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Abstract

Superalloys are metallic higherformance materials. Their definifegature is the metallurgical
stability that they demonstrat@hen exposed to elevated temperatures fmofonged period

of time. They exhibit high strengtlagainstcreep and fatiguen very aggressive and high
temperature environments and also, theggmeexcellent corrosion and oxidation resistances

at high temperatures. In addition to everything sdigthermore,they have excellent
mechanical properties dngood manufacturability All these features, make superalloys
attractive ingas turbines fofet propulsion and electricity generation,dhemicalindustries

and inpetrochemical industries. The main disadvantage when excessively using superalloys
especially itheaerospace industry, is the increasing cost and the increase in the overall weight
of the structureThe solution taheupper disadvantagds the reduction of the used superalloys

by replacing them with other materials which have nearly similar properties. Joining of
dissimilar materials using welding methods, is a current trendcti@tengeshe Hellenic
Aerospace Industty The i ndust ry’ assupprchargee impellercmadeckyr ns ,
superalloy Inconef 18 and microalloyed steel 42CrMo4

At this thesis, the dissimilar welding between Incoff® and microalloyed 42CrMgéined

by using EBW, is investigatedio eliminate the stresses matiging the procesand totemper

the martensite formed at the HAZ of the steel, three samples were haheiperature of

650°C for 2,4 and 6 hours respectively and then were leddbdownin the air. Subsequently,
hardness tests were conducted to evaluate the mechanical properties of the three samples plus
one in the as received condition. Microstructural characterization of the weldments was
evaluated by usin@ptical Microscope(LOM), ScanningElectron Microscope(SEM) and
Energy Dispersive Spectroscopyanalysis (EDS). The identification of the precipitates was
achieved through the use ofRay Diffraction (XRD).The precipitateseen in the results of

the work were expected aording to the bibliographic research. To fully evaluate the
precipitates formed through the dissimilar welding and the PWHT (post weld heat treatment),
the use of a microscope with higher resolution (for example transmission electron microscope)
is needed

Vi
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H ocuvykO6AAnon pe &XaamyophervROpOVTI OM NETMEIC OCULUYKDO
Booi GtemIKI VvNTINXKKEPOPYVOVAUYY @MANTQ POXYERNRPDC

Av KOl n pEBOdOC TNMpPpwWToep@avi o1 nk-kEeinz[f,o1 949 amo
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Ol €mMouv Tnv Topay wy BuschfKRogowskpriegler Davissonlalbriekv @, 01
Kol SodoXoIAndnkav pPe T1 ¢ Pool K€ (aeptrpriotic9T N ¢ o TMT I
Ewg WOTEPWTIEC ONUUWY | KKTIOW@W O DI NV KOAOTAOKEULR T
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EQapPgoOyn 1TNC peBoddov otn PBropwnxavia Eekivnoe
CUYKOAANON Kpomday awmd4LA p&kdwownwag¢ TO KEWHPAT T NC O
ouvvaoatn n TAQAPNGC Ol EeWOTEYPAIV@E TTOAPA AN NTAPAE TE L X
AETTTNN pPaAa@ENR OCUYKOAANnONC. To amotTéAeopaa avT O €K
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HAekTpov!i a TapdayEvwpTuoli woadakKkdimd o6 e ppyokpaaoci a T
BeppoinekrEPETHaE VAL KO TIOUL E€TIAEYERTE U LI KOAPPO® C
MOOCOOTA NAeKTpPOVi wv, va e€ivalr avBektti kKb oeg vyn.
KaBodi kn (wnR. Tétol a vXwawal[@Riiwalr T1To PoAepdautl o
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1.1.2.2. OaUoced Udd uyltedd daUsaUjesarxs

H emitTaxvvegepyxamdogmwpi dB®aK Kidth eaoti aon 1n¢
dé€opung €VTOC T @acuulGhandbgro VE IkKigdweomilt vy x AveTal HeE T
NAEKTPOMPYOYVNTI KOVETIMMPIO@OE®W,Ti NGl pomol oOVTOAI
EKTPOTMNANCE TOAO OTMOiI O MPTMTOIi VOULV KOTTP GTTOOYEIVOWMCTTN Vi O
METAaKIivnon 1tng O8€éopng o[ kapo kooe® opa WauEpE ¢ B a& pa
31 atTNpPagw T @ong OdH|CPOGmpPpoavV a@e peHhHEayXOPEO O OO N G
Baoci (etol 60aum IVEOVOEVI O E€i VOKOIQ OPTKAIG |2 HWD VO QU O
TOUGC OCTO XQEaoapPmré@@in®eaktpopaB]vHn eidkedv oTpeEed inwwa T 6
TOV Xe€lprotn O0€opun, TEAIL KO KATAARYELl OTO TPOC
erLkoava 1

OlouNRe¢ PE TIC OTOI €C e€KTITPEMETOAL KOl €0T1 Al el

N xX€lpokivnta. To yeyovog OoutoO O0&€ OLUVOULOAOOMO
mapoatnpei pPpéow Pivieo Tn MeEPLOXNA OLYKOAANnOGNC ¢
pMe o dblu

= High Voltage Cable

" Incandescent Cathode
Prism ~__ —— Bias Cup
Telescope S Primary Anode
for Viewing \: — Electron Beam
Focusing Coil
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Vacuum Chamber

Koo HIEEOTAL ONOC OUYKOAANONC ME S£0PN NAEKTPOVI @

1.1.2.3. FcdeUUslehd c¥313 Ggoahaoadldd

Hu ¢ niuk v otoxfighgensityenergyt n ¢ € ottl1 akng déopung O6tav T
CTNV E€TI @AV EIL O TOWVI YWUTIA W@®L YIIKOOMXMMErN TOoTI KN 1TNEn
KOTA TNV €@OappPOyn Tng HpeOOIEUL KOG XYKpuOBICL ¢ne TOCEIC Pt
OlL aoxi el TO MHETWXXNO,e YTI@OOTOI WO AKPOE THMIC KAEL OA
YOpPpW amoO TNV KERKOATEE PEAPTOOIPEVITIIOONL 0T O Ti 0w GAKPO TNC.
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HIGH-ENERGY-DEMSITY BEAM

WELDING DIRECTION

/—MOLTEN
METAL

0.1 mmTO
500 mm

[0.004InTO|  JOINT FACE
19.68 In]

—

N \
-1~ BACK BEAD —/‘

KooREIPOokpouvuon déopun¢ NAeKTPOVIi WV KAl deiypato

O unxaviopobcg CLUYKOAANONC M E dnuiouvpyi a KAEI
MTPOOCKPOULOMPWEVYVN OEoUnN €O Y WO C L KPIPN IPEOXI TKILVK XCQUTPIPTKA Q) P | O
TN dNUlL OULPYI O OKIOEIV GBVE PlUUI VKLV ETTHEPNECHN 6 N &R @V O { @V @Y U «

Tnv TmMepimMTtwon OMOUL n €0T1 O0KNOYWOQU R WP EQAITTON A |

MTAapPpAyoOvVTOdl EXOoUV MEY AAO AWLATXO0CC OK O U N Xdol VKI poou 6 B a Bo
OULY KOAARN o nconductiolk y wy n (
1.1.2.4. j oadoU dawfigd daUsaUjesaxs oaUs

Katda t™n oO0OyKkKpouon TnNg TpPpwWToyevoug d€oPung Me
HETATPOTMN TNG HMEYAANC KI VNTI KAKO TenVréap yten v ¢ O TT Qi
amoOpPPO@A N ETI @AV eNeOV THOETHI OKTAP EKTOOILV VT NOKAEAT OTIA. N A E K T |

TOUGC €VEPYELI@QMWE @EipWOTMITOKAl PIgMNEMAPOKEORK WP OV I
ITNG TMPWTOYEeviowe DAEYWKIMEU OV T AlPCGEVAIAND TT KW QUeET yTpoo TNOA
a@ol €xouv d1elocdboel OTNV ETIEAVEL OO, OVOKA®VT

EVEPYR HaCAANAE TTI Op O CMTTOTUETAIE CYXIE IV AWC | VETOAI € K T
OKTIvoPBulNoBQoKwEVh & € @y ipwvawvepid wio 0, OrvA angar p
e VLT EPW Y ERTHAWKITBWMVE! K dva 3) .



zUayUd Egooahaadldd e ed goalUoUje3ars (Elect
3 Uyoe)3v¥eU ?90Uaaesg, AiGUjecoe GU BUOU;i o

Evaporation
m

E,=—v?
2 Backscattered electrons

Heat radiation .
Ec=hv,~kg'T — S

Thermionicelectrons

X-ray radiation
Eyxy=hvg<e-U

AAAAA

7 is

Thermal conduction

KooBANANAemi dpaon déopung MRBPhekTpovi wv Kal deiyud

Kabe dira@eopeTtli KO €id0¢ aKTIl VOPBOoOAiag e€KTMEUPUTETALI
L a@opeTl KN mMoocdTnTtaoa avaAdoya pe TtTnNnv €2eépyetr a T

1.1.2.5. TUs-ByvaUeasd oaUsai

Onmwg mMmpoava@eépOBNKE N OCUYKOAANnon Pge dE€O0HPUN NAEKT
Tpei ¢ KUOUPIL OI AdoyquIpfayilvee IT cowd 6aTOi 0UC

O MpAWY®C¢ amevbOvVveTal CTO0 TMPORBANUA TNGg o0&¢ei dw
CKoOUupl alouvv 1N oaxkdu nd ekpouioyi vvovarial @arouv PpypyvVOBa K gp

mepl BaAANDoTOtéOLWE PWO AVTI OPA HPHE TO PETAAANOA KOOI O
aomoduvvapwvouvyv TIC¢ (WVEC OGLYKOAANONC KOOl OPKET
METAaAAO.

O d0¢€ 0T € PoOTKE LABOUYVIOATIV O ITT O@UWaildi wv €v1TOC¢ TNC OaTpMOO(
NAEKTPOVIi WUl cOTDERAEDNTOPPULPL A NAEKTPOVI O LVLYNANRC
EeXxwplixoetlda e 0Opo¢ Papoug €va T1poE@/10Q0—A/10600)pe €va T
CUYKPUET 1&KWO GATOMO aZWMWOWUMHAPIOAFUVPYONWOMOUL €VA NAEKT
MTAVW o0& VDO RO EWTOOL e KT peEMOTOV amd TNV KOVO
Exave eveEpPpyEeElLAa. g pPdeEyOALTEPN KAIi pOoKO TO TIPORA
ceg Ol aomapITin O0€0MPMN NAeEKTpPOVI Wv.

O 1TpiTog Adyog amevbBulOveTal oetedricatpact) v O T@ VO TTX @ U
d€opung NAEKTPOVI wv ETI TAXUVVEI Td NAeKTpPOVI a
EMITULVLY,y@vamnaiponbera 1 oXvpol NATRO®YY K@WT &Giop T i 01

NAEKTPOYOQG TOUTOMNABKTPI KO OSuvVapul RPlI cdpywai TO0a
NAEKTPILKA TO&a peTtTa&&L 1TnNC mnyng NAeEKTPOVI WV
OdnUMloupyouvuPueEVO NAEKTPLKA TOE&a ¢€ival ETMI Ki vduv
cuykoMAnTAQ

Avadloya pge TOV BaAapo kKevol SuvwukpAXNQURQl pE pdEQ
NAeKTpPOVi wv.

H mpwin KotTnyopianyxwadgHoatouPnaop ®&EevVvoU. Ze

CLUYKOAANONC n TnNnyn 1Tng O0€0MPNC NAEKTPEOOVG wv Ppi
CUYKONEMOMPaTATOTEAEOPYA N PEBOAOGNCZATATICT BiIYPX @GV 4
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bygnAaAo kKevd. Av Kol Ta mpoioévita auvtolL ToOUL €idov

TéE€T0o0le¢ dratdé&el ¢ €ival MTOAU oaoKpl BEC.

H del0Ttepn KaTnyopugk@vxmpaeamp e pamn plocauwn KeEVOUL. Ze

CLUYKOAANONC n TNYyN TaAannN®d® & oawy® 6 XXinon dei ypuart
oL apopdunNk@OULE. H mnyn €xetr mieon vyYynAol Kevodo
CUYKOAANnon emitTuoyfehvetalr o€ PETPLO KEVO

TpitTn KOl TEAEVLTOI 0 LWKK@IAA NIO®T rKyYoPp ica kKeivwatl g
CUYKOAANON €TI TUYXAV E TOOWIV OTEN VTT | GETOUEO OGP OTT GPU KM P O GTeay
mpoil 6vta Pdiag Té€torag o1 aiJa&ng €xouvv TOAD Xaun

113. 8aUs3UaUee UUU Ggoohaadldd U uyled dq

Kot d €tomvi aon TnNnNg OECUNCIO@EOyE@yoOpTE@N TTTEAICO I KV
Il ox0og TMepimouv €KOATO HPeE XiAlecg @Qopé&compmeyaroTe
CUUPBATI KEC PEBKADERUYPKPKOAKGORE TI1 @PERUNKKIQAANOCE I
MEODOAWVEV OV EUIE UVPIMIEKAEIP U1 KA €eTInpeawoggawumAggoopgn Kal
mMapouvocia ocuvppi KvwolRe RdaLMdEatl SEewdy TnNg OCULYKOAA
VDAL KO yLOUpPpW amoO TO ONPEV® EEMOONEKE €N yoa ¢ pfdéogiu Qv
CLUYKOAANONC TNG WMeEOYOKONO LY 1E0E OTACEN APEETTI A OT NTWE POVO P O T O

SJUYKpPI TIqW® KA ioE | §haseunn p€E€O6o0odo¢ €ival TI O OATOTE
TOU UAL KOO QEVAW KTT OApOOBAOATIONpor d €V TTapouvaol dAlel TO T
0é€oPUNC €VEPYELAC O VAPKTDO OMAM@U I XA KOC KAl T O

Mia d1 dta&n tng peOBOdoOULU pmopei ,vaaPippmgayns quio T 1 n 6
dvvatotTntTa TprPYrUg cOQPHIAWCNTIPE OTOoi a¢ €AEyXovTal
XOPOKTINPI OTI1 KA . XOgQ aKotunypKlQadaNdnecdnpqg e o uwmMT 0T N T A
CUYKOAANONCg Tupi JaXWV HPETAAANWV, VAEK@OULQ@E ULUYN
CLUVOLOOMPUWY aAVOPYOIl WV HPYETAAAWY TOo omoia e€ival T
cupypBati KECg PpeEBOOOULE OGCULUYKOAANnoncg dpe TNREN.

H e@oapuoyn TNnNg OCUYKOXAMAaMQIOCE I LPMNO OB O COA T WV
ofuvyovo KpeiveopenbadwTopuel OVeEL Tepal TEPW N €&atei
ouvyovouv nA5.vdpoydvou

o

114. 7z U963 UaUeec UUU Ggoohaadldd U uyled d

Ta KOpl O PeEILOVEKTITAMPMOTO TNE peBOdOUL €ival TO TO
AELTOULPYIL KO KOOTOC KaOl n XOaunAn TAapAywWyl KOTNTC
byYnAoUO AREAAWO PB.OCI KO HPELOVEKTITNUHO €0 val K Bwpdkl o
TOU EKMUgoOmoV T@MIC 0€E0PUNg¢ NAEKTITPOVI wWv Kool KAT'’ €

e omMAlL opoUl OBwpdadkl ong yla TtTnv d1Lac@aAl on TNnN¢g LY

EEarl 1i ag TN¢ Eval obnaoi acg TNg, & TWYKOXXXEnopay

cLodnpopPgOayvVNTI KIvo pEX 1 Kww €TEIVI € U X B € i Xwpi ¢ MTPpOGC
(degaussinge vaoi v a1l a troop ceitarpttal,y o T TENRV DU d@ i ayecp € v a
payvntl KT eoMa ktdai ce Ei copeoquéy ToNdMmMp ledwpoyno O JEV € C
OOCULVEXEL EC TOOLWY KDARAWDME@OULV T I KOTA&@ TI1 ¢ OUYKOAA
Il 0X.00C¢
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115. 803 Ye OU;ea eUdRhileg
Avadloya PJE TO TMPOC OCUYKOAANnON ULVALKGAG KAl deg T G

Ta TEAILKAG TmpoiovTta, EOP@EIQI TTEEAGUETIPANDN A e T a B aA
TApPAME TUEBIOWDTOQUY O VY VA Kotnyopltomol nbouvv oce TpeEi

Katnyopia avaeépeTtTal OTO XapaKITnplroTlKA&G 1tng o
Tdon 1Tng d0€éopung, TO PelPO TNCKOENVUBGEPETPO PEGMPOC
ECTIAOCHUEV.IHC d&DHaEgmpq Koatnyopia amevbBOvVveTal coTnNVv
MeEPLAQUPBAVYE TNV Tiéeon Tou Kevol, KORWV OTMOCT O C

TAAAGVTWON KAal TaMaprinkmor TM&EK eduoénoguonagi .o av o @E PpeETal
XOPOKTITNPI OTI KMNAMOD OCIPOKOOULYym DA ENR ,6TOKT KOOUT@ TX 6 @ N

ToMI KpE€C aAAay€e€g o€ omol adnmoTeE ATMO TI1 ¢ TapaTtda
o€ QOVETI BUOYNT.0 TN T ® N € AUTOTPE L X O € | auTO, EANEY X

EMI TLYXAGVOVTOOIR TIPNCV [HBRvVO deowa p p oy
1.16. AUy ecoyd eUdhlcg

JUYKOAANGON HeE dé€oPun NAEKTE@WipE@WOWIiey T@EeXOEXd\WI KD
50K v picwgquu pnVvi KR Kal o€ poVHILIIMIYT KK)T IPKIN0 HapX @WK M
eQappuoyn THREI ppbOfowawwa i e oya TION COCHITRIEON A 1) G

CUHIMTI CTQWVWPTNPAT WV TRALVV FIWMPEAYyOOD T APl oPgnyxavi eg¢ €AK
ctTevn Bepul ka emnmnpealdpevn (wvn, TNV PdeEi won T
(ovnNeg OCLYRDAAQIHEYV X MPOKG TM PHeEBOdOUL. Mi 0 O €&KO:é
CUYKOAANON AGApX!l cEMWaAoOKeumpo P oea mpuonvxiow i kagl € 0 po
KaTavaoalowrakedwTtd ppol a tTn¢g Taxovtnrtag¢g Tng MHeEBOdOUL.

K
U
a

SJUYKOADPDEOWQ NAeKTPOVIi WV g@aEkaletal o1l ¢ €&NRC
T jgUsoessdqUebhbBegkaNRgde ! ¢ aa1 wEpWawfpioa w |

TAOXUVUTNAT WV, oc¢ mepl BANUaAaTa KLvninpwv, oc¢
ctTpo@aAro@dpouvg agovec, ctTo Bdadktpo e€PdBOAOUL,
OTOULUC KAOTOAU-OBQQUI G ODQCLl GWMEPC, OCTOULC OEPOOCOK
AOAANO HEPN.

T jUje :@r@q¥ oOuyKeKkpl pévn PBrougnxavia €Tl TOYXGAv
TI TOVIiOULU yla TMPOMUAEVI O TTOL XPnolt pgomol o0VTA
CUYKOAANROE I G 0l eEaypvwikovrde T d apamicm) ¢ AN ¢ €
Kauaoi pyou, o€ L apgopa HPEPN TNE OTPAKTOUL QT
Kabl opdat wv , ce OoTdATOpPEC, ce TmMTeplyla OTpPoO|
0i okouvug mou PBpiockKovITOoal €VIOC TwWKOTULUPEITAVOEL O
L atTpnto MUOBUPUEVODO TWv TTLupalLAWV.

f dossedeUsalU Usy)oUsUd oUs ZdewWe Ujtsopuesd ¢ U sayyy
OULUY KOAMAIKOEINQ@ME T @WIE p N OCTPOPBi NWE,UANWEI CXDWICD €

CLUVOEONWQRQU peLPATOC KOl o0& do0oXxeia mupnvi K
1 zdcUseoedudlv Topméd AUTOV ETETHEYXAQUOPEQ! TTAOY
0 KAILBAvoOoug KAOTOOCTPOQPNC MPMETAXEL PIL OPEV WYV TUL

petdadooncg, o€ VLOdPOAaULAL KNOTUACP € & L ABI EVPOUPOOKLPCD, O | @ €
MAOPOAPUOPPOOY WW,KEXAETO TWV HPIKPOOKOTI wv OT AV
OAOULMIVIiOUL, 0€&€ MPMETOAOAAAKTEC, OCE MPdnpyxoavapata K
KOTOAOTEC TOUL XPNOlI HOTOL OVLVTOAI yroa ouveXxnN

vymxk Tmieong.



zUayUd Egoosahaadldd U pyled ¢oaUsaUyjesaxrys (Elect
U

3 U)oy Ye

e e
?99Uaaeg, AGUjecgoe GU BUOUji o

¢ tUU;:B®RBY 1 aTpPl KR E€TMITUYXAVOVTIAl OUYKOAAROEI

TOU XPnotgomololvVODEl PEPNTERONREOGOUAREPQ,
emeepyaocia €M @QAVELI WV €PdELTELPYATOC .

1 deeyUd Uvy3s GaiodyceTofpEN3 aUXPNOUVUNETANGOTET @I
EYKAapolre¢g do0oKoOULE OotTav eival OT 1 Oy MHEVEC

PLUUOUVLAK®MOMNTE pi BAPQUWA ERP@IW OTOUCE OULJ{EULKT
XPNOoeE wy.

K Ol T

(
o Tt

nNPpeg

To €0pOC €QOPUOYWV TNC OUYKOAANnong de d€aoun
l

MapovocwadgoT MO PpaoaKY.Tw €1 KOV

construction
foundry
pipe manufacturing
| rail vehicle
|electrical engineering, electronics

____ |system provider welding

Branch of trade

air

_|R & D (research institution)
| gengineering

0 2 B 6 8 10 12 14 16 18
Percentage share

Koo MEIWOKCQAPUOY OV TNC OCUYKOAANnong pe d£@Un nAektpovi wv

12§ Yagb Ud

XadAvpBecg €ival T1-00 vkOppodaeod) o( YcEl OTMEPPOIVE K T 1 KO T N T
0.025 €wg 2.1 %. H dopyn KOOI Ol HPNXOVI KEC

o0 ao¢
1 01 01

BeEPPIl KOV KOT EPHROADE @V K,EKE | K 0 @OVEOPEIOMNOAT) TTOA P O U OV N

EVTOC TNC WOT&KWNEIPKPqUictigwy ax@uwriEw 6 ¢ pay o K
mepl BAA®OV TQAAE@ € 1 ¢ K Ol ol METOOOXIPWoTO @,p @ in
MePl YPAPOVTOIT OWE T U @ @ Paoynpb ceoniaX -wa w € (E1ikténv a
MeTaotT abécFeFaCi[@]pappa

paaoi
OV T
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Ternparaturs Temperaiuse
op ¥ = Austenite
200 a E B a = Fernite
X — ; ! & = Delta iron
g?m ‘ ! ' CM = Cementite 1538
’ 1 | i L 1%
2600 B+ [ . .
2552 X ’ ' : CM bﬁg_llr;s o .
: : : Primary to 80 .I ¥ Py
sa00 X 1 1 austenite \
! i | Austenite in begins to y
{ i
1250 : ¥ | I Tiquid solidify
| ] i L+ FesC
i H | (s ]
ot [ Austenite solid solution | 2066 F -
! of carbon in gamma iron ! . :
]
woof | i | | Austentite P Pt
| Magnenc (i4i4° F1) a i | Ied;burite |
W70 | fpant & i an QD
) / # 1 CM\‘ i : cementite Y + Fesl
! 1 .. ! Cementite
~ ! - ] Austenite : and
s} L) ¥ . 1338 | L B /10 pearlite | |adeburite | :‘Z
e a : : - !
1200 ! : i Pearlite and Cementite Cementite, pearlite
I:}-DEIE‘ ::;lllie f | [ and transformed |
! ferrite | a+FesC ledeburite :
e Ir & I | M 1 Iy nf Fe,C
I & i | ~Mognatic chonge By
L T PR —— —————— .—————,—r-—-ff: ———————— —————— 210
~+0.008% L I i 43 | 66T
0.50 0,83% 1% 2% 9, 4% TR 6% 65%
f— erpn-eutectnid——|—— Hyper-eutectoid —
Steel Castlron ———
AKoofpdMBETaocTabé cFeFas@iy pappa
Otav o0 puvbBpog amoyuing e€ival Taxvc, TOTE Ol 0

mTpoPArAecopbompo mviddapPdETpgaoa avt e T1 ¢ TEPLI MTWOEL G,
Ol a@opeETIl KA dlLoypapgpataoa Ta omoia €KTOC amodé 1NV
VT’ WAooV XpPpovo Tam@YpPmeatoa B gPPoOoKIpod cd M@ i O
OMOTUMWVETOL N €vapén Kao X MU ArMEaudmow et wd 6 BreETpry wv
Ta Ol OYypPAUUATEAX PEWQUWKPU@i agoi O OATMOTUTMWYVETOAI n
METOOXNMUMOTI OJ®V KOT A, OV QU Ac(UOWETXEN o ¢ TTOOPOE N T 0 L ¢
CNMOAVTII KOTEPOUC METOAOOXNUATL OPOUCG me PO gvioE o OV
Ol aypa i voa QOULTOC TOUT OO PUIGETEOVIOTIIPI QIO OV O P Al €T
MOPTEVOLTIL KOG [BheTaoxnuatt opodc

(a) soo (b) 1000
800

700 |
— -~ 800
8 600 £
z ¢ 1%
= e
: wl £ o
) £A2 i S 00
=l {L Bainite transformation range -

Ms 400

” 10 100 T 10000 100000

Time (s) Time (s)

Koofa)U Al aypduypal TICETUN KPOKPOUAT WHEVOULURUTAL VI TIKOU X,
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121.zU03 OUUs3sUsafhd eUUUGcdeUUslehd cUai by

Kattinv TtToaxeia amoéyPpuvin (B

aon) amoe TNV WOTEVI T
Beppokpaoci €¢, KOVTA oOotnv OBeppokpaocia mepl BaAAro
CTPATCWIUEDACX,NPAT OW®P O Q ¢ ovopaletal HMOPTEVOI
METOOXNUOATI OPYOC €mMITLUYyXAGvVETOAl oaoakKaplaia (Me TNV
TOU MAEYHPHOTOC TOU WOTEVIi TN Kol devabhowiomg ol €i 1
Omo TMOAANDUEAIOK@N @DE Pl O TETOI O TMa@AaUY BE@®WAIE TOAWVT
TWV OTOPMWYV OoTnVvV VvVéEa @daon €ival dapeoca OcuvuoxeT!l L0

TMTAEYeWO N METOTOTI ON TWV OTOPMWwWYV amo[8inv apx!l KN

r /
/
Slip }f
{ f
i
[ |
(a) (b
KooWaU OpoyevihAeg d1 ATunon TOU TPOXwWPAEl AVW KAl KATW ATO

KEVTPIL KA Thu ZTOUAWESYUOOTUOOCC TEPL O0O1 KOV OAl 0O0NOEWV TOU HPETOAT
MAEYHO YOp TZevWRDQUTOMDgIP 1l 001 KOV CGUHPUETPIL KOV O0OAl 0BNoewyv ylipw a
TOU HPETOATPETMEL TO MAEYHUO TOU WOTEVIiTN 0 TMAEYY

MéE OwW TwWV TOAAOTA®WYV OAIl O0OBROoewv N d1LOULYUI OV dNHIL

ETMI @AV EL O, TO €TIi MEDW WAVEAWIUTONY KT D PET WiE@api g ao
NUI CLVEKTI KO. ZTNV TMPAYHOTI!I KQUT MT-Aa YWk € mMi r@ Vo1 @
TOU KOTA PHEOO O6po pmopei v[@. BewpnbBei wg apetTap

H Bepuokpaocia oxnupatlt ogol TNC MHAPTEVOMSTI KNG @a
(Martensite star), € v, un Beppokpaaoi a MTANRPOUC MeETOAQOXNUATI G
paptevoitn, n omoia PBpioketal o0& OoOKOMH xYoapnAodrt
(Martersitefinish) (E1 kK 0)vOn 60 € p p Mskpabd l1eocp € pouvv amo XAaAuvpBa o
a@oUl e€apTtTwWVIOITOoOWTEKATHY KOPTDOAPYyOoO-pe pPpoepPparmacg a
otTol Xeia oc&g pPlrLKkKpoOTEpPO PBabpuod, crtabepomolr oy TO
Beppoai e PpE OMOTEAEOMPMO VO TOATEL VWVOLY Beppokp
petTaoxnUd8.ti ocopobo

KaotTd TOV HdOAPTEVOITI KO pdeTaoXnNUuEAQ ocw@ T ®V ieTVrdE O K
peTaoXxnuati {etal O0TOV XWpBECHY U@mEEITEay @ki ryna pioy av 1
MLo¢ TE€ETOlLOC doung, TO GTOWO TK@OU alod rKEWU pKOO TEV
opbol TeTpPpAywWVI KOU Tpiowoawa TAEOIPAQFA 0T kWi GW
KOTOAOMUPBAVOUVYV OKTOEOPI KEC OéoecOquwuoPpRMPEXr ¢ K O
otTnv TMapoakK@H.Tw €1 KOV a
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O

AooBMUvadi ai a KUPeAi da TNC TETPAY WTIOWAQ PROWAT ETPU Y WP KD

mpi opyatog e€ivoal Aiyo peyoaArdtepog amo T1Tov Ga&ova o. Ta At

GToOPMO TOU GvOBpaka CGULUPMPBOAIi ovTtal pPe OCTAULPOUC
O ANogwadoovopdleTtTal TTETPOYWVI KOTNTO TOUL TTAEY YO
TeEPIKOKMITAO TOUL XAAUVPBa o0& av 0O prakamo dOwoéod VeEUTENA V EK A
TETPAYWVI KOTNTA n omoiaoa @TAVEL TNV HEYLOTN TI WUI
g AGvOpaoaka. ZTnNnV Tepi mMTwon ,TOOU €0 €NV TUETE CPROXYEWV | KK 0O

AapyBdavienv tTi R 1 kKat n doudn ocuvupPmi MTB). PME TNV XC
122. A U3 UGey ¥ zU3 UU0U3GaU(q

O paptevoitTng €ivalr Beppoduvvaoapdl KaG aoct1abng odon
yia va dwocel otobepodtepa T pyawon k@mav@eaeopd o
TNV Ol epyagilon TIPE OFCE@EPPEV O XPOVI KA WIIEPECNUA OE
Ai(n omoia eival n O6eppuokKpaocia peTaoXnNUATI POV
Bepul KAC auTeajigvodll erpya&aNgl P TTUWU EPOOLPTTEEPU OKiGxvn , T
OTMMOKTINON O0TAaBEeEPOTEPWY HYIKPOYPAQP!I KOV OCULUOTOTI KWV
OAKL MJOTNTAOC TOULU XOGAUuUBa. KUOUplLO PEEDVAKTINUOAT WOQ

TOuU opiouv eAaocti koétTntoag, ToBl.opiouv Bpalong kKal

Kaotda t™n ©O&é&ppavon TOoOU XAAUPBaoa AoduBodvoaxwoxodgpqcgol
PLOos®EL Ol a@OPETI KA O€E PUTOiKOPCO CT @K O U € V@aYK N YEOETOlL O Y ¢
Emavag@opa T O WRia(EEE@Io K O § 0 pal TCALOE o ¢ XOUNAOTEpPE
Bepuokpqg d1Laxéovtial MOV @0 e, GET oviay)etiao  GromBppe auKBaocA |
EXOoOuUV uvyYnAn d1OXULOL PWOTNTOAXaDYi Beppupokip DaioEE € aw

cidnpo¢ evw amo 1Toucg¢ 450 kKal avw Babpolg KeAaoi
OTOIlTXeE icmmoi a €xouvv akoOpa[8)dd.kpodtTepn O1L AXLOI HOT N

1.2.2.1. EUYlUose ~JeaUUUosj;dtlzstldd aUjbsu
To ot1Tddovo0@aEaOT Al oeg €va OepuoOKPOAOIL OKO €U0UpPOC
VTTOPMNOEVI KEC OLVONKEC KOl Vo oLY¥e XIwyPkd K @PIEKDPY O
Ta dtopa TOULU GvOpoOKO dlLaxeéovriol O0€&€ HPIKPEC ATMOOC

10
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cxnpati ovv ocuvvobBpoiocel ¢ MAOUVLOI €C O0€& AavOBpaka o
-€[8].

1.2.2.2. FUYuse oaUUUoajeessildd Usg oaUj ba
To oOoT ddvox GEVTEST 0l O0TO0 BepuoeBP oo aPpRgcTOWV Ol
ol cuvvabBpoiocel ¢ Twv aTOPMWYV TOUL AVOpPpAKA €V WWVO
ocxnuati ouvv avefdaprtnrtouvg, OamMO TO TNAMXEyudiowouv poa
TNV eMmitToe0ENToauv gal Voueévou amal Tei Tal 1L dxuvo
cuvvaobBpoiocewv dvOpako KOl €Tiong ML KPR PHETOAKI VN
el 1€ MEOCW €Aa@pdacg dLatuynaoncg. To oxnpatt {oOpev
KatTakpnuvi {etTadg opgonopgpea WD PdOapTEVOITN. Me
KappBi1-Ci v paptevaoitng xavel ONUMOVTII KN mMoocdTnNTtTaA
BprtokoTtTav oc& &1 GAuOon €VIOC TOU TMAEYypdaTOC TOUL
ctTadiov mMmapatnpei Toaf8. mTaxvvaon TwWv KapPi1 o

1.2.2.3. ZFUYuse UsYO UlGdd Ueg g ealUs fHe
Katdad 1o 01601 0 aUTO TO oOomoio €K¥0CCOT Ol aTmo
UVMOAEI MOPYEVOC WOTeEViTnNg d1oao0TmAT Ol ce OoTO00EpPOTE
TOMOUL € ¢€i8fl.e ocepevtiTTn

1.2.2.4. FUYuse eUUUGcdeUUsGedi Gleg U

G0e U3 Ualq

To O0TAd1 0O OULTO €KTeiveT aB6CP@ MO €T VW TH0@ ETIOO KOPE OPAUi 0K P
EVPOC O OCidnNpog €Xel €TMMAPKIN—ED IPOEXLACDIXINOUTATTI of €KL 0OL1
cepdeEVTIi TN TTO UL el val Beppoduvvapl Ka ctTabepdtep
HMETAOXNUOATI OUOC TOU HapTeEVOi TN KatTeuvbeiav o€
emopwop A ¢ €10 val OVLOKOAOC, KaBwg o0& XOoaPpnAeg 0O¢py
MOvo 1Ta dToPdO TOUL AvOpoKO Ka[Bl. yevi kotepa TO OT

1.2.2.5. FUYuse UUgldagwpwisdd d

To otadi o avtd maoapatnpeitTal W aE ok cold wwacy Edme p &
OT0 Oeppuokpaol ak®CELpWaT &t wvn 4504dp@topp0 TPO® OCOTO
HEYAAULTEPN XNMIL KN OCULUYYEVELO OCLYKPI TCrkWy, pe auvthi
Mo, V,Ti,Nb,Ta,Zr),avti KabB1l ctol0V ToOV OCciodnpoxgpatmEéypua -

TOV KPOAUWATWHUEVO OCEPEVTII TN. H KaToaKpAHUVION T WV
TN¢ OKANPOTNTOC TOU OVOoOU@BICeTtal devtepoyevng oK
H Bepupuokpaocia Kal 0o xXpobvog TapapgovAC TOU XA&GAuvuf

MOADO On HOOPVATHI EKTEPCO ITT T. N qladplagumywdoitTawy TEPAXi wv y1L o |
XPOVI KA OQo0odm@ydwiIaTto @alvopyevo TNg ULTMepynpavo
MAEOVEKTNMUMOAOT O TNC O €ETwT eppa W EOWRESVEOY EENECH @ PicH L T o |

Tl O ypiayvyopadc cbe pumMrRepacpPo pMECQUT EPOYEV WG, n € TI
Beppokpaoci a¢ TMPETMEl PYET QY ® EHapumy @A ayyw KAADPBW
mepi MT won TOU TO EMAVAOQPEPUEVO TPOT OV TIPOPAETET
Tou 0td v al aNMPPappEpOQRPACi a emavoa@opdg nva €ival
Beppuokpaoia Agr1Touvpyiag wotTg8lva amoeeuvyxbei o K
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1.2.3.j Y o g B2CdN04

O €RMo4 e€ival PI KPOKPAPUOTWPHEVOC MEeEonMedime pt EKT 1 KO
Carbonstee) 0O OPTpoiicoKGE T a I o E€TI BENAX NEONYEEIV N U TKOQOT TAECI T O O |
Beppl KE€¢ KaTepyaoi e l2].0Tooe AKCP OKUIODIT | & T 0 wpoogpar d cO¢ K O |
KOTeEpyaoci e¢ TMOUL WUIDKGEW TKabO 100 TXoAAW BT AAANAO0 VYI O
OTMAl TETI TAIXMNMEFAARAWWTD®YINOEL C OTPEYE WC, KAOMUYPE WC
afoveg peTOdO0O0EwWC Kivnong, owKEPOi@ANio [d@oiv ¢rmiarE mmwc

Ol KUPlL EC KPOAUOTA2RMa ®"OP o@B | KTeo XTPOGWU | O , TO MdOA
MOoyyudul ogriodv el K a@ P o oi2PlpjdTomo A v B Xa@ilvIT@ XpWUHI 0 €
ocpEPPOYOVO OTOI Xei ankap y @oIE@MOQKAWETIVRU O e P U OK P
EVW avmpOe@pKke g TP YOYI@V-ipO EP WO V GYVNAEV YTOK P O O i
amrQg¢ mpo¢ Ta dLOUgpPEPOWETE KOGT TO0 PoOoAuLuPBdaivio
peETaoXnuati opyolL mpo¢g Tao de&ir a kKal Eexwpi ovv T
To poAuvPBdaivio T O OCULUYKEKPILPYEVA, €&wbei mepl oo
MTTOLl VI T1 KR TevptioogX NE TOOI1 € LUTKOOVA UWVTDO (TW I T 1o KEGITA poENTCA 0 X N Y C
wbei TI ¢ KapmOAeg ToOoUL OdXwppaqupPpEewqCVvaTEInnped Ea
TNV PJopo@o[Bloyia Toucg

1200 Austenitizing temperature: §50°C

PP (S SO SRR SO SO SO SO

.

ao0

600

—MS0_ i ioioiooe ]

20":' i . y . ; ; :
MO9S b

Temperature ["C]

I:I H H i_ H H H . .
0,1 1 10 10° 107 10° 10° 10°
Time [s]

AoofMAUdGypappa FTZrModx dAupa
133 Uy a3 Ye UUU

Tauvume pKkppgbDv al HETAAAL KA DALl KIOY K p poyydvav a tenTvl & 0 O €
METAAAOUPYI KNl oOT1T0aBepoTnTa yriowmoaopoX BompMNEY O¢p
Ol cooTmafma KPp AU AT @O KIUIT @I TROWT @I ol pETI KR TOULUC AV TOX
KOl OoTnwTKO TTwawn A oKNaon 6a&pmnWw vy Ty d ayo a1 n v
o0ei dwon kKal,mogvedl g8powoy Ta LvVYPYNAGd EEPPHOKPOAOIL C
UALUKUEIN A OV PN X aVK aip oh)wB @GV 61 oy o flddsiéh ot n T a

H prkpodopn TWV UVUTMEPKPAPMAT WYV amapti (eTal OTmo ¢
devtepemwOvamyi,a TpPpococdi douvv eANRAvVaAApgaETOl &LPTQTE
CTOl XEi O R@MAWATE EXIPG U aorea TXPuEPii ¢ okvortany opi € ¢, OT1 QA

Baon TtTov oi 6n pNxkeldranibasedlo, voTkoE Autoe p(k papata pe PBao
(cobaltbasedd ka1 ot1ta uvTmepKpPOWNickalbage ORdgn ot oKAT K dDP O
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KOTEXOULUV KOIVHR MHIKPOOOUNRL O ONAOKE YV NPIOITEWND UKD B

(fcc) Kk al amoe Ol eomapPupéveg devitepoyevnNeg ,pacel ¢ ¢
MOVO TO VIKEALO €xel ,ov dodkdenvpropmlkiwmooaew @1 KRV d 0
OTIOKT[JUOTDOUKVE | VT OOl G€&€ oA A O IPOOT I 0KUOY KUBEKTP@ OUXEIQAI0, TIT @) U O

Beppuokpaoi o dwpaTi OV KPULUOTHKHLAPRPIOK@ T IOXK AT O X WP OK €
OMNR TOU PeETOOXNHMOT Iik{ueBrioori ) LVOEE. EMBO O K |I£ WV ITP@WUE & MO
KOBAATI O O0o1Tn OBepuokKpooia OdwPaTi OU KPUOGTOAAV ET
cVoT hgna K(aBopupfPgeTao) N woet EKEAM T p wE & 04 BCkH B 1 K N
L atTApPpNaonN TNC €VOPOKEVIPWHUEVYVNE HMIKPOdOMPMNAC OTI G
ME TNV MPOOCONKN KPAPUATI KWV OTOI Xei @A[18touv Ael1 1O

131.3 U o3 YeUUBoBOBEpBE(

H 11 0 O NUUOOVKTOITKITYWO/P | W TT € (p\WKOPI OOLIPTOKVE, Mivaiup € p € T O | (o3

VMMEPKPAUYUATO TOUL OCKANnpPpaoaivouvv pé€ow KOIToOmKY@AUVI 0N
EMI TELXOBei auUTOC O PYNYXOvVl OUIPE,0TdPEWITioOU I aw¢ WKipaf
OCTOI QUETi . KWIOWEQ ¢ KOT OK PINUUVWTIIOCIN CO ETT 00LL TETO@UN® O U & O
ny-Nis(ALT) @ d gaje P11 K p O Tne phosNbRpadognN@@w Mo pei va KOTOKPNHUV
Kol €0 pol8KIWHIRL DO me p K paiydrppiowedabpoepl AagBavovTta

KorTpomoToa V@& i BeEC omoi ol KoTd KUOUpPplLo AOyo o
KOTOKPRAMUVIONG €V OdiBleBronad\IAK &K WIWA GEWWIHORETWIVA Q KO T Nyop
VTTEPKPENOVOY TWV AGAAwWvV KoTtnyop(l&iv €ivalr 10 xau

132.3 Uy a3 YeUUU 3998Uaasg

Tomepkpdadpata VI KeAiouv xwpi ovial availoya PJE TO
vmokatnyopieg. H mMi o onpaviIli KR Ooamd AUTEC, avaQ@
KOTOKPNAMUVI ONGE EVOOMPWETOAAL KOV ,0VWOE@YAORBAWOY )0
TOKPAMPMOT A -TVIITKOEVAI ioOLU, @ WO L PO THO iKMW p | O EVOIOMPUETAAAL KT
CKANpwong €ival n v’ (XoapoaKITNPIL OTI KA Toapoadei vy
Waspaloyk a Wdimet (U)-7 2 0 , K Ol TO YXutda IMPaBpTOaTRemPpaABOAT
VI KeWli ofpT ov Omoi wv n KOUpL O EVOOMPMETAAAL KN 4o
(XopaKTnNPl oTl KO TalpNl®e | kyopio TTO0 KUPTOEUPOKTPON UTDIO U TTE P I €
K al Vi oBiouv kKali TiIamow i @mo ind KKa T OKA\@PM ivd owTt ol k
oKANpwonckpmoudi t€t101 ov TUINGO6 alk-800)eQpOILIVY €TV OO
VIMEPKPAUATO VI KeAiov dev Paoci ovial K@TMPV KOAATOK
KOUPlL OMPYBAGWO dONU!I o@PWIi K T@NVE PK 0 T Ead MEDIT G pMNH
VMTOKOT,powmMibawe oxd npopopl kKNG OdO0OPNAC HPTOpPpEi va €T
KOTAOKPAMVI ONG EVOOMUETAAAI(KXVD OERAO\POW T NKEAEOITTAR AP
amoTeEAOULV Hastelley X & adNe685). H pti mmrokoatnyopi oeava@epe:
UVMMEPKPAPOAT,O0T Al KOETAOi ioow € TII Ty XAaveTal Omded Tl un !
DispersiorStrengtheningy 1t a TEPVOpPl COJO TOU HPHEWEDOULENEMVAEI KK (

TN@KARpwWon t™ng doPung. Ta uvmMeEPKPAPATO VI KEAIOUL
VMEPKPAPAV@OVYV I AdI gKOEiIi TI1 ¢ €&al peETI KEC OAVTIOXEC TC
01 OTmoi e¢ MPTOPpPpEI va &emepdoouvv pPdEXPI K Ol TO0
[20][17][18][16].

133.3 Uy a9} YeUUU ose6bUaUaag
H okAnpwon TtTng¢ O00PUNC¢ T WV UL TEIP KYPOOVUON THREVS 6K OOPBNOpAL TOI LOf

CTEPE WV 0L OAVLUAT WV OVTII KATAOTOONC o€ cuvddvaol
SJUYKPILTI KA PE T,T@ ONEPKPpE@UMmEO XKIOP@ATiov €xouv
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TNENCW TMapAdAAnAa pgpmopoOV Kol draoatnpolVv TILC OVT
Katé€xouv moAU0 KoaANR avioxn otn Omaa@ipfoooMA Gtvavw vy Y
AOYy®W TNC LvWNANGg TMeEPl EKEHW@INTIAQE TOAWEK OAA N)OP QI a
VTTEPHPT A VI KEAIi oOU Kal €xvwmdvV TRALOOPRAERCAaKRDTONKE
MEL OV ETIOTWRPHOT e A€i TO LVYNAO TOUC KOOTOEANDEY O@E (i ]
Kpapatl K& [18]figlo O R K € ¢

134. 0glsee ¢ 00U ao@jdajy Bedb Uaaa g

Ta vmg@mk@ €0 Vval TIKE P @TQA )0 K & p | UVERXEORUAIVG COOTT &€ EpKaQ
KpAaPaOoaT!l KA 00 EAIPYELI ®K.al 0 OCULV,0LV@MIC YATCO {TEWY KIEP )0 WTH T K WL
MEPOC TOUL TMepl odD,&KTWUT LY ¥ GK awW(OaUOKTDM N CANM Y O V I K WV
I dD®WILTONY abgomvioxnNg wW¢ TMPOC TNV InNaBpwon K
METOAAOULPYI KIff wR®Prg pOaTINITYWI 0 TNV PHeTAPBOAN TOUL K
Preciplitatian
Precipitate modiication
formers Joint base

0
i
P

e
[ e )
3,‘*:":#“‘
L Ca;

- e

/ RN
Grain-boundary Solid-solution
strengthening strengthening

AooHBKpauatT! K& o010l XE€i @ ULTE P K PAASUVATIEGVE WA WKTIEON | TVO. | XTEai CE LEETPIYCET
1l a0TOUVPWUHEVEC YPOAUHUEC eVW Ta eml BAaRY devtepelovTa

Ta KpapgoatTl,U@iopo OV X®i0a KaTnyoplomotl nbolvv o0& TPE

Baol KEAG ITTOWPYIi € ¢ .,ovkl QEEBTIP 10 WA ®dO VI KEAIL O KAl OE€
oTopdl KATawkai oo i 0o awa X PHi@ao xpwul o, TOo pouveE
MOAULBOOai viI o, TO0O pPAWVA 00 TKAil o T Ofpoorp@ plOWITO | MEOQ

MNTpagokain Yy Kal 1T n¥x oovitaBeE proarmod TNIVAl 0 OTOMI KR OKT
TO OTOl XE&U O GOAKADGBALWDW PN X OVI OO OKANpwoncH péow a
00T EPNAVOOUIEdPOE T Ol OG€ OCTOI XeEi o To omoia €XO0ULUV e
TOU WVokeATa oEdvVREi aocowN@®ULPIi v O, TO Tl TAVI O, T
mpooOBnNkKmpawlegi TOV OXNHUATI OPJO d1 0T, HTMOWUTI VWY €V
y Nis(Al, TaT)oa dipl.H tpitn Kal ,mvhgpépaefal D@aEd mwaioa X e i
drLa@gopi Covtal oto O6pl O TTEVP IKOOPKIKIWOVY TTONGG EUTNOTIP | TKOY CU
Tét1T01 0 eoitwdIXEOdmM o, o0 dAavoOpakac[2l2R]@3]l.xaevi o Kal T

ExXoviag KoTnyoplromol oegl Ta KEAEKOTIOWAE AGT aloygiyd
MTTOpPpElDI TMAEOV WMOEQMNAVEEG ecomwi od@POdPodE | ¢ T OUL C .
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oi dnpo¢g cijowgKpPpuITa KAOMEN TO VI KEAI O KOl TO KOP
moia PBeATli wvel TNV KaT eH ympoo quBOIMKNM ot OTuo UG | LATTE PPOKLP
OpPl O HPEILOVEKTNUATTIAG TTA P EFWKK,U TGN \D @ &ECP) ol

moi €¢ Al tToupyoolv W¢. X Deeivar € g ot EEAPQ O Py Y WV
ETQPPYXOT®OF KOUPL WV @4AOCE WV OOTKIAGH p@AoECl ¢y 'n, Kkaal yd "
OTA& TNV TMOPAMOVNA TOU UTMEPHEABEKEOC TP AW PYrpMOE i 6
OTAd TNV HPYEPLKNR AVII KATAOT, PN OMOVaWoORKasShoomoaT
KApaTtTog €vaviifadotnv oei dwan

XXT OXO0OQ0

To KOBAATI O WG ,GPI@OTL KDNUTHE XEOWPNATTITAPIAANANATOT
MEL WVEL TNV d1 aAvTOTNTAO TOU OAOUMIVIiOUL KOl T
OULVTE€C TIHW@MOEDUIW|V KOTAKPAMPMVI 0N TN CKOETVAD OTHOE TOOTAGADI | KO

TNG ynpavaong.

MpooONKN ay@e3@txo.pp m1 Tvyxdvetoal ylra tnv avéinon T
TNV Ol aBpwon, uEdiw a §gi dwgmo® wag kou@ 1CrQs X €
00T E POpn Propbopc 6 KN TOUL XPpwUuiouv BonbBder otTnv dnpul
oA 00 uAXDD e MTOAD XaunAEC MTPOO O MO T A& 0 YKWIWIi ow.
OAOUMUI ViIiov ocuvvuvmoAoyi CovTal yra va Kabopl oteli
KUplL apxeil.c POy Xxmpa €1 1 01 OTNAXMYATIOOK® M8 BT TP O W
KopB1l Oi MuCemO@OKWPULUOTAAAI KA T,0W WK @KIKXQV TIPM@ V 0MPE @@
CUMBAGAAE CTO MPdNXOVIOPMO OKANpPpwong [KOpwootTepeo
MELOVEKTNUO TIPOWO QKPR QW P wPhi ov €l val O OoxXnHUHaTil
EVOOMUETOAAANIIGPOV €V WOE WV

MaopoépPol a PE TO XPWPMI O, TO AAOULHUIi VIO CULULUBAEAAAE

cTnVvV TmMpoocTAaCcia €vavrTl OKPOi wv T proeapvi aBPoEAPABONVKTEL , K W
MPOOCONKN TOUL aAnov pal BWE nooun owdCn YVTEPIO QAXT Y NP EEI d WO T
mManti Ko OTpPpwWheko0CQATMQUI VOCEC ,HmMPX awN KEKI vil o1 0

mpootTiBetTal KOpPpIL A ylo TOV OXhUaml ouol xaicaeconog
TI TAVI O, VI OBpumopkoallv Tvoov T A | GV T) V K OTIEOPT TTITOWDOUNY . T ¢
VMMEPKPAPUAT VI O ERKENI omapaTtnpnbBei 0TI oynAn mp

KaBuvotepei ToOov emi BAqBn peTaoXnuUaAaTl opo vy’

MpooBNNKN TGEUII TUYRUAVODAI KOpPplrLo yliL o TNV KATOKP.|
Evwong evioxvong,yya roiv XoauoonxpowsMCoqg ruapPBodi wv
aov&dadvouv TIC PNXavli KEC AVTIOXEC TOUL ULTMeEPKPAPOATO
TI TOVD Qv adviopa OYKOWPIWKE ! VOQWPAOCTIQEY OCUYKOAANOI
VMEPKPAPYATOE OTMWE @QOi VETOI OCTO TMAPOKATW ypaoenu
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.
6 rfN?ﬁCDBmUD
oD CMSX-4
R108 CiN100
25 O Mar-M-200
g‘:‘, O AF 2-1DA
é 0 Dﬁstrulog
g4 O Udimet700
z Udimet 600
E O IN738LC
<
3 O OGMR235
Inconel 700 Oy gimet 500
0INg39
2 Unitemp1753
Difficult to weld; weld and
Weldable enedl strain age cracking
62
1 Inconel gg ©
M252
Rene220C
a] C2630 "lnconel X
Inconel T18{(x)0)conel aog
o - e T~
1 2 3 4 4] B 7
Titanium content, %
Koof3Ml Gypapupad CUYKOAANOIWOTNTOC UTMEPKPAPAT WV
To vIiopBro kal TO TAVTAAlL O € iaworioy @veotogve KA T a

oxXnpati opod K WULUEPUonY TO YKIEPXKPXD UGN KO W EeT PLn
MTepl eKT I KNDTWywoa ToO® 4 %Incenel7.1 8 ;1. 0.KAnpai vouv bE
KOTAKPAMEIVOPQ ET A A1 #NiNb. HE viiupoonoc® B i, awwd ¢ T wv
OAAN@W] Ty Xavexmuagaoa ppf madwiMOK aMeC.Kap i 01 MC T O TTOUL
mpowbBei Kol n mMpooOBARNKNn TavIiaAiov. Ta kKapPidita
K al el voapi1bkedp podw®E p a, ET 01 n KPOMAEAT wWONn PE TO
CKANpPpwon o0& ovWNnAEC ©Bepuo Kopuéad veoqu. v TMpnovo BO)KTEICO TT OOV
TNg¢ 0l AaBpwaon L Y n AhatvcorrdsioNP HIMIK p @@ IE @Y O | V Tnv avVToO
EQPEAKULVOMO KTLEl. e pTVuO PO

H Kpapatlt KB Tpoaob6nnkmofroouvy puooum adBud m 6 @eid TIopuss oy 1K o |

aOVATTUEN TOU KAOQOGOW OIIKOAG POLYOKNo LT Jranuecy QyT P EQEKOTEgVE .TTp 0 O 6
TWOTOIl XEI WEVITI OTWTYVELT BT @IT E PEOUV O1 AFNQRAT O EAWT I KO
KaTaKpAPviIiong KapPBirdoiwv. Ta MCaop8iV &I AT @OLVUTQUIT PO
oOuTda PBpiokovTial O TQUOPADNUENVOANTEPOXMOPOT IBAG
TUOTMG[25]. TO HPMEYAAO OTIOWVI KKOP OUUEOYTEI BKOWKMOVQ L TMEOW | PO & & n
TNV d1 aXUOI POTNTO TOULE OTO MPUNTPILKO TMAEYyMPMOA KOl
CTOV €PMUOMPO. AvoTtuxwg, TO OTPEXDMODTEOHDNTAYCE XOC
aov&AVOULYV TO OULUVOAIKO PBApPOC TWV UVUMEPKPOAMPUAT WV, ¢
CXNMUATIL OO TOTOAOY ! KWOWP[BA.OOMPMETOAOAAL KOV €V WOE WV

OmMwg¢ OAO TOa TULUPIQ LY MK)PEEPTCILABAGOKR AEPoa i VKOOUV T NV P11 KP
MEOW edWe @I aAVPOTOCG OVIILKOTAOTOONGC. Exnm ¢ amo
mpooOBNkKn pnviouv auvavel TNV avVavIlioTol Xio Twv
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OKANpwon. H avavitiotol xia avtn ennpedalel 1TnNnv
1l cOBEPEANGMP OO GKINEQTT KoBovea,do0C¢ poOpOOAPYPPOPQ KO
Ol ECTMIOPUEVO KOTOAaKPERUYEOpa@apo Pab@edong. mMmpoobOBNKI
TNV mdaxuvuvon TnNn¢ Yy  @edong Tmepl opi {26)VATAOANGE CuEe QLT
Aeltouvpyipgegi oo, agopolV TnNnv avinon ToOULU oOonMeio
BeATi won TnNg¢g OGVTOXN O€&€ €PMUOHPYO HOVOKPUOTAAAL K
Mapopol a Pe TO PBoAepdapul ge K@u TiTw¢ pORQ PPay @A g T
Towdnyei&nmomen abuv PBapoug TOULU ULAILKOUL O0t1to0o OGUOUVOAO
oXnNUaAatTi opod TOTMANPOY T KK O £ 0 W@ eEIMCP @M@ XPTHU 1 OI. € TTL @ (
Tww/ vy  EXEawWal TOo poubBnnvio 1o omMoio emnpeadel
pnviouv xpawpi ode do M Y nBxMpooOBNkn paowrpwitadv 3dE

EVTOC KPAMPUAT WY KOTOAKPAMVIONE TNC €VOOMUETOAAIL KN
KoapBt oi OdyC.ExTi TIIOPLO .0 B ET@ w@o v ®Rvi o av&dvel TNV BegpuoO

TWV KapPi BC wve vie) THCEWL WV €1 TNV O &P UDUPDIOK @Y KK K |
OEVTEPOYEVWOV KOTOKPNUITOOUAO WO K @UGEGT ayh’'A 1@ @ o rppqre p K
VYVEVERELI PBpebei o011 mpoobBnNnkeg pouvbnviouv avédvou
e LVUNAEC OepyuUPKEMMDIEETY KWATI YO T @WCPf28.mToA 0Oy I K )
To Bopro, o avoOBpakag, TOo (1l pKEPODOTKBEVDAEI JYK®
MTPOKAAEOOULYV OKAQNPWON TWV Opi ®ow VYOYE&EKOKKDWUL O
CKANpwon avtnh €ival OMOTEAEOCPYO TOULUOEUTUPABKTI KO
K O KKeXva ITToOiLaquey€E€B0oUg TOULUG KAl TNC¢ XapunAng Touc
H mpoob6Rikn Touvu davOBpaka, n omoia ocuvuvnRAOBwg €ival
yra Tnv KAatakpApgviIion kKapPBili di wv. 0O vowviepTOKIO U €0 €

OpaOCcTI KA KOl Toupipaxa peTaMA@RT]. kK dMe ayrn/u wwWi&neoin «
Beppuokpaoiog¢g Yyl o TMOPOTETAPE MCUEPOOYX Kida Dil H@T T qia
OEUVLTEPOYE VT WK O pePMly koaMs@ T a0 o ToOi a €i val mMTAoU0OCI O
MOAUPBOai vio RBIMNePOSNPPARPLO TTO OOKINITENI VvioOwlp arkml A

ML Kpodopun HMEOW OT € pe diB]. Mo AON Ol OKTPOECE  ToOIPPOoE OUBPAOKAENCS (|
Bop,jaowsE avouv TNV OVTOX.NEEE VvOaEVUTTIE PMDT ova Bgu@ Tt UTCOU OC T O
MEIL WVOULV TNV OULOCOCWAVEGE Q& TKRUEPABTI 1 dud vaovu VT OTTINOVW O A K I U O
VMMEPKPAIPOOWOQAKELNMTBEDY | Vi oUEQ™MIY OS1 AaALVTOTNTAO TOUL
OTO OpPl QOKHEKKA@WT 0C TO TOICWWTOT IT WO € KopePun TeE p
mMapePmModi oviag TOV OoxXxnNUAaTl opdd EZouoyWwHloveepgac

MeEPlL EKTIL KOTNT € C, To PBoébpro evwveTal ME OTOLl XE€Ei
ocxnuati (dlipo@®miK&IGea TKIATWY oLV OV T Al yira tnv BeAtioc
TOU UVUTMEPKPAPYOATOC KAl TnNnv al&noho TN WIvVa,0 Xeniqv alo

Il oXupd KapPBir diroydévo otol xeio 10 omoi MICTpomoToOIl
aové&dvovTag ETTOMIMEPKY a@w@Xn octn &1 ddodn PWYHWOV.

135.0Y0U0Usd Uxs g Uy e Uey¥Uxs

H 1dirartTepdtnta 1TNnN¢ HILKPOOOPWNAEC TWV UTMEPKPAMPMAT
@AO0E WVE UTIXWP VTHO € i OPA O ETWOWV, €XiLUVIOIV O TEOOTUE AEEVOPUOOU ¢ T WV
KPOUOATI KOV TPV OB KLWPY KO &OFE T Ol ZEO KKBRe MePd ma .wao |
TO UTEPERAPWAMOKEVIPWUEVYVN KULUPBIL KR, Otonuy], o Twoniva ¢u NIt
Baol KO wommuegikeaio TO KULUPI ap XT0. GOLTOO IVXTEEIPOK PTACUUN TKAP OV OKT
eivalr T1T.0 VI KEAL O)
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1.3.5.1. 0y O d- Nis(Al,Ti)
H evdopetTaAAdl kR €vwon y egivar n KOUpLrLa @dadon Ol
VI KEAT OU -@I0d NP £KAOl TOOUK P [IOUWIEA NO @LENPCO WYV OV T OY WV I OT
TOUC TO KpPpAMPMOATI KA oOTOl X€i o aAlAovpivio, TITAVILI O
OTOIl XELOPETPILKOCE TUMECAI TG, PagNb) ei Aao ¢ N, G
KPOMOTI KEGOTIP OWTHNXKKEKLAPUOT I KEREDLDOOGI BGpPpOUL, TO 0

TI TAVI O amMOTeEAOUVYV TI1C TI O O0lLodedopPEVECGC O€ XpANn
TOUL OomMOVTATOIONRAW).Qadpogi YOV KPULOTOAAIL KN dour
KPULUOTOAGTWHDT @WIT ETAPPOHUOVT PpwYEV 0 (ordeveffac)i@ X o1 npa
TN Bepuokpaoi a d1 oA PG[2BRA)I N U T M ¢T WO Wer oduhed @ 0 |
TOU OaAokuouil VI @EmaWidA@yu POy oawieé K L,Jesviad dToL AT OMPMO T O
VI KEKNO TOWA O U B GV 0OUTUWGT 1QCa i éveEpreaq o TMEo atirpKIeK QX TTW TEA WKiOC
pmopoOV va AaVvVIiTlKATAaoTAROoOoOULVYL7E w¢g Kol TOoO 60% TOUL

(a) (b)

o =

¥ S0

il

v - Ni (fcc) v’ - NizAl (L12)

KooH2a) cvdpokevipwudvipi woBrwyudomyomnepdopu RiBAIBE ecvdopetTal

HKotokpimapneg! g €ival OMOI OUOPQNE TEIVITUYR SO G N T P I
TWV BEPUI KOV KOATEPYOAOI wVv Dguodyevoaipaotqpg uaal Y
OVI XVEUWKEDY EKYOmE T O K PNNEVA CEPEI O T WVK KOKKWVA TTION ¢ Y
KappBad29pH @don y ' €ival OCUVEKTI KNOMET EaN@Udpban
XPOVI KA dl1aoctThAuatTa 006dNWWIPNE CO €0 ETPAUXOKVPDNO | ERC @ A
EMEKTOON OT NOVW VEETKGIN EKIOOT NTAMNAGC P T R.Q @Péaomnv

H ouvvekKTl KOTNTO MPdeETAED TNCUOWNUP KIMOwplioaqr v
OVOVTI OTTou XTEN&YUATOC TMOUL diveTtTal amo Tov TUTO

L el
RIS

O
=

ov

UBtival n MapAPeTpPoC MALEYyUdATOC TNGE Yy  @daong

C(

Zivol n MAapAPYETPOC MAEYMPMATOC TNC PNITIPLKAGE OOy

Avadloya HdE TNV Tl PR TNEg avavilotol xeiaoc ouetafa
TIMEC PMETAEL 0 € wg 0. 2 G4 onogp GKAPPUPTOQNI @YK TAIT 0K @ NaUTVd
0.5 €we¢ 1% uth@adydOya@m@odéolydaq@acyl a vyPnAég¢ avavil ot
1.25% ToE@Y @KTPOIVTIACIKM®EG 0 NOPPDRAPOYV DNICKAT OpO A0
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KaBopl opyd TnNg PMoOp@OAOYyiag TNCGE @Q@ACONEi waTéoyel C
KOTAKPNUVI COJAT WYV HPETOAOXNUOATI QK K@IPI KMQG - @@ O [0OKITKY
OevOopkau KMeAl K& oO&eT 00xelOVTOepplOTUICK Noea TMPp EH DT OPOULC P
CNUOAVIHI KK OO PI OO TNLi Wwolp o 10kl aodvoagAnooyni ot o v A O Y ¢
auvtToUu, auv&&avel TOV Pyu/Byy' o ed&voVTTil COC OT NKGE | KAIPCU AT A M ¢
CTO0 €&aywvi KO ocUVoTBla VLYNANAC TMUKVOTNTOAC

YMEPUETPEG TMPOOCHNKAECOINYROU OOV @EGUMQYPPOKATAKPHAUVI O
Yy eafgding Miao maopotetTapgéva XpPOVI KOG dlLaetnuata o
n @aocn autn PdeTaoxnuati Cetal oe Nigli,a oBOEUPPUOVOAL V O W
HME TNV daV iMsGpagM€EHY N&KMPULOTOAA®VETAI O0TO0 €E&aywv
vynAQgV AT hcpa qailw avo@épel orxnPpuaBpAdeypo@ing, €Ly
Ol poT mecoanskplatelety)( 1 wWq¢ KuLUTTOpPI KEC amol Ki e€¢ N w¢g Pe
MTeEPIL KPUL@AODOA\ MeER@OXNUATI OPJOC OULTOC OCWWITBEGICouvv od
OAANAQ OC€ VYEVIKEC YypaAUMPMEC N emidpaon TOUL OTIL G | «
TOoOU K p[dgliaft o ¢

Q¢ mpo¢g TNV emMidpaon TNGE Q@ACNGC OTITICO OIODII AENT € ¢
bynAaAn avioxn nuéoxmi aICoOWEWHEN coAKI poédTnNTaAa Kol OV
TOU €pPpMUCPMOU.

1.3.5.2. 0¥ a d-Niskbd

YTie pKpA WK &GNi ®ATpaO LO TOi a0 TEPIL € XOULV ONUAVTII KA TOOCO
K.,B.edy@avi ouvv w¢ KOplLO @d&don ¢KANSVPOIWOUNECT OTAMG K N T
€EVwonRNisNb'[18]. H YKPUOTAAAN ODEJINNIATET@MY HEVO XWPOKEVT
TETPaywdwiTupg),eoc vV NOiWG®IVEKTI KA HE TKGEIVUIMNKIVEIVKEIT 0@ & O |
pe Od1 okoel JAJllCgopA @y Td@Tol cowdopgOoORPWRAEGVOUTN TTO P
pe TnNnVLLadon vV ZOQRONQPAay,UuaTHEK@DAMETWPOC TAEY UAT OC
MTAPATMPAOITA] TNEC @Q@AoNC YCeE | WHKED Ory 100 I 00T @a ¢

o o
9 o)
O Nb
O NI
Q O 0
o
o) o
o

KoaH3HDO22 d1aTeTawwiong FOPn Tn¢

KOpPprL o HEILOVEKTITNPMO TWV UVUTMEPKPOMPMAT WV TOUL OKANPOAi
TOUG O&E €QAUAPHUOYEC OXETL KA XoapnAng O pumxipomoi ac
yro mapaTETOMEVA XPOVI KA Ol acChpaouoxge e@ap oK
CTME PUOOLOIVTOOUB ekpd) TQ@ IO a1d €11 BAaPBNg ylrLa TI1 G HPNXC
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Kpapuo2ad3q]l. Zt nv MmTpoomabe Ibtne ppKpapg aRMCToOo@®TaOe poOT
vmme pKpeooelrd@ T O OTOi 0O KOUKIAGNKPPONi UVYED | O NUGE CCBARQIC

R. Pineay A. , Bpnkav pHap@oONM@YPip@TnkKkOlPmMoia epoavi el
TTAX ULV ONC KOl BeEAT!I WV el Y BeppuoduvWHOapPI KN (ol
€ TTOV O U a {oouvpueTgony i p @ § A ccompdct morphology amotTeAei T al atmo

KOTOKPNUWV i ogootBa Ko 0 0 X N PEATT 0K ATUOIT TEOOUot i€ Aot ¢y
¢ & o[y,

N a tnv amdékTtnon WPl ag TieAl/Db roegp | pooppl oot Anokyei aage, oI C
METOED O .evokaikpPlappa ynpavon emiAEXONKE KoT A
KOTOKPNUVIi opata wdy a@agstripoo@Iivy EVIPV - K @WVAK P UV I C

PUVUTPwWEeydEVLTEPN €pevva yla 1o (010 vmepKpaua,

AI+TiKk a B w¢ e mi ong¢ kKal Alffi kKoB&parg pEdULV TOAY WO PO TaX

epdong KOl KabBuvotepei TNV KATAOKPAMVIONR 1Tng O @A
1.3.5.3. 0 Y 0 d- NigNb

Onmw¢g mnpoavapépmB®mke vy PO OQT 0 KAT a-88PG)ce1 ¢ vTe
pMeETOOoXxnUMOTi {etTal otnv Beppoduvapul K& BgLabepn oa
- 0 M@ [16]. H @odon auTnhRl KPUOCTOAOAAWVETOI cto opbop
CUVEKTI KN ME THKAPPKAINKWA CEA XM Y.NC KOAOTOKPAMPVI 0N
Beppokpaci alityaonpymmagKkpaci €¢ Cop N KOTTEAKEPQI U ¥ WO N -
EMI TLUYXAVETAlL OTO OpPl A KOKKWV TNC HPUNTPILKNGE ©©dAoC
ITNg @aon¢g y =~ . X1 o «O88PQO00KKoToO KIKIPY elv@p T nN¢g O Ol
ME Taxeia maxvvon Twv OUTpPwWvV Yy -950C X P ureol Bepy
XWPpa TAXEI O KATOKPAMPMVI ON TMAAKOEL WV QOUT PWV.

Al aocmopd @LUTIpPp@WWOPOOCGYNVEHNTWPE!l OPi cOLY KAIL VO €KA
KOKKoWW wg kaui onmeg BondBARocouvv otnv PBeAdtiwon 1tng K@
131 0TNT WV . MapoAa auTtd, OXNUATI OMOC ULVTMEPHPUET P WV
0 OLVONRNKEC Al aouvPyi @ Tl WKPNEEWON TWV PNXAVI K®
1.3.5.4. TUy batsU

Ta KapPBidra €ival deguLvTepoOoyEeEVNANC €VWOELIC Ol OTOIi
TI ¢ HMNXAaVIKEC 101 OGUNUAQYUNWUEUTMPKOAEOTHT W T AaKPNA|
XNUI KA TOULC vVOoWDIpap@M okyd 1o Trpuv¢. Ta TI O onuavtl KO
T0 T[MQ,) MeC, M23Cs K aM7Cs.

Ta KopPBi MCgivamowyxeTl KA €LPeyEON KOATOAKPNUVI oy

MeEPI KPLUOTAAAL KA Kal EVOOKPULOT a%AMpKOGK ewiegon 6 € p U 0 K
OBepPpPUOdULVOAOHPI KO OEVDPMKEV PO O E QKNOY & LUBOI pK@0 ADO/ | T TT C
Mol KKaedpakwfprikn, nNo@oopp@okAioy i a «vypoaojlg)@t kov ocvuy
AOYyw Tn¢g Beppoduvapul KNeg oT,abtopedADé@¢ TNeUYC avé p
oxnpati opod devtepoyevwyvy KapPBtlL di wv. MapdAa avrtd
M E HMOp@oOAOYyi o ypoNgODTOKPYWEICUWBOIOWEIDI O €KKIi VN
Ol @dHa@ p WOWYOWEEVo VKial € i v[d7].T e viega POQINKD (T Ol XEI a OU
OVUTO TOV TUTMO KapPriodipovA YeRidvam IviiaooT N ITOA,V I 00 {1 Pk
BoAogp[@pt o

KapBi d1 MxCp,0tm@@tnpolOVTOlI KUPIi @QOI0G @IeERPMOAUOT
cxnuaticfovoOap pokpaacI8Akyd o UTPooOPCO T7e6T0 M E VO X POVI KA
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H KAOTOKPNAUVI ON TKOWPJUEOLPTIKIPWYOXTOVAEATI KIGT KOoOTAad TRV o
KapPBl oi ME2H,6appwva PHE TNV MOAOPOKATW aviidpaaon:

06 1°9Q 6 1>

Ta kKopPi Mp@eppaobovtal K(LOIPIOQU E PQ CORREX @0 O

CXNPEEIVW €XO0OUV TOUPEQ TTNPVN BEd p KM I TTA O KI &1 wv Kal KU
KUBIL KN pop@EgkayiBpebBei O0T1 PBeEATIL OVEL TNV avrioxn
TNV OoOAiocbBnon TwVi8op AWIK O@MRPIAXKIOK KKOWT T APl KNG HOPQ
mpatnpnOei o611 pel ovmpw v @M vE A K Tuptubeife)flho (kap pn & n

Mpoid®d®uw aomaong Twv MoapflodEé MoOWw UKo TMC KapPBi d1
cOPpQPWVAO PE TNV TMAPAKATW aVvVTi dpaaon:

b6 1 °9Q06 1>

Ta kapPBidiaoa apTELRXOWHVIOPWROE@MI oxnuaoati ovTial a
8l1598CCy1 a TMapaATETOPMEVO HpRUTBEAPpMPUWICaAMUTDODOACL €T

MEPIL KPULVOTAAAIL K& N/ Kal €VOOOKPULUOTOAAL KA KOBwWg €T
Y[16Ep@avi ovtal Pde TNV PHJOoOpPpPOENR XOoOVAIAPOMPMEPWYV KULPBIL K
K al pmopolOV va oxnuatildoweat dUEKY IWind nmansgd act e

KOKKWV TeEplopi (eEv oR@MT qQUEP/IEDWIQE NT Wivd maym Htcad tttwevn
KOKKWV TUHIEVM QOVAEKIL WO T rETVooDRT@ |l pN Vv & [@17]KTpad pkoOTpO Ca
KPOMOTI KA OTOIOX&i 00 Xa)WoIa aogu)Ot Gorootvo UK a peRit vdad tlwv oL v
Ta Tmupipyaxa PHETOAOAAA POAULPBOaivio kKal PoAepdaputl o.

1.3.5.5. TCP U3 t O-U & diLdves

Ol T 0 Mo A @ | ppolggicallw CosePacked Phases TCP) ei val OV ETIL BU T
eEvOoOUdETOAATTIE® C OPAOOULEAYOULVTOAI Katd 1Tn o861 ApKEIL QA
CUYKEKPI WEVEC TMPOOCOHNKEC KPAUPUATI KWV OTOIl XEi wv.
M Kaes An& oqutEl o d1 adedopPdEvVvn @AOn TOUL TMOAPATNPE
VTmeE pKp Meooet7d @ cliaxesmi 1t HnTt oMo A havasika) EGWVa@Ic)JE | OJET PI KO
AB (0 mo WNi, CrAek a1t NbBMo, Ti)e i v al ML o WawWupat pri@muvi (et
MEPI KPULUOTAAAL KKPT®OVAXKXNRKWVAKAOTR@3l.e {aywvi KO oULO

136.3 Uy oy ¥eU Inconel 718

Tolnconel718ctnv PBi1 Bavaypppet al WC UTBOQKMOMAME@PKPAKEaAI
VI Kedli ®dppoovant 0O 0Onke ctTa TEAN 1TnNn¢g INNOKaeTi ag
(InternationalNickel Company. O eaipetecg pmx oowWarRaO X 1010GDIYT € ¢
EPTMUOUO,YOWTi coTaon oOoTnNVv O0lece i EOEPUREPAAINVK DI GABP
AElL TOULP-GSPCQK O BDO K al N KAOAR OCUYKOAANOGIL pHOTNTA T
MTPOKWBOA NV Oa€epovoLTNBAIBBNIVFIKE KPpXTuNGVaa pX 8¢ Touv 20C
ava@opeartaimnpdtt&cWhitney, € i x € Ko toatyiplocp@l&il 8 KAAULTT €
MEPL OOCOTEPO TATLO CLMEOPBHPPPHN  LTTEPKPAPUAT WV  OCE €V
Kl vntH@pdputonw,i d1ed xee T oKXoT, oy gnoogebreli8 ajteia \p € wa

XPNOolL pyomol oVPpeEvVO Kpapaoa oTGeneralEleatric Qompapye U €0 € P O TTA (
EQUPUOYEC Oc¢ Kpi ol pya Tmepl oTpe@eopeva PdEeEPN, o€
VTTONOPTI KT I KMGAVvopua®O TNV i Jeakatawpog®ai ,T vdm KO
KL VNECR,po@® uvTepK@uPawealdrda% To0ULU OCULVOAIL KOO PBdadpovuvc.

Q¢ vmepKPpAPUO MPME UL UYNPA GVvme p o tneodeld)B0 K K  pralo@iea
MEOW TNC KOTOKPNHVIONEC THXI cedDOoPeDdudPOKBQEO RO W
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KOTAKPAMVI ongB6THHeYyA n oz nkn Touvu Vviofiouv kKal
MPOOCONKWV OoAOULUMI VincOnel7 8 81 TPpOOT@EEP PAV TOONTCAE OV € KT

CUYKOAANOI TOTWEY®VOC aAUTO o@ei AeTaal TNV KOoT ol
KL vnNTIl K KOTOKPRAMUVION TnNn¢g omoiag, PBeATli wvel 1N
ynpavon VIO q AIoM¢ O epUl KEOTTANPAOUERREOHOQY NG O

137].

Onmwg mpoavoa@eeépPONKE KPAUATI KEC TPOOCONKEC Ol ONRpPC
CUMBAAAOULYVY ot nv CKANpwaon TNng¢ dopunNg MHEOW OTE
MpooOBNKEeEC o1 PP oKo V(Tae o @O 0200T%) KG@vouv TO UTEQP.]
CXNUATI PO [3BINETT wpcd ompco odv a0 @ € PO MK E@ O B)V APB O\ P 1@ v a N
oOopuwconOdel oOToOV TMEPLOPILOPO TNE PHeEYyEBLYVONC T WV C
CQUPNAGEMICOE . ARECOPAAeEL ¢ TOUL |imeomek7il 8v e i Pme 600
KappBi otNd(TACHTICKwWMeC, Vv I T piTdNikoo BTeG TT €& olip ax 1p daves
KalOIlo.gaoeMeGmMNé kmm1dev €pd@eavi ovtallncanal7d8, c 0y X po Vv o
EQPOOOV €XOULV TEPI OPI O,TEEVIC O  OTEPPOUCOBKIPKOEDG O TT LOPUI OTYI EC
EMI TUYXAVETAI O€&€ XOPNAOTeEpPEC OBepPpoOKpAaoi €¢

Al dopopeg OBeppPl KEC KYT OP WO (MEMQO PE @EP P 6100 VKIPOA J OV
TEALKEC KAl emi Bupyntécg 1d161TNTEC. H mAédov d1 ad
Ll aAuvuTomoiNnonNng KOVTAGA Gyt nx  Breapp oot Ke pr ooigui € ov, oTnexve 0lva 6k50
Boaenagnkmpavaoncg 0. adpdudT 00 BOATAAT™OWM YK IG® T O 1 OAUT OTO I
TWV O€EULTE PO YEwaEvLayeskd@ma WK J@IBi OMai € ¢ KOTDEKPNUVI OT
mponyooOpueva OT1Td@d1 0 TNCTOMOPUDY WY O K G&I e Tadll Kpoi a
@Al VOUEVO MPEYEOBKUWVIOCTIER OTNAY | KOO E @Y D ETWY BeTiddl 0 1T NC
ynpow oH ygpguavory Xdvetayl oevalvomapgdl €AeEyxXo0g O
TNV KaT@wowapPil di wv, Twv @aoevwvd LaesfBg|[B7pong¢ Kal

N a tTnv TmTWPpoOoPBAedYn T1TNC KOTOKPAMVI ONC T WV o1 a@o
VLTTE PKP,AXYyponTooi U O TTO LI OOV T Al Ta dlLoaypapgpuata TTT. To
Inconel718d nput ov py N O IEkedsteior 06 1BBHPEA €,ue T NV OaVvVATTULUEN T

TEXVOAOYyiag kKal TNV aAAOYyR TOUL, EKXpoouwvo T & ROXN O €O |
OAANOYEC OTO TMPWTOPXI KO d1 aypoapdpa. Eva mapadel y
Inconel718@ai veTtTal o©6TnNV TMAPAKATW €1 KOV a.
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1.3.7.1. ZFOU); Uc eddplid )} vyoegUOUhady Ues YUrs
Inconel 718

Onmwg mpoavapép@mKoLVYyKOAATNOCIpcomeb7ul 8u Men@KI@ MPET O Q@ |
OXNUATI OPOC YAdBesp WV o e VIOE WYV O00eVOpITMIEKMWY. TIEPI
To yeyowd@odaMEM@IMO @Al VOPEVDOWI AWOPi OPOoOBAANA KOC
0L a@Qop!l OK@a|da AWK «VA0]oX cop OXKETI Iju@mn codrl lakpo pt ( OV T Ol HEY
moocodll, @ pntpl KN @Aaon «mapeedTeEal Qmoop eQUUIOD i (€ T Ol
KaTaKpPpAUvI on[dllnge v~ @aong

EkT16¢ NMNbm@vuTtatpoavaeepOnwes O, 81PoqQ, KN Hiy moormpuocd vt

emiong va dir1a@oplotolV PYeTOoa&UL TwWv deVvdpPI TWV.
MAPOATANVAN XEI AT QHEE KO @W &€ KaogumEOQXAouvvY OTO0OV OXNHC
EUVTNUKVT | &KV WDCEPUIVY OV T O G LY PEC HEUWPBPAVECG e oO6C T

OTMOTHOAMENMAPXEI O KivVOLVOC pwyp Al wpo NOGU YKKAETKOP | TUNEW OG;
phdoclavessA el TouvupyooOVv wC MPOTI UNTEEC BEogel ¢ Evap
OMOTEAEOPMA va emnpedaldouvyv TI1C €QEAKULOTI KEC 1 01

OBpaldaon OKVITIO XINNVITPOC KOTMwon TOO WOl ¥ K@Y POaiwdwgo
KOTAG Tn OIHQEROTIDPEIDNAWC OTO UTMEpPpKPOWQGAG@ TOUL
mooobly o omoi o Tpo wb eqd & ote awes kKOGHNPPABT NTCLa® o
TeAevtaia otadadnangng otepeoT

H octepeomnmoiyrgoauxHaaimp@g@i0 T rKKIICKIWWOX eWwW i Tn €VvTOog T
TAYMUD®Po (KaTd& TNV Oopygy oOmMmépPrpquoaodiquius ca o1 n
1 kd.dto o1 adtIo0 TONWIUMOD € PTMAOULTI (eTMEQaKIEUNVL OPB1 O
MEYOOADOUTTEWOM T NG 6 g p oo Keprmi GPioovCE, 1 a CcTeEpPpeEOUL/ Luypou
Ol OAULMEV OK LEPTPoRICK @ p K oK g1 Nb)) 6Boaooftoi a AapBdvovTta
TNYRaE €K DBDoopov ey dkCacta Opl1 a Toypn pwottgeldva vin
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EVTNKDI EBACOPANDEG T ECQWV/Aa PE TV YV T7FBPOMED :

MeEPAIl TEPW PHEI won TNg OBeppokpoaoi ag, T@xmpuywuard (ovrt
EUMTAOULUT INDETEAUCKEE O PN XaunAotepn Ogpupakpooiexi el
EMTAOULUTI LeTal ME VI OBIL O HEXPL Tou oNbeETAEL TNV
0. 04%C KT BugCrdo98mMmoTéEAeETUO VO AadPPBaAaveEdDO xowopa n ¢
r 0 @L.Qi

MeEydamenpl EKTI KOTNTA TOKMOAOKPPEUEPOT oy PIMDPETR@M VI C
KOTOOoOTMANMEYY €LTNKTIKY OWLI@EpomomTPTEAETPUA VA HEI

ETI PPETME I O OCaMep PV eEivm awrway € ChNbe n padybsgt T1TO0 MTOOCO
TNV KOaTavopun Twv € UNb@Qkkoril bkaey+ mpoi 6vtTwv y +

Ta mopaoandé®oovadipmotnabdnoe GA \KoorovskyMJ.ydpstapovv o1
T.J. Headley A.D. Romig, Jr. , Wk B Hammettery € c 0w TE 0 P cOPODATYI PKA U U O T O G
oTeEpeomawn oK p hepoet7b8{42][43][44].

1500
1400
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o 1300 F
>
|—
=
w 1200
o
=
Y
=
1100
1DDD i 1 M | L
0 10 20 30
WEIGHT PERCENT Nb
Koo HBAl dypaupua o neopet7BEE i non g
H d1r aAvTtomol hawesa vt niKa 1o apwmapei va e€TmILTEULVLYXOEI oc¢
1150Cy 1 a TmapaoaTeETOPMEVA XPpOVIKG draocthipata, oev o
KaBwg pmopei va MPOKOAEOCEI pPeyeEbBuvon TWV KOKK®
MapoOpPdol 0 AAAa TPOPBAAUATO. H duvokoAia amo@uyng
EKTEVGNXP wv BBYWK@BBYWVO I OuIREEC amMOdel XxXOetio 611 e
a1l vopevo ToUL NBMdlhopopt opol TOUL
1.3.7.2. ANroreUxy g § e a UUY¥ B 8o giylq

d
dUyesayY U dy UUGeysd st 3

O oxnpatli opgocg VY P WV MEMBPOAV WV TTEPIL KIPKVOOT A A A I K
EMNPEACHUEVNLKOUMVAMAY IDAOMEPON VY PV KE KEIIE g q ¢ .

Taxeiag fAieppaapgfRqvel XWPO KATA TN O1L APKEL O T W)
EVTNKTIEG EQ@Tpv@syMpCK aTaKpNQUVi {oOvVTOl TEPHEKIPLOT OAAI
0ev Tpodw@oadvaAuvTtomol nbovv. Kabwg n ©OBeppokpao
EemepvdAdel TNV €UVOWKIIO KAN MM | I J SOTUGIMWVT O TTO i O T OUC
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XWpOo PHEOCW TOU @QoalvopuéVouvepaneowawo xavoangevenggpE

TNEN KOOWK PN MU VILOIWWT wwa B auvT Wy, OAANG Oava@eEpeTOal
L eI @Advel a¢ Y/ KAOTOKPNUVI OJATOC KOl KoT' € TME K
Otawypié ¢ avtég pepwPBpaveg, dev PmopolV va avTECE

TO @Q@AIVOMUEVO TITMNETECLEPPNM KYWPRELO® WU N YAKIPOPOC TNC
VYpPOTIOd NNk P e pUuaKMER @O WKiaPaIGE € Mi on¢ Kol n d1 a
vypomomadimnpedadovial OMOICOMOI KpEMAEA®EOMSBEA!1 T

Si, O, NNTouv epme Dir@awo vNuRBdav e 1 XWpOo n uvypomoinaon
emnpeaocpévneg (wvncg, O dlOo@OpPl OPOC TWV OTOLl XEIL
EVEPYEdIE TMIPOA VOITEPeEODYPpPp@UTIOBoNnOBwVvTAG €TOlI TNV ULy
EVTOC TWV Opiwv TwWV ,680&8KWYO0pPpEeudeT,@upopBoabydi w
Vo TPOTMOTOI ROEI TNV Xnueia Ttng vypneg o@daaong T
KOBOoOAl @ OK@MUOKPOGOI 0K OoT[8Heomoinaon 10U vLYypoOoU

ATTO €peuvvecdlpagddmoa a e MIKoORI@ B MK @ WEWTTI ETPEPCE TTT A

opjoosdnynoce o0& avL&éinon TNgE OGOVITOXNANC €vasvwtd 1TN¢g P
cuvvdodvoaopéuhBfnk aSice v PYnNAad TMo@WETALEHIFYNO NG €T PP
TOU @al VvVouév SuaP Jipo@dplikeEcnkayv Katd Tn &1 AGPKEIL
odNnynomwy updg wen ULVypnRgy mmpoorabomkaeoqn ¢B € iwioa wa o €T
@al vopyevo KabBwg PpeéBnke o611 mMpowbBMN3BJov TNV vLYyPO

Epeuvveg €xouvv d1evepynbei yra TnVvV aVII PJET O O
KOTOYPO@OEA O |DETqQ & KPKAETTUVUOPEVOULUE KOKKOULG €XO0OUL
PWYMPMAT WON ULYPHNC KoOoTaAaoTtTOoOoncg. Mapoépol a, € XEI Ta

Y, CLUYKOAANnGON ETMNPE@EOPWY YTAMVOO NE.TII EAEYTREIKP | Y €
Ol aAvTomoinon mperoveCuEd dwEek anvn @mnel @ 81Te Ed WT OV
n O6&éppuavon oc&e LVUNAOTYXEpP e K abCe d HbabFpyancoi ee ¢coe( 1LDBBN o
ETMI ppETEL AC. e G@AANn €peuvva, TPpILV °€CnwWe cULUYKOA
OTIO OHPXNXEKUAT AKPNUVI OCTOULY @aoel ¢ 0. Hyxiowm@ms prirpyw 1 o
MapovoiNbevoO®g TNnNg OepUul KA emnpeacpévng Cwvng
ETMI PPETMEL AC Yyl O €U0UPOC TeEPI OXTO®P OTTONUP NIO MK |E a TOOTC!.
OL OAVLTOTIOI NOMPIRWAIT NWNHR pPOPOWWXKMNO ATAnon odnyei- otov Ol

oKoBapol wv €VITOC TWV OpiwWVv TWV KOKKWV KOl K a
@al VoOUEVOU. EKT1T6¢C¢ amod TI1 ¢ MPMETAAAOUPYI KEC Tapa
Beppul KO @opTio TNCg. Mgd @Qo@do T O®UL yOKEQPMUR QrEOgUE  @oap T | O
METPL GOEI TO QAL VOUEVO TNE OUPPITKIVAWORLP IKIOK G K (

ETMNPECCUERNNETG (Wy NE@T cpaomoapyodyv @ QUIOE @Pftg KO PEI W
TAOCEIL ¢ TOOVUOGROURTOOE ML K@OOENTY P © ONENTE VOUWEETIEA 1O
oTn pwy@lhtwon

1.3.7.3. poUlGe)stehd aUs UsueuUslty slUsay

H otepeomoinoqivi vy dpn gyt exéyxapoapt amdé 41 a)
CTOl (¥¥ITOL Twv €vOoodTOopPOPUI HAOMEMOPIONWBI OQOPI CHUO
TNV XNHUHI KR OVOPUOODY PRROIC OTYIPE T aKpalitolm Qo o1 ad1 0 T
oTEpeoTH ianvooruqo | o yeél weall a dynua rpTyltocy gnxavi KE€g¢ 101 01N
Evaotmdl dBpwong¢ KOl TNV d1 APUOPOEPWOI HOTNTAO TOUL KpC

STolEGW@VOpPpaKAa KOEKEXODOVVKAafhAD ocuvvieldeotn o1 ag@
TeEi vouv v a. @i oaoppooppi | (COVOTCO IT W,V @ T @qp )Eovet Vi@ £qp WTE i v,

T Q TEAELTOI O OTa01 @d nyr( @ & E Kool fojkrEpY U VI O N
EVOOMEMVOWNdmvavesa v T i o[33p 1 x a
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141. Egoocoge WYad Uncondl¥iB8e U Uylded doaUsaUjesa

SJUYKOADTHOEK @digohal7civ8 pe 1Tn PEOBOOJOEREWWNKMTINAE KT PO
Kol €xXouv Kataypa@ebei o0& pdlLa PeEyaAn ykapoa apbp
Oa@op WV € PUEEL VKLWP L O OKOTO TNV PBeATti octrtomoinon TV
EAAX!|I OTOMW i MoOoMaAAOULPY Il KOV TPORBANUAT WY TOUL Aauf
ITNg peEBOdOUL.

Epeovvinteé€gnyayav Tnv o0UY Kodchlatimgo NnT mw A& a ory oy X snict @ O
H tTeddon pei woe 1 dllve vdtI dacy otanroga@o vigpaE n € TNV TO1l
TNGg MOBI@WZOWOI VETOI OCGTOV TMAPAKAT W Ti vakaa.

Yas UsNIgx avi Ké¢ 1 &1 01 n incanel7r1o8u  pueTTEdp KTPH#FIo0LTYOKCO A A n o n

o Electron Tensile Elongation Hardness

Condition beam strength %) = HW)
condition {MPa) : )

Base Metal - 1500 25 333
Welding = Elliptically 1320 20 510
solutionized Ozcillated
@HIC+  ynosciltated 1200 12 430
aged

e OAAANUMAEPEUVNENA@OKEQPAOVIOPEV O TWE® QKUEEo@O PTI oG 0 0
avoeomtnong Twv del yPATwVMeEaOVOKNNABEG QePROKAMNGI ¢
KaTepyamd oL AeE oE n MHeyéEé€OBBuLvVvOon TWV KOKKWV TOUL K|
TOTED VWONU OTTNICK RECp eTMKYp av T oXN(

T nv €rpoeVvivek dPatelak a 1 cuvvepwapovnampnke d4amiv Ta d¢ei
CUYKOAAMONX@YNAO BeppPul KO T@HOV W0 60 FBEWA N NTOXR T 0 C
deiypyaoatrta pme vyYnAo Beppul Koovgaywdi gobopmgo@pa®wafl o
OTMOTEAEOPA TNC KOAOTAKPRAMVI olgvesTD Vv TTakmd § @eErmoa X 01 K
bynAo Oepydslk 6 @opTioO

SO0 PpQPWVO PE ATMOTEAEOCHUAT O E PEONANK BEPakey da !l K @an
OO ULV E X € Pao aglawes Evpeyebn di1aocuvvdedepyéva Oi Xtuva
HNnXavi KE ¢ 1 31 6T NTEC TOUL COUYKOAANUEVOUL HMETAAA
EKAETMTUOMPEV ETCN QU Oi pdPIOOA Oy Al CEIGC

O Radhakrishn§19%),c 0 y K p1 vV €T 17 §OECl YPWET @V OCUYKOAANMUEV WV  MJE
GTAKaEB. ATO Ta OOWMEINEPU@OTDI noe O0T1 01 ypnyoport.
ITn pEOBOdO pe O ER P enTioamanBpooodvpi 6w v | pai goofpladar d U T O UL

EMEKTOON Qdavestow T 0 ¢ T wv €VvAOd0d§49]dpI TI1 KWV TEPIL OX QV

AANAoOI € PRBeEPUNVKNOTVE CQ T | n ypnyopn 6€&puavaon Kal Yo g
odnynoce oapxl ka oe pe Noakon TtToev Da lwtgeogpa clom@P & o®T n
KAOOMOTI K@V DBDOHEPpoon¢ Yhoaesp v ©apERmwdpuwvo.6 € T a
Bpeébnke o611 TO XOaPMNnAOTEpPO OBepPpUlL KO @Qapmugi o Tepl
CUYKOAAINNXeE dOPYEVEC MAPOAPETPOULC.
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e AAANn €peuvvao, €pPpeuvvNnNTEC, O0O0XO0Awedgpenetyy pye Tnv
yia dl1Lo@opeTl KEC ouvvOBNnkKeEg TOU PBaocl KoUO PETAAAOL
X wpi ¢ skeroleswideglasy,pe TaT pAMTMNKE o0& oYX MmalleadshapdaAng Kap
6tTav 10 Odeciypa npEepu@dgr wpateaaeg bPB8Onke va Y

AANANoOI € ,péedevinétoeEvg O T I n avuv&non TOULU OBepul KOUL @O

CUPAKAC L UNC TMEPLOXNC KAl @GEoOwWyweL amiyv moa@ewnp co oy o
Kol otnv OopAvE@ESl.gTnpea

ME 6 0 o1 BeEPPUIl KOV KOTEPYOAO!I WV HPEITAOPHERT icwgm 6 A AV on
HNXAaVIi KOV TWwd1 odteNiy@qvpd Xxov g T I ¢ TTOP OD WA BEIOTE AN E OP AT
(Mi vaxMmExavi KEC 101 0TNTEC OCUYKOAANME)NY WY 10EEL ¥ U G T
KotTavonto OTl 01 1d010TNnNtTe¢ @B5l.av KOTWTEPEC TOUL

Yas UaMWgxavi Ké¢ 181 0TNTEC OCUYKOAANPCEV WY SEl YUAT WV O ¢

Sample Condition Tensile strength Hardness
(MPa) (HV)

Base Ietal 1164 505

Dual Aging (Sh @720°C + furnace 1100 452

cooling to 620 *C +air cooling for 8 hr)

Solution heat-treated (20 min @920°C 1125 478
= air cooling to 23° + dual aging)

OGAOPengk a1l CUVEPWKITXXQV T OC IncomekrdBp UEEa ) 0 TTE P AT

Eva TANPOULUC KOOI €vao E€TMMI @AVEILAKNGE dl1Lewmduvong, T
Covino PEVOBOOKOKK®WY HI KpOi Vel amo TmMAVW TPOC T
mapatTnpnOnke oOot11 ddaviRApobvVEKAi €E0E KOOV W KOl T !

cxnuatit {opPgevNC KAEl dapoTpwia & € I pow m& poiwayck 0 A A n C
Ol OTETAYMEVOI (columnar) €Tl PNKNCQACK PTOEOA Q@ ATAIOQ K
MNXaviidkiEOTNN TTETCW O N TNC OUR A PRyTKOTIAA@I o qae n v

0L &nuawpp uayigd on Ni3Nb)n omoi o KOTOKPNUMVIi oTnkKeE avrt
@paoce wv \47. kat y "’

O Sharmas. K. Kai O UOVUEYPKYOOATAENGO, 0 v Incanel p1R p & P a DPIGKDE T
MTAapAMUETPOULC OIlor offtiov cG3€loogp G e e PDOI.CLYKOAANONC

Yas U3Mpduetpol OCUYKOAANRONC

S no.  Accelerating voltage, KV Current, mA  Weld speed (mm/min)  Heat input, JJmm  Heat input per mm thickness, J/mm?>

1 70 45 2000 94.6 31.50
2 70 57 2000 120 40.5
3 70 67 2000 140.6 46.9

SOpPpoewva peant rue Téa@eon To0LV PRV UTDPOXVEMN@ EVIPE € TU
KOl OOyVBEKPIUEVO N oa0EMgmogowLHHORPATAE aTPayxL
Agevtepoyevwg, mapdgnopnGmwe 6EDIWI ROON WOWPTI KOP 09O
MEi won Twv €vOo0odevIPITI KOV TEPI OXWV KOal ce a0¢
EVTOC TMEREMBROV NG

142. ) 3cceodgoedgaeliUsd ige UWhiohvibe YUY3

AVOUOlL OYEVEIC OUYKOAANOCEI C UVUTMEPKPAMPAT WV VI KEAI
MEBOOOUL d€0PNC NAEKTPOIKWIVOEVE @YK ITOW pA§Op/0 @ O
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QLT @l yl a TNV KOAUTEPNUL PKYAITKOWYO N @ P O KIAWNVO € ® T ATAC
OVTI MET WTI CTOUVV oT O MEL PAPOATIL KO MEAOG,0l KATAY
MTAapATNPNROEL G 0L a@opwV EPEULNMA@YAVEEW I OAYOEXVOEAINGO 1
CUYKOAANOEI ¢ UMEPKPAPYAT WY KAl XOoAUPBwv.

Apx!l Ka, o K. Devenkdaganwatphoopkjbmaraay K pa A qon o
VLTTE Kpdlpconel b8 kKalt €k  wesolphurieda vou & & i@A@TEW 01 T1 KO U
XGAvASt 416 M E T IO, LEWS p19.001 MTAPAPYETPOL TNgC CULY I
KoTOoaypa@eodOnkov O0TOV TAPAKAT W Ti VAOKO.

Yas UéMgpdpuetpol OLUYKOAMIN4E ¢ I nconel 718

Process Parameter Unit Value

Operation Mode - Continuous wave
Shielding gas - Helium
Defocusing Distance mm 0 (on the surface)
Power kw 3

Travel Speed mfmin 1.500

Heat Input KJI."m 0.144

Shielding gas flow rate lpm 15

Focal length mm 300

Laser beam diameter pm 180

Laser beam Wavelength pm 10.6

TNV guypee utvnv BonbBel o TOYKAMW EaPEORQPROgXa ui ov
p wy pndiccofissured/p wy H€ ¢ ULy p N diquidaiondracking o Nt o e ppP g K &
emMmgEL 6qglecVgmMO LV UL TMEPKPAPOATOC .
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Weld It etace of AIS1 416

KooHBMI Kpoypa@i o Twv OCUYKOAANUEV4EY Se1l yudT wv, TAapPoO

O NRichardsctT nv €p, PV &K cTIAP O T T GPILWYVWEWNT 0C TNG OBEPUL K
ETMNPEACUEVTIIE PK @ IM@T WV AW KEEPAQiaovL) ¢ OO @& p wITKIP X € X
QOpPEOD LYNAN TaxLEOHo TOPWYR O PXNWOHNWOITNCE AV T I TTAP (
ME TO OMOTEAEOCMPMOTA TOUL vmootnpidouvv O0TI TO XOap
ETI pPETMEL AOC AUTOUL TOUL TUMOUL PWYMPMAEAT woONgC.

OSahyA.Kk a1 0 U JEL]poyudyTKEGCA A n ¢ o vincanet% 1p& p(aBueap p ol VO M EV O C
1020C/ 1 Yoppe WOTEVITI KO S81A0 avipd T ot nywa Axuppiacn  pe T
MTPOCOMUKEMAPBAAAOVTIAC TOKABIEPUNMKOTORPINRTA OCULUYKOAA
M€ O 0 SPAW (micro plasmaarcwelding).
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a3 UBMp dpovy@&OBAANGNC

Sample Peak Current (A) Average heat input (J/mm) Welding speed (mm/min)
PD1 19 48 196
PD2 19 52 180
PD3 19 36 167
FD4 19 65 145

Ol EPEMUYMAERPHNAOWV | ¢ PRILVOYIXKIELAOTEPOUL BeEpPpUIL KOU
vynAodTeEpNnNCg T opuyrumEiqu-fisdure | E PO O ¢ TIENEOd W N T NV
MEPIL G ToOU ULBENeKpKWO Kokl o ca (0 TNV pepl G(EmwOV@mvocEei
17d).

Koo HlBZdovn oc0OvInéng yta ocuvuvenkeg PD1 (a,b,c,d)

ATTO Tnv EHSOWDLD@Q TNg PWYdUNg¢ amo Tnv HPeEPL A& TOUL
mepltoxn NTawb (mAootOdo ! 0 cpopé ¢ peyaAlTepn o€ Pag
0evAdpl TI KN Mopkjotip @igleme pé mouv 14 Kal 7 @opécgc avrti
OMOTEANEOUAT O P PIENBGN K@WY KOG CETWOT OTCNV HEPL A TOUL X
TETOI OV (QUTED IXXOEUINAVO O LV T EEAVETOOTCH TAW VA EOVPII OABPEOVLD)P | T | K
KoOTd Tn OoIc®PrEyym®md nonn KOAOTOKPAMVIONn YobBuvpwv €V
omomMmpgRKeaaw pPwyamowotenvg XRDENTU Brg Boal wbBnke n map
EVvOopPETAAAINRGINC kgBiegNb (bavey o 1 NT AL&IVQ

To mMoocooc1 06 Twv €V dNoQFENkRCKwyyv @&oc8 3%, 5. 1% Kal
aoviiotol xa yRDbewocyliowvORpke oyl ee pput K6 @QoprTi
XapgniAotepn TOoaxO0TNnNTa) ntTav 7. 83%,0 utd.p4md v wa | 4
VTToOAOyledwml ¢,QpavepPpo 0TI Ta NCow@Eev )l KapB@iE P T UV i C
MEL WOBNKav Katd 11. 3pekunv2@ei 8o Hy MIE]G TWIOMX TIT TA G
opei AetTal oOotaOo oOovLEngdldgtiony gNnEmMEodgkaAapAnN@gy¢Kbl OTO
M1 K p otoodus i tyqoqw v 6 rPR4wva TooUtvetherd | c o ovi KoOOG KOKKOUGCG.

Ta emimnmeda oapai wong T WV Kupi wv CTOl XEI WV v T
KotTaypa@eodnkav O0mw¢ @aiveTtTal O0TOV MOPOKAT W Ti va
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Yas UBHIGi 6paon TwWv TMAPOPETPWY OUYKOAANONC OTO €TimMeda apa

Welding conditions/ Elemental dilution level Crz (wt. %)

(D) Mi Fe MNb Mo Ti Weld dilution level (D) (%)
PO 364 338 52 32 09 280

D (%) 559 421 19 18 222

PD4 FO06 40 26 06 55.4

Dy (%) 518 299 325 80 83

Ta vyPnAda emni meda oplllEwomocd 0 DaMpOdUENIAYIH 0T @)XV T N T O
CUYKOAANDawW@ OXKapQIok®,©i LUV OULOGCH O ITRAYET OKTOONIVWIVE P N
TNANEN Kol av alotfen oTkmvw UMEL pKI GDvpal @O@U@I wovo 0T 01 X €1 WV .

O RameshS. Kol oevde€gw@oseg,TnVv ocupgmepl eopd otn o1 af
CUYKOAANMUWEV WEBWIKPp aind UBW odwo { SBOdbT Ol XAONDPRPAYOAT
VI KeEQRiI6ABUL petaBadAAovTtoag 11 ¢ TMApapgéTpouvg TNE OULYK

HasdaMlopduetpol OCUYKOAANOEC

Parameter Levels

Level 1 Level 2 Level 3
High voltage {kV) 130 135 140
Welding speed (mm/s) 20 25 30
Focus distance (mm) 100 200 300

JOPJPwWvVva PdeE TNV €peuvao €ylVeE KATOVONTO OTI

T O pubBpog d1AaPBpwoNg HEI WVETOAI pe foaungv avé&no
distance
T O puvbBbpuocg dr1aBpwong PeEIL WVETOL Pe TNV avLEnaon
T O pvBpd@fpwong pPel WVveETAI O0€ HPeEyAaAo Babpd ore
CUYKOAANGONC
O Ramkumar K. D. KOl O LAVOEX POYAMNTOENCK, O V VIS TNV OGUYKOAANQG
KPOMOASWH3 0 (@eppl T1 KOG aviachreli7d @1 qug oxwd X i a qu)e 00O
pulsedcurren gastungsterarcwelding(PCGTAW),x pnN oGl HOTIOl WVTOC WC METAAA
T &ER2 5 5 3 ERNiECnMo-4.

a3 UBMop Gpuet1pol OCUYKOAANGNC

Filler wire No. of pass Current (A) Voltage Frequency Duty Cumulative
Peak Background (V) (HZ) Cycle Heat Input
current current (kW/mm)

ER2553 Root 180 90 11.94 8 50 1.716

Filler Pass 1 180 90 12.1
Filler Pass 2 180 90 13.07
Cap 180 90 12.62
ERNiCrMo-4 Root 180 90 11.31 8 50 1.669
Filler Pass 1 180 90 11.42
Filler Pass 2 180 90 12.2
Cap 180 90 12.05

e KOOe wmepdOgTtwgQ Oeppul K@ MHT A O aUpTBEPO KHERS,OT LHOOWTV )
BpeOnkav @aocel ¢ sMBhogowaégeioeg Nbavoddk odhedivoge Kap
TapaAaTNPNONKAMY EQY WE@P.l & T Oomwe pPXiaTATuoBain ,C €€ VKTAOBCE T N ¢
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2180} a0y Ulie 3osoai
H mapoloa epyacia PHeEAETAEA TNV CLUYWROAMNMT@Y EWODPKP
XGAvpBa. Eoti dle1, oTnv e€midpaocn TWV BEPUI KOV K
KOdl OoTnV HPdIKPOdOMPUN TWV OULUYKOAANMEINGOMel7H8 | vy pa T wv
KOl O HJdI KpPpOKpaMaECIMoi € voCg XAAUBac
Tdnconel718 oOmw@vaPeIlpOEAG AVAKEL O0TA UVTMEPKPAPAT A C

KOPUNOGW KOTAKPAMVIKONIC aencoeylT e ppod ocO p6 pPE oW KOAT

edonclaopaKAT W €TMTMI CUVATTETAL N XNMUIL KR ocLoTOON T
Yas3U8Xgut ki o0otaon Inconel 718 K.B. %
Cr Fe Nb Mo Al Ti C Ni
4.75 2.8 0.2 0.65
Inconel 718 | 17-21 | 16-20 55 33 08 115 0.08max| Balance
O42CrMod4e i val xAaAuvBag Tmou €xXel vmootTei emI PBedti wo

EMAVAQPEPPEVO pPpapTteEvVvoitTn. MNapakKATwW E€TI CUVATTETA

Yas UONgpu1 kn ocOotdxarp.4 2Cr Mo

C Si Mn P S Cr Mo
0.38
42CrMA 0.45 0.4 0609| 0. 02 0. 03] 091.2]0.150.3
Ta uvVAlLXxXx@nauowormol NOnkKav o1Tnv TmapolLoO e€pyaci a T
Aepomopl KN Birouynxavia. AVo0o paBdomK @moéd Od makpOPE T |

EOWTEPL KM, oayEKBOANONKav petagld TOULC, ME TNV

(EBW).O1 TaplauEM@ocuLyKOAANOoONg divoviol TAPAKAT W.
Yas UslbOgpapetporl avopol &Flaconeltlg—XauywBGM4rRo n ¢
gyid AU ¢ ,/\U*Sl gUci Ug G;Usss,,uu}»ss
U oaUYc(¢ Uyle 4306 "y, 550 Guei g|Yes Vet
] y OaUaU d input)
50 KV 145mA | 330A | 14.5rpm 1638 0.2656
mm/min kJ/mm

228U} so) Ulle UUjyesat 3 FUUUpoUGs!L 3
Kata t™n &1 dpkKeEl a TOUL

octouvéCyaxo 2, 4 Kal 6

mel papatoc, Tpia
WpeEC aviiotol xXa Kal

el yuarT
ETEIL T
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Tnv T1TomoBétnon Twv delypydtwv ocTtouvg @ouLpPpvVOULC,
e ao0@AaAl on aAVOYywWYyl KAC OaTpgOOCOQOAl pacg.

H emi Aoyn TwWVv ToapOoTaVEW GO\UEV BUNgKWIMW VT CEDYAI @VNEY YOl Lap YT Inovr
KatTd& Tnv @aQyKYAANnoOonvV €mava@eopd TOUL pHOpTEVOi TN
(wvng amo TNV JAG@IE PDQU CXONORBAa.TWY BeEPHPUI KOV K
BeAtiwon TNE OCLVOAL KNG HUNXOAVICWYK Ol mMma @l Qo p ac

2383 86UU0Ucse¢U0aU tUsoevyYUvxs

N o TNV €EE8WVUARWZDLE T EXVIKEC TNGE HAeKTpOVI KAC

OnmTi KO0 PYI KPOOCKOTIi OU KOl mepi BAaong aktTivwv

0L adl Kaoia n omoi a 6 a TIOPEOIEYT DA THUWIVC €K O TTNAWVA rEATa . @ GH €

auTn TMeEPLAAGUPBAGV e TNV KOTN KATAAANA®WY OBO0KI Pi w

EYKIBWTlL OPMO, TN Agiavon, 1tTn otTiABwon Kol TNV T
231. 76 " ®

H kom T1Tou deiypatog ,ToEvy I &k quben OoaToK oMW OEAET
KOTTnkav T€é€oocepa Odeiyparta €K Twvoodiopwvknmaoa Tp
KaTepyaoi a,asreceive) Tioe XamnNfnkKke amevbBeiag wg¢ Tpoc
pnxXavi KéEC TOULU 1 d1O0TNTEC.

JTOV TMOapAaKATOE i Hiewawa moapovodoOTOoOAOyia Twv del yy
Beppl KE€C KoOoTeEpPpyoaoieg mouv vméoTn To KGBe deiypa

HasUmOdgopatoloyia kKal Bepul kKé¢ KAaTepyaoiesg del

pUaoe U EFgadeaUd
A 2 UY KO A Agyrecavell
B 650°C,2 wpe ¢
r 650°C,4 wpeE q
A 650°C,6 wpE ¢

232 . KkoeasosbryUsilehd

Apol0 KabBapiotTnke n €mMI @eAvEI O TWV O0€&€l yuatwv, €T
o KaAlAouvumia. Ta deiypyotrta tomobBetTnOBnkKav o610 KEV
Eyxuvon tTou pbypNgpogipgnitHvpQtivn Kot 6gkakAnpuvrt
NTav TncStraerslarpceKiti ¢k al n otTepeomoinon Touvug KPArt

2.3.3. s Ua U@iHa &b ¥ 0 d

H Aeiavon kKkat oti ABwon, amoocKOTMOUV O0Tn HPei won
OUVUTA €ival amapaoai TNTAO WOTHCVEAOPENRAT WO ULV AKIN YN W
MTpooPBoOAnN HPYE KATAAANAO avIilI dpaocTnpl o. Kal 01 ¢
opt {O6vTi o, ULVLOPOYULKTO, HPMOVOOEOVI KO TEPI OCTPEPOME
H Aeioavon mponyeitTal MaG&viotrTe 1TN¢ OTiABwong KO
EMIOAVEI AOKOUV OTPWPUATOC TOUL €XEI TMOPOPOPOWOEe n

Komn. H amopdakpuvon TOU UVUAILKOUD yiveTal Pdnxovi K.
XapTti a. Ta AelLavTl Ka& Xaptl 4 L a@opeETI KNG K |
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Tomo®rEKAY OCTOV TMEPILOTPEQPOPYEVO O0i GCKO TNnN¢g dlLatadlr

Mavw octo xapti kKatd Tn d1 dpKeEl a TNg pebBOdoUL, p¢
TNV AMOMAKPULYVON TWV OMOOCHEVWYV KOMHUOTI WV TOU

EMIL @avel a ema@eng. Katd 1tn d1apKel deftgQomnuE B60dcC
KapBt di wv muptrttTiov KOKgriQusTropiKouceéazOO(O,y|1a2070 AkEamuT ¢
TaxvtTnpmx al0 ey dpwa@fNa vIEOA oy a TNV KOKKOMETOPI

Koofi8pyavo Asgiavoneg kKoaiStreesi ABwon¢ tTn¢g €10l piac

Me T1To mépag TnNng Agiavong, otTa do0oKipdlLa epoeavi o
KotTeubuvon 1Tng Kivnong TOoOULU TeAeuLTAi ouv Agl AVTI K
OMOMAKPUOVEL TIC XOPOAYyEC TOULU €1 0NXONUTaEPOOCTOHPG@PO

TNV E€TI @AV EL OKN TPAX0ITNTAO TWV O0&€Il YPUAT WV .

H oti ABwon o0mw¢ mpoavoaeépbBnke, d1 e€&nNnxOn otnv i

cTdadl o yivetrtal XpAoOnNn mTMaAavli ®V KAl &1 OPJOVTOTMAOCT O(
VEPO XPNOol [KAOTONIET an\BituergeOIHtIgeg i ABwon Twv d0KI Pi wv
O0Lo oTadla. ZTO TNMPWTO OCTAdI 0O EMEVE® EPOohe OT AP

CTdd1 0 Xpnotpyomol Nnmk&KaA@ooa Gdl opdTt Hounbg 8AeT

Me ToO TMEPAC TWV VVAPMIOEVIV QBAIVE P WAOTIWWY OEI YHUAT WV

eEMeETeELXON €K VvEow wahi ABwedicageleduxmpiaiayn o 01 POV T OT
KOl M€ TNV TOKTI KR TPoOoOoONKN AaTlI OVI CUEVOU VEPO.L
01 e&NxOn oeg d1@EPpPKEMNIK Ol Granvd MK@.I

234. 1 deooe Yyelbasae

H mpooBoAn €ivalr amapoai TNnTn ylrlo va OTTOKAAUL @O e
pebodouvg. To otdadirto auvtd e€ivar 101 ai TeEpa TPOK:
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o0 O 0L a@oOpPETI KaQ K p Gopuoytkod A K qonco.mo lMidowv € Qv av Tl
mpoPBAnRmMatdoice pyaocia o1 €&NxOn oc¢ oo PBARUOaTO MHE
Ol aAvpydTtwv. Apx!I Ka, €yl v anl iyl @dc Y iww DGV Yy Y C
MTpooPBoOAnN MOVO TOU XOGAULPBa.Nfolho THEMPY D eDUXTEP OWK DN O\
TNV TPOOCPBOAN TOULU UTMeEpPpKPAPOTOCE. H mMpooPoAn €yl v
xpnon TtTovu Kalingshad @qgGuelc 100 mL a1 6avoéoAiAng, 100 mL

O xpobvog TmMmapapovnNg TOULU KAGOEe C&eriay g ooTToOCV OTEQ PKICGK AYET
i Vvakao.

Yas UmUOgooBoAn Sel yUOAT @V

@oUaoe U mos Yage U i1 hseg (

A Nital 14,50

A Kallings 14

B Nital 12,90

B Kallings (50%0a p a1 w| 82

r Nital 13

r Kallings (50%0a p a1 w| 90

A Nital 8,10

A Kallings(50%a p a1 w| 66
HOlL afpwWTI KR OCULUPTEPI QOPAE TOUL XOAGAvpBa Kal TOoOL U
Beppl KNG KaAaTepyaoi acg. To yeyovog autod o@ei AeT

ML KpOOdOMWNCGE YEVIKOTEpPOA.
24z ydeiticegses eUayUdd €903 cliaseed

Pl KOI TNV ONUEPOVHPYA@AZENOTTOOWI RPOQUORPIDEKEIN
ML KPOOdOMUWNGE TWV ULAI KOV €ival TO OTMTI KO M1 |
POCKOTIi oOU KOl yra TtTnv €voeAlexn MHETAAAOYPOAQ
EXOoUV Hik&op Mv K ®do Xop o aSEM) ( KAD € p X 0 fiéeovunngg

M) .

241. ¢ olo U ga@pdi &Nl addd ( SEM)

m-~ = n >

£
n
|

a
T

/\xtﬁz

Mi a di1rataén NAeEKTpPOVI KOU ML KPOOKOTIi OU TepPpL AQ]
NAeEKTpPOVI OBOAO, TOUC nNAgekKTpopayvntTi KOG @QakoU«C
Eviog TtTmovIino\EXAXtovu, n O&€0MPMN NAEKTPOVI WV EKTE YT
BoAepapui ov N €&aPopB)dikoou TMELV VAwVVTBaoCY iaormd (t nv dAvo
MPOC TOUGC NAEKTPOPUAYyVNTIKOUG @QOKOUC. H otniAn
Ael Touvpyekevaoyovpgnigv mpootacia tng mnyneg (va
TNV PHETAQPOPA TWV NAeKTpPOViIi wv. Mia drataén Tmepl
POKOUC .XwWAVZ@iVTAl OCTOV ,OVPROVODQWEI RAL QaKA TINnVIi

35



zUayUd Egooahaadldd eU wyled ¢goaUaljesaxs (Elect
3 Uyoe)3v¥eU ?90Uaaesg, AiGUjecoe GU BUOU;i o

TNV NAGKITpPpoOVi wv o€ €va d1 depaypga Kol OCGTOV OaVTI
mnvio Kal Kavel €e€KAEmTuvaon -30nm Adaoumgrof me €@IT A T
MTA&vw oTnv €mIL @eavel a TOULU ULAL KoOU. O OUYKEVTIPWTI
KO® TOTO nNAEKEVPUW va OPWTNIOK €1 HEVI KOC auUTOC¢ TmTouv Popi
TeAl Ka, n €mMIL@avela Tou OddeiypdyatrTog¢ OCAPWVETOL (
dlapdyopewveTal n €1 KOva. H odpaon OO TAU YEXKOTVPEETTOOI
TNVOUWNE woTe va KaAovyel OAn TNV €L @AvVELOAd TOU U

Bonbera evog avixveuvtn ¢@4omoi o¢ CLAAEYEL TO nA

Afep <« Exmopmiog
NLEKTP VIOV \‘ NLEKTPOVIGV
A {\

«— AV0O0{

IIHW' Mapvrucog

il o Jux 0q

Tyhtopao)
GUPOCI
.)/
Awyvautiy
omeBooKs Sul OLEVEV
NAEKT POV Awvyvivnijg
BENTEPOLEVOV
WAKTPOVICOV

AooHBAN AT a&nN NAEKTPOVI KOO HI KPOOGKOTI OU Odldpwon

Katd TnvV GaOpP@WANY ETME TOULU ULAIKOUL amod tnv d&€aoun,

eido0¢ TNnNg¢ akKTlvoBoAiag e€e&aptartal Omoe TNV OoAANA

TO GTOMOA .TOW WKNIpK@L €¢i 0N €KMEPYTMOPEVNE AKTI VOPBOA
2.4.1.1. pUgUU; eoUse daUaUy h3sU

Ta NnNAerMEOWIPmAYY ¢ cLYKpPpOUVLOVTOI ME TO NAEKTPOVI O

chdpwaon TOUL. Ta NAEKTPOVILI O TOoUL VAL KOU, T WV

aomopgakpLvVOVTOI AmMmO TO degiypya AOyo TnNg O1 £€yepaon

TO NAEKTPOVI O AU CeiewE pyel a¢ Kal EKTEPUTOVTOAI

deiypyatog. ANOyw Tng, XewmAX&Tt etpaeyW) ¢ouEde 9P & | avga
CLUAAeXBo0oU0V €ULUKOAOTEPO OO TOV AVI XVEULTN O0¢&g OXE

2.4.1.2. B ' stddeliolUliUsheUsU daUaUj h3sU
Ta nNnAegkKtipovia tng d0€é€opung Ta omoia ocuvykpoolLovTOI
K al EMI OTPEPOULY O)mMpoWOo Yt oRIT@®w OB @O ookKkedalOPEV
NAeKtpovi d0ke,et a1 (Bpyeoa ocvoxett (OPgevIy ME TN
NAeEKTPOViIi wv, HPde TOV apl OBPYSO NAekKTpoOVvVi wv 1Tn¢g €&
ME TOV OTOMI KO apl Bpyd Twv OTOPWYV TOUL UVLALKOU K¢
Kabw¢ o oatTopl KOC apl OBpuog¢ TwWVv ATOPWVVEDOAL PAL KO
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MEIL WVOVTAOAI Kal TOo nNAegkKtTpoOvia mouv omiocBookedadlo
apl Buo0 (pev@MXNA AiroguKT)poOviI a oMl cbookeddlovTal

deiypyatrtog pde TOAUL HYIL KPR HPHETOAPRBOAN @IKMPV QEAVOEUM@Y € | O

Kol To Babog dira@euyng oxetiovial APeEOCO HPE TOV
CTOV TapOKOTAWOOMT i Nrcokpmkton pei Tat 611 T0 PBdaBog amod
Ta OomMI oBooKkKedalOpeva NAEKTPOVI 0 epioy@IV OROAUV dEVY
Yas UnMBgOoc S1 aQUYRC TO OomMoOio AapuBAveToal ®C TAnpoeopia pé
Kal devtepoyevwyv nAekigsplovi wv oe d1 doopa oToOl X
Element | Atomic | Density, | Depth of information, nm
number | glem’
Secondary | Backscattered electrons
electrons
S5 keV | 10 keV | 20 keV | 30 keV | 50 keV
C & 1.0 10.0 330 970 2R00 5300 11,600
Al 13 23 1.2 120 360 1050 1950 4,290
Cu 29 8.0 0.5 40 110 320 590 1,300
Apg 47 10.5 1.0 30 a0 270 300 1100

ATMd 1Ta omi ocbookedaloOpgeEvVA NAeEKTPOVI O KAaBe Tmepl
KatTavoun tTwv @edocewv OoT1nv e€mmlLedavela. Eir di kotTepa
eai vovTtal AaumpoTtTeEpPEC OAMmMO TI ¢ eAaepuTtapeg¢ Aaup
Touv deiypyatocg.

2.4.1.3. j aUas Ud j

OL aktiveg X g€ival popen NAEKITPOMAYVNTI KANE OKT
MAKOC KOMPMOTOC.

AKTIi VERTM&KUTOVTOOI KatTd& 1tTnv amodl Eyepaon NAEKTIPO
otTol Badecg. EI d1 KO e p &épamim)Q va LEYVKOP ONUAEETKOTIP OOW € A 0 O T |
EMI @dvel a TOL deiypyatrtog KOOI OTMOPMOAKPUVETOAL nNAEK

TOU VAL KOUL), w¢ devLWVBANMIYOLWPYEIiMXa KKEWUI B, MO 1O |
TNV KAaAuvyPn TnNCC,KEKWMTLO 10 TANNA B EMPNE KT POVI O ATTO AV C
amodl eyepbei. To TP PEIEWTUME TIENTCO IE VEEP VIEA IEHA G WT
eival XapoaKITnploTl KR TOU €idoug¢g TOULU OTOMPMOULU Kal
OTOPMWYV peEl anov PBONR@BEl xXveutn QAaibyvow)npl oyiowy ®F ww
TNV e€véEpyel abtouv €eKMEPTET AL
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electron beam

Auger Electrons (AE) Secondary Electrons (SE) (~100 nm)
surface atomic composition topographical information (SEM)
Backscattered Electrons (BSE)
Characteristic X-ray (EDX) atomic number and phase differences (~500 um)
thickness atomic composition u

(~1 nm) Continuum X-ray
Cathodoluminescence (CL) (Bremsstrahlung)
electronic states mformahon (~1_4 pm)
(~1-5pm) (~1 3 pm)

Inelastic Scattering

composition and bond states (EELS)

SAMPLE

Elastic Scattering

| I H ff
Incoherent Elastic structural analysis and HR imaging (diffraction)

Scattering

Transmitted Electrons
morphological information (TEM)

AKooRBAN a@OopPeETOKODIi VOBad 1 s)WTTE UTTOV T Ol

242. 80Uy adalU0d HMRDJas¥ys | (

Mepi BAaon €ivalr T1TOo @alrvoépevo TnNE OKEdAONGE T WV
auTa MTPOGCTIi MTTOULV o€ OTE C U € d1 0T AOE!L G mTapa
CUYKEKPLPYEVN TMeEPIiMTwon n mepi BAaon akKTi vy X B
HeE RAEgUOTI KEC AMOOCTAOCEI ¢ TwWVv dl1lAaTETAYMUEVWY aTa
TNg¢ T4&éangstromf eovval myn dma\ad@®, 1 coduvvapgolbVv ae& WYEé
KOUJaAaTog TWV OKTIivwv X.

Otav PBopPBapdietal TO LAIKO @méOsé apnae VOBORT po (ir
TOTE TO ATOPMO ATMOPPO@OULY TNV EVEPYEIOA PEOW TNC
CLVEXEL O ETMOVEKTEPYTOULY TNV OKTI (J56]BOoMEQapPEOWULYK

TOV TpOTMO VyiveTal Katavontn NoCT&aAGD ) TV I @T |0
XOPOKTITNPIL OPWO TNC KPLOTOAAOYypPO@i aqoentgepno VAL KOU X
omoi e¢ AapuyBdadvovial PYOVOXPWHUOTI KAG PHE TN XPpNnon o

MAKN KLOUPAaTOC.

To 19BI&®gmampatnpnoe OC€ MPI O TEWTOTYPW QB & pjp arp\ddiklag 1 ad
YVWOTWYV TAEYUOATWKOUT@MTOPT GEEéwe¢ ywvieg (peTtacg
ETIL @AV EL O( 0ei ypatocg) dnuUioupyouvTal Eviova

@al voépyevo O0ULUTO Kal PBoaocl {OPYeEVOEOIAT IV UTIEPO HEP OO T
OV nNMIL L a@avnhR KAB7h mtopmw o K@ra i vwooPBvotAdi 1o K O | otTnv T
KoatTéAnée OotTnvV apxn MAVW O0TnVvV OMEAU@OePwai et amnvn
apxn autn, N €VIOXULUTI KA CLPMBOAR emiTULYyXGvVETOLl
vmdé tTnv id6ra ywvia avapeoca oce d00 N TeplocooTe
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METAEUD Twv 000 AUT WV OKTI VWV TPEKIEU C VKU [£d Vvaq Tar

XPNotL ygomol o0OPEVNC OKTIVOPBOAILI ac.

ATTonv eLkoeviovoad @avepod O0T1 PYOVO Ol KPLOTAAAIDI T EC(
ME TNV TMPOOCTiIi MTovoa OoKTiva o6ivouvuv @alvopeva TE

—® ® ® ® o

KooBME pi BAa@w Xkafd S1 ad0X! KA KPUOTOAAL KA € Ti Te
O voudBaggd ovetTal amdé ToOVvV TUTO:
CzQzi Q¢ £z _

T dn aoamooctaon PHeETAEUL OVLO KPULUGTOAAI KOV €T TME O W
T dn ywvia Bragg 6, 26 n ywvio ocké€daong¢ OKTI
0ei ypyatoc
f nn 1Tdén avakAaong n=1, 2, 3 .. Kavovli Kdad n=1
f 2T 0 PAKOC KUOUPMOATOC
Kaotda t™n d1apKel o TNng pebBoOdouv ToOo deiypga TmMeEPLOT
OtTav n ywvdng TeEPiOvoOmT WKOTAAANAN KaBragg RAveTmol €i 1

CupuBai vel TO0 @al vopgevo TnNgC cuuBoAnNg K ol TO

Kataypaeetal pe 1Tn Bonbera €vog avi xXvesuvurtn O 0T
Eto1l, oct1péooowTm@mcy ®dwi @€ yjumomoOLVv va PBpebBolOv 81 ¢
Kabetec ME TNV TMPOCTIi MTOULOO OAKTIiva Kol vaoa 0w
KatTaypaopmmakfu@ o wwqg ouv avixvevtn . O1 d0edopéveg yw
d(amo vBrpgd TKOOpE oW ALT WV YyiveTral n Tauvtomoinon
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Cathode Ray Tube

l
J
b Filter

s Collimator

Filter
Sample

&\ ""I I » Detector

1ay Collimator
qu’/‘ 20

K o 3 I2XJRayDiffraction

256 Ucso0e eyUpdqidd edeUssoat 3 sltusasUeUx
25.1. Foad) 6 ¢ yidkerd G d

H dokickersik pnot pomolt ei €vav d1 €1 0duUTN OXAPMATOCG K
ME dl OPdOAVTEVI O KOGpuapnoItyaivd @ ¢miae (=¢ 11036 pe dO0Ovapr
METAAAOUL. Me 10 Tmépacg VickpsumePoYiodhs T al oxAG) pOa N
acKOUUEeEVIOD®)Y QP@OC TNV €Tl @avera tTneMrpl NOHTNTACG
01 ayd(mm).o

o ¢ OIJ%T PRIL T T

I aa Q Q
H 61 aywviocaqVv TpoaypdoaTl KOTnTa amotTdKedtowyv PEOTO
OMOTUMWHUATOC OMWE @Ai veETOl KOl O0TNV TMOPOKAT w €
| = |

136 between
opposiie faces

AooR3AMoT UMWPO oKAnpoué NMpkereng pe tnv uébBodo

OrF meproprLopgoi 1TNg PMeOBOdOUL e\@Edmowlow TPW TOOXUI PK «
TNV €&a0@AAI ONMVO CO@IGOVT LOTEWIPWIVE WV, TO TAXO0C TOULU OOk
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eivalr TouvAdxitotov 1.5 @opd pDkyoA TEA@QE amd T1aal ool
0o d1adoX!l KWV dO0OKI MWV 1N TnNnVv amooctaon diag do0K
n omoia @aecsmpdmeTovAdxti ctTov Tpei DB5&.ope€ ¢ pmeEYyAaAD
26) " sUUayaeUU0U
261. FeoadyeeUUjeaUsd

Ol CKANpopueTpnoel ¢ Twv Odel ypatwvVickeml TE®)K O NnKav
Epyoaot Mpit ad Ao ytwapod YoVMggX o v IMeE ®a A AMEiT@VA A ou py @V . Kd 8 :
el yyaoa Xwpi oTnNnKEeEYIOE VEWMVUOAETEPAOIXEKATA PNKOC
0L OQPOPETI KWV ( WV @y fing QUKPORPUAREVY O, o€ K
MTPOYy HOT O TrOPIgNBXPwe 1 ¢, Xpnot ygNmot wvtag d0vaun 1

O péoog O0POQ NEKXMHBET IME @F TOOKTNOT E TTKIOTVG & O T
Yas UBBgoT e A€ 0PATO OCKANPOUETPHOE WV
pUa 3 zyted hred lGoady AUAMUG o]
] 386 | 375 | 215 | 190 | 190 | 530 | 375 | 340 | 340
d 355 | 380 | 207,5| 190 | 230 | 382,5| 330 | 360 | 357,5
a 410 | 417,5| 410 | 320 | 277,5| 285 | 285 | 285 | 285
(09) 405 | 410 | 395 | 242,5| 287,5| 300 | 305 | 305 | 305

Onw¢ @ai vao@lo kK@moGy proogd ot o, OI1 OapPpVvVNTIKEC TI HEC
Ol aypapgpuatocg) avaaoeédnpomel7tla8, 0ootio BUETITEI PKKEPGA PUTOI M E C AV
XAOAUREMoM(2D e &1 & Touvu dl1aypdldupatrtog) €vVwWw n apxn Tw
TnEncg.

ATTO TO OTMATENEOCERANPOMPETPNOEWY, TMapaTnpeiTalr O
TNV HPdEYOAAUVLTEPN OKANPOTNTO €XEI n O6ePYE KA €TIN(
mapatnpnoei K ol o AAANEC HPEAET MaoneldBxWo1 oyevooL

X oA U BajM9], g§a@ig TNg OUYKOAANnoncg, otTn d&edopévn
HMOp@OoOAoyi aocpgpteumoci anamodi d¢& tMel 1NN vu Yen@\arp POOKYANn pto
Beppul KOV KOTEpPY @EIiyvkayiIlFodé 186 sdmepaeng )k AnpotTnita T
Beppl KA € TN Meooa h ETvonug WKewvd AAouv pBdaong amdrTOLVY T
YyEYyOVOC QaUTIONV TEPTOA WE@OEA TOUL PaApPTEVOIiTN €VTIOC
(wvng.

H a0&non 1Tn¢ OoKAnpoTnrtoag Twv delypgdatwv I Kol
Beppl KA € TUNUPVENACO METVA1 CT NV HEPL A& TOU UMEPKPAPOATOC
av&non ToOLU KAAGopAaTOC OYKOU Twv Klaconeldd8 @dadoe wv
SOUPpewvaFigkearoouve BPLATE CeE @MY ETI KN €mMi dpaon T wv
CKANPOTYmMO@pPREPOUATOC Tapoatnpei talr altoop Groo ITOp WT O
mapatnpnon TakiaerAlamgal touv¢ ocuv@Bldpydtagnitépeuvva, T
C. Slamak oM. Abdellaoui[62], pe T @ Tnv yYngopel7d8gm at dwpe ®C,cTov¢ 638
mapphRfnke avé&non otTnNnVv OKANPOTnITa n omoia amodc
HOPONC QLUIPBVVYI @MOOLII KOYyVa 9Tl GREayOdaidedt mA
av&non TNg OKANPOTNITOAOCg OTI ¢ TMapOmMAvVwW {(WVeEC T
MIi KpooomiEyaAbTEPN d1LAKPITIL KA 1L KAvOTNTaA.
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o Yo, DA eddypappua okAnpotntag deiypatog A

262.zUay Ud ¢90 B UWezwpeHd,) & 04ODME ¢

ST1 ¢ €4-R®OWVOEPCO V201 GlovTal o0l MIL Kpoypa@i e¢ OTTIl KO
0ci yuoaAsoeceivel. ME TapoOpPoad©I @ paRrBh Be-87 KX 18— R
mapovol alovTal ol ML KpOypo@i e¢ OTMTI KOU MHYI KPOOE

(2h),F 4)k oA H) BV T i COIOIHKPOO.Y PO @i € ¢ TIaIW PEOTREGM P B LT OV T O I
OTMO TO aVAOCTPO@O OXxDAMNEYX cuv METOUCAKNETT @A X o1 p Yy WV .

e 0O0ULTO , 8@ WiEWAIN OOPOC TWV XAapPpAKINPL OTI KWV KA&be
CLUVOAIL Ka&.

EKIL VOVTeonetyidB , T e KAaBe plrLKpoypaeia mapatTnpei-
MEPKPAMPUATOC HE TIONENDOPOKENAPOUIERELC KLUBI KEC dop
I OLVREEWVEVLT DN Bpua dAdo UL [ & o N okpdobten pdoeLi vyThoal T O
l ECTMAPUEVA KATAKPNUVIi OpOaTa €VvVITOC .T WV KOKKWV K

o1 o1 C Il
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AVAaQ@OPE KKIEOV TM@ULV Y KOAANONC TWV J0€1l YHUAT WV, n <¢wvn
0evdopiTeCc 01l at1 e T acglymhay d63]c H o p 0 pogron\oeyci a(wvw wv dev
KaBopi (et aiGRomaGETiowa IA Oy 00 € p JROK Ip vPUDILI Ta epEI0O TTO | T
EEar1Tio¢ Twv Taxéwv pubpwv amoypuvéing mou mapdyo
He déopun NAeKGROVE NG QD NPEIGDIKTHPIAK@Q TQCKAlL €T 0l
01 0 € WATEIKTIGo@pVe O A oy i a O 1 o T &€ TOQUYPLWEVVON HCEE TT NTACE @O K
Ol aypBdhpad cafovikoi devdpiteg mapatnpolvIOl OT
TapaATNPNON OULUTN O0Qeided Wi WIP O YEPKEF OMATIE O @ I n
KEVTPONEINGU pg oNi igiefwelyl poo) Touv Ppicawe teamavw PEPOC T
CUYKOAANMEV @AV NO DIEWPOQUIEWW]. TTeEPL oXNnN, n OBepplrt kn Pab
pPpLOBPOC oTeEpPpEOUOEl NEWOMAEAT EPNeEY@IRMAOXLO A RNO KD § TMOYPANY  H I KpPT
[64][65][66] .

Evioonke ppupl K& e€mMnNPeEAoYEYMEKP ALTarymocy VITOOU  XTOOAKUERTOO Y O
omoia dnpgliouvpyndBnkav KATA& Tn OULULYKOAANnaon. Ol v
MAaKETO, €XOULV KOI VOIOWO EGOAVN OT AN I00YOEYO0ET AT D T O |
OUECOMVUENMPIOC AV ATOAI CPJO TOU TIp OTMUgEvOWEKQ WO Ewa T |
CTOV OXOAIl OOCMWO OAMOTEAECHAT WYV TWV OCKANPOUETPNOE
TNCEPUI KA eTnpeaocpéeévng Cwovng d1a@eépel(Assamd avrtn
Receivedl Ko avavertal 0O XPOVOC TWV OBEPHUI KOV KOTE
650°C, N MAPTEVOITNAEKEAD YU IKKIP OEdTONUPNIE O o évVvNg (wvng OA
OAANOOeENV PAPTEVOITI KR HOPPOAOYyia ToOoL PHETAAAOUL [

H prkpodoun ToUXIMOABAANOMa BO@mderic\ed wa,l TANRP WC
EMAVAQPEPPUEVO PdJapTEVOITN.

G/A determines morphology
of solidification structure

GxA determines size of

solidification struciure

Temperature gradient, G

Growth rate. R

M9 Yo A Eedypappua BepB-RAQuBabpt d@Eedjttoi nong (
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50 um 50 pym

AKoaflR4Ml kpoypa@i a omTrKk A9oaRSMl Kpoypagi o onT -RBI
YTe pkpMyma A A o—LBedioymnga OO HYEPLOA UVHREPKPaAaPA

KoofBMI kpoypoa@ia ont+RBZI AsofRBMI kpoyp
amnmd KapwPBeai ypa A XaGAuvfME T aA

AKoolR8MI Kpoypagia OoNT FXOWN YT Kipywko A o v
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2.6.2.2. pUaoé2h o

Ko oaR3Ml kKpoypagia omTr-k A9afBMI Kpoypaeia oONT -HRB
Yrne pkpMgma A A o—Bedioniga amo apwPeai Bua

OMT K A9 afBaMl Kpoypagi a OTT XMV
cdioynca E TNEIPE i Bua

a
LB
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2.6.2.3. U a 3§ 4h

ia omtTrk AooafB4Ml Kpoypa@ia OTNMT -HRBE
0 — MBedi oy g a amoe HEPLOA UVHREPpFPaa

Koo fB3Ml Kpoypagi
Yme pkpMywoaA A

A

KoofBMl kKpoypoa@ia ont+RBI Koo BEBMI Kk p
amnmd KapwPei ¥yua Xa& A &

Koo fBEMI Kpoypoa@ia ONMTHXOW
THE&NEi Ypa
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2.6.2.4. U a api &h

50 um

Ko of8MI kpoypagia omTrk A9afB3Ml Kpoypagia onT -HRB
YTe pkpMyma A A o—Bediolga amoe HEPL A UBREPpMHPaU

AooMBMI kpoypagia ont +@BI Kso MBMI K p
amd KapwPei Aua Xa A vPiE

50 pm

KooMaMl Kpoypa@i a OTMTFKO
AT pweldpool) Lovar 1 ERE | B a
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263.zU0UayUd e90) atliveleoel) qoBg fp G oY)} @i d d
(SEM)

TO TMAOi ol O TNC Ol MAWUOEI KO qOoUEPNEKIPi aqVv e TEICTosap)
0l YUAT WYV PEOW TNC HAekKTpOVI KNG Mi KpookKoOTi ag Z
edoewWV Kol THNVKEEET@WOPRERTNAOVI KO HI KPOOKOTI O TIO
NTav tToLumov JEWVL JgBMI 6 BBWOPEVOICL dUOTINXEROAK KY @ wa
MTPAYHUHOTOTOIl ROBNnKOV HPYeE TO TpPpOCAapPUOCPiEYt cOPG nua
Oxford Instruments.

2.6.3.1. U a AgAS-Received
H pir kpodopun Twv d0KI PJi wv mapouvol dletal HMEOoW €1
BES , €vw n XNUI KA avaAuvon TwWVv @QGAOOCEWV Kal 1TNC¢ |

ctol xet aknEp9avairvong (
26311 zyUUesos byliddgUUpeom&l elyatid UUG

6L 3( |l neoned @UIBED el aU
Eviocg 1Tn¢ wotmeow!l 1IEK NAgRaaapedipead¢t 0 i (ovTtal PdoaOpa KO
KatTakpnuviopgoata d1a@eopeTl Ko peyéeEbBovuvc. Me PBdo

Xovodpopuepn KaTaKkpnmvaokap RiTONDE( €t d vV w@ 4 T
AEUVLKA KOTOAaKPNUMVIi opata bNbCqra XKdOxo Okdogp Ba ™il an ¢t VKT
Bopi d1ra mAoQou wE.wa 41 6B1 0

H Xnut kn o0oct1Ta0n TWV KOTOKPNMVI OPATWVY €Tl BePal
oTn owtel VoaoanmeEpmdpPYy Pa HBvaw¢ omkowaio 1 o, TO OT
el val OTOIl XEi 0O pPe pPeyddoTmUrogl kKOVompo BPodO o ek evdo
NAEKTPAVIE @OV .cvpPoatiaBaip( F&8 amit opl KO aplt Bpuo) Kot ad
CUYKPITIKG peE TAaeEPedoPhPheE GipoVIEKOVa awdibd wa aVv o K A
(omiL cBooKKE®DG(MVE@YQULV TO @Q@AOCHPMO TTOUL AadpuPBaver o

JUYKpPi VOVNTEOG CTHOO TOOMTOI ¢ OT Ol X€1 OKNE¢ availvong PeT
43) K al TNg Beppul KAE 1ekmonvpee atxifpsovime € { dwm ¢ 01 a@opoT
CUYKEVTIPWOEL TOU crLdnpov K Ol VI KEAIi ov. JUYK
MEYOAAODTEPN €MOIicCOOUt NTWW VM KBeEpUl KA& emnpeacpévn (w
gL dnpovu.
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Eement | Weght?  Atomics

AlK 0.45 0.6
TiK 125 150
CrK 19.16 21.14
FeK 18.12 19.65
Ni K 55.12 53.89
Nb L 436 2.69
WM 0.54 0.17

Totals 100.00

_—
100pm Electron Image 1

Aoo 3Bl KOva PI KPOSOPRAE OTI 0B 00KE O xHOGUUTEOVSEMO NZATEOKI TXPEOI Vi KWV~ O €
avalvaofm ol Ko U lpcormel@B-Aosuvi y.ua A

Eement | Weght®%  Atomich

TiK 77.64 87.32
NbL 2139 12.40
wmMm 0.97 0.28

Totals 100.00

ZE kU

AooMaHEl kOva PYIL KPOBdOUNC OTI 008 00K e O xT/WOUTEOVSEMO NIATEOKI TXPEOI VOi KWV~ O €
avdAlduvon Pl KTTgND)Ceup B g dt ouv P olaconeldl8— Aueei TyduAoA oA
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Element | Weght¥s  Atomick

BK 4415 86.39
TiK 417 184
NbL 51.52 1173
Mol 0.15 0.03

AooMBHI KOvVvA YL KPOBOUNC OTI 08 00K Ee O xGEHOUTEOVSEMO NIATEOKI TXPEOI VOi KWV~ O €
avadAluvon PBopt diov mMAOUVGCI 0 Oc¢lnooneldlB+Los iewmrod CA Tou PBacl Kol

Element | Weghtde  Atomick

TiK 9.28 16.56

NbL 90.72 83.44

Totals 100.00

Ao o MBHL KOV O I KOPOI S0BWOO K € A O U EV WV XBHNaKOBEMI i DV OO K EPBKHOB ULV O
avdilvon HKNoCgPitdicoua ouv B alaconel@l8— Aeei TyduAoA 0AL
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Eement | Weghts  Atomic
AIK 057 1.23
TiK 0.88 1.05
crk 14.05 15.54
Fek 40.23 4143

Ni K 37.35 36.58
NbL 5.20 3.22
Mol 1.41 0.85
WM 030 0.09
Totals | 100.00

: 100pm i Electron Image 1

AooMBElI kOvVva PIL KPOBOUNC OTI 08 00KE O xADBOUTEOVSEMO NIATEOKI TXPEOI VOi KWV~ O €
avAaAADOmUl KA eTInpeaocyévngIincondivigcAcainduotr Ny pPeEpPL & TOU

26312 ¢€u3d Uesd e¥yjad dUjyesae U UazUy.

Evidéocg tng Cwvng 10n¢&Received)ma pdoeTi nyppoadtvot¢a | A o ASwO T ¢
devoiPilmaE tTay yévaaadumnaj)e wadeE ¢k o1 KatTaKkpnuvi opart
KuUpi wg €VTOC TwWVv €vOA0odeEVOPITI KWV TEPIL OX V.

Me PBaon TNV OTOSWIEAWKTIWW VAW @ d gPVPOEPBI NTKI OKVW V U | TKETPAI
evpeyéeEOn kap(PeiioknPw(0TAc, Bb)i@ng Kot €VOIOMETAAAIL KE
n ocvotTaon Tal ptL aldetl pe o@Fe,MNi GENb, My, diP(LEPIUKVO VEV WO € ©
5000H KOTOKPRAMVILI 0N, TENTE TOUYoONLY sOTVAINCKOT A TO TEAEULTA
TOUuU uvmepKphdpyatog I nconel 718 ,80ry QwA@QBQrEY TNV €U
EVTITNKTIL KN 0O0¢puCHYEDBL.IOa WOENLEL8C OCULUYKEVIPWOEL C

Ni,CrFeé¢ vav T MoTaiNbo @ei AeT al OTO VOVOOKOTI KO pdéyebBo
Ol aKpPUKIOWKO@ MX @O TNV TMANPOQPOPIi 0O TOVA OPHAPOY WV I K
omoi o mMi BavoTnTa va €Xxel T xtumnoel " Lapedpog T NG

Na 1NV TANPN TAaLTO0OMOE P ETMET NCZA QRENQAI HOTIOIL NOBE
ML KPOOKOTIL O Ol egpXxoOopPdevng OS€0PuNg¢ N NAEKTPOVI KO
Ol OKPRATI KAavoOoTntaoa €10l ®WOTE VO PTMOpPOULVYV va Yyivou

SJUYKPILl TOI KOG OMTEE ATE O MO T A OCTOWKEGMRXNXKGAYE RPEARQ OKAI T NC
enmnpeaocpémqpatppggral otoadl akn av&non OoTn OULYK
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Eement | Weghtss  Atomick

AlK 0.16 0.33
TiK 0.91 1.09
CrK 12.39 13.61
FeK 50.59 51.73
Ni K 31.23 30.38
NbL 278 171
Mol 195 116

Totals 100.00

: 100pm o Electron Image 1

AooM8HI KOVA YL KPOBOUNC OTI 00 00KE O XHGOUTEOVSEMO NIATEOKI TXPEOI VAi KWV~ O €
avadiluvon 1Tng¢-Adbwn@ TARE N

Element | Weight?®  Atomic’

TiK 79.48 88.29
NbL 1794 10.28
Mol 258 143

Totals 100.00

Z8ku 1. 888 18k

Ao oM3Bl KOV PYIKPOBdOPUNC oml cBooKeSxIDDpuvBEMO NXtRIROVOWY O¢
aovadAuvon piI KTToND)Ceup B ditgg -fevyppgatAéncg
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Eement | Weight%  Atomict

TiK 0.80 0.99
CrK 11.56 13.07
FeK 4467 47.03
NiK 3184 31.99
NbL 8.46 5.36

Mol 257 158

Totals 100.00

18rnm

Ko ofBEl KOVO HYIKPOBOUNCE OTI cBooKE NxBODpuUvEEMONXtRIROVOKWY O¢
avVAaADWEHOPMET aA A Lakefeqv T€dvcwotnNneg — A qgatTt A& Ng

26.313. zyUUaas KNMbD4iguU2esayY U d} v
cl 3dCrMb2acv)jad dU}jessae aUUU}oUlaU

Eviog tTng Bepul KA emnpaagpinpoldnancenawdT Al ®
paptevoitn 1Ta omoia dnugiouvpynébnkav Katd& TN OL
HETAAAOOTMBUOXNLI TAal amMO €MOAVOAOQPEPHPUEVO POAPTEVOI TN

Element | Weghtde  Atomick

SiK 0.22 0.43
CrK 0.36 0.39
MnK 139 141
Fek 98.03 97.78

Totals 100.00

100pm > Electron Image 1

KoofpsEl KOva pPI K @oOXEDBPC OQUEIVAR nNAeKBPanbOEMooZTpe XEB UGN
availuvuon 10U PBo€@&iMseliec ipgpaAAouv 42
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2.6.3.2. U a abe b
26321 zzyUUees bYlddUUpeon&l U748 U0Gey
L 3d |l ncodel U7 8dy ) cC38d8ff @Usgd 6
Eviog Tng woTtTevITIKAC PgNRTpoag TouLvL deiypatrtog B (
EVPeyEBNGC evdodavesga XAyl &Hw@oyg mi onNg KOl MPI KTAE& €

TOTMOIOLGE( €1 k). T gv5avi xve vLavgsmprPped wwEo MG XM Ko w 0
KatTakpnuvi opatocSiBIN momnoiop@wwd o e TNV Bt BALO
aovaokKoOmnon Tou Mav[ddphaomENIve | Moo PLIGgEopp § (€T al

Eviog tng OBeppl kd emnpeaocpévng wvng 50vi XveoTi

MAOCDODaNbae omoi a mMapatTnpei Tal HPE TNV POPONR AETT OK
Element | Weight®%  Atomic%
AlK 0.67 143
TikK 0.74 0.89
Crk 17.92 19.87
FeK 21.04 21.73
Ni K 52.85 5191
Nb L 449 279
Mol 228 137
WM 0.02 0.01
Totals 100.00

40pm ' Electron Image 1

Koofp2Bl KOva HIKPOSOMPUNAC OTI 0000KedxB@puoGEMONXt @I ROV OWY Oc¢
availduvuon ToU PBdnoonek7d8-AgE Y & AB U
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ayUd Egoashaadldd

J Ujoe)¥YeU ?98Usaagg,

eU opyled ¢goaUaljesa
C AKiUjeagoe

¥ 3

Eement | Weghtde  Atomick
TiK 69.72 79.41
crK 238 249

Ni K 5.00 464
NbL 2261 13.28
Mol 030 017
Totais | 100.00

OTI 00o0O0KEDSKILMpuaOBEMO NXERT ROV O KN

(El ect

a0 vlUy i o

K9 of3El KOVA HIKPOBSOUNC o€
avdAldvon piL KTTgNb)CeupfBgditouv P oloconeldld-peitydAd ob
Element | Weight¥®s  Atomicl
AlK 041 0.89
SiK 234 481
TiK 143 172
CrK 16.24 18.04
Fek 17.28 17.87
NiK 4977 4897
Nb L 791 492
Mol 462 278
Totals 100.00
8 " L )w -
Aoofp4El KOvVva PI KPOBOUNC OTI 08 00KEe O XTOBDOUTEOVSEMO NIATEOKI TXPEOI VOi KWV~ O €
avaAlduvon €vOoUEREENITOLRC TNWWAEY RAaTBENC
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Eement | Weight®%  Atomick
AIK 0.35 0.79
TiK 0.81 103
CrK 1430 16.86
Fek 20.28 2226

. NiK 4432 46.27
Nb L 13.89 9.16
Mol 5.24 3.35
WM 0.81 0.27
Totals 100.00

Koofp3E)l KOVAO HIKPOBOUNCE omIl cBooKeEdxXEDpEHUBEMO NXtRIROVOKWY O¢
aVAAP@aoNeEV 100 ¢ TNnNg -AedvnppatBEng

263221 3qd Gelddrd U h dyj cCadd @Usgd 650

H Covn tNné&ng Kol TAAl KUuUploOoOpXEeEiTal OamMO WOTEVIT
Omo €U0UPOC KATAKPNUVI CHADODO | JEE @RUEHY E VMG CHMHT X AP
eai vetal vo OTMHMWOPDOIOX €li akl Q@EAAvomoTng whdygnc
Beppl kKN Katepyaocia (deiypua A).

Eement | Weght®  Atomic

TiK 0.63 0.77
CrK 1275 14.28
FeK 47.72 49.77
Ni K 30.86 30.61
Nb L 458 2.87
Mol 2.10 127
WM 135 0.43

Totals 100.00

70pm ' Electron Image 1

AKoofpBEl KO6va pPI KPOBdOPUNE OTI 0B 0 0KEe & xIMOATEOVSEMO NZATEOKI TXPEOI VOi KWV~ O €
avadAdvon 1ng¢-Aldwrug BARENC
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26323 zyUUesaes bYUdid0U42Z@raNo40” dy UUGEe y 3
L 3d 42€CUWMDB40° H dyy c0388 @Uesgd 65

Evidog tng OBeppl Kd emnpeaocpévneg (wvng TOUL XGAUL
Mop@oAoyia Touv peapBéavgi Ty qTmo me AAVOOUEOETOOI OVKOA NP O T
EXEIl MPYETOAOYXN M OTTAI QOKTOREOI PO D O X t0Q . O €

2B kLU x1l.B888 180

KoofpBEl KOvVA HIKPOSOMPUNC OTI 0000KedxIDpEOBGEMO NAe KT POV WV
Mapatnpeital n Bepul kK& emnpeac@MornAedioyvuna oBtd tnv Pepl

2.633pUa diza

26331 zyUUeoas bYlddUUpeoewm&l U748 000
el 3d |l nconel 718 ¢ ] €

Eviog tTng wWotTeEVITIKAC MATpPpAag ToOou degiypatog T
evpey€eEOn piI KNDC (kka x@ivimk o g e mi ong Kot PBopidl a
Kol TIiTdwo (€1 kKoOova b5
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Eement | Weght®%  Atomick

BK 9.19 2431
CK 2232 53.16
TiK 498 298

NbL 63.50 19.55

Totals 100.00

Ao ofp8El KOvda PI KPOSOPNRAE OTI 0B 0 OKE O HBHAPTEOVSEMO NZATEOKI TXPEOI VOi KWy~ O €
availuvon BopldiowanmAoaddWwH®q oEO W | PPacaneldld —N& it YA ol

Eement | Weght®%  Atomich

TiK 78.48 88.30

Nb L 18.18 1041

Mol 233 129

Totals 100.00

Koof8Hl KO6va pl Kpodoy
availuvon d1 K TTogNb)C

Ng OTI 00 00K e O xTEDAUMEOVSEMO NIATEOKI TXPEOI VOi KWV~ O €
Euppgditouv P oalaoconeldld —-ANEit WA ol

2633281 3d Uesadd U0y U BC cogmle Usidq GUeg

H a0&non 1tou Xpoévou TNg OBeEPPIL KNG KOTEpPYyOaoi acg
0eVOpPI TWV. Eviog T wv, Teavpdaor dnNepVodOVITTOIl K GEVU PTEEYEELBONX VI
(Ti,Nb)C (€1 KBO)v,a €vdopueTaMNaves £€q K d)vewauxbl vl XVE VLT NKE K
KapBMETTD®oOoNbpeoaowtT ol Xet qQrdNitFRiNkG( e 1Ok@v a 6
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Ao offBEd KOva PI KPOdOPNRE
availvon

Ze kL

#3. FEE

Sk

Koofp3El KOva I KpPpod

opng
aovailuvuon e€vdodope

60

el opyted ¢aloaUjcesars
2?99 Ua0a6g,

AUy ecgoe

Element

TiK

NbL

Mol

Totals

Weight%

74.77

2347

176

100.00

Atomicle

85.21

13.79

1.00

oTl 06 00K €& & xIEMHOUTEOVSEMO NZATEOKI TXPEO! Vai KWV
HiI KTToND)Ce upBgdigg -DebnppatREng

Element

TiK

CrK

Fek

NiK

NbL

Totals

Weightds

153
12.04
4391
3153
8.09
171

118

100.00

Atomic¥

188

13.64

46.30

3163

5.13

1.05

038

oI cbooKedxIIDpuaovEGEMONXIETRTI ROV OKWY
LEvede MITIOIRG TR nRathéng

: (Eject
a0 "U0U0; i o



zUay Ud Egoshaadldd el opyded ¢a~UaU;esax3 (Elect
3 Uyoe)¥yYelU ?290Uaacqg, AGUpesoe a0 "UU, i o

Eement | Weghtde  Atomichk

NK 0.14 0.56
CrK 12.26 13.59
FeK 4584 51.56
NiK 30.18 2964
NbL 749 465

Totals 100.00

ZB kL #3. FEE Sk 15 58 BES

Ao of2El kOva PIL KPOBOUNC OTI 00 00K e O xTBHOUTEOVSEMO NIATEOKI TXPEOI VOi KWV~ O €
aovaildwaompPBl oi MeCevodmaquTtng —-dedvpgpatheEncg

263337y UUa a6 bYuollg'ULA;ZSCeraM?b4U q;uogs
42CrMo4 eUU0Y U ' f @yjodeUBad aUse

MeTd @umadg 4dor”Qu@vEmiuE veTal n BeAovoel dAC PHOP@OOAC

ITNg Oepul KA emnpeaocpévng wvng va €XxXEel METAO)
Hop@oAHbyBewpnon auvtn €ival Baol opévnoooma OATOT E
omoia n oxAnQpPpOtppokdad emnpeacpgévng wvng Kal
OMOKTNOEL TNV idta T1 un.

Za kU Xk ZB K

Ao oaf3E1 KOvVvaA YL KPOBSOUNC OTI 008 00K e O xIOBOUTEOVSEMO NMAOEPKATT Prjopvei i civa 1 0 €
n Oepput K& € 1nNpEe aueugivon TouCrivioL eXmedp gr tndv2 I
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eU opylded ¢aUsaUjesars (Elect
?99Uaae6g, AKGUjpeeoe O0U BUULI o

2.6.3.4. U a api €h
26341 zyUUesoacs bYlddgUUpeewm&l U788 U00GEY
L 3d l nconel 718 eU0® ©5§ 6@y e U3
Eviog Tng¢g wWoTeEVITIKAC MWATPAC TOUL degiypdatog A
M1 KOotxde 6 0v | ca& oTwNb)ICq e k x @ P ikdo®av¢( € mi ong¢ kKat PBopid

VI OB1 o KCll KIOIVIaa V6160

Eviog tng Bepul Kgawimopwebonukey ngL Lawanegng vi T pi d1
Kol JieaXiova 68)

JUYKpPpivovTog TG aomDalERECWRKAQ avVAALONGE MeETOAEEUL T
64) KOl TNg Oeppl KA emEpe aapovumped dwun ¢ K@ 1| KIGWa
CTI C OUYKEVIPWOEI ¢ TOUL OlLdARPOUL KAl VI KeAiov.
Beput kN kKhgiepyamoAn, (To PHETAAAO PBdadong TMeEPIL €XEL
EVW N Bepupl Kad emnpeacpéeévn (wovn PpeyalldTepn TOoOCO

Element | Weight%  Atomich

| AIK 0.37 0.81
TiK 093 114
CrK 17.43 19.75
Fek 1834 19.34
Ni K 51.87 52.05
NbL 5.92 3.76

Mol 5.13 3.15

Totals 100.00

1mm >

Electron Image 1

Aoofs4El K Ova PI KPOBOUNC OTI 08 00K E O XFOGOUTEOVSEMO NIATEOKI TXPEOI VAi KWV~ O €
ouAvon TOoUu PBoadconed/lB-HNETHAXON.
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Eement | Weght%  Atomick

AlK 0.41 0.88
TiK 0.12 0.15
CrK 1283 1412
FeK 47.26 48.41
Ni K 3411 33.24
Nb L 3.30 203

Mol 196 117

Totals 100.00

1mm X Electron Image 1

Ao of3E1 KOvVA PI KPOBOUNC OTI 00 00KE O XHGOUTEOVSEMO NIATEOKI TXPEOI VAi KWV~ O €
avdAduvon Tou Oeppul K& eTmnpe dnoopaed788rAc LPppMuOgCAOTTO TNV HEPI

Element | Weght®%  Atomick

BK 873 4364
TiK 5.95 6.72
NbL 85.32 49.65

Totals 100.00

KooffBEl KOVO HYI KPOBOPUNC OTI 0B00KESXUIMMpuUEBEMO NXtRIROVOWY O¢
avadilvon Bopl dViidYammA oo el o €V TOdncanal7d8-Raicy H@ OApeTAAANOUL
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zUayUd Egosheadidd eU opyled galUaUjesars (Elect
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Element | Weght¥e  Atomici

TiK 73.77 80.63
CrK 3.80 3.83
FeK 236 221
NiK 6.16 5.4
NbL 1391 7.84

Totals 100.00

- %=

AooffBEl kK OvVva PYI KPOBOUNC OTI 08 00KEe O xIBOUTEOVSEMO NIATEOKI TXPEOI VAi KWV~ O €
avadAldvon piL KTTgNb)CeupfBgditouv P oalaconeldl8Aid iy XA v

Weight®%  Atomick

1253 35.53
67.43 55.90
20.03 8.56
100.00

100sm

Koofp8El KOva PI KPOSOPRAEC OTI 00 00K e O xBDBOPTEOVSEMO NIATEOKI TXPEOI VO KWV~ O €
avaAldwiompt i ouv TMAOUOC!I ©V TIENGT 10TEGPVR POE AKOOWI € VIO BlIipaw NKE pL & T O UL
Inconel718-Ae i ypya A
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2.6.3.4.2. Zis3dq Uesdd U0U0Y U BC cogmle Us Gd O

Eviog 1tng Cwvng tNéng mapatnpnbnke 1O @Qal vVOPEV
BaBuo poAuBdal viouv €vTOog q¢wva TEOVIEEESVINP | TTO UK WV A [
vyeyovodétocg, mapoatnpei Tal n KOT bhavesguvevogn 1tevodop.
EVOOJEVOAPI TI KWV TEPL OX WV .

EEar1Tio¢ 1tTng MPMeEYyAANT@OTOPWORNG K @ WLEWVO KUpovpw@Pva i v
L alAvTomol NBoULV €IWK&OX!I T NQO TIAWIVTOI KIEC TERwWpOQ Kal
vdl agopi ovtal €VvViTOCg Tf49. evdodevdpl Tl KWV TEPLO

Eement | Weight®  Atomich

AIK 120 258
TiK 0.72 0.87
CrK 1264 14.08
FeK 36.38 37.75
Ni K 39.03 38.52
NbL 7.00 437

Mol 3.03 183

Totals 100.00

s — w5 o —=t

Ao of3El kOva PIL KPOBSOUNC OTI 08 00K e O xBIBOUTEOVSEMO NIATEOKI TXPEOI VOi KWV~ O €
availuvon €vdoodevdpl Tl KRAemgpaokNeg TNnNg wvng 1NE

Eement | Weght®%  Atomic

CrK 1241 13.58
FeK 47.80 4871
NiK 37.47 36.32
NbL 0.78 0.48
Mol 153 091

Totals 100.00

x1.3288

AoofyBEl KOVO HYIKPOBSOPUNC OTMI 0Bo00KESXBWWpOHUBEMO NXtRI ROV OWY O¢
avadAlduvon devdpiT—petyggaldvneg 1TARAENC

65



zUayUd Egooahaadldd eU wyled ¢goaUaljesaxs (Elect
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Eement | Weght®%  Atomics

AlK 035 0.73
TiK 0.10 0.12
CrK 14.50 15.67
FekK 43.36 43.63
Ni K 4155 39.77
NbL 0.13 0.08

Totals 100.00

B0pm

Aoofy8El kOva PYIL KpOBdOUNC OTI 08 00K Ee O xBBOUTEOVSEMO NIATEOKI TXPEOI VOi KWV~ O €
avadAluvon devdpiT—petggaldvng 1TARENC

Element | Weight®%  Atomick

AlIK 0.54 130
TiK 268 3.60
CrK 9.57 11.83
FekK 2475 2848
NiK 28.70 3143
Nb L 33.75 23.36

Totals 100.00

Z8 kL X3, 0BE DR

Koof2Bl KO6va PI KPOSOMPUNAC oTl 00 o0oo0Ke S xIBAD & 0 GEMO NoX EXKETI POOKVA WV O €
avadAlduvon e€vdolelmEENITOLC cVWODEY OpAEI xAg fKTeproxneg (a)
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Eement | Weghtde  Atomick

TiK 184 235

CrK 1175 13.85
FeK 30.51 33.47
NiK 36.25 37.83

NbL 18.23 12.02

Totals 100.00

AKoofy3Bd KOvVva HYIKPOBSOUNCE omIl cBooKEeESxTBWpHUBEMO NXtRIROVOWY O¢
avadAlduvon €vdoyellEENITOLG cVWODEY OpATi vxAg HKTreproxneg (B)

Eement | Weght®%  Atomick

TiK 159 2.06

CrK 10.12 1211
Fek 30.26 33.72
NiK 35.27 37.39
NbL 2115 1417

WM 162 0.55

Totals 100.00

Koo 4Bl kOva pIL Kp
availuvuon €V

MANC oTI 00ooKedxTWpaov&BEMoOnitRUROVOWKY Oc¢
ElRVEIENITIORG cEVWWODIEQY dpa Ty KA A TTEPL 0X NG

26343. zyUUesas bYUdigUUy2eCaamd 40" d) U0Gey
st 3d 42CrMo4 ¢U0UUY U'goaf®;eUsld 0
MeTd@ amo 6 dE@QEQPOT QPEEY €685U0v o0 T wVv KOKK®WV TOoOUL XA

MTANPUEC OCXNMUOATI CJOC TOULU PeEAOVOENDOGQC TNRQqpP Oepalil T
emMmnpeaocpéevneg wvng
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18 mm

Koofy3B0 KOvVva HIKPOBdOUNCE oml cBooKe dxIE@DpuvBEMO N NAekpovdpy oc¢
popoeoAoyia popleppird euUnPpedspENqcAl VNG

KooffyBEl KOva HIKPOSOMPNC OTI 0OO0OKedxBDpHOEGEMO NAe KT POV WV
MaptevoltTi kn OdopfleiypgpdAAov Baong
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zUayUd Egoehaadidd d ¢gaUaUjesaxrs (Elect

€ de
3 Uyoe)3v¥eU ?90Uaaesg, AiGUjecoe GU BUOU;i o
26.4. Y303 sdaUlGose0OU; aU UsaUas¥s j

Hmept BAacl per,pimoT B8O gy Wi @do graawvt alucIvouTvo | knoobne
00KI Hi odpwon Tmpaypatomol N6OnKEoue Pyndivdsead . 2002 o 1o
To PpAKOC KOUpotTAngstromnoe o p o8B 4 MBkvon tnd cémAt4oc0on 40
H ®1 aXRPT nXx o AMncx o v IME o A ANVEe iT WA A ogvipw aavBrakér i v
Focusuye Aduma XOAKOU @GuwKa. @i A\t po vikKegAiov (

Evidog 1Tou uvmepKkKpApuoawoqmeonNnoOnRE GWUMNTPIKRAENQADQ
e O0elTeEpPO Pabdputon envet oocv TREVEES U rdn wgyivinCa o o 6 dvig

emiong Kot KapPi ot aH myA'o'0 @ oo no €56 evu 0w 1ox VNebUCT. N K €
KoaB wg mMpaypdOoOTOTMOl Ei TAal OaAANAOETI K GTASUNORG , T WV K O
OAa TO ,0e&n yuuoopttee@ @A AU IK AT QU X GAUuvPBa ToOouvutTomol NOnNKE

Ol deci &k albtavese vi 6 ¢ 1tn¢ Cwvng tTNENCg KAaBwWwg emiaong
VTIE PKPATH@OU 0 GPEPBENCKW T N ¢ NAEKTPOVI KNG Ml KPOOKOT
TAUTOTIOW O HPK T NG TMepl AN oI AeT @i agqu P¥RDDEROVY I OT i
pMTmopE i va avixveoLoel odoel ¢ MdE TeEPlL OPlL OPEVDO
AETMTOKPULOTOAAIL KOTNTA.

Me Ttnv a0&non TOULU XPOVOU TNG OepplEkarfQ OWATHE PY O C
ML O EVDOWY PATU@ATO TepABMTEPOYRE@MIKVPEPE XTal Kal

TWV KOPLEWV OAwWV Twke PfreNNQy o8 dxpwyoa @uiwampq) ¢ (

KOKKOV .

H elXagpl @ pPpeETATOTI ON TWV KOPLEWYV Tn¢g wvng T
OmoapénNmOmoORN®Y TAOCE WYV TOU dNMPI OKEYM@ENIKOPE B@AT W T
TO TMAEYyHO.

N
r

Ta TapoaTMAV W OCX OAICOU YOKTPOI PTPI EKOOL VO | 0aTYOP GTHOU 00T O TTE Pi B A
Baol KWV PETAAAWYV Kal TnA, (Byvnlg wa@iEnkg vyia ta d¢
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zUayUd Egoehaadidd U pyted ¢oaUalUyesars (Elect

e e
3 Uyoe)3v¥eU ?90Uaaesg, AiGUjecoe GU BUOU;i o
27Fge Uy yaeUOUUU

Tnv TmapolEwl EePypoA&ETNn OCLYKOAANnOoNng pe d€éaopn n
Inconel 718k a 1 Ml KpOKpOapadGoiod. 20 0 x R4 A0 Baq peAéTng, aTil
eEMi dpaon TwWV OBeEPPYI KWV KOTEPYONOI Wv TMAVW O0TNV WdI
CULUY KNOUMAN WV O €Il YHUAT wv . M o OCLYKEeEKpPlLPEVA, Tpia b
poLPVOULGE OTn OeEuoEapAoi 4 RV G5OpeEC¢ aviioTol Xa
guxOolbv oToOV aépa.

Me TO TE POAC TNng¢ CGUYKOAANnaoncg, ONUl oypwigonkaoav
papTeEVOiTn €viTtoOog¢ Tng OBeppult Kd emnpeaocpéeévng (wvn
auvuTn, ocOLPMEWVO HPHE TO OTMOTEAEOCMWATA OKANnpPpOTNTOAC €
Kabe Cwvn. KaoBwg auidvoviav o0 xXxpoOoOvog ynpavaon

MTAOKOEL O MPdOPQOAOYIi a KOl Exoaoe TNV uvyPnAn OKAN
av&non TOULU XpPpoOvou Tapoapo VYA Tapoamn PHMEBPNKEK ponloé o Nt
CKANPOTNTAC TOULU UTMEPKPAPMOTOC KIOUO TIMQM oBueE @MU 1GK G
VTMMEPKP.AUPAIOGOOUUETVOOO U M WV O PE TN ORafyvowp&opog,
TOU KAOQOUOT OKCO 1OQYGKGONUC .T N ¢ Y

Oocov agopd TNV MEAETN TNC ML Kpodoung, HE oW

NAEKTPOVI KNGC HI KEPVOTOOKGO i o {owvpro NN &€ n¢, TmMapoatTnp
ce o1nNnAeg OdevodpirtTec, TWV OmMOoi wv n pop@oAoOyi a
BeppPl KOV KaAaTepyaol wv. Eviocgc 1Twv €vdodevdpl Tl K®
avaiAvong, e p xkTap@rj ®n ko Nb Tk \aoBv@xT iokpa@eo @ al vO PUEV O

drta@gopl oNbob Kalit oo v Qg OTOoT éAleaw@@mp | TEWAAVOTAT O,
KOTOKPNUVI OTNKAV € WKOA|OE TTOOAN AT KX LU TENVIWOETAd1 O OT
CUYKOAXQEOPVAa pe TNV Bt BAL oy Ndbeikoo,i ok ad ' o EOMREIKOT
KOTOKPNAUVIONn 1T@rvoQboepupbpGespumopeldod 18a mepl C
avavovioag TOV puUOBPYO aMAENHEMQPEERANTHFYQOOUR KORA X
0edopuévn Brapodmwoneoge o€ TPOPADCU OTTOO  SPUUWDY PUIAT | GKOCE WKV
Cwvn 1tTNR&ng mapouvol dlouvv dl1o@opeTHKOQPW@WAEREODT
BeEpPUl KOV KOATEPYONO!I WV HPWETA TNV OCULUYKOAANGONn Yyl a

GAAN TpOTOON. To mMpPpOPBANUO pe auvBOREPURIRPEEDODOO
dralAvtTomoinong 1,00 PAOYPOWEQPO@EH QWA @)ITPETIUT T |K® W
Koal @QaEVODPpgEVOOUL |£42CrMdA ouv B daon

N oov XOPOKTINPI OPYO TWV, oPGIOEVT O , N yYyEY R okna | n AdE
Ml KPOWUDA EIpPXOMUEVME CAHDPRC POVI KOU OCAPKWOOQKOUTEI OV
MEYOAOTEPN B1LOKPILTILKR LKavoOoTNnNTtTd

MéE OwWw TNC NAEKTPOVI KNG HMIKPOOKOTIi 0¢g ocdapwong, TaA
TOTMOIONLE KaMNBd dvatTpi dt o Kat BopdPuEalggoneldr Tng «
718.

TEANOQ@E TnVvNB8BpnNOiodadAKmgvpiva X, €v1oOo¢ 1tn¢ (wvng 171
EKTOC TWV OGAANWYV MiCrxioOMaCa pBi 601 a TOTOU
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