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Thmal cultin8 poe$.s
diifcr Sm mechrnical cuting
(nachining) i. rhd dre 4ting adion
h ilritiared b, chsnical E&tion
(oxidarion) or by mehi,s (ha!

A iumber ol ib(m.l cuning
prcce$es turt develoPed ro *v*!
Sou8e or smovs frdak trom plores
or oth6 raw naterial qp4 so s ro
prcduce smallq piees or !repaN
cdSes foaoining by applicarion of
r€lding. These pr@.$es are also
found in foundry to cut pbrnsiotrs
like runnflq ris6, Cates, ... .tc., or
ior .uning scrrp ro mr.age lor size
aor tansponaion oi 

'lhp.sal. 
Some of

themal cufting proc6s.s have b*.
*idel) usd in i,dustrialapplicatio s
sush 6 Oxy-tuel 3.s cntins, Plasma
m .uting ud Laser berm cultine
I2l, hosever, usins rhBe ptuccses ro
ctrr contou shapes requiE conpld.
idonlificationoltool'noveme'rptrd,

Allhough nanual .ontoluig
ol tool movehcnr ro genoore sd clt
required onrouftd pdhs ars uscd
fEquemly ,i mrny indunriel
appliations, rhis man\od is not
ilwayr favombi. due to ihe lihired
@c!r.., ol achiered cur conrouE In
dddition, manr.l cutine pr.ccs
rquiEs iim, s.ady .nd coniinuous
holdiig of rhe handheld cuni,rg rooLs.
thus Daking ihejob iilonverienr and
ftiY Prcsenl a bmrdous }orking
condiliotr. Hence dsjnq orlorred
pa$ hachi.ery in nrm.l cu6rg
opplioorios wdld presst ,

Thc ue of auromai.d
equipmenr and cNc sye.hs could b€
coisidcred cumnays one ol the
most impondt elemenls ofaubmaled
n.iuferuri',€ srsems []1. ts]
fti znB nod.m compurr sdhods,

configuration l@ls @ be provided
and used b selccl dnd acerqato
conFol rsten modulq LhG *ould
resuh in ih. e.n.Eiim ol nachinc

systems onginoding cons brt high
leveb of tunotiomlity *hich c be
Eadil, exE.ded and lupponed [41.

sknon Dl sEEd thar the
rook o f ihe numeri*l conrol go 6ek
ro UF 17 €niury *hon punche'l
cards q*e trsd in qoven pdftms,
3nd in lhe l3th cenlury ir player

Tio U.S. Air force adopr.d a
res.dch.imed ro develop NC milling
0a.,ri!c togerher lilh rhe Pa6ons
Corporation in Michigrn in rhe lare
1940s. A poiorpe NC nilling
m&hine *as dem.n(Eted by MIT in
re52 t6l.

An idpotunt ddvane in the
philosopfiy of NC naohine &olc
shich iook plae durina the .ady
1970s, Na ihe shin (oMrns the Ne
of computes innead of contoller
units in NC syiems. This produ@d

n Eicllconrol cNc and rhe
dnecrdktihuted numerical coniol
DNC mchine lools I7l, hence opened
Ihe vay to rhe contlnlous

2, Pmposd CNC Morion Sltr.n

An IBM compatible PC/XT ws n*n
in rhe develoDed $tem to esilblhh
4quircd conhl ftncridn. ISAB RIC
320 pl6@ po*er supply unii wilh
plama iorch type PM 600 was
acccnmodared in lhe sys[m .ln
ad,liiion ,n ESAB injedo' oYy Fuil
cutine (OFC) eqxipment wrs dopred
aid used, ho*evq, lh. dev.loped
s]{en could rrcil'rare ,.h! u$olorher
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types oi Plasfu .Arc Cding (PAC)

'It fre.hanisal stslcluft ol
$e devcloped system k b6sd on a

Santry type stsu@r.; hence, no
specirr floor foundation is rcquiEd
ior Mhine inn llalion The driving
mech is'n $d lor bdh aes is
b6ed on the rack sid piniotr

The se4 
'nonuE 

(n) wls
selecldl ro bc 1.?5 and aear number
of tce(h i! 2t teih. rhe.eloE, rhe
pirch dimerer of rhe gear usod is
equal ro (31.!5). The p*imetsr olthe
pir.h dilmerer oirck lpe) is equal io
931 mi Bhich iidicaes rhar one

Iinior rololurion sives a 93.2 nn.
lineor displ&em.n. of lhe moviig

Thc mdihum ori.ional
speed of the D.c, nolo6 used h 6000
rpm, hokver. thk x, alue is Jeduced
by lhe 120:l reduction geebox,
theref.ei the maximum outpui
Dladonal speed is 50 r!n. Thus, rhe
maximuD linea laed nre, which
could be oblained frm the d.v.lop.d
sysho, tu 4910 ndydin
(apProxinately 30 mn sec )

2.1 Posiion M.rrunm Systn
Posirion measurine synem is

usually implem.nted in cNc
n&hines ro enable lcquirjlg
co.nlinale posirioning infomarion
dnd feedine it brck ro l]re systen to
achieve closed loop .onrtul In rh.
developed syrft ro incremental
rcr,ry fl,coder [7.9] *as used as a
m.asunng syseh fecdback sen$r.
Tlt resoluiion of tle en.oder used G
1500 pulsc/rcv. Tlo encodeD wee
used in tlr s!$em, one lor edch axis
Encodei mornrirs and e.gagin8 p3rts
*re designed and manufd..ured by
rhe auihoBlo ehievc accumre fifttuC
wnh tho slidc nrchatris of the
n,ochln.. A Arcat deal of care ls
r*cn shile .onrDondi w6
ssenbled 10 a$ure good pioretion
aEaiD, b@akage. A st.ndard
uiiv*el joint w,s lscd lo.join tno
pinion ro rhe sh t dcoie. via
specially mruraclurc,l Tcnon joi ,
Dhich is desimble io keep india.nd
loise al mininm [3]. This univerql
.l.inr h qpable of 

'notion 
nansminitrg

rwo iddMd ak
senomolo* dF used i. obtair lhe
rcquired mov.meni. A itird molor is
rko usd ro a,ljtrsl rhe heighl oi the

Speial cariag. and fixture
weE desiBncd ard tunufrctoEd by
the ulhors ro enable $e seaing ot
mcr$Ihls syxem equiphcnr on rhe
srruch'e. A supponing rrble is
provlded siin ihe machin. 1o ca4
the sher nehl. FiguEs (l a, I t lnd
1 c) sho* ,hotographs of rhe
tlovclop.d mr.hine ed lts ndjor
compone$, whcto d Fi-qlre (r.d)
shoys a bloch diagmm ol the
d.veloped system had\Yire.

'mc lonAitudinal tav.l lini!
ol.he machine (y-axh) is 2300 mn
ind fie nlve^e t6vol{x-dis) i! 2800

'n'.. The lransnission poN$ Bas
dcalgned 1o enablo bdr[ PAC snd
OIC proesses. tuc illluable $ige
of i,re D,C 6oror rohriond sp€ed it
6Ncen zb rvoluu. s pcr minute
and ina\inrum 6000 ftvolurions pr
minure ii bolh dnsdons. The No
driving units ot rhc machine a!
individ@ll, coupled lcl rhe dide
posnioniry mcchdisfr ol the

The font end of rhe notor
thaft k coupled to a gear mechnism
io e.abl. powlr besmissjon 1o rlE
mochine{liding h usiiga specially
desiSned gerr, L'ine pitch lear reeth
qas sel.d.d ro achieve bcr@r
pc{ommce and rcliabilirr J3l.
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up 10 2,1! incliiati ln .ddiiion
*led boll bhrin8! si6 sp.cially
Munctored b@kers w Ed o
achicvc th. codpl.r. rE.h&i.n.

Thc p6ilion EelsudrA uDit
ra s up o. ln. Mhirc *udua
md frll aligM..t El.tive ro til€ rrck
w!! achis.d lor boih x nd y aes

Thr @ldion of CNC
syer.inr d.9.ids mi.ry' o th.
f.edbadk 5iglrl obrained from rile
posnion merunns unii [7] Tirc
h,gha rh. puls5 eenGcd od
Pr@s.d by $e lll€dri.a ty{cn!
du. b . spccifi.d lln dmovedelror
iE mlchire slid., rhc lri8la the

In th. dcvclop.d s,sEn rlE
,!E. Eelq usod lor lile slide drivins
*6 urd ro A.n.6r. r$. @rion
rcrion of d. sn.,i ercode. via a
speially d.si3rcd md mdufmiurcd
Pi,ion. n'o pinion moduh (n) *is
rl*Ld io bc 1 2s ro 0.&h lh. mk
module. 'I'h.mri6lly it is prfhbE
lo obuin u if,r.ger numbn ol
.ic.dr pnls ddivaly 3.nc6tod
due 6. un bn3d Iind &r.@r
(c,s. I mm), ro ov@h. inhibii.d
cro6, hene. ! 38 ie.rh pinion G
slet d,lhE$ap.d rrotrJ ciEl.
pirch (r.) G equol to 149.23t 0m.

The inlribit d etur rould
rhd bqoe. equd 10 0 04 puko ps I
hh, (ir. 0.004 mn 9€r unir l.n8h of
I hrn),lhich is equiv.l€Dt o 000.1
pul$ ptr s.mplc il l0 SamDl.s 0..
mm .E lttcn. Each .n@d.r puls is
apprcxiMily e4uivil.nr ro 0.1 ftm.

An inp{r{u'p( ([O) intdf.'
cine uil wa speially buih f., this
srt ro liot lho ,Drd*ore lynom b
lh. d.wlop.d sftsarc rysh Thi3
Lnit ooNis oa No .ltunic circuir
boad!. rhs 6at h usd to {nhlnE
nohr dnEs (ie moior conrol

h bldigldb orsc nEEl clnii3

board). lnd the sccond n us.d for
6Drellin3 the oasuring systeo.
Fig!rc (2) snN $. I/O inbrfrcinE

The rwo buih caids rerc
d.sigr.d to &hieve 2 ax.s eon@ll.d
horid.Th.ywdbElh.
nu&rd Pc ldo hus {l0l. Th. l7O
potu are iddres.d by rhc d.vclopcd
$fi*@ ro rUN dara blnsa.r.

2.3 Molor Drlv.r Inerfre Bord
ric main tunction of rhk

b.rrd i, lo @vqr lll. digul
inrbriation prcduced by Lhe otum
on !h. compui.r !o a pDplrtiondl
urlo3u. hlrrB! to fed rfi. Da,
*nomtor drie.. h.!d. Thie it
a.complished bY using diSibl ro
anrloguc coird.r DAC add lr.cial

-rh. ed !a d6tr.d ro
coitrol so ohoi.h ii oder b fed
so notid aics. E&h choD.l ccEier
rh. vohrBc rigMl ro &l@ oE uis
drivi'rg moiion u.it, Two 12 bir
DACS lnd ore Pll (Pbgrimn{bl.
Penp&El r!n.rte) lC *eE usqj in
lddition ro reloys sd odn.L.dic
coftpo!.trB to! sigal filleriD8 ud
dodific.iion. Oher I/O ch.nn.k sre
alo provid.d in rhc .!rd tu lul@
.xposion. 'nt sisn, ouiput f6m rh.
12 bir DAC h .quivals! to 4096
s8es of Esl$i@, yi.ldinB 2043
+w ond 20a3 -E sDad tuS.s Th.
DAC rr?e u$d is DAC 80-Bur
Brwn l2l, and lhc PPI ryF us.d is
PPI 3?s5 !ll. Fi$rc (l.r) sho% r
rimple sch.mlic diig,lm oflrE buih

2,{ PoCtioi M.Dlritr3 SFI.D

Tlr dev.loped toard Eceiv*
lhe sis.aG oinal by tlE .ncod..,
rhich .re EprcsnLd s ,uls.s. The
cncoder c ib nYo sisMk. rh. i^l



sienaL r€rEse rl drc lncron.ilod
001€menl ro itrdicate Elarivc
:esultiig btltional ftdeoent, and
the secdnd sisndl provides 6e
oovene direotion, I *hich is +!e,

The .sd has four channeh lor i'Dut
b.calso tro chatuek are required for
ezch enconer axis. flr builr boa,i
uses a h3rd*@ coniEr compoie
lype 3251riple doru 16 bt comler
Illl,lhis compone!. .onsku ol drcc
sindo .omre6 erh ol 16 hir (rRo
oloishibir sghre', A shts rghtr
lC is used to gilc dr. nDlene
dnanoi indicalion. Ohe. elslro,ic
ooDpondts ,rc al$ usd ro Ncilo
dE emiaed enoder signah such as
line recaivcr ?5175 qpe ICs []ll.

only rrd couitrs of rhe
tsipl. cou.lor chip aE osed wllile tlr
Ihnd h resewed for lun're eapan:io.
(e.9. aotualirg a thnd lxh olmotiool.
Fism {l.b) pEsefts r sinple
sciematic diagnm for the huili card.

The michine nn'ctft used
was lucce$fully tcsied iccoldlrg l.
DIN 3521 specification. rhe
developed ganiry iypc sl$orurc h
e$y ro mndufacnrc and in$all, in
Mdirion, ir is suibble lor lorque le$
cunitrg oFritions like rhmrlcuning

A physical inbdace of rlr
developed s),sr.n hailnatu ${s
ac[icv.d {ih ihe Pc via ,o rc bus
and opeEled sucsrn Itr the .mL
stog.$ tb. divina unn wrs op€rabd
al6ne, Vol&ge was supplied wilh
yarioh ftnges a.d hence larious
speed r.n8es wcrc ohained. &ch dis
wa rered spa.rcly! did rhen N.
*es seE rc{cn sinulhneousl}
Snooth horioi *as noriced dnd gdod
ndr braki"E resFns Ms obknred

Tne rr66uriLr8 ulit *as dren
opeE&d alone. Good rcsponse vas
obrdined for uni.xk ftorion and for
tuo ,xes sihulianeous movemeni.

Both fie driving and

'ncasuring 
unih *ere rogether

opedcd and 6ned (uni axG
moveme.t .nd t\o axes sitoukan.ous

'nove'ne.tl. 
In both cases good

The developed cdnouer h
barically ri online PC, lroEEmmed
ro lchieE hoth .otriol md
supeflisory funcrions. Fisure (4)
sho*s L\e bl€k diaBram of the
dev.loped m rcller eftrarc. Thc
min tunctions and prccedules ol lhe
developed conrrcLl.r softw*e are 6

4.1 ?.ognm Ediror rnd S.lting

Fi8ure (5) sho*s th. adapted
p3r pbgmn *trdurc The pafr
progrm .onsisrs blocks of worlsi
each rord cof,rains atr iddE$
follo\\rd by specifrc values that
prlenr an &tivity. lha developed
proccdue al lo*s .dilin g 9999 blocks
The user supplies lhe conpurer with
rhc Equircd iniomarion i.hnoiiviry
A re{toring proceduE n included in
rhe dercloped softv.re !o allos the
r+liianginE .f rhe errer€d block dro
accordiiE io lhcn accu$ice. Tlr uscd

G2r Cncular C.w i'le+!latio..
C3r Cirul& C.C.W intcDolaiion.

Ai.r finalizinB pneram edir,
the use. k requned to ser the values ol
tlro Vork-pi.ce Referenoe Point
(w.R.D. wnicb is prele ed by rro
sxes coodinates (x&Y) Elarlve ro
the M@htne Refercnce Poinr (M.R.F).



The mehi.e Eferense point
(M.RP) has no oFmriRE e$€ct, but
all go&Ered cuttin8 palhs of $e
shrpes e to be calculaed ftlarive lo
iis positio. risuE (6) shoas th.
machine coordi.are system used.

Th. &veloped sonwaro
procenures e0$1d the dGploying 8nd
cdning of ptoviotrsly prepaEd .nd
*ord la p@gms to 1o*
ch.cking md upd ing. Figtrre (?)
sh o*s a block dilgram ol lh. included

.1., hlh Gen.mrion Procedur6
Atthough many sysems nse

padr informarion sei.rarod b) CAD
packa8e, like AdoCAD []4! lsl,lhe
d*eloF€d syscm Esncr.tcs plrh
infornoti.n usine user defined dalr
that nay b€ eniered mmLdly o. re'
callcd fom previourlt prepared dart
nles. The $is$e allows the cHtion
of any conlour shape rhal may be
composed of lines md ars. Following
is a bricl dGcu$ion of the developed

4.ti rnadiry/PrBi.g Pre.e.lure
I1lis pocedurc pEpaos thc

re4uired infomarion for the later
veddrntdon ,ro8rom Gecloi 4 2.2).
Dar. lnformation is lorded
sequenrially b L\e softi',8 menory
ion a pr.viously prepired p'rh
inlorndion iile Suitable infomalion
algolirhm aE $l*td atul craulcd
a[omatically io mstch requned
Eeometical dara. Fixure (3) sho*s a
,ow chnt of nhe loadln! / pasifg

Mos of CNC syiems use sp€cial
had*m compoDeis known .s
inr€lpolilou [7] b ehieve tile
i'rLipol.tion n'ndion, ho$ever, non-

of rhese conponen6 h used in ihe
developed system. INlead, lhe
inlspolation is achieled Bing
specially delelop.d sotwae
psceduEi and hence de syscft
inrerpola(or used is a softnEre

This dercloped pmtram cla$ifig lhe
i orpol.lion irnclions inro No ryp$.
nmely linear inErpolatioi and
ciellrr l cIpol{ioi, qh.rc the larier
is divid€d into C w circular
inbQ.latio, and CCw. cirnlr

The prcgFm s.des to give two

l. Inb.p.lation: At rhich ach lwo
poiIts in ihe sequenoe are liiked
(i.rerp.labd) by se3B.nts (or
vecro6). sesnenr posilions @
determined ro ft rhe E{uir.-d
onbur p.4ern. when tho se8'nent
is composed ol ! sBight line, lh.
inrsDoladon h set !o li!€
appruach, ond when ir kcomposed
ol arc $.n rhe inteQolalion is sr

2. Ve.loriariotr: (or discrtizridn):
TIe deEmined nneeolabd palh
n b be dncrdiad n'to equal
lcngrh vectd uniis. Vcctor 1otr96
unir affcb rile smooth abilny ol
rhe eonemted parh. smaller vetor
len8rh *ould givc sdoorhs palh
and vico !eur, however, an
impotunt frcror mN bc hkd in
ac.ount *hen choosinS lhc !4lor
lengh unil which is the Esponse
rime fo. bolh ihe Fnding out
siSn.ls aid rhc on-liie .rlculatiols
h ord..lo mainEin rhe co inuiry

Th. ptugri Esulis in a dara tl.
conrai"i"! $e eenenred'dkcEriu d



TIE followitrg i$onprions .4
su88csl.d rd employ.d to, rhc
mo@el* .ss ro smpur. di. Ii.ar
rdor sBl6 Errrnc ro rtc Equird
norion didions, tiu( r9r show!
rhre a$unplions. The condnions of
lhc er$esbd assuhprions aft:
Cd$ r I xr <ir aid y >yl,

C&. 2: xirr and yl>)1 )
B =,r0. * *" (4ll

Cqe lr xixr snd y <): -t

a=rro.** l4z)
CdF 4: &<x: .nd yF): +

C$.5: xr<rr rid yr-y, I I =um
C&6: x>x?lndr,-y, )€=180.
c.& 7: x,a,,nd yr>y:, e270.
C!* 3i I|*r .,!d ,r<r: -> O=9Oq
FhuE (10) shoE dE flow cirn .r
thc linarinreDotarion fu d

This De of Inh@hr"n ij.tErfied
G dar * (c.w) snd counrr
Cl(l(wi3 ic C$.), cimls
i'rrrpoldion. Eich rlTc ha5 56(ijl
condtr'ons ,nd e*r Th. rot6winr
tqo scclions exphlr fie suggesed
a$umpriotr us.d in ft! deletoDmeir
or.h. (cu. a"d c cw),o,..;b on

l- C.C,w CiEtrtrr t.t.rlbt.don:
Th. alEorit\nr oa rhF mremralon
dtrd discd'ariuo rc Ln. s i[.h r
lilure ( l The c cu rnrc@otraor
tundion is usulrt) obE;d b]
ipnllina rh. p..rrrlrory tudion or

Cl fnr .ach cienld pdh ro be
sr'lped with (ccw) diFction, . $.n
poin(, Bith slld rnel. (A) a'd .nd
poi (E) *i.i md mslc (B) tun b.
siEn. ln rddni@. rh. c@rdimt6 of
rh. Mr.r point of th. circuls p.ri
(poinr c) ru* .lso be d.fin.d rh!
snEle rcslridod btu€n bolh $c nan
dgle and.nd {.81c h 0 which nusr

1'h. $g8Bled ind .nplo)€d ces
,trd ,sMplio3 li* 6is (Cc.w)
inr.rpol,rim e rit foltsines:

r, <i AndL >,. J,4 = I80

n .O **,.* -r=,, **"(l)

, rr.o.+., -r=,uorrn'(l)

r,,r.o", t* -,=*{l)

,. -. *ar. tr. -r=,- "*{f )

-r=,*.*.(a)

-,="..*,(z)
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r >r and, > e -s=b'lll lim > A

6, s=t6o+h,i{4 lir R. a

For oll ca*. if B < A rh.n B is el r)
A +l6CP in or&r bobhi'r ! € virh

For $c sl.n p.inr (s),
I iax"=x.th.n.nh.rn>y.,

2. ify, = % rlcn cirher L >l" )

l- ifx.- )q lhcn .irh.t y. >y" )

2- ify. =% h^.iihqt">x.,

2- c.W. CiNl.r i!ac.!olrlio.:
Tnir ryp. of inieD.larid i.

obtain.d b, applying d. pr.psmrory
fmction of 62, To shapc , circular
palh wnh C.W dn{io., o sd poinl
(s) *ith n !i8l. (A) md in .nd
Poinr (E) wilh.trd inge (B) B61 6e
speified. ln rddhioi rh. coordinar.s
of rh. 66 Poini of 0t. ciel.r Frh(!oi C)nusr.lso b. siv.n Fo'c.\\
in&.polalioi rh. anBb a is slso
..quired to b. positive v.lue. The
egles A&B e. @d lo ddennin. rhc
A & B on3l.s, rhich!r m6md in
c.w diEiio,. rh!.. (12) illushGt
sh Fincipl.. C6phs of C.
sss6&d .nd .mnloyd M of r
C.W iieAol iotr N shom in
Fie.(13). rn. endnions or rhesc

(, <, And),>, {;=l30
)

; =,',** {l)

o.*'E)

r., \
t >t And,y, >,, -r=160+tuil jr

\r, _r

/,,\
a > j Andy. <j. +8=-irn'la I

\,../

L if!=&lhen eithq y! >y.t
A =?10'

I ify, = y. rh.i .nhd )q >r.)
7=$



DB&Tdnologivo,2l'0,7,2@j

l. if {. & then.irh.r y! >y" t
E =21u

2. ify! = y! rhen eirh.r i! > r",
, = 360'

,/.-)60-i . B -i6o -E
If A< B rhen a is et io A+160e I
ordn to gd !3 with po6iriv. lalu. thir
k 0 = A.D FigtrE (14) rho*s tho
inr.Aololion .lgorilhn ed lhc
@didio. prm.duc lbr lnis rr}.

A procduE for seneratinc
D8lh simulotion is d.!.lop.d ro illorv
rlte e lo displry rh. .@ing Fln o
rh. compu.d scEn t rG arpMnt
Eal cuning pmcs This would
f.cilil.G visud ch.ck of ftsultin8
pslh coftch.$ h be cur in order ro
.hid .ny moB tfiaima, ecur duc to
Blculdio! or prcginmin& Th.
sh.F C rinrld.d usiiS srlptic
cohm.nds eppliod ro dre parh
coo liMl.s dih file B follo*s:

Th. monito! scB.tr is uluolly
a ,.cr.naub. sh.p.. hacc rh.
.mt r ofpi@ ct rena (pix.ls) in
lidth (i....umh€. of srccn coluDr,
diflcn frco that in hei8hr (i.a trmb.r
of s en rosr), so scq& ly th.
plothd E6ph musr bc oo ei.d by
.pplying lhe tuio (S.r..n Asred
Rdio (SAR) /Monibr a$..r xrio

SAR = No. of *ree.
.oltnm, No. oascreetr m*t

MAR - nonnor

Fig, (15) sh@s rh. d*loped
sinul.rie pre€dm il8onrhn.

t,t Pollllo! M.alureE.nl .nd

This pedu. ac.omplishes
ft. posirid |l@unn3 tD<tion
vli.ti F.*n$ borh updatinB lnd rhe
insnhnsous posnion radour

lhe d.veloped proc.due

l-Displee .fi feeJb.ck infomaiion
b f&iln.r. cohF{irg th. nd
nrcrcnd .l@* ln. pdih. Thc
irlormarion is fed ba.l on line

2-Rear tinc dkplay ol both .xs

Th. pm.d@ is lblc ro
reiw lnd lrllz d'. d.ting
si8nah rhlt .rc transDicd by ihe
u*d hndraE posniotr @lnling
circuit. Th. .lgorirhm re..iv.! No
signah fom the posirion .ounr.r
cjrcun ac ach .xis. Th. sigMh rrc
DEeen in i di3i6l fon[ om of dr
a8rdh prs.it in the incEmc.led
rnolem.n! pul$si *nib dc dhf
s iEnal irdicd.r fic cornrinB d ir.ction

Tn. do!. tlP couhr.r us?d
B of 16 biri l6q dE numb.. of
cdu.tin8 sb8.s k 1ioto 65535 doM

Tho .onditions uscd in rhc
proc6sin3 of th. @.ivul signlh ee

iDni, positiotr v.lues(lP) = 0
h,itiatoount r vllEs (lC) =N
$hcrcN k iny runberqnhin ih.

for poshir. mov.mdr diEctiorl
lf cuEtrt counr.r < iDnial cqnrd,

cun nt polirioo e iritiil posniod +

initi.l counr.r cur.trlcounter
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li cuE .@rs > iniiial .oer.
oulMr po,ition = initiol position +l
initial 6utr - (65s354nmnl

For o.Brtivc mov.nctrr direcrion:
ll cDreni .ounrd < inn .ount..

cuMr posftiu - inirial Dosnioi- i
ilnial counld .cDr@ir coutc!
lf cuirent counlr > iniri.l .outrb.

cwi{ poririd = innial ponion-
iritial count.r(6553!oM.nt

la 6. cuG.! posnid = innial
pdilion, ir ms, no moti6 vas

Th. florchd of Oh ,goirhn is

.1,5 Itr&.arcirg / Driviry PtuIdm
Tltis pDg@ {@nplisnes rh.
futrcrions of Dotiotr drivins md lhc
lrterfeing b.h,een bolh the
d*ehFn hril*4 ed $ft*lre
.re.ms, i. 8finion @ mtul lh. tro
pons olrhc two inr.rhcine bo.ids.

Th. pdeM co.snb of fout
lubrD3tur Its h0{t is r de ft.
thtr @ rins irtspolatd-v.qoria'l
pllh cmdn'lle vdu.s. The lour sub-

Pogms aE kiefly .dis.B$d b.loY.

.1,!J Sp!.d Calculrtor Strb-

In this $EpbCEm, e us'
inpuG ih. fr4uiEd fccd an (mm/s).
Ihon tlE prognm calculatee rhe
.qlivalenl mdlor r,p,n. sp..d .nd
otx.ins d. tlop. rl.IiY. to dE
rurcnl (.ctuol) po5nion rmm rhe
eLop. 6odi6ccrion sub-pDgEm
(stion 4.5.4). Tih cdculacd slop.
v.lu. is u!.d ro @Epuro iiloNo rc
mohh sp.qd. The nolor sped qould
hav. a sp..d ntio El{iY. to the
obbired rlor. Eluc in qdr to

rquir rh€ cdncr p6tl. Th. cepuLd
,..d wi[ rh.n be er ro @h oalh.
nDd drivin3 ,uEpEelor Geclion
a.5.2) Fisurc (l?) shosE a flolchtrt

,1.5., Moto. Drivitrg Sut-Prog.r l
'ftis sutprogrm EeG rh.

M.r.r sF.d vrlu6 frm 6c sF.d
calcul0rid sub.prognm,.ndcon!.ng
then to equival.ni binary numhc6
lspatively, En, *nds dh of rh.
hinary fom lo rhc sp.cilicd moror,
rhrcuh the uo moror int.l{acc cdri,
usin& th. sp.cill.d poft rddre$. the
sped $lu6 .E ttEn conv.n d lo
relaliv. ealo8uc akn-l in rccorddc.
with th. used DAC! inpur plrl: sd

The olpur pat ol rfiG tub-
p@gnm i.dud6 rhe following:

'Enrgizing rh. f,oror's ourpur

-En.jaizin8 rh. PPI ohlp..
-Scnding out lilo cal.ul.led sp..d

Y'lE ihir e oDvd.n fidlty inro
volhg. by rh. DAc- $ca rclu8cs
are .qu,valcnr ro rhe calculit d sp..d
rclarive b de ,lope of lhe desiFd

Ti. priiciple oa molor
drivins u*d h lhal *hen tumins ot
rhe horor, n nill wdts in rhis v.lu.
u r .neeo ecu6. Fi3uE (18)
shows th. blocl diagro of this sub-

4.53 PorilioD M.$uritr3 Sy en

This pro8@ h d.sie!.n lo
EeiE rh. ant r Nnrs llong *idr
fien ditldion slanE 6om rhc posilioi
ncdsurirg inElfrce borrd via lhe
compln.rhE. Tn gi@ d!@@ s
ro th. softwd. .odoll.r of th.
coune! cncuit G*lion 4 4), in ordcr
ro achiee rh. positio' m.auEmnr
ed E dor ThG sDh'pol@ ii
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.ddiri@ E @mplistirg Urc lmcrid
of k.lrolliis rh. input coDliig
3kn.l p6rs, eEilr vie thc ouiplr pds
thc rcquir.d nuhbeE in rtu lo!fr of
diSi$ lor loadine thr coun|r chip
rc8ist.a riih maxinu'n countiDg
numb.6, Fisurc(19) slE*s rhe block
di.g.anr ofrhis sub p&gmn

.i.S.4 SloD. Moditedor Sub-

This slEprcanm i5 ued ro
olcul!. rh. slop. of No poid
s.dimrcs, de of lhen is aot fr'oh
lh. g.n.nrd prtn dd fiL dd tn.
olh.! is obi.in.d fi,lm rhe mo,urins
rrst.m irtcrf.e sub- pm-qmm,, $hiqh
rcPBenrs lne eBd cuftnl Dosirid.
]X. !lop. is crlculared i. odcr lo
modilt de pa$ positioi b.caus ol
E$llin8 difrerme b{nx..n ih.
,8v i6ur crloulole'l parh slope and lh.
orrcd psition slop€, which mB,
opp.u dE lo rh. n.ch&iBl .r.de
or E$lutiq of Nvmd .nd
llr@tu.r .ccutuj. TIE condniur
of olcul jng rh. sld9. *fiicfi
EpE$it in imlining mAlc (3) is thc
!m @nditions for crlctrlarina r
rlor. or th€ linE interpolriotr
alBornhn, (scrion a.2.1.. ed rig!rc
(r0)

5, Rstrlk olrl'. Derdopsd Syftf,

Thh s.dior ,lemo6nacs
tsulls of tl,. d.!.loped sys.n. Mey
.xP.rih.nral dials rcrc cxeur.d
Bing php.r cuhine pllr6 to 6s's
rh. pc,r.nriol ol dE s!:tu. ,rE
lollosi.g dic d$o$ rhe lelB

S! Sthul.fb, rd C.ribnrlotr
Rcsulc ol rh. g€n. r.d

conrour palh obl&iied fton rh.
d.v.lop.d sysr€m reE simular.d
sEphicdly on so@i usins rhe

speially d4,ctopcd Furln.. Blc.us
ol th. iotrire scEen Erio coft.liot
us.d b c.ubml.lbe simul.led rh.p.
idse G{ioD 4.3), resuls ndi. c
0l!l ploxrd id{se oiactly Ealolrc!
rolaive dmft of lhe dBwiriS. Thk
would 6suE rhat ary d.sircd contour
shape could be achi*.d wilh
,.c.Dr.d ,eula mdr J'.rcforc, rny
.rs in iI. emeGred p.'n. (shi.h

'nay 
@!r d@ io inc(fu clLul,rioi

oi poinr cordin.res or du. to .
n,ish[e *hile [an p.lgM .dirinB],
auld b. radily mticld i. ordf 6
coEct tlle rchted prn pqro. A
*aling luncrion is includcd jn fi.
dlSorithn advanhgeously, thus trry
drpcsia.ri hc situulated clclrly.

5., C.n€nied P.$ Tcring
A ploceduE rhr tnins lhc

S.neraod parh of conrour shaps wrs
irplcmcnted by spplyin3 lh.
8o.6Gd p.rh ddu fiL ro ! prc!.r
CNC .lfulld of r.Jtul-nilling
Dcltine. Thc p.rh d.u nh col.ins
rh. cmrdindes of &c int 4ol.r.d /
ldorird D.rh unjs rmns.n in
blcla ol prfr rDs@ 'l-i!.
rcsoluiion of rh. resuhing prlh
dep.nd! upon lile di$Elialion n.pi
uhich rcnrcs.nb the us.d aasi.
Lsngth Unn(BLU) value. Thh osriig
procaduft !3s conducl.d to .valur!.
rhc sfrodrhnes of thc generat d porh
pr&ti.ally usins a prop.r CNC
milling @nire Yhich tus tli.hl.
conrol sys.B, rhus rhe conrou, of $.
machin d p6n pllss E poLnlhl
oa .lE dev.lop.d pa$ g.rcEtio

Ror6 0f hik $@d
crccll.nr dime.siotrs mlchinS
b.N.cn rcquircd co our sh.p. ud
rh.6ohin.d panThG would iidic.i.
!he( rh. d.eelopei ,8lh S.nedrion
algorithu could b. used wlth



sh+e\ dd the discdianion
app@ch of pati bb vero6 i, !
valid leohniqu. for li.er ad circuli.

53 Podlri0 M.erina g.rd
Thir slsem *6 rcdei by

diivina neulty rh. diding
meheGm Io gen.nb dispkceftnt
siSnal feodbck. E{ch Dov.rlir ixis
uE 16GJ i.dividurlly ind lh.
resultins fe.db.ck stnal *rrich siv.s
ihe nunb.r of mit.d .ncoiq pulscs

Poce$ed ed calibrared ro mak. .ich
pulse.qui!6lot to one unit ol lengrh
Bodr posnive an,l nc8aiiv. dircdtion!
of notion displacement w.r. tcicd
0d eed i6pon*s rcrc obriind

'I1le syr.m *ss also r.licd
usinB lh€ notion ddviry sFem.
V&ious 6nAes oa moroF ddv.n
ftov.ncni sre.d Eerc armDcd, TIE
.chi.wd trn berlEn rh. Na
sts@ sys.@ {m@rins ond
drivi.a $ftu@} shoy.d 8@d
$,r,ircniz.rim of both mim od
l@M.d radour i.sntuolsly.
Expai'lhiilty, Ine n6uEmcnr
sys.n ssiriYit) aor vc.y low
mov.m.Dr fe.n mc Guch 6 0 I

mmh) wd vsiiid and rh. s),rtcnr
r.adoul Dtuvlded the ftquird f.cd

5,.1 Morion Prtt lnpremer..don
This sedim dhcusB rhc

rhorion path idplemcnbrion .id
re$i!9. Pat pmsrams ror coitour
sh.pcd smplcs *.re pEp@d using
rccuaL parh @l.uhrions. Teo
.lEnative onrol loop .ppuchc!
im.ly oF! lbp md cl6.d loop
w .ppli.i b lcht v. pdh
implertuio 'fte follNi.3 rvo
EtiMs PItff lh. re$hs of rh.

5.{l TiE coDircl rumiioD (Op.n

'ntG shem. enploys thc iih.
irndid {p.n l@p c@n!l , to

Ti. og.D l@p coml pdncipl. hrs
no rG$ ro .ny Ml .in inlmElion
ib.ur synem p.rfomm t qe no
L.d back irfomrion is Ean.i
lt4l.

Thc g.n.ared pdt dca fiI.
of.!ch conou shap. ws proc.ss.d
by soft*trre using a givcn le.d mtc
v!lu. rd produce ftqunsd binlry
vrlues rher narch the inrerpolared /
vqcro ud motion palh coordiiar.. ln
od.r lo lcd the eo movem.nt lxes
scnomoron drircx. Ille feeding line
conxin! (lime Dceded for sedinB our
rh. norion dah via o4ur po,ts) sas
calcul'r.d lo b. prcpodional ro bo$
rerdr lengrh d fed Ee values,
lhus thc Esuhing dah file .otrEirs
f.edins tarc Mn.d v',K for och
Bd logrh ralue *,liich is b.sk lD,
.quivil.nr b rh. F.virsly s.t BLU,

Ar .4.ril@ 6 ondErd
ro *hi* the p6rh mvem€nt for a
.1to nidsul& shar.. R6d6 of *ly
ti.h slro*d noriqble d.li.rion
rrom EquiEd shaDe h.ncc, c
cllibrdion frcior ws .slblkhed ro
componsare for resulting erors rhich
mi, o.ctr. due lo nohr driv.r
behrvio! l6li theEforei salisfaolory
rsuhs weE ohhincd. Additionel
cxp.imcnts *ere followed by
chmlilg irc fe.d rae vrlues, hence,
d. ic.ding iidc consta $os ako
ch.rg.d poponionally. Resultr
pbv.d lcc.prrhl. geneEpi parh
who usiu Eldive slibmlion.
Hoce. lor @h f..d e v!|rc, .
calibEtioD pccdure +ould t
.c@Dplish.d in dde. b det mine
EL!.d fEding rim. co66.

Applying {!is pr.c.duE for
.eh dt .f norio., lhe feedinB lim.
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66hr d cv.ry td Erc vllE
*uld h. obEin.d poctic,lly rnd
6.d to slibiE the sy$.m fot
confideni lil.r ues.. Th!s, lhc
velocit, cdlibftliotr pmmel{s uotrld
be {ed foN&d Io rl'c applkd conlrol
loop rechniqu. b elimhlat. 

'leviarion

Rql cuning prees# *!rc
a$pli.d to crt r' d of imple sh,F'
A(u@y of 1l nm ss a.hidd ny
aU cur si.ps usirg ! BLU laluc ofl

5.4,2 F*dbc.k Corld f unction

T,E ck6.d l@p mnhl
FircipL k usll, rchic!€d by Eal
tim omp.r.rid, hcsc., rhe stsEm
sbould be or"linc lo emmplbh Gcd
6ack .alculdion fo .dor comp.Mtio
It3l.

Tl)e posirion maurm.nt
Eceived ioh $. positioD m6su ng
ndl wd. ued in lhe dewlrp.d
sysb lo {rp.n$ic aor DLtn m
by conpluras !r. onp{lcn Ehrirc
to rhe dctu.l vilG, n.nce, $c rc*
poshim o@rdin ee rre compulcd
reldive to tic cc@l reived fe.d
bmk posidon m.orrement, A somple
conion shrpq Fi8ur. 120), vds
verilied 6ucc6sltut using cloi.d

E ch rorion r:is *5
elibEr.d $pdd, uri',g Ehiile
conttrt feediis lnn. in ord.r to
obbin iccunG ootioi p h wil[ 4ch
BLU value. At clch end of v.clor
hoveme , insrut.nsus compublion
of the len8rh of lhe nerl v.ctor
,c@dlnA b th. Eceived &to.1
n.*lllmar BG otein n in ordr b
.limine (or 

'!:l!e) 
rhe Nhins

BLU vrluB
imDlehenred to ochi.ve the @nlour
sirp.. The ihipo qa lerified tcn

e h$@'bn d cNc rtriid cuihg

rifr6 wn€E fd ach rim norio
!!h $6 seided usitre ditreEnr
BLU value. Tn. F l p.rh coordinotes
*.ft Ecord.d violhe positio.
noasureme systc'i as leedbrck
3i3!.ls fo. conpirkon wiii tho
rheordicatly calcuhrcd GdeEr.d)
pdh i. ord.r ro cvah'.I. tne Esuhing
sh.pe p6rh and srlcm n rfomne.
Th. l€d 6E us.d 6 a md'
Rcsuts sh@.d lhd LonS ALU rtlue
hfi. s a n grrivc .trcct on lhe
E.tr.raEd odh rcsohtrio. bduse fine
detaih oloomnoi.nrs nighr b€ lost.
This 6xld be clsrly lolioed ah.n
cudinA conpon.nb *ilh shal! edser
o' hidly c@.d Do,il6, hd*, lh.
$le.lid of BLU v.lu. should he
Etdcd b $c G.d d. vrlue rs.d-
line lsing hiSh f..d dr would nol
l.ave enougl !im. for compurin8 o.
li.e emr co'nDen*tioni Ih.refoG, if
smoll BLU v.luB wF Ned higher

,rin ercr highr E$lt ln iddirid,
!si'B larAc BLU rilu. would limit the
kslring pdn Gcutu, dft ro opar
l$p !'iabl6. luB. SLL| m@s
longq vdq l6gh 3nd conplete
..ntour padr *ould rcquirc fser
vectod ro bc dcscrib.n.nd lohi€ved,
on rh. oL\.r i,nd. uring sall BLU
lalue may produc. !tr &cumulatd
E$lurion emr du. to inrd.quare E3l
tiD. mnpnbdo, od b rh€ s}{n
Bpon$ ch.er.ri{icr ued .Fd rhe
dev.lop€d ty(cm, lwhs show tlDt
rh. oDtinlm rrne. ol BIU would br

The m0ipllded Yariabl.s
offetine cuhinB codour @ury
uiing rhe dddoFd CNC s)tu m
dcfin.d c mob. dnvs 6pon*

cllih,arion foclor, The pmblehs
!*.ciatd qnh rh. ..hciion ol



.dllbmlioi leiou e handLdby
soliuEmodificltion thotrgh $ee
phtleos e (dsing tm
c6p@enE oa lhc dnclopal

A shning $ock h troticed
fte hesintrins of ctrsh opsrrrion lor
both moroE, i.e. the staning up of
the motor r.hrioi, $n shoc( mly
aff*r lhe Esuliinlr prrl ftsolurion lid
e, ale drhag. lh. hlrd*rR
(.L.M,c .nd nehrnical pd!)
!5.d, heocc, shock eliminatin8
slbroutire wB 

'levolop€d 
aid aDpli.d

rhich sends our zero sps.d sfuml al
the sbd orea uk nrcio! in oldcr
!o PEvenl th. lbrupt chMge oroutDul
pulelin3 Ei. 6 rh. s*moro6

E rry r6rs irdi.ac $or lnc
spctificdon ol ft. uied d.iving
syrcms difi.r wh dpplien dd
coupled lo lhc drhi,g 

"EchlnGm.The differene .dio r'6 m6uEd
pacri*Ily and fdod ro hc l0%, i d.

llrc 6 spcd ol bo$ .\6 mror it
707. ftm d* cilcularcd od er b rhe
sio .lriv.B. Thii dat w*
.vercome by in r.dsing 1ne e cnd
lerd rate kh. try 30% fiom lc

I1t. slidin8 pcitioning
nEchtniso us.d *ni.h n baed on
r&t .nd pini, ie pGambl. for lonB
nov.nH! n&hin. u4 b.cause $at
driv. sifrnes is iid.pendent of the
strolc lenstr. ho\ovoi the dexree or
ncauacy i,] puririonin! nay b.
llnned wh.i 6rnpa(d irh otl,.r
dor. dldllik nEheirms lilte bdll
oscw Tk urd hohsnnm 9p. ir
ld.qEre for us in lhcmal curire
n&hin6 dd could b{ Eed wnh
Qniiderc. to achi.v. rhe rdtddrces
issdciakn wi$ rlrir typc ol clltine.

Ca tibuioD ol fed ml. !ol!.!
$6 perfomed ty pBcri4l 6s{ring
in. lwpr dnph.on.nr stoL oiinr

tind wabh lnd coDpersating fio
crorcomp diotrrll, by son'lvare

Th. lyscm rtrords fl.xibility
of usinB difftEnr Esonllion .ico&6
f6 $. pGnior m..suEmd! lysrcm
b..a8 sirnaE s.mmled rron
encod* are pGc$.d and Qlibded
b, loftwaft !o acconmdddE rh.
rcsolulior !s.d lo m l. rEs prlh

Th. .pporch of $iiwe
pM.$ilg ro Eplme lhu spdinlizci
hard*ue comDon.nb *hich qG
inv.stigat d dd.ppli.d, in this Nork
preserb ai ldvarhg.ous cchnlqn. to
rcduc. irrollils lad maint nctre
@si ud simpliry fie h.rdute

Thr hid celulioo ol d'c
u*d DAcs (12 bi!). povd6 a sid.
rs3. oi conrolli.g valu.r
(cquivalenr ro 2043 a8es of
veLouny), ilrus fscilihring th.
&hieve6.nr om Widc r.n8e ol fed
rtcs, \'li.n.lbqs th. lpplicdio. of

',1 
and 1,8. BLU uiuB b d.blc

rh- obLiniI3 of b.n E$ltinA paih

Inrer&* h.lrcer $e used

PC/XT I}p. compursr rYiih tlie
d.vclopcd hMd*le (ddvins dd
Position n.rsueD.nl syscnt ii
conshd.d 'bii8 vo irEf&. c.rd3
$h;ch *rE d.si$Ed rnd builr
spcialb lo a*.mod.L th.
tunctions md ohor.ctoistics of thir
ry$em, Tne* clcctronic csds xee
oonneted b lhc .orpuLr using lhc
avrilablc crFnrion sl.ts ilEt
f.cilik! !E lirl b rih rc'bus ad
rllo$ rucc$ful dd. acquisirion iid
si9rls B.n.6tiur. Thc $nwE ro
..nrml rh. I/o inreni.. mit *,!
devcloped and u*d 1o equiE (aid
end) r.qun., dob lrcm (and to) th.

Ivtorion piir lioulslion of
lmrhi€l displly



slo\Yed srdtr visud ald to embrelllc
u:er 10 conet ery eNN bcforc
appllin3 &l .ulling Pro€$, such
appr@h is indM.d in the d*elop€d
sy om rd lotlicd bcnefi cirlly.

Reai flme cu(ing opeGtions
lor.oniour shap.s \ere impleme ed
using bolh conhn ichomes, open lo.+
a.d clo*d ioop cont.oh, lhc ren'ltiis
slEpes oc.uac) indi.&E the succ.s
ol uriDg rlris sylrm lor ilErmal
cuhins pm6ses. P ixnr. (21 ) p' *ent
pholoAraph of contouE,l shap.s (ur
!singihc nlo alt rnd,ve rect triq0s.

dPP\iDe op:n loop contol *heme t,
D.C s. o noro6 lor Ntr. coNact
cuti,,E prNc$es e.& ihfi.l cuning
P@ses thd inhihit hniant rorque
thrcugh ex.oulio!. may Dresenx I
vllid tlchnique to midifriD dr
hardPar.. used sirlpliry lh. l/o
i'nc&cc cintrii! rn(l r.dtrre.o(s

ln this solk. devehp'ne r ol
CNC motion synem lor rhennal
cftring nac|lre b6 b.s .tp'cach3d
and iNcniSarod. Boti softtrds dd

implemcniod in lhe deleloped syst'm
ro achierc rhe 8oit. lnrcdrci:re rbc
capibihics of lhe Pc sith rtared
ruchino comp.netrh b develop r
nuileriial cotrrol r'or $s devel.p.d
CNC $erdil dlnirg syricms, qis

tu hwniebi qr.Nc Esnd cuniE

allo*ine chdrye ir th. developed
sonkire to mect mmdaoturing
r.qui*nents. Hcne. PC 6ntol
software lor CNC synea tuuld be
devslored silh Uexibil,ry b &cilitare
upgrad'ng, allow leatlEs ad'li13, atu
.cconftodar. sito L,lra' sus con trol 0l

Sers of !e{s weE perlofled
r. d*miie dc dlndi.
choracle siie of rhe developed
synen Rcal l)anE cunine opemtions
q.rc ioplenenled, Resulc indiate
rhc v.lidny ol the d$eloped
pBcodures. Bt comp rer Jmtrldion
and exirennenh, rh. eflcdilenes ol
rhe pmNsed syftr wisverified.'lhe
No conlrol ltup schemes, op l6up
and clo*d ld@ oonrmh. vere
invesri'g ed oM inDlemenled in de
detl.ped syslcm Nnhoul my
phFilal h dlvaft change iesults ol
the pcrlomed srsen t6a havc
proved rhe validiq ol lhc proposls
and *ould eroulagc lunhsr sysem
d!*lopmenr ro meer rhe in'lunrisl
requncrncnc for such hachines 'Che

open lool qo rol poves
efa*iircners, especially yhcn ihe
lynsh leleity vaiabl.s are added
i.r ld^vd'd corpensaliun io Educe
e oB. h.&e, llr doveloped contoller
l,y thi5 pDcedDrc opehr.s as a

lhc .. rE fed mrss wr.
designed aor tile dc!.lopcd s'scs ro
mcet dut re.onmeDded far $einal
cutriry pm.ces for bolh. fl6me cufting
lhar rceds rclitivel! l.w cultinA
speeds, and plalna arc cmiis
rcqunos rclaiively lrigh cuting

lyiem are pNpced ard imtl.menrd
b achievs.losd loop coDrol EroB
Gsultine lDm li. nochmical
mmponona *.c rtJuced by
ctrlibErioD and pr.cc$ni{ lhich ar.

rcPlacemcrt ol sohe spdiail2ed C^_C
hedwm t] cqdvilhi sdn*ee was

nerlmdolo8y ol $; {d ildirares
drar rhe connol $hese ot CNC
machlnes' coDld bc achicacd by
sof$raE ro ieduce rh. co$ ol
m.nulxcnni',; .Rl hdinl$ance of
(rNC syrcft hardBlre {hich rE
ehiivell, high.In additi.n nris {o!ld
incre.se pmdrctior ll.ritiliry bv
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