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NMPOAOIO2

OL SUVAUELG TTOU QVOTUCCOVTOL KOTA TNV TPAYLOTOTIOINON TWV KATEPYACLWV
adaipeong UAwoU emiBalietal va peAetnBouv, kabwg emnpedlouv Apeca TN
Suapkela TwnAg Tou, €0IKA OTOV TPOKELTOL Yyla OUVOETO UAIKO. ITOXOG TNG
OUVKEKPLUEVNG EPYAOLOG Elval N CUCXETLON TWV SUVAPEWY TIOU OVOITTUCOOVTAL KATA
TNV TOPVEUGCN VOAOVHOTOG LE TNV TPOwaN, To BAB0C KOG Kal TNV TaxUTNTA KOG
wote va Bpebel o mapayovtag mou eMNPeAlEL AUESA TNV TN QUTWV TWV SUVAUEWV.

Y€ 0UTO TO onueio Ba nBsAa va euxaplotiow Tov enBAEmovTa pou, Kabnyntn
A. MavwAAdKo yLo TNV EVKaLpio TTOU pou £8woe va LEAETAOW AUTO To B€ua, Kabwg Kal
tov Ap. N. TaAdvn yla T moAUTIHES OUMBOUAEC Tou, T BonBela mou pou mpooédepe
QIMAOXEPA KATA TO OXESLOOUO TMELPAUATWY KAl TN YEVIKA kaBodnynon kad’ oAn tn
Slapkela uAomoinong TNG CUYKEKPLUEVNG epyaciag. TEAog Ba nBeha va euxaploTow
TOV TATEPA OV VLA TNV AUEPLOTN OTAPLEN TIOU oU TPOodEPE OAA AUTA TA XPOVLA KOl
Toug ¢piAou¢ Kal cUUPOLTNTEG HOU.






NEPINHWH

ITOXOC TNG OUYKEKPLUEVNG epyaociag eival n Slepelivnon NG CUOXETLONG
OVAUECO OTLG SUVAUELG KOTTHC KATA TNV TOPVEUGCN UOAOVALOTOC KAL TWV TTOPAUETPWV
TIOU ETNPEATOUV QUTEG TLG SUVALELG. OLTIAPAUETPOL TTIOU HEAETHONKAV ATOV N TPOWaCN
(0.1 mm/rev, 0.3 mm/rev, 0.5 mm/rev), To BaBog komn¢ (0.4 mm, 0.8 mm, 1.2 mm)
Kat n tayxvtnta komng (50 m/min, 100 m/min, 150 m/min). Ta TEPAPATIKA
QMOTEAEOUOTA TWV SUVAUEWVY OTOUG TPELG AEOVEG CUVTETAYUEVWY TtapoucLalovtol
Kall avaAvovtal pe availuvon rmaAlvdépopnong kat avaluong tou signal-to-noise ratio.
H avaAuon maAwvépopnong mpayuatonolionke Le tpla povtéAa, Kabwe n cuoxETion
Tou £€86Lve SV ATAV LKAVOTIOLNTLKN yla OAEC T Suvapels. Kat amo tig duo avaAloeLg
TMPOEKUPE TWE N TIAPAUETPOG TIOU EMNPEALEL TEPLOCOTEPO TLG SUVAUELG TIOU
avamntuooovtal eival To Badog komrg, akoAouBel n powaon Kot TeEAeuTaia EpxeTal n
TaXUTNTO KOTIAG.



ABSTRACT

The aim of this paper is to investigate the correlation between the cutting
forces during Glass Fiber Reinforced Polymer (GFRP) turning and the parameters that
affect these forces. The parameters studied were feed rate (0.1 mm/rev, 0.3 mm/rev,
0.5 mm/rev), depth of cut (0.4 mm, 0.8 mm, 1.2 mm) and cutting speed (50 m/min,
100 m/min, 150 m/min).. The experimental results of the forces on the three
coordinate axes are presented and analyzed by regression analysis and Taguchi
analysis. Regression analysis was performed with three models, as the correlation was
not satisfactory for all forces. Both analyzes revealed that the parameter that most
influences the developed forces is the cutting depth, the propulsion follows, and the
cutting speed comes last.

Vi



[TEPIEXOMENA

KEDQANAAIO 1 - EIZATQIH oottt ettt ettt e see s ste e st e s satesssbeeessaeesateesnnessaseesnnneas 1
000 R Yo 1V £ T [ o USRS 1
1,20 ZOVOETO YA cueeeuteetieiieeiie ettt ettt sttt ettt e bt e sat e satesabeebeebe e bt e sbeesateenteenteens 2

1.2.1. TUVOETO UALKOL LE LVEG cveieureeeeiieeieeeeieeeetee ettt e eteeeetveeereeeeteeesaveeeteeeenneesabeeenees 4
1.3, OEWPLA TAGUCKNT ceeiitii ittt et ettt e e e tae e sbe e e ebee e saveeeteeesaneeans 7

KEDAAAIO 2 - BIBAIOTPADIKH ANAZKOTTHZH ....oviiiiiiiiieeiiee ettt sseee e e 10

KEDAAAIO 3 -  TNEIPAMATIKH MEAETH ..coieiiieiciiee ettt e s e s e e s saaee s 33
3.1. o)1 (o Tl (oYU 1€ Yo 1 Lo a e Y S 33
3.2, H TTELDAPOTIKI) SLATOEN c.vveeeerreerreeeteeeetreeeteeeeteeeeteeeeteeesareeeteeesaseesseeensseesseeessseens 33
3.3, ALEEQAYWYI] TOU TIELDAOTOG .ueeeurreeeereeeerreeereeeiteeeereeeeseeesseesasesesseesssesessseesssesessseenns 37

KEDAAAIO 4 - ANOTEAEZMATA MEIPAMATON ...oviiiiiiieeccitee ettt ecree e esvree e e e ssnaee s 39
4.1 MELPAUATIKA OTOTEAECLATO TWV SUVALEWY KOTUIG..uvveeuvreeerreesreesveeessreesasneesseenns 39
4.2 JTATLOTLKI AVOAUCH TWV TIELPOUATIKWY OTIOTEAECUATWY eveenvreerreeereeereeesreeennnnes 40

421 AmoteAéopota TG oVAAUoNG TAALVSPOUNONG YLO TO AMAO HOVTEAO............. 40

42.2 AmnoteAéopata TnG avaluong MaAlvépoUnong yLa To LOVTEAO LIE TOV EMLITAEOV
OPO TOU YLVOLEVOU TWV TIOPOLETPWY ..uvrrererrerrreeirreesseeesseesssesasssessssesessssessssssssssesssesenses 45

423 AnoteAéopata TnG avaluong MaAlvépounong yLo To LOVTEAO LE TOUG

ETUWTAEOV OPOUC TWV TETPAYWVWY TWV TIOPOUETPWVY .evveerrreeeereeerreeereeeereeeereeenseeesseeennes 42

4.3  AnoteAéopaTa TNG AVAAUONG TABUCHI c.vvieeiecciee e 45
4.4 QwTtoypadieg amod To OTEPEOCKOTILO TOU UALKOU PETA TNV TOPVEUODH ...veenvreenenennns 54
KEDAAAIO 5 - ZYMIIEPAZIMATA oottt ettt ettt e s st e e s saaae e s ssabaeessnanaeee s 56
BIBAIOTPADIA ..ottt ettt ettt ettt e sttt e s st e e s st a e e e s bbae e e sabb e e e saabeeeesasaaeesanbaaeesansaeeean 57

vii



viii



KEDAAAIO 1 - EIZATQIH

1.1. Topvevon

Topveuon elval n Katepyaoia KOmAG e KUPLA Kivnon TNy mepLotpodLkn Kivnon
NG ATPAKTOU, OTOU TPOOCSEVETAL KATAAANAQ TO TEPAXLO TPOG Kotepyaoia, Kal
Seutepelovoa tn petadoplki Kivnon Tng mPOwaong Tou KOMTIKoU epyaAgiou n omola
ekteAeital pe kKaBoplopévn yewpeTpia kat amAni onuetakn emadn [1].

Ta €1dn ¢ tOpveLONC Xxwpilovtal
A) Avaloya pe tn Statagn tou afova TOpVELONG OF:
e Opulovtia (opovtiog acovag)
o Katakopuodn (katakopudog atovag)
B) Avaloya pe tn 6€on tng KatepyalOpUevng emidAveLaC:
o Efwtepwkn
e Eowtepikn
) Avaloya pe tnv apolfaio oxéon kupLog kot Seutepeliouoag Kivnong:
e AlOunKNG TOPVEUGNH, HUE Kivnon mpowong mapAdAAnAn mpog Tov dafova

TOPVEUONG

e EyKapola TOpVEUAN, UE Klvnon MPowaong KABEeTN mpog Tov afova Topveuaong, N
orola SLakplveTal e TN OELPA TNG OF:

1. Metwmkn

2. AKTWIKN

3. Kwvikn topveuon
OL ouvBnKeg TNG Katepyaciag Tng Topveuong pubuilovtal Kupiwc amnod Tpeic Baoikoug
TIOPAYOVTEG:

e Tnvtoxvutnta Komng, v(m/min), SnAadr Tnv oXeTIKA ToXUTNTA METALL TEMO)OU Kall
KOTITIKOU epyaAeiou avadepopévn atnv KUpLA Kivnon KOTnG:

v(m/min): v = nDn (1)

omou: D n apxtky SLAPETPOG TOU TEPAXIOU KOl h N TaxVTNTA MEPLOTPODNAG TNG
OTPAKTOU.

e To BabBog komng, a(mm), SnAadn to Babog Sieioduong Ttou KomTikoU epyaAeiou
HECQ OTO TEUAXLO

e Tnv mpoéwon, s(mm/rev), SnAadn tv katd tn StelBuvon tou afova MepLoTPoPrg
TOU TEPOXIOU PETAKIVNON TOU KOTITIKOU £pyaAsiou ava otpodn TG ATPAKTOU.

OL oUVONKEC KOTIAG TNC Katepyaoiag €xouv HeyaAn onupacia adol amod tov
ouvOUAOHO TWV V,S KoL a E€apTWVTAL KATA KUPLO AOYO N TIOLOTNTA TN KATEPYOOUEVNG
emupavelag, o XPOVOG Katepyaoiag, OL QVOMTUCCOUEVEG OUVAUELG KOl N
KOTAVAALOKOUEVN LOXUG KOTtAG Kal n dtdpkela Lwng Tou KOTTikoU gpyaldeiou. Emiong,
OO QUTEC TIC OUVONKEG EMNPEATOVTAL TA XAPOKTNPLOTIKA TOU aroBAitTou.



H ouvoAkny Uvaun komn¢ F avaAleTal oTiG akOAoUBEG CUVIOTWOEC, OL OTIOLEG Elval
ava §Uo KABeTeg pPeTafL TOUG:

e Fy: KiOpla cuvictwoa Suvapng Komng

e Fy: AUvapn nmpéwong

o F,: Abvopn anwong Tou KOTTIKOU epyaAeiou

Ewkova 1.1. AvamtuooOpeves SUVAUELG KaTd TnV (a) Stapnkn Kat (B) eykapola topveuon

1.2. Z0vBeta YAKQ

H texvoAoyLlKA avamTtucoOUEVN KOWWVIia pMag TipoKaAel Slapkwg Ta opla Twv
CUMBATIKWYV UALKWV KOl T VEOTEPEG QTIALTAOELG 000V 0adopd TG €MIOOCELS TWV
UALKWV. AKpoieg Kol UEPLKEG HOPEC aVTLDATIKEG QMALTACELS UoG avaykalouv va
KATAOKEVALOUME UAIKA Tou Sev elval Suvatdv va KOTOOKEUAOTOUV UE CUMPATIKEG
neBodoug kpapatonoinong [2], [3].

Ta cUVOETA UALKA TIPOEPXOVTAL ATTO PO KOTNYOPLO KATOLOKEUAOUEVOU UALKOU
€16IKA OXESLOOMEVO Yyl VO LKAVOTIOLIOEL QUTH TN MPOKAnon. Mpwta elonxbnoav



OUVOETEG UNTPEG pNTIVNG EVIOXUMEVEC HE VOAO OTIC apXEC TNG dekaeTiag Tou 1940
(Glass-reinforced resin matrix). EKTote, n Xprion cUVOETWV UAKWV QUEAVETAL CUVEXWG
oe Olwadopeg Popnxavieg, ouvpmeplhapPavopévng NG AEPOSLACTNHLKAG,
agpookadwy, auTtoKvATwY, aBANTIKWY €dwv, BaAdooleg TMAATPOPUESG YEWTPNONG,
OUOKEUEC, K.ATL.

Ta cUvBeTa UALKA avTIKABLOTOUV GUVEXWG TOL KOWVOVLKA UNXAVOAOYLKA UALKA
AOyw Twv e€alpeTIKWY LOLOTATWV TOUC, Onwg N uPnAn avaloyia avtoxng os Bapoc, n
unAn ek akapia, n BEATIWHEVN avToxr) 0TNV KOTIWGON KAL N AvVIoxH EPMUCUOU.

Eva oUvBeto UAIKO elval évag ouvduoopog U0 1 MEPLOCOTEPWY XNHLKA
Slakpltwy Katl adldAutwy paocswv. H olvBeTn Aé€En otov 6po ocUVOeTA UALKA onpaivel
otL 8U0o 1 meploooTeEpa amnod SUo UALKA cuvSualovtal O HAKPOOKOTIKA KALHaKa yLa
vVa OXNMOTIOOUV €va XPNOLUO TPITo UALKO Tou omoiou oL L&LOTNTEG Kal N SouLKn
amodoon Eelvol OVWTEPEC OMO EKEIWVEC TWV CUOCTATIKWV TOUC OTAV QUTA €ival
ave€aptnra.

Ta ouvBeTa UALKA oxnuatilouv Eva cuoTnpo UALKOU TToU amoteAsital ano Eva
Helyua f éva ouvbuoopo SU0 1 TEPLOCOTEPWY HAKPOOUVOETIKWY UALKWY TIOU
Sladépouv og popdn Kal xnuLkn cuvBeaon kat eivat adlaluta petaty touc. H untpan
oL eVIOXUHEVEC Lveg pmopel va elval avopyaveg (T.X. KEPOULKO N YUAAL), OpYaVLKES
(moAupepn), N HetaAAikéC (aAoupivio, Titavio, KAM.). Evw o 0pog ouvBeta UALKA
umopel va epoppootel oe kaBe kpapa SARG oYPng (avaloya pe TNV KAlpaKa
avadopag), cuvnBwe xpnoLUomoLeiTal yla va meplypalel E€va UAIKO Twv omoiwyv Ta
ouotatika Sev oxnuatifovral pall wg Kpapo Kotd tn SLApKELD TNG eMeepyaoiag,
OAAQ €£XOUV KATAOKEUAOTEL XwpPLoTA Tipv amnd tn dtadikaocio cuvduaopol. Autog o
OPLOMOG ETIEKTEIVETAL ONUEPA OTO CUVOETA UAKA Ta omoia prmopouv va xuBolv
anevuBelog amd TO TAYHO HE HOVOSPOUN OTEPEOTIOLNCN OPLOUEVWV KPOUATWY
EUTNKTLKWV oLUVOBEoewV. QoTO00, YyLa va XapaKTNpLoTeL Eval UALKO w¢ oUVOETO UALKO,
TPEMEL va elval og B€on va untootnpifel uhnAotepa emineda tdoewv (stress) amod to
UALKO TNG MNTPAG, va udloTavtal HeyaAUTEPEC TIECELS Ao TIG LVEG KOl OL VEC TTPETTEL
VA ElVaL EMOPKWG OUVOESEUEVEC LIE TN UATPOL.

O kaBnyntn¢ Dietz tou MIT, MTPpWTOMOPOC OTOV TOUEQ TWV CUVOETWV UALKWY,
ouvoyoe To B£pa we €€nG: "H emotun Kat n texvoAoyia, Omwc n Aoyotexvia Kat ot
KAAEG TEXVEG, EXOUV OTn HOda Toug dpaoelg Kal AEEeLG-KAELSLA. Mia amd auTég Tou
elval oto MPOOKAVIO QUTEG TIC MEPEC €lval «oUVOBeTa UAKA», T OTola €Xouv
SnuoupynBet yla va Swoouv aflompEmneLa Kal avavewaotpn wbnon o€ pia oAU oAl
oANG Kol amAn W6€a: to va Baloupe avopola UALKA yia va SouA£Pouv pall wote va
emtevxBel €va vEo UALKO TOU OTtolou oL LBLOTNTEG lval SLOPOPETIKEG OE KALLOKO KOl
eldog amnod ekeiva anod ta onoia mponAbav." [4] O otoxog edw eival va emwdeAnBolpe
TWV AVWTEPWV WBLOTATWY Kot Twv U0 UAKWV Xwpic va ocupBLBalopacte HE TIG
aduvapieg Tou kaBevog. Katd pia évvola, ta cUvOeTa amoteAoUv TNV TEXVN TOU
oupuBLBaocpou ota KAAUTEPQ TOU.



Autol oL oupPiBacpol mpoépxovtal amd ta omoSeKTd emimeda AVIOXNG,
OAKLUOTNTAG, aVOeKTIKOTNTAG 0 Bpauvaon, avtoxng otnv ofeidwoaon kat otn SlaBpwon,
HETPO, TIUKVOTNTA, EPTIUCHO, KOTIWON, BAPOC Kal KOOTOG. OUTE T oUVOETA UALKA OUTE
N évvola TwV CUVOETWV UALKWV UNXOVIKNG elval kawvoupla. To EVAo eival éva dpuoiko
oUVOETO UALKO Ttou amoteAeital and (veg Kuttapivng o pia untpa Ayvivng. Ot lveg
KUTTAPLVNG elval LOXUPEG O€ TAON AAAA EUKOUTTEG. N ALyVivn TOLEVTOTOLEL TIG (VEG Kall
npoaobidel oto UAKO akaupia. To 0oTo ival emiong éva oUVOETO UALKO Ao LoXupo
OAAG LaAKO TIPWTEIVIKO KOAAyOVO Kal okAnpo aAAd avopyavo amnatitn. H elcaywyn
Tou dxupou ot ToUBAa amd toug Alyumtioug ot nuépeg twv Qoapaw, N n
EVOWMUATWON TWV PUTIKWV VWV O€ KEPOULKA OTIG NUEPEG TwV Incas kal Maya yla va
QMOTPEMOUV TNV  TPOWPN TUPOAUCN TOuG €lval  KAQOWKA Tapadeiypata
KATAOKEVUAOMEVWY OUVOETWY UAKWwV. MoAAd GAA UAIKA OnMwG TO XapTi, TO
OKUPOSEUA K.ATL. XpNOLLOTIOLOUVTAL YLOL PKETO XPOVIKO Slaothnua.

1.2.1. ZUvOeta UALKA ME (veg

H emtuxnuévn avamtuén MAAOTIKWY EVICXUUEVWY HE YUaALl tn dekaetia Tou
1940 £6woe pa GAAN POOoEyylon yla tnv avamtuén véwv UAkwv. H béa tng
EVOWMATWONG VWV 1 pouotakiwyv uPnAng avtoxng (kovtd otnv Bswpntikn avioxn)
Of L0 OKANPA 1 OAKLUN UATPO WOTE va OXNMOTLOTEL €va TOAU uPNARG avtoxng
OUVOETO UALKO AVOLEE TO SPOLO YLO HLa CUVOPTIAOTLKA Suvatotnta. Mo mapadelyua,
avakaAUdOnke OtL oL (VeG YUaALOU £XOUV GNUAVTIKA LEYAAUTEPN AVTIOXN OO EKELVN
TOU OyKou yuoaAloU (pe mapayyelia peyéBoug), Aoyw NG amouciag EAATTWHATWY.
Juvbdualovtag LoXUPEC UAALVEG veg og pLa MoK UATPa, Snuwoupyndnke €va véo
OUVOETO UALKO PE TNV AVTOXH TWV UVAALVWY VWV KAl TNV OAKLLOTNTA TOU emoeldiou.
Ta «kupldtepa amoteAéopata autol Tou ouvduaopol meplhappfdavouv TNV
efolkovounon Bapouc, Tn BeAtiwon tng avtoxng KoL Tn Lelwon 0To KOGTOC TWV UALKWY
KOlL TNG KATAOKEUNG.

ITO EVIOXUUEVO HE (veg oUVOeTO UALKO, oL (veg PeTOdEPOUV TO PEYOAUTEPO
HEPOC TOU PopTiou Kal N LATPA XPNOLUEVEL WG HECO yLa TN HeTadopd $OpPTIOU OTIC
tve¢. H puntpa pmopet va eival PETAANO, TTIOAUMEPECG 1) KEPOULKO UALKO KOl OL (VEC
Umopouv va eival emiong and HETAANO, TOAUPEPEG A KEPAULKO UALKO, KaBwG emiong
Kall oo yuoAL.

MepIKa amo Ta MAEOVEKTH AT TWV CUVOETWY VAWV Tteplapfavouv uPnAn
€181k oxv, vPnAn edikn duokauPia, kaAn octabepotnta Sltactdoswyv, acuvrBloto
ouvbuaopo Twv LBloTNTWV Tou 8ev pmopoUuv eUKoAa va AndBouv pe kpaparta,
udnAdtepn avtoxn os Bpavon, vpnAdtepn avroxn ofeldwong kat Stafpwong, KaAn
avtoxn otn Bepuotnta, To KPUO KoL TNV uypacia, EUKOALX KATOOKEUAG KAl XOUNAO
KOOTOC.

MepkéC amo TIC LOLOTNTEC TWV KOWWV VWV, TwV OUVOETWV UAKWV Kol
HUETAMWYV PE Ttapopoleg dLotnteg didovtal otov MNivaka 1. MpoLKIOPEVA UE HEPLKA



OO QUTA TA XAPOKTNPLOTIKA, T cUVOeTa UALKA eival wavika vmodndla yla po
OElpA €POPUOYWV TIOU CUVETIAYOVTOL aKPaleG cuvOnKeg un SuvaTEG PUeE CUMPBATIKO
kpaua. Mapadeiypata meplappavouv edappoyes vPnAng avroxng kot eladpou
TUTIOU (eKTOEEUTNPEC XWpPOoU Kat oxnuata), uPpnAég Bepuokpaaoieg Asttoupyiag (LéEpn
KLvnTtnpo aeplootpoPilwv) kal avtiotaon oe coBaAPEG (KATOOTPEMTIKEG) CUVONKEG yLa
TIEPLOPLOUEVO XPOVIKO SLACTN A (POUKETEG KAl SLATALELG TPOOTACLOG YL OXHOTA KL
TUpaUAOUG IOV €LCEpXOVTAL Eava otnv atpocdalpa tng yng). Qotdco, Ta cuvOeTa
UALKA Oev meplopilovtal oe oakpaieg ouvOnkeg kabwg pmopouv va BpeBouv
edapUOyEC TOUG UTIO TILO CUMPATIKEG ouVONKeC e€attiag TnNG avwtepng anodoon 1 /
KOl TOU OLKOVOLKOU TOUG KOGTOUG.

Mivakag 1. 1810TNTEC OPLOUEVWY KOLWVWV VWV, CUVOETWVY UALKWV KAl LETAAAWV LLE TIAPOOLEG
duotntecg [2]

NMYKNOTHTA | OPIO | EIAIKO OPIO | ANTOXH EIAIKH ANTOXH
(g/cm?) GPa GPa cm?3/g GPa GPa cm®/g
Group I: Ceramic Whiskers
Graphite 2.2 700 320 20 9.1
Silicon nitride 3.2 400 125 7 2.2
Silicon carbide 3.2 500 155 7 2.2
Alumina 4.0 420 105 14 35
Group II: Glass, Ceramic, or Polymer Fibers
RAE (type I) 2.0 460 230 1.7 0.9
RAE (type Il) 2.0 260 130 2.9 15
Boron 2.5 420 170 25 1.0
Asbestos 25 190 76 6 2.4
Mica 2.7 230 85 3 11
Nylon-6,6 1.1 5 4.5 0.8 0.7
E-glass as drawn 25 60 24 3 1.2
Group lll: Hard-Drawn Metal Wires
Piano (0.9% C) 7.8 210 27 4 0.5
Stainless steel 7.9 200 25 2.4 0.3
Molybdenum 10.3 365 35 2.1 0.2
Tungsten 19.3 345 18 29 0.1
Group IV: Composites and Other Higher Strength Materials
Steel alloy-current 7.8 200 25 1.3 0.17
Al alloy 2.8 70 25 0.6 0.21
Ti alloy 4.5 115 26 1.0 0.22
Beryllium 1.8 300 170 0.5 0.28
Steel alloy-future

70% glass 8 200 25 5 0.65
Fiber epoxy
Type 1 2 350 175 1.3-1.5* 0.6-2.5*
Type 2 2 200 100 2.3-5*% 1.2-2.5*%
*Current and projected values for uniaxial layup

OL CUUPBOTLKEG TIPAKTLKEG KOTEPYAOiag, OMwWC n topveucon kal n Sldtpnon
epapuodlovtal €UPEWG OTN HUNXAVIKN KOTEPYAoiot OUVOETWV UAKwWV AOYw TNG
SLaBeopuotTnTOG EEOMALOLOU KOl EUTIELPLOC OE CUUPATIKEG UNXOVIKEG KATEPYOOLEC. AV
KOlL LEPLKEG ATTO TLC (VEG TIOU XPNOLUOTIOLOUVTOL 08 GUVOETA UALKA OTIWG ELVOL TO YUOAL,
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o ypaditng, to Boplo, To aloupivio kal to KapPidlo Tou mMupLTiou €ivol OKANPEG
(ueplkéG dOpEC Loeg 1 KaL OKANPOTEPEC Ao TO UALKO TOU epyaleiou KaTEpyaoiag) Kot
TPOXLEG, YLOL OLUTA TA UALKGA XPNOLUOTIOLOUVTAL Ol CULBOTLKEG NXOVLKEG KOTEPYAOLEC
eMELSN AUTEC oL (veg elval TTOAU gUBPAUVOTEG KAl O SLOXWPLOUOG KATA TN KUNXOVIKN
KATEPYAOLO EMITUYXAVETAL UITPOCTA Ao To Epyaleio pe eVBpavaotn Bpalion kal oxl
HE TAQOTIKN Ttapapopdwaon. Qotdoo, o TMOAAEG TIEPUTTWOELG TA UALKA gpyaleiwy
KOTiN ¢ eMAEyovTal yla va eAaxLotonolouv Tn $Bopd AOyw Twv oKANPWVY AELAVTIKWY
CUOTATIKWY TWV LVWV.

H katepyaoia evog evioxUUEVOU e (veg oUvBeTou UALKOU e€aptdtal amod Tig
WOLOTNTEG TWV VWV Kal TNG MATPAG KaBwg Kal TNV amokpion tng otn Siadikaoia
Katepyacioag. EmutAéov, n emAoyrn tng OUYKEKPLUEVNG dladikaoiag e€optdtal amno
TOUG aKOAouBoug MOpPAyoVIEG: TO €(60C TNG MUNXAVOUPYLKNG KATEPYAOLOG, TN
VEWMETPlO Kal To HEyeOBOC TOU TUAMOATOC, TO TEAElwHA KoL TNV Oakpifela Twv
QmaLTAOEWY, Tov aplBud twv efaptnudatwy, TNV TOWWAI efapTnudtwy
CUUTEPAAUPBAVOUEVWY TWV UALKWV TWV ETIUEPOUG UeEpwyY, TN dlabsolpdtnta Twv
KATAAANAWY UNXAVWV KAl EPYOAELWV KOTING, TNV TPEXOUOA TIPOKTLKI KOTEPYATiaG, TO
XPOVOSLAYPOUMO TNG KATAOKEUNG, TIC KEDAAONLAKEG QTALTAOCEL KAL TO OGUVOALKO
KOOTOC.

OpLOPEVEG EpYAOLIEC UNXOVOUPYLKAG eTefepyaciog evOEXETOL va pnv elvat
Suvatég pe kamola ouvOeTa VALKA. MNa mapddelypa, dev eivat Suvatd va umtoBaloupe
oe katepyacio to SiC whisker-reinforced aloupivio pe epyaleio Komng povou
onUeilou, akoOUa Kal oV To KOTTIKO ival Stapavtl. Mmopel, wotooo, va eivat duvatn
n dltapdpdwon tou Ue Aslavon HE SLOPAVTLA 1) UE MEPLIKEG ATO TIG UN CUMUPATIKEG
Sladkaoleg pNXOVoOUPYLKAG KATEpYaoiag, OMwG N LNXAVIKA Katepyaoia pe Aéwlep A n
umoBonBoUpevn amod UTEPHXOUC UNXAVLKH Katepyaoia. & AANEG EPUTTWOELG UTTOPEL
va eivalt umoPnodleg meplocoteEpeG amo pio SLadLKOOLEG KAl N CUYKEKPLUEVN
Sladkaoia mou emAéyetal e€aptdtal and Toug TAPAYOVIEG Tou Teplypddovral
vwpltepa.

QDuolka, n yevIKn TAon elval va XpnOLOTOLOUUE TIG CUUPBATIKEG UNXOVIKEC
KOTEPYAOLEC LE TNV ULOBETNON TOU UTIAPXOVTOC £€OTMALOUOU yla TNV edappoyn auTh.
AUTO eival blaitepa aAnBEg oe UIKPA pnXovoupyeia ev OPEL TwV TEPLOPLOUWV
kedalaiov yla TNV MPouRBeLa VEWV UNXAVNUATWY A VEWV TEXVOAOYLWV. AUTO OUWG
bev oupPaivel kot Pe TIG LEYAAEG eTalpEieg, OMwG N Boeing, n Lockheed 4 n General
Dynamics, 6mou ol mopol autol eivat eAeUBepa StaBaipol, epdoov dikatoAoyeital n
XpPrion toug. AKoun kat pia oaitepn Stadikaocia mou €xel emIAEYEl 0 OUYKEKPLUEVN
Xpovikr) Tepiodo ywo TNV Katepyaocia oUVOeTwv UAKWV (Owg Xpelaotel va
eykataAeldpBel oe petayevéotepn dpaon AOyw Twv aAAaywv OTOUC TOPAYOVIEC TTOU
neplypadnkav mponyouuévwe. MNa mapadetyua, to péyebog tng naptidag pnopst va
auénbel onuovtikd, yeyovog TOU QMALTEL AVAOKOTNON TWV EVAANAKTIKWY
Sladkaolwv mapaywyng n tTng véac texvoloyiag r tTng TexvVoloylog mou aokeital el



TOU TIOPOVTOG OTO EPYOOTACLO TIOU UMOpPEL va elval MAEoV SLaBECLUN 1) OLKOVOULKA
€AKUOTLKI).

Ta MAAOTIKA eVIoXUUEVA UE veg yuaAlou (Glass Fiber Reinforced Polymer —
GFRP) mou avamntuxdnkav tn dekaetia tou 1940 ntav ta mpwta ghadpld, uPnAng
QVTOXNG, OXETIKA $Onva cuvBeta UAWKA. OL o cuvnBLlopévol TUTOL VWV YUOALOU
elval to nAektpikd yuai (E-glass) kat to to S-Glass (unAn avtoxn). To E-glass ivatl
pLa Boplomupttikr aloupivag -acBeotiov pe xapunAa enimeda vatpiov 1 kaAiou. H
TUTIIKA oLVBeaoN €vog E-glass eival 52-56% Si02, 12-16% Al203, 16-25% CaO kat 8-13%
B20. To E-glass €xeL avtoxn o€ edpeAkuopo 500 ksi kat pétpo eAaotikotntag 10,5 X 106
psi. To S-glass €xeL uPnAdtepn €181k avtoxn kat eival akplBotepo amno to E-glass (PA.
Mivaka 2). Katd OuvéMeld, XPNOLUOTIOLEITOL KUPIWG OTIG OTPATIWTIKEG Kall
0ePOSLAOTNUIKEG EPAPUOYEG YLA TNV EVIOXUON TWV UETOAAWYV N TWV KEPAULKWVY. To
eyyevweg uvPnAd kooto¢ enefepyaciag HETAANOU 1 KEPOAUIKNG OUVOETNG UNTPOAC
KaOloTA N €AKUCTIKN TN XPNon YuaAlol wG €VIOXUTIKOU UAWKOU. AvtiBeta, n
€AKUOTIKOTEPN €TAOYN €lval n xprion akplBotepwv uPnAwv eMSOCEWV VWV OTWE TO
Boplo otnv mepimtwon ocuvBETwv PeTaMKwy TAeypdtwv (MMCs) kal SiC otnv
neplntwon oVVOETWY UAIKWY KEPApLKOU TIAEypatog (CMCs).

Mivakoag 2. MNXOVIKEG LBLOTNTEG TWV VWV. [2]

MYKNOTHTA OPIO EIAIKO OPIO OPIO EIAIKO OPIO
INA (glem?) E®EAKYZIMOY EQEAKYZIMOY EAAITIKOTHTAZ EAAITIKOTHTAZ
ksi x10%in. x10° psi x10%in.
Kevlar-29 1.44 525 10.1 12 2.3
Kevlar-45 1.44 525 10.1 18 35
HT graphite 1.75 450 7.1 32 5.1
E-glass 2.55 350 3.8 10 1.1
S-glass 2.49 575 6.4 12.4 1.4
Boron 2.60 350 4.2 65 7.8

1.3. Oewpia Taguchi

OL mnapadoolakég pEBoSoL melpapatikig oxediaong mapouctdlouv TO
HUELOVEKTNUO TIWC €lvOoL OPKETA TEPUMAOKEG Kol E€MOMEVWG eival SUOKoAo va
xpnotpornownBouv. EmumAéov, 000 aufAvetal o aplOUOG Twv TOPAUETPWY TNG
Sladkaoiag, auteg ol pEBodol amattovv MoAU peydAo aplOuo nelpapdtwy [4], [5].
Mpokelévou va  elaxotomonBel o aplBUoOg TwV AMATOUPEVWY  SOKLUWY,
avantuxbnke amd tov Taguchi éva loxupd epyaldeio yla 1o oxediaoud uPnAig
TIOLOTNTOG CUCTNUATWY, N EpapaTikn pEBodog oxedlaouol Taguchi (Taguchi Design
Of Experiment) [6].

H puéBobdoc Taguchi kaBopilel TNV mMoLOTNTA €VOC TTPOIOVTOG, QO TNV CKOTILA
™G {NUiag amod tn OTLYUN TIOU TO TPOidV amooTteAAETOL oToV TEAATN. MEepPLKEG amo
OUTEG TLG amwAELeG odellovTal o€ ATTOKALON KATIOLOU AELTOUPYLKOU XOPAKTNPLOTIKOU

TOU TPOTIOVTOC Ao TNV EMBUUNTA TN -0TOX0. OL TapAYOVTEG IToU eVBUVOVTAL YL TLG



amokAioelg (mapayovteg BopuBou) sival eite e€wtepikol OMwg n Bepuokpaocio Kot o
avOpwIvoG Tapdyoviag, ATEAELEG KATAOKEUNG N amokAloelg Adyw ¢Bopdg tou
TPOIOVTOG. EVIKOG OTOXOC TOU TIOLOTLKOU EAEYXOU ATIOTEAEL N KATOOKEUN AVOEKTIKWY
npoioviwy, adou AndBouv unddn 6Aot ot mapayovtes BopuPou [7].

Auti n nEBOSOC XpnOoLoTOLEL €vav €LOIKO OXESLOOUO 0POOYWVIKWV TIVAKWV
HUE OKOTO Tn WEAETN OAOKANPOU TOU SLAOTAUATOC TWV TILWV TWV TIOPAUETPWY,
XPNOLLOTIOLWVTOG TOAU MIKPO aplBuo mnelpopdtwyv. O opBoywvikdg mivakag
ETUAEYETAL QMO Tov XpHotn, o omoiog AapPdvel umodn Tou TOV APLOUO TwWV
TAPOYOVIWY, TIC OAAANAeTOpAOoEl Kol TO emimedd TOUC. 2T MEAETN QuTh,
Xpnolomotnkayv wg TMoPAyovIeEG €AEYXOU TPELG TAPAUETPOL UNXOVOUPYLKAG
KATEPYAOLOG KAl £KOLOTOG OXESLAOTNKE £TOL WOTE va €XEL Tpla emtimeda, &nA. 1, 2 kat 3
(Mivakag 3). O nelpapatikdg oxeSlaopog Atav cupudwva Pe pa dtatagn L9 pe Baon
™ HEBodo Taguchi, xpnoluomolwvtag tov opBoywvikd Tivaka Taguchi, kat katd
OUVETIELQ LELWVOVTAC ONUOVTIKA TOV aplOpd TwV MELPOUATWV.

Mivakog 3. OL TopAYoVTEG EAEYXOU TPLWV EMIMESWV TIOU XPNOLUOTIOBNKOV 0TO MAALCLO TNG
napovoag epyoociag

MapdapeTpol . . . . .
pnxuvoupv'lkr']g Emimedo (rrl:r:(;:g\?) Bae?rgn rlf]c):mng TUXU('::}Trzi:)O s
KaTEpyoaiag
1 0.1 0.4 50
1 2 0.1 0.8 100
3 0.1 1.2 150
1 0.3 0.4 100
2 2 0.3 0.8 150
3 0.3 1.2 50
1 0.5 0.4 150
3 2 0.5 0.8 50
3 0.5 1.2 100

O Taguchi cuviota TV avaAuon tng LEaNG amokpLlong ylao kabe Stadpoun otnv
EOWTEPLK OUOTOLXlO KoL TIPOTElvVEL €miong TNV ovAaAluon 1TnG HETABOAAG
Xpnotponowwvtag evav katdAAnAa enheypévo Adyo onpatog npog B6pufo (S/N).
Autoi ot AdyoLS/N mpoEpxovTal oo TNV TETPAYWVLKN OUVAPTNON ATMWAELOG KL TPELG
Qo AUTOUG BEWPOUVTAL TUTIOTIOLNUEVEG KL EUPEWG EPAPUOCLUES EELOWOELG.

1. BéAtiotn OvopooTtiki

S _ v
5= 10 log = (2)
2. XopnAotepn BéAtiotn
S 1 1
~ = —10log (; i=1 ;) (3)
3. YynAdtepn BéAtiotn
S 1 1
v = ~log(25) )



Onou ¥ eivat o péocog 6pog Twv apatnpoluevwy dedopévwy, S? n Slaklpaven Tou
y, n elvat 0 aplOpdg Twv mopaTNPRoEWV KoL To Y elval Ta mapatnpovpeva dedopéva
(8], [9].

Ave€dptntaa amoé TNV KOTNyopia Twv XOPOKTNPLOTIKWV amodoong, o
XxaunAdtepog Adyog S/N avtiotolxel og kaAutepn anodoon. Emopévwg, to BEATIOTO
eninedo Twv MapapETpwWY TNG Stadikaoiag eival To enimedo pe tn XaunAotepn TLUA
S/N. H otatiotikiy avdAuon twv SeSopévwy TPAYUATOTOONKE PE avAAuon tng
Stakupavong (ANOVA) ywa tn HeAETn TNG OUMPBOANG TWV TOPAYOVIWV Kol
oAANAerudpacewv Kat yla va dtepeuvnBouv ta amoteAéopata T kKabe dladikaoiag
oTNV apaTnPoUpevn Twun [10].

O Taguchi mpotewve pla tumomolnuévn Swadikaocia PBeAtiotomnoinong
omnolacdnmote mapapétpou tng diepyaoiag [11]. Ta PApata autig tng dtadikaaoiag
elvat:

e [lpoobloploMOG TWV  XAPAKINPLOTIKWY — TIOLOTNTAC TIOU  TIPETEL  va

BeAtiotomoinbouv.

e [pocdloplopndg twv mapayoviwyv BopuPou kot Twv cuvenKwv SOKLUAG.
e [lpoobloplopdg TWV EMUTESWV TWV TOPAYOVIWV €AEyXOU KAl TwV

EVAAAQKTLKWY TOUC ETUAOYWV

e O 0oxeSLOOUOG TOU TTELPAUATOC UNTPOG KAl 0 KABoPLoPOG Twv SeSOUEVWV TNG

Stadkaoiag avaluongc.

o Alefaywyr) TOU MELPAUATOC UNTPOG.
e AvaAuon twv 6eSopévwy Kal MPoadloplopog Twv BEATIOTWY eTUMESWVY TwV

TIAPOYOVIWV EAEYXOU.

e [poBAedn tng anddoong oe auta ta mnineda.
H nébobdoc tou Taguchi meplhapBavel ta €n¢ névte Briparta [12], [13], [14], [15]:

i. Eupeon petaBAntwv Kal Twv EMUTESWVY TOUG: oL LETABANTEG TTOU eMIAEyovTal
efaptwvtal anod t ¢duon tng dStadikaoiag. To emninedo oe kABe petafAnt Ba
TpEMEL va mpoodlopiletal £T0L woTe va KAAUTITEL 000 TO Suvatdv eupulTEPN
TtepLOYN.

ii. [MMpoobloplopd opBoywvikol mivaka: O opBoywvikdg mivakag kabopiletat
avaAoya e Tov aplOud twv PeTafAnTwy Kal ta enineda Toug.

iii.  ZuA\oyn debopévwv: Ta dedopéva TPEMEL va CUAAEYoOVTAL UE TUXALO OELpA

Baolopévn otov opBoywviKo Ttivaka.

iv.  Anuwoupyia ANOVA: Ao ta amoteAéopata tou ANOVA, umopouv va Bpebolv

Ol ONUAVTIKEG LETAPANTEG Kal TO BEATIOTO eminedo os kAOe petaBAntn.

v. EmBeBalwon Twv Melpapatikwy amoteAsopdtwyv: To BRua emiBePfaiwong
elvat n Olevépyela twv TEPAPATWY emMoANBeuong Kal o OXeSLAOUOG
HEAAOVTIKWV EVEPYELWV.



KEDAAAIO 2 -BIBAIOTPADIKH
ANAzKOMNHzH

Me Bdon ta mapamdvw eival epdavég MwG n Katepyooia Twv olVOeTWY
UALKWV e SladopeTikéC peBodouc kat uTtd SladopETIKEC CUVONKEG Elval Lo TLEPLOXN
HEAETNG N omoia mapouclalel peyaho evllopEpov. ITIC EMOUEVES Ttapaypddous Ba
TmapouclaotolV dnUocleVéveg epyaoiec amd tn Oebvy PBiBAoypadia mou
Slepelivnoav auto aKpLBWE TO KOUMATL.

ITIG TIEPLOCOTEPEC TEPUITWOELG, YLO VO MIOPEL va xpnoipomoilnBel to
vaAovnua (GFRP) eival amapaitntn n komn tou, n onola Opwg eivat SUokoAn Aoyw
™G SLooTPpWHATIKAC armokoAAnon¢ (delamination) Tou ocUvBeTOU UALKOU KOL TN HUIKPN
Stapkela Lwng Tou epyaleiou.

Je Ml MEAETN TOU TpaypoTomol)Bnke mplv amo mepimou 30 xpovia, ol
Takeyama kat lijma [16] meptéypadav tn Stadikaocia oxnuatiopol amoPAittou o€
HUNXOVLIKN Kotepyaoia valovhpartog. MNapatripnoav OtL 0 OXNUATIONOG armoBAittou
efaptatal oe peyaAo Babuo amd tov MPOCAVATOAOUO TWV VWV OE OXECN UE TNV
KateuBuvon KOMNAG Kal emion¢ Mwg oxnuotilovrtot amoBAltta mou polalouv HE
HETAAALKA KATA TNV KATEPYAGLO TOU CUVOETOU UALKOU e BEPUOMAQOTIKA LATPA.

=45 deg. 200pm =60 deg.

R# Cutting condition;
- Depth of cut:0.20mm,
Width of cut:0,50mm,

Cutting speed:0.38mm/min,

) }’
.é"» Rake angle:15 deg.

6=90 deg.

Elkova 2.1. Ixnuatiopog amnoPAittov o opBoywvikn komn vaAovipatog [17]
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Cutting direction
Ordinary machining Ultrasonic machining

N W%
©=120 deg.

Ewkova 2.2. Z0yKkpLon TG MAGyLag OPng TNG KATEPYAOHEVNG ETILPAVELAC TOU UOAOVHLLOTOG
QVAPECO 0TNV oLUVNBLOUEVN UNXAVLKA KaTepyaoia (aplotepd) Ko TN HNXOVLK Katepyooia
pe umepnxoug (6€€La), yia taxuTnta komng Im/min kot BaBoc komrg 0,1mm [17]

O Lee [17] OlepelivnOe TEWPAUATIKA TNV UNXOVIK KATEPyOoia ToU
vaiovipatog (GFRP) otnv topveuon akplBeiag, xpnolLomolwvtag epyaleia Komng
Sladopetikol UAKOU Kal YewHeTplag. To dokipto GFRP Atav KuAwvdplkd pe ywvia
Wwv ton e 45°, xpnowomnotnonke topvog CNC kal n HETPNON TwV SUVAUEWV KOTINC
TipaypatTonolnonke pe SUVAUOUETPO To omoio TonoBeTBnKe otn BACN TOU KOTTLKOU
epyaleiov. H yewpetpia Twv epyadeiwv ntav R-type pe 0.5mm SLApeTpo HUTNG KAt S-
type pe 1.5mm euBeiag putng (Ewkdva 2.3). Ta UAKKA Twv €pyoAEiwv KOTAG NTav
HOVOKPUOTOAALKO Slapdvtt, TMOAUKPUOTAAALKO Stopdvit kat kuPiko vitpidlo tou
Bopiou. Ao tn PEAETN SlomoTwONKE OTL TO EpyaA£io KOTIAG PE HOVOKPUOTOAALKO
Slapavti cuviotatal yla komn GFRP, kaBwg n moldtnta tn¢ emidAavelag sivat KoAn Kot
n duvapn Komng xaunArn. Eniong, 6oov adopd tn yewUeTpia Tou epyadeiou, KOAUTEPN
elval autn pe tnv gubeia akun. AKOun, Bpébnke mwg TG00 N TPOXUTNTA OCO KAl N
mowotnta NG emidavelag sivol kaAltepeg otnv komrl GFRP pe pelwpévo pubuod
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npowong. OL ocuxvotepeg ¢OopEg kata tn Stdpkela komng GFRP egival n mAsupikn
$Bopa KaBwG KAl N UTTIOXWPENON KAl OTPOYYUAOToinon TNG AKPNG KOTIAG.

<

R-type S-type

Ewkova 2.3. H yewpeTpia Twv epyadeiwv ou xpnotomnoinos o Lee otn peAétn tou [18]

(a)

Ewova 2.4. Dwtoypadieg tng emidpavelag KOmAg yla StadopeTikd UAKA epyoleiwv Kot
yewpetpiee. t = 1mm, f = 0,1 mmrev 1, v = 200 m min~!. MovokpuoTtoAAik6 Stapdvtt
a) tumovu R; (b) tomou S. NMoAukpuotaAAiko Stapdvtt: (c) tumou R; (d) tumou S. kat KuPBKo
vitpidlo tou Bopiou (e) tumou R; (f) tomou S [18]

12



Ewova 2.5. Dwrtoypadieg tng endavelag Komng yla Stadopetiko Babog Komng,
f=01mmrev™!,v =200 m min~?, ue epyaleio komAg LovokpuoTaAAikd
StapavtiLtumou R (a) 2mm (b) Imm (c) 0.5 mm [18]

(a) (b)

(d)

Ewova 2.6. Dwrtoypadieg tng endavelag KOmng yia Stadopetiko pubuod npowong,
t = 1mm,v = 200 m min~?, pe epyadeio komrg povokpuoTtaAlikd StapdvtL turou R [18]
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O Chang [18] O6lepelvnoe TELPOUOTIKA TNV HNXOVIKA KOTEPyaAoia
valovnuatwyv (GFRP) oe topveuon Ue Komtikad epyaleia kapBLdiouv tumou P kat K. H
Sokiun Olepelivnoe T SUVAUELS KOTNG Kol Tn Oeppokpacio KOMAG Katd Tnv
neplotpodr) tou GFRP. To dokiplo cuykpateital oto odlykTripa Tou TOPVOU Kal OTO
KOTITIKO €pyaAElo OTOU BPLOKOTOV TOMOBETNUEVO Eva SUVAUOUETPO yLa TN METPNON
TPV afovikwv duvapewv (FH, FV kat FT). Ot Sokiuég €npng komng Sie€nxdnoav oe
€va topvo vPnAng taxvtntag 5 HP (SJ 600 x 700, 2000 rpm). Ma TN PETPNON TWV
Suvapewv Komng xpnolomnotnonke €va mielonAektplkd Suvapopetpo tumou Kistler
9257B pe éva ocuotnua omoktnong 6eSopévwv TOu amoTeAE(TOLl Amd EVIOXUTEC
¢doptiou tuTou Kistler tumou 5807A. H mapakoAouBnon tng Bepuokpaciag oto dkpo
KOTING TpayUatomolnOnke Ue €vav avixveutny umeplBpwv (Thermo Hunter), n
kataypadn Twv dedouévwy €yve amo Eva cuotnua culhoyng dedopévwy (Keithley
Metro byte-DAS1600) kalL n avaluor Toug amo To AoYylopLKO eAéyyou Easyest. H
aflomiotia TWV TEXVIKWV HETPNONG eAéyxOnke MAAPpwWG HE TNV emavaAnyn twv
TELPOUATWY. XTO TEAOC KABe SOKLUAG KOMNAG ywotav pétpnon tng ¢Bopdg tou
epyodeiov (VB) pe tn PBonBela €vOC UIKPOOKOTIOU €pYAAELOMNXAVWY. ATMO TNV
OUYKEKPLUEVN €peuva amodeixtnke mwg Ukpotepn dBopd epyadeiov eudavicav ta
KOomtika e€pyolieia kapPidiou tiumou K peydANng OKUNAG. Z€ OQUTO TO OMOTEAECUQ
ouvtéleoav n uPnAotepn okAnpoTNTAC Kal avtoxn otn ¢Bopd Twv epyaleiwv TUTIOU
K, kaBwg emiong kat o XapunAog ouvteAeotng TpBn¢ o ouvbuaoud pe tnv vPnAn
BepULKA OyWYLUOTNTA.

Workpiece
TS 10 . ! Wr_‘
‘l . . - . ——
]
Y < I—;' zrﬂ .
i 3
2 h A 1. Workpiece (GFRP, GT201)
E, r__ oo 1y | ) 2. Tool (cutter, Sandvik-P10 & K10)
} ' ! 3. Accelerator (Kistler-8632B)
| Fy | &, i 4, Dynamometer (Kistler-9257B)
| /," e Fnrqg, " [ 5. Thermo-Hunter (NB-SH30A)
e L S 1] N 6. Charge Amp, (Kistler-5807A)
F Tooy ‘_“ 7. A/D converter (Metro Byte-STA20)
hoig [l 7 6 8. PC (Leme! PentiumlIl-733)
9. Easyest Data Acquisition
] 10. Lathe (ST 410%760G)

11. Current Meter (Heme-200P)

(@) (b)

Ewkova 2.7. H melpapatikn eykatdotaon tou Chang [19]
secondary chip s aT main chip %

g ¥ |
El > ~
(@) @ S

Ewdva 2.8. To oxnpa twv anoBAittwy (a)ag, (ag;) = —10°(10°), (b) agq (as,) = —20°(20°)
Kat (c) as (agp) = —30°(30°) yia Cs=30°, d=2.5, R=0.3 kat V=140-148m/min (avBpakouxog
X@AuBog), peyébuvon x30 [19]

(b) secondary chip
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(a) (b)

Ewova 2.9. To oxfipa twv amnoPAittwy pe to gpyaleio tumou K (a)ag; (ag;) = —10°(10°), (b)
agq(asy) = —20°(20°) kau (c) agq (agy) = —30°(30°) yia Cs=20°, d=2.5, R=0.3 kat
V=252m/min (vaAovnua), peyebuvon x80 [19]

(b)

Ewkova 2.10. To oxApa Twv amoBAittwy pe to epyaleio tumou P (a)ag (agy) = —10°(10°),
(b) ag; (agy) = —20°(20°) kai (c) agq (agy) = —30°(30°) yra Cs=20°, d=2.5, R=0.3 ka
V=252m/min (voAdvnua), peyEBuvon x80 [19]

(b)

Ewkdva 2.11. To oxApa Twv amoBAittwy pe to epyaleio tumou K (a)ag (agy) = —10°(10°),
(b) ag; (ag,) = —20°(20°) ka (c) asq (agy) = —30°(30°) ywa Cs=30°, d=2.5, R=0.3 ka
V=252m/min (uaAovnua), ueyebuvaon x80 [19]

(b) (©

Ewkdva 2.12. To oxnpa Twv anoBAittwy pe To epyaleio tumou P (a)ag (agy) = —10°(10°),
(b) as1(agy) = —20°(20°) kai (c) agq (agz) = —30°(30°) yia Cs=30°, d=2.5, R=0.3 ka
V=252m/min (vaAovnua), peyebuvon x80 [19]

Ot Gupta kot Kumar [19] mpooSioploav pe Tn BorBela MELPOUOTIKAG UEAETNG
NV eNidpacn Twv MAPAUETPWY KOTIG OE UOAOVUATA HOVAG KaTELOUVONG KATA TN
Oldpkeld TNG TOPvVELONG KOl Tapouciacav Wl véa peBoboloyia ylwa TN
BeAtlotomoinon auTwv Twv TAPOMETPpWY. [l TOV TEWPAUATIKO oXedlaouo
xpnowuomnotBnke o opBoywviog ivakag L18 tou Taguchi.
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H moldtnta twv TePLoTpePOUEVWY e€0pTNUATWY ETNPEALETOL OO  TIG
0KOAOUBEC TAPAUETPOUG:

e [apdpetpol KomNG: TaxuTNTA KOTAG, TaxVTNTA IPowaong, BAbog Komng
e [apapetpol nepBAAAOVTOC: OTEYVO, LUYPO, PUXOUEVO

e [lapapetpol epyaleiou KOTING: yeWUETPia epyaleiou, UALKO epyaleiou
®  YAIKO KATOOKEUNG: LETOAAQ, OUVOETA UALKA

Oocov adopd tnv mepapatiky dtadikaoia, wg dokipla xpnollonoliénkayv
oUVBeTe¢ pABOoL UAAOVAUATOG, TILO OUYKEKPLUEVO TIAAOTIKO OUVOETO UALKO
EVIOYUMEVO Ue (veEG UAAOU MOV KaTeLBUVONG, TTOU €XOUV UTIOOTEL emefepyaoia e
e€wBnon kot €xouv evioxuBel pe eppantion oe emofeldikn pntivn. H papfdog mou
Xpnotpornotnke eixe SLAPeETpo 42mm Kot urkog 840mm.

OAa ta mepdpata Topveuong mpayuatomnotionkav oe topvo NH22 woxvog 11
kW pe péylotn taxutnta 3000 rpm, o omoiog Bploketal oto Epyactriplo Tou TUAUOTOG
MnxavoAoywv Mnxavikwyv, tTou Navemniotnuiov Kurukshetra tng Ivéiag. To epyaleio
KOTIA G TTOU XPNOLULOTIOLRONKE Lo TNV MELpApATIKh Stadikaoia eivol TTOAUKPUOTAAALKO
epyaleio Stapavtiol SltadopeTiknC ywviag KAlong kot Sltapétpou putng. H tpaxvtnta
™G otpedOuevVNG emidpAveLlag LETPHONKE e To dpyavo turou Tokyo Seimitsu Surfcom
130A, to omoio ATav PUBULOUEVO O PNKOG amokomng 0,8mm He €YKAPOLO UAKOG
4mm. Q¢ epyaAeia KOTING YL TN LNXAVLKA KATEPYAOLA TWV UOAOVNUATWY EMAEXONKaAV
TLOAUKPUOTOAALKA Stopavtia.

Ao Ta MEPAPOTIKA amoteAéopata eival mpodavég OTL n TpaxlTNTA TNG
empavelag Kat o pubuog amoBoAng UAkol auvéavovtal kabwg avédvetal o puBuog
npowaong. O KUPLOG TTAPAYOVTAC O OTOLOG EXEL UEYAAN eMiSpacn TNV TPOXUTNTA TNG
empavelag eivat o pubuog mpowaong kat akoAouBouv to BABog KoM Kal n taxvuTnTA
KOTIAG.

Muwa koA emupavela topveuong Umopel va odnynoel oe PeAtiwon twv
OLOTATWY AVTOXAG, OMWG €lval N aAvtoxn otnv KOMwaon, n avtoxn otn dwafpwon, n
avoxn ocuvappoAdynong, n avoxn ¢Bopdg, o cuvteAeotng TPPNG, N kabBapotnta, n
Bepuikn avtiotaon, n aodntikn kKA. Tautoxpova, amatteitat uPnAdTtEPO TOCOOTO
amopdkpuvong UAkou (Material Removal Rate - MRR) wote va ivat duvatr n padikn
TIAPOYWYI OF UIKPOTEPO XPOVIKO dldotnua, Xwpig va Buctaletol n molotnTa Tou
npoiovtoG. To mocootd MRR aufdvetal pe tnv avénon Twv TAPAUETPWY TNG
Sladkaolag Omwce n toxuTNTA KOTAG, N TPpOwaon Kal to BaBog komn¢. MpEmnel OpwG va
ONUEWWOEeL MW e TOAU peyAAn taxlTNTa KOG aokeital peyaAutepn Suvaun mou
uropet va umepPel tnv LoxL mou eival Sltabéotun oto unxavnua. Auto onpaivel mwg
N OTTOTEAECUATIKOTNTA, N AMOSOTIKOTNTA KAl N CUVOALKI) OLKOVOULO TNG KATAOKEUNG
otav epapuolovrol LNXAVIKEG KATEPYAOIEG E€apTWVTOL OO TNV ETIAOYN KOATAAANAWV
TAPOUETPWY TNG Stadikaociag.

Ow Vasudevan et al. [20] éAaBav urtddn Toug otn PEAETN TOUG TIG OKOAOUBEC
TIAPOUETPOUC TPAXUTNTAG:

e Ra: Méon aplOuntikn tpaxutnTa
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e Rq: Tpaxutnta HEONG TLUNG
e Rp: Méyloto Uog TpaxuTNTOG
e Rv: EAdxLoto Uog TpaxuTnTag

To SokKipLo Tou eMAEXONKE yLOL TN CUYKEKPLUEVN TIELPOUATLKY LEAETN NTAV TO
enoeldIKO oUVOETO UALKO, EVIOXUUEVO WE (VEG YUaALloU, CwWANVWTOU TUTTOU UAKOUG
50mm, pe eocwteplkn SLAUETPO 20mm Kal eEwTepikn dlapetpo 55mm. H evioxuon
arnoteAel to 70% Tou OYKOU TOU TIOAUEPOUG KAl lvat amd Udaopa anAng Udavong,
Bdpoug 180+5g/m? kat mdyouc 0,18mm. H pAtpa TOU TOAUMEPOUG UALKOU
amoteAeital and enoeldiki pntivn, to mpoiov Araldite LY3297 kot To OKANPUVTLKO
Aradur 3298. Q¢ epyaleio komn¢ xpnolponolBnke €vbeto kapPidiou e€alpeTikng
moloTNTAG KAl TPeLg StadopeTikoi TuToL EvBeTwWV pe ISO CNMG 120404, CNMG 120408
kat CNMG 120412, mou kataokevalovtal and tnv SANDVIK Coromant.

OL mapApeTpol emMpAVELAKNG TpaxUTNTAC UETPNONKav pe to Opyavo Taylor
Hobson Talysurf-5 pe ykaouvaotavo ¢piAtpo, urikog anokomnng 0,8mm, 5 amokomeg Kot
OUVOALKO pnko¢ dtadpoung 4mm. H cuAloyn dedopévwy mpaypotonow|Bnke pe tn
ouvbeaon autou tou profiler pe Tov UTIOAOYLOTH KAl XPNOLLOTIOLWVTAC TO AOYLOULKO Se-
Surf. H topveuon npaypatonolndnke pe tov t1opvo Ace Jobber XL CNC (Ewkova 2.13)
TIOU €XEL HEYLOTN TaxUTNTa atpdktou 4000 rpm Kal PEyLlotn oxL 7.5 KW. H unxavikn
Katepyaoio mpaypatonolndnke xwpic Puktikd péco. To Sokiulo tomoBeteital oe
eld1ka dtapopdwpévo afova, o omoilog otn cuVEXELD cuadiyyeTal amnod tov oplyKTipa
TOU TOPVOU.

Carbide Cutting Tool

GFRP composite material mounted
on CNC Lathe machine using Mandrill

,'.3; E.‘
Ir, -
4

Elkova 2.13. Topvog CNC

OL moapdpetpol TnG Melpapatikis Sltadikaciag Atav n aktiva tou epyaieiou
(A), n tayvtnta komng (B), n taxvtnta nmpowong (C) kat to Babog komng (D) kat
pueAetnOnkav tpla enineda epyaciog Twv mapapétpwy. Kad’ 6An tn Stapkela tne
TELPOATIKAC Stadikaoiog Statnpnbnkav otabepd To UALKO TOU SOKLULOU, TO UALKO
TwV gpyaleiwy, to epLBaAlov Enprg KOTAG Kal 0 TpOmoc othpLléng tou epyaleiov. O
oxeblaopog Twv MelpapdTwy Paociotnke otn péBodo Taguchi. ZUpdwva pe TA
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QMOTEAECOTO O BEATIOTOG CUVSUAOUOC TWV TIAPAUETPWY €lval 0 €€AG: aKTiva TNG
HUTNG Tou egpyaleiou 0,4mm, toxVutnta Komng 120mm/min, toxVTNTA MPOWONG
0,05mm/rev kat BaBog komng 0,6mm.

Ot Parida et al. [21] xpnowponoincav t puéBodo Taguchi, évav opBoywviko
niivaka L9 ywa tn BeAtiotonmoinon Twv TMAPAUETPWY KOMNG TNG TPAXUTNTOG TNG
eTupAveELQC KOTA TN MNXOVIKA Kotepyooia Twv oUvBetwv UAKwv GFRP
ypaditn/tédppag. And tnv epyacia mPoEkUPE MWE N TLO CNUAVTLKH TIAPAUETPOC YLa
™V KaAuTtepn duvath TpaxutnTa entpavelog eivat o pubuog mpdwaong Kat akoAouBel
To BABog KOMNG. e petayevEoTEPn UEAETN TOUuC [22] uloBétnoav pLa TPooéyyLon
Taguchi kal amokplon emnupaveiog pe otoxo tn PeAtiotonoinon tng emMPAVELAKNG
TPaxUTNTOC KATA TNV TOPVEUCN Tou ualovipatog GFRP. Ol mapapeTpol el00dou RTav
n TaxvTNTa Tou dova, n MPowaon Kat n SLAPETPOC Tou Tpumaviou. Napatnpndnke otL
N ToxUTNTA TNG ATPAKTOU E€lval n TOPAUETPOG TIOU EMNPEAEL TIEPLOCOTEPO TNV
TPaXUTNTA TNG EMLPAVELAG.

Ou Sivasankaran et al. [23] mpaypatomoinocav TOpveUOn O OCWANRVA
KATAOKEVAOUEVO amd pat E-glass kat owAnva E-glass pe valoBauPaka. Qg
TIAPAUETPOL ELCOSOU ETUAEXDNKAV 0 pUBUOG TPpOwanNG, To BABOG KOTAG KaL n TaxvTnTaA
Komn¢ katd tn Sldpkela tng PBeAtiotomoinong tng TpaxuTnTag TnG emipAveLOC.
Mapatnpnbnke 6tL, 600 N TaXUTNTA KOTI G auEavOoTay, UTIHPXE LELWON TNG TPAXUTNTAC
™¢ empavelag. H tpaxltnta tng emidpAaveLlag tou UALKoL eapTiotayv o€ Peyalo Babuod
amo TNV TaxUTNTA MPOWGCNG Kal To BABOC KOTING KAL TILO CUYKEKPLUEVA N TPAXUTNTA
™G emdpAvelag NTav LeyaAUTePN yla To cUVOEeTo UAKO GFRP otav Atav avénuévol o
puUBOG MPowOonNG Kal To Babog komn¢. Emiong Bp€Bnke mwg n avtoxr oe epeAkuoud
Kall kappn tou pot E-glass ntav pikpdtepn amno autr tou E-glass pe vaAoBappaka.

350

-l(a) “!(b)

N

X

3
I

N

8

3
N

Tensile strength, MPa
Flexural strength, MPa

T
E-glass mat E-glass woven E-glass mat E-glass woven
Type of material Type of material

Ewkova 2.14. Avtoxn oe (a) ebpeAkuopod kat (b) kaudn tou pat E-glass kat touv E-glass pe
voAoBauBoka

OwVasudevan et al. [24] edappooav Tnv moAuKpLtnpLakr BeAtiotonoinon Grey
Fuzzy (Grey Fuzzy Multi-Objective Optimization) oe ocuvbuoouo pe tnv pébBodo
Taguchi otnv topveuon CNC tou vaAovrpatog. Ot mapdpeTpoL L6080V ATAV N aKTiva
NG MUTNG Tou gpyaleiou, n taxlTNTA KOTAG, 0 PUBUOG TPOwWoNG Kot To BABog Ko g
Kol oL TtapAapeTpol e€060u n emupavelakn Ttpaxutnta Ra, n epantopévn Suvaun Komng
Fz kot o puBuog amofoAng uAikol MRR. Q¢ epyaleio Komr¢ Tou TOpVOU eMNEXDNKE
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TIOAUKPUOTOAALKO Stapavtt (PCD). O BEATIOTOG CUVOUAOUOG TWV TIOPAUETPWY NTAV
TeEAKA aktiva putng epyaieiov 0,8mm, taxutnta komr¢ 120m/min, pubuodg mpowong
0,05mm/rev kat BaBog komng 1,6mm.

Ewkova 2.15. To Sdokipwo mptv (a) kat petd (b) tnv topveuon [25]

Ot Sharma et al. [25] xpnolpomnoinoayv tnv abnpnuévn AoyLkr povtehomoinong
(Fuzzy logic modelling) kat tnv moAAamAn BeAtiotonoinon tng andédoong o€ TOpveLon
ouvBetwv GFRP xpnowomowvtag avaluon Aesttoupykotntag. Ot petaBAnteg
€l0660U ATOV N TAXUTNTA KOTC, N TaxUTNTO MPOWaoNG Kal to Babog Komng Kal ot
amokploelg NTav n tpaxvutnta enipavelag, o pubuds anofoAng vAtkou kat n ¢Bopa
epyaleiwv. Ze eninedo guniotoolvng 95%, n €peuva Toug amokdaAu e OtL To Babog
KOTIAG €LvaL N TILO ONUOVTLKY TTAPAUETPOG Ue cuvelodopd TG tagng tou 39,38%, n
omola akoAouBeital and 1o puBUO MPOWONG KAt TV TaxUTNTA KOTAG.

- ~]
o= N L W

(5}
RS A A0 LI Y%

Sarface roughness
Metal Removsl Rate
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(b) Metal removal rate (MRR)

Feedrats Cartting Speed Depth of Cul

(a) Surface roughness (R,)

Toocl Flank Wear

T ; B i
& -
1 \‘ T
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P
DepthofCul 03" 01 Feed Rate

(c) Tool wear (VB)

Ewkova 2.16.. Emidavelakn Tpoayutnta (a), pubuog amoBoAng ulikou (b) kat pBopd
gpyoAeiwv (c), CUVOPTAOEL TWV TTAPAUETPWYV EL0OSOU [26]
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OuVijaya Kini et al. [26]pueAéTnoav TNV enidpacn Twv LETABANTWY MOPAUETPWV
TOPVEULONG OTNV TPAXUTNTAC TNG EMLGAVELOG KAL OTOV PUBUO QMOUAKPUVONG UALKOU,
KOTA TNV TOPVEUCN UAAOVNUATWY. 2€ XAUNAEG TOXUTNTEG KOTIG UTINPXE Ml HeyaAn
TIOOOTNTA VWV TIOU KOTINKAV KOl TIPOKAAECQV UEYAAN TpoxUTNTA TNG ETLPAVELQG
(Ewova 2.17). e vPnAég TaxVTNTEG KOTIHG apATNPABONKE OTL TO UALKO TNG UATPAG
napapopdwbnke o€ UKPOTEPN EKTACN TPOKAAWVTAG XOMNAOTEPN TpoxUTNTA
ermudavelag. EmutAéov, n uPnAotepn Bepuokpacia tou epyaleiou Kalel TG (veg Kot
oAAGLEL TN PUOLKN KATACTAON TOU UALKOU HATPAG, KAVOVTAC £TOL TNV EMIPAVELA TILO
opaAn (Ewkéva 2.18). Ot anetkovioelg amod To NAEKTPOVIKO ULKPOOKOTILO 0ApwaonG (Scanning
Electron Microscope - SEM) (Elkoveg 2.19 kat 2.20) Seixvouv TNV KOTOVOUA TWV VWV yLa
XopnAd kat unAd emnineda OAwv TwV MOPAPETPWY. T AMOTEAECUATA TNG EPEUVAG
TOUG £6€L€av OTL TWG N TPAXUTNTA TNG ETULPAVELAC EMNPEATETOL KUPLWG ATIO TOV pUBUO
npowon¢g Kat akoAouBouUv to BaBog komn¢ kal o puBuog amoBoAng UALkoU.

Ewkova 2.18. Mikpoypadia tou amofAittou (peyeBuvon x20), otnv onoia daivovtat
Ol KOPEVEG (VEG KalL N uATpa [26]
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2.8kV X258 188xn BO2Z38 2S5 5SS SEI

Ewkéva 2.19. Antelkovion SEM tn¢ emidpavelog otav OAEC oL TOPAUETPOL EivaL OTO
XapnAotepo emninedo [26]

2.0kV X250 180mum OBZS 25 39 SEI

Ewkéva 2.20. Antelkovion SEM tn¢ emudpavelag otav OAEC oL TOPAUETPOL Eival 0TO
udnAotepo eninedo [26]

O Palanikumar [27] oxeblaoe katL avEAUOE TNV TPAXUTNTO TNG EMLPAVELOG KOTA
TN HUNXQVIKA KOTEPyOOoia uvalovnudatwv, Xpnolgomowwvtog Ttn pebBodoloyia
emupavelag amokpong. Ol TECOEPL ONUOVTIKEG MeTAPBANTEC €L0660u  TOU
€€eTAOTNKOV Yyl TNV EPEUVNTIKA MEAETN ATAv n TaXUINTA KOMAG, N ywvia
TPOCAVATOALOHOU TwV Wwv, To BAaBog KomAg kot o puBuog mpowong. H peAétn
QmOKAAUYE OTL N TpaxUTNTA TNG EMLPAVELAG KATA TNV TOpVEUON Tou GFRP aufavetal
HE TNV avénon Tou pubpoL mPowong, AAAA PELWVETAL LE TRV aUENON TNG TAXUTNTAC
KOTIAG Kol Tou BaBoug Komng.

H Ewoéva 2.21 Seixvel tnv amewkovion SEM twv emidavelwv tou Sokiuiou.
JUyYKEKpLUEVA, otnv Ewkova 2.21a daivetal n KATavour TwV VWV 0To cUVOETO UAKO
Kall elval ePPavEC WG O PEPLKEG TIEPLOXEC N KATAVOUN €lval KOAR evw o€ AAAEG N
Katavopr 6&v sivat opolopopdn, e€attiog TG pUn opoopopdnG KATAVOUNE TWV VWV
TOOO OTNV KATAOKEUN 000 KAl otnv e€faywyn Wwv Katd tn Oldpkela TNg
HNXOVOUPYLKAG Katepyaoiag. Ztnv Ewova 2.21B amelkovileTal To avwWTEPO OTPWHA
TOU SOKLUIOU HETA TNV UNXOVOUPYLKA KATEPyaoia. Kavovikd oTa avwTEPO OTPW AT
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TWV OUVOETWV CWANVWY, N KATOVOUN TWV VWV €lval EAAXLOTN KAl N TIEPLEKTIKOTNTA
o€ pntivn €ival peyoAltepn, onwg akplPwg dnAadn ameilkoviletal otnv Ewkova. H
Ewkova 2.21c Selyvel TNV TUTIKN KATEPYAOUEVN ETILHAVELA PETA QIO TN NXOVOUPYLKA
Katepyaoia Twv ocuvBetwv GFRP [28]. Auto eival To miBavo dviplopa tou dokipiou
KAt tn SLapKeLa TG Katepyaciog Twv ouVOeTwY VAWV GFRP. H Elkdva 2.21d Seilyvel
NV anekovion SEM twv koviomotnpévwy amoPAiTtwy padl Pe TIG omacueéveg (ves. H
HaUpn TEPLOXN UTIOSELKVUEL TN OUYKEVIPWHEVN MAlA TOU UALKOU TNG UATPAC OE
Hopdn okOVNCG Kal ol AeUKEC KNALOEG TIG OTIAOUEVEC LVEC.

Ewkova 2.21. Antelkovion SEM twv Sokipiwv Tng peAétng tou Palanikumar [28]

Ot Nayak et al. [29] peAétnoayv tnv enibpaon YEWUETPLKWY TTAPAUETPWY KOl
TMAPAUETPWY Slepyaciag oTig LOLOTNTEC KATEPYOAOIOC TwV UOAOVNUATWY HMOVAG
kateBuvong (Uni-Directional Glass Fiber Reinforced Plastic / UD-GFRP). Ta
OTOTEAECUOTO TNC MEALTNG avaAuBnkav o€ Opou¢ oxnUATopoU armoPAittou,
duvapewv komn¢ kot PAABNG Twv umo-eTdpaveElwy. H TEPOUATIKA HEAETN
nipaypoatomnoiOnke oe dppéla CNC Kol Ta KOTITIKA EpyaAEia TToU xpnotpomolltnkav
Atav ouvduaopdg epyodeiwv HSS kot epyoleiwv kapBidiou. Ztov Mivaka 4
TiapouoLaetal N AloTo TWV TTELPAUATIKWY TIOPAUETPWY TNG LEAETNG TOUG.
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Mivakog 4. Alota Melpapatikwy mapapeétpwy [30]

Agiypa GFRP
MpooavaToAIoPoG VWV O€ PoipES 0, -15, -30, -45, -60, -75, -90
[ewpeTpia epyaieiou
EpyaAeio HSS: lMwvia kAiong o€ poipeg +0, +5, +10, +20, +30, +40
AkTivag pitng o€ um 50
EpyaAeio kapBidiou: Mwvia kAiong o€ poipeg +10
AkTivag piTng o€ ym 20, 50 ka1 80
MapdueTpol digpyaciag
Bd&Bog kotrAg oe mm 0.1, 0.2 kan 0.3
TaxuTnTa KOTRG 0€ m/min 0.5

To amoPAitto mou oxnuatiletat koatd tn Oldpkela TG opboywviag
KATEPYAOLOG TWV oUVOETWVY UAKWV FRP £€XEL YEVIKA OLOUVEXT XOPAKTAPA, TIAPOAO TTOU
dalvetal va elval ouvexng kata tn Slapkela tn¢ kataypadng tng Siadkaoiag
OXNUATLOUOU Tou. QoTO00, LA TIPOCEKTIKOTEPN HOTLA Seixvel OTL TO amoPALTTO TOU
oxnUaTtileTal elval EVIEAWC OLOUVEXEG Kal £XEL TN HOPdN KOUUATIWY, oTolBayuéva To
€va mavw amd 1o GAAo. Itnv Ewova 2.22 mopouclaletal Lo XOPOKTNPLOTIKN
dwtoypadia tng dtadikaciag oxnuatiopol amoPAittou yla BTk ywvia kAlong 10
polpwv o Babog komng 0,2mm kot otnv Ewkova 2.23 pia TUTIKI HLKPOOKOTILKN
dwtoypadia tou amoPAittou. It Elkoveg 2.24 €wg kal 2.27 daivovtal to anofAitto
KOlL OL OTIOLOUEVEC (VEC SLOPOPETLIKOU TTPOCAVATOALOUOU yLa EPYAAELO PE BETIKN ywvia
kAlong 10, 20, 30 kat 40 polpwv, avtiotolya. Mevikd mapatnpeital peiwon Tou
HeyEBoUC Tou amoPBALTTOU Kol TOU HAKOUG TWV CTIOOUEVWY VWV PE TNV avénon tou
TIPOCAVATOALOUOU TWV LVWV.

H uno-emipaveloky BAAPN TOCOTLKOTIOLEITOL PE N KATOOTPETITIKI UEAETN
Sieioduonc dBopilovoag Badng, n omola Pekaletal oe OAN TNV KATEPYACUEVN AKPN
Tou Selypatog kat SleloSUel MANPWC OTIC KONOTNTEC KAl OTLG PWYHEG TIOU

Ewkova 2.22. Aladikaoia oxnuatiopou amofAittou yla Betikn ywvia kAiong 10 polpwv oe
BaBog komng 0,2mm [30]
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(c) (d)

Ewkova 2.24. ATTOBALTTO KAl OTIACUEVEC (Ve yla epyaleio pe Betikn ywvia kAlong 10 polpwv
KOLL TTPOCAVATOALOUO WVvwV (a) -30°, (b) -60°, (c) -75°, (d) -90° [30]

Snuoupyouvtal katd tnv opBoywvia komn. Otav to Sokiplo ektiBetal oe pla
urtepwdn (UV) mnyn dwtog n dpBopilovoa Badn pwrtiletal kat divel pa EvOelén yla
TNV €KTA0N TNG E0WTEPLKNG PAABNG. H Ewkova 2.28 Seixvel tnv petafoln tng PAABNG
NG UTTOETILDAVELAC LE SLOAPOPETIKO TIPOCAVATOALGHO TWV LVWV.
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(a) (b)

Elkova 2.25. AlOPBALTTO KOl OTIACUEVEC (VEG yla epyaleio pe Betikr ywvia kAlong 20 polpwy
KOlL TTPOCAVATOALOUO VWV (a) -45°, (b) -75° [30]

Elkova 2.26. ATOBALTTO KOl OTIACUEVEC (VEG yLa epyaleio pe Betikn ywvia kAiong 30 polpwyv
KOlL TTPOOAVATOALOUO VWV (a) -60°, (b) -75°, (c) -90° [30]

(a) (b)

Ewkova 2.27. AOBALTTO Kal OTIACUEVEC (Ve yla epyaleio pe Betikn ywvia kAlong 40 polpwv
KOLL TIPOCAVATOALOUO VWV (a) -75°, (b) -90° [30]
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(b)

(¢) (d)

Ewkova 2.28. Wnolakég dwtoypadieg Twv dokipiwv UD-GFRP mou mapoucialouy tn
Sieiobuon tng pBopilovoag XpwoTIkNAG ouaiag yia mpocavatoAlopd wwy (a) -45°, (b) -60°,
(c) -75°, (d) -90° [30]

Ot Rao el al. [30] peAétnoav UTIOAOYLOTLKA TOV UNXQAVIOUO OXNUATIOUOU 0TnV
opBoywvia pNXoVIKn Katepyooia vaAovApatog povhng koateuBbuvong (UD-GFRP)
XPNOLIOTIOWWVTAC NUL-oTATIKY (quasi-static) avaluvon. To povtéAo Toug Htav
61061A0TATO e EAAOTIKEG (VEG, EAACTOTAQOTLKI UATPO KOLL L0t CUVEKTLKH {wvn yLa TV
npooopoiwon tng Slemadng amokOAAnong petafy TNG vag Kal TG UATpag. Ta
oTolXEla TNG lvag omave HOALG N HEYLoTn KUpLa taon ¢OAacel otnv avtoxn epeAkucuoU
KOl TO HETPO EAAOTIKOTNTOG TNG UATPOG LELWVETOL LOALG N TAON YiVEL loNn HE TO OpLo
ehaotikotnTag. Emiong avéAuoav tnv enidpacn Tou MPOCAVOTOALGHOU TWV VWV, TWV
TIAPOUETPWY TOU pYaAELOU Kal TNGAELToUpyLlag oTnV aotoxia TN vag KaL tng unTpag,
kKaBwg emiong kot oto péEyebog Tou amoPAittou. ApxLlkd tapouctdletal kataotpodn
NG YELTOVIKAG OTNnV iva UATPOG, N omola otn cuvéxela mpokalel BAGBn otnv micw
TIAEUPA TNC LvOG.
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~=— (Cutting direction
Trim plane

/ ‘JA:Depth of cut

Elkova 2.29. IXNUATIKA QTEKOVLON TWV TIEPLOXWV TNG (vag, TNG LATPAC KAl Tou LlooSUVOOU
opoloyevouc UALkoU (Equivalent Homogeneous Material — EHM) mtou xpnotpomnolouvtal 6To
LLOVTENO TIETIEPOLCUEVWV OTOLXELWV YLa TIPOoAVATOALOUO wv 45° [31]

DUCTCRT
(Ave, Crit.: 75%)

+9.167e-
+8.333e-
+7.500e-
+6.667e-!
+5.833e~
+5.000e-!

Cutting tool

Ewkova 2.30. Noootikn petaBoAn tng HetaBAnthg BAABNC os Siadopa oToLyeia TG UATPOS
ylo TPooavVaTtoAlopo wwv 75° [31]
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Cutting tool

e Sty Tiee +
et dcuie oot

Ewkova 2.31 BAABEC 0T UATPA KAl OTLS (VEC KATA TN SLAPKELA TNG TTPOCOLOLWONG yLa
npooavatoAlopod ivag 30°, BabBog ko 0,2 mm Kal LETOTOMIOELG ToUu gpyaleiou (a) O um,
(b) 20,1 um, (c) 21 um, (d) 21,2 um, (e) 21,3 um kat (f) 21,41 um [31]

a Cutting tool b160....|.”‘]'...,..'.,....,...-,ul
wT — € ]
(Ave. Crit.: 753 140 0.10 mmJ
01.0006+00 ]
FHES X ]
Eggﬁ Trim plane 150 t=015mm ]
1350000 =
+3.000e-02
$2:500e 0 ]
i w s
25:0000000

N

s liaaadigay

Extent of damage below the trim plane (u

B R R RN RN R

P EREEE FUTTE I

20
2
‘ 08! 433.o® ABAQUS /EXPLICIT Versiem 6.5-1 Tue Apr 04 21:11:48 India Standard Tine 2006 0
P L
ep: Step-1 C
ﬁg_u; 20121 seep Tine + 1000008 TR TSr e Tl LT L0 T 1 T S o o O 7 R O B RO C Y o
Tinary Var:
Deocaed Vaz: U Deformation Scale Factor: +1,000e+00 ] 15 30 45 60 75 90

Fiber orientation ()

Ewova 2.32. (a) H pétpnon tng BAGPNG Tng uno-emipaveiog Tng LATPAS (M1, Mz, Ms) yla
h =45,t=0,1 mm. B) tnv éktaon tn¢ PAABNG KATW oo To eminedo KOMNG (UTIo-eMmLdAVELOKNA
BAABN) TnG uATpog yia Stadopa BABN KOTHG KAl TPOCAVATOALOMO VWV O oTtabepn ywvia
KAlong 10°, 6mou hs, h; kat hs givat ta Badn tng InpLAg LETpoUEVA Ao TO ETUMESO KOTIAG
oTN UATPA My, M, Kol m3 avtiotowya [31]
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Ou Davim et al. [31] &tepevvnoav TNV Katepyaolpuotnta twv GFRPs oe
TOPVELON ME €LOWKN TIlEON KOTING KOl TNV €mipavVELOK TpaxUTNTa tou SOKLiou
ouVaPTHOEL TOU gpyaleiov Komn¢ (moAukpuotalAko Stapavty, PCD kal kapBidiouv,
K15). Anuiwoupynoav évav véo SeIKTn UNXAVIKNC OVTOXNG, O omolog elval cuvaptnon
NG Tieong KOTNG KAl TNG TPAXUTNTOG TNG EMLPAVELAC.

© V=100 m/min © Ve=100 m/min
51 HVe=200 m/min 5 O Ve=200 m/min
- 4 A V=400 m/min —_
g 4 £ 4 A Ve=400 m/min E
235 A 23
s = 2
é ] B A = & @
0 T T 1 0 T T T 1
0.05 0.1 0.2 0.05 0.1 0.2
a Feed (mm/rev) b Feed (mm/rev)

Ewova 2.33. Emudavelokn tpaxutnta (Ra) cuvoptioel Twv MOPAUETPWY KOTING YA EpYaAsio
komA¢ (a) PCD, (b) K15 [32]

© Ve=100 m/min & Ve=100 m/min
& 500 - 0 Ve=200 m/min ~ 500 - O Ve=200 m/min
£ 400 4 n A Ve=400 m/min E 4004 @A A Ve=400 m/min
E 300 - -g 300 A
Z 200 - ] ! < 200 ﬁ
2 100 - g 100 -
0 . r . . 0 1 . . [
005 01 02 005 01 02
a Feed (mm/rev) b Feed (mm/rev)

Ewkova 2.34. ElSkn mieon komng (Ks) cuvapTrosL Twv MapapETPWY KOTING Yo EpYOAELD
kortA¢ (a) PCD, (b) K15 [32]

© Ve=100 m/min < Ve=100 m/min
O Ve=200 m/min 0O V=200 m/min
04 - A Ve=400 m/min 0.4 - A Ve=400 m/min
03 - m 0.3 -
o o
= 0.2 = 0.2 -
0.1 - 0.1 4
0 - T ! 0 r T .
0.05 0.1 0.2 0.05 0.1 0.2
Feed (mm/rev) Feed (mm/rev)

Elkova 2.35. AgiKTnG LNXOVIKNG KATEPYAOLOC CUVOPTHOEL TWV TTAPAUETPWYV KOTING YLA
epyaleio komr¢ (a) PCD, (b) K15 [32]
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H €peuva autn BonBnoe otnv KAtavonon Twv MAPAUETPWY TNG MNXOVIKAG
Katepyaciog kal 08rynoe ota akoAouBa cupmepAoUOTA:

e To epyaleio moAUKpUOTAAALKOU Stapavtiov (PCD) mapouotalel PLKPOTEPEC TIUEC
TOOO yLla TNV TPaxLTNTAG TNG eMidaveLlaG 000 KAl ylo TNV €L6LKN TIlEON KOTNG amo
To epyaleio kapPidiou (K15)

e O pubuog mpoéwong eival n MapAPETPOC KOTHE TIou €xeL TNV uPnAdTeEPN dUCLKN
KOl OTATLOTIKN emibpaon otnv Tpaxutnta tng emidpavelag (Ra) kat otnv €ldkn
niieon komn¢ (Ks)

e To epyaleio moAukpuotalAikoU Stapavtiot (PCD) mapéxel Evav KaAUTEPO SeiKTn
UNXOVLIKAG Katepyaoiag (Ml) oe ouykplon pe to epyaleio okupodépatog (K15).
Enopévwg, to epyaleio komng PCD £€6woe tnv KAAUTEPN CUVOALKN anodoaon

o 'Exel emteuxBel péylotog Selktng unxavikng katepyaciag (Ml) yia BEAToTEG
napapétpoug komng (Ve= 400m/min, f=0,1 mm/rev).

O Palanikumar [32]aoxoAnBnke pe tn xprion tg nuebodou Taguchi kat twv
ETULPAVELWY OTIOKPLONG YLA TNV EAa)LoTomolnon TNG TpaxVTNTOG TG EMIPAVELAC TWV
volovnuatwv (GFRP) otav katepyalovtol e epyoAeio  TOAUKPUOTAAALKOU
Stapavtiov (PCD). Ta melpdapata Ste€nxdbnoav XpnOLLOTOLWVTAC TNV TELPOLOTLKA
TEXVLKN 0XedlaopUoU Tou Taguchi. Ol MOPAPETPOL KOTIAG TIOU XPNOLUOTIOLNCE Elval N
TaXUTNTA, N TPOWON KoL To Babog komng. AELoAdynaoe TNV eMidpacn TwV MAPAUETPWY
KOTING OTNV €MLPAVELAKN TPAXUTNTA KL TTPOOSLOPLOE TN BEATLOTN KATAOTOON KOTG
yla tnv elaywotomoinon tng tpaxlTnTtog TNG emiupavelng. Ta  TEWPAUATIKA
amoteAéopata £6elav OTL N TIO ONUOVTIK TIOPAUETPOC KATEPYOOLAC ylol TNV
TpaxLTNTA TNG eMPAVELOG EVOL N TTPOWON Kal akoAouBel n TaxUTnNTA KOTHG.

Ewkova 2.36. Mikpoypadia tou akatépyoaotou Sokipiou [33]
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Ewkova 2.38. Tumiko mpodil emidavelog mou mapatnpeltal KATd TNV Katepyaoia Twy
vaAovnuatwv (GFRP) [33]
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Mivakog 5. JUYKEVIPWTLKOC Ttivakag TN BLBALOYpadLKNC avaoKOTNoNG

Mapduerpol HeAETNG

KaTewBuvon Ivwyv / karelBuvan KoTAg

epyaAeia KoTg

epyaAeia Kot g
TaxUTnTa KOTAG, TaxuTnTa TPowaong, fabog
KOTING / aTEYVO, UYPO, WUXOUEVO TTEPIBAAAOV

akTiva gpyaAeiou / ToxUutnra KomAg /
TaxUuTnTa Tpoéwaong / BAB0G KOTIG)

Taxutnta d&ova / Tpoéwaon / dIAUETPOG TOU
TpUTTAvIOU

pubuodg TTpéwang / f&6og KOTMG / TaxuTNTa
KOTTAG

akTiva TnNg puUTNG Tou epyaAeiou / TayxutnTa
KOTTAG / puBubg Tpdwong / BaBog KOTTAG

TaxutnTa KomAg / Taxutnta mpoéwaong /
BdaBog koTTAG

pubuog Tpdwong / BaBog KoTAG / pubudg
atroBoAAG UAIKOU

TaxUTnNTa KOTIMG / ywvia TTPocavaTtoAIGUoU
TwV IVWV / BdBog KoTAG / puBudg TTpdwaong
MpooavatoAiopog vy / BadBog koTrg
TTPOCAVATONIOHGG vy /
epyaAeiou

TaxUTnNTa KOTAG / TaxXUTNTa TTPOWONG

TTOPANETPWY

Taxutnta KomAg / Taxutnta mpoéwaong /
BaBog KoTTAG

Eidog EpyaAciou
ouvnBiouévn unxavikg Katepyaoia /
MNXAVIKI KATEPYOOIia YE UTTEPAXOUG
MOVOKPUOTOAAIKO SlapavTi /
TTIOAUKPUOTOAAIKO  SloudavTt /  KUBIko
viTpidlo Tou Bopiou
kapRidiou TUTTOU P Kai K
TTOAUKPUOTOAAIKO €pyaAgio diapavTiou
OlaQOpPETIKAG  ywviag  KAiong  kai
OlapéTpou uuTng
£vOeTO KOPPIdiou ECAIPETIKAG TTOIGTNTOG
| TPEIG DIAPOPETIKOI TUTTOI EVOETWV ME
ISO CNMG 120404, CNMG 120408 kai
CNMG 120412

TTOAUKPUOTOAAIKO SiapavTl (PCD)

ouvduaouog  epyoAeiwv  HSS  kai

epyaleiwv kapPidiou

TTOAUKPUOTOAAIKG  Siapdvti, PCD kai
kapRidiou, K15
TTOAUKPUOTAAAIKO SIANAVTI
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MeTpoupeva Meyéln

Auvapeig KOTTAG / TToI0TNTA ETTIPAVEIAG

Auvapeig KotrAg / ToidTnTa ETTIPAVEING

duvdpeig Kot g / Bepuokpaaia KOTTAG
TpaxUuTnTa  em@aveiag  /  pubuog
a1Tof30AAG UAIKOU

ETTIPAVEIAKT TpaxUTNTA

ETMIQaAveEIaKA TpaxUTNTA
ETTIPAVEIAKT TpaxUTNTA

EMPAVEIAKH TPAXUTNTA / €QATITOPEVN
duvaun komng / puBuog atrofoAng
UAIKoU

em@aveiaky  Tpaxutnta  /  puBuoég
a1mofBoAAG UAIKOU / pBopd epyaAciwv
em@aveiaky  Tpaxdtnta  /  puBuoég
a1roBOAAG UAIKOU

ETMIQaAvEIaKA TpaXUTNTA

oXNUATIONOG atroPAiTToU / Juvdpelg
KOTTAG / BAGBN UTTO-ETTIQAVEIWV.
aoToyia ivag — pATpag / péyebog Tou
OTTORAITTOU.

em@aveiak TpaxutnTa / EidikA Trieon
KOTTNG / AgikTNG PNXAVIKAG KaTEPYaaiag
eTMIQaveIakn TpaxliTnTa



KEDAAAIO 3 - MEIPAMATIKH MEAETH

3.1. ZIKOTOC TOU MELPAMATOC

Elval yvwoto 6tL n katepyaoia tng topveuong oAAALEL T YEWUETPLA KAl TOV
pLBUOS amoBoAng Tou UALKOU Kot OTL N aAAayr aUTH CUVETAYETAL TN SlakUpavon Twv
SUVAUEWV TNG KOTING. AlaloBNnTIKA, aAAG KoL OVATPEXOVTAG OTA ATOTEAECUATA AAAWY
MEepapatwy mou €xouv SlefaxBel (yia Sdiadopetikolg 6 cuvduaououg UALKwWY
epyaleiov-tepayiov), avapEVETaL OTL UTIAPXEL CUOKETLON-E0TW KOL XOAAQPA- OVAUECO
oTNV TN TWV SUVAEWV KOTIAG KoL TNV TTOLOTNTA TNG ETLPAVELAG 0€ KABE onpelo TG
KATEPYQOLOG.

Oa NTav Xpnollo va pmopetl va Stamotwbel edav autr) n cucxETon elvat
adevog umapktn Kol adeTEPOU APKETA LOXUPN WOTE va Uropel va alomolnBet
OpYyOTEPA YloL ETUTOTOL EKTLUNON TNG TOLOTNTAC TNG EMLPAVELOG O OUVONKEG
Tapoywyng. Autog akplBwe ival KoL 0 OKOTOG AUTAG TNE Epyaciag va Stamotwoetl
gav mpoPAénetal n Sduvatotnta va mopatnpndeil eppéowc- aAAd aflomiota- n
moLoTNTA TG ETLPAVELAG KATA TNV TOPVEUON O€ HECEC KAl UPNAEG TaXUTNTEG KOTTAG,
HEOW TWV UETPOUUEVWY SUVAUEWYV TIOU SEXETAL TO KOTTIKO £pyaAEio.

3.2. H nepapoatikn diataén

H melpapatiki dtatagn nepthapBavel ta €nc:
e Topvog: HAAS TL-1 (BA. Ewova 3.1)
e Auvapopetpo: KIAG SWISS 9257A (BA. Ewova 3.3)
e Metpntikn kapta: National Instruments 1830300-01L (BA. Ewova 3.2)
e Evioxutég: 2x Kistler 5011, 1x Kistler 5006 (BA. Ewova 3.2)
e Noylouko: LabView, Imagel
e Aokiuto (BA. Ewkova 3.4)
AkoAouBouv dwtoypadieg TOU MELPAUATLKOU EEOTIALOUOU:
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Ewkova 3.2. O UTtOAOYLOTHG CUVOESEUEVOC UE TN LETPNTLKI KAPTA KOL TOUG EVIOYXUTEG
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Ewkova 3.4. To SOKI[LO TIpLV TNV TOPVEUON
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Ewkova 3.5. O mpoypappatiopdg tou CNC tépvou

Ewova 3.6. To komtikd Epyaleio
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Ewkdva 3.7. To S0KipLO TPOCAPUOCLEVO OTOV TOPVO KOTA TNV IPWTH TOPVEUGH

3.3. Aeéaywyn ToU MEPAUATOC

Katepyaotnke kuAwvSpikn paBdog valovrpatog (fiberglass) pe ywvia vwv 90°
oe HAAS TL-1 CNC topvo pe 3 petaBAntég: tn mpoéwon, To BABog¢ KOMNAG Kal T
Toxutnta KOomnG. H katepyacia €ylve HUE TPOYPAUUATIONO TOU TOPVOU ylo. Eval
TMépaopa Kot aAAAoviag TG TAPAUETPOUG KOl SNULOUPYWVTAG TELPAUATA avd
OUYKEKPLUEVN amodotoon oto Sokipo cludwva pe tov afova tou. Ta dtadopeTika
TIELPAUOTO TIOU TipaypatonolOnkayv NTav 9, pue SLadopETIKES TIHEC TTOPAUETPWY TO
kKaBéva, oL omoieg mpogkupav votepa and DOE (Design Of Experiment) avaluon
Taguchi. OL TIpéC ava elipapa daivovtol 0To MaPaKATW TivaKa:

Taguchi Orthogonal Array Design
MNod BdBog | Taxurnra

Ap10p6¢ Melpdparog powan Ko1rig Kotrig
(mm/rev) -

(mm) (m/min)
3 0,1 1,2 150
6 0,3 1,2 50
9 0,5 1,2 100
2 0,1 0,8 100
5 0,3 0,8 150
8 0,5 0,8 50
1 0,1 0,4 50
4 0,3 0,4 100
7 0,5 0,4 150

Mivakag 6. Mewpdpoata tou mpaypatonotdnkayv énerta and thv DOE avaAuon Taguchi
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Ze KAOe melpapa petpnOnkov oL SUVALELG KOTING KOTA TOUG TPELG Aoveg Fx, Fy
Kal Fz kot €ywve avaAuor] TouG HECW OVAAUGCNG TOALVOPOUNGCNG KOl avaAucnG Tou
signal-to-noise ratio. Eniong o€ kaBe neipapa napbnke dwrtoypadia twv anoPfAittwv
KOl O€ O0Q TIELPALATA TO EMETPETAV £YLVE cUANOYH amoPAittou.
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KEDPAAAIO 4 - ANOTEAEZMATA
NEIPAMATQN

2TN CUYKEKPLUEVN SIMAWUATIKA Epyacio LEAETHONKOV OL TPELG SUVALELG KOTIN G
OTOUC TPELG AEOVEG CUVTETAYUEVWY, oL FX, Fy kal Fz. OL mapdpeTpoL Tou ennpealouv
OUTEG TIC SuVAELS elval n mpowon, To BaBog¢ KomAG Kal n TaxutnTa Komng. Ta
6ebopéva mou OUAAEXONKav avaAuBnkav HE OMWTEPO OKOMO TNV €UPECH TNG
enidpaong kabe piag HeTaBANTAC OTNV TIUA TWV SUVAUEWV.

4.1 NEPOUOTIKA ATIOTEAECUATO TWV SUVAUEWV KOTIAG

ITI¢ emopeveg Elkdveg mapouotdlovtol T AmOTEAECUOTO TWV PETPHOEWVY TTIOU
ANdOnkav pe to AoylopKO Labview, To Omoilo XpNOLUOTIOLEITAL yla VO TIAPVEL TIG
UETPNOELG TIOU OTEAVEL TO Suvapopetpo otov H/Y, kol emefepydotnkav PE TO
nipoypappa Microsoft Excel.

Alvapn KoM atov X-aova

MWW ww “[ WWV MWW Y‘y‘ M\“\“\ oo,

100 10 w0 a0 s00 s ) 200
Xpdvog (s}

Bovapn (N)

Ewkova 4.1. Abvaypn Komng otov X-a€ova cuvapTroEL TOU XpOVoU

AUvapn komnng otov y-afova

Advayn (N)

it g s -

w 2 0 w0 = o - 0
Xpévos (5]

Ewkova 4.2. Abvapun Komr¢ oTov y-aéova cUVaPTHOEL TOU XPOVOU

AUvan KOTrG oTov Z-agova

Advayn (N)

A

: M U \ urww MM’U \

| L

100 w0 50 w 0 P - 0
Xpévac (s)

Ewkova 4.3. Abvapn KomnG oTtov z-A€ova GUVOPTHOEL TOU XPOVOU
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4.2 ITATIOTIKA ovaAuon Twv TLELP ALHLOLTLK WV
OLTLOTEAECULATWYV

To MEPAUATIKA OTMOTEAECHOTO aVAAUBNKaAV OTATIOTIKA He TN BonBela tou
npoypaupatog Minitab kat BpéBnke n e€dptnon Twv pECwvV SUVAUEWV QMo TLG
TIAPAUETPOUG TOU TELPAUATOG. To mpoypappa Minitab avaAlel tn dtakupaven tTwv
TIUWV TWV TIAPAUETPWY KOl BACEL OTATIOTIKWY OIMOTEAECUATWY PPLOKEL TNV
oAAnAe€aptnon toug. OL TIHEG TWV TTAPAUETPWY TIOU TIPOKELTAL va avaAuBouv Kat oL
HEOCEC TIMEC TwV OUVAUEWV OTOUG TPELS Gfoveg yla TNV KABe mepimtwon
tonoBetouvtal oto dpUANO epyaciag Tou Minitab, omwc ¢paivetal otnv Elkova 4.4.

ITN OUYKEKPLUEVN €pyacia mpaypatonow)dnke avaluon mMoAwdpounong
(regression analysis), n omola e€etalel tn oxéon AvAUECSA OTI AVEEAPTNTEG KAl TLG
e€aptnuéveg petaPAntec. Q¢ avefaptnteg petaBAnteg (continuous predictors) €xouv
oploBel to BaBo¢ komng, n TaxLTNTO KOTMNAG KOL N TMPOWOoN Kal w¢ €EapTtnUévn
uetapAnTn (response) n péon Suvaun. MNa va umapyxeL KA, cucxEtion Ba TpEMEL oL
TWéG R-sg, R-sg(adj) kot R-sq(pred) va eivat 6co mo kovta yivetal oto 100%.
AvaAUBnKav ta AmoTeAECUATA HE TO AMAO HOVTEAO TAAWVEPOUNONG, KAL UE LOVIEAQ
TIOU TIEPLEXOUV ETUTAEOV OPOUG.

4.2.1 AnoteAéopata TG avaluong naAwvdpounong yla to
Al povtélo

Mapakatw mapouctalovtal T AmoTeEAECUATA TNG avaluong maAlvdépounong
yla To armAo povtélo.

"1 Worksheet 3 =

+ C1 2 3 c4 cs 6 c7
Mpowon (mm/rev) | BaBog Komrgimm) | ToyotnTa Komig(m/min) Fz Fx Fy

1 01 04 50 11120 06,5754 6,6979
2 01 0.8 100 10,0875 15,7730 7,0050
3 o1 1,2 150 | 250070 27,5000 7,9013
4 0,3 04 100 6,9222 8,0303 11,8170
5 0,3 0.8 150 304380 20,5060 @ 13,9019
6 0,3 1,2 50 58,6562 31,3730 158021
7 0,5 04 150 | 14,7768 47784 7,3543
8 0,5 0.8 50 46,6107 22,7380 20,1950
9 0,5 1,2 100 83,9700 37,3460 21,9933
10

Ewkova 4.4. OL TYUEG TWV TTAPAUETPWY TTOU TIPOKELTOL VO AVaAUB0UV KAl OL LECEG TIUEG TWV
SUVAUEWY OTOUG TPELG afoveg, oto GUAAO gpyaciag Tou Minitab

Ano ta anoteAéopata eival eppavég mwe KaA cuoxEtion epdaviletal ya tn
duvapn otov x- afova kot ywo T duvapn otov z- afova. AMO TN CUVAPTNON TNG
Suvapung Fx oupmepaivoupe nwc e€aptatal Kuplwc and to Babog komng, akoAouBei n
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npowon Kal e€aptdtal AlyoTepo amo tnVv taxvutnta Komng. H duvaun Fz séaptatal
KUpLlwg amo TNV mpowaon, akoAouBel to BaBog komng Kat TEAOG N TaxvTnTa KomAG. H
naAwvdpoptkn avaiuon dev €dwaoe KAl cuoxEtion yla Tnv Fy, dpa 6ev pmopouv va
Byouv a.odaAr} CUUIEPACHLOTO VLA TO TIOLA TIOPAETPOC ELVOL TILO ONUOVTLKH.

Regression Analysis: Fx versus Mpowon (mm/rev); BaBoc¢ Komrjg(mm); TaydtnTta Komrg(m/min)

Analysis of Variance

Source DF Rdj 55 2dj M5 F-Value P-Value

Regression 3 1032,06 344,021 53,51 0,000
Mpdagn (mm/rev) 1 37,67 37,670 5,86 0,060
Béfor Komfc (mm) 1 ©83,93 983,934 153,05 0,000
TaydtnTa Komfg(m/min) 1 10,46 10,480 1,63 0,258

Error 5 32,14 6,429

Total g 1064,21

Model Summary

5 R-3g R-sg{adj) BR-sgipred)

Regression Equation

Fx = -7,33 + 12,53 Npdwon (mm/rev) + 32,01

2,53551 9g,98% 495, 17% 27,82%

Coefficients

Term Coef 5E Coef T-Value P-Value VIF
Constant -7,33 3,42 -2,14 0,085
Mpdwon (mm/rev) 12,53 5,18 2,42 0,060 1,00
Bafor Homfc (mm) 32,01 2,59 12,37 0,000 1,00
Tayornte Homfg(m/min) -0,0264 0,0207 -1,28 0,258 1,00

B&bog Komfg{mm) - 0,0264 Tayvtnia Komfg(m/min)

Ewkova 4.5. AnoteAéopata tng avaluong maAvdpopnong tg duvaung otov x-afova, ylo To

QTTAO HOVT

€\o

IRegression Analysis: Fy versus Mpdéwon (mm/rev); BaBog Komtrjg(mm); Taydtnta Komrg(m/min)

3,26 B&afog Komfg(mm) - 0,0451 TayUtnte Komfg(m/min)

Analysis of Variance
Source DF Rdj 55 hdj M5 F-Valus P-
JRegression 3 22g,12 75,374 7,85
Mpdwon (mm/rev) 1 130,06 130,058 13,55
Béfio Komfo (mm) 1  §5,52 65,521 6,83
Toyvtnte Komfg(m/min) 1 30,54 30,544 3,18
JError 5 47,99 9,553
Total g5 274,11
Jodel Summary
5 R-sg R-3g({adj) R-sg{pred
3,09803 82,49% 71,99% 29, 69%
Coefficients
Term Coef BSE Coef T-Value P-Value
Constant 3,44 4,18 0,82 0,443
Mpdwon (mm/rev) 23,28 &,32 3,68 0,014
B&bog Homfg (mm) g,26 3,16 2,6l 0,042
ToyUtnte Eomig(m/min) -0,0451 0,0253 -1,78 0,135
JBegression Equation
Fy = 3,44 + 23,28 INpdwon (mm/rev) +

Valus
0,024
0,014
0,048
0,135

1,00
1,00
1,00

Elkova 4.6. AnoteAéopata tng avaAuong moAvépopnaong tng duvapng otov y-afova, yLo To

QAO LoVT
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Regression Analysis: Fz versus Mpowon (mm/rev); BaBog Komrjg(mm); Tegotnta Komrg(m/min)

Inalysis of Variance

Source DF Adj 55 Adj M5 F-Value P-Value

Regression 3 5§99,1 1899,71 29,24 0,001
Mpdwon (mm/rev) 1 1%35,7 198566 30,57 0,003
Bé&foc Komfc (mm) 1 3495,6 3495,58 53,81 0,001
Toyvtnta Komfg (m/min) 1 217,49 217,89 3,35 0,127

Error 5 324,8 64,56

Total g 6023,9

Model Summary

5 R-sg R-sgf{adj) R-sg(pred)

3,06004 94,81% 91,37% 78,16%

Coefficients

Term Coef 5SE Coef T-Value P-Value VIF
Constant -32,7 10,9 -3,00 0,030
Nedean (mm/rev) 91,0 16,5 5,53 0,003 1,00
Béfog Komfg (mm) 60,34 3,23 7,34 0,001 1,00
TaydtnTe Komfg(m/min) -0,1205 0, 0658 -1,83 0,127 1,00

Regression Equation

Fz = -32,7 + 91,0 Opdwon (mm/rev) + 60,34 B&Goc Konfg(mm) - 0,1205 Teydtnte Eonfg (m/min)

Ewkova 4.7. AnoteAéopata tng avaluong maivdpopnong tng Suvapung otov z-afova, yLa to
ortAO HOVTENO

4.2.2 AnoteAécpata TG avalvong moaAwvdépounong ywa To
HOVTEAO ME TOUG EMUTAEOV OPOUC TWV TETPAYWVWV TWV
TIOLPOLULETPWV

Emeldn n avaAuon naAwdpounong dev €Swaoe TNV amapaitntn CUCXETLON yLd
OAeg TI¢ Suvapelg, kpibnke amapaitntn n ewcaywyn €MUTAéOV OpwV OTO HOVTEAO.
JUYKEKPLUEVQ, ELOAXONCOV OTN TIPWTN TEPITITWOT TA TETPAYWVO TWV TIOPAUETPWV KOl
otn O&eltepn TmMepiMTWOn TO YWOHEVO TwV TPWV TAPOUETpWY, OnAadn
Tpowon X BaBo¢ KoTM¢ X TayvTNTa KOoTMG, wote va Ppebel pe  moloug
ouvbuaopoug Ba Byel peyadltepn n cuoxetion. To pUAAO epyaciag Tou Minitab yla
auth TNV mepintwon mapouotdletal otnv Ewova 4.24 kol Ta amoTEAECUATA TNG
OVAAUONC YL TIG TPELG SUVAELS OTLG ElkOvVeG TTou akoAouBouv.

AmapaitnTtn cUoXETLON KoL LE TNV TIPOCONAKN TWV OpwV TWV TETPAYWVWY TWV
TILWV TWV TIAPOUETPpWY Ttapatnpndnke povo yia t duvapn Fx, n omoia BpéOnke kot
0€ QUTA TNV nepimtwon va e€aptatal Kupiwg anod to Babog komn¢.
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" Worksheet 1+

. cl c2 =] c4 c5 C6 c7 cs @ g  C10
Mpowon (mmyrev) | BaBog Komngimm) | ToxutnTa Komngm,/min) Fz ﬂ{ Fx ﬂ{ Fy

1 0,1 04 50 0,01 0,16 2500 1,1120 65754 6,6979
2 o1 08 100 o0 0,64 10000 10,0875 | 157730 7,0090
3 0,1 1,2 150 0,01 1,44 22500 | 25,0070 27,5000  7.9013
4 03 a4 100 0,08 0,16 10000 56,9222 8,0303 | 11,8170
5 03 08 150 0,00 0,64 22500 | 30,4380 20,5060 | 13,9019
6 03 12 50 0,08 1,44 2500 | 58,6562 31,3730 158021
7 05 04 150 0,25 0,16 22500 | 14,7768 47784  7,3543
8 0.5 08 50 0,25 0,64 2500 | 46,6107 | 22,7580 20,1950
9 05 1,2 100 0,25 1,44 10000 | 83,9700 37,3460 21,9933
10

Elkova 4.8. OL TIHEG TWV TAPAUETPWY, TO TETPAYWVA TWV TLLWV TOUG WG ETLITAEOV OPOL KAl OL
HEYLOTEG TIUEC TWV SUVAEWV OTOUG TPELS foveg, oto PUANO epyaciog tou Minitab

Regression Analysis: Fx versus Nwvia Komnrjg; BaBog Komtrjg(mm); Tayvtnta Komrg(m; C4; C5; C6

Analysis of Variance

Source DF ndj 535 hdj M5 F-Value P-Value

Regression & 1033,15 173,02% 13,28 0,072
Tuvic Homjo 1 5,46 5,464 0,42 0,534
BéBoc Komfo (mm) 1 25,58 25,579 1,96 0,296
Toyvtnte Koofc (m/min) 1 2,54 2,537 0,19 0,702
[o'} 1 1,44 1,438 0,11 0,771
Cs 1 0,34 0,339 0,03 0,887
CE 1 4,31 4,310 0,33 0,623

Error 2 26,06 13,028

Total & 10€4,21

Model Summary

5 R-sq R-ag(adj) R-ag(pred)

3,60950 97,55% 90,21% 50,42%
Coefficients

Term Coef 35E Coef T-Value P-Value VIF
Constant -14,9 13,8 -1,10 0,387

Twvie Homfg 25,2 35,0 0,65 0,584 23,00
Béfoc Komijc (mm) 36,1 25,8 1,40 0,296 49,00
Tayutnte Eonfg (m/min) 0,091 0,208 0,44 0,702 45,00
c4 -21,2 63,8 -0,33 0,771 28,00
s -2,6 16,0 -0,16 0,887 49,00
ca -0,00058 0,00L02 -0,58 0,823 49,00

Regression Equation

Fx = -1

25,2 Twvia Konfg + 36,1 Bafog Komfg(mm) + 0,091 Tayvrnia Komfg(m/min) - 21,2 C4

4,9 +
2,6 C5 - 0,00058 Cé

Ewkova 4.9. AntoteAéopata Tng avaluong moAvdpopnong tng Suvaung otov x-afova, yla To
LLOVTEAO e EMUTAEOV OPOUG TA TETPAYWVO TWV TLLWV TWV TPLWV TTOPAUETPWV
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Regression Analysis: Fy versus Mpowon (mm/rev); BaBog Komtrig(mm); Tautnta Kotmrig(m; C4; C5; C6

Analysis of Variance

Source DF hdj 55 Rdj MS F-Value P-Value

Regression £ 245,594 40,932 2,87 0,281
Mpéeon (mm/rev) 1 24,033 24,083 1,89 0,323
B&Boc Komfc (mm) 1 13,249 13,249 0,93 0,437
Toayotnte Komfg (m/min) 1 2,230 2,230 0,16 0,731
c4 1 7,856 7,856 0,55 0,535
Cs 1 6,297  §,297 0,44 0,575
cé 1 5,320 5,320 0,37 0,603

Error 2 28,516 14,258

Total g 274,111

Model Summary

5 B-zg R-sg{adj) R-sgipresd)

3,77600 89,60% 53,39% 0,00%
Coefficients

Term Coef SE Coef T-Valus P-Value VIF
Constant -11,1 14,2 -0,78 0,518

Mpdwon (mm/rev) 53,0 40,8 1,30 0,323 28,00
B&Bog Komfig (mm) 26,0 27,0 0,98 0,437 48,00
ToyUtntoe Eomig(m/min) 0,085 0,216 0,40 0,731 49,00
c4 -43,5 €6, 8 -0,74 0,535 28,00
Ccs -11,1 16,7 -0,68 0,575 45,00
Ce -0,00065 0,00107 -0,61 0,603 49,00

Regression Equation

Fy = -11,1 + 53,0 Npdwon (mm/rev) + 26,0 B&bog Komig(mm) + 0,085 Teydtnta Komfg(m/min)
- 49,5 C4 - 11,1 ©5 - 0,00065 Cé

Ewkova 4.10. ArnoteAéopata tng avaluong maAvdpounong thg Suvapung otov y-afova, yla To
LLOVTEAO LLE EMUTAEOV OPOUG TA TETPAYWVO TWV TLLWV TWV TPLWV TTOPAUETPWY

Regression Analysis: Fz versus FTwvica Komrg; BaBog Komrjg(mm); Taydtnta Komrjg(m; C4; C5; C6

BEnalysis of Variance

Source DF &dj 55 Adj M5 F-Value P-Value

Regression 6 5755,47 959,245 7,15 0,128
Tavie Komfig 1 117,60 117,597 0,88 0,448
Bafog Homfg (mm) 1 21,84 21,342 0,18 0,726
Teyvinte Komfc(m/min) 1 14,49 14,494 0,11 0,774
c4 1 6,09 6,089 0,05 0,851
Cs 1 14,53 14,529 0,11 0,773
Cé 1 35,73 35,726 0,27 0,657

Error 2 263,45 134,235

Total & 6023,94

Model Summary

5 B-3g R-ag{adj) R-sgipred)

11,58€1 &5,54% 32,17% 4,75%

Coefficients

Term Coef 5E Coef T-Valus P-Value VIF
Constant -40,5 43,¢ -0,93 0,451

Twvia Homfg 117 125 0,94 0,448 3,00
Bafoc Homjc (mm) 33,4 32,8 0,40 0,726 49,00
TayUtnte Eomfc (m/min) 0,218 0,662 0,33 0,774 49,00
c4 -44 205 -0,21 0,851 28,00
C 16,8 51,2 0,33 0,773 49,00
Cé -0,00l6% 0,00322 -0,52 0,657 485,00

Regression Equation

Fz = -40,5 + 117 Tovix Komfg + 33,4 B&fog Komfg({mm) + 0,218 ToyUinia Eomig(m/min) - 44 C4
+ 16,8 C5 - 0,00169 Cé

Ewkova 4.11. AnoteAéopata TG avaAuong maAlvépopunong tng Suvapng otov z-afova, ylo To
HLOVTEAO LLE EMUTAEOV OPOUG TA TETPAYWVO TWV TILWV TWV TPLWV TIOPAUETPWV
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4.2.3 AnoteAéopata TG avalvong moAwvdpounong ywa Tto
HOVTEAO ME TOV EMUMAEOV OPO TOU VYLVOMEVOU TWV
TLOLPOLUETP WV

Emeldn katl n avaluon e Toug EMUTAEOV OPOUG TWV TETpaywvwy dev €dwaoe
KaA CUCXETLON, paypatomol)Onke GAAN pa SoKLUn, TPOCOBETOVTOG WG OPOUG QUTH
™ ¢opa TO TPUTAG YIVOUEVO TWV TLUWV TWV TAPAUETPWY. ITNV TEPUTTWON QUTH
TIETUXAUE LKOVOTIOLNTLKA CUOXETLON KoL oTLG 3 Suvapels. MNMapakdtw mapouaotalovral
OL TIHEG TWV ETUTAEOV OpwV OMwG elonxBnoav oto Minitab kal Ta anoteAéopata mou
nipogkuav.

" Worksheet 17
+ c1 c2 a3 c4 s 6 c7 cs
Mpowaon (mmy/rev) | BaBog Komrgimm) | Texutnta Komig(m/min) | Mvoupsva 3 opwv Fz Fx Fy

1 01 0.4 50 2 1,1120 6,5754 6,6079
2 o1 T 0,8 100 8 10,0875 15,7730 7,0090
3 o1 1,2 150 18| 25,0070 27,5000 7.9013
4 03 0.4 100 12 6,9222 8,0303 11,8170
5 03 08 150 36 304380 205000 13,9019
6 03 1,2 50 18| 58,6562 | 31,3730 15,8021
7 0,5 0,4 150 30 14,7768 47784 7,3543
8 05 0.8 50 20 46,6107 | 22,7580 | 20,1950
9 05 1,2 100 60 839700 373460 21,9933
10

Elkova 4.12. OL TIHEC TWV TIOPAMETPWY, TO YIVOUEVO TOUG WG ETLITAEOV OPOG KOlL OL LEYLOTEG
TIMEG TwV SUVAUEWY OTOUG TPELS G€oveg, oto GUAAO gpyaaiag Tou Minitab

45



Regression Analysis: Fx versus FTwvia Komrig; BaBog Komrig(; Togutnta Kom; Nvopeva 3 o

Iknalysis of Variance

Source OF dj 55 Adj M3 F-Valus P-Value

Regression 4 1051,07 262,767 80,00 0,000
Twvic Komfo 1 0,01 0,008 0,00 0,964
B&borg Komfg (mm) 1 407,37 407,873 124,15 0,000
Toyvutnte Komng (m/min) 1 27,31 27,315 g,32 0,045
Tivopeva 3 dpaw 1 19,01 19,006 5,79 0,074

Error 4 13,14 3,285

Total 3 10g4,21

Model Summary

] BR-s3g R-sgi{adj) R-sg(pred)

1,81235 95,77% 97,53% 93,35%

Coefficients

Term Coef 5E Coef T-Valus P-Value VIF
Constant -1,72 3,38 -0,51 0,638

Tovie Homfc -0,32 €,50 -0,05 0,964 3,08
BaBog Homig (mm) 27,594 2,51 11,14 0,000 1,34
Toyvtnte Komfg(m/min) -0,0540 0,0187 -2,88 0,045 1,&0
Tuvwouewe 3 opaw a,1lg80 0,078L 2,41 0,074 4,52

Regression Equation

Fx = -1,72 - 0,32 Tovia Homfg + 27,94 B&Bog Komfg(mm) - 0,0540 Taydinte Komfc (m/min)
+ 00,1880 Tiwdueve 3 dpav

Ewkova 4.13. AnoteAéopata TnG avaluong taivdpounong tng Suvaung otov x-afova, yla To
HMOVTEAO LLE ETILITAEOV OPO TO YIVOUEVO TWV TPLWV TIAPAUETPWV

Regression Analysis: Fy versus Nwvia Komrg; BaBog Komirjg(; Tayvtnta Kom; Nvopeva 3 o

RAnalysis of Variance

Source DF Rdj 55 Adj M5 F-Valus P-Valus

Regression 4 236,38 59,096 6,27 0,052
Tovia Komic 1 14,91 14,914 1,58 0,277
B&foc Komfc (mm) 1 14,50 14,504 1,54 0,233
ToyUrnTo Homgg (m/min) 1 40,08 40,081 4,25 0,108
Tivdueva 3 dpuv 1 10,26 10,281 1,09 0,356

Error 4 37,73 5,432

Total g5 274,11

Model Summary

3 R-sq BR-sg(adj) BR-sgipred

3,07114 35g,24% T2,47% 17,31%

Coefficients

Term Coef 5E Coef T-Valus P-Value VIF
Constant 7,56 5,72 1,32 0,257

Tovic Komjg 13,8 11,0 1,26 0,277 3,08
BabBog Konofg (mm) 5,27 4,25 1,24 0,283 1,84
Taydtnte Eomfg(m/min) -0,0854 0,0317 -2,08 0,108 1,80
Tivopsve 3 Opav 0,138 0,132 1,04 0,356 4,52

Regression Equation

Fy = 7,56 + 13,8 Tovia Konfg + 5,27 BafBog Homfg{mm) - 0,0654 Tayvtntoa Eomig (m/min)
+ 0,138 Tivdueve 3 opav

Ewkova 4.14. AnoteAéopata tng avaiuong maAlvépopnong thg dSuvapng otov y-afova, yla To
HLOVTEAO LLE ETUTAEOV OPO TO YWVOLEVO TWV TPLWV TIAPAUETPWV
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Regression Analysis: Fz versus Nwvia Komtrig; BaBog Komrrig(; Tayutnta Kot Nvopeva 3 6

Analysis of Variance

Source DF Rdj 3535 Ldj M5 F-Value P-Value

Regression 4 €008,37 1502,09 385,86 0,000
Taw (o Komfe 1 11%,33 119,33 30,64 0,005
BaGog Komne (mm) 1l 1007,50 1007,50 258,68 0,000
Toyvtnte Komfc(m/min) 1 503, 48 503,48 129,26 0,000
Tivopeva 3 dpuv 1 304,24 309,24 749,40 0,001

Error 4 15,58 3,89

Total 8 6023,94

Model Summary

5 B-a3q EB-agl{adj) R-sg(pred)

1,87353 99,74% 49,43% ag,79%

Coefficients

Term Coef SE Coef T-Valuse P-Value VIF
Constant -10,05 3,68 -2,73 0,052

Tovioa Komfg 34,15 7,07 5,54 0,005 3,08
BaGog Komfg (mm) 43,92 2,73 1g,08 0,000 1,84
TayUTnTta Komfg(m/min) -0,2317 0,0204 -11,37 0,000 1,60
Tivopeve 3 opav 0,7582 0,0851 g,91 0,001 4,52

Regression Egquation

Fz = -10,05 + 35,15 Tovio Konfg + 43,52 B&fog Komfo(mm) - 0,2317 Toyotnta Eomig(m/min)
+ 0,7582 Tivopeve 3 opwv

Elkova 4.15. AmoteAéopata TnG avaluong maAvdpounong tng Suvaung otov z-agova, yLo To
HLOVTENO LLE ETILITAEOV OPO TO YIVOUEVO TWV TPLWV TTIAPAUETPWV

H avaAuon autr, Ue TNV mMPoodrkn tou emumAéov opou, Sivel TOAU KaAn
ouoxEtion yla tTnv Suvaun Fx kat yia tnv Suvapun Fz. Nopatnpeital mwe n mapApeETPoC
TIOU €MNPEAlEL TEPLOCOTEPO TN SUvaun Fz ival n (Sla TApAUETPOG OV emnpedlel Kat
™ Suvaun Fx, 6nAadn to Babog komn¢ kol akoAouBoUv Katd oelpd n MPOWaGn Kal n
tayvutnta komn¢. Kat yia t duvaun Fy n Kuplotepn €lval N mpowaon Kol PETA KOTd
o€lpa To BAB0G KOTA G KaL n TaxutnTa Komng. Mapakdtw akoAovBouv ta dtaypdppata
Tou ouoxetilouv TN SUvapn KOmNG oToug 3 AEOVEC UE TIG TPELC TTAPOUETPOUG TIOU

pHeAeTnOnkav.
30
Fx 20 |
10 L 0.55
0.40
o |

025 MNpowon (mm/rev)
0.50

0.75 1.00 0.10

1.25

B&Bog Komrig(mm)

Ewkova 4.16. AUvopn otov X- Afova CUVAPTHOEL TNG POWONC Kal Tou BABoug KOTAC
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Elkova 4.17. Abvapun otov x- Afova cUVAPTIOEL TNG TPOWONE KOL TNG TaXUTNTOG KOTIAG

30

Fx 20

10
1.00

0.75 B&Bog Komtrig(mm)
100 0.50

150

ToaxVtnta Komrng(m/min)

Ewkova 4.18. AUvopun oTov X- Afova GUVAPTHOEL TNG TAXUTNTAG KOTIE Kol Tou BABoug KOG

0,25 ! e © 050

Mpéweon (mm/frev)
Ewkova 4.19. AUvopun otov y- Afova cuvapTroEeL TNE TPOWOoNG Kol Tou BaBouc Komng
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Ewkdva 4.20. Abvapn otov y- G€ova cUVAPTHOEL TNG TPOWONG KAL TNG TOXUTNTOC KOTING

20 1

Fy 15 4
10 i
| J ) ;
Vet © 075 B&Bog KomAg(mm)
0 S B :
- . 050
150

Taxutnta Kontng(m/min)

Ewkova 4.21. Abvopun otov y- afova cuvaptrosL TN TaxUTNTAS KOTING Kal Tou BABoug Ko

Fz 50 \-
25 | 0.55
0.40
0

025 Mpoéwon (mm/rev)
0.50

1.00 0.10

1.25

BaBog Komrig(mm)

Ewkova 4.22. Abvopn otov z- G€ova cuvapTHOEL TNE TPOWOoNG Kol Tou BaBoug Komng
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Elkova 4.23. AUvapn otov z- G€ova GUVOPTHOEL TNE TPOWONG KAL TNC TOXUTNTAC KOTIC

o

Fz 50

25 1.25

1.00

1 0.75 B&Bog Komrig(mm)
50

100 B0

150
Toaxvtnta Komtrig(m/min)

Ewkova 4.24. Abvopun otov z- a€ova cuvapTAOEL TNC TaUTNTOC KOTIAG Kol Tou BABoug KOG

4.3 AnoteAéopata tng avaduvong tou signal-to-noise
ratio

210 MAALOLO TNG CUYKEKPLUEVNC SUTAWHATIKAG Epyaciog KpiBnke okomuo va
nipaypotonolnBei kat avaAuon tou signal-to-noise ratio, n onoia deiyvel Eekabapa tn
onuaoia tng Kabe petaPAntig aAAd Kot TIG BEATIOTEG CUVONKEG, OL OTOLEC yLla TN
OUVKEKPLUEVN Telpapatiky Stadikaoia gival n eAaylotonoinon tTwv dSuvapswv. Ta
OTTOTEAECLLOTO TNG OCUYKEKPLUEVNG aVAAUONC TtapouotalovTal mapakatw. Ma tic Fx,Fz
Suvapelg Bp€Onke MWC n TLO ONUAVTLIKA TIAPAUETPOC eival to Babog komng,
aKOAOUBEL N MPOWON KaL AlyOTEPO CNUAVTLKH €ival n TaxUTNTA KOTIAG KAl yLla thv Fy n
TIO ONMOVTIKA €lval n mpowon, akoAouBel to BaBo¢ komn¢ kal TEAOC N toxuTNTA
KOmNnG. Ta amoteAéopata autd cUUPWVOUV E TO OVTLOTOLXO OTMOTEAECHUATA TNG
avAaAuong MOALVEpOUNONG YLO TIG TIEPUTTWOELG EKEIVEC TIOU UTIAPXE LKAVOTIOLNTIKN
OUOXETLON METAEL €EQPTNUEVWY KOl OVEEAPTNTWV HLETABANTWV.

50



Taguchi Analysis: Fx versus Mpoweon (mm/rev); BaBog¢ Komfjg(mm); Tayvtnta Komrjg(m/min)

Response Takle for Signal to Noise Ratios
Smaller is better

TMpdwon BaBoco TayoTnta
Level (mm/rev) Eomfg(mm) Koofg(m/min)
1 -23,03 -16,01 -24,43
2 -24,75 -25,73 -24,50
3 -24,06 -30,05 -22,87
Delta 1,72 14,04 1,63
Rank 2 1 3

Response Takle for Means

TMpdwor Bafocg TayoTnto
Level (mm/rev) Eoofg(mm) Koofg(m/min)
1 lé,616 §,481 20,235
2 18,470 19,679 20,383
3 21,627 32,073 17,595
Delta 5,011 25,612 2,738
Rank 2 1 3

Ewkova 4.25. AroteAéopota TG avaAluong Tou signal-to-noise ratio yLo to anAd HovteAo, TNG
SUvaung otov x-afova

Mpéwaon (mm/rev) B&Bog Kottig(mm) Tox0tnTa KomtAg(m/min)

354
30

25

20 / «
/ S

Mean of Means

15

10-

01 0,3 0,5 0,4 0,8 1.2 50 100 150

Ewkova 4.26. Aldypappa tng avaluong tou signal-to-noise ratio yta To amAd pHoviélo, TG
SUvoung otov x-afova
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Taguchi Analysis: Fy versus Mpowon (mm/rev); BaBo¢ Komrg(mm); Tayvtnta Konrjg(m/min)

Response Table for Signal to Noise Ratios
Smaller is better

Mpdwon Badog ToydTnTo
Level (mm/rev) Homfg(mm) EKomfg(m/min)
1 -17,13 -15,43 -22,20
2 -22,7¢6 -21, 96 -21,74
3 -23,43 -22,92 -19, 38
Delta &,30 4,49 2,82
Rank 1 2 3

Response Table for Means

Mpdwon BaBog ToydTnTR
Level (mm/rev) EHomfig(mm) Komg(m/min)
1 7,203 3,623 14,232
2 13,840 13,702 13,606
3 16,514 15,232 9,719
Delta 9,311 §,608 4,513
Rank 1 2 3

Ewkova 4.27. AroteAéopota TG avaAucong Tou signal-to-noise ratio yLo to anAd Hovtelo, TNG
Suvaung otov y-afova

Main Effects Plot for Means

Data Means
Mpowaon (mm/rev) Bd&Bog KomtRg(mm) Toyvtnta Komtg(m/min)
16
u
wvi
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@
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8
6
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Ewova 4.28. Aldypappa TG avaAuong tou signal-to-noise ratio yLa to amAd pPovtéAo, TG
Suvaung otov y-afova
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Taguchi Analysis: Fz versus Mpowon (mm/rev); BaBog Komrjg(mm); Teggotnta Komrg(m/min)

Response Table for Signal to Noise Ratios
Smaller is better

Npdwon B&Bog TayoTnTa
Level (mm/rev) EKomfc(mm) Komf¢(m/min)
1 -16,32 -13,71 -23,22
2 -27,28 -27,70 -25,12
3 -31,75 -33,94 -27,01
Delta 15,43 20,23 3,78
Rank 2 1 3
Response Table for Means

Npdwon B&Boc Tayvtnta
Level (mm/rev) Komfig(mm) Eomfijc(m/min)
1 12,069 7,604 35, 460
2 32,005 258,045 33, 660
3 18,453 55,378 23,407
Delta 36,324 45,274 12,052
Rank 2 1 3

Ewkova 4.29. ArtoteAéopota TG avaAucong Tou signal-to-noise ratio yLo to anAd Hovtélo, TNG
SdUvoung otov z-atova

Mpdwon (mm/rev) B&Bog Komrg(mm) Toxvtnta Komtrig(m/min)

60

50

30

Mean of Means

20

10-

0,1 0,3 0,5 0.4 0.8 12 50 100 150

Ewkova 4.30. Aldypappa tng avaluong tou signal-to-noise ratio yla To amAd pHoviélo, TG
SUvoung otov z-afova
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4.4 Qwrtoypadie¢ and 1O OTEPEOOCKONMLO TOU UALKOU
META TNV TOPVEUON

MNapakatw napouoialovtal pwrtoypadieg Tou UAKOU amod TO OTEPEOCKOTILO.

l,"n}‘ i

Ewova 4.31. Owtoypadia Tou SoKIUioU KATEPYAOHEVO OE UIKPO BABOG KOG Kall
peyaAUtepn npowon — MNelpapa 4

e

Ewova 4.32. Qwtoypadia Tou SOKIUiOU KATEPYAOHEVO OE UIKPO BABOG KOTING KAl ULKPN
npowon — MNeipapo 1
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Ewkova 4.333. Qwtoypadio Tou SOKIUIOU KOTEPYOUOUEVO OE LEYAAO BABOG KOTING KAl LLLKPN
npowon — Nelpapa 3

Ewkova 4.344. Qwtoypadio Tou Sokiuiou KATEPYACHEVO O LEYAAO BABOG KOTING KO LEYAAN
npowon — MNelpapoa 6

MapatnpoUpe O0TL T600 N Gopd TwWV VWV 000 Kal N oLoTnTa ¢ emdpAveLlag eival
KAAUTEPQ OTLG KATEPYACLEG UE UIKPO BABOC KOTIAG EVW OE QUTEG e peyaAo Babog
KoTt G BAEMOUE OTL ElvaL XELPOTEPEG.
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KEDAAAIO 5 - ZYMMNEPAZMATA

AVTIKE(UEVO TNG OUYKEKPLUEVNG SUTAWMOTIKAG EPYAOLOG ATAV N UEAETN TwWV
TPLWV SUVAPEWV KOTING OTOUG TPELG AEOVEC OUVTETAYUEVWY, Twv FX, Fy kal Fz. Ot
TIAPAUETPOL TIOU EMNPEATOUV QUTEC TLG SUVAUELG Elval n Tpowaon, To BAB0OG KON G Kal
N toxutnta Komng. Ta dedopéva mou cUANEXBnKav mapoucidotnkav oe popdn
SLOyPOUUATWY CUVOPTACEL TOU XPOVOU Kol avaAubnkov HE OMWIEPO OKOTO TNV
gUpeon NG eMidpaong KABE pLlag PeTaBANTAG oTNV TIUH TwV Suvapewy. H otatlotiki
OVAAUCT TWV TTELPOUATIKWY ATIOTEAECUATWY LE TO TIpOypappa Minitab foriOnos otnv
€UpPEDN TN €€APTNONG TWV TELPOUATIKWY TLUWV TwV SUVAUEWV Ao TIG TAPAUETPOUG
TOU TELPAMATOC.

ApxK@, tpaypatomnolndnke avaluon maAwvdpopnong (regression analysis) pe
TO AmAO HOVTENO, He avefdptnteg LeTaBANTEG TO BABOG KOTAG, TNV TaXUTNTO KOTHG
KaL TNV Mpowaon Kat e€aptnuévn petaPAnth tn dSuvaun. Kain cuoxétion epdaviotnke
yla TG Suvapelg Fx kat Fz. H Suvaun Fx Bp€Bnke mwg e€aptatat kupiwg amo to Babog
KoTir)g, akoAouBel n mpoéwon Kal e€aptdatal Alyotepo amod tnv taxvtnta Komng. H
Suvapn Fz e€optatat Kuplwg amo tnv mpowaon, akoAouBei To BABog KoM Kol TEAOC
n taxutnta Komng. H maAwdpoutkn avaluon dev €dwoe KaAr cuoxétion yla tnv Fy,
muBavotata Adyw tou uPnAol BopUBou OTOV PETPNTH) TOU KOMTIKOU €pyaleiou o€
OUVSLOOUO HE TIG XAUNAEG TIMEG TNG SUVAUNG. 2T CUVEXELD TPAyUATOMOLROnKe
avaluon TMoAwdpoUNoNng ylo TO MOVIEAO HE EMUTAEOV OPO TA TETPAYWVA TWV
TIAPAUETPWY KOL YLO TO HOVTEAO LE TOV ETUTAEOV OPO TOU TPUTAOU YLVOUEVOU TWV
TIOPOUETPWY. H peyallTtepn oUOXETION UTIAPEE OTO LOVTEAD TOU TPUTAOU YLVOUEVOU
To omoio €del€e mw¢ ot Suvapelg Fx kat Fz emnpealovtal Kupiwg anod to Babog Komng
Kol akoAouBouv n mpéwaon Kat n Taxvtnta Komng. H Suvaun Fy emnpedletal kKupiwg
arno tnv npoéwaon kKat akoAouBouv to BABog Komr¢ Kal n TaxUTNTO KOTAG.

AkoAoUBnoe n avaAuon signal-to-noise ratio(xapnAotepn BéAtiotn- ked.1.3,
€. 2), n omoia Seiyvel EekdBapa TN onuacia g KAOe peTaBAnTrC Kal T BEATIOTEC
ouvOnKkec. Ao auTr TNV avaAuon MTPOEKUYPE TTWC N TILO CNUAVTLKA TIAPAUETPOG Eival
To Babog komn¢, akoAouBel n Mpowaon Kal AlyOTEPO ONUOVTIKN amd OAEC €lval n
ToXUTNTA KOTIAG. Ta AmMOTEAEOUATA AUTA CUUGWVOUV LLE TOL avTioToL o amoTteAEéopaTa
™G avaAuong naAvdpopnonc.
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