


 

MostMost CNCCNC machinesmachines havehave aa specialspecial featurefeature knownknown 
asas parametricparametric programming,programming, alsoalso referredreferred toto asas 
macro,4macro,4 inin whichwhich aa partpart programprogram cancan bebe writtenwritten usingusing 
variablesvariables andand parametricparametric expressionsexpressions toto representrepresent thethe 
machinemachine axisaxis positionposition (x,(x, y,y, z,z, a,a, etc.),etc.), feed,feed, andand speedspeed 
functions.functions.ss SimilarSimilar toto computercomputer programmingprogramming lan­lan­
guagesguages suchsuch asas PascalPascal oror C,C, computer-relatedcomputer-related featuresfeatures 
suchsuch asas variables,variables, arithmetic,arithmetic, logiclogic statements,statements, andand 
loopinglooping cancan bebe implementedimplemented inin aa parametricparametric program.program. 
ThisThis programmingprogramming featurefeature allowsallows thethe useruser toto loadload aa 
singlesingle partpart programprogram forfor aa familyfamily ofof partsparts toto thethe CNCCNC 
controller.controller. TheThe partpart programprogram isis thenthen calledcalled upup forfor 
machiningmachining aa similarsimilar partpart oror similarsimilar featurefeature onon differ­differ­
entent parts.parts. TheThe processprocess involvesinvolves aa simplesimple entryentry ofof para­para­
metermeter valuesvalues intointo thethe machinemachine controller.controller. ForFor example,example, 
severalseveral cylindricalcylindrical partsparts maymay havehave twotwo commoncommon para­para­
meters,meters, suchsuch asas diameterdiameter andand overalloverall length.length. AA singlesingle 
parametricparametric partpart programprogram cancan bebe calledcalled upup fi'omfi'om aa mainmain 
programprogram forfor machiningmachining suchsuch aa groupgroup ofof similarsimilar parts.parts. 
UponUpon loadingloading thethe mainmain program,program, thethe valuesvalues ofof thethe twotwo 
parametersparameters areare entered;entered; thenthen thesethese valuesvalues areare trans­trans­
ferredferred toto parametricparametric subprograms.subprograms. ThisThis approachapproach 
couldcould minimizeminimize thethe numbernumber ofof programprogram changeovers,changeovers, 
reducereduce thethe redundantredundant codescodes inin thethe partpart program,program, andand 
shortenshorten thethe lengthlength ofof thethe program.program. 

MethodologyMethodology 
InIn thisthis study,study, threethree partpart familiesfamilies areare consideredconsidered toto 

investigateinvestigate thethe effectseffects ofof blendingblending CSSPCSSP andand para­para­
metricmetric programmingprogramming inin improvingimproving thethe efficiencyefficiency ofof 
CNCCNC operations.operations. TheThe efficiencyefficiency improvementimprovement isis 
determineddetermined basedbased onon twotwo factors:factors: (a)(a) numbernumber ofof pro­pro­
gramgram changeoverschangeovers andand (b)(b) numbernumber ofof NCNC filesfiles andand 
sizesize ofof partpart program.program. AsAs thethe numbernumber ofof partpart typestypes 
withinwithin aa partpart familyfamily increases,increases, thethe numbernumber ofofprogramprogram 
changeoverschangeovers oror setupssetups isis expectedexpected toto increase.increase. TheThe 
numbernumber ofof NCNC filesfiles andand thethe sizesize ofof thethe partpart programprogram 
cancan havehave aa significantsignificant effecteffect onon filefile managementmanagement andand 
memorymemory spacespace whenwhen thethe numbernumber ofof partpart typestypes withinwithin 
aa partpart familyfamily isis relativelyrelatively high.high. BasedBased onon thethe afore­afore­
mentionedmentioned factors,factors, anan efficiencyefficiency improvementimprovement (EI)(EI) 
measuremeasure isis defineddefined asas follows:follows: 
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wherewhere 

n� isis thethe partpart familyfamily sizesizen 
NNi�i isis thethe numbernumber ofof NCNC instructionsinstructions (lines)(lines) inin thethe 

conventionalconventional NCNC programprogram forfor aa partpart typetype ii inin thethe 
familyfamily 

PP isis thethe numbernumber ofof NCNC instructionsinstructions (lines)(lines) inin thethe 
parametricparametric programprogram forfor thethe samesame partpart familyfamily 

WW isis thethe weightweight factorfactor 

TheThe methodologymethodology consistsconsists ofof thethe followingfollowing steps:steps: 

StepStep 1.1. DevelopDevelop CADCAD filesfiles forfor thethe threethree partpart 
families.families. 

StepStep 2.2. GenerateGenerate NCNC codescodes usingusing CAD/CAMCAD/CAM soft­soft­
wareware66 forfor thethe parts'parts' CADCAD files.files. 

StepStep 3.3. WriteWrite aa singlesingle parametricparametric programprogram forfor eacheach 
partpart family.7family.7 

StepStep 4.4. CompareCompare thethe twotwo typestypes ofof partpart programsprograms 
developeddeveloped inin stepssteps 22 andand 33 usingusing thethe EIEI 
measure.measure. 

TheThe weightweight factor,factor, W,W, isis empiricallyempirically determineddetermined 
usingusing aa BridgeportBridgeport CNCCNC millmill andand aa PC.PC. ItIt waswas 
observedobserved thatthat thethe ratioratio betweenbetween thethe timestimes toto changechange 
programs,programs, includingincluding clearingclearing thethe controlcontrol memory,memory, 
andand locatinglocating aa programprogram toto programprogram downloadingdownloading timetime 
fromfrom aa PCPC toto CNCCNC isis roughlyroughly 4:14:1 (W(W ==== 80%).80%). ThisThis 
indicatesindicates thatthat forfor thethe casescases studiedstudied here,here, thethe effecteffect ofof 
programprogram lengthlength onon EIEI isis notnot asas significantsignificant asas thethe 
effecteffect ofof machinemachine stoppagestoppage forfor programprogram changingchanging 
(see(see TableTable 1).1). 

AnalysisAnalysis ofof ResultsResults 
PartPart familyfamily II consistedconsisted ofof fivefive partsparts (n(n ==== 5),5), asas 

illustratedillustrated inin FigureFigure 1.1. AA singlesingle parametricparametric partpart pro­pro­
gramgram forfor machiningmachining thisthis partpart familyfamily isis shownshown inin thethe 
Appendix.Appendix. 

TheThe numbersnumbers ofof instructionsinstructions inin conventionalconventional NCNC 
programsprograms forfor individualindividual partpart typestypes werewere 66,66, 37,37, 132,132, 
104,104, andand 132.132. TheThe numbernumber ofof executableexecutable NCNC instruc­instruc­
tionstions inin thethe correspondingcorresponding parametricparametric programprogram waswas 
4545 lines.lines. TheThe overalloverall EIEI duedue toto applicationapplication ofof para-para-

TableTable 11 
ProgramProgram ChangeoverChangeover andand DownloadingDownloading TimesTimes (seconds)(seconds) 

PartPart FamilyFamily 
IIII IIIIII 

ChangeoverChangeover timetime 4040 3535 27�27 
DownloadingDownloading timetime 1111 88 8�8 



Z[-PI7]Z[-PI7] 
GlGl XOXO 
GlGl X[PlO]+lX[PlO]+l 
M5M5 
M30M30 

00020002 (PART(PART FAMILYFAMILY II)II) 
HOLES)�(PlO(PlO ## OFOF HOLES) 

CIRCLE)�(Pll(Pll RADIUSRADIUS OFOF HOLEHOLE CIRCLE) 
DIAMETER)�(P12(P12 EXTERNALEXTERNAL DIAMETER) 

PART)�(P13(P13 THICHNESSTHICHNESS OFOF PART) 
INCREMENT)�(PI4(PI4 ZZ INCREMENT)

(PISO(PISO RADIUS)�CENTERCENTER POCKETPOCKET RADIUS) 
(P(P 155155 WIDTH)�CUTCUT WIDTH) 

YO�G92G92 X[PX[P 11]11] YO 
SS10001000 M03M03 DD 11 CONTOUR)�(EXTERNAL(EXTERNAL CONTOUR) 
M06M06 TOITOI G43G43 HI�HI 
GOGO 20�20 
GOGO YO�X[-PI2]X[-PI2] YO 

FIS�GG11 2[2[-P13]-P13] FIS 
G02G02 X[P12]X[P12] YOYO R[PI2]R[PI2] F80�F80 
X[-PI2]�X[-PI2] 
GOGO 2.1�2.1 

GOGO XOXO YOYO POCKET)�(CENTER(CENTER POCKET) 
F20�F20 
G24G24 Z[-P13]Z[-P13] Q[PI4]Q[PI4] FlO�FlO 

M06M06 T02T02 PATTERN)�(BOLT(BOLT HOLEHOLE PATTERN) 
GOGO YO�X[PIl]X[PIl] YO 
G8lG8l Z[-P13]Z[-P13] R.lR.l F20�F20 
GOGO AAOAAO ABOABO R[Pll]�R[Pll] 

AB[360/PlO]�AAOAAO AB[360/PlO] 
P6=O�P6=O 

[[PIO]-I]�WHILEWHILE P6P6 LTLT [[PIO]-I] 
P6=P6+1�P6=P6+1 

AA[[360/[PlO]]*P6]�GOGO AA[[360/[PlO]]*P6] 
AB[[360/[PlO]]*[P6+1]]AB[[360/[PlO]]*[P6+1]] R[Pll]R[Pll] F20F20 

WENDWEND 
MOSMOS 
M30M30 

00030003 (PART(PART FAMILYFAMILY III)III) 
(PlO(PlO ## OFOF SLOTS)SLOTS) 
(PU(PU THICKNESSTHICKNESS OFOF PART)PART) 
(P12(P12 LENGTHLENGTH OFOF PART)PART) 
(P13(P13 WIDTHWIDTH OFOF PART)PART) 
(P14(P14 ## OFOF PASSESPASSES ININ Z)Z) 

(PIS(PIS SLOTS)�DEPTHDEPTH OFOF SLOTS) 
G54�G54
TOITOI M6�M6 

M3�SlOOOSlOOO M3
GOGO XOXO YOYO ZO�ZO 
P6==0�P6==0
WHILEWHILE P6P6 LTLT [P14]�[P14] 
P6==P6+1�P6==P6+1
GlGl Z[-[PlllP14]*P6]Z[-[PlllP14]*P6] F5�F5
Y[P13]Y[P13] FSO�FSO 
P7=0�P7=0
WHILEWHILE P7P7 LTLT [[PlO]]�[[PlO]] 
P7==P7+1�P7==P7+1 

*P7]�GG11 X[[PX[[P l2/[[Pl2/[[P110]+0]+1]]1]]*P7] 
091�091 
Y[-P15]�Y[-P15] 
Y[PlS]�Y[PlS] 
090�090 
WEND�WEND 
X[P12]�X[P12] 
YO�YO 
XO�XO
GOGO Z.l�Z.l 
WEND�WEND 
M30�M30 

References:References: 
1.1. J.1.J.1. Burbidge,Burbidge, "Change"Change toto GroupGroup Technology:Technology: ProcessProcess OrganizationOrganization isis 

Obsolete;'Obsolete;' Int'lJournalInt'lJournal a/Productiona/Production ResearchResearch (v30,(v30, 1992),1992), pp1209-1220.pp1209-1220. 
2.2. A.M.A.M. Ktieg1er,Ktieg1er, "GT"GT ImprovesImproves Flow,Flow, CutsCuts Costs,"Costs," AmericanAmerican MachinistMachinist 

(Mar.(Mar. 1984).1984). 
3.3. C.C. MosierMosier andand 1.1. Taube,Taube, "The"The FacetsFacets ofof GroupGroup TechnologyTechnology andand TheirTheir 

Impac(sImpac(s onon Implementation-AImplementation-A State-of-the-ArtState-of-the-Art Survey,"Survey," OMEGA,OMEGA, lnt'llnt'l 
JOl/rnalJOl/rnal ofMgmt.ofMgmt. ScienceScience (v13,(v13, n5,n5, 1985),1985), pp381-391.pp381-391. 

4.4. PJ.PJ. Amic,Amic, ComputerComputer NumericalNumerical ControlControl ProgrammingProgramming (Englewood(Englewood 
Cliffs:Cliffs: Prentice-Hall,Prentice-Hall, 1997),1997), p226.p226. 

5.5. M.M. Lynch,Lynch, ManagingManaging CompllterCompllter NumericalNumerical ControlControl Opera/iolls:Opera/iolls: HowHow 
toto GetGet thethe MostMost OutOut o/YOUI"o/YOUI" eNCeNC MachineMachine ToolsTools (Dearborn,(Dearborn, MI:MI: SocietySociety ofof 
Mfg,Mfg, Engineers,Engineers, 1995).1995). 

6.6. eNCeNC Software,Software, Inc.,Inc., "MasterCAM"MasterCAM MillMill Applica(ionApplica(ion Manua]"Manua]" 
(Holland,(Holland, CT:CT: 1993).1993). 

7.7. MiltronicsMiltronics Mfg.Mfg. Co.,Co., "Centurion"Centurion VV OperationOperation Manual,Manual, VersionVersion 1.3"1.3" 
(Chanhassen,(Chanhassen, MN:MN: Dec.Dec. 1990).1990). 

Author'sAuthor's BiographyBiography 
ManochcrManochcr DjassemiDjassemi receivedreceived aa BSlEBSlE fromfrom thethe UniversityUniversity ofof ScienceScience andand 

TechnologyTechnology inin Tehran,Tehran, Iran,Iran, andand anan MSMS andand PhDPhD fromfrom thethe UniversityUniversity ofof 
Wisconsin-Milwaukee.Wisconsin-Milwaukee. HeHe isis anan assistantassistant professorprofessor inin thethe Dept.Dept. ofIndustrialofIndustrial 
andand EngineeringEngineering TechnologyTechnology atat MurrayMurray StateState University.University. HeHe hashas alsoalso taughttaught 
inin thethe industrialindustrial studiesstudies departmentdepartment atat thethe UniversityUniversity ofof Wisconsin­Wisconsin­
Platteville.Platteville. Dr.Dr. DjassemiDjassemi hashas fivefive yearsyears ofof industrialindustrial experienceexperience andand isis aa cer­cer­
tifiedtified manufacturingmanufacturing engineer.engineer. HisHis primaryprimary areasareas ofof teachingteaching andand researchresearch 
areare conventionalconventional andand CNCCNC machinemachine tools,tools, robotics,robotics, CAD/CAM,CAD/CAM, groupgroup tech­tech­
nology,nology, andand cellularcellular manufacturing.manufacturing. 




