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Z@vNn YEPIKNG TNENG (ZMT)

Y€ OLYKOANNOEIG THENG N {oovN PEPIKNG TNENG
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BoiokeTal pyetalL ©EZ kar MX

Aev gival eLSIAKPITN O€ KABAPA PETAAND, EVW EiVAl TTEPICTOTELO SIAKPITN O KOAUATA
NapatnEoLVTAI UETAOANOLPYIKOI SECUOI UE TO TNYHEVO METAAANO

H LypOoTTOINCN TGV OPIWY TWV KOKKWYV UTTOPEI VA TTIOOKAAETEl PWYUATWOEIC

KaBwc oxnuaTidetal éva AeTTTO OTPWHA LYPOUL PETAAAOL, XWEIC UNXAVIKA AVTOXN

'ETO1 Ol pYMATWOEIG OPEINOVTAl OTA POPETIA TS CLYKOAANONG (UNXAVIKA, BEpuIKQ)




O¢puika EmTnpealouevn Zoovn(©OEZ)

Y€ OLYKOANOEIC TNENG N OFEZ

0 ATTOTEAEI CLVETTEIQ TOL BEPUIKOVL KOKAOL

0 KaBe onueio TNS pIKeoboung «Picoven SIAPOPETIKA TOV BEPUIKO KOKAO ETTOUEVMGC
eV TTAPATNEEITAI OPOIOYEVEIQ OTIC UNXAVIKES 1610TNTES TNG

0 lMapayovtal apkeTA DLYNAEC BEPUOKOATIEC VIO VA TTOOKAAECOLY UETAROAEC OTN
UIKOOSOUN O€ OTEPED KATAOTAON

0 TauTOXPEOVA KAl APKETA XAUNAEC VIO VA TIOOKAAECOLY TNEN

0 Xe OFEZ xwpic aAAayn paonc TTApATNEEITAI HEYEBLVON TWV KOKKWV KAl Opd
LTTORABUICN TV PNXAVIKWYV 1810TNTWV



BaoikO METAANO(BM)

Y€ OLYKOANOEIC TNENG OTO BM

0 Aev TApATNPEEITAl KAPIa YETAPOAN pAONG N METAAAOLPEYIKOG HETACXNUATIOUOG
0 Eival popeac Tapapoppwoewy (SIauNKeEIS CLOTOAEC) Kal

0 MopauévoLowy TACEWY (CLYKOATNON TEUAXIWY)
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MaBnuaTikn §1IaTOTTON

magnetohydrodynamic (MHD) model
Physical Process Equation

Continuity of mass Ve(pu) =0

Momentum conservation plu-Viu=-Vp+V-r+I=B
T = u[Vu+ (Vu) — 2(V-u)l]

Electron energy v'{%ﬂﬁkBTeu] = =V-J —je-E— Q:]_h - Q::h — Qrad
conservation

Heavy-particle energy V-(3(na+np)keTiu) = -V T, +jr-E+ Q%
conservation

Species continuity Vo(pYu)+V-J; = 5

{general form)

Description / Remarks

Conservation of mass for the compressible plasma—gas
mixture.

Mavier-5tokes equation including the Lorentz body force
responsible for the plasma constriction (Maecker effect).

Mon-LTE energy balance for electrons; includes Joule
heating, conduction, inelastic/elastic energy exchange, and

radiative losses.

Energy equation for heavy species (atoms and ions) coupled
with electron energy through elastic collisions.

Transport equation for each species; ¥} denotes the mass
fraction and 5; the source term due to ionization and

recombination.




MaBnuaTikn §1IaTOTTON

magnetohydrodynamic (MHD) model

Physical Process Equation Description / Remarks

Generalized Ohm's law Jo =B+ Aj, withAj, =5 ql; Constitutive relation for current density including drift and

diffusion contributions,

Equation of state and p = npkgly + nkgl,, n.=ns Two-temperature pressure formulation under quasi-
quasi-neutrality neutrality assumption,

Magnetic induction and ppAA = —j,, B=V=xA Magnetic field generated self-consistently by the current
potential density.

Solid domains (electrodes, V- (kN +aE =0, V- (a.Vg)=10 Joule heating and heat conduction within solid electrodes
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Figure 18. Temperature in kelvin of heavy particles
(black lines) and electrons (filled coloured contours)
in the arc region and in the workpiece. The flow field
18 presented by arrow indicators. Arc current 150 A,
inter-electrode distance 5mm.
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APIBUNTIKAO OTTOTEAECUATA
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Figure 13. Iso-lines of temperatures in kelvin of heavy
particles (black) and electrons (coloured) and normal-
ized arrow indicators of the gas flow in the anode region
of the arc at a gas flow rate of 4.5slpm and an arc

current of 200 A.
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Figure 14. Iso-lines of temperatures in kelvin of heavy
particles (black) and electrons (coloured) and normal-
ized arrow indicators of the gas flow in the anode region
of the arc at a gas flow rate of 1.3slpm and an arc
current of 200 A.




AVVAUEIC TTOL EVEQYOLYV OTNV

UETAPOPA pHalac ATTo TO NAEKTOOSIO

Abvaun KartebOuvvon
Emepaveaakn Taon y AvTITIOETQI
Avvaun Aoye Tng Taxeiag arpomoinong F, AVTITIOETAI
Avvaun Lorenz F, Euvoikn
Bapotnta F, Evvoikn
Abvapn Aoy TnG KpoboNg TV I0VT®YV F, Euvoikn

Avriotaon 1piIpng mAdoparog Fy OubETePN N ELVOIKN O LWNAES

EVTIAOEIC PEOLUATOC




AVVAUEIC TTOL EVEQYOLV OTNV PETAPOLA

UAlAC OTO PYETAAAO OLYKOAANONC

Abvapun

Emepaveiakn Taon y
Avvapn Lorenz F,
Bapoutnta - Aveon F,
Avrtiotaon 1pIPAS TAAOUATOG - AIQTUNTIKA TACN OTO HETAAAO

oLYKOAANnong F,




ETTicpaveiakn Taon

0 'Otav &va bypPO PPICKETAI OE ETTAPN UE HIA ETTIPAVEIC

0 Ta E0WTEPIKA POPIA TOL LYEOL TTEQIRAANOVTAI ATTO EAKTIKEC SLVAMEIC TTOL
AAANAoavaipoLvTal

0 Ta popPIa OTO EEDMTELIKO TLVOPO TOL LYPOL §EXOVTAI SLVAMEIC ATTOKAEICTIKA ATTO TA
£E0WTEPIKA

'ETO1 EAKOVTQI TTPOC TA PECT
Mg QTTOTEAEC A N ETTIPAVEIQ TOL LYPEOL VA CLUTTIECETAI KAI TEIVEI VA EAAXIOTOTTOIEITAI

QG ATTOTEAECHA TNG EAENC TV HOPIWY OTO £EWTEPIKO CLVOPO ATTO TA ECWTEQIKA POPIA

o O 0O O

AnAaén oTNV TTPOCTTIABEIA TOLG VA EAAXIOCTOTTOINCOLY TNV EVEQYEID




Avvapun Lorenz

[ToOKaAEITAl ATTO TO PAYVNTIKO T1EdIO
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Avvapun Lorenz
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XNUIKQ PpAIVOUEVO

O PLOUOC TV XNUIKWY PAIVOUEVAYV KAl EI8IKA TV XNUIKWV avTibpacewy e€apTaTtal
O€ YEYAAO PABUO aTTO TNV BepuoKOaTia

0 EEaxvwon (m.x. e€axvewon Mg oe kpauata Al)

0 AMNNAeTi6paon YETAANOL TTEQIBAANOVTOC, €iTe OTN SIETTIPAVEIQ EITE UE
ammoppopnon (.x. Siahvon Nz, Oz, Ha)

0 XNUIKEC AVTIOPACEIC OTO TNYMEVO PETAAAO (TT.X. QTTOBEION , ATTOKOAWATWON)

0 AMNNAETTIO AN OKWEIAC TNYHEVOL METOAAOL
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METAAOXH OEPMOTHTAL
M E POX B XTI LYTKOAAHLEIY




MeTadoon BepuOoTNTAC OTIC

OLYKOAANOEIC

To BePUOKOPATIAKO TTESIO OTIC CLYKOANNCEIC £TTNEEALEI CNUAVTIKA TA JNXAVIKG
XOPAKTNEIOTIKA TNG CLYKOAANONG OTTWG

0 To €VPOG KAl TN SOUN TOL PETAAAOL CLYKOAANCNC
0 To ebpoc kal TN Soun TNS OFEZ

0 TIC TAPAPEVOLOEC TATEIS KAl TTAPAUOPPWTEIC



MeTadoon BepuOoTNTAC OTIC

OLYKOAANOEIC THENG

2 H kOpia TNy BepuoTNTAG TTOOEPXETAI ATTO TNV NAEKTPIKN 10XV TTOL ETTIRAAOLE
P=VI

0 AANAEG TTNYEC BEPUOTNTAC ATTOTEAOLY £EWOEPUES XNHIKEC AVTISOATEIC N KAl
UETAOXNUATIOUOI

0 '‘Ouwg oe oxXeon JE TNV TTRPOCPEQOUEVN BEPUIKN 10XV Eival TTOAD HIKOOTEPES



MeTadoon BepuOoTNTAC OTIC

OLYKOAANOEIC THENG

O1 KOPIEC TTNYEC ATTWAEIAC BepUOTNTAG €ival

0 Por BepuotNTag MPOoC Ta EAACUATA PE Aywyn

2 MMpocg 10 TEPIBAANOV PE CLVAYWYN KAI AKTIVOROAIQ €iTe KOTELOEIAV ATT’ TO TOLO N
ATT' TO JETAANO

0 [Mpog 10 NAEKTPOSIO G CLYKOAANCN TOEOL uE XPHO




OEPUIKEC ATTWAEIC

Q — 77 VI M£0060g cuyKOAAONG BaOpég amwoddoong n

SMAW 0.7-0.9

GMAW 0.7-0.9

Q GTAW PHA 0.6-0.8

h = = SAW 0.8 0.95
u LBW 0.05

EBW 0.8 0.95




MaBnuaTikn SIATOTTOON JETASOONC

OepuOTNTAC

OEWPWVTAG PHOVO PETAS0OON HE aywyn

oT .
pe,—-= V-(kVT)+0,




MaBnuaTikn SIATLTTWON PETASOO

OepuOTNTAC

Specific heat Thermal conductivity
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MaBnuaTikn SIATOTTOON JETASOONC

OepuOTNTAC

QeWPWVTAC OTABEPO TNV TIUNA TNG TTpoodoong BepudtnTag O, =0

Kai OTI N BepuIKn aywyiuotNTa v UETARAAAETAI PE TN BEPUOKOATIA % =0
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E€iowon Laplace

n-V7 =0

VT =0
qg=kn-VT
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T distribution in the selected timesteps
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MeTapopa

T distribution in the selected timesteps
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MeTapopa Kal Siaxuon

T distribution in the selected timesteps T distribution in the selected timesteps
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Alaxoon o€ 2D

Abgnon
XPOVOUL

T distribution along plate
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MeTagpopa kal diaxpon o€ 2D
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AvaAvon Metadoon BepuoTNTAC OTIC

OLYKOAANOEIC TOEOL

To TEOPRANUA UTTOEEI VA XWPEIOTE 0 3 PACEIC

2 ‘Evavon Tou T0€oL

0 MeTakivnon ToL TOEOL KATA PNKOLG TWV TEUAXIWV

0 XPNOCIUO TOL TOEOL



AvaAvon Metadoon BepuoTNTAC OTIC

OLYKOAANOEIC TOEOL

0 XITIC pACEIC EvaLoNng KAl OPNCIUATOS TOL TOEOL
0 EmkpartoLv ioxupd pnN-pOVIHEC CLVONKES

0 Kai 1o mpoPANua petadoonc BepuoTNTAG Eival ISIAITEQA TTOADTTAOKO



AvaAvon Metadoon BepuoTNTAC OTIC

OLYKOAANOEIC TOEOL

YTNV pACN TNC METAKIVNONG TOL TOEOL KATA
UNKOULC TWV TEUAXIWYV

OEWPOLUE POVIUEC OLVONKES

Ye oLOTNUA AVAPOPEAGS TTOL KIVEITAI JAdi YE TO

TO&O T(x,y,2) shown at x
cmandz=

semi-infinite plates
at temperature T,
before welding

ANAQSN e TNV TaXLTNTA CLYKOAANCNG

Figure 2.17 Three-dimensional heat flow during welding of semi-infinite workpiece.




AvaAvon Metadoon BepuoTNTAC OTIC

OLYKOAANOEIC TOEOL

ETTOMEVWGC HE KOTOAANAO HETAOXNUATIOUO

OewPOLHE NUI-HOVIMES ovvOnKeS (quasi —
stationary state)

w=Xx-—ul
i-infinite plates
T(xy,z) shownatx=1cm,y =4 zﬂglrrlwnerature T
8—W = 1 a_W = —U cmandz =0 cm beforeewelding °
»
Gx 5t Figure 2.17 Three-dimensional heat flow during welding of semi-infinite workpiece
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AvaAvon Metadoon BepuoTNTAC OTIC

OLYKOAANNOEIC TOEOL

ETTOMEVWGC HE KOTOAANAO HETAOXNUATIOUO
OewPOLHE NUI-HOVIMES ovvOnKeS (quasi —
stationary state)

w=Xx—ut
ow ow T h tx =1 =2 semi-infinite plates
=L —=u EE it i FLlemrereT.
X O Figure 2.17 Three-dimensional heat flow during welding of semi-infinite workpiece.
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AvaAvon Metadoon BepuoTNTAC OTIC

OLYKOAANOEIC TOEOL

0 Emopévag pe KATAAANAO PETAOXNHUATIONO
OewPOLHE NUI-HOVIMES ovvOnKeS (quasi —
stationary state)

w=Xx—ut
i-infinite plates
T(xy,z) shownatx=1cm,y =4 Zﬂglr,;nerature T
cmandz=0cm beforeewelding °
2 2 2 Figure 2.17 Three-dimensional heat flow during welding of semi-infinite workpiece.
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YVVOPIOKEC OLVONKES — AVOEIC

Rosenthal
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YVVOPIOKEC OLVONKES — AVOEIC

Rosenthal

— W
Q @goopobue NUIATTIEION €TTITTESN TTAAKQ TTEQACUEVOL /// \\\\
moxovS N
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Avoe€ic Rosenthal

20 'EAQCpa ATTeipoL TTAxXous T-T, = ge_ﬂwe_
2k R
0 ) i —211{ —2iRn —ziR |
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0 'EAQOUQ TTETTERPACUEVOL TTAXOL I'-Ty=——e?* T T
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R' :\/w2 +y° +(2nH+z)2
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Avoe€ic Rosenthal

Y10 Xx=0 n Bepuokpacia ateipidetal AOYw TNG TTAPAdOXNS ONUEIAKNS BEPUIKNG TTNYNS
Hui-atreipn emimedn TTAGKQ, ayvonon PpAivoUEV@Y OTIC AKPEG TNG

YOYKEVTOWON ICOBEPUWYV AUECWS UTTPOCTA ATTO TNV TTNYN

'‘Ooo 1m0 peyaAn eival n Q /kal k TOco TTIo OpoIOPOE PO TTESIO

OTavV N TAXLTNTA CLYKOAANCNG EETTEPATEI TNV TAXLTNTA PETAPOPAC palag 1o TTedio

ATTO OPOKEVTOOI KOKAOI YIVETAI TTESIO PE TTLPA KOUNTN




OEPUOKOAOIOKES KATAVOUECS
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OEPUOKOAOIOKES KATAVOUECS

Top view Cross section




OEPUOKOAOIOKES KATAVOUECS




OEPUIKOC KOKAOC
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Thermal Analysis of Laser welding.




PuBuOC wouénc — Avoceic Adams

oT 2xk(T-T,)
or h

0 'EAaopa atreipou maxous

oT HY
2
0 'EAQOUC TTETTERLACUEVOL TTAXOLG §=27Tk,00p (7) (T_To)

pc, (T—TE)) Ho <0.75
P TTETTEQATHEVO TTAXOG

0 «IXETIKO TTAXOC) eAdouatog H,=H \/



[1aPAYOVTEC TTOL ETTIOOPOLY OTO PLOUO

Yoéng

H mooBépuavon peicovel To pLBUO YLENCS
'ETO1 60OTE VA ATTOPLYOLUE AVETIOLUNTES 1610TNTEC OTN OEZ

Eva TaLTOXPOVA HEIVETAI N TACN TOL LAIKOUL YIA PWYHATWON

o O O O

Meiwon PLBPOL YOLENG EMITLYXAVETAI KAI UE TNV ALENCN TOL PLOWOL
ToOocbooncg BepuoTNTAg h

0 'OuG TTEETTEN VA YIVETAI PUE TTOOOCOXN SIOTI ETTIPEQEI TTAPLAUOPPWTEIC
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Analytical solutions & Numerical simulations
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Analytical solutions & Numerical simulations

Newton s Law

Mathematics

u(x, x,, 1t
pointwise

Software package
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Numerical method




Workshop 1. Numerical simulations for Wind Turbine engineering problems

Finite Element Method Meshless & Meshfree
FEM Methods A A S
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Workshop 1. Numerical simulations for Wind Turbine engineering problems



MaBnuaTikn AIQTOTTON TTPORANUATOC

Vip(x)— f(x) =0, xeD
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The Finite Element Method
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The Finite Element Method
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The assembly of all equations, produced for each element,
provides the following equation valid for any arbitrary vector W:

W K| ®=W-F

K| ®=F

The vector @ contains all the unknown
nodal potentials of the problem
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YOYKOAANNON ETTITTES WV TTAOKWV Ti

To mapaderyua cival SIa0EcIuo oTOV CLVEECUO:
https://www.comsol.com/model/welding-of-a-
titanium-plate-110151

TABLE I: TEMPERATURE-DEPEMDENT THERMAL MATERIAL PROPERTIES.

'Eva TEpacua

Phase p Cp k

EuttopikG OAPA-PNTA KOAUATA AAOLUIVIOL .

_ ' . ' 6 1 )\ Al £ LIK ' 6IO)\UTC|)T 19 Beta 4700kg/m~  480)/(kg'K) + 0.24m/W - T 0.3W/(m-K) + 0.02Im/W - T
a-gaon:. gTepeo K'] LHA HE HIKeN n Widmanstitten 4400kg/m®  480)/(kg-K) + 0.24m/W - T 0.IW/(m-K) + 0.016m/W - T
KOQUATIKWY OTOIXEIWYV Alpha
B-paon: evboueTaAAIkn evadon (infermetallic), Martensitic ~ 4400kgim’  480)/(kg'K) + 0.24mMW - T 0.IW/(m-K) + 0.016m/W - T

Alpha

oLVNBWGS TKANPEN Kal Yabuvpen
H cuoxétion TNS SIGALONG TNG A-PACNC PE TN
Oepuokpaocia diveral

oy 1gs(T) = 2.20855 x 107" x 775552
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YOYKOAANON ETTITTEOWV TTACK®V Ti

,’ aoen( (50 (D24 (2)%) xax,
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where gg is the power density of the weld, given by

Bw/g-fr Bﬁ-ff

0 = Qwa-b-er-n.ﬁf: Wa-b-cf-nq";r

Figure 4: The Goldak double-ellipsoid.



YLYKOAANON 1A TPIPNC PE avadevon
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YLYKOAANON 1A TPIPNC PE avadevon
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YLYKOAANON 1A TPIPNC PE avadevon

XpNon KIVOLUEVOL CLOTAPATOC CLVTETAYMUEVIV
OTO KEVTPO TOL £pYaAeiov = quasi-stationary state
Hul-Qtreioeg emmimedes TTACKEG

To povTeAo &ev AauPBavel vtown TN dladikaoia
avadevonc OTO AAOLUIVIO,

N OTTOIA €iVAI TTOAL TTEQITTAOKN,

KABWC TTEQINaUPAVEI AANAYEC pAOCNC KAl

OO LAIKOUL ATTO TO PTTPOOCTIVO TTOOG TO TTIOW
UEOOC TOL TTEPICTPEPOUEVOL EQLYAAEIOL

Welded region == Aluminum

Figure 1: Two aluminum plates being joined by friction stiv welding.

To Tapadelyua gival SIabEcIuo oToV CLVEECUO:
https://www.comsol.com/model/friction-stir-
welding-of-an-aluminum-plate-461
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YLYKOAANON 1A TPIPNC PE avadevon

Insulation
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YLYKOAANON 1A TPIPNC PE avadevon
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TO HOVTEAO TTOOCOUOIVEI TN OEPUOTNTA TTOL TTAPAYETAI
oTN SIETTAPN JETAEL TOL TTEIPOL TOL EPYAAEIOL KAl TOL
TEPAXIOL

140

200

WC ETTIPAVEIAKN TTNYN BeppoTNTAC TTOL E€aPTATAl ATTO

TNV YVIOKN TAXOTNTA TOL TTEIPOL KAl

TNV JEoN S1IATUNTIKA TAON TTOL LAIKOUL, N OTToIa e€QPTATAI e W W w6
O -I—I-C') Tr] esp u O KpO O—i O Figuwe 3: Yield stvess (MPa) vs. temperaruve (K) for 6061-T6 aluminum.



YLYKOAANON 1A TPIPNC PE avadevon

EmTACOV, BepuoTNTA TTAPAYETAI OTN SIETTAPN JETAEL TOL
Boaxicova TOL EQYAAEIOL KAl TOL TEPAXIOL TTPOG
KATEQYAOTia.

H ToTtTiKn pon BepuoTNTAg ava Yovada eTTIPAVEIAC OE€
ATTOOTACN I ATTO TOV KEVTPIKO AEOVA TOL EQYAAEIOL

e€aPTATAI ATTO TNV €MMRAANOPPEVN SLVAUN KAI TNV
YWVIAKN TAXOLTNTA TOL TTEIPOL



MeTapopPA LAIKOL GMAW

YTV GMAW XoNOIJOTTOIEITAl
DC pe TaAuo Kal 2PHA, CLVETTWG N METAPOPEA YIVETAI UE

oTayova

DC pe IPHO, CLUVETTWG N YETAPOPA YIVETAI JUE WPEKATUO

TEAOC PETAPOPA LAIKOUL HE POAXLKUKAWUA XONCIUOTTOIEITA

£TTioNG

Note: Sometimes a water
circulator is used

Shielding Gas

Wire Drive. EIgctrode
May be located \Vire Reel
in welding gun
handle or at

wire reel
Wire
Drive

S L

Controls for governing
wire drive, current, gas

flow, and cooling water

if used




Emidpaon 1V mTapaueTowy DC TTaAUoL

OTN BEPUOKPACIA O& OLYKOAANNOEIC TOEOL

To Tapaderyua cival SIaBEcIuo oTov CLVEECUO:

https://www.comsol.com/model/plasma-pulsed-arc-100551

https://downloadlynet.ir/2020/09/1217/03/comsol-
multiphysics/14/e#/1217-comsol-m-132510113719.himl

/0
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