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3ACTOCYBAHHA CUCTEMHOI'O MOJIEJIFOBAHHS SAK
3ACOBY KOMILJIEKCHOI ONTUMIBALLL )KUTTEBOI'O
HOUKJTY METAJIOPIKYYOI'O IHCTPYMEHTY

VY cTarTi BUKJIAJICHO aHA3 MOXIIMBOCTI MOJICIIOBAHHS JKUTTEBOTO IHUKIIY METAIOPIKY4Oro
IHCTPYMEHTY SIK CUCTEMH MOJICNICH, KOXKHA 3 SIKMX BIJIOBIJa€ MEBHOMY €Taly XKHTTEBOTO
UKy 1HCTpyMeHTY. J[oBeleHO, M0 MOJETIOBAHHS NPOIECY BUKOHAHHS HACTYITHHX CTaIliB
YKUTTEBOTO [UKITY IHCTPYMEHTY JI03BOJISIE 3HAYHO 3MEHIIUTH ITOTYXHICTh 3BOPOTHUX 3B’ SI3KIB
1, BIIMOBIAHO, MIABUIIMTA €(PEKTUBHICTH BCHOTO LUKy Ta 3MEHIIMTHU 3aTpaTd Ha HOro
peanizamito. Po3risHyTO 0COOIMBOCTI  MOJENIOBAHHS €JIEMEHTIB  JKUTTEBOTO  ITUKITY
IHCTpYMEHTY, c(popMOBaHO HEOOXITHUN METOMOJIOTIYHHIA anapar.

B cratbe npoBeneHO aHaIM3 BO3MOXKHOCTH  MOJCIUPOBAHHSA HKU3HEHHOTO LMKJIA
METAJJIOPEKYIIETO MHCTPYMEHTAa KaK CHUCTEMBl MOJENEH, KaXJas U3 KOTOPBIX OTBEYAECT
ONPEACIEHHOMY JTally >KM3HEHHOIO IMKJIA MHCTPpyMEHTa. JloKa3aHO, YTO MOJEIMPOBAaHUE
IIPOIIECCa BBINOJHEHHS MOCIEAYIOIIUMX ATANOB XU3HEHHOIO IUKJIA UHCTPYMEHTA MO3BOJISET
3HAYUTEIbHO YMEHBIIUTh MOIIHOCTh OOpaTHBIX CBSI3€H M, COOTBETCTBEHHO, IOBBICUTH
3 PEKTUBHOCTh BCEro IMKJIA M YMEHBIIUTH 3aTpaThl HAa €ro peanusanuio. PaccMoTpeHo
0COOEHHOCTH MOJIEJIMPOBAHHUS AJIEMEHTOB JKU3HEHHOTO 1IMKJIa HHCTPYMEHTAa, CPOPMUPOBAHO
HEOOXOIUMBI METOJI0JIOTMYECKUH anmapart.

In article analysis of the possibility of modeling of the life cycle of the instrument is stated as
systems of the models, each of which corresponds to the certain stage of the life cycle of the
instrument. It is proved, that modeling of the process of the execution following stage life
cycle of the instrument allows vastly to reduce the power of the feedbacks and, accordingly,
raise efficiency of the whole cycle and reduce the expenses on its realization. The considered
particularities of modeling life cycle element of the instrument and is formed necessary set of
the methods.

Bemyn

MonentoBanHsl (yHKIIOHYBaHHS IITYYHUX CHCTEM y 0araThbOX Taly3six
HAyK{ JIOTIOMArae IiJIBHIIUTH iX €(EKTUBHICTh Ta 3MCHIIHWTH 3aTpaTH Ha HUX.
Oco0MBO 11€ BIMYYTHO Yy BHUITQJKY, KOJU MOJICIIOBAHHS OXOILIIOE BC1 CTafli
KUTTEBOTO IUKIY cucTeM. OnTumizarisi KUTTEBOTO ITUKIY METAIOPIKYdOro
IHCTPYMEHTY B MAIIMHOOY/IyBaHHI € OJTHIEIO 3 TAKUX 33/1a4.

[Ipore cywacHi pobGoTH B JaHOMY HampsMKYy HpUCBSIYEHI abo
cucremaru3ailii monenei [1, 2], abo anpokcumariii (pyHKIIOHAJILHUX aCIEKTIiB
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MEeBHUX Mojieneld a0 (YHKIIOHATBHUX aclekTiB Bciei cuctemu [3, 4].
BiamosinHo, po60Ta B 03HaAYEHOMY HAIMPSMKY € aKTyaIbHO¥O.

3 TOYKH 30py CHUCTEMHOTO aHaii3y [5] MoaemtoBaHHS (PYHKITIOHYBaHHS
MITYYHUX CUCTEM € HalOUIbII e(eKTUBHUM TO/1, KOJU MOJICTIOBAHHS OXOILIIOE
BeCh 11 KUTTeBUU UK. OAHAK Y BUNAAKY 13 MOJICIIOBAHHSIM JKUTTEBOTO IIUKITY
METaJOPIKYy4Oro 1HCTPYMEHTY, SK€ € OJHOYACHO CKJIQJIHOI0 1 KOMIUJIEKCHOIO
3a]]a4€l0, CUCTEMHE MOJICTIOBAHHA, HA TYMKY aBTOPIB, HalOUIbII €(pEKTUBHO
po3riAmati Sk cuctemy Mojene. KokHa 13 Takux Momened BiIImoBigae
MEBHOMY €TaIly UTTEBOTO IIUKIY IHCTPYMEHTY.

VY monepenHix mnyOmiKaiisXx aBTOpiB OyJIO PO3TISHYTO Kiacu]ikaiiro
TUIIB Ta METOJUKY BHOOpY Mojened [6], a TakoX NpHUKIaAM W aHai3
e(heKTUBHOCTI 3aCTOCYBaHHS PsiAy MOJENield MPOIECIB pi3aHHS SIK €JIIEMEHTIB
3arajbHOI CHUCTEMHU JUIsl 30UIBIICHHS >KUTTEBOrO ILHUKIY METAIOPIXKYydOro
iHCcTpyMeHTy [7]. MeToo pgaHOi CTaTTi € aHaji3 JKUTTEBOrO  ITUKITY
METaJIOPIXKYy4Oro 1HCTPYMEHTY SIK KOMITO3UTHOI CUCTEMHU Ta OIUC MOJEINEH, sKi
BIIMOBIAAIOTh TIEBHUM  €TalaM JKUTTEBOTO UKy 1HCTPYMEHTY, Ta
B32€MO3B’SI3KIB M1’ HUMH.

OcHnoena yacmuna

CucTteMHMI aHa3 BHMAara€ JJid IOBHOIIIHHOT POOOTH 13 IITYYHOIO
CUCTEMOIO PO3IJIAYy BChOTO 11 JKUTTEBOTO ILHMKIY, Bl 1€l KOHIENTYyaJIbHOI
dbopmamizailii 40 TIOBEpPHEHHS PECYpPCIB Yy 30BHIIIHE cepenoBuiie [5].
BianoBigHO [0 1bOTO, MOBHHUM >KUTTEBUU LUK 1HCTPYMEHTY CKJIQJA€ThCS 3
HacTynHuX erarniB (Pucynox 1):

Linvosa gpopmanizayis — 3aX0aM, IO CTOCYIOTHCS MOCTAHOBKH 3aBJIaHHS
BUPOOHMIITBA: BU3HAYEHHS HEOOXITHOCTI BHPOOHUIITBA IILIHOBOI IMPOYKIIii;
eKCIUTyaTallliiHl, TEXHIYH1, TEXHOJOT1YHI Ta €KOHOMIYH1 BUMOTH 10 MPOAYKIIii, a
TaKOX MPU3HAYEHHS, OCOOJUBOCTI 3aCTOCYBaHHS, TEPMiHM BUPOOHMIITBA U 1H..
Y HacTymHHMX eTamax >»KHUTTEBOTO IMKIY I1HCTPYMEHTY €JIEMEHTHU IIJThOBOI
dbopmartizariii BUCTyNalOTh B SKOCTI OOMEXEHb BIJIMOBITHOTO XapaKTepy.

T'eomempuune mooenosannss — cTBopeHHs1 3acobamu CAIIP kpecneHHs
PO3pO0IIIOBAHOTO IHCTPYMEHTY, 1110 BII0Opaka€ OCTATOUHMM 30BHINIHIA BUTJISIT
Ta BCl T€OMETPUYHI NapaMmeTpu IHCTpyMEHTYy. BximHorw iHpopmaliero s
T€OMETPUYHOTO MOJICTIOBAHHS CIYXKUTh 3BEJEHHS IUIbOBOI (opmarizaiii, a
BUX1JTHOIO — KpECIIeHHS (3BUYAHO 1TU(POBE) THCTPYMEHTY.

Texnonociune mooenoeanHsi — po3pobka 3acobamu CAIIP TII
TEXHOJIOTTYHOTO MPOIIECY BUTOTOBJICHHS 1HCTPYMEHTY (110 BKJIIOYAE, Yy pasi
HEOOX1IHOCTI, mpotec ckiagaHHs). OCHOBHOIO BUMOTOIO MPHU TEXHOJOTIYHOMY
MOJIETIIOBaHHI € MOKJIMBICTh BUTOTOBJICHHSI 1HCTPYMEHTY, CIIPOCKTOBAHOTO B
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pe3yabTaTi TEOMETPHUYHOTO MOJCNIOBAHHS, ICHYIOUMMH Ha IIiJIIPUEMCTBI
3acobaMM Ta BIANOBIAHICTh BHUMOTaM LiIbOBOI (opmamizamii. BxigHOMO
1HbOpMAITI€IO U1 TEXHOJIOTTYHOTO MOJICTIOBAHHS CITYKUTh IU(POBE KPECICHHS

IHCTPYMEHTY, a BHXIJHOIO — TEXHOJIOTIYHUI TMpOIEC BUTOTOBJICHHS
IHCTPYMEHTY.
Bupobnuuuii npoyec — BUTOTOBJIICHHS 1HCTPYMEHTY 13 3aroTOBOK Y

BIJIMOBITHOCTI 70O PO3POOJIEHOTO TEXHOJOTIYHOTO MpOIeCcy. TeXHOIOTTUHHIMA
MpoIlec BKIIOYAE TIPOIEC CKIIQNaHHS, SKIIO BiH TMepeadadyeHuid Ha erari
TEXHOJIOTIYHOTO MOJIe/IFOBaHHsA. BXinHow 1H(opmarliiero 1 BUPOOHUYOTO
MPOIIECY € TEXHOJIOTTYHMI MPOIEC BUTOTOBJICHHS 1HCTPYMEHTY, & BUX1JIHOIO —
rOTOBA MPOJTYKIIisl.

ineoBa hopmanizaris

A 4

['eomeTpuuHe MOAETIOBAaHHS

A 4

TexHoaoriune MOACITHOBAHHA

A 4

BupoOuunumii npouec

A 4

Excrutyaraniitnuii mporec

A 4

VYrumizanis

Pucynok 1 — Cxema )UTTEBOTO LIUKITY THCTPYMEHTY

Excnnyamayiiinuii npoyec — OCHOBHUH 1 ITLOBUHM €TaIl KUTTEBOTO ITUKITY
IHCTPYMEHTY, B X0/l SIKOTO 1HCTPYMEHT BHUKOPUCTOBYETHCS 3a MPU3HAYEHHSIM.
Ha mouaTky eKcruryaTaliiHOTO TpOIeCy BH3HAYCHO IHCTPYMEHT SIK TOTOBY
MPOJYKITF0, a 3aBEPIICHHS CeKCIUTyaTaIliiHOTO TMPOIECY XapaKTePH3yEThCs
NPUNUHEHHSM BUKOHAHHS 1HCTpyMEHTOM (YHKIA, BIAMOBIAHUX HMOTO
npusHaueHHto. [IpunuHeHHs (QYHKIIOHYBaHHS 1HCTPYMEHTY MOXeE MaTH
IIUPOKUH CIIEKTP NPHYHMH: TEXHIYHE YHM MOpAJIbHE CTapiHHSA, OCTAaTOYHHM
Gb13uyHUl 3HOC, HEBIJTHOBHA MOJIOMKA Ta 1H..

Ymunizayis — 3aBepiajbHUN €Tar KUTTEBOTO IUKIIY 1HCTPYMEHTY, IO
XapaKTEepU3Y€EThCsl TPUIMHEHHSIM 1CHYBaHHS I1HCTPYMEHTY SK BHUpPOOY U sIK
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dbynkiionansHoi oxuHMIi. [Ipm HEOOXITHOCTI, Mpolec yTHII3alii BKIIOYAE
nporiec po3oupanHs. BXigHUM MaTepiajioM y mpolieci yTuiizalii € IHCTpYMEHT,
o0 TMIiJIArae yTWIi3amii, a TaKoX TEXHOJOTIUHI TPOIeCH yTWiIi3amii WM
po30upanHs. Buxignum maTtepiaioMm € OpyXT, BIIXOJU Ta CHPOBHHA.

KoxxHoMy 3 HaBelmeHHMX €TamliB JKUTTEBOTO ILHMKIY I1HCTPYMEHTY
XapaKTepHI CBOi BJIACHI METOJY MOJICJIIOBAHHs, MPU3HAYCHI JJI1 ONMTHUMI3aIli
HIMPOKOTO CIIEKTPY apameTpiB BUPOOY.

3BHUYAHO B3a€MO3B’A3KU MIXK €TalaMy >KUTTEBOTO LUKy THCTPYMEHTY €
HACTYITHUMU: TIPSIMI MTOCITITIOBH1; 3BOPOTHI.

B pamkax npsmux nociiioBHUX 3B’s3KiB (PucyHok 1) Ha HacTynmHuUM eran
nepenaeTbes 1H(OpMaIis Tpo pe3yabTaT BUKOHAHHA TMOMEPEIHIX eTamiB i
0OMe)KEeHHsI Ha BUKOHAHHS HACTYITHUX.

3BOpPOTHI 3B’SI3KM BUPAXAIOTh 3BOPOTHY pEaklilo, 10 BUHUKAE IMPH
BUKOHAHHI BIJIIOBITHOTO €Tamy, i MepeBakHO MalOTh KOPEKTUBHUMN XapakTep.

Ha pucyHky 2 HaBeneHO MPUKIIAJ] MOXJIMBUX 3BOPOTHHX 3B’S3KIB, IO
BUHUKAIOTh BHACIIJOK KOPEKI[IHHOTO BIUIUBY KPUTHYHHX CHUTyallld mIpH
eKcIuTyartaifiiiHomy nporeci. Hexail B mpoiieci ekcrutyaTarlii pi3is BUSBUIIOCH,
0 MPU KOHTAKTI 3arOTOBKU W PLKYYOI KPOMKH BIOYBAETHCS KPUTHUYHHIMA
nepenaa HaBaHTaxeHHS (PucyHok 3,a) Ha pDKy4Mil I1HCTpYMEHT i Yac
BpI3aHHS BHACTIAOK BHUHUKHEHHS JIHIMHONO KOHTAKTy 3aroTOBKM M PLKYYOi
kpomku [7]. Kopekuiiinuii BIUIMB npu oMYy Oyne HacTynHuM. ['eHepanbHuii
3BOPOTHUM BIUTUB OyJie CIIPSIMOBAHMM Ha €Tal T€OMETPUYHOIO MOJIEITIOBAHHS:
npu 3MiHI OpodUII0 Pi3ld 13 MPSAMOTO HAa paJlalibHUM KPUTHUYHUKM Tepena
HABAHTAKEHHSA Ha PULKYy4YHil 1HCTpyMeHT Oyne ycyHyto (Pucynok 3,0). OmgHak
3MiHA TEOMETPUYHMX MapameTpiB pi3lug OyAe MaTH HACHIIKOM KOPEKI[Io
TEXIpPOLECYy WOro BUTOTOBJEHHS (BIUIMB HAa TEXHOJOTIYHE MOJEIIOBAHHSA), IO
BHECE 3MIHM Y BUPOOHWYMI MPOILIEC, aK MICJS YOro eKCIUTyaTallliHui Mpolec
Oyzae ontumizoBaHo. [Ipu ibOMy 3MIHEHHI TPOYKT MOKE MAaTH BiIKOPUTOBaHY
00JacTh 3aCTOCYBaHHS (BIUIMB Ha IUIbOBY (opmatizailiio) Ta ACIIO IHIIAN
MpoIIeC YTHITI3AIl].

B 3anexxHOCTI Bii 0COOMMBOCTEM KPUTHUUHUX CUTYallid, T€HEepaJIbHUM
3BOPOTHUM BIUIUB MOXKE€ OyTH CHPAMOBAHUN Ha PI3HI €TalM >KUTTEBOTO
UKy IHCTPYMEHTY, OJHAaK 3arajlbHUN BIUIMB € 3BHYAWHO TJIOOATbHUM B
paMKax BCIX €TalliB.

OCHOBHOIO PHCOI0 3BOPOTHHX 3B’S3KIB € T€, IO BOHW HaIpaBJieHI Ha
BUIIPABJICHHSA JONYLIEHUX Ha MONEPeIHIX eTamax MOMHJIOK. MopentoBaHHS
npoliecy BUKOHAHHS HACTYNMHHUX €TaliB JO3BOJIIE 3HAYHO 3MEHIIUTH
MOTYXKHICTh 3BOPOTHUX 3B’SI3KIB 1, BIAMOBIAHO, IMIJBUIIUTH €(PEKTUBHICTH
BCHOI'O LMKy Ta 3MEHILIUTH 3aTpaTH Ha Moro peainizaiiro. AKe BCTAHOBJICHO,
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[0 BUIPABJICHHS IMOMWIKKA TPU MOCIIOBAHHI HACTYITHOTO €Taly Mae€ Ha
MOPSA0OK MEHIIY BapTiCTh, HDK BUIPABICHHS IMOMMJIKH IIUIIXOM 3BOPOTHOI
KOPEKIIii Ha OJMH KPOK Ha3al.

LinsoBa popmanizarmis

A

y

['eomeTpuune

MOACIIOBaHHA

A

y

TexHonoriyue

MOACITHOBAHHA

A 4

BupoOuuuwmii nporec

A 4

Excruryaraniitauii mporec

A 4

VYrunizanis

PucyHok 2 — MoxJ1Bi 3BOPOTHI 3B’ SI3KHU BiJl €KCILTYaTaIiifHOTO MIPOLIECy

MopenoBaHHs € IOCHIDKEHHSM OO0 ’€KTIB Ha IXHIX MOJEIAX, TOOTO
noOy7oBa ¥ BHUBYCHHS MOJEJICH peaqbHO ICHYIOUMX NpPEIMETIB W aBUIL. Y
pO3MIIsiAyBaH1d 00JaCTl 3aCTOCYBAHHS HAUOLIBIIT MPUHHIATHUM € MOJICTIOBAHHS
aHAJIOrOBE — OJMH 3 BHJIB MOJEIIOBAHHS, 3aCHOBAHMA Ha 130Mop(dizMmi
MpoIeCiB, IO MAalTh PI3HY TPHUPOAY, aje OMHCYBAaHUX OJHAKOBUMH
MaTeMaTHIYHUMU MOJACISMHU. 3 OrJIsAy Ha crhenu@iky mpoleciB, MO MaioTh
MOJICITIOBATHUCS, ONTUMAJILHUM CIIOCOOOM MOJICTIOBAHHS € EeMYJISIisi, TOOTO
iMiTallisi poOOTH OJIHIET cMCTeMHU 3aco0amu 1HIIOI 0e3 BTpaTu (PyHKI[IOHATHHUX
MOKJIMBOCTEH 1 CHOTBOPEHb pe3yJbTaTiB. EMymslis 3BMYAHO BUKOHYETHCS
MpOrpaMHUMHU 3aco00amMu, TOMY MOKHa 3pOOMTH BHCHOBOK, IO BCl €Tamu
XKUTTEBOTO  LHMKIY  METAIOPLKYYOro  IHCTPYMEHTY  MOXYTh  OyTH
3MO/IeJIbOBaHUMHU 3a aornoMororo EOM.

I'pad xOpekuifHOro BIUIMBY MOJEJIBOBAHMX €TAaIiB KUTTEBOTO LIMKITY
METAJIOPIKYyUOro 1HCTPYMEHTY € IOBHO3B’SI3HUM, TOOTO 3MiHa TapaMeTpiB
OIHIET MOIedIl MOKE MaTH BIUIMB Ha CTAH IHINUX Mojaeield. TakuM YHUHOM,
KUIBKICTh 1TEpariii mpu MOJCIIOBAHHI KUTTEBOTO IMKIYy METAJIOPIKYIOro
THCTPYMEHTY € OJIM3BKOI0 10 HECKIHYEHHOCTI, ¥ BIAMOBIHO 3a/1a4a ONTUMI3aIli
KUTTEBOTO LIMUKITY 1HCTPYMEHTY HE MA€ 1I€aJIbHOTO PO3B’SI3KY. 3aMiCTh LIOTO
MPOTOHYETHCSI  3aCTOCYBAHHS METOAY TEHETHMYHUX alTOPUTMIB, SKHA Yy
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3QJISKHOCTI BiJ] KUIBKOCTI MPOMACHUX MOKOJIIHb JACTh MOXJIHMBICTh OTPUMATH
Ha0OpHW TapaMeTpiB BiAMOBIAHOTO PIBHS ONTUMAIBHOCTI I KOSKHOTO 3 €TaITiB.

a) _ M/\/} 0) _ M/\q

1) 3aroToBKa; 2) pirKy4a IIACTHHA; 3) PL3lETPUMAY.

Pucynok 3 — IIpuknaau BapiaHTiB Bpi3aHHS
Bucnosku

Takum 9MHOM, y CTaTTI BUKIAJEHO aHali3 MOXIJIMBOCTI MOJIETIOBaHHS
KUTTEBOTO ITUKITY METAIOPIKYUOT0 THCTPYMEHTY SIK CHCTEMH MOJIENeH, KOKHa 3
AKX BIAMOBIJA€ MEBHOMY €Tally >KUTTEBOTO LMKIY 1HCTpyMeHTy. JloBeneHo,
[0 MOJICTIOBAHHS TPOIECY BUKOHAHHS HACTYIMHHX €TAIiB JKUTTEBOTO ITHKITY
IHCTPYMEHTY J03BOJISIE 3HAYHO 3MEHIIUTH TMOTY>KHICTh 3BOPOTHHUX 3B’SI3KIB 1,
BIJIMOBIHO, MABUIIUTH €(DEKTUBHICTh BCHOTO ITUKIIY Ta 3MECHIIUTH 3aTpaTH Ha
Woro peamzamiio. Po3riasHyTO OCOOJMBOCTI  MOJEIIOBAaHHS  €JIEMEHTIB
XKUTTEBOTO IUKIY METAIOPIKYYOro I1HCTPYMEHTY, C(POPMOBAHO HEOOXIAHMIA
METOJI0JIOTIYHUH arnapar.
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J. KUNDRAK, DSc, G. SZABO, GY. VARGA, PhD, Miskolc, Hungary

FINITE ELEMENT MODELLING OF SHEAR
IN HARD TURNING

Bupimeno HaiiBaxnuBinry mpobjgeMy BUOOPY ONTUMAIbHOI (iHIIMIHOI omeparltii mpu oOpooiri
BHYTPIIIHIX MMOBEPXOHb 3arapTOBaHUX CTajei. 3alpoloOHOBAHO MapaMeTpH, 3a JAOMOMOIOI0
SKHX TPEICTABISETHCS MOXKJIMBUM 31MCHIOBATH BUOIp ONTHMaIBHOI omeparii ToYiHHS a0o
nuridpyBanns. [TopiBHsUIbHUE aHa3 €pEeKTUBHOCTI 3aCTOCYBAaHHS I[MX ONEpallii IMoKasas, 110
omepalliss TOYiHHS BHYTPIIIHIX OTBOPIB, Y SKUX BIJHOLICHHS JOBXWHU JO JiaMeTpa He
nepesuurye 1,1 € kpamioro.

Pemiena Baxxueias npodiemMa BpIOOpa ONTHUMAIBHOW (DUHHUIIIHOW OTepaldu Ipu 00padoTke
BHYTPEHHUX IIOBEPXHOCTEH 3aKalleHHBIX cTaneil. [IpemyiokeHbl mapamerphl, ¢ MOMOIIBIO
KOTOPBIX TMPEACTABISETCS BO3MOXKHBIM OCYIIECTBIISATh BBIOOp ONTUMAIBHON OMepaluu
toueHuss win numdoBanus. CpaBHUTENbHBIH aHAMH3 3()(OEKTHBHOCTH MPUMEHEHHS 3THX
OTIepallMii MOKa3aj, YTO OIepalus TOYCHHS] BHYTPEHHUX OTBEPCTHM, Y KOTOPHIX OTHOIIICHUE
JUTMHBI K IMaMeTpy He mpeBbimaeT 1,1 sBusercs nmpeanouTuTe bHON.

The major problem of a choice of optimum finishing operation is solved at processing internal
surfaces tempered of steels. Parameters by means of which it is obviously possible to carry
out a choice of optimum operation turning or grindings are offered. The comparative analysis
of efficiency of application of these operations has shown, that turning operation internal
apertures at which the attitude of length to diameter does not exceed 1,1 is preferable.

1. INTRODUCTION

Nowadays, because of the increased loads, engineering industrial products
require better and better accuracy, quality (e.g. wear resistance, etc.). One
fulfilment method of this requirement can be solved by the increase of the
number of hard, hardened surfaces (>45 HRC) on the components. As
conventional finish machining, grinding has a tested, well established
technology, although it can be noted that the material removal rate and the
possibility of concentration of operations are relatively low. The appearance and
spread of super hard tool materials (e.g. PCBN) opened way to finish machining
(e.g. hard turning) of hardened steels by cutting tools having single point cutting
edges. Because of the characteristics (e.g. strength, etc.) of the material of
workpiece and the material of the PCBN tool, the process of chip removal is
entirely different from conventional turning. The mechanism of chip removal in
hard turning can be explained by mechanic and thermo dynamic processes. By
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the Finite Element (FEM) simulation we wish to prove, on the base of scientific
literature [2, 3, 11], the special shape of the chip and the mechanism of chip
removal [3].

2. CHIP REMOVAL IN HARD TURNING

In hard turning chips with special morphology can be removed. The shape
of the chip removed, according to the scientific literature, can be seen
in Figure 1 [2].

The shape of the removed chip is segmented (like a saw-tooth), the
formation mechanism of which can be explained on the base of Figure 2 as well
[3]. The chip removal begins with shearing from point B’ being at the tip of the
tool and it is accomplished along the B’D’ line. While the tool reaches point A
from B’, there is a thermal tempering for a while, later this interval gets back to
its original strength and along the BE interval it bonds into the direction of the
flank of the tool. The extent of bulge of the tooth shape depends on values of ¥
[3]. As the ¥ changes periodically, according to the designation in Figure 2, in
case of Y<¥’ point C is situated on interval DD’, while in case of Y>Y’ it
remains on BD interval according to the designation in Figure 2.
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Figure 1 — Shape of chip can be  Figure 2 — A supposed mechanism of chip
removed at hard turning [2] formation in hard turning [3]

3. MODELLING OF CHIP FORMATION IN HARD TURNING

Nowadays, one of the most effective analysing, simulation procedures of
physical processes is the Finite Element Method (FEM). For investigation of
plastic strain rates at the root of the chip we have the 2D version of the Third
Wave AdvantEdge™ 5.3 program package, which is optimised for cutting
processes. By this program package we can examine the process characteristics
in orthogonal cutting, that is why the input data have to satisfy these
requirements. That is, the geometrical data of the cutting tool need to be defined
in the tool-orthogonal plane. The program starts from the Johnson-Cook
equation for calculation of the strain and strain rate [4, 6]:
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