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ITPOAOI'OX

Ot natepyaoieg anoBoAing vixod vdning axptBeiag éyovy mEoraléoel To Tedeu-
Tolo YPOVLAL TO VBLXPEEOV TG SLefvog emaTnpovinng xovOTNTAG ®VELWS AOYW TOL
XLENUEVOL EVOLPEQOVTOG TOL LIIXPYEL ATO TNV TAELEX TNG Bropnyavioeg aAAR xot
eneldy] anoTeEAOLY EVX TOMK LTOCYOUEVO. VEO ETLOTNUOVIXO Tedlo. Ot ratepynoieg
aLTEG elval oe Beor] Vo THEAYOLY TEOLOVTA Ue T7] peytoTy duvaty] axpifeta, anoun
not o TOMD uEeg Sotaoete. Bidwa 1 pinpo- nat 1 vavoteyvoroyia Bpioxoviot
OTNV ALY NG GLYYOOVNG TEYVOLOYING HXL TAUEOAO TIOL LOALG T TEAELTAIX YOOVLX
EYOULY YIVEL AVTIUELUEVO EXTETAUUEVNG HEAETNS, EYEl 10T onpewbel onpavtiny npodo-
dog otar BEpaTa TOL TIC APOPOLY UAL LTAEYOLY T UTOAAEG TEYVOAOYIUES EPUOMUOYEC.
AnptBag emetdn 1 wekéty] Twv uxTeEYAoLRY axElPBelag doYloe TPOCYOTH, ElvaL Vi -
yun v Stepeuvnfoby TeplocOTEQO Ol KU TEQYXTlES AVTEC TEOKELEVOL Var Bedtiwbel 1
o807 100G not Vo peretnbody or pryaviopol mov AapBavovy ywEo noTd TN
dLaEuela TG ATORBOANG LAMOL AAAR %ol META TO TEQAS TG Katepyaotag. Eva ano
ToL EQYUAEI®X TIOL. YO7|OLLOTOLOLYTAL YL TO GXOTO KLTO EVAL 7] [LOVTEAOTOINGY] e
dtapopec adyyeoves pebodoug, onwe aptbpntnes pebodor xor TeEYVIKES TEYVNTNG
VONILOGLYT|G.

H mapoboa dtdantopny) dwxtotfn pe titho «Katepyaaoieg amoBoinc bAoL Aoy
vYmAng oxptBelacy exmovnOnre otov Touéa Teyvoloyiog twy Katepyaotwy g
2o Mnyavoroywv Mnyavinwy tov EOvinod MetooBiov [Mokvteyveiov nat ato-
YEVEL OTY] UEAETY AAUTEQYXOLWY XTOBOANG LVALXOD TOL YQ7|CLULOTOLOLYTAL OTLG XATEQ-
yooteg VPNANG axEIRElAS, HECW CLYYEOVWY TEXVIU®Y UOVTEAOTIONGYS, TQOXELUEVOL
VoL TQOTELVEL VEX LOVTEAX IOt TIG €V AOY® MATEQYXOLES. 2T nePdAotx NG STl
UTOQEl navelg vor Boet phlo XEUETA EXTETAUEVY] DewEnTiny avdAuoy TV ®aTEQYACLWY
oxptBeiag mov AapPBaver voYN TIC xEaTovdoeg Bewpleg YOEW and Ta Bépata avTA
nabwg uot pior SUTEQLOTATWMUEVY] UEAETY] ECW HOVIEAOTIONGNG SLO ELEEWS YO OL-
HLOTIOLOVUEVWV HATEQYAOLWY oUQOLPBENG. ZLUYMEUQLUEVH PEAeTaTAL 1] Aclorvar), o €€

0pLopOL nuTeQYTla axELBelog, nat 1 HOTY| anELBElAG HECW TNG UEAETY] TNG TOQVEL-
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oG ouAnELPEVLY YaALBwy pe epyadela amd CBN oe vdmnhéc taydinteg, adia »ot
™M UeAETNG TG prporonns. Or pebodol mov yernolponotodvial yior T ROVIEAO-
Toinon etvat 1 pebodog Twv TETEQUCUEVWY OTOLYEIWY %Al TWY TEYVYTWV VEVQWYIXWY
dtdwv. H nataoneu) twv poviéhwy péow twv pebodwv avtwv tpayuatonombnne
He eldd TEOYEAUUXTX oL LTXEYOLY oto Epyaotnplo tov Topeéa Teyvoroylag
v Katepyaoiwv tov EMIT. Emmiéov, yio 11 Aelavor, mpaypotonombnray met-
oapotineg petonoetg oto Iavemaotmo tov Miskole oty Ovyyapia. Ta npotetvo-
MEVX LOVTEAX eival OO Ml TELWY BlaTaoewy xal elvan o BEon va mpoopepouvy o-
ELOTILOTO. ATOTEAEOUA T TTOL GLVOEOVTOL e ONUOVTING UeYEDN TV natepyxotwy O-
Twe Oe@uoxpaotes, TaoELg, HoEYY XTOBALITTION, %.0., UEAETWVTAG TNV EMLOQACY] TG
neTBOANC SLopOEWY TXOAUETOWY. ATO T ATOTEAECUATA UTOQOLY Vo TEORAeY-
Bovy avemBdunta avouevo now vae emttevybet Beltiotonoinoy, ewdma Twy UxTEQ-
Yooty LYNANG axELPelag, KPOL T AVTICTOLYA OVTEAX EIVAL TROCKUVXTOMOUEVX GTLC
noTeEYNoleg aLTEG. Tot ANOTEAEOPATA TWY HOVIEAWY Elvol Gpeco XELOTOCLUG XL
raitepa yonorpa yoo T Bepotar T oot mpaypactevovran. To (S Tt OVTEAXR K0
AOTTOLY, GUPTATIPWVOLY AN 1ot BeATiwvouy 11 oyetiny] BBAtoypapla TOL LTAEYEL
onuepx. EmnAéoy, amotelody o xody Bdorn ylo meQautépw EQELVAL UXL UGAOTH
UECK OTO MELYUEVO TEOTEIVOVTAL OTIC XVTIGTOLYES TXQAYQXPOLS HATOLES BEXTIWOELS
TIOL UTOQOLY VX YIVOLY LEANOVTING. ZVUTAYOWVETAL OTL 1] OLOUNTOQIUY] AVTY] OLATOL-
Bn ovvodevetat ano 330 SLPOEETIUEG TAOATOUTEG OV ATOTEAOLVTXL XTO O UO-
otevoelg oe Oebvr TepLodina, cuvedpLa, BrBAia, eyyetpidta StaTELBES ot AU TLAUOVS
TOTIOVG, Y WELOUEVES AATA UEPUAXLO, Ol OTOLEG UXALTITOLY OAO TO Yaopo Twv Oepa-
TWY TIOL TEAYUATEDETAL 7] OtXTOL3Y], EVe OLVETAL EUPAUOY| O TEOCYATES BNUOCLeD-
OELG, TTOOUELPEVOL VoL UTIOQEL O AVALYVWOTYG VO OYNIXTIOEL (Lo TAYQY] ELOVL VLo TLG
tehevtaleg egehilelg. Xnpetwvetat, 0Tt 17 and Tig dNUOCLELOELS TOL AVAPEQOVTAL WG
BiBAtoypapla, nal oL OTOleg elvat dNLOCLELUEVEG e eynplta Otebvy) meplodnd ot
TEUUTING GLVESPIWY, ATOTEAODY €QELYNTINY| eEYasla TOL (8lov Tov yEdyovtog. Ot

EQYUOIEG XVTEC AVOUPEQOVTAL GUYHEVTOWTIXA GTO TEAOG TOL TEOAOYOU.
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210 onpelo avtod atcbavopat TV LTOYEEWGY V& ELYAOLOTNOW LOLXUTEQX TOV A-
nadnpaind Kabnynm AL Mdpodn yioe v epuntotocbyy mov pov €detée pe v
avabeorn tov evdiapepovtog Bepatog g StdautoENg StaTELBNG Kot Ylar TN GLVEQ-
Yool TOL el pe HEYOL TNV TEEATWOY T1G. Idtaitepeg evyaptotieg ogeilw otov Ka-
Onynm A.E. Moveldxo yua 11 OLOLGTIXEG TUQATYQTOELS UL ETUOYUAVOELS TOV
nafog nat ) cvvey” cLpTEEAOTACY] TOL o OAO TO dtdoTnpa ¢ SttelfBne. H na-
Bodnynon tov anotekeoe onpavter Bonbeta ot cuvEBade T UEYLOTH TNV ETILTL-
Y ATOTERATWOY TG epyaoiac. Ou Nfela emiong, va evyaptotow tov Enirovpo
Kabnynm I'.-X. Booviano ya 10-evdipepoy nat tig vrodei€elg tou. Evyaptotieg
ogeliw entong xat otov Kabnynt J. Kundrak tov ITavemotuiov tov Miskolc ya
™ Bonbetd tov xat v ddoyr cuvepyxsior TOL ElYXUE AATX TV SLXEHUELX TNG TOLQA-
HOVTG OL EXEL, AAAX MO VLot TY] LETETELTA CLVEQYAOLN PG,

Ou el eniong va dwow Heppég evyaptotieg aToug avbpwmoug pe ToLe oToloLE
ovvepyxotux otov Topéa Teyvoroyiag twyv Katepyaotwy, ©atd To YOV TOL EX-
novnon 1 Stdautopny] pov STy, won tdraitepa toug I1. Kwotalo, Ap. N. Bo-
&eBovidn, Ap. E. Bottéa, X. T'ewpytomovro, A. Boptotha xat Ap. A. Kouvpobdtoo,
nofog xal 10 TEYVINO TPOCWTIUO TOL eEYAGTNELOL Yl TNV aEloT uxbnpepvn ov-
vepyxota. Téhog, B NOeha vor eLYAOLOTHOW TNV OWOYEVELX LOL UL TOL OLYOLTINLEVOL
HoL TEOoWTX, xxt itepa Toug yovelg pov ITetpo nat Pitoo o v appaBwvio-
ot pov 'Hoo, twv omolwy 7 vmootetéy, 1 1y copmapdatacy xat 1 aydny
vneée uabopLotiny not wVNTNELOG BLVAUY OE OAX TX YEOVLX TWV GTOLOWY OV KoL

LSl TEQXL T YQOVI TOL SLSAUTOEIUOD OL. € AVTOVG KPLEQOVL TNV EQYXTLX ALTY).
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H ava yeipog Sidantopun StatotPr ooy 6TOYO NG EYEL VO UEAETNOEL TOV TOAD
ONPAVTINO TOPER TWY XATEQYAOLOY XTOBOANG LAXOL, TOL TG Slanpivel 1 LYNAN -
notBeta, péow abyypovewy uebddwv povtehonoinone. H epyaoia ywotletar oe ontw
nepaioto, nobévo amo T OTolo TEUYUATEDETAL EVAL OTUAVTIXO KOUpaTt, Dewpntind
7] LTOAOYLOTINO, TTOL OYETI(ETAL AUECH PE TOX TUEATAVEW Oepata

210 mEWTO neWaloto e€etalovTal YeVIXd Ol XXTEQYXAOIEG XTOBOANC LAIXOL, Ol O-
TOleC WG PEQOG TWY NATEQYAOLOV TWV LAXWY, UXTeYOLY pia e€éyovoa Beorn ot on-
HeQELVY] Bropnyovio 1ot YIVETAL iat XX TYYOQLOTIOLYGY] TOLG CLUPWVA LE TNV axpiBeta
TIOL UTOQEEL VoL ETLTVUYOLY. 22T cLVEYEta e€etalovTal eldUOTEQN Ol ®ATEQYXTLES LY
NG no Aoy vdPNANG axpLPelag, dlvovTtal OQLOUOL Kol LOTOPIMA OTOUYELX, KE EULPRON
OTX OPLX TWY ONUEQIVAV AATEQYXTLWV %ot T7] vavoteyvoroyie. H Aetavon amotehet
UL ATTO TG UATEQYAGLEG TTOL LOVTEAOTIOLODVTAL GE ETTOUEVO UEPUAXLO %Al YL TO AO-
YO ALTO KEIVETAL GUOTILO VO aVaALOODY [Le AETTOUEQELX UATIOX ATO T GYUAVTIUO-
Tepa yopantnElotind ™G. Iivetan pior yevinn meprypopn e webodov, e€etaletat o
AelavTindg T00YOC %ol YIVETAL AVXPOEE GTX LYEA XOTNG TOL YENotponotoLyvTaL. Ko-
TOTLY, e€eTaloVTal Ol XATEQYAOLEG HOTNG UETAAAWY, O TOOTOG CYNUATIOUOD XL TO
eld1 amoBMTTOL TOL LTIAEYOLY, EVL AVAPEQOVTAL UXL OL TEYVIXEG UEAETYG TOL OYN-
HaTtopoL aoBATTOL KL TEQLYERPOVTAL TO LOVTEAO NG 0pboywVIHNG ot TG AOENG
nomng mov Bo yonoipomomboly Yl 1 HOVIEAOTOLNGY] TG TOEVELGYG axpLBelag.
Teéhog, peketmvtot #ATOLEG GLYYQOVES TEYVIEG TOQVELONG, OTWG 1] XOTY) GUAYQLME-
vy yolbBwy pe CBN epyokeio nat 1 100VeLOY| LYNADY TAYLTHTWY AL AVAPEQOVTAL
oToUyelo Yo TIG QIAIMEG TTPOG TO TEQLBAAAOY XOTEC KL T] MQOXOTT] TOL ATOTEAOLY
eTLOG AVTIUELLEVO TYG LOVIEAOTIOINGYG TTOL ToeEoLataleTot oty StatELPN.

210 debTepo neyalato e€etalovtat ot pebodot povieAonoinong TwY *XTEQYACLOV.
IStaitepm epypaon Sivetar otig aptbuntineg pebodouvg xat atny TeYVNTN VO LOCLVY,
apol ot pebodol Tov YENOIUOTOLOLVTAL GTY] LOVIEAOTIONGY] TWY ETOUEVLV AEPX-

Atwv eivat 7] ebod0og TwV TEMEQATUEVWY GTOLYELWY XL T VELQWVLXA SIUTLAL.
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To tpit0 nepdloto avapépetar oe uamolx etdnd Hepata Tov aPoEOLY TN povTe-
Momoinon g Aetavonge. Ileprypapetar o povtého tov Jaeger, 1o onoio Baoiletat
o1 Bewpla Twv xnvodpevwy Tywv BepuoTTag, TOL YONOLLOTOEITAL HAT KOOV
017 LOVTIEAOTIOLNGY TNG AELXVOTG, MOl YIVETXL [l AETTOUEQNG XVXALCY] TV ETLHUE-
QOLC TAXEAYOVTWY TOL GLUUETEYOLY OTNV avaALoY. TTio cuyxexpLpéva avakvetar 7
eniOQAGY TWV LOLOTNTWY TOL KATEQYALOPUEVOL DAIXOL %O T YEWUETOUR YAQANTYOL-
OTIUA TY)G NATEQYATLAG, AL LOLALTEQX TO UNUOG EMXPNG TEPAYLOV-AELAVTIXOL TOOY O,
TAVW OTIG SUVBIELG %Al TNV EVEQYELX TOL TXEAYeTal xatd 17 Aclavor. H evépyerx
TIOL NATUVUAWVETAL UETXTOETETAL OYedOV OAOXANEN oe Deppotta, T0 PeyaAdTeQO
MOPPATL TNG OTOLAG ELOQEEL GTO TEUAYLO, ONULOLEYWVTAG Oepuind ennpeacueveg
Cwveg 1ot TEOUAAWVTAG TOMES POPEG EAATTWUXTX GTNV ETLPAVELX 7] OTO ECWTEQUO
tou. T ehattwpoto avtd eéetaloviar he PEYRA] AETTOUEQELX OTO UEPUAXLO QXVTO,
VLTl Eyouy t8liteE) onpacia oTIG nateEyaoteg LYNANG axptPBelag YaAdBwy. 210 i-
SLO MEPAUAXLO YIVETOL PO EXTETAXHUEVY] avaoxOTNoY 11¢ BifMoyoapiog mov vrapyet
TV GTY] POVIEAOTONOY TG Aslavorg, tdtaitepx pe ™ pebodo twv nemepaopévwy
OTOLYElWY, ETOL WOTE VX UTOEEL O AVayVWOoTYG Vo EYEL TAYEY edva Tov Bepatog,
TOLV TEOYWQEYOEL OTO EMOPUEVO UEPAAXLIO TO OTOLO oy OAElTaL anEIBOG e ALTO TO
Depor.

27O TETAOTO EYAANLO AVAADETAL 7] LOVIEAOTIOOY TNG Aclavong amtBelog YoAL-
Bwv mov €yve pe TO TEOYEAUUA TETMEQAOUEVLY ototyeiwy MSC.Marc Mentat xot
XPOOA UATXOYAS TNV UXTXOKELY] Depuiumv POVTEAWY Yl TOV TEOGOLOQIORO TwV
Oeppoxpactonwy medlwy ToL AVATTHECOVTAL GTO TEUAYLO KATd TNV natepyxata. I
Toe dedopéva Tov YENOLROTOMONHKAY OTNV UXATEQYXTLX EYLVOLY TIELQGUATA e DLAPO-
EOLG AetavTinolg TEOY0LG nat Babn nonng nat yonotwonomnuay 1petg StapoeTtt-
nol yahvfeg wg LAUO natepyalopevon tepayiov. To amOTEAEOUXTH TNG UOVIEAO-
TOINONG UXTASELVDOLY OTL TO LOVIEAO TIOL UXTXOUELACTNXE elvat o BEan va mEo-
Bréer pe axnpifela 1 Oeppoxpasia oe oAOXANEO 10 Tepdyto. ivovtar cuyrploetg
HeTald Twv SlorpoEETUWY HOVTEAWY 1ot ayolaletat 1 petaxBoAn g peéytotg Oep-

poxpaoiag not Twv Hepuorpaotan®wy TEdlwY CLUVAQTNOEL TWV SLLPOPWY TAQXAUETOWY.

viii



TTEPIAHWYH

277 GUVEYELX, Mol HECW TWY %PLOLwY Deppoxpact®y ylx T LAMKE ToL xxTeEYALO-
viat, Tpoadloptlovtat ot Bepuind emnpeacuéveg {wveg 610 xxT1eQYALOUEVO TERAYLO.
Emmiéov, eketaletat 7 enidpaor TOL LYEOL OTNG, TO OTOLO UOVIEAOTOLELTAL UECW
opLoanwy ouvinrwY cuvaywWYNG o8 OAX To TAEATAVL KOVTELX, nabwg %ot 1 enidpoon
TOL LAOL TOL TepYlOL 011 UéyLoTy Depponpacio dAAG UXL OTNY HATAVOUY TWV
Oeppoxpactonwy mediwy tov Tepayiov. Atepevvatal, emiong, 1 eNIOEAON TG UATA-
VOUNG NG TNYNGS BeQUOTNTAG, nol GLYXEXQLUEV GLYXELVOVTAL 7] OUOLOOQYT] KoL 7]
TOLYWVIXY] aTavopy, ot Bepponpactona nedio xot otg Beppind enmnpexopéveg Lo-
Veg. 211 ovveyelx e€eTdleTal 1 KATUOAELY] TOLOOIAOTATOV LOVTIEAWY aAAG xat Bep-
HLOUNYOVIXWY LOVTEAWY Ta OoTtolx eivat ae BEon vor SwoOLY ATOTEAECUATA KAl VLot TLG
TAOELG TOL AVATTUGOOVTAL XXTX T1) Aélavoy]. Me ta idt povtéda voAoyilovtot uat
Ol THQUUEVOLOES THOELG TTOL LTAQYOLY GTO TEUAYLO UETA TO TEQAS TG UATEQYACLAC.

210 mepnTo uepaixto e€etaletal v povieAomoinoy ™G Aelavong pe Tt pebodo
TWY VELEWVIXWY OUTOWY. Tor TEMEQUOUEVA GTOLYEL HAL TA VELEWVINK BIUTLX EMPX-
vilovtat ooy evalhantineg peébodol poviehomoinoyg, oL OTOIEC GUYHEVTEWVOLY TAEO-
VENTNHOLTOL %Ol UELOVEUTNUATA 7] QI EVOVTL TG GAANG OTNY eTALGY] TEORBANUATWY
1oL Yl T0 AOYo autd ylvetan o oLyrEtor] peta€d twv dvo uebodwy. Ilporteivetat
eniong éva LBEOMO OVTELO OTIOL TO ATOTEAECUATA TWY LOVIEAWY TWY TETEQUCMUE-
VWY OTOUYELWY YOYOLLOTIOLOLYTAL WG OESOUEVH EUTIUULOEVGYG TWY VELEWVIXWY SLXTL-
WV, TUEEYOVTAG VEX ATOTEAECUXTX.

210 éxTo uepaAalo maxpovotaloviat eldnd Hepata TOL APOEOLY T LOVIEAOTIOL-
707 TWV XATEQYAOLOV UOTNG %ol LOLUTEQN TV TEOGOUOLWGY] TNG TOQVELONG UE T
nebodo twv memepaouévey otoryeiwv. I'ivetatl o meELyQagy TG HOVIEAOTOLYOMG
Lagrange xat g poviedonoinong Euler xau moxpatiBetar pio epneptotatopevn Bi-
Bloyoayio mavw oe awtd To HEpa.

To ¢BSopo nedAato apod TV TEOCOUOLWGY TN TOEVELONG e 11 hebodo Twy
TeneQUOpEVWY ototyelwy. Kataoxevalovtar poviela dVo xat TOLwV SlOTACEWY (e
Baom T povtéha g opboywviung xat g Aong xomng. Toa poviédo g opboywvi-

KNG HOTNG APOQEOLY T1] LOVTEAOTONGY] TNG TOEVELONG axELPBElNG OUATQLULEV®Y Yo
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MBwv pe epyarela amd CBN oe vymiég tayvmreg. Eéetaletoar n enidoaoy g
TEOWGNG, TNG TAYVTNTAG KOTNG, TG YwViag aToBAMTTIOL %Al TNG ANTIVOG UUUTVAOTY-
TOG TNG HOTTIUNG anpNG *xBwG L 1 YENO7 SLPOEWY LOEYWY HOTTINWY EQYAAELWY,
omwg m.y. pe yoelobpaboty, mavw ot Oepponpactoand not o TEdX TOL TERN-
ytov nat 6T Loy tov amofBAlttou. Ta mpotevopeva poviela eivat oe Béon emiong
VoL TPOGOPOLWGOLY T1] O1tovEYie TEOeEoY G naTd TV €080 TOL EQYXAEIOL ATIO TO
TEUAYLO. 2T TAXIOW T7)G LOVIEAOTIONGYG ODO SLXOTACEWY YIVETAL AL 1] TEOCOMUOL-
wo7g ™G pnpoxonne. Teéhog, nataonevalovial TOLodIA0TATH LOVTIEAX AOENG HOTYQ
Yl v tOvevon not e€etaletat 1 enidEACT TG YwViag AOZOTNTOG VW GTX XTOTE-
AECPATA TNG XVAIAVGYG.

To 6y300 not TEAELTALIO EPHANLO AVAPEQETAL OTIG EPUOUOYES TWY TEYVOLOYLWY
nov e€etaloviar a1 STl not KLELWS OTIC EYAOUOYES TNG KIUQO- HAL TG VOVO-
TeYVOAOYLNG not TorpatiflevTton T CLITEEACUATA TNG EEYAOLaG T OTolor etvat tSLi-
TEQU OYUAVTIUX KXl XPOEOLY TOCO TIG IBLEG TIC UATEQYAOIEG OGO UAL T TOOTEVOUE-

VO LOVTEAX.



SUMMARY

The on hand doctoral thesis aims to the investigation of the very important
area of the material removal processes that are characterized by high precision,
through modern modeling methods. It is divided into eight chapters that each
one pertains to an important aspect of the above mentioned subjects.

In the first chapter material removal processes, which are an important part of
manufacturing processes and they possess foremost place in today’s industry, are
in general examined and are categorized according to the accuracy they can
achieve. The precision and ultraprecision processes are examined in particular,
definitions and historical data are given, emphasizing on the limits of today’s
processes and nanotechnology. Some important aspects of grinding, one of the
manufacturing processes modeled in one of the following chapters, are investi-
gated. A general account of the process is given, the grinding wheel is described
and data on the use of cutting fluids are mentioned. Furthermore, besides abra-
sive processes, metal cutting ones, e.g. turning, the forming and the types of the
chip in these processes as well as the techniques used for investigating chip for-
mation are elaborated and the orthogonal and oblique cutting models are exam-
ined. Finally, some modern metal cutting techniques like hard turning and high
speed machining are considered, along with environmentally friendly machining
techniques and microcutting that are also modeled in this thesis.

In the second chapter methods used for the modeling of manufacturing proc-
esses are examined, emphasizing on numerical and artificial intelligence methods,
since the methods used for modeling in the following chapters are the finite ele-
ment method and the artificial neural networks method.

The third chapter refers to some special issues pertaining to modeling of
grinding. Jaeger’s model, which is based on the moving heat source theory, and
is commonly used for the modeling of grinding, is described. Some important

factors, like the material properties of the workpiece and geometrical properties
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of the process, e.g. the contact length between the grinding wheel and the work-
piece, are considered. The influence of these factors on the grinding forces and
energy is investigated. Almost all of the energy required for grinding is turned
into heat, most of which is contacted into the workpiece. This intensive heat
load is responsible for the formation of heat affected zones in the workpiece that
are responsible for defects on its surface and subsurface layers. These defects are
examined in detail within this chapter because they are of great importance in
the case of precision processing of steels. In the same chapter there is a thor-
ough review of the published work on the modeling of grinding and especially
when the finite element method is used, which is the subject of the next chapter.

In the fourth chapter the precision grinding of steels, using the finite element
program MSC.Marc Mentat, is analyzed. The first models are thermal ones used
for the prediction of the temperature fields developed in the workpiece during
grinding. The input data used in the models were acquired by experiments,
where different grinding wheels and depths of cut were used for grinding three
different types of steel. The numerical results show that the proposed model is
in position of predicting the workpiece temperature fields with accuracy. Com-
parisons between different models are made and the variation of the maximum
temperature and the temperature fields are commented. The heat affected zones
in the workpiece are assessed by connecting areas of the workpiece with critical
temperatures of the particular steels. Furthermore, the influence of the use of
cutting fluid, which is modeled by convection boundary conditions in all the
aforementioned models, as well as the type of the workpiece material on the
maximum temperature and the temperature fields are investigated. The effect of
the heat source profile in the thermal modeling of grinding is also examined, by
comparing the results between models with triangular and rectangular heat
source profiles. Three-dimensional modeling of grinding and thermomechanical

models are also considered, the latter being able to provide data for the stresses
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developed in the workpiece during grinding. The same models are able to predict
the residual stresses in the workpiece after the end of the process.

In the fifth chapter neural networks modeling of grinding is examined. Finite
elements and neural networks could be two alternative methods used for analyz-
ing the same problems, each one having advantages over the other. In this chap-
ter there is a special paragraph where the two methods are compared. Moreover,
a hybrid model, where the output of the finite element models are used for the
training of neural networks, is proposed, offering new results.

The sixth chapter pertains to special issues regarding machining processes
modeling and especially to the simulation of turning with the finite element
method. The Lagrangian and Eulerian formulation are discussed and a thorough
review of the published work on the modeling of this subject is presented.

The seventh chapter includes two and three dimensional modeling, based on
the orthogonal and oblique cutting modeling respectively, of turning, using the
finite element method. The orthogonal cutting models refer to the simulation of
high speed hard turning. Examined are the influence of the feed rate, the cutting
speed, the rake angle and the tool edge radius, as well as the use of different cut-
ting tools, e.g. with chip breaker, on temperatures and stresses of the workpiece
and chip formation. Furthermore, the burr at the end of the workpiece can be
modeled with the same models. Additionally, a two-dimensional model of mi-
crocutting is provided. Finally, three-dimensional models of oblique cutting are
proposed for the simulation of turning and the influence of the inclination angle
on the analysis results is investigated.

The eighth and last chapter refers to the applications of the technologies men-
tioned within the thesis and especially on the applications of micro- and
nanotechnology. Furthermore, the conclusions of the thesis are discussed, which

are very important for the processes and the proposed models as well.
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