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A The rpr.cnt a@ of 6nl!cr.
A, The rcal iEa ofconhcr

n Teopcrrrure droncnr.
n Shin Hlrd.ning e\poN .
I A 6c d.pcid.n! couromb fridrcn.
!, Srdic co.ff. olfacriotr,
trr K ineti. co.f. of t ictiotr.

v R.lariv. didiie Ebcny ofth. slak

I'The aoi dld.nsional .tr di!. frir

ft. .lrdirc planic shin.

The nd dimion.d hp.

li order lo g.l ftrher incEe in dE
prcdu. !it, u', Educ. ccaE n is
nc..$ary ro improve undds&nding
ol the michlnins pi@s, rince lne

uhining synem iivolv* comnl+
xity of lh. physiill ph.l@eE
$,hich occur ors a sid. tuE€ of
impeduB, siEin. 

'nd 
srBin ares.

Modeling rM sinulalion c$ inc@e
rh. undenl.tdlns ol mochinins
pre6 Th. simulalion 6n rcdE.
d.whpn,g ac ,nd optni4 cosrr
wirhout thc need for turthe.

nachining Ens. when 6.r,1 is cur,
ln. curiDs aorce !a minly th@sn a
small 'E of ihe Ele fa... shich is in
rhe conhd qnh $e chip .nd rhus k
kmqn ar th. hol-ohip i edac..
Th.refore ir is ol inLEsr in lhe
cunin! forc. &bmin.ii6 ad
considdrioB or tool led ro
deEmin. tho coDiacr .llditions ot
the bol-chip inreraace. To compr.
h.nd tnc conhct prc.$ .t dn
Egion, $. loll@bg sh@ld b.
M&Van: E conb.r pe$urc (nom,l
and shetu) dhtibution, thc reopda
ture dist bution, ad rhe p,nhe&*
ol rclativ. irorio!. Mmy srudie ha!.
6en ffii.d or ro cvel lh. lMrt
&d sh.e !ftss rr rlr. r6l{hip
irt..Lce. A *ide vriirty oi
experiftnGl tchnigu.r ilcluding
pl,obel6.lc r@h, splil-rcol dyn o.
M6, hi.pr6 bl for th. diGt
o6*ddio oarhe bl{hip intdfc,
tudalhrgiol .xaninarior ol quick.
srop chip ..ction,.xpc menra| s,ip.
line licld mc6od 5nd othe6 hale

o*6r,m.r ar lr9Trlltl u!.d .t.
plrctocl,sic merhod ond found th8l
thc whole .otrroct lengrh .ll@l.chip
inr$l.c. n divid.d irlo M
dndncriv. Do'c of !t oxiftly
qu.l lc.gh: dE phnic pd ,nich
.xr€nds 6om rhc cu(inn .ds. lo iha
middle ofth. conlad lcngrh and rhe
.lr o pad f6m the n,iddlc oi rhe
ro .cr rorh.poinrof chips.pMrion
Th.n Euis indidEd lill rhe 'lmlpr6uc hling aB d ih. poin( oa

€

b,

T
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chip separarior. dro irE ascs
exponenrdly tosards rtu .urine
.dge Thc Finire Elemenr l,,lethod
(FENI) \hn.d b hc apprLcd in rhg
siNolariNr ol meul curlig in rlr
1970's t Lmqove 1r cnor ceisnrcn
6) $c !lip.line elulioi, sirce dr
maic al *as !$med ro be rigid
po'lsctly plasic and rhe solurion
.otrld 

'to{ 
@ll! account lor lnr

varistion of rield nres widr $rai',,
$aii rare a d terrPeraiure sotnc ol
ihese models grvs inLmation about
rrc$es.id $rrin fi.lds, sbe zones,
rempcnlorc Md eres disribntion al
iooLolip ,ieifnco sonE modelr
$trdied $e effect oi iridion aid

crr,*,. er rr.[1e39][i0l st$]! the
lrr i.f ol normai p'.$ur. ar rlr
rool laca iodes ,lon8 r\e rcol'.hip
Lnlerticc ar rhc.nd ol chip lormarion
rnailsn using FEM A1 nE ral tip
reaj the oonral presure hs rhe
Da:i'nutu raluej (heD rhe disbibuiion
.x[ibns 3 plareaD ofhish $ies near
Ihe roo belond dE Lcd dislanc., tbc
rormal p,esure drops sl'.rply. 1vhe.
tu, .g nild necl, ar rhs disbnce of
iboul (0r5 mm). the chip loses
co'tact *ith dre tool Lcc, lhoetbre
tho 1oni, p'rsu:e drops ro ,er..
(,/r,., 11,t200llLI II ntrdi.d i. b'ier
rhe effecr oi thc con.( pres'tre ir
rh! ool.chir i'trfllace, usine rEM
md ndi.ed dF. rhc pesirt sill
becotu reveml i.r.s dr yrLd $re$
of dE Norkpisce nrirerial, and fiis
neais lhet dE rcai contact arcr
betlt lr,e tool and chip is so iearly
comple& o\6. krge padofihetohl
lrea oflhs ime.lice. dEr slidirg, as
he sated at the incrfi.. i
imposibl€. rheroloc ihe fiicrionol
lote btcoms tha. rcqunsd r. shear
ihd \r.ak!r ol r rso marerialafto$
the rvh.le iilerlacc This lorce is
aLmon independetrr ol i.rn'!l rorec.

\Gsod (rEM)
bur i. dircctlyprcponioialL appdent
,rea or cotriici (A.): a Elaionship is
lpposed ro rhar of clisical fridion

4rzrln,,lr002ll i2l {udied chlp
fomaiidn usine FENI tudcs $ilh
ccnai! corsianr force for chi!
seFararion ciir*i.. hc studied $e
eflc.1 of rar. angle on mmy ficld
p rnocn. s'ch as. eflecrivc pl.nic
nEin, cutirg forces, Iool.chip conkcl
Len3th, chip contacrion cocfticied
and shc ansh Hn reluhs show thol
rhc co act knElh incEases as ihe
Bke angle is decreased. The
maimum Elarive difieftDcc b.lwetr
simulatcd &d meAured lalues of
contact lenei, $as le$ dra. (10%).
/ P ,4 nnkhor 4 at,12001) [13) s@kn
rlral tlrc uiilbni dahiburion ol

in mehl cn(ins The rool.chip
rnr.rfAcc wrs 60dehd as a conracr
prcbleo oi indon&rion ol the
defomable work maredrl b] a rigid
Dunch Ther had pioecn thai tie
dndburion ol iumai aDd slFar

,r,,s .rrg, [?004]ll,rl, show.d fial
rhe nom presure arrh. posnion ol
rol i.ce nodc can bc obraitred
dire.tly usiie FEM.l,e dro\ed a rew
chip lbnndion modeling mefion b
\i'nulate rhe enriE pro.e$ frcm th.
i',nid chip fomarior, ohip siowih ro
seady naG usins rhe 6de AB.AQUS/
E\pricit Hh *olk war oondcnsed on
r rool srE eeimation sr rumin! and

rill.g proceses. A critic,l s,llsi:
ol the aboYe mentioned pape6 and
orher nudies related to pE$re
dntribution berond lhose analyT.d
shove shows rhlr ii is qunc po$ible
thd actual pres!rcs lnd pE$ure
disti6uti.n ray hsve.or yet come ro
light due ro significanl scafrer in rhe
reruls obrained Although thet hdve



onhogonEl cuning nDd.l, mon uc
linn d b cctuin ropic!, such 6 th.
dNtiburio, ol reridu.t nEs 3nd
i.npcreE on fi. Drchind
wolkDiee Md .uniry roo! rnrtc
ressrrNh olIon h6 be mad. r.
erporinu rl'e rffe( o,' r Ete orstc
oflh. rool.tr 

'he 
cu 

'nE 
Dm(es. 

'nrhis r.pu k rEM k !s.d ro sihu,ar
rh. crTsr of Er. ,'8tr on ih.
mechinin! prNcs ti.n rhc rnspEnr
ctrtoifi(bol i, .rh.w. .r{. idil
ihc fonnalion or *ead, dd; cultins.

1. Fidr flcnh. M.rh.d Terliqr.
TM sp.cial EEM codcs (MSC
FEA/Paimtr/V200a&MSCFEA/Drra
/v 2001) cre used ro modctrhencbt

cultin! prcce$. Th. codes aE
appli.d wirh .dlain nEditic.rioN ro
$ir tnl oet l cding pircipks. Tt.
fict cod. is uscd lor prcFwssin8 &
Ponprucere iE. whil. rhe reronJ oie
r used in.d,r arrllsr lxse Thir
tle(iun s ba*d oi rlr tollosrng
Esns: thc .\plicir dymmi. me$od
qE 4iSinrlly d.v.lop.d b ualtz
Lieh*ped dyDamic dciE rhal e
e\Lrmdy @nly b {n!l}ze usnE
i,nplicit pogr.ns. such e
ABAQUViundard. Thc e\piicn
dynamic m(hod ale l.s ldroeaes
ov.r rh. implicir D.rhod i. mod.rirg
complcx conkct prcbt.ms d
DAreridl !ilh deehdarion sid faitur,
which k .$e.tial io hodcl a md't
.utin8 p8cs. rhe drhogoirl met
crting pc.$ \s m.dct.d i'r ih@

2.1 OrlhogoDrl Cutting Modet
Solid dod.line is don. for tne

Fopo*d mod.l *E h bc 6 i[
onhogon.l cudine- anclodiiE in
gen.ral rhe Nsh scleion b a
runrb.r of .lonctrt , d nodes. The
bolndar, co.diiidns ee sppli.rl to
inirat @l DcEl .uninE prs.ss.

Two tpos ol Legrdsian .lcm.nrs dre

l. 3'nod6 (cHElA). fo. $ld
elftnr ro sinuld. tne &f@Ed
m enal (vo&pie) hlviDg six
de!rees oI rrcedom pcr node
tlNlatioidl hrd rutationilln x,yod
z dncclion4 Tlis elemcnr com.! $ith
hourgia$.onnol dEr i5 inpotui in
d.aling,&h t g. &fm. on durin!

2. ,l- iodls (CQU^D4). for sherr
.lenEnE ,irh rhrce de8Ee .a lr..dom
p€r tuie: tr&slation in thc nodil x, y
ad z dicdoir ro simuhr. rli. sh.ll
b€Nen thc clip anl wollpiEe,
\rhich G us.d for rying concept
tEiw*R chip.nd thevo*piecc urder
pedelemincd oi$et foee crih.ia
TIE dina aidnioB m cnosh s
folllM: lo.rd of or ' 0.5 mn.
widih of .ur = 0.5 nm, curi.g specj

The horon clcment ofrh. woi(piee
E riraiBi lir0 noving in all
dircrionr. Th. cuditrg rool is lmd.lcd
.s p€.fedt ri8id hody. bcclus. mn
Iml nrtno* ,rrvc sisnificandy hisir
ela$i. monuius, cdmparcd *irh larse
planic dcfomorion of *orkpic.q lhe
cladc dcildtis or dE cuniig r@l
6n b. igned. 'I1. bolDrlary
condnionr E suh rhar rrE r@l 6
dove frel, i! x-direotion ,vhi.h in
oiher deeEe ol t edom h rosrricred
Thd 0e&l h.chincd in sifulalion is
(AIS' l0tt Sr.), yna phrsic.l .nd
ofis tkml prop€niB ,nd co.tuts
n.cded for rh. specifi.d FEM
proSmm .rc avail.ble in rhe
henlioned cod6 The cuttiig rools
aE 6s!m.d ro b. .igid wilh veious
ak msl6('l5'-1tr t e. 5'. lf,
r5')- a on@. cr.'mc. ingle h
choscn ro b. (7o) ald rhs noi. rdius
oitho.uning.dce is cquil lo (0.045)
mm. Orher asuhpliors fo, !h. model
inchd€ th.t rhc chip fom.tion is



Eit&rgMo6e}vd2r,No3.1(0l

anrinuus. rhc rslpac as s@s
fts prior ro IE cuting op.ntrior, md
that c$nu rdn sd rd rcsidu.l
$Br l@m phrsc t rsfoma on irc

2.? Frictioa ,r dt. TooLcnip

llorvcver in h.i.lcutin! p6c.s, n n
e.n.mll, obs.n.d rh.t dE man
.ocmci. oliicron on rhe hl facc
yare cdsideEbly wilh the ch{s. in
.o(ing sDeed, mlte Uie lnd so or
this results iroD lhe exrEnE
@dirionr of ft61 cuniq:M *h.N
th. no.nrl prt$uE ar the rool-chip
inr.rfac. is !.D high. Aeording ro
Ef.renc. [ 7] thc erio of$r real rE.
oI conbcr (A) lo &e oppa&nr ae ol
cor8i{A ) ep@ch* or reaches (l)
und.r cuning collditions, {li.h is
di{f€mt fonr rh. .ppliarion
.onditioN of ColouDrb's eunprion.
Th. onr.lr n'rtEs in or m.d.ls
werc asume! ro hc sliding o
sricLille. A Lidaon lm is al$
lpplied h ea.lr of rhe .urfac.s,
pr.llelblhe srla.. Thc nrgnilud.
of c t6(. duri'rg nii.l,n! G squal&
ttu magirud. .l lhc mmil for!.
ftolriplicd br th. .efarci.m of
iriction A oe* ,i.nel of niction n
i4lied .illed a Er. d.p.nd.
coulohb frictiotr ([) is e$r.$.d h]

$hqc(A, n the n,ric .errcie oi

irq) is llE [im!i. coerficictr' dr

(8) is th..rponc dsiy c@fficient,
{v) n {. Elativc slidins vct@ity of
Ih. rlrYe od nr$er \di$. Due ro
s.vcro I n tr herical rests. The optin um
coeilEie.ts ol ari.iiM nickins and
sliding r.sions arc lound to b. (0.4 &.
0.5) rcsp.dn.t rd & 6iE{ed
u!i"s z,r.rt erc$ dndbutioi modcl

MdhOJ(FEM)

lil, wlich is rill noN. iic mo{
exctrsirc cxpefioenr md.l lor
f.icrion eni'mrioi in n@l culti!8

Th. sorkpic.c nrieri.l ls BuE.d @

b. (AISI lo.r5 s0. Due b rh. legc
pla(ic delomation to rhich th.
& pi{c Elerill i! subjdr.n in
mdal cuning pFe$, Mrkpiec.
@reri'l siain hdde . Thc,suopic
hrd.nine nod.l is .mploy.d !o
m.d.l dn b.havior by d.finiig flo*
ftss (a) 6 . flndion or planic
rtdi'r. n8ih rdi. and rcmpsntuE.'Ii. follsing .rar?xor{@l
cotrnnutiv! ftod.l Ms able to ircl e
die.tf.crir. plriic ndin, $Ein d.
aid rhc s h h.d.nirg clTeus undcr
high ma.hini'E r.mr€6rure:

-1r-r-")(r- ch; xr.r' ")
uhd; n . n.i dim.Bn'.r
etrecriv.nEir hr. =; / i'
Tr is rlr non diNsion d
r.mP{!,ruB = (T.T") ,( t".-T!).
t i5 th. etlecriv. pldri. nr.in, r_

i: rfu cfi$ne *i n Brc. I " h th.
refercnce $Enr ..re. T '! th.
${iig Enp.nrue. 1r islncnM
rcmpeEtue. T4i is rh. mclling
rempc.duE. ,- a' C. ,, .nd m m
mat r,.l pa6mer.E. lll.sc rems arc
iteGdined fie .rpdiD.nbl 6ulB
dab ov, c *ide trEc ol srin Ele
data e6 iakcn arom r.ss .nd
tao?a/rre bar rns dduMr.d in
fie liremiuE. These paranprere..n b€

obki..d aft rrioB dsnh lond
ir rbc lohisotr-cook pdp.r and arom
.\Frimdbld& Ir5. 16l Th. hd
8encrurio. in fin $udy osumes
.diab.tic cdnditioi. as al&ut 90% of
dt. pl.nic Mrl i' s!.ed b h.ar
6nd .bour 60-70% ol the heat

sElEBted EG inlo chip l I 8l



3. R.sulis .ud Dis.ussioD
h Our nrd€lr dc noi.ling ud
lliiularior pb..s n da$ified inlo
r$ $,96, lhc fiN n rm redy ehr.
lhar lndudus tinnlal.ored. inrimarc
cqr.cr ,.d sn orq'Eri@], *nile
fie !.cond tta8c *hich reprcscnB lhe
$!ud cnip fomri t.d.ss G c.llcd
$ady stiic na8e. Il&{l) sho}l an
erapk ol $. oiiE pre$ur
dc$ibltn lor r rvhole simuldion
tim. r.,€seding rh. $o ndidEc
lages olchip hDion procss. The
Presure fNtMio Ls sho*n
dlMDically thctr epror.hes a
cqnanr lalue .s th. rol .dvrncd
rh.ough fi. workpiecc b r.ich lhe
seaurr cotdnioi.. lh. eotnical
rcsults of rn. presotrt modclioS
pr'B shoP ih.r lh. diribution of
the nonn.l pru$ure iollos thar
obhidd cxFrim.nElly lrv zoidl I ]-
l'is.(2xA&a) sho*s nk sjnrul!Ld
chip codrour d ncsh dcfomation
trd., diilcrn' ulr'.s of $e

lolloring 6Le angles a 1 t". . I 0'. .t'.
0c, 5.,t0., oid l5.t wc csD s* rha(
!s ih. mk 631. is i'rcr!*d rhe
nomtl prcsrue i5 d..Er$d As rhe
roolhke a!8le idr.4s 6od ( l54 ro
rl5'), ths difsrcnce btt*cn cnip
rl'lclne$er dM und.fom.d chip
rl,i* .ssdccreass, i.e rhe l3rse.rlE
ruke ugle, rho rnaller rhc difd.nce
hcNdn rlE oachin.d chip riicknc$
ind dE oisiml udcaom.d chip
lhictns Tn. prc$uE disiuution in
Fi8.(2)(A&B) i $o*n by rcrcving
lh. rsl im $e mo&|. 6 rhe nt.
.ngle is i',cE6ed ir rhe runs. olcl5"
lo 0'), a $llp pm$urc drcp NuE
liom (1716.9e8)MP., dE Mson is
due ro eicliq or eiaE { rhh
r.Eion nar lhc Iool tip rangiDg rt o
dis&ne ton $. r@l tip b dr in $.
mid disrrrc. of conie(, whlch
eisuEe tl'ar. rhc pr.$urc d .his
(8io is reduced lin$ny due to for!.

dccompositior and dEg. ia @nbcl
sa) rha: La4.r

be s*n u,i4 lh.
cuninS r@l wid! 3m.llcr mt. Dglos,

'.Nhins 
ro ,t@i co(sl8.r vrlu.s in

df, nn!! or (5' ro l5'), sd rhd thc
valueolnomal pres!ro is sithin tlE
dngl 0l(562.7?l) M?a, siich m6.s
, so rhd. ls$ sickirg .ordiiions m.,
lpDsr, rhis region. furds, n @
b. so irom ris.{:XA&B), that ln.
chip tip surfaca al$ be@cs
smooris !s lhe mle anSle increas.s
lnd rh. chip flo*s a*.y lion ln.
curi.e .dge.n borh sidcs, rh. m.sh
d.fMrtion .r rh. eledina e.d of ll*
mlchin.d wo pioco 4 ns bw.rd rhc
l.ft i,(erd ot th. riEhi 6 ld ln
aboE phcnomcni is 6 siven a
smlll nt m*le. rh€ .unira dio.
anor ransroo inro pushing and
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d}Ial@.r., xnh otrdnioB sioiltr
t, rhdl uscd ln th. pEsotrr p3f.r
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