroyd andand PP DewhurstDewhurst involveinvolve negativenegative answersanswers toto thethe
followingfollowing questionsquestions ::

�� DoesDoes thethe partpart movemove relativerelative toto allall otherother partsparts alreadyalready assembled?assembled?
�� MustMust thethe partpart bebe ofof aa differentdifferent materialmaterial oror bebe isolatedisolated fromfrom otherother partsparts

alreadyalready assembled?assembled?
�� MustMust thethe partpart bebe separateseparate fromfrom allall otherother partsparts alreadyalready assembledassembled becausebecause

otherwiseotherwise necessarynecessary assemblyassembly oror disassemblydisassembly ofof otherother partsparts wouldwould bebe
impossible?impossible?

�� AvoidAvoid oror minimizeminimize reorientingreorienting thethe partsparts duringduring assemblyassembly.. TryTry toto makemake
allall motionsmotions simplesimple by,by, forfor example,example, eliminatingeliminating multimulti--motionmotion insertionsinsertions..

�� DesignDesign partsparts havinghaving maximummaximum symmetrysymmetry inin orderorder toto facilitatefacilitate easyeasy
orientationorientation andand handlinghandling duringduring assemblyassembly..
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PRODUCT DESIGN FOR AUTOMATIC ASSEMBLYPRODUCT DESIGN FOR AUTOMATIC ASSEMBLY

PartsParts areare requiredrequired toto bebe:: uniformuniform;; highhigh qualityquality;; havehave tightertighter geometricgeometric
tolerances,tolerances, toto eliminateeliminate anyany downtimedowntime ofof thethe assemblyassembly systemsystem duedue toto partsparts
mismatchmismatch oror manufacturingmanufacturing defectsdefects..

ImportantImportant factorsfactors involvesinvolves orientation,orientation, handling,handling, andand feedingfeeding ofof partsparts toto thethe
assemblyassembly machinemachine.. RulesRules forfor automaticautomatic assemblyassembly areare::

�� ReduceReduce thethe numbernumber ofof differentdifferent componentscomponents inin anan assemblyassembly byby usingusing thethe
threethree questionsquestions listedlisted previouslypreviously.. FigureFigure LHSLHS

�� UseUse selfself--aligningaligning andand selfself--locatinglocating featuresfeatures likelike chamfers,chamfers, guidepins,guidepins,
dimples,dimples, andand certaincertain typestypes ofof screws,screws, inin partsparts toto facilitatefacilitate thethe processprocess ofof theirtheir
assemblyassembly.. FigureFigure RHSRHS..
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DESIGN FOR AUTOMATIC ASSEMBLY continue…DESIGN FOR AUTOMATIC ASSEMBLY continue…

�� Avoid,Avoid, ifif possible,possible, fasteningfastening byby screwsscrews asas itit isis
expensiveexpensive andand timetime--consumingconsuming..

�� Thus,Thus, recommendedrecommended toto designdesign partsparts thatthat willwill
snapsnap togethertogether oror bebe joinedjoined togethertogether byby aa presspress
fitfit.. (May(May leadlead toto problemsproblems whilewhile disassemblingdisassembling
thethe productproduct forfor maintenancemaintenance..))

�� IfIf screwsscrews mustmust bebe used,used, thenthen unifyunify theirtheir typestypes
andand headhead shapesshapes.. FigureFigure..

�� MakeMake thethe largestlargest andand mostmost rigidrigid partpart ofof thethe
assemblyassembly asas aa basebase oror fixturefixture wherewhere otherother partsparts
areare stackstack--assembledassembled verticallyvertically inin orderorder toto taketake
advantageadvantage ofof gravitygravity.. ThisThis willwill eliminateeliminate thethe
needneed forfor employingemploying anan assemblyassembly fixturefixture..

�� SeekSeek thethe useuse ofof standardstandard componentscomponents and/orand/or
materials,materials, ii..ee.. aa highhigh percentagepercentage ofof standardstandard
partsparts inin anyany newnew designdesign.. GroupGroup technologytechnology cancan
bebe adoptedadopted toto achieveachieve thisthis goalgoal..



Design for AssemblyDesign for Assembly

PRODUCT DESIGN FOR AUTOMATIC ASSEMBLY PRODUCT DESIGN FOR AUTOMATIC ASSEMBLY 
continue…continue…

�� Avoid the possibility of parts tangling, Avoid the possibility of parts tangling, 
nesting, or shingling during feeding. nesting, or shingling during feeding. 
Figure.Figure.

�� AvoidAvoid flexible,flexible, fragile,fragile, andand abrasiveabrasive
partsparts andand ensureensure thatthat thethe partsparts havehave
sufficientsufficient strengthstrength andand rigidityrigidity toto
withstandwithstand thethe forcesforces exertedexerted onon themthem
duringduring feedingfeeding andand assemblyassembly..

�� AvoidAvoid reorientingreorienting assembliesassemblies becausebecause
eacheach reorientationreorientation maymay requirerequire aa
separateseparate stationstation oror aa machine,machine, bothboth ofof
whichwhich causecause anan appreciableappreciable increaseincrease
inin costcost..
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PRODUCT DESIGN FOR AUTOMATIC ASSEMBLY PRODUCT DESIGN FOR AUTOMATIC ASSEMBLY 
continue…continue…

�� TheThe processprocess inin thethe feederfeeder consistsconsists
ofof rejectingrejecting partsparts restingresting inin anyany
positionposition butbut thethe oneone desireddesired..

�� FigureFigure showsshows thethe effecteffect ofof thethe
possiblepossible numbernumber ofof orientationsorientations onon
thethe efficiencyefficiency ofof feedingfeeding..

�� AccordingAccording toto WW.. VV.. Tipping,Tipping, twotwo
typestypes ofof partsparts cancan easilyeasily bebe
orientedoriented::

-- PartsParts symmetricalsymmetrical inin shapeshape (e(e..gg..,, aa
spheresphere oror cube)cube)

-- PartsParts withwith clearclear asymmetryasymmetry (either(either
inin shapeshape oror weight)weight)..

�� Design parts to ease automation by presenting or admitting the Design parts to ease automation by presenting or admitting the 
parts to the assembly machine in the right orientation after the parts to the assembly machine in the right orientation after the 
minimum possible time in the feeder.minimum possible time in the feeder.
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PRODUCT DESIGN FOR AUTOMATIC ASSEMBLY PRODUCT DESIGN FOR AUTOMATIC ASSEMBLY 
continue…continue…

�� FigureFigure showsshows somesome smallsmall
changeschanges inin thethe designdesign ofof partsparts
thatthat resultresult inin fullfull symmetrysymmetry..

�� ItIt isis easyeasy toto achieveachieve symmetrysymmetry
withwith sheetsheet metalmetal andand injectioninjection--
moldedmolded partsparts becausebecause thethe
manufacturingmanufacturing costcost ofof addingadding aa
featurefeature isis relativelyrelatively lowlow..

�� IfIf itit isis tootoo difficultdifficult oror tootoo expensiveexpensive toto
achieveachieve symmetry,symmetry, nonfunctionalnonfunctional
featuresfeatures mustmust thenthen bebe addedadded toto makemake
identificationidentification andand graspinggrasping easiereasier asas
shownshown inin FigureFigure..
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PRODUCT DESIGN FOR ROBOTIC ASSEMBLYPRODUCT DESIGN FOR ROBOTIC ASSEMBLY

�� TheThe productproduct designdesign rulesrules forfor roboticrobotic assemblyassembly areare
basicallybasically thethe samesame asas thosethose forfor manualmanual and/orand/or automaticautomatic
assemblyassembly..

�� TwoTwo veryvery importantimportant andand crucialcrucial considerationsconsiderations thatthat havehave
toto bebe takentaken intointo accountaccount whenwhen designingdesigning componentscomponents forfor
roboticrobotic assemblyassembly::

1.1. DesignDesign aa componentcomponent soso thatthat itit cancan bebe grasped,grasped, oriented,oriented,
andand insertedinserted byby thatthat robot'srobot's endend effectoreffector.. FailureFailure toto dodo soso
willwill resultresult inin thethe needneed forfor anan additionaladditional robotrobot and,and,
consequently,consequently, higherhigher assemblyassembly costcost..

2.2. DesignDesign partsparts soso thatthat theythey cancan bebe presentedpresented toto thethe robot'srobot's
armarm inin anan orientationorientation appropriateappropriate forfor graspinggrasping.. Also,Also,
eliminateeliminate thethe needneed forfor reorientingreorienting assembliesassemblies (or(or
subassemblies)subassemblies) duringduring thethe assemblyassembly operationoperation..
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METHODS FOR EVALUATING AND IMPROVING METHODS FOR EVALUATING AND IMPROVING 
PRODUCT DFAPRODUCT DFA

�� MethodsMethods areare basedbased onon measuringmeasuring thethe easeease oror difficultydifficulty withwith
whichwhich partsparts cancan bebe handledhandled andand assembledassembled togethertogether intointo aa
givengiven productproduct..

�� AnAn analyticalanalytical procedureprocedure isis followedfollowed wherewhere thethe problemsproblems
associatedassociated withwith thethe componentscomponents designdesign areare detecteddetected andand
quantitativelyquantitatively assessedassessed..

�� MostMost commonlycommonly usedused methodsmethods::
�� The BoothroydThe Boothroyd--Dewhurst DFA MethodDewhurst DFA Method

�� The Hitachi Assembly Evaluation MethodThe Hitachi Assembly Evaluation Method

�� The Lucas DFA MethodThe Lucas DFA Method

�� The Fujitsu Productivity Evaluation SystemThe Fujitsu Productivity Evaluation System
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The BoothroydThe Boothroyd--Dewhurst DFA MethodDewhurst DFA Method

�� Then,Then, thethe analyticalanalytical procedureprocedure
correspondingcorresponding toto thethe assemblyassembly methodmethod
selectedselected isis usedused (i(i..ee..,, therethere isis aa separate,separate,
thoughthough similar,similar, procedureprocedure forfor eacheach ofof thethe
assemblyassembly methods)methods)..

�� FigureFigure showsshows thethe stagesstages ofof thethe BoothroydBoothroyd--
DewhurstDewhurst DFADFA methodmethod..

�� DevelopedDeveloped inin thethe latelate 19701970ss byby ProfessorProfessor GeoffreyGeoffrey Boothroyd,Boothroyd, atat thethe
UniversityUniversity ofof Massachusetts,Massachusetts, AmherstAmherst inin cooperationcooperation withwith SalfordSalford UniversityUniversity
ofof EnglandEngland..

�� TheThe analysisanalysis cannotcannot bebe employedemployed toto createcreate aa designdesign fromfrom nothingnothing butbut ratherrather
isis usedused toto evaluateevaluate andand refinerefine anan existingexisting designdesign..

�� First,First, thethe appropriateappropriate assemblyassembly methodmethod isis selectedselected byby meansmeans ofof chartscharts..
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The BoothroydThe Boothroyd--Dewhurst DFA Method continue…Dewhurst DFA Method continue…
�� TheThe firstfirst stepstep isis toto determinedetermine thethe assemblyassembly sequencesequence..

�� TheThe assemblyassembly timetime forfor eacheach componentcomponent partpart isis thenthen obtainedobtained byby addingadding thethe
handlinghandling timetime ofof thatthat partpart toto itsits insertioninsertion timetime..

�� OnceOnce thethe componentscomponents andand thethe assemblyassembly timetime forfor eacheach areare known,known, totaltotal assemblyassembly
timetime andand assemblyassembly costcost forfor thethe existingexisting designdesign isis evaluatedevaluated..

�� TheThe nextnext stepstep isis aimedaimed atat reducingreducing thethe partsparts countcount byby eliminatingeliminating oror combiningcombining
somesome partsparts.. (as(as perper thethe 33 questionsquestions describeddescribed before)before).. ThusThus findingfinding “theoretically“theoretically
needed”needed” partsparts..

�� AA designdesign efficiencyefficiency indexindex isis usedused toto evaluateevaluate thethe improvementimprovement inin designdesign inin aa
quantitativequantitative manner,manner, givengiven byby::

DesignDesign EfficiencyEfficiency == ((33** Nm)Nm) // calculatedcalculated totaltotal assemblyassembly timetime
wherewhere NmNm isis thethe theoreticaltheoretical minimumminimum numbernumber ofof partsparts..
AssumptionAssumption:: totaltotal idealideal assemblyassembly timetime 33 secondsseconds..

�� DesignDesign isis improvedimproved byby reviewingreviewing thethe worksheetworksheet andand eliminatingeliminating componentscomponents thatthat
havehave relativelyrelatively highhigh handlinghandling andand insertioninsertion timestimes..

�� ThisThis processprocess isis repeatedrepeated untiluntil anan optimaloptimal designdesign isis obtainedobtained..
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The BoothroydThe Boothroyd--Dewhurst DFA Method continue…Dewhurst DFA Method continue…

DISADVANTAGE: DISADVANTAGE: 
Decreasing the parts count could result in the manufacture and use of complex Decreasing the parts count could result in the manufacture and use of complex 
components. Since assembly cost is normally 5% of total cost, the final product components. Since assembly cost is normally 5% of total cost, the final product 
could be easy to assemble but expensive to manufacture.could be easy to assemble but expensive to manufacture.
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The Hitachi Assembly Evaluation Method (AEM)The Hitachi Assembly Evaluation Method (AEM)

�� Originally,Originally, employedemployed toto refinerefine thethe designsdesigns ofof tapetape recorderrecorder mechanismsmechanisms
inin orderorder toto developdevelop anan automaticautomatic assemblyassembly systemsystem forfor producingproducing thosethose
subassembliessubassemblies..

�� TheThe methodmethod doesdoes notnot explicitlyexplicitly distinguishdistinguish betweenbetween manualmanual andand
automaticautomatic assembly,assembly, thisthis differencedifference isis accountedaccounted forfor implicitlyimplicitly withinwithin thethe
structuredstructured analysisanalysis..

�� TheThe HitachiHitachi AEMAEM approachapproach isis basedbased onon assessingassessing thethe assemblabilityassemblability ofof
aa designdesign basedbased onon twotwo indicesindices::

1.1. AnAn assemblabilityassemblability evaluationevaluation scorescore (E)(E) isis usedused toto assessassess designdesign qualityquality
oror difficultydifficulty ofof assemblyassembly operationsoperations..

�� TheThe procedureprocedure toto computecompute EE isis basedbased onon consideringconsidering thethe simplesimple downwarddownward
motionmotion forfor insertinginserting aa partpart asas thethe "ideal"ideal referencereference..““

�� ForFor complicatedcomplicated operations,operations, penaltypenalty scoresscores thatthat dependdepend uponupon thethe complexitycomplexity
andand naturenature ofof eacheach operationoperation areare assignedassigned..
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Hitachi Assembly Evaluation Method continue…Hitachi Assembly Evaluation Method continue…
�� TheThe HitachiHitachi methodmethod usesuses symbolssymbols toto

representrepresent operations,operations, andand therethere areare
aboutabout 2020 ofof themthem coveringcovering
operationsoperations.. ExEx:: shownshown inin figurefigure..

�� AfterAfter completingcompleting aa worksheetworksheet penaltypenalty
scorescore forfor eacheach partpart isis manipulatedmanipulated toto
givegive thethe assemblabilityassemblability evaluationevaluation
scorescore forfor thatthat partpart..

�� EE valuesvalues forfor allall partsparts areare thenthen combinedcombined toto produceproduce anan assemblabilityassemblability
evaluationevaluation scorescore forfor thethe wholewhole assemblyassembly..

22.. AnAn estimatedestimated assemblyassembly costcost ratioratio (K)(K) isis anan indicationindication ofof thethe assemblyassembly costcost
improvementsimprovements..
�� KK isis thethe ratioratio betweenbetween thethe assemblyassembly costcost ofof thethe newnew (modified)(modified) designdesign divideddivided byby

thethe assemblyassembly costcost ofof thethe initialinitial and/orand/or standardstandard designdesign..
�� TheThe methodmethod ofof estimatingestimating thethe timetime (and(and cost)cost) ofof anan operationoperation involvesinvolves breakingbreaking

itit intointo itsits elementalelemental componentscomponents andand allocatingallocating timetime forfor eacheach elementalelemental motionmotion
basedbased onon compiledcompiled practicalpractical observationsobservations..

�� AnyAny savingsaving inin thethe assemblyassembly costcost cancan bebe achievedachieved byby reducingreducing thethe partsparts countcount inin
aa productproduct and/orand/or simplifyingsimplifying thethe assemblyassembly operationsoperations..
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Lucas DFA MethodLucas DFA Method

�� UnlikeUnlike thethe previousprevious twotwo methods,methods, thethe
LucasLucas DFADFA evaluationevaluation isis notnot basedbased onon
monetarymonetary costs,costs, butbut onon threethree indicesindices thatthat
givegive aa relativerelative measuremeasure ofof assemblingassembling
difficultydifficulty..

�� TheThe goalgoal ofof reducingreducing thethe partsparts countcount andand
thethe analysisanalysis ofof thethe insertioninsertion operationsoperations
areare sharedshared withwith thethe previousprevious twotwo methodmethod..

�� AnalysisAnalysis isis carriedcarried outout inin threethree sequentialsequential
stagesstages asas shownshown inin AssemblyAssembly--sequencesequence
flowchartflowchart diagramdiagram::

�� FunctionalFunctional
�� FeedingFeeding (or(or handling)handling)
�� FittingFitting analysesanalyses..
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Lucas DFA Method continue…Lucas DFA Method continue…
FunctionalFunctional analysisanalysis::
�� ComponentsComponents areare divideddivided intointo twotwo groupsgroups..

�� ComponentsComponents thatthat performperform aa primaryprimary functionfunction (essential(essential components)components) oror
"A""A" partsparts..

�� Nonessential,Nonessential, oror "B,""B," componentscomponents thatthat performperform onlyonly secondarysecondary
functionsfunctions likelike fasteningfastening andand locatinglocating..

�� DesignDesign efficiencyefficiency isis givengiven byby::
DesignDesign EfficiencyEfficiency == 100100 ** AA // (A+B)(A+B)

�� IfIf thethe designdesign efficiencyefficiency isis low,low, itit isis improvedimproved byby eliminatingeliminating mostmost ofof thethe
nonessentialnonessential partsparts..

�� InitialInitial stagestage targettarget isis toto achieveachieve aa designdesign efficiencyefficiency ofof 6060 percentpercent..

FeedingFeeding analysisanalysis::
�� ConcernedConcerned withwith thethe problemsproblems associatedassociated withwith handlinghandling componentscomponents (or(or

subassemblies)subassemblies) untiluntil theythey areare admittedadmitted toto thethe assemblyassembly systemsystem..
�� FeedingFeeding /handling/handling indexindex isis calculatedcalculated basedbased onon size,size, weight,weight, handlinghandling

difficulties,difficulties, andand orientationorientation ofof aa partpart..
�� FeedingFeeding /handling/handling ratioratio cancan bebe calculatedcalculated asas::

Feeding/handlingFeeding/handling ratioratio == (Feeding/handling(Feeding/handling index)index) // NumberNumber ofof essentialessential
componentscomponents

�� An ideal value for this ratio is 2.5.An ideal value for this ratio is 2.5.
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Lucas DFA Method continue…Lucas DFA Method continue…
FittingFitting analysisanalysis ..
�� TheThe fittingfitting analysisanalysis isis divideddivided intointo aa numbernumber ofof subsystemssubsystems includingincluding

gripping,gripping, insertion,insertion, andand fixingfixing analysesanalyses..
�� AnAn indexindex isis givengiven toto eacheach partpart basedbased onon itsits fixturingfixturing requirements,requirements,

resistanceresistance toto insertion,insertion, andand whetherwhether oror notnot therethere willwill bebe restrictedrestricted visionvision
duringduring assemblyassembly..

�� HighHigh individualindividual valuesvalues and/orand/or aa highhigh totaltotal valuevalue ofof thesethese indicesindices meansmeans
costlycostly fittingfitting operationsoperations..

�� TheThe fittingfitting indexindex isis manipulatedmanipulated toto yieldyield thethe fittingfitting ratioratio asas::
fittingfitting ratioratio == fittingfitting indexindex // numbernumber ofof essentialessential componentscomponents

�� ForFor acceptableacceptable designdesign fittingfitting ratioratio shouldshould bebe 22..55..

FeedingFeeding /handling/handling andand fittingfitting ratiosratios areare usedused asas "measures"measures ofof
performance"performance" toto indicateindicate thethe effectivenesseffectiveness ofof thethe designdesign qualityquality withwith
respectrespect toto assemblyassembly

DISAADVANTAGEDISAADVANTAGE:: DoesDoes notnot considersconsiders thethe manufacturingmanufacturing costcost whilewhile
makingmaking designdesign changes,changes, whichwhich cancan leadlead toto aa costlycostly partpart..
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The Fujitsu Productivity Evaluation SystemThe Fujitsu Productivity Evaluation System

�� UnlikeUnlike otherother DFADFA methodsmethods itit isis notnot aa refinementrefinement procedureprocedure afterafter completioncompletion
ofof thethe detaileddetailed designdesign.. RatherRather itit cancan bebe describeddescribed asas::

�� AA softwaresoftware packagepackage whichwhich cancan bebe usedused asas aa tooltool toto aidaid inin obtainingobtaining aa
detaileddetailed designdesign thatthat isis easyeasy toto manufacturemanufacture andand assembleassemble withwith costcost
effectivenesseffectiveness..

�� Limited to benchLimited to bench--type manual assembly of relatively small parts. type manual assembly of relatively small parts. 

�� ConsistsConsists ofof fourfour subsystemssubsystems asas shownshown inin figure,figure, basedbased uponupon makingmaking fullfull useuse
ofof anan expertexpert systemsystem involvinginvolving practicalpractical manufacturingmanufacturing andand designdesign datadata andand
rulesrules ofof thumbthumb gatheredgathered fromfrom experienceexperience..

�� TheThe softwaresoftware addressesaddresses aa problemproblem byby
carryingcarrying outout aa roughrough evaluationevaluation thatthat
cancan bebe followedfollowed byby detaileddetailed
evaluationsevaluations mademade concurrentlyconcurrently withwith
thethe productproduct developmentdevelopment processprocess..

Assemblability 
Evaluation subsystem

Manufacturability 
Evaluation subsystem

Design ideas and
know-how reference subsystem

Assembly sequence 
specification subsystem
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The Fujitsu PES continue…The Fujitsu PES continue…

�� FigureFigure indicatesindicates thethe procedureprocedure forfor applyingapplying thethe productivityproductivity evaluationevaluation
systemsystem throughoutthroughout thethe productproduct developmentdevelopment cyclecycle..

AssemblyAssembly sequencesequence specificationspecification subsystemsubsystem::
�� DesignerDesigner selectsselects partsparts similarsimilar toto thosethose envisionedenvisioned toto bebe usedused inin thethe

productproduct andand thenthen specifiesspecifies theirtheir assemblyassembly sequencesequence..

�� TheThe systemsystem promptlypromptly retrievesretrieves
previouslypreviously storedstored valuesvalues forfor
assemblabilityassemblability andand manufacturabilitymanufacturability
thatthat cancan bebe usedused byby thethe evaluationevaluation
subsystemsubsystem toto obtainobtain assemblyassembly timetime
andand costcost..
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The Fujitsu PES continue…The Fujitsu PES continue…
AssemblabllityAssemblabllity evaluationevaluation subsystemsubsystem::
�� EstimatesEstimates assemblyassembly timetime andand evaluateevaluate thethe easeease ofof assembly,assembly, basedbased

uponupon aa librarylibrary ofof subassembliessubassemblies andand theirtheir numbernumber ofof essentialessential partsparts thatthat
areare storedstored byby functionalfunctional modulemodule..

ExEx:: PrintingPrinting modulemodule includesincludes dotdot printingprinting ((1010 essentialessential parts)parts)..

�� AnalysisAnalysis addressesaddresses thethe handlinghandling andand insertioninsertion ofof parts,parts, specifiesspecifies thethe
targettarget numbernumber ofof essentialessential parts,parts, andand identifiesidentifies highhigh--costcost processesprocesses andand
partsparts..

�� FigureFigure showsshows operationoperation ofof this,this, andand typestypes ofof inputinput andand outputoutput datadata..
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The Fujitsu PES continue…The Fujitsu PES continue…

AssemblabllityAssemblabllity evaluationevaluation subsystemsubsystem
continuecontinue……

�� SystemSystem breaksbreaks downdown thethe assemblyassembly
timetime ofof eacheach partpart intointo handlinghandling
time,time, insertioninsertion time,time, andand soso on,on, andand
displaysdisplays itit asas aa barbar chartchart.. SeeSee
FigureFigure (a)(a)..

�� SystemSystem alsoalso showsshows thethe
assemblabilityassemblability evaluationevaluation scorescore forfor
thethe wholewhole productproduct asas wellwell asas forfor
assemblyassembly andand adjustmentadjustment
operationsoperations.. SeeSee FigureFigure (b)(b)..
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The Fujitsu PES continue…The Fujitsu PES continue…

Manufacturability evaluation Manufacturability evaluation 
subsystem:subsystem:

�� UsedUsed asas aa tooltool byby thethe
designerdesigner toto estimateestimate thethe
manufacturingmanufacturing costcost andand
evaluateevaluate
manufacturabilitymanufacturability inin aa
quantitativequantitative mannermanner.. SeeSee
FigureFigure..

�� CanCan bebe donedone atat twotwo
levelslevels :: roughrough evaluationevaluation
or/andor/and aa detaileddetailed oneone..

DISADVANTAGEDISADVANTAGE::
BasedBased onon retrievingretrieving previouslypreviously compiledcompiled datadata whichwhich areare gatheredgathered duringduring
productionproduction.. So,So, maymay onlyonly bebe successfulsuccessful forfor productsproducts identicalidentical oror similarsimilar toto
thosethose withinwithin thethe rangerange ofof productsproducts ofof thatthat companycompany..
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Design for AutomationDesign for Automation

�� CrucialCrucial stepssteps toto improveimprove AutomationAutomation
�� ConcurrentConcurrent DesignDesign
�� EarlyEarly DesignDesign ofof AssemblyAssembly
�� SimultaneousSimultaneous designdesign forfor ManufacturingManufacturing
�� DesignDesign forfor QualityQuality oror DesignDesign forfor SixSix SigmaSigma

�� AA goodgood AutomationAutomation isis notnot aa curecure forfor poorpoor designdesign
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Future of AutomationFuture of Automation

�� MoreMore advancedadvanced knowledgeknowledge ofof thethe effecteffect ofof designdesign
inin youryour productproduct

�� VirtualVirtual PrototypingPrototyping
�� MultiMulti--purposepurpose robotsrobots capablecapable ofof carryingcarrying outout

severalseveral manufacturingmanufacturing activitiesactivities
�� MetalMetal basedbased RapidRapid PrototypingPrototyping
�� HighlyHighly CustomCustom mademade productsproducts

�� CapabilityCapability toto ‘intelligently‘intelligently configure’configure’ productsproducts thatthat cancan bebe
manufacturedmanufactured quicklyquickly

�� ??????


