Cy4acHi J0CJTiIKeHHS Ta PO3POOKH

1E3 imeni €.0.11aToHa B rajay3si 3BaproBaHHS
Ta CIOPIAHEHUX TEXHOJIOTIN

Present research and developments of the

E.O.Paton Electric Welding Institute in the
field of Welding and related technologies
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IIBuaKicHe riOpuaHe MJIa3MOBO — AYIOBE 3BAPIOBAHHSA

High-speed hybrid plasma arc welding
I'iOpuaHuii 3BaproOBaJIbHUI IJIA3MOTPOH B

Cxema rioOpuaHoro 38apoBaJbLHOI0 3
PRI P Pylli 3BapOBaJIbHOIO Po6oTa

MJ1a3MOTPOHA

Scheme of hybrid welding plasmatron Hybrid welding plasmatron in hand of
welding robot

CymicHa Jisi CTUCHEHOI 1yI'U Ta
AYT'H IJIABKOIO eJIEKTpoaa

Combined action of constricted arc and
consumable electrode arc




ToukoBe mIa3MoBe 3BapOBAHHSA
Spot plasma welding

T'os10BKA 1JIs1 TOYKOBOIO IJIA3MOBOIO

Ilna3moTpon anst ITpouec TOYKOBOIO 3BapIOBaAHHS 3BapIOBAHHS B Pylli poboTa
R e X Head for spot plasma welding in robot
Rl A Bl LN ik Process of spot welding

AJIOMIHI€EBUX CILIABIB 3
NPUCATKOBUM IPOTOM

Plasmatron for
automatic spot welding
of aluminium alloys
with filler wire

3BapHi TOUKOBI 3’€IHAHHS AJIIOMiHI€EBUX CIJIABiB Pi3HOI TOBIIMHMA

Welded spot joints of aluminium alloys of different thickness

0,6 MM+0,8 MM 0,8 Mm+1,2 MM
0.6 mm + 0.8 mm 0.8 mm + 1.2 mm



Hall3ByKOBe BHCOKOKOIIPOAYKTUBHE ILJIAa3MOB€ NMOPOIIKOBC HAIINJICHHSA
Supersonic high-efficient plasma powder spraying

O0s1aHAHHS /151 BBICOKONPOAYKTUBHOI0 HA/3BYKOBOIO
ILJIA3MOBOI0 HANHWJICHHS

Equipmenbt for high-efficient supersonic plasma spraying

I111a3MOTPOH /151 HAI3BYKOBOI'0
HANMJIeHHS NOTy:KHicTI0 100 kBT
Plamsatron of 100 KW capacity for

SUpersonic spraying o

Han3BykoBuii 1mjia3MoBHH CTPYMiHb
1,5 Maxa
Supersonic plasma jet of 1.5 Makh

MiKpOCTkaTypa NOKPUTTIB 3 MOPOLIKIB KApOUAIB M OKCHIB, AKI
OTpHMaHi HAA3BYKOBUM IIJIA3MOBHUM HAIIMJICHHAM 3 3aCTOCYBAHHAM
IJIa3MOYTBOPIOKOYOro rasy (nosirpst + 5%0 npomnany)
Microstructure of coatings of carbide and oxide powders, produced by
supersonic plasma spraying applying plasma forming gas (air + 5% propane

CraC: Cr:0: WC-Co



OO0JsiagHaHHS 1151 JIA3€PHOT0 3BAPHOBAHHS

Equipment for laser welding L 7 5
aniBaBTOMATUYHMI PyYHM I
TpboxkoopauHaTauii komiieke «KAPMA-100M» nuist Jia3epHOro 3BaprOBaHHS JIa3ePHUI IHCTPYMEHT

Three-coordinate complex “ARMA-100M” for laser welding Semi-automatic manual laser tool

Bbararomaposuii cijib()oH
BHUIOTOBJICHHH 3 TPYO, 1110 3BapeHi
JIA3ePHUM BUIIPOMIHIOBAYeM

Multilayer bellow, manufactured of
pipes, welded by laser radiator




O01agHaHHA 1JIM €JIEKTPOHHO — IPOMEHEBOI0 3BAPIOBAHHS

Equipment for electron beam welding
Kamepa 3 M00ijIbHOI0 3BapIOBAJILHOIO FAPMATOI0 TAa

BUKATHHUI pO00YMiA CTiJI
Installation with maobile intrachamber welding gun and
wheeled-out operating table Welded section of aircraft engine made of

titanium alloy VVT-6

3BapHasi ceklisi aBUALIHHOIO IBUTYHA 3
TUTAHOBOTO criaBky BT-6

3BapHuMii IIapOBUii 02JI0H 3 THTAHOBOIO CILIABY

Enement KpuJjaa JiTaka 3 BUCOKOMILIHOTO

AJIIOMiHi€BOTO cIiaBy ToBIIHOW 100 MM Welded ball cylinder of titanium alloy
Wing element of high-strength aluminium alloy of 100

mm thic_k_ness
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Py4Huil eJIeKTPOHHO-TIPOMEHEBUM IHCTPYMEHT /IJIS 3BAPOIOBAHHS Y
BIIKPUTOMY KOCMOCI

New generation of hand electron beam tool for welding in open space

Pyuna eJ1eKTpOHHO-TIPOMEHEBA
rapMara 3 BUCOKOBOJIBTHUM P03’ €MOM
Hand electron beam gun with high-
voltage connector

3BaprOBaJIbHUK — JOCTIAHNK 3 HOBUM €J1eKTPOHHO-IIPOMEHEBUM
IHCTPYMeHTOM

Welder-tester with new electron beam tool



IIpecoBe 3BapoBaHHs TPY0 3 MarHiTOKepyeMol0 1yroro

Press welding of pipes with magnetically impelled arc
MexaHiuHi BJ1aCTHBOCTI 3BapHUX 3’ €AHAHb TPYOD
Mechanical properties of pipe welded joints

g Welded Base metal | Welded joint | Base metal | Welded joint | Welded joint
Size of | o oo metall “re : KCV KCV KCV KCV KCV
Steel grade | pipes, o, MPa JOI:/rIIP Jlcm? Jlem? Jlcm? Jicm? Jlcm?
Ll O VP8 | 120°C +20°C -20°C -20°C -40°C
091°2C 42 460...478 | 453...484 57...59 59...78,1 57,8...58 64...7145 3
5= 5 469 465 58 68,5 57,9 69,3
35 89 538...565 | 528...554 56...64 52...96,5 ¥ 3 )
=10 551 541 60 70
01Star520 191 638...665 [ 618...674 | 116...154 87...152 i - -
o0=7 651 656 135 119
STPG410 60.5 452...464 | 450...462 90...98 86...92 102...104 87...94 88...94
§=5.5 458 456 94 89 98 91 92
X70 528... 566 | 532...548 | 248...265 124...253 149...244
551,0 540 256 189 196

YerarkyBanua K-872 kiimoBoro Tumy auist
3BapIOBaHHS TPYO

Installation K-872 of tong-type for pipe welding
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IIpouec mpecoBoro 3BapoBaHHsi TPYO

aiamerpom S1x3mm Ha mammui MJIB1
Process of press welding of pipes of 51x3 mm

diameter in machine MDV1




IlonBoaHe 3BaplOBaHHsl Ta Pi3aHHA

Underwater welding and cutting
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HaniBaBTomar /151 iIBOAHOI0 3BAPIOBAHHA i Pi3aHHA

MOPOIIKOBHM JIPOTOM HA riiMOuHi 10 200 m

Semi-automatic machine for underwater welding and
cutting with flux-cored wire at up to 200 mm depth

6., MPa
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BroMHa 10BroBiYHiCTH NMPH 3HAKO3MiIHHOMY

3rUHAHHI: 1 — 3BaprOBaHHs M BOA0I0; 2 —

3BAPIOBAHHS HA MOBITPi. .
Fatigue strength at alternating bending: 1 — underwater

welding; 2 — air welding

MEXAHIYHI BJIACTUBOCTI METAJIY LIBIB, IO BUKOHAHI ITIJ
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Mikpouutigp Ta 3pasku micJisi MeXaHIiYHUX
BunpoOyBans. ToBmmuna meraay 40 Mmm

Microsections and specimens after
mechanical tests. Metal thickness is 40 mm

BOJIOIO (ANSI/AWS D3.6, classA)

MECHANICAL PROPERTIES OF WELD METAL, MADE UNDER
WATER (ANSI/A WS D3.6, class A)

Material 00'2, Gt MHa 6,% lP, % KCV-201
MITa Jlcm?
Electrodes > 460 >600 [(>29(>47| >100
Flux-cored wire > 350 >550 [=30]|=60| >80
Steel X60 435 580 18 7 60




3BaprOBAHHA THTAHOBHUX CILIABIB BEJHMKOI TOBIHAHH
Welding of thick titanium alloys
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YcrarkyBanns Y/[-682 nuist 3BaproBaHHsl Ta
HAIJIABJIEHHA JeTaJjied TOBINMHOIO 10 110 MM
1 1OB:KHHOIO 10 4 M

Installation UD-682 for welding and surfacing
of parts of up to 110 mm thickness and up to 4
m length

Maxkpouuiti¢ 3’€1HAHHSI TUTAHOBOIO
criiaBy BT-6  toBmmnoo 110 mm,
SIKM BUKOHAHO Ha ycTAaTKyBaHHi Y]I-

682.

Macrosection of joint of titanium alloy V'T-
6 of 110 mm thickness made in installation
UD-682 applying magnetically-controlled
field



HepyiHIiBHUN KOHTPOJIb SIKOCTI CTPMHIEPHHUX MaHeJeH 3i ciiiapy BT-20 meromom
eJIEKTPOHHOI Iuporpadgii

Non-destructive testing of quality of VVT-20 alloy stringer panels by using electron
shearography method

a - maHeJb B MEXaHUYHI
OCHACTHI MicJisi 3BapIOBAHHS;
0 — KapTHHA
iHTepdepeHiHNX CMYT;

B — TPUMipHA KapTHHA
ne(opMOBAHOI MAaHeEJII.

1113

a— panel in mechanical
fixture after welding;

b — pattern of interference
fringes;

c — three-dimensional pattern
of panel deformation.




Pesyabraty JOCHIIKEHb MEXAHIYHMX BJACTHBOCTEH AJIIOMIiHIEBO — JITIEBHX

CILIaBIB
Results of investigation of mechanical properties of aluminium-lithium alloys
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a BiacraHb Big oci, MM 6 Biacraub Big ocCi, MM
BruiuB cnmoco0iB 3BaplOBaHHS €JEKTPOHHHMM IPOMEHEM, ILUIABKHUM TA HEIUIABKHUM €JIEeKTPOoJaMH Ha
XapPaKTePUCTUKHU MIITHOCTI o (a) Ta TpimuHocTiHKOCTi KC (0) B pi3HUX 30HAX 3’€IHAHb AJIOMIHIEBO — JIITIEBUX
ciiaBiB 1421 u 1460.

Effect of methods of electron beam welding (EBW), with consumable (CEW) and non-consumable (NEW)
electrodes on characteristics of strength ot () and crack resistance KCV (b) in different zones of joints of
aluminium-lithium alloys 1421 and 1460.



3BaproBajibHUI PO0OT 3 CUCTEMOIO TEXHIYHOIO 30PYy

Welding robot with technical vision systems
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3BapioBaJibHi Po0OTH, [0 OCHALIEHI CHCTEeMAMM TEXHIYHOI0 30Py, 3AATHI AaBTOMATUYHO 3HAXOAUTHU CTHK,
KOpPeryBaTH TPAEKTOPIIO i MapaMeTPH pexKUMYy 3BAPIOBAHHS JIJIs1 KOMIIEHCAIlIl MOXMOOK 30MpaHHs Ta
po3TamyBaHHsi 3aroToBoK. CHCTEeMH TEXHIYHOIO 30py, 10 CTBOpeHi B IHCTHTYTI, yCilIHO BUKOPUCTOBYIOThCS Y
CKJIa/Ii pOOOTHU30BAHMX CHCTEM TAaKHUX BioMux BUpoOHMKIB, ik ABB, FANUC, KUKA.

Welding robots, equipped with technical vision systems, capable automatically to find the butt, correct trajectory and
parameters of welding mode for compensation of assembly errors and arrangement of semi-products. Technical
vision systems, developed at the Institute are successfully used with robots of such well-known manufacturers as

ABB, FANUC, KUKA.



IIapoda3Hi TexHOJIOTIl OTPUMAHHSA HAHOCTPYKTYPOBAHUX MaTepiajiB

Vapor-phase technologies of producing nanostructured materials
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MikpocTpyKkTypa 30HHU

MleOCprKTy[.).a MepeTuHy 3°€IHAHHS CILUIABY HA OCHOBI MikpocTpyKTypa 30HHM :
HAHOIIAPOBOI (POJIbIH 3 y-Ti-Al 3’€IHAHHS CILUIABY HA OCHOBI Y-
1IapiB TUTaHY i aJ1I0MiHiI0 Ti-Al Ta kapocTtiiikoro criaBy

HA OCHOBI HiKeJII0

Microstructure of zone of joining

Microstructure of Microstructure of zone of ;

transverse section of joining alloy on y-Ti-Al base, IOl QAbass, gud eak
nanolayer foil. consisting of produced through intermediate resistant alloy on nickel base of
R MG S nanolayer foil Ti/Al Hastelloy X type, produced through

intermediate nanolayer foil Ti/Al
alloys



3BapHi KOHCTPYKUII 3 BbICOKOMIIIHMX MAaJIOBYIJICIIEBUX JIETOBAHUX CTaJIel

Welded structures of high-strength low-carbon alloy steels

HarionaibHUN CHOPTHBHUMN OMIMITIHCHKUI T
Camockug BaHTaxomiaiomHicTio 110 T.

. KOMIIJIEKC. !
National sports Olympic complex Dump-truck of 110-ton capacity

A

MoctoBoii nepexin, M. Kuis PesepByap mtst 36epiranss Hapti 06’emom 50 000 m3

Bridge passage, Kyiv Tank for storage of oil of 50 000 m? capacity



EnexktTpoaunamiute o0podaenns (EJ1O) 3BapHux 3’¢1HaHb
Electrodynamic treatment (EDT) of welded joints
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0 02 08 06 08 1 12 JIKeperno KMUBICHHS 1 [IpaBnenns metogom EJ1O

Brus EJIO Ha 3a7umIkoBi HanpyxkeHHs (a) i Ao 3BApPHOI THUCTOBOI KOHCTPYKIL
JIOBTOBIYHICTh 3BAPHUX 3 €JHAaHb CIuiaBa AMr6, crasy AMr6 TonnmHorwo 8

. \ . Power source and MM
sIK1 BUKOHaH1 3BaproBanHsM [1G (0): 1 — 6e3
: electrode
oOpobnenHs, 2 — micnsg I10. Straiahtening bv EDT method
Effect of EDT on residual stresses (a) and life of trilgh L ; IRUD
AMg6 alloy welded joints made by TIG welding of sheet structure of 5/mm
thick AMg6 alloy

(b): 1 — without treatment, 2 — after EDT



IHigBUIIEeHHS KOPO3iliHO — BTOMHOI MIiITHOCTI
BHCOKOYACTOTHUM MEXAaHIYHMM NPOKOBYBAHHAM

Improvement of corrosion-fatigue strength by high-frequency mechanical peening
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Kpusi Bromu TaBpoBux (a) Ta cTuKoBHUX (0) 3Bapux 3’eaHanp cram 15XCH/I micis BUTpUMKUA y TPOMUCIIOBIH
armocdepi nomipHoro kiimary mnpotsarom 1200 roaus: 1 — 1o o6po0neHHs, 2 — miciis 0OppOsieHHs .

Fatigue curves of T-(a) and butt (b) welded joints of steel 15KhSND after holding in industrial atmosphere of
moderate climate during 1200 h: 1 — before treatment, 2 — after treatment



BigHOBJICHHSI HANJIABJEHHSAM 3HOIICHUX MOBEPXOHD 3AJI3HUYHHUX KOJIIC

Restoration of worn-out surfaces of railway wheels by surfacing

Maxkpouniipu 3aJi3HHYHHAX KOJIIC BAHTAKHUX BATOHIB 3 HAILUIABJIEHMMH POOOYHMMM MOBEPXHAMHU I'peOHA
(a) ta npodiusa kauenns (0);

Macrosections of railway wheels of cargo cars with deposited working surface of flange (a) and rolling profile (b)

Oo0sagHAHHS 17151 OTHOAYTOBOI0 HAILJIABJICHHS Oo6s1aqHAHHS 17151 ABOAYTOBOI0 HANJIABJIEHHS OCHOBI

HA OCHOBI 3BaploBajbHuUX anapariBs AJP-1201 3BapIOBAJLHEX anmapaTtiB A-1412 (HamiaBJeHHsI KOJTiCHOT

Napd  BUKOHYETHCS OJTHOYACHO)
Equipment for two-arc surfacing on base of welding
machines A-1412 (surfacing of wheel pair is made
simultgneg

Equipment for single-arc surfacing on base of
welding machines ADF-1201




HepyliHIBHUNA KOHTPOJIb 3BAPHUX 3’€IHAHL Ta BUPOOIB CKJIA/ITHOI reoMeTpil
Non-destructive testing of welded joints and intricate products

HepyiHIBHUH KOHTPOJIBL i3 3aCTOCYBAHHSIM NOPTATHBHOI IIpomuc/ioBHii podoOT i3 CHCTEMOK TEXHIYHOTO 30Py
HH(pPOBOI PEHTIeH- TeJIeBi3iiHOI anapaTypu JJISl HEPYHHIBHOTO0 KOHTPOJIIO i3 32aCTOCYBAHHAM
BHUXOPOCTPYMEHEBHUX METO/IIB

NDT with applying portable digital X-ray - TV
equipment Industrial robot with technical vision system for NDT
A ' with applying eddy-current methods

."l

Amnapartypa Ha 00’€KTi
Equipment on object

e

AHaJi3 pe3yJabTaTiB KOHTPOJIIO

MR, A NE T,



Ili1a3MoBO — iHAYKIIIiiHE BUPOILYBAHHS
BEJUKUX MOHOKPHUCTAJIB TYIrOIJIABKUX METAJIiB

IaazmoTpon
Boasdpamopuit

NPYTOK
Plasmotron A4Y

tungsten

Tnasma
Tnayxrop

Plasma inductor

Monokpucran

Single
crystal

Il1a3mMoBO — iHAYKIiHE YCTATKYBAHHS
Cxema npouecy

Scheme of process Plasma-induction installation

.A ..... ll\l‘!‘.\‘)\\\
O06010HKHN TepMOeMiCiHHUX

LR I HepeTBOpIOBaqu

MoHokpucTau Bojibppamy

AHOO Shells of thermoemission converter
Tungsten single crystals Anode



3BapIOBaHHH AKUBUX TRKAHUH
Welding of live tissues

ANnapar AJist 3apioBanns kuBAxX Tkanun EKB3- Bbararodgynkuionajibsuuii TepMoxipypriunuii anapar EK-
300 «ITaToHMem» 300 MII «ITaTtorMen» Ta XipyprivyHuii iHCTpyMeHTApii

Apparatus EKV3-300 “Patonmed” for welding of live Multifunctional thermosurgical apparatus EK-300 M1
tissues “Patonmed” and surgical instruments

IIpukaaau 3BapHUX 3’€IHAHD PiI3HOPIAHUX )KMBUX TKAHUH

Examples of welded joints of dissimilar tissues

HepBoBi TkKaHMHN

IIpuBaproBaHHS CITKIBKH Neral fhaics

0Ka /10 CYIUHHOI 000JIOHKH
Welding-on of eye retina to
choroid

HepBy 1ypa
Process of welding of
rat nerve

3BaproBaHHs CyX0:KuJIb. [HCTpyMeHTapii
Ta Npolec 3BapIOBaAHHHA

Welding of sinews.
Unique instrument and welding process

ii OlsTioMrecTHBHUIA -
(*’kOBYOBMBITHIMIi) aHACTOMO3 CTpaBoxiJ — TOHKA KHIIIKA

Welded biliary-enteric
anastomosis

Fas e

Gullet — small intestine



AAKYIO 3A YBATY

THANK YOU FOR ATTENTION



