Agenda / 'lnaH nekyum
1.dunsmnka gyru
2.0CcobeHHOCTM HeNMaBsILLMXCA ANEKTPOOB
3.0060pyngoBaHmne ans cBapku HennassLWMMCS
9rIEKTPOAOM
4.3alluTHbIU ras
5.[lpnucagoyHblie maTepmarnbl
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Direction of
weld

/-—- GTAW head

< Il Power
- Shielding gas
j Contact tube
Fierson Tungsten electrode
(nonconsumable)
Electrical arc | > X >~ weld bead
Copper shoe ) H —
(optional) Shielding gas
O60o3HayeHue

TIG — tungsten inert gas
PALl — py4yHas aproHogyrosas cBapka HennaBaAwmMMCcs 51IEKTPOLOM
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CTpoeHue n cBoOUCTBA
ANIeKTpu4eckKkoun
CBapoO4YHOU Oyru

ICG
AHogHas obnacTb — Rao  Reo Rio
(= 103 mm)
0
Mepexoa ayra—3aluTHbIN ras
i PaccTtogaHue
Crton® nnasmel (ayra) no ocu

KaToaHble naTHa

KaTtoaHasa obnactb
(=~ 10* mm)

AHOAH. nag. '~—> i KatogHoe nageHue:!
HanpsKeHUS / ‘7—> HanpsHKeHNS

MageHwe HanpskeHUs B cTonbe gyrn
HanpskeHune no ocu gyru
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200 A
2.1 V

T 2420 W
5mm (0.2 in.)
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Mpouecc o6pa3oBaHns paspsaaa COCTOUT U3

cregyrowmx ctTaaunu:
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BbIxoq 311EKTPOHOB C NOBEPXHOCTM anekTpoaa obecnevynBaeTca AByMS NpoLeccamu:
1. TepMOoaneKkTpoHHaa aMmmnccums

2. ABTO3NeKTpOHHas ammccud

[nsa cHMXeHUs 3aTpaT Ha 3axkuraHme gyrm HeobxoanmMo CHuXaTb paboTy BbiIxoga
9NIEKTPOHOB. OTO TakXKe NO3BOSINT CHU3NUTb TeMnepartypy aNeKkTpoaa, YTo NpoanuT eMy CpPOK
CINyX06bl.

Mcnonbaytot Bonbpam — W 13-3a BbICOKOM TeMrnepaTypbl NniaBfieHns.
TepmoaguHamMmnyeckue CBOMCTBa NPOCTOro BewecTsa

MnotHocTlNoTHOCTL (NpU H. yv.)19,25[2] ricm?

Temnepatypa nnaenenusa 3695 K (3422 °C, 6192 °F)

Temnepatypa kuneHusa 5828 K (5555 °C, 10031 °F)

Yo. tennota nnaeneHunsa191 kx/kr 35 k[x/monb

Yo. tennota ncnapenus 4482 kx/kr 824 k[x/monb
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PaboTa Bbixoga anekTpoHa Bonbgpama — 4,54 aB (y xxenesa — 4,4-4,7 aB).
[na cHuxkeHns paboTbl Bbixoda anekTpoHoB gobaenstoT La203,ThO2, ZrO2,
Ce02, Y203 moxeT pobaesnatbea oo 3.0 wt%.

Cwmotpum NOCT 23949

Mapka Matepwan
OB Bonbdpam uucTbIi
OBl Borbgpam ¢ npucagkoit okueu nantana
9BK-1 Bonbgpam ¢ npucagkoit okmueu UTTpus
9BW-2 Bonbgpam ¢ npucagkoit okmueu UTTpus
9BW-3 Bonbgpam ¢ npucagkoit okmueu UTTpus
OBT-15 Bonbgpam ¢ npucaakon AByoKCH TOpKs
Mapka Liset
OBY He mapkvpyeTcs
OB YepHbin
OBU-1 CuHuin
OBW-2 ®uroneTosbIi
OBU-3 3eneHbin
OBT-15 KpacHblit
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ObopynoBaHue B Lerom
aHanornyHo POC:
-Maparowaa BAX
-TpHasnctopel MOSFET,
IGBT

- LM

HioaHchb!:
-Ocumnnartop onga nogxura gyru
(cuctema LiftARC)
-Cucrtema obecnevyeHns MMnysibCHOro
pexuma
-[loaBoa 3aWmMTHOro rasa
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Puc. 143. Ocuunasrop napanneabuoro skmoyenuss OCII13-2M.

2 — MPHHUHNHAABHAA cXeMa, 0 — KOHCTPYKUHS: [ — KOXYX, 2 — py4Ka, 3 — BHICOKO9ACTOI-,

Hulft TpaHchopmartop, 4 — npegoxpauuteab B3-20, 5§ — KoupgeHcarop MBLTI-2 400 8, 0,5 mxp,

5 — paspsigjHHK, 7 — OOBLIUAKOULKT 'rpanc(bopuarog. 8 — ppocceib, 9 — KoHpgeHCaTO!
KCO-10 ua 200 s, 10 000 mxgp
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TennonpoBOAHOCTb renus Npu BbICOKUX TeMNepaTypax.

B Tabnuue ykasaHbl 3Ha4€HUA TENNONPOBOAHOCTH renNua NpuM HopManbHOM aTMOC(EPHOM AaBNEHWUM U NPKH B
TennonpoBOAHOCTL renna B ra3oobpa3HOM COCTOAHUK NpUBeaeHa B Anana3oHe TeMmnepaTtyp 2500...6000 K.

NMPUMEYAHWE: byabTe BHMMaTENbHbI! TENNONPOBOAHOCTL renua B Tabnuue ykasaHa B CTENEHK 10°. He 3a

3Ha4yeHne Ko puUneHTa TENNONPOBOAHOCTHU reNua YBENMYUBAETCA C POCTOM €ro TeMnepaTypbl U AOCTUraE

T,°K l 2500 | 3000 ‘ 3500 | 4000 I 4500 | 5000 l 5500 ‘ 6000

A 107 mlwaﬂﬂf). 657 l 745 l 826 | 907 ‘ 970 | 1050 | 1180 ’ 1200

TennonpoBoAHOCTb aproHa B ra3co6pasHOM COCTOSHWUM NPU BbICOKUX TeMNepaTypax

B Tabnuue NpuBEAEHbl 3HAYEHUA TENNONPOBOAHOCTW aproHa B ra3oo0pa3HOM COCTOAHWM NPWU HOPMAanbHOM aTMOC(EPHOM AABMEHUM NPU BbICOKMX
Temneparypax.
TennonpoBoAHOCTL B TabnWLUE AaHa npu TemnepaTtype oT 1500 go 5000 K (o1 1227 ao 4727 °C).

M3 Tabnuubl BUAHO, 4TO TENNONPOBOAHOCTL aproHa NPy BbICOKMX TEMNEpaTypax
C pOCTOM TEMNEpaTYpbl TAKKE YBENMUWUBAETCA U paBHa npu 5000 K 3HayeHuto 0,131 BT/(m-rpaa).
MPUMEYAHMUE: ByabTe BHUMaTENbHBLI! TENNONPOBOAHOCTL YKka3aHa B cTenenu 102 He 3abyabTe pasgenuTs Ha 10001

i
T,°K | 1500 | 2000 ] 2500 ‘ 3000 | 3500 ‘ 4000 | 4500 l 5000

3
l-iﬂ,mn.!u-epadl 56| 68| sol 91{ mz' nu| 118 | 131t
hesmalinfioTru
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TennonpoBoAHOCTb BogopoAa Npu aTMocepHOM AaBneHun

B Tabnuue npeacTaBneHbl JaHHbIE NO TENNONPOBOAHOCTH BOAOPOAA B 3aBUCMMOCTH OT TeMnepaTypbl NpU aTMOCHEPHOM AaBNEHUN.
TennonpoBOAHOCTb YKa3aHa npu TemnepaTtype o1 -193 go 1727°C, B pa3MepHOCTH BT/(m-rpag)-103.

Hanpumep, npu 270 K (-3°C) TennonpoBogHOCTb Bogopoaa pasHa 0,167 BT/(M-rpaa).

Mo AaHHbIM Tabnuubl BUAHO, YTO C POCTOM TEMNEpPaTYPbl TENNONPOBOAHOCTL BOAOPOAE YBENUYMBAETCA.

I
T,°K A 108 T,°K A- 108 5K A-1020 L T,°K A 108

80 53,2 210 137 340 200 950 430

90 60,1 220 142 350 204 1000 448
100 67,0 230 147 400 226 1100 488
110 74,3 240 152 450 247 1200 528
120 81,5 250 157 500 266 1300 568
130 87.8 260 162 550 285 1400 610
140 94.6 270 167 600 305 1500 655
150 101 280 172 ' 650 323 1600 697
160 107 290 178 i 700 342 1700 742
170 113 300 183 750 360 1800 786
180 119 310 : 187 800 378 1900 835
190 125 320 191 850 395 2000 878
200 131 330 196 900 412 .
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Ceapka Beaetcs 6e3 npucagku 1 ¢ Nnpucaakomn.
BbiOop npucaaky ocyLLLECTBASIETCS MO XMMUYECKUM U MEXaHUYECKUM BOMCTBAM
HannaeneHHoro metanna. OHWM JOMKHbI ObITb GNN3KN.
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Case Study

Activated TIG: “A-TIG" (1/8)

Activating fluxes for TIG welding was first reported by the EO Paton
Institute of Electric Welding in the former Soviet Union in the 1950s

More recently activating fluxes have become commercially available
from several sources

These fluxes claim to be suitable for the welding of a range of materials,
including C-Mn steel, Cr-Mo steels, stainless steels and nickel-based
alloys

The fluxes are generally available in the form of either an aerosol or as a
paste (powdered flux mixed with a suitable solvent) which is applied onto
the surface with a brush

Activating fluxes can be applied in both manual or mechanised welding,
although it is more difficult to control in the former mode of operation



Case Study

Activated TIG: “A-TIG" (2/8)

=3 Electric Arc Comparison (application to Stainless Steel)

I=5°Conventional TIG IS A-TIG



Case Study

Activated TIG: “A-TIG" (3/8)

3 Advantages A-TIG versus conventional TIG

Increased productivity due to greater depth of penetration, i.e., up to 8mm
in stainless steel compared to 3mm for conventional TIG welding

Increased productivity is derived through a reduction in welding time
and/or a reduction in the number of welding passes

Reduced distortion, i.e., use of a square edge closed butt joint
preparation reduces weld shrinkage compared with a conventional
multipass V butt joint

Problems of inconsistent weld penetration associated with cast-to-cast
material variations can be eliminated. E.g. deep penetration welds can be
made in low sulphur stainless steel (~0.002%), which would otherwise
show a shallow, wide weld bead in conventional TIG welding (see:
http://www.arcmachines.com/news/case-studies/effects-sulfur)




Case Study

Activated TIG: “A-TIG" (4/8)

= Proposed mechanisms of A-TIG welding

+»Change in fluid flow is related Thermal Coefficient of Surface Tension
(TCST) of the molten pool: ~

/ \V,
/\ /\
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- !
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TCST is positive ~ TCST is negative




Case Study

Activated TIG: “A-TIG" (5/8)

= Proposed mechanisms of A-TIG welding

“»Spectroscopic analysis shows a decrease in intensity of argon lines
and an increase in intensity of alkali metals in the arc medium

»Arc constriction effect of flux is related to the evaporation of the flux
and its preferential ionisation

»Preferential ionisation of the alkali metals and its high dissociation
temperature are believed to be responsible for the arc constriction

% Strong electromagnetic force from the constricted arc is believed to
reverse the flow pattern overcoming the effect of TCST in A-TIG



Case Study

Activated TIG: “A-TIG" (6/8)

= Proposed mechanisms of A-TIG welding

Tungsten
electrode

Electrons formed
Cathode by thermionic

Anode




Case Study

Activated TIG: “A-TIG” (7/8)

I Transverse weld section of A-TIG and conventional TIG welds in 48mm

OD, 4mmWT 304L stainless tube



Case Study

Activated TIG: “A-TIG” (8/8)

I3 Transverse weld sections of A-TIG and conventional TIG welds in 6mm

OD, 1.0 WT 304 L stainless tubes



Electric Arc

Emission of Radiation
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