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ITPOAOI'OX

O katepyaoieg amoBoAng vAkoh vynAng akpiPeiog €govv mPoKOAESEL TO
tehevToio. ¥poOvia. To evOlAPEPOV NG O1EBVOVG EMIGTNUOVIKNG KOWOTNTOS, KLPImg
AOY® TOL AVENUEVOL EVOLOPEPOVTOG TTOV VIAPYEL amd TNV TAELPE TG Propnyaviag,
OAAG Kot emedn omoteEAOLV v TOAAG VLTOCYOUEVO VEO EMIGTNUOVIKO mEedio.
[MapdAinia 1 texvoAoyIKny avamTLén TV gpyoislOUnYavVOV Kou 1 PeAtiotomoinom
TOVG, £XEL KATOOTNOEL TIC KATEPYOOIEG QVTEG EPIKTEG GE £VOL PAGLO TPOTOVIMV, OTWG
KOAOVTLO, EEQPTAHOTO OEPOCKOAPDV, LUTPIKAOV ELPLTEVUATOV K.0. KABDG emiong Kot M
YPNOT LYNADV TOYVTNTOV KOTNG KATA TNV KOTEPYUGIN, KATL TOL TPOGOIdEL EKTOG OO
axpipela Kot ToAD KOAO mOTEAEGHO GTNV TOLOTNTO TNG EMPAVELNG LETE TO TEAOG TNG
KOTEPYAGIOG. XYETIKA [E TO TPOIOVTA TNG KOTAGKELTG, EVO OO TO G|LOVTIKOTEPO TTOV
avagépnke Kol mo TAVE, £ivor To oTpkd teEXVNTE ProAoyikd epgutedpota. Ta
OLYKEKPIEVOL KOl 01oitepa TOL 1oyiov, Bewpodvtol pPeYaADTEPT avaKAALYN TO®V
TELELTOI®V OEKOETIOV, HOG KOl HTOpOoVUV vo, Bepamedocovy mhoyovses apOpmoelg
acBevav, ot onoieg gite €yovv katamovnOel Aoy ™ nlkiag 1 Adyw acBeveumv, my.
00TEONOPWOT, €ite €YoVV KATAGTPAPElL AOY® OATLYNUOTOS, KATL TOAD oLyvoe Ta
televtaio YPOVIL Kol WO10UTEPA OTN YDPA HOG, KOL VO dDGOVV TNV KAVOTNTO GTOVG
avOpOTOLG OVTOVG VO TEPTOTACOLY KOl VO UTOPOVV Vo EKTEAOVV TIS O18POPES
gpyaocieg Tovg aveaptnrol ka ympig eEmtepikn| fonOeia.

H mopovca dwaktopwkn owtpin pe titho «Katepyooieg Alav vyning
axpiPeiog TeYvNTOV PlOoAoyIKOV gpeutevpdTOV 1oyiovy ekmovinke otov Touéa
Teyxvoroyiag tov Katepyaoidv g XyxoAng Mnyavordymv Mnyoavikeov tov EBvicod
Metcofiov TToAvteyveiov Kol GTOYXEVEL GTN UEAETN KOTEPYOUSLOV OTOBOANG VAIKOV,
TOV YPNGLOTOLOVVTOL GTIG KATEPYAGIEG VYNANG axpiPeioc, TV ELPLTELUATOV 1)1V
HEC® TEPAUOTIKMOV, VITOAOYIGTIKOV TEYVIKOV Kol APOUNTIKAOV TPOCOUOIDGEDV [LE TN
Bonbewn mokétwv memepacuévav otolyeiov. Xto KeQAAoia NG OTpPPng pmopel
Kavelg va PBpel (ol apketd exkteTapévn Be@pnTiK) OVAALON TOV KOTEPYOCSUDV
akpPeiog Kol TOV KOTEPYUSUDV VLYNADV TOYLTNTOV, 7OV AauPdver vmdym Tig
Kpotovoeg Bempieg yopw oand ta Bépata avtd, Kabdg emiong Kol TOV VAKOV TOv
YPNOUOTOLOVVTOL OTNV KATACKELT TOV EUPLTELUATOV 1oyiov. [TapdAinia Exet yivel
L0 EUTEPICTATOUEV] HEAETN] HECEH TEPAUATIKGOV SLOOIKOCLOV YO TNV KATOCKELN
1060 TOV KEQPOADV 10Y{0V OmO HETOAAIKA KOl KEPOUKO VAIKA, OAAG Kol TNV

KOTOOKELT] €PYOAEIOL GEUPNAATNONG Yo TN KaTEPYasio Tov TpobEpnatog woyiov. Ta
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OTOTEAECULATO TOV TEPAUATOV EEETAGTNKAV KOl CLYKPLON KAV TOCO LE OMOTEAEGLOTO
TPOGOUOIDGEMY, OGO KOl LLE OMOTEAEGLOTO, OTO LOVTELN VTTOAOYIGHOD OLVAUEMY TTOV
avartoynkav yww 10 okomd oavtd. TéAog, mapovcidleton o EAEYXOG TV
EULPLTEVUATOV TGO amd dmoyTn SlaoTATIKNG aKkpifelag Kot TpaydTNTaS, He Pdorn v
omoio e&dyetal Kot va 0EVTEPO LOVTEAO Y10, TOV VITOAOYIOUO TNG, OAAG Kot amd TN
OKOTYL TNG OTOUTIKNG OVTOYNG TOV EUPUTEVUATOV TAVTO aKOAOVOMVTOG TIG EMTOYES
TOV QLOTNPOV TPOSYPAPOV TV deBvOV TpoTimV. o pénel va onuelwbel Ot
oA to mopamdve vrootnpilovtar amd 160  O10QOPETIKEG TAPOTOUTES, TOL
amoTEAOLVTAL OO OMUOCIEVoELS oe Oebvn Teplodikd, cuvédpia, Pifiia, eyyepioia,
SwtpPéc Kar dkTLaKoVS TOTOVS, YMPIGUEVES KATA KEPAAOLO, Ol OTTOIEC KAAVTTOLV
OA0 TO PACHO TOV BELATOV TOV TPOYHOTEVETOL 1] SLoTPP.

>10 onpeio avtd Ba NBeha va evyoplotnow Wiaitepa tov emPAETOVTIO LoV,
Kofnynm A. E. Mavo_dko yio TNV EUmIGTOGUVH TOL POV £0€1EE e TNV avABeon Tov
eVOLLPEPOVTOC BEUATOC TNG O100KTOPIKNG SLTPPNC KO Yol T CLVEPYACTO TOV ElYAUE
péxpt v mepdtmon te. Idwaitepeg evyapiotieg opeilm otov Akaonuaikd Kabnynm
A. T. Mapoin kot tov Opdtipo KobBnynt II. N. Zovkdko, péAn g tpielovg
GUUPOVAEVTIKNG EMTPOTNG, Y10 TIG OVGLUCTIKES TOPATIPNOELS KOl EMCULAVGELS TOVG,
KaOMG Kot T CLVEYN CLUTAPAGTACT] TOL GE OAO TO SIAGTNLLO TNG SO TPIP1S.

Oa MPela emiong va dbow Bepués gvyoploties 6TOLE AVOPOTOVS HE TOVG
omoiovg cuvepydotnka otov Topéa Teyvoloyiag tov Katepyaoidv, kotd to ypodvia
OV EKTOVNGA TN SOOKTOPIKY LoV daTpiPn, kot wWwaitepa Tovg Ap. A. Mapkdmovro,
IT. Kootdlo, A. Boptoéha, X. T'ewpyrdomovio kot I'. Kovliho, KaBdS kot to teyviKd
TPOGMOTIKO TOV £pyacTNPiov Yo TV Aplotn Kabnuepvy cuvepyacia.

Téhog, oe Tpoocwmikd eminedo Oa NOEAN VO EVYAPIGTIO® TNV OIKOYEVELD OV
Yo TNV NOKN Kot VAIKT GUUPBOAT] Kot bTOGTHPIEN G€ OAN TN OAPKELD TNG EKTTOVNOTG

NG TOPOVGAS SATPIPNG.
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IHEPIAHYH

H mapovoa didaktopikr| datpiPn €xel oKomd TNV mopovciosn Kot Tr HEAETN
™G KOTEPYOUSIOG EULPLTEVUATOV 1oYi0V, KOOMG KOl EPYOAEI®V YO TNV KOTOOKELT|
avtov pe Phon Tig kotepyociec AMav vymAng oaxpifeiag Kol GUYKEKPLUEVA
Katepyaoieg vymAdv tayvtteov. H epyacio yopiletoar oe eptd Kepdloto, dmov cg
Ké0e éva avamtHooeTOl €vol ONUOVTIKO OempnTiKd, TEPOUATIKO 1| VTOAOYIGTIKO
KOUUATL P Baon To mapamdve O€pa.

210 TPMOTO KeEPAAoo eEeTAlovTOon Ol KOTEPYAoiEG He apaipeon vAKOD, €va
TOAD GNUOVTIKO KOUUATL TNG PLOUNYOVIKNG Tapay®YIkng oepyacioc. Atvetot Epgaon
OTI Kotepyaoieg vyming Kot Alav vymAng axpifeiog kol CLYKEKPUEVO YL TNV
topvevorn vyniaov tayvttov. Emmiéov, mapovoidletar OAn 1 tEYVOYVOGIO TAVE®
OTIG KOTEPYOOiEG aLTEG, Kol OTL €YEL vo KAVEL PE TNV E€MAOYN TOV GLVONK®OV
Katepyaoiag Kot to Komtikd epyoieia. Télog mapovoidlovtar O1popa HOVTEAQ
VTOAOYICHOD TV OLVAUEDV Yl TNV TOPVELOT Kol 7Ol omd OLTE UTOPOVV Vo
YPNOLOTOMNO0HV Y10, TOV VTOAOYIGUO T®V OLVAUE®V G DVYNAEG TOYVTNTES, KAO®DS
EMIONG KOL TNV OMOTEAEGUATIKOTNTO TNG KOTEPYASIOG OVTNG He Pdon v TEAKN
TOLOTNTO EMLPAVELQG.

Y10 0ebtepo  ke@AAOO moapovotdlovior Ta  VAIKG omd  Ta  omoia
KOTOOKELALOVTOL TO. ELPVTELHATO 1oYI0V, TOGO Ol KEPOAES, 00O Kol To TpobEépata
woyiov, ta KotvMaio mwpoBéparta Kot tor KoméAa. ['evikd yiveton €vog yopiopds Tmv
VMK®V 6€ PETOAMKE, KEPAUIKE KO TOAVUEPT] KO TOPOVGIALOVTOL O1 YEVIKEG QUGIKEG
KOl UNYOVIKég W10t TeS Tous. TEAOG yiveTan (o mapovsioosn Tov TpoPAnudtov Kot
TOV 0CTOYIOV TOL EUPAVICOVIOL OTO EUEVTELUOTA, AOY® TOV QOPTICEMV Kol NG
@Bopag Tovg katd To fadicua Tov acOevn.

>10 1pito xepdiowo mopovcidleton o TPOMOG He TOV Omoio yivetor M
Katepyooio. Tov punpoiov KePOADV, TOCO0 UETOAMKOV OGO Kol KEPOUUIKAOV, TIG
TOPOUETPOVG TTOV TPEMEL VL ANPOOLV LITOYN, KABDS Kot Ol TAPAyovTeg EKEIVOL TOV
Aappavouv yopa koatd tn depyacio kot exnpedlovy v emtuyn N Oyl €kPaocm g
puebooov, OTmC Ty, ol duvduelg komnc. H xatepyoasio tovg mpayuatomomdnke oto
EPYAOTNPO GE TOPVO YNOLKE KoBodnyoOuevo pe LYNAES TOLTNTEG KOMNG Ko
kivnon akpiPeiog otovg dvo dEoves. Ot cuyKekpyéveg LeTprOnKay, Katd T dtdpKeLn

KOTEPYACIOG TV UETOAMK®OV KEPUADV, Kol GLYKPIVOVIOL TOGO E VTOAOYIGTIKG
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LOVTEAQ, TOV TOPOLGLAGTNKAY GTO TPMTO KEPAANLO, OGO KOl UE TO. OMOTEAEGHOTO
o TOKETA TEMEPACUEVOV GTOLXEIWV.

210 TETOPTO KEPAANIO TOPOVCIALETOL O OYEOICUOG Kol 1 KoTePyasion evOg
KOAOLTIOV  KOTOoKELNS unplaiov  mpoBépatog. Ta vikd amd 7t omoio
kataokevalovtalr To  mpobépato  eivor  kpdpota  Titaviov, To  omoio  €lvot
OVOKOAOKOTEPYACILO [LE KATEPYAGIEG KOMNG, Y10 OVTO KOl KATOUOKELALOVTOL LE TN
Bonbewa Bepung ocpuvpniacioc. Mo té€tolo UNTPO, KATOCKELAGTNKE GTO TANIGLO TG
TapovGOS SOUKTOPIKNG dTPLPG 6TO KEVTIPO KOTEPYASING TOV gpyactnpiov. Emeion
T0. TPOBEROTO EIVOL KOTAOKEVEG, e TOAOTAOKO GYNUM, KPS KOOOPIGUEVO Ao Ta
oebvn mpoTLTO, OV amoTEAEITOL OO id GEPA KOUTOLA®V, Bewpodvial @ YALTTES
EMPAVELEG. £TO TOPOV KEQAAL0, BO TOPOLGLUGTEL O OYEOACUOS TOL KAAOLTTLOV, O
KaBopIopOg Kol TPOYPAUUOTICUOS TNG KOTEPYACING OTO KEVIPO KATEPYOSIOG Kol
TEAOG M 10100 1] KATEPYOGIO TOV KOAOVTLOV.

210 mEUNTO KePAAoo mapovstdleTor  peBOd0g e EYoL TG axpifelag TV
enpuTeLUdTOV. 'evikd Ta ELEVTEVUATO VTOKEWVTOL GE QLGTNPY) TVTTOTOINOT, He Pdom
T0 01eBvn TpodTLTTAL, TOGO Amd ATOYN KATAGKELVTG 0G0 Kot amd dmoyn eréyyov. Ocov
aQopd oTo JeVTEPO, EYEL VO KAVEL LE dVO TPAYUHOTO, TNV OKPIPED TG KATAGKELNG
OV APOPA OTIG OOGTAGELS KOl TNV TOWOTNTA TNG ETPAVELD KOL TO OEVTEPO GTNV
aVTOYN TOVLG TOGO GE€ GTATIKN OCO KOl QLVOAUIKT QOPTICT. XKOTOG TOV KEPOAOIOV
avtoV, etvarl va pedetnBel 1 akpifelo TOV ELPVTELUATOV TOL KATOUGKELAGTNKOV GTO
EPYAOTNPLO, UETOAMKG Kot Kepapkd, Kot Ba yivel o mpoomddeio va e&oybovv
aplOUNTIKA HOVTELD, TTOV VO TEPLYPAPOLV TNV TOLOTNTO EMPAVELNG GE GYEOT UE TIG
mopapétpoug Koatepyoaoiag. Emmiéov Ba yiver wor mopovcioon g axpifetog
KOTOOKELNG TOV KAAOLTTIOV 0 KO TOHLEL ONUAVTIKOTOTO POAO GTNV KOTOGKELT] TOV
npoBépartog oyiov.

210 £€KTO KEPAANLO TAPOLGIALETOL O EAEYXOG GTATIKNG OVTOYXNG TOV UNplaimV
KEPOADV gppLTELHATOV 1oYiov. ExTd¢ amd tov d1aotatikd EAeyyo Kot tov EAEYY0 NG
EMLPAVELNKNG TPAYLTNTOG, 00 TPEMEL TAL ELPVTELLATO VO, TEPVOVV KOl U0 GEPE OO
EAEYYOVG OVTOYNG, HOG KOL 1 KOTOTOVNGN TOLG OTO OvOpOTIVO COUO KATO TO
TEPTATNLO EIVOL OTULOVTIKNY KoL HEPIKEG POPES, OvVAAOYA LEe TO €100¢ TG Kivnomng To
QOPTIO QTAVEL TNV EIKOGATAAGLO TIUT TOV BApovs Tov acBevovg. ['a to Adyo avtd o
oEPa amd eAEYYOVE, TOGO GTATIKOVS OGO Kol SUVAUIKOVG, £xovv Beomiotel pe faon ta
debvn mpoOTLTOL YL TNV AVTOYN| TOV EUPVTELHATOV. TN GUYKEKPIUEVT] TEPIMTMON

YPNOLOTOON KOV HOVO Ol OTOTIKOL, TOGO TEPAUATIKA OGO Kol aplOunTIKd e T
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YPNON TOKETOV TEMEPAGUEVOV CTOLYEIMV, Y10 TNV KAADTEPT GLGYETION KOl GUYKPLOT
TOV TIUOV.

Téhog ot10 £PoopO  KEPAANIO YIVETAL T TOPOLGINCT TOV  OMK®OV
CUUTEPOUCUATOV NG €pYaciog amd TNV TEPOUATIKY KOl VTOAOYIOTIKY UEAETN TNG
KOTOOKELNG TOV ELPVTELUATOV KOt TOV EAEYYOV TOVG, TOGO GTNV OVTOYT TOLS OGO Kol

otV akpifeld Toug.
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SUMMARY

The present thesis has the aim of presentation and research of the
manufacturing of hip joint implant and also tools for their construction, through
precision and ultra precision manufacturing and specifically high speed machining.
The thesis is devided in seven chapters, each one of them has a specific theoretical,
experimental or numerical important part, based on above topic.

In the first chapter, it is examined the manufacturing with material removal, a
basic and important aspect of the manufacturing process in industry. It emphasizes in
precision and ultra precision manufacturing and particular, in high speed
manufacturing. Additionally, it is presented the technology in all these processes, and
everything that has to do with the better selection of cutting parameters and cutting
tools. Finally, a number of models for the calculation of forces is presented, in turning
and each of them can be used for the calculation of forces in high speed machining
and also, the effectiveness of this process, based on the final surface’s quality.

In the second chapter, there are presented the materials from which hip joint
implants are manufactured, not only femoral heads but also stems, acetabular cups
and acetabular implants. Generally, there is a division of materials in metallic,
ceramic and polymeric, where their general mechanical and natural properties are
presented. Finally, there is a presentation of all the problems and the failures that can
be occurred in implants, thus of stresses acted on them and their wear during the
walking of the patient.

The third chapter presents the way that the femoral heads are manufactured,
not only for metallic, but also for ceramic ones, the cutting parameters that must be
taken into consideration and also the factors that affect the process and play a
tremendous role for its success, like cutting forces. Their manufacture took place in
the CNC lathe of the laboratory, which can rotate each spindle up to 10000 rpm and
move its axis with accuracy of 0.1um. The cutting forces were measured during the
process of manufacturing of metallic heads, and the results were compared to
numerical results from calculating models, that have been presented in first chapter
and also with the results of finite elements analysis.

In the fourth chapter it is presented the designing and manufacturing of a die

for the construction of a stem. The materials that the stems are manufactured by are
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titanium alloys, which are difficult to be machined with cutting processes and for this
reason are manufactured with hot bulking. A bulking die, was manufactured in the
field of the present Thesis in a CNC machining centre. Whereas, stems are parts with
complex shape, special defined by the International Standards, which are consisted of
a number of curves, they are considered as sculptured surfaces.

In the fifth chapter there are presented the methods of checking the accuracy
of the implants. Generally, the implants are under strict standardization, according to
the strict International Standards, not only from manufacturing aspect, but also from
checking aspect. For the second aspect, it has to do with two things; the first is the
accuracy of the dimensions and the surface quality of the construction and the second
one is the resistance in static and dynamic load. The aim of this chapter is the
investigation about the accuracy of the implants, which were constructed in the
laboratory, metallic and ceramic, and also there will be exported some numerical
models, which will predict the surface roughness, in reference to the cutting
parameters. Furthermore, it will be presented the accuracy of the die construction as it
plays a specific role in the manufacturing of the stem.

In the sixth chapter it is presented the testing of the resistance in static load of
the femoral heads. The implants are checked not only for their accuracy in dimensions
and surface roughness, but also for their resistance in loads, as they are distressed
whiles the walking of the patient and consequently of the way of move the loads that
act on them can reach twenty times the patient weight. For this reason, a number of
tests, not only static but also dynamic, have been set down by the international
standards. In this particular occasion they were used only the static tests, not only
experimental, but also numerical, with the use of finite element software, for the
better comparison of the results.

Finally, in the last chapter, the seventh, it is presented the final conclusions of
the Thesis from the experimental and numerical investigation of the construction of
implants and their examination, not only for their resistance but also for their

accuracy.

vil



Nuworaog I. T'ardvng Adoktopikn Atotpipn

XYMBOAIXEMOI

A Eppadov amophittov (mm?)

on

[TAdtog amoPAittov (mm)
C Ytafepd
DF BaBpoi elevbepiag
[Mpéwon (mm/rev)
Twn F anotéleopa g avédivong ANOVA
F. Avvoun komng (N)
F, Avvapn anoong (N)
F; Avvapn tpoéwong (N)
[Téyog amoPAittov (mm)
ks Ewducry dovaun komic (N/mm?)
k; I'ovia TomoBénong epyaieiov
ki Ewwn ovvaun xomng amapoitntn yi v toun omoPAittov pe méyog
Imm (h) kot TAdtog Imm (b)
ke YuvteleoTg Yoviag amoBAitTov
ky SVVTELECTNG TOYVTNTAG KOTNG
ka Yvvteheotig Oopdg epyareiov
ki ZVVTEAECSTNG VAIKOV €pyaieiov
m KAion xopmoing
MS  Méoo tetpdywvo
SS ABpotopa HECOV TETPUYDOVOV
P Eninedo onpovtikdtnTog
Ra Méon tpaydnta
RaT  IIpoPiemdpevn puéon tpoydInta
\% ToyvnTo KON g
X] AoyapBuKog HETAGYNUOTIGUOC TaXDTNTOG KOTNG
X2 AoyaplOikdg LETOGYNUOTIOUOG TPOMGNG
X3 AoyapOuikdg petacynuotiopds Pabovg komng
y Extiuopevn amdkpion g EnQaveLNKng TpayOTNTOG
o} Bd6og xomn

Y I'ovia amopAittov

viii



Koatepyaoyomta Aov vyning axpieiog PLOAOYIKOV ELOUTEVUATOV TEXVNTOV 1GYI0V

0 I'ovia tomoBétnong
€ Toyaio cedipo
n [Tpoypotikn amodKpLon TG EMUPOVELNKNG TPOYVTNTOG
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