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ABSTRACT The global competition between the manufacturing industries has increased the demands to reduce production 
times and increase quality of the product. The attempt to automate processing of geometric data and reduce the 

manual effort for handling complex and huge geometries has been persistently pursued over the last two decades. This pursuit has resulted 
in a drastic improvement in CAD systems that allow the designers to easily build complex geometries into the models. This paper presents 
the algorithm of tool generation of prismatic part. A case study of prismatic part has been done and the various parameters such as machin-
ing time, machining power is determined by using Creo/proe design software. This paper also shows the simulation results of prismatic part 
using Depth1 See NC-Mill software.

INTRODUCTION
A partiscreatedby removing materialfromalargeblockwitharotating 
tool.Thetrajectory followedby thetooltoremovematerialiscalled-
toolpath [1]. Thetoolpathforaparticular featurecanbedetermined-
basedonitsgeometry andtopology coupledwithsomeadditional 
toolparameters.Inordertoplanthetoolpath,the prismatic partisstud-
ied todeterminenumberoforientationandits accessibility relative-
totwoaxis [25]. First,itshouldbeanalyzedwhetherallsurfacesofthe
solid modelcanbemachinedby atoolrotatingaboutaselectedaxis.
Ifallfeaturesofthe prismatic part cannotbeaccessedbyatool, ro
tatingaboutfixedaxes,thenthepartmay havetobere- orientedan-
dresignedtomachine allthe features [26]. Theprismaticpartcanbe-
machinedinoneortwopassesusingaflatendmilltool.Thenumberof-
passes dependsonthetoolradius.However,largertoolsexerthigherf
orcesandrequire larger machines [2]. The largertoolsalsoleavelot-
sofmaterialinthecorners. Inordertoavoidthis,the toolpath-
sarenormallyplannedwithtoolshavingsmallerradius [23]. Ther-
adiusisdeterminedby the acceptable radius of thecorners. 
Twomainapproachesarecommonly usedinplanning, atoolpa-
thoncetheparthas beenorientedrelativetothetoolaxisand jiggedon-
tothemachinetable [27]. Thetoolpathcanbe constructed usingeithe-
raCartesian oraparametric method. In the Cartesian method, the 
coordinatesystemdeterminesthemachinetoolmovementsintheort-
hogonal coordinatesystemusedtodefine thepath [3]. TheCartesian-
coordinate systemisspecified relativetoonepointcalledtheorigin.
Anyotherpointisspecifiedintermsofitsdistance fromtheoriginala-
longthreeorthogonalaxes.Thetoolpathisspecifiedasthe trajectory 
ofapointonthetooltypicallythecenterofkeygeometryonthecutter.
Thekeygeometry foraball nosedcutteristhecenterofasphere.Thetra-
jectory ofthispointisspecifiedintermsofthe destinationpointandin-
terpolationscheme.Theinterpolationscheme isof threetypes:linear, 
circular andun-coordinated [4]. Linear interpolation moves 
the key point from its current locationtothedestinationalon-
gastraightline; thecircularinterpolationtakesthekey point along 
acircularpathtothedestinationpointandinun-coordinatedinter-
polation,thetool movesfromthecurrentpointtothedestination-
atfullspecifiedspeedandwithallaxis moving independently [24]. 
Thetoolpathcomprisesoftwodistinct typesoftoolpathsegments are 
point to point movement and continuous path movement [21]. 
Thepointtopointpathmovementtakesthetoolfromone activity ato-
nepointtothenextpoint.Thepath generationsystemisusedtolocateac-
curatelyonthepartspecificfeaturesforoperationssuch as drilling, 
reaming, boringand punching, etc.And continuous path move-
ments areused to machine surface features such as pockets,edges 
andfaces etc. [22]. In the parametric method the basic idea of th-
eparametric-plane-basedtoolpathgenerationisfor the toolpathsbe 
parallelstraightlinesontheparameter plane [5]. The parametric-
plane-basedmethodisthe popularmethodfor sculpturedsurfacema-
chiningbecausetheparametricsurfacedatacanbe directlyutilized in 
the toolpath generation.

2. LITERATURE ON TOOL PATH PLANNING:
Shah et al [5], presentedamethodforgenerating interferencefree-
toolpathsfromparametric compoundsurfaces.Thismethodwasab-
letoobtaintoolpathsfromasurfacemodelina shorttime.Inthismeth
odtoolpathsaregeneratedintwosteps,firstpointsareobtainedfrom 
acompoundsurfaceby converting itintoatriangularpolyhedron-
fromwhichtoolpathsare generated.Inthatalgorithm,anefficientm
ethodwasused inthecalculationof cutter location dataandplanar 
toolpathstomake itsuitable for metalcutting [20]. Kao et al [10] 
proposedthatthe tool paths can be also generated by  offsetting 
the 3D constant Z-height contours on parametricsurfaces.This-
methodallowstheiterativecalculationofinterferencefree3D offset-
contoursanditisindependentof referenceframe used todefine the 
surface.The main elementsofthatmethodare theiterativeoffsetoflo
opsandparametricsegments,withthe corresponding trimmingan-
dconnectionprocess.

Bedi et al [7]developedanautomaticweb-basedtoolpath-
planning formachining sculptured surfacesasis foundin-
wooden plaquesusing 3-AxisCNCmachines.Thisworkhas inte-
gratedaweb-basedCADsystemwithweb-basedtoolpathplanning 
systemto automatically generatetoolpathsusingan optimal 
cutterwithdesiredtolerances [19]. Inhismethod, thetoolpath-
planning wasdividedintocuttercontactpathandtoolpositioning.
Itisdevelopedby takingaprojectionof the CAD modelonthefoot 
printsurface.Aftergeneratingfootprint,itisdiscreditedinto sev-
eralequallyspacedpointsandcutterpositionateachpointisfound.
Themaximumdepth atwhichthecuttercanpenetratewithoutgous-
ingthe surfaceiscalculated.The toolpathis constructedby moving-
thetoollinearlybetweentwoconsecutivepointsonthetoolpathfoot 
print.

Kayacan [13]proposesan approachofprocessplanning of pris-
maticparts. The featurerecognitionprocessisachievedwiththeB-
repmodelingmethodinordertoidentify thevectordirectionand 
adjacentsurfacerelationshipsusing the STEP interface.Thedata-
baseachievedfromthefeature recognitionmodule isused todefine 
theoperationtype andsequence ofoperationfor prismaticparts.
Theworkproposed by Han [16]alsointegratesthetwoactivitiessu-
chas feature recognitionandprocessplanning of prismatic parts.
Thatwork presentsthe effortsdone towards feature recognition-
formanufacturability andsetupminimization,featuredependency 
construction and generation of an optimal featurebased machin-
ingsequence.

3. TOOLPATH GENERATION AND ALGORITHM ADOPTED 
IN PRISMATIC PART:
Toolpathgenerationbeginswithselectionofgeometric entitiesto 
be machined [17]. The machine used to determine the tool 
path generation and features, operations by prismatic part 
shown in fig 1 and tool path generation is shown in fig. 2 along 
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with specification of machine in table 1. The entities may def
ineaslot,aboss,apatch,aholeetc.Thistaskistypically donemanu-
ally.Oncethe entitieshavebeendefined,atoolpathstrategyissel
ected.Thetoolpathstrategydescribes theshapeof the toolpath. 
Somepopulartoolpathstrategiesarezig-zag,toandfro,radial off-
set etc. [6]. Once the tool path strategy is defined, the tool is 
selected along with tool parameterssuchasemersion,RPMetc.
Nextthetoolapproach,toolentry andtoolexit strategies aredefined 
[7]. Once these data have beenchosen,thetoolpathtomachine 
the specificentitiescan beproduced.Similartoolpathsare created-
forthegrouping ofentities untilthe whole parthasbeenmachined.
Ina tool path generation,the toolmovesalongan offsetofthege-
ometricentities.Forsomesimple entitiesitispossibletoensurethat-
thetool doesnotmachinesany entityotherthanthegeneratingen-
tities.The toolpathgenerationmethodsareclassified into Cutter 
Contact-based method or Cutter location-based method.

Fig.1   Machine on which operation performedModel VMC-
400 M

Fig. 2   Tool Path generation on prismatic part

TABLE 1: SPECIFICATIONS OF MACHINE MODEL VMC -400 M

S.N Capacity Specification

1 Table clamping surface 650 x 400 mm

2 Max, Weigh on the table 300 kg

3 Table tops from floor 950 mm

4 Longitudinal axes travel X -Axis 420 mm

5 Cross axes travel Y -Axis 400 mm

6 Vertical  axes travel  Z -Axis 420 mm

7 Feed rate (X, Y, Z) Axis 0-6000 mm/min

8 Rapid Feed 10 mm/min

9 Spindle power 3.7 /5.5 KW

10 Spindle Taper BT-40

11 Spindle face from Table top 200mm /620 mm

12 Tool capacity 12 mm

13 Max. tool length 200 mm

14 Max. tool weight 6 kg

15 Overall Dimensions 1500 x 2715 x 2800 mm

3.1CUTTER CONTACT-BASED METHOD
Thecuttercontactbasedmethodgeneratestoolpathby dividingth-
epartsurfaceintoa sequenceofcuttercontactpointswhich isthen-
convertedintotheconventionaltoolpath generationwhichisbase-
doncutterlocationpoints [8].The cuttercontactbasedmethodcan 
be further classified asguideplanemethod, parametric method 
and drive surfacemethod. TheGuideplanemethodinitiallygen-
eratestoolpathona2.5 Dplaneintheformofeitherline orcon-
toursandthenprojectsitonthedesignsurface.Theguideplanein3-
axismachiningis theplaneperpendiculartothetoolaxis [9].
Themainadvantageofthismethodisthatthefeature shapeorthep-
artsurfacetobemachinedcanbetakenintoaccountduringtoolpath-
planning ontheguideplane.TheParametricmethodgenerates-
thetoolpathbyextractingthesurface parametersatfiniteintervalsand 
bysequencing thecorrespondingcoordinatesonthesurface [10]. 
TheDrivesurfacemethodgeneratestoolpathsbycreatingaseriesof-
planesalongthe surface,andbyidentifyingtheintersectionbetweent
heplanesandsurface [15].Theintersection ofsurfaceandplanesresu
ltinintersectingcurve,whichareusedtogeneratetoolpaths [16].This 
method which creates parallel intersecting planes for machining 
isknown as iso-planar machining [18]. This methodcan handle-
complexsurfaces easilyand is robust and reliable.

3.2 CUTTERLOCATION METHOD
Thecutterlocationmethodsgeneratetoolpaths;by creating acut-
terlocationsurfacerelative tothedesignsurface [11].The cut-
terlocationsurfaceisusedtogeneratethetoolpathsegments 
whichareconnectedtobuildthetoolpath.Thecutterlocationsurfa-
ceiscreatedbyoffsetting the surfacewith an interval distancetypi-
callyequal to the tool radius.

3.3   OFFSET SURFACE METHOD
Theoffsetsurfacemethodgeneratestoolpathbyadoptingoffsetonde-
signsurfaceandalso to avoid the accuracyofsurface finish [12].It 
is divided into two steps such as discretization of surface, this 
method will help to take certainresolutionondesignsurfaceby 
assigningz- coordinatevaluesalongwithx,yco-ordinates.Under-
varying surface,theintersecting planeisusedtogetinitialcurveson-
surfaceandtheseintersecting planesmustbe vertical and paral-
lel to each other at constant arclength. Secondly is the inverse 
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tool offset, this method is usedtogenerate theoffsetsurfacean-
dithelpsininverseof toolinZ-direction, withthe center ofinverted 
toolon designsurface.

FLOW CHART FOR PROPOSED ALGORITHM

4. AN ILLUSTRATIVE EXAMPLE OF PRISMATIC PART:
Consider a prismatic part have the dimensionslength = 157 mm , 
W=106 mm, H=8 mmThe different features and operations  such 
as  machining time, machining rate and machining power are 
determinedwith tool CIM software  from table 2 -5

Figure 3 Prismatic part

Dimensions of prismatic part = L= 157, W=106, H=8 mm

TABLE 2 MACHINING FEATURES LIST FOR PRISMATIC 
PART

S.no feature 
Name Feature size Location orientation

1 Drill 
hole D= 30, L=15 x=62,y=62, z=31 XY-top

2 Drill 
hole D= 20, L=12 x=62,y=138, z=31 XY-top

3 Drill 
hole D= 16, L=8 x=189,y=138, z=31 XY-top

5 Milling 
slot L=130, W=12, h=5 x=122,y=98, z=31 XY-top

6 Milling 
slot L=27, W=12, h=4 x=123,y=74, z=31 XY-top

7 Square 
slot L=25, W=12, h=4 x=123,y=122, z=31 XY-top

8 Edge 
round L=4, R=10 x=50,y=50, z=31 YZ-right

9 Edge 
round L=4, R=10 x=50,y=148, z=31 YZ-right

10 Edge 
round L=4, R=10 x=197,y=148, z=31 YZ-left

TABLE 3: MACHINING OPERATIONS FOR PRISMATIC PART

S.N Operation Name Length
mm

Width
mm

Depth
mm

1 Side Rough Milling   19.27 7.95 3.01
2 Side Rough Milling   18.24 7.85 3.01
3 Side Rough Milling   18.24 7.85 3.01
4 Side Rough Milling    18.24 7.85 3.01
5 Bottom and Side Rough Milling      119 8 3
6 Bottom and Side Rough Milling      17 8 3
7 Bottom and Side Rough Milling      17 8 3

8 Drilling      30 15 --

9 Drilling      20 12 --

10 Drilling      16 8 --

11 Bottom and Side Finish Milling      115 2 1
12 Bottom and Side Finish Milling       16 2 1

TABLE 4: MACHINING PARAMETERS FOR PRISMATIC PART
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1 Side Rough 
Milling 38.48 0.255 212.51 119 0.09 4,978.01 0.299

2 Side Rough 
Milling 38.48 0.255 212.51 119 0.09 4,978.01

0.299

3 Side Rough 
Milling 38.48 0.255 212.51 119 0.09 4,978.01 0.299 

4 Side Rough 
Milling 38.48 0.255 212.51 119 0.09 4,978.01 0.299

5 Bottom and Side 
Rough Milling 20.65 0.056 137.31 822 0.87 3,295.47 0.198

6 Bottom and Side 
Rough Milling 20.65 0.056 137.31 822 0.12 3,295.47 0.198

7 Bottom and Side 
Rough Milling 20.65 0.056 137.31 822 0.12 3,295.47 0.198
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8 Drilling 18.03 0.107 153.75 435 0.07 1,932.08 0.116

9 Drilling 18.03 0.107 153.75 435 0.07 1,932.08 0.116

10 Drilling 18.03 0.107 153.75 435 0.07 1,932.08 0.116

11 Bottom and Side 
Finish Milling 18.03 0.107 153.75 435 0.07 1,932.08 0.116

12 Bottom and Side 
Finish Milling 21.70 0.056 109.75 657 1.07 219.5 0.013

TABLE5: CUTTING TOOLS FOR PRISMATIC PART

S.N Tool Name Tool Diameter
mm

Flute length
mm Tool Material

1 Rounding 
Corner Mill 105 0 HSS

2 Rounding 
Corner Mill 105 0 HSS

3 End Mill 10 69 HSS

4 End Mill 10 72 HSS

5 Twist Drill 26       128 HSS

6 Twist Drill 26       128
HSS

7 Twist Drill 26       128 HSS

8 End Mill 12 76 HSS

9 End Mill 12 76 HSS

10 End Mill 12 76 HSS

5. Simulation Results:
Thefeature-based tool path planning generates an accura-
tetool path forboth roughingandfinishingoperation,which
issimulatedusingamachining simulate ortoverify theeffec-
tivenessofthemanufacturingprocessandthetoolpath.Many 
manufacturing engineersuseCNCsimulatorstoverifythetool-
pathbeforeusingintheCNCmachinein ordertoreducethecostand-
tominimizetheerrorsthatoccursduringmachining.Inthis work,the
simulationprocesswerecarriedoutusingacustommachining simu-
lator.Creo/Proe5.0wasusedto design and Depth1-SeeNC-Mill was 
used to simulatethe machining processforthegeneratedtoolpath.
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Figure 4. Images of machining simulation

Figure 5. Finished part simulation image

6.  DISCUSSIONS AND CONCLUSION
The main purpose of tool path simulation is to visually display 
the tool paths on the computer screen. Therefore, any error can 
be easily detected before actual machining. This ensures that 
the right profile of prismatic part is to be machined.  Feature 
RecognitionandFeature-basedMachininghasbeenan active re-
searcharea forpast few decades.Itplaysavitalrole inthe integra-
tionof designand manufacturing process.Researchershaveused 
variousmethodsforFeatureRecognitionand Tool Path Planning.
Allthese methodsworkon triangulated models.Theuse oftri-
angulated modelsamountstothrowingaway thetopologyandg-
eometry information toredinaB-rep model.Theparameter ex-
tractionforalgorithmicreasoning suchasintoolpathplanning 
andprocessplanningfrom thefeatureshasalsobecomeachallenging 
task.Planning machining sequenceisnoteasy unlessthefeaturepa-
rametersandtheirlocationsonthepartandgeometryareknown. 
Mostofthestudiesdiscussedintheliteratureonly presentinconcept-
methodstointegrate designwithmachining.Some workshaveim-
plementedfeaturerecognitionconceptSimsoftware.Those who-
have implementedideashave focuseither infeature recognition or 
on tool pathplanning. The separation of focus between feature 
recognition and tool path planning hasmadeithardertodotool-
pathplanning forprismatic partswhichhaveinteracting features 
and transition features like chamfers and fillets. In addition, 
mostof the research onautomatictoolpathplanning appliesto-
triangulated modelsonly.Overallthispaper showsthat features, 
operation performed, feed rate, cutting speed,depth of cut of the 
prismatic part by using Tool Sim software with simulation re-
sults. 
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