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'll,ir I,ap.r ?r.snh Ir anltylicrl r!ud, or tlG Dlrh.oanird :n.r!ion for
lin.,r inft.p.lirio, of lrlantinE ies .nvilid derined b) lrd loin cloled
.nFsr, Ihae cuns ar. highly uscd in n,el,!lic.l appticitiotrs lifte diq
cardi nolds. el., An irtgr.rd r,go.itiB h prenred in this prper b
Dncbi,4 r[cs4 oviliqs. \rvt.n lhe oordinares orlh.IE lom.uwet mdes
.,d tivttr(based on llE shq'e of th. die M!ia]), the propmcd algorilhnr
allon,rtjcrll, g.D..etci rh. required ioo, p.ah ir tbre phc$: phrsc (l)
c.tr..rnon $e elrhem.ti.i!..p.6.n1aiion ollhc.uFe thri pas.s throug!
rll (he gnrn poinrs ur;DC the Irut Polnt hteryoldtion t.elrtqte. P6rse lZ)
OplihuD ipp,liMrioi ol lhe ae.ent.d cune irlo ! seqnence of limrr
lesnenls piarcd o! th. i.ted.d acu8c, rororNe. lhrse (3) Tool psrh
g.rernton ol ihc rpttuIirlt d segmlnft nsnE loerr itrtorp.lition, ll,is
.8c.(h .ho feusB on lhe rlgorilfifl ( mrtml th. .pponhr .g ..mr
.lticientl, relulling ii the lelrsi nunber oa linear segnrtrt,
The.losfll .uns ofrhe dis eviry i3 coBtmied lron ore thln one cuFe
&gn!i6r rh.rdor. the coDdilionr ofcj$nliiuitt ar..dopicd iD thk plper
lcr joirine rl'. .uwe segn.nll. The lrolowl q(cn solhmrc is n@r
chrra(eri2.\t be ns ei;n,ibriion ornry D(lurl hieF.Drion irlorved in.loslng
rh€ boundrry.une ollhcdio.rvlr"vlnd tr.!ne.oft..d...rhi0rliotr.
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Jt:j Jrn ti,,rr ct4.! r{+Er :i Jl

A mio. 'E of incEn h ih.
CAIYCAI,I sy$ars k lh. n .gdio
h.r€n $fl Th. Dosr imp.rtlir
scg. in dr inqndon ol .ompd6
.iJcd ir6i:n .nd conDr{.r !id.d
mnnfacori4 is rhr:onv6iM of t
CAD nrdol inro rsl pafi ol a CNC

ln hly inregnkd CAD/CAM
sriienE, lpar Jesi8tr is developed
nnd rhe n uascdring pru@*
conrrolled nom shn to nnkh whhin a
sirglc sri.n l2l, Many rcs.atoha
rnd Also drhs in lne die d6ign illld
Bcc rodnd. cheok md N.c I4l
desqib.'i rlrc confielnlion oi
lrostsne dies Dd sone prubl.mj
conm.d *ilfi ln. dsign of th.*
dis. Got sh.p&rd [s] .r.mimd
en. ot the taruB of $!id mod.liiS
i'r dcsignirS ! progBilc di6 t
consEndion ol dE pi* p6(. lo
d.rignins rte die @nd dE rip snh
rhe xid of (po E) solid hodelitrS
soriwiE. A. idrexr.r.d cAM rys&m
for t& manufacluring th. upp.r rnd
lower pd of the die *a p6po*d by
orr 16l r_ron th. opan lir{GE.
,non o, rhc rcsarch*Frcerncd silh
rlE d.siln dd oandrrcnlniS ol
bhn:inE dies wre limited rl dr. ta!ic
mfriliv. shapcs r.r 6e modqlinS of
d1c $liries srch !s cubic slr.p..,

NcMs[hingoiletromBhnlins

;Jr!r !s. dir --J (.+u+ ! g{
. &!li ,,

ln rhk p.p.r tn CAD sod.l af rhe
dic ..vily ts ao ro build usinE fou.
poim id.rpoldion hhniqrc []l ln
rftir ich.ique, dI idr. poitu n
noi6 G i.t.rpoldal inro , cun.
Yr'n.ir dd e d. all rhe scn.r.rcd
o'n. EPm. r m ioined (e*inE)
ro!.rhd 6t/n! Cr onrinuirY
ooidnione is crilei! b seneatc .
,hoorh .los.d cune qhich r.pEse,r
fia b.mdlry cune of the di. sviry.
FisuE (l) sbows rhe inr*rakd
syncm of closed frc. lom die cavity
derign dd meufactorin8. Tn6
boutrdrry cune i ruchi'.d by lltt-
.nd r..1, r}.r.r.ft rh. cuae nri bc
oft*r !l.ig rhr nomal vatoi of the

2-Bound.ry Cuw. Ddip on of

The trcf.md uy to Ep:enr $jI.s
i. complEr .id.d g@ffiic d6iE,
(CACD) it *idr FEmnic .qmlioB
rin@ tull) olo$d sple crc c.. b.
.xPEsd by rh. vsr fundio ol

Thc padmdnc ii* fom cune c.n

P(r)-tt(ry(u) (u)1..............(r]
WlrE tr is an independenr paroncl.r
trks ri. vdues lron 4 to 6,ntrt ol
lotrh. ir h not posible !o plor th.
n. for all values ol < to +d.Thc

desigriq shoold *led ! ptup.t
inr.Fal dDr h6 3om. siCdlicancc to
dE modcli4 situ.rion lnd !t!t he
.mpublio.l mYdie@.
P6sirg a se d@uai ' Sivd
dissx. dar. poi.t is dqoEd by
ituNdiu lgL h. fotrpoiat
int !.,rtim fomula is lh. GclDiqu.
u$d lor &signinA rn, cdve *8ncnr
whrch is adopred i, i\is pnps. TIE

sh!p.s....ds d a mnrbirllld
bdu6 ihBe slripe. ftis tudy
diNsrd a shlcs/ for dgi3IidS {d
m,n{factd.3 of n* fodr 6h itrg
di€ svi.i6.1t. ,top.nd ul.gritrd
*lt*.r. pbviitcs rs wirh DoFful
n cm r. hodjfu$di sh!!c
clEd3ing c.pahilnia and om



lorrpojnl irtcrrolation h i spici.l
cds. olcuhrc,l.mir.ure.[at pa$es
throtrgh foui gn€n poinrs We b4in
b! speiii.3 aour disriii.! p!i'$ in i-
y plane [Pl P2 P3It], assignjng io
ea.h s'c.e$ive u valner, $th3ttrl=o
*hi.h gives Pt, u2=1ll rrhi.h lives
P2. u3-i/l r i.h gir'6 P3 snd linolly
u-l nhicL Biv6 P4. The pr$reliic
eqtrniotr i0 vccior fom lor rnuFpoint
inr{+olatior k sire! !,v [3]:

P(,')-6 l(u)Pl+ G2(tr)P2+ Gl(u)P3+

Wheje Ol, (]2, G3 and 64 ,rs tho

c41uJ 4 5ur-4.sn')hi ......,...€)

Th. trtrg.nt varor ar any poinl oi &.
.m,e is giveo 6y dE fist deiivaln e
or lllc pmeciric equation delinirg
$. .uNe [1.10]. Marh.iarically dr
ransenl veoror is dcioled by rr (u),od
rnnn equarion: (2 &nd r) []l :

cu./e ii1l. Thc bladiosMhnique is
cne oi the mosr impona risks in
cLd:nrs lhe open o' dnjoinr .unci
Ihe ndsl i'nponid condidons for
blendjig a curyc segmert berweer
*. dGjoinr cules m fic co,dirions
olconri. lty at.ju clioi b.sen the
so disjoi curves, fin condirion is
@nned ns geotu ic cohtinutrr,
d.noted a c' The fftlorder
E@merlic @nlr.uity Cr Rhich is
id.pled in tlis p+ cquncs the
followi.g cordirions [].31 sso Figure
(2)

r.P(r)=P(0) ..... ... ......,.. ..(6)
Pno)=P](r) ... ..,... . .(7)

2.P',r(o)=P',(r). ...... .. . .... ,(3)
Pi(r)-P!{0) .. ........ . ...(e)

solvins eituations (2-9) gives rhe
6ord n s o, th! Mo mi.sing dJu
p.rnN Pi and Pi shrl' w ,equ reLi

lor blendiD8 any cuae setn.nt 6

pjr - Ac + Bp,i- aC, DPl ....Oo)

..... i4)

Sub{iitrri',9 r! valuc oI u fro6 0 to
I ttk abo!. equariotr wi$ iPcoried
inrkrrenr of du, we cm fnd rhe

ta'rgetrr reci.r at af,y p.idl on rh.
cu!etu iholrn Fi8ure (2).

I Bl.nding Crhe Te.hniq!.
lrse'1i!)g r hissing dne legmrnr
6en!len lw..xistinB ordisjointcunc
segflens io lonn r flof romPl*
.ornlosire closed ctr^e or td close

is .al].J blondinr

Prr = Ea + EP:' - FPir +c Prr...{ll)

\thercA= 0.03J2 jB =0.4186 r a=

D = 0 I149 iE= 0.1313 iF - I 3100

c=-PL'+5.5Pi- roP,r+r5Pl
t =' t.5Pr: +9Pi-,1.5Prr + Pri

a.Ns lool Pnth Generrlior
Medrd Uii ng Linear I dl.rpolalioD
Fo, tadiioml cNc milling
n.chims, oDly lin sd drculri tool
movemcnb Ere avail.bl. [sj. Thus,
desircd tuol pa{hs rh.r arc rcr defitred
rs lirce or cirula. move enr arc
generall, aPp'oxinared wiih
pioceanc li e s.8mem or ciruld



Thh lpprcxim.rion produces cFor,
r L ich k ienncd ./D/./n/ ./.vmrD, (6)
b.r*eeD de original palh atrd ihc
cormanded pdth 6 shoM i, Fig!rc
(ll Many cmcicnl tel plth
s€tr.tuion &w ale teen intod!.ld
Kim s allorithm l:l €lcul.E d'.
@ol lalis of ! $E di@lioNl
fttun ric sp* cN* on $ulp.urd
s,{a.... Th. r@l p6{h ii rhk
rl8.rnnm w$ rpponrolcd n,
ui nl rrcs {.d rh$ epp@ii,nrtion
oi rl'.se arcs by lir6 saln. s, $.
kor pr r carctrr&d rbr brll-cld

Datrielsoo alEcrilrm llll, ,ord.n
llsornh {l.ll m'l Mo$ allofth
[]51 deretuine the incftmolil
fo'qdrd !b, of patuftic c,rca for
l],rcc or rvo ax6 co'npur.r nlr:.ricil

'nlrliie 
m&hines. Th.se increm.nhl

p rr g.D.6ron dgorithns e bts.d
otr tne app6\im.tion of cuncd

Scunq Rwl 116l dLulJer (n. r@l
l,!rh or plimdic c!frcs ed surfB
using E Z-dp Epllsfution,
lhh!!h@t Eprsdnns !n objcd a !
$t of Z{xh aligned !d.u, $nich
pisin-s rhDugfi $e Erid poi.is oi d.
xy.plane. In rhis algoritbd ihc rNl
ptrrlN !re calculaed line&ly usnrs
ns. difisEntVpsofrmls,

1 lr( kcy io nP n.w palh gen.dn,n

, 'l hc 5eg"Ent lio, (apppxirulion of
lhc cury. by , sqE@ ot liie
sqmcna) is nd urd 3 coosunr
iDaenEnb oap.6der A!.
2 Th. clmruE !-i.rc of th. fe
forn psffiic .mc, ylich it
deFndsr on dE &Bec of {E
conpl.xity of de dic .avity W!.n
thc .Flfure of a c6'e scsmdt is
roo lor. a lide notuber of lin!.r
sclmcm me requircd, bd !h.n .

such cuac qnh ni8h cun]lui. , lar3c
iumb.i ol lined segnenh sE
rquird cs shoqi ii Fi8nr. (4) Thns,
in thk melhod or cune
lpP,oxim.tlon, rhc inc'€m.n6 .f
p|tureGr Au for a.h cuac segm.nt
tu dirfcenr froh rhc orher orc.

'l,la. Algori&n fo. boudrty
Cud. ApFmrir"ri.n rd I@l

h dris *oll dE bl p6th of clo$d
fi* a{n curyc is slitud for oal
dd nill of dim.&. d R.fering ro
FisuE(5),th. rol frovem.d n sEn d
wir[ fi. poinlP.1 d goins loruord
los&d poinr Pd ,lona. skaight lin.
joiriis rlEn so ll.l rhe ohodal
deei ion (5) shy within $. quircd
roleBnca (l), shioh is depende on
rhc ipplieiion ol e woIL piec..nd
re rype of milling machine b.ii4

a.l.l Pm e SL.trerB
Th. poud srddts oa boundlry
cnr..pproxiturion m 6 follor$:

F.v,ludi.n of 6\e.oordinares
of,hrpon P..sJfi,3:-r.

Er.luaInr .a speri,ic vrhLr
ol (ul on rhe eoe io rhe nng. u e
[0,1] md.ompurirgtansenleecr.rP'
o hi!ipcclnc rheof(u) i.e,.r P in

Th..ondiiioi olthis spccilic point is

$tt ilf tahsent rgtat at this tlcciltc
toiht rhotltl b. pn\ ?l 10 the lnk
kE lrtjddin\Pa dP, t

| ) l1E posdming icrdio.
.tpr*h is rhe s6r.g/ ldopr.d in

'hit 
p6rE. 

'o 
$lve pobld {l)

prclnEd ,to(. 'Inn p.o3rm i5
blsen on a suesive $nnin8
sohrm. for the cum leSneit in $h
rchcn,e atr.l Efming b Fi&rrc(5) :

a) The inilial
h.nri.n {rre is baseLl DD drc



or tr=c6r(L.P.rP;) -..,,,... (l2)

Whcre L is lh. mi! veror in lhe

sii(a)=5/[ Ll - -............ 03)

.rp.chtion fi.r ths cNe kgm.ft is
lp0ioaimarcd by a sincle rtn*r
scs&enl liolh ?i., ro Pil i.e. Au- 1".
b) Catctrladon rh.
.wdinr.s ot rhe poirl Pr
.aresron,lidg to iL sp€uific vah@ oa

c] CalctrLati.n th.
prcductd.hodat d. ation (6).

The mmit diirce r-oh thc p.i
(Pr ro dc lin. B'P,-r Blons tho
norn'alvecror (N) E resofis lhc e@r
iii) bcso.tr tfu cufre iid d. lim&
{,!nrnt. Fnnn rlu rj.ngl. P,j P, a in

vh.ft (v) t .i indep€.d.hl v.rirblo

(du) n $. n€Elion incresenl
sfiich is %!, smill sd d.rondc.r

o dE d.efr or
*Enenrarion which is.s $. d.siget

Her it i! selecrcd e rhar
P .{u*) ii v.r, close ro RuJ .

At rhis sbgc, .nd As'eitr8 in.l Ihc
chordal d.vi.tion belBc.tr B,' ed
P(u,) 2i r-2. i.c,, G,= u"., -2dO i3
eqlal o. l.$ t,)rn {T) ,!h.n tn
qximum vatu. nx this ssftnr is ('r
= I -2du). bur ihe n.xr sr.p of
sanninseillb. ranginglonlu,: I -ldu ro ll md so otr until lhe
senninE rscher rhe cnd..l limn

2) Er.lulion of spdinc volne
oa (u) o! rlr. cu e seg6crr. This
poi'n m Uc ovaluated bt osins th.
tu tt@ th.otd (atYT) ,. \tt;ch
ltll: ilrj\\) * di'@t d tur,
po i of th. claad idint t,,u, I
Mt dillere tiable d ewry potd ol
itn*iar lu, u, ) .tlqn tt4e ir ot le6t
er nwbe n) b?tur, a dd b d
1tnh th" tanaent w@ ft l4 kp alet :o th. chord ,r4. lieel7)
shovs geom.tic.lly thc m.on r.lu.

B (urr'P,GJ / & (u,L) " P. G,) - |
"(l,...... . .....Ir6)

,h.r. I; (u,. 
') 

= r{oo{ind6 olrlE

P, (u) = y.sordi,ares or rhc .une ar

P, (ur,) - x-cmrdiidr4 of lhc

P. ruJ - Eddinrr6 of rh.

+l L Isii I(:6r{L. p,.,P,.,)1...{r4)

ll rhe ctror (6) qlculst.d by dr
cquarion (14) is.qu.l.r l.s Ihm d'e
Equncd bl.tunc. (Tl, rh. llsori6m
n irr.F-d lntj thc s.gro6ti.r! of&.
cu^. $i!l h. ds:. depadinE or lt
viuc ofAu il P, i.e., (^!i uiB=l),
BLr wlEn (6) n lre.rstfti (T) $e
poiir P"r is t!trsf.rcd ro ih. p.i,nr
P(u,) lo*trds Plr by r,rucinE &e
iriti.l trluc ol {F L.) 6 tlE n*
vulrc (o) ar shown in Fisu..(6) wh.E

u, 0-,{du.,... -.. .....(ls)



L

)
l (u) - l,neenr !elo. of d* cd.

5.lrlroducc thc it mlior i.crc dl
6.Cdhtrlate de iumb.r dr cuP.
sc8ngnr (N) by cquar on (s) .

7. r.rodle rhe rquiroi brmna (r).
8. Do dE rouo*adg r.rs (N) tim6

l0 Ddcmi'! rh. p.*iof, v.otor
$lning wilh 1lo t)oinl Pi I al uh6 by

I l. Dehii. th. Isilia ald of
th. p.int P.r d u, tI Equriont (l)

12 Apply ilc m.!n valu. rhereE to
fitrd lne roinr (,) b.twen hhi u,l by

ll. Ev.luab 6. tda6r t.dor.
nml tdq .nd posiiid vdor !t

14. Evah.t the unir !.ctor L

15. Evsluac lh. eul. a by eqodLion
(lr).
16, ErolurL chdnd &vidion (6) by

17. 16 < ror6 -- T,rt n *r AUr,,
lor dE cuMt c@c sshenl &nd Ao

il u, @h$ th. $ilical @s.. go ro
srep (19) Olh.Nise,ser v = v + l, go

13. lf N fitrastr go b *p (19).

4,2Ar A,Borl.hn lor Cuner Oft.t
'fo @chirc . pon co!tu, rfi€ dh of
lh. bl c*. m$r b€ d.fiftn. Sirc.
lh. bl has fr.it dimchsids, th.
p|dl nun be ofls.t. Once lh. hry.nl
v.cLr aM mDal vecio rrc
d.Gmined of ard. tom cui., ai
iccunte of&r qr h. detmi'rd,
TrE 16l ,.lht ol nd end millinS
.!t., s'rh odns (r) -e itrird .5

f L l") - [(dr'dr)/(drdo)i,. ....(l?)

S.[rg equrion: 1:.5. 16 aid 17)

rltrr,Ru-s=o ....... . ......0e)

R = l3P! 4iP2+l6Pl-16?4
S=SI-S2
sl --5.5P1+qP2,4 5P3+P4
52 = 1.fl h,nd side of

4QS) r 2Ql
u:-cn2Q)+%

ru\) rQl

si.e ll] > u l, k $lar u2 in o.&r b
rJucc 6 lMy rs po$i6k t r.

ssbslitoling u2 in .quaions (21 ..d
(3) $ill sel rhe coordin.l. or rhe
.pucifi. point P,.nd subsriMing lhig
poiir in Edi 14 D fmd dk hlw

Tte n$v rool p*h Sm.dion
ols.ritltm is sumni2.d rs follo%:

4.lnftnrce .h. iumb.r ofd& poi,ls



S.l =cod o) ............ ....(20)

r-loi,-P,(!)tcod0)......(2r)

ni'{oi- O.,,+ I OH - P"(!) I N
,,, (,2)

l'mD eqfttions (:0.lli, rh. c(er
.fler |oi[ Oq . .fup.ndinA b
tlP poir P,tu) ni r linorty
ipproxioated 6ee lom cun , lre

(./S.I .N

o f,rF.n6. dBulbrld
We h8? i'nplehe ed our olgorithm
trsin! MATLAB pbglaofring
l.neue. [l31 Fis (9a. b .id c)
rho$s rn gxinlle oft* fom closd
cutre d.\ $ w. nifl ser r[e 2 lr d{rr
Doiic. Afi.r thor. e tr* dE

!.rilhnr &*rib.d itr stio. (4] b
ihd nr misJns dcu p.ins, \hrch
rR trcce*.ry ro close rhd cu0e Alld
tu cdculalio of rrr oissins poin6
inc *irh de aid ol€qudids (r) !'rd
(a) dBu h.d itr sestion (t) rh. oufle
oh, l,e dcigmd ar tho$n ii [iguE
19.9. hbb Il) sho$s fi€ n fomdion
iii in dtliEr :h. clG dd rlt. drir
.\r!$Bd ,ibn rie &lopred alrorirhm.
lNeJ o d,os. rrlls. we u,. the
i!-ro.ithn ics.riuel iL' stiotr (5 t)
lor .onvcaiDs .,.h cum rcgn.n
do a *quoce ol liner :.gnoi$!
rdkirs d). \aLue lhc vdue oi rhe
rqltr:ni rolemce 6 {T=0.t)001}t

hble (2) rid (r) showr the opridunl
edoes of aotuard rcpr of ilE
prBn*r Au fd *ch .u^r i.am.n!
dencmspudintxny
.mrdinat$ of linq €gdc.rs and

xcMtd'i6g.xlft{ffigjtlie

coftspoidirg ihsolLrc .hodal

Blsed s de resulc, Fis_rEs ( ) o.ab
ond c) slv.s .hrnr sho*i g lhe

'clatiLn 
b.ru@n rhc nuhbd of pnints

osJ lnd rlE cho.drl dq,iario, fo
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