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CoBpeMeHHOE COCTOSIHUE THOPUIAHOM JTa3ePHO-TLIA3MEHHON CBapKu

A.. bymmMma
Hucmumym anexmpocsapxku um. E.O. Ilamona HAHY, Kues, Ykpauna

16 cenrsi0ps, cpena

ITpedcedamenv —JI.D. I'oro6xo

Effect of Electric-Magnetic Composite Field on WC Particulate
Reinforced Metal Matrix Comp051tes Layers by Laser Melt InJectlon
Wang2 Llang Yong Hu" , Shiying Song , Sanpin Lai" *, Jianhua
Yao"

'Research Center of Laser Processing Technology and Engineering,
Zhe]mng University of Technology, Hangzhou, P.R. China
’Zhejiang Provincial Collaborative Innovation Center of High-end
Laser Manufacturing Equipment, Hangzhou, P.R. China
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HHPOI'PAMMA

10:00 — 10:30
10:30 — 11:00
11:00 — 11:15
11:15 — 11:45
11:45 — 12:15
12:15 —12:45
13:00 — 14:30
14:30 — 15:00
15:00 — 15:30
15:30 — 16:00

Metal Penetration in TIG, Laser and Hybrid (TIG + Laser) Spot
Welding. Part I — Experlmental Study

I. Krwtsun1 2 V. Abdulakh?, M. SV1rzheVSka U. Reisgeng,
B Gerhards®

Natzonal Technical University of Ukraine «KPI», Kiev, Ukraine
E O. Paton Electric Welding Institute of NASU, Kiev, Ukraine
'RWTH Aachen University, ISF — Welding and Joining Institute,
Aachen, Germany

Metal Penetration in TIG, Laser and Hybrid (TIG + Laser) Spot
Welding. Part II — Mathematical Modelllng

I. Krlvtsun K. Hubaiev', I. Krikent!, O. Semenov', U. Relsgen
A Zabirov”

'E.O. Paton Electric Welding Institute of NASU, Kiev, Ukraine
RWTH Aachen University, ISF — Welding and Joining Institute,
Aachen, Germany

Kode-6peiik

HewngeabHbie B3aMOAECTBHS KOH/I€HCHPOBAHHBIX YACTHUI] B IBIMOBOI1
IIa3Me JIa3ePHOro mpodost

I'.C. [paran, K.B. Konecunkon

Odeccruil Hayuonarvnwlil ynusepcumem um. M. M. Meunuxosa, Odecca,
Yxpauna

Finishing of Small-Sized Medical Products of Complex Shape

V. Dzhemelinskiy, D. Lesyk, S. Saliy, O. Danyleiko

National Technical University of Ukraine «KPI», Kiev, Ukraine

CI/IHepI‘eTI/I‘IeCKaH akrusamus npouecca Nd(Yb):YAG sazepuoii csap-
KU CTaJjieil ¢ UCNO0JIb30BaHUEM TI/IF ayru (TUTAJI npouecc)

I1. KOBaJIeHKo1 n. K I/IBI_IyH n. KOBaJIEHKo1 V. PaﬁsreHZ,
B. Tepxapac’, A. 3a6upos

’HHcmumym anexmpocsapxku um. E.O. Ilamona HAHY , Kues, Y kpauna
‘RWTH Aaxencxuii Y nusepcumem, ISF — HWncmumym ceapku u
coedunenus mamepuanos, Aaxeu, Iepmanus

Ooben
ITpeocedamenv — H.B. Kpusuyn

Advancements in Joint Research of Laser Cladding at Components
Manufacturmg
V Kovalenko” %, J. Yao', M. Anyakin®, Q. Zang', R. Zhuk?, H. Hu'
'Research Center of Laser Processing Technology and Engmeermg,
Zhe]mng University of Technology, P.R. China

’Laser Technology Research Institute of the National Technical
University, Kiev, Ukraine

CrpykTtypa, NPOYHOCTh ¥ TPEN[HHOCTOMKOCTh CO€JUHEHHIl CTaJH
14XTH2M/IA®DB npu ru6puaHoii 1a3epHO-AYroBoi cBapke

JI.. Mapkamosa, B./l. [losusikos, B./[. llleagarun, E.H. bepauukosa,
T.A. Anexceenko

Hucmumym anexmpocsapxku um. E.O. Ilamona HAHY, Kues, Yxkpauna

Biusinne TepMHYECKHX IMKJOB CBapKU Ha CTPYKTYpPY M CBOiicTBa coe-
JIMHEHHIi BBICOKONPOYHOI CTaJH, BHIIOJHEHHBIX C MOMOIIBIO THOPHUIHOI
Jla3epHO-/IyTOBOH CBapKu

B./. Ilosuakos, B.J/[. Ilemsarun, A.B. 3asmosees, C.JI. Kaamnos,
A.A. Makcumenko, A.B. bepnankunii

Hucmumym arexmpoceapxku um. E.O. Ilamona HAHY, Kues, Ykpauna

11



IIPOI'PAMMA

16:00 — 16:15
16:15 — 16:45
16:45 — 17:15
09:30 — 10:00
10:00 — 10:30
10:30 — 11:00
11:00 — 11:15
11:15 — 11:45
11:45 — 12:15

Kode-6peiix

Pa3pa6oTKa TEXHOJIOTHH JIA3€PHOI CBAPKH KOPIYCHBIX 3J€MEHTOB IPy-
30BBIX JKeJIE3HO/I0POKHBIX BarOHOB

B. . ]_HeJIHI‘I/IH , B.1O. XaCKI/IH A.B. BepHaHKI/II/I , A.B. CI/IOpa A H.
Haﬂarema A.1O. TyHI/IK E.I. FOanpeHKo AL quypHOI/IZ
HHcmumym anexmpoceapku u. E. O. Ilamona HAHY , Kues, Yxpauna
Hayuﬂo unxenepnvil uenmp YK «PTX», Mapuynoaw, Yxpauna

Ilnazma + Jja3ep — HOBble BO3MOXHOCTH IIJIa3MEHHO-IIOPOLIKOBOIA
HaIlJIaBKH

A.U. Com’' , 1.B. KpI/IBL[yH

'000 ¢pupna «ITrasma-Macmep JImd», Kuee, Ypauna

’Uucmumym anexmpoceapxu um. E.O. [Tamona HAHY, Kuee, Ykpauna

17 centsiOpsi, yeTBEPT

ITpeocedameav — B.H. Cudopeu

KauectBo cBapubix coeaunenuii Turana BT1-0 [IIII, ¢popmupyembix
Npu Jia3epHoii cBapke B atMoc(epe ¢ 100aBIeHEM a30Ta

B./l. llenarun,|B.4. Caenko |, A.A. Iloaumko, B.A. Pga6unun, A.B.
Bepnankunii, A.B. Cuopa, A.1O. Tynuk, C.H. Crenanioxk, 11.H. Knoukos,
C.T. I'puropeHko

Hucmumym asnexmpocsapxku um. E.O. Ilamona HAHY, Kues, Ykpauna

Jlazepue ¢opMOyTBOpEHHS JUCTOBUX A€eTajeil 3 TEPMIUYHO 3Mil[HEHHX
MarepiaJiB

b.C. Pomanos, JI.®D. Tososko, A.M. Jlyrait

HTYY «KIII», KuiB, Ykpaina

Surface Hardening of the Steel Parts by Laser and Ultrasonic
Treatment

D. Lesyk', S. Martlnez V. Dzhemelinskiy', B. Mordyuk®, A. Lamikiz?,
G. Prokopenko

’Natzonal Technical University of Ukraine «KPI», Kiev, Ukraine
Unwerszty of the Basque Country, Bilbao, Spain

’Kurdyumov Institute for Metal Physics of NASU, Kiev, Ukraine
Kodge-opeiix

Experimental Research of Hybrid Welding Process in Combination
of GTA W1th CO»- or Yb YAG-Laser Beam

I Krivtsun', U. Reisgen’, B. Gerhards®, A. Zabirov®

'E.O. Paton Electric Weldmg Institute of NASU, Kiev, Ukraine
’RWTH Aachen University, ISF — Welding and Joining Institute,
Aachen, Germany

T'uOpuaHas Ja3epHO-AyroBasi CBapKa aJIOMHHUEBBIX CILJIABOB

B.[I. Ienarun, B.IO. Xackun, A.B. DBepnanknii, A.B. Cuopa,
A.H. ITamarema

Hucmumym anexmpocsapxku um. E.O. Ilamona HAHY, Kues, Ykpauna
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HHPOI'PAMMA

12:15 —12:45
13:00 — 14:30
14:30 — 16:00
09:00 — 11:00

IlepeBaru 3acToCyBaHHSI KOT€PEHTHOTO Ta HEKOT€PEHTHOro BHIIPO-
MIiHIOBaHHSI, SIK€ BHKOPHCTOBYEThCS B KOAryJasTopax [Jisi 00poOKH paH
1.1I0. X it', L.B. Kpisuyn’, I.A. Cyxin’

LIO. Xyneupkuit , I.B. Kpisnyn®, LA. Cyxin

2HTYY «KIII», Kuis, Ykpaina

Incmumym enexmposeaprosanns im. €.0. Ilamona HAHY, Kuis,
Ykpaina

’Bysaosa sarisnuuna rixapus Noi «Japnuusa», Kuie, Ykpaina

O6en

Ceccust cTeHA0BBIX JIOKJA/I0B

18 cenrsiOps, naTHUIA

Kpyr.siii ctoa «IlepcnekTiuBHbIC HANpaBJIeHUS] pa3BUTHS HCCJIe/I0BaHHI
B 00J1aCTH JIa3€PHbIX TEXHOJIOTHII>

CTEH/OBDBIE JOKJIABI

ITigBuienns: epeKTUBHOCTI POOOYOro iHCTPYMEHTY

M.I. Ansxin, O.T. Cepaitos, 10.B. Kmounukos, I'.C. MoiceeHko,
M.I. IlixxkoB

HTYY «KIII», Kuis, Yxpaina

JlazepHble TEXHOJIOTHH B CBapKe H 00pa0OTKe MAaTepPHAJIOB: aHAIU3 IO
MaTepuasiaM MyOJMKAalMii B CBapOYHBIX >KypHajaX U TPyAaX KOH-
depennuit LTWMP

A.T. 3enpunuenko, 11.10. Pomanosa

Hucmumym anexmpoceapxku um. E.O. Ilamona HAHY, Kues, Ykpauna

Cunre3 cBepxXdHePreTHYECKHUX CTPYKTYP NPH HMITYJIbCHOM Jia3epPHOM
00JIyYeHHH HAHOCTPYKTYPHBIX MAaTE€PHAJIOB Ha OCHOBE YIJepo/a

A.M. Ilpynuukos, B.H. Bapioxun, A.B. 3aBnoseeB

Honeyxuil pusurxo-mexnuueckuii uncmumym HAHY, Kues, Yxpauna

Features and Behavior of Plastics at Laser Welding

M.V. Turzhenko, O.O. Tarasenko, V.L. Demchenko, A.O. Shadrin,
A.M. Palagesha, O.V. Fedoseeva, M.G. Menzheres

E.O. Paton Electric Welding Institute of NASU, Kiev, Ukraine

IIporno3upoBaHue cBapounsix gedopmanuii paGodyero kojeca pa-
muanabHoro HarHetate st HP-7500 npu xyroBoii u 1a3epHOii TEXHOJIOTHH
CBapKu

[1.C. TaBpusos, O.B. Maxnenko

Hucmumym anexmpocsapxku um. E.O. Ilamona HAHY, Kues, Ykpauna
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CONFERENCE PROGRAM



September 14, Monday

10:00 — 18:00 Arrival, registration, accommodation of the Conference
participants
19:00 — 21:00 Welcome reception

September 15, Tuesday

09:30 — 11:00 Plenary papers
11:00 — 11:15 Coffee break
11:15 — 12:45 Plenary papers
13:00 — 14:30 Lunch

14:30 — 16:00 Plenary papers
16:00 — 16:15 Coffee break
16:15 — 17:15 Plenary papers

September 16, Wednesday

09:30 — 11:00 Plenary papers
11:00 — 11:15 Coffee break
11:15 — 12:45 Plenary papers
13:00 — 14:30 Lunch

14:30 — 16:00 Plenary papers
16:00 — 16:15 Coffee break
16:15 — 17:15 Plenary papers
20:00 — 23:00 Banquet

September 17, Thursday

09:30 — 11:00 Plenary papers
11:00 — 11:15 Coffee break
11:15 — 12:45 Plenary papers
13:00 — 14:30 Lunch

14:30 — 16:00 Poster papers

September 18, Friday

09:00 — 11:00 Round table «Perspective directions of development of
investigations in the field of laser technologies»
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PROGRAM

09:30 — 10:00
10:00 — 10:30
10:30 — 11:00
11:00 — 11:15
11:15 — 11:45
11:45 — 12:15
12:15 — 12:45
13:00 — 14:30

15 September, Tuesday

PLENARY PAPERS
Chairman —V.S. Kovalenko, 1.V. Krivtsun

Opening of the Conference. Development of 3D Additive Processing
for Product Manufacturlng in Modern Industry

V Kovalenko"

Laser Technology Research Institute of NTUU «KPI», Kiev, Ukraine
’Research Center of Laser Processing Technology and Engineering,
Zhejiang University of Technology, Hangzhou, P.R. China

Research Progress of Supersonlc Laser Deposition Technology
Jianhua Yao" ?, V. Kovalenko' **

'Research Center of Laser Processing Technology and Engineering,
Zhe]mng University of Technology, Hangzhou, P.R. China
’Zhejiang Provincial Collaborative Innovation Center of High-end
Laser Manufacturing Equipment, Hangzhou, P.R. China

’Laser Technology Research Institute of NTUU «KPI», Kiev, Ukraine

Interaction of CO2-Laser Beam with Electric Arc Plasma in Hybrid
(TIG + Laser) Weldin

I. Krlvtsun . 1. Krikent', V. Demchenko', U. Reisgenz, A. Zabirov?,
O Mokrov*

'E.O. Paton Electric Welding Institute of NASU, Kiev, Ukraine
RWTH Aachen University, ISF — Welding and Joining Institute,
Aachen, Germany

Coffee break

Numerical Modelling of Structural Composition in Laser Welded Steel
Elements by Using Yb:YAG Laser

W. Piekarska, M. Kubiak, Z. Saternus

Institute of Mechanics and Machine Design Foundations, Czestochowa
University of Technology, Poland

Increase of Eff1c1ency of Hybrld Welding of Alumlnum Alloys

L.V. Krlvtsun , V.N. Sldorets V.Yu. Khaskin®, V.N. Korzhyk" *
AI Bushma?, Luo Ziyi'

'Guangdong General Reseach Institute for Industrial Technology
(Guangzhou Research Institute of Non-ferrous Metals), China

°E.O. Paton Electric Welding Institute of NASU, Kiev, Ukraine

Microstructure and Wear-Resistant Properties of WC/SS316L
Comp0s1te Coatings Prepared with Supersomc Laser Deposition

Bo Li" %, Zhihong Li" ?, Lijing Yang" ?, Jianhua Yao" *

'Research Center of Laser Processing Technology and Engineering,
Zhe]mng University of Technology, Hangzhou, P.R. China
°Zhejiang Provincial Collaborative Innovation Center of High-end
Laser Manufacturing Equipment, Hangzhou, P.R. China

Lunch
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PROGRAM

14:30 — 15:00
15:00 — 15:30
15:30 — 16:00
16:00 — 16:15
16:15 — 16:45
16:45 — 17:15
09:30 — 10:00

Chairmen — V.F. Demchenko

Laser Manual Machlne for Weldlng of Rallway Transport Products
V.D. Shelyagm V.A. Kurllo L.V. Shuba A.V. Bernatsky', Wang
Chunsheng Wan Dinda’, Zhen Shukhuey”

E O. Paton Electric Weldmg Institute of NASU, Kiev, Ukraine
Changchun Railway Car Building Plant, Changchun, China
’China-Russian Technological Park, Changchun, China

Capabilties of Application of Laser Treatment for Increasing Quality
of Electrode Wire

S.B. Shevchenko', 1.V. Krivtsun®, L.F. Golovko', A.N. Lutay’,
V P. Slobodyanyuk

Natzonal Technical University of Ukraine «KPI», Kiev, Ukraine
°E.O. Paton Electric Welding Institute of NASU, Kiev, Ukraine
’PJSC «PlasmaTeks, Vinnitsa, Ukraine

Strength of Chorioretinal Joints After Influence of High-Frequency
Welding of Biological Tissues and Diode Endolaser Coagulation
N.V. Pasechnikova, V.A. Naumenko, N.N. Umanets

The Filatov Institute of Eye Diseases and Tissue Therapy of NAMSU,
Odessa, Ukraine

Coffee break

Numerical Simulation of Residual Stresses and Sensitization Induced
by Laser Beam Welding in a 129 Cr Stainless Steel Pipe

O. Makhnenko, A. Muzhichenko

E.O. Paton Electric Welding Institute of NASU, Kiev, Ukraine

Current Condition of Laser-Plasma Hybrid Welding
A.I. Bushma
E.O. Paton Electric Welding Institute of NASU, Kiev, Ukraine

16 September, Wednesday

Chairmen — L.F. Golovko

Effect of Electric-Magnetic Composite Field on WC Particulate
Reinforced Metal Matrix Comp051tes Layers by Laser Melt IIlJeCtIOIl
WangZ Liang" %, Yong Hu" ?, Shiying Song" ?, Sanpin Lai" ?, Jianhua
Yao

'Research Center of Laser Processing Technology and Engineering,
Zhejzang University of Technology, Hangzhou, P.R. China
’Zhejiang Provincial Collaborative Innovation Center of High-end
Laser Manufacturing Equipment, Hangzhou, P.R. China
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PROGRAM

10:00 — 10:30
10:30 — 11:00
11:00 — 11:15
11:15 — 11:45
11:45 — 12:15
12:15 — 12:45
13:00 — 14:30
14:30 — 15:00
15:00 — 15:30
15:30 — 16:00

Metal Penetration in TIG, Laser and Hybrid (TIG + Laser) Spot
Welding. Part I— Experlmental Study )
I. KI‘thSllIl 2 V. Abdulakh?, M. Svirzhevska!, U. Reisgenj,
B Gerhards®

Natzonal Technical University of Ukraine «KPI», Kiev, Ukraine
°E.O. Paton Electric Welding Institute of NASU, Kiev, Ukraine
‘RWTH Aachen University, ISF — Welding and Joining Institute,
Aachen, Germany

Metal Penetration in TIG, Laser and Hybrid (TIG + Laser) Spot
Welding. Part IT — Mathematical Modelllng

I. Krlvtsun1 K. Hubaiev', 1. Krikent!, O. Semenov', U. ReisgenQ,
A Zabirov®

'E.O. Paton Electric Welding Institute of NASU, Kiev, Ukraine
RWTH Aachen University, ISF — Welding and Joining Institute,
Aachen, Germany

Coffee break

Nonideal Interaction of Condensed Particles in Dusty Plasma of
Laser-Induced Breakdown

G.S. Dragan, K.V. Kolesnikov

I[.1. Mechnikov Odessa National University, Odessa, Ukraine

Finishing of Small-Sized Medical Products of Complex Shape
V. Dzhemelinskiy, D. Lesyk, S. Saliy, O. Danyleiko
National Technical University of Ukraine «KPI», Kiev, Ukraine

Synergetic Activation of Nd(Yb):YAG Laser Welding of Steels with
TIG Arc (TIGAL Process)

D. Kovalenko', I. Krivtsun', I. Kovalenko', U. Reisgen?, B. Gerhards®,
A Zabirov

E O. Paton Electric Welding Institute of NASU, Kiev, Ukraine
*RWTH Aachen University, ISF — Welding and Joining Institute,
Aachen, Germany

Lunch
Chairmen —1.V. Kriotsun

Advancements in Joint Research of Laser Cladding at Components
Manufacturmg

V Kovalenko" 2, J. Yao', M. Anyakin®, Q. Zang', R. Zhuk®, H. Hu'
'Research Center of Laser Processing Technology and Engmeemng,
Zhe]zang University of Technology, P.R. China

’Laser Technology Research Institute of the National Technical
University of Ukraine «KPI», Kiev, Ukraine

Structure, Strength and Crack Resistance of Joints from
14KhGN2MDAFB Steel in Laser-Arc Hybrid Welding

L.I. Markashova, V.D. Poznyakov, V.D. Shelyagin, E.N. Berdnikova,
T.A. Alekseenko

E.O. Paton Electric Welding Institute of NASU, Kiev, Ukraine

Effect of Thermal Welding Cycles on Structure and Properties of
Joints from High-Strength Steel Produced using Laser-Arc Hybrid
Welding

V.D. Poznyakov, V.D. Shelyagin, A.V. Zavdoveev, L.S. Zhdanov,
A.A. Maksimenko, A.V. Bernadsky

E.O. Paton Electric Welding Institute of NASU, Kiev, Ukraine
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PROGRAM

16:00 — 16:15
16:15 — 16:45
16:45 — 17:15
09:30 — 10:00
10:00 — 10:30
10:30 — 11:00
11:00 — 11:15
11:15 — 11:45
11:45 — 12:15
12:15 — 12:45

Coffee break

Development of Technologies for Laser Welding of Body Elements
of Freight Railway Cars

V.D. Shelyag1n1, V.Yu. Khaskln , A.V. Bernatsky AV. Slora
A N. Palagesha', A.Yu. Tunik', E.I. Goncharenko', A.D. Chepurnoy”
'E.O. Paton Electric Welding Institute of NASU, Kiev, Ukraine
’Scientific-Engineering Centre UK «RTKhs, Mariupol, Ukraine

Plasma+ Laser — New Capabilities of Plasma-Powder Surfacing
Al Som 1.V. Krivtsun®

'Plasma- Master Ltd., Kiev, Ukraine

’E.O. Paton Electric Welding Institute of NASU, Kiev, Ukraine

17 September, Thursday

Chairmen — V.N. Sydorets

Quality of VT1-0 DShP Titanium Welded Joints Formed at Laser
Welding in Atmosphere with Nitrogen Addition

V.D. Shelyagin, ) \ , A.A. Polishko, V.A. Ryabinin,
A.V. Bernatsky, A.V. Siora, A.Yu. Tunik, S.N. Stepanyuk, I.N. Kloch-
kov, S.G. Grigorenko

E.O. Paton Electric Welding Institute of NASU, Kiev, Ukraine

Laser Metal Forming of Sheet Parts from Heat-Strengthened
Materials

B.S. Romanov, L.F. Golovko, A.M. Lutay

National Technical University of Ukraine «KPI», Kiev, Ukraine

Surface Hardening of the Steel Parts by Laser and Ultrasonic
Treatment

D. Lesyk', S. Martlnez V. Dzhemelinskiy', B. Mordyuk®, A. Lamikiz®,
G. Prokopenko

’Natzonal Technical University of Ukraine «KPI», Kiev, Ukraine
Umverszty of the Basque Country, Bilbao, Spain

’Kurdyumov Institute for Metal Physics of NASU, Kiev, Ukraine

Coffee break

Experimental Research of Hybrid Welding Process in Combination
of GTA Wlth COs- or Yb YAG-Laser Beam

I Krivtsun', U. Reisgen?, B. Gerhards®, A. Zabirov®

'E.O. Paton Electric Weldmg Institute of NASU, Kiev, Ukraine
RWTH Aachen University, ISF — Welding and Joining Institute,
Aachen, Germany

Laser-Arc Hybrid Welding of Aluminum Alloys

V.D. Shelyagin, V.Yu. Khaskin, A.V. Bernatsky, A.V. Siora, A.N. Pa-
lagesha

E.O. Paton Electric Welding Institute of NASU, Kiev, Ukraine

Advantages of Application of Coherent and Noncoherent Coagulators
for Wounds Treatment

IYu Khudetsky', 1.V. Krivtsun®, I.A. Sukhin®

Natzonal Technical University of Ukraine «KPI», Kiev, Ukraine
E O. Paton Electric Welding Institute of NASU, Kiev, Ukraine
?Junction Railway Hospital No.1 «Darnitsas, Kiev, Ukraine
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PROGRAM

13:00 — 14:30
14:30 — 16:00
09:00 — 11:00

Lunch

Poster Paper Session

18 September, Friday

Round table «Perspective directions of development of investigations
in the field of laser technologies»

POSTER PAPERS

Increase of Working Tool Efficiency

M.I. Anyakin, O.T. Serditov, Yu.V. Klyuchnikov, G.S. Moiseenko,
M.I. Pizhov

National Technical University of Ukraine «KPI», Kiev, Ukraine

Laser Technologies in Welding and Material Processing: Analysis
Based on Materials Published in Welding Journals and Proceedings
of LTWMP Conferences

A.T. Zelnichenko, I.Yu. Romanova

E.O. Paton Electric Welding Institute of NASU, Kiev, Ukraine

Synthesis of Super-Energy Structures in Pulse Laser Irradiation of
Nanostructure Carbon-Based Materials

A.M. Prudnikov, V.N. Varyukhin, A.V. Zavdoveev

Donetsk Physical-Technical Institute of NASU, Kiev, Ukraine

Features and Behavior of Plastics at Laser Welding

M.V. Turzhenko, O.O. Tarasenko, V.L. Demchenko, A.O. Shadrin,
A.M. Palagesha, O.V. Fedoseeva, M.G. Menzheres

E.O. Paton Electric Welding Institute of NASU, Kiev, Ukraine
Prediction of Welding Deformations of Rotor of Radial Pump
NR-7500 in Arc and laser Welding Technologies

D.S. Gavrilov, O.V. Makhnenko

E.O. Paton Electric Welding Institute of NASU, Kiev, Ukraine
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HJAEHAPHDIE /IOKJIAADI
PLENARY PAPERS






HJIEHAPHBIE /IOKJIA/IBI

MICROSTRUCTURE
AND WEAR-RESISTANT PROPERTIES OF WC/SS316L
COMPOSITE COATINGS PREPARED
WITH SUPERSONIC LASER DEPOSITION

Bo Li" 2, Zhihong Li" ?, Lijing Yang" 2, Jianhua Yao® ?
'Research Center of Laser Processing Technology and Engineering,
Zhejiang University of Technology, Hangzhou, P.R. China
2Zhejicmg Provincial Collaborative Innovation Center
of High-end Laser Manufacturing Equipment, Hangzhou, P.R. China

Supersonic laser deposition (SLD) is a newly developed coating method which combines the supersonic
powder stream found in cold spray (CS) with synchronous laser heating of the deposition zone. The addition
of laser heat energy into CS enables a change in the thermodynamic state of impacting particles and substrate,
thereby significantly lowering the critical deposition velocities required for effective coating formation and
allowing the range of materials deposited to expand to higher strength materials which are of considerable
engineering interest.

The work reported in this paper presents the ability of SLD technique to deposit hard metal matrix composite
(MMC) coatings, such as WC/SS316L. The focus of this research is on the comparison between composite
coatings produced with conventional CS and those produced with SLD. The microstructure evolution, mec-
hanical deformation mechanisms, correlation between functional properties and process parameters were
elaborated in detail. The experimental results show that with the assistance of laser irradiation, WC /SS316L
composite coatings can be successfully deposited using SLD. The obtained coatings are superior to that
processed with CS, because SLD can improve the deposition efficiency, coating density, interface bonding
as compared to CS due to the softening of particle and substrate by laser irradiation. It can be found that
SLD is capable of depositing high strength MMC coatings with good quality, thus exhibiting great potential
in the field of metal three-dimensional printing.

COBPEMEHHOE COCTOJAHUE
TMBPU/THOM JIASEPHO-IIJIASBMEHHOI1 CBAPKU

A.H. Bywma

Hucmumym anexmpocsapxu um. E.O. Ilamona HAHY, Kues, Yxpauna

B nokJsiazie uasaraercss KpaTkasi peTpOCIEKTUBA PA3BUTHS U COBPEMEHHOE COCTOSTHUE TUOPU/THON JIa3epHO-TLIa3-
MeHHOI cBapku. [lokazaHo, 4TO K OCHOBHBIM 33JladyaM TUOPUIHON JIa3epHO-TLJIA3MEHHON CBAPKU OTHOCUTCST He
TOJIBKO TLJIa3MEHHO-YTOBOM MOMOTPEB MeTaJLJIa U3JIEJUST JIJIST TTOBBIIIEHUs] €ro MOTJIOMATeTbHON CIIOCOOHOCTH,
HO M MOJUMUKAINKS CBADOYHOTO TEPMUYECKOTO IHKJA [IJIS CHIDKEHUS CKOPOCTH OXJIAXK/CHUS TOCJE CBAPKH.
ITO TIO3BOJISIET CHU3UTH COJIEPIKAHKE XPYIKUX CTPYKTYP, CKJIOHHBIX K Pa3pyLIEeHUIO TIPU IKCILTyaTan. Tak:xe,
HaJIM4ue TJIa3MEHHO-IyTOBON COCTABJIAIONIEH ITpollecca TO3BOJISeT CHU3UTh TPeOOBAHUS K KayeCTBY COOPKH
CBApUBAaEeMbIX CTBIKOB, IO CPaBHEHWIO C Ja3epHOW cBapKoil. IlepCreKkTuBBI TPOMBIINIJIEHHOTO BHEIPEHUS
rUOPUIHON JTa3ePHO-TIIIA3MEHHOM CBAPKU CBSI3aHBI C €€ 3KOHOMUYECKMMU U TEXHOJOTHYECKUMU TTPENMYIIECT-
BaMU. JKOHOMMYECKHE NMPEMMYINECTBa 3ak/odaiorcsa B yactmanoil (go 50 %) 3aMeHe JOCTATOMHO JOPOTroit
JIA3ePHOI MOIITHOCTH 3HAYMTEJbHO 0oJiee [IEIeBOi [yTOBOM, a TakyKe B CHUKEHWH 3HEPro3aTpar Ipoiiecca 3a
CYET BO3MOKHOCTH 3aMEHbI MPUCAIOYHON MPOBOJIOKU COOTBETCTBYIONIMM TOPOITKOM WJIM ITOJTHOTO OTKAa3a OT
IIpuCcagOvYHOTO MaTepuaJa. TexHosmornueckue MIpeuMyniecTBa 3aKJ/AIOYAI0TCA B YMEHbBHIEHUNU OCTAaTOYHBIX
TepMudecKuX AedopMalnii, CHUKEeHHU TpeGOBaHMUIT K TOATOTOBKE CBAPUBAEMBIX KPOMOK ( BKJII0Yas BO3MOKHOCTD
CBapKU KPOMOK € 3a30POM TI€PEMEHHON IUPUHDI), MOTyYEHHIO BO3MOMKHOCTU KATOAHOM OUMCTKY aJTIOMUHUEBBIX
CTJIABOB HEIMOCPEJCTBEHHO B TIPOIlecCe CBAapKHW, YBEJWYEHUU TJYOWHBI TIPOIJIABJIEHUS W  TIOBBLIIIEHHIO
[IPOU3BOAUTENBHOCTH IIpolecca (B HECKOIBKO pa3 IO CPABHEHUIO C ILJIA3MEHHON cBapKoil u mpuMepHo Ha 40 %
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110 CpaBHEHHIO C JIaSepHOI'/JI). BHe[IpeHI/Ie JIaBepHO-HJIaSMeHHOI'/JI CBapKu CITOCOGHO M3MEHUTH CyliecTByomnue
B3TJIA/bI TEXHOJIOTOB Ha CBaquHbeI mponecc m KOHCTPYKTOPOB Ha TMPOEKTUPOBAaHNE CBaPHBIX KOHCprKHI/Ifl.
HpOMbIIH]IeHHOG IIpuMEHeHne HaSepHO-H.}IaSMeHHOI'/JI CBapKH, B IEPBYIO 04Y€PE/b, CBA3aHO C PEIICHUEM 3aJda4

COEMHEHNST TUTAHOBBIX M AJIOMIHHMEBBIX CILIABOB, a TaKyKe HEP/KABEIOIINX CTaJjeil, B AMama3oHe TOJIINH OT
0,3-15,0 MM.

EFFECT OF ELECTRIC-MAGNETIC COMPOSITE FIELD
ON WC PARTICULATE REINFORCED METAL MATRIX
COMPOSITES LAYERS BY LASER MELT INJECTION

Wang Liang” 2, Yong Hu" 2, Shiying Song” 2, Sanpin Lai® 2, Jianhua Yao" ?

'Research Center of Laser Processing Technology and Engineering,
Zhejiang University of Technology, Hangzhou, P.R. China
2Zhejicmg Provincial Collaborative Innovation Center
of High-end Laser Manufacturing Equipment, Hangzhou, P.R. China

High-strength composite coating prepared by Laser Melt Injection (LMI) has many advantagessuch as small
tendency to crack, less particles to decompose and controllable thickness of hardening layer, but it is much
difficult to control the distribution of hard phase particles in the composite layer. In order to study the effect
of electric-magnetic field on the hard particles distribution in the composite layer, the WCp /316 gradient
metal-matrix composite coating was prepared by LMI with electric-magnetic synergistic effect in this paper.
The results show that with the help of electric-magnetic composite field, the volume rate of WC particles in
top part of laser track declines to 9 % from 19 %, but that of WC particles in the bottom of laser track
increases to 14 % from 11 %. At the same time, the decomposition rate of WC particles increases and more
eutectic structures form in the composite coating when the steady magnetic field was added.

FINISHING OF SMALL-SIZED MEDICAL PRODUCTS
OF COMPLEX SHAPE

V.V. Dzhemelinskiy, D.A. Lesyk, S.S. Saliy, O.0. Danyleiko
National Technical University of Ukraine «KPI», Kiev, Ukraine

The purpose of this study is to develop combined technology for finishing and hardening processing of
small-sized parts in medical products using laser beam and alternating magnetic field energy.

Specific methods to manufacture relevant parts made of special steels are featured with their characteristics
meeting a number of specific conditions: high hardening, wear resistance, corrosion resistance, complex
geometry with small size and the required quality of the surface layer. One of the most pressing problems is
search of the new processing methods that allow increasing productivity, as well as improving microrelief
and physical and mechanical properties.

The results of experimental research of the processes of finishing and hardening of small-sized parts were
carried out, in particular pacemakers, surgical needle handpieces for different types of surgeries, are reflected
with further determination of the optimum parameters for punched holes by laser beam and polishing surfaces
in alternating magnetic field.

The method and technology have been developed for finishing of both external and internal cylindrical surface
using combined action rotary and translational reverse motions in spiral device with straining elements in a
toroidal-screw stream of working environment, which created by rotating action of electromagnetic fields
and compressed aerosol mixture in the container of toroidal shape.

The use of proposed technology has enhanced the polishing process productivity in 5—6 times as compared to
the use of low-frequency vibrations, as well as has reduced of the roughness parameters in 3 times with surface
layer microhardness in 1.2 times.
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HEUJEAJBHBIE B3AUMO/IEICTBUS
KOHAEHCHUPOBAHHbIX YACTHI]
B IBIMOBOI1 IIJIA3ME JIABEPHOTI'O ITIPOBOA

I'.C. /Ilpaean, K.B. Koaecnukxoes

Odeccruil nayuorarvrulll yrusepcumem um. M. M. Meunuxosa, Odecca, Yxpauna

B paGore uccienoBaHbl B3aUMOAENCTBUSI 3aPSIXKEHHBIX KOHIEHCHPOBAHHBIX YACTHUI], KOTOPble 06pasyioTcs B
HU3KOTEMTIePaTypPHOH TJ1a3Me TIpH B3aNMO/IeHCTBUY JIA3ePHOTO U3JIydeHns ¢ BemnecTBoM. IIpeamnosaranocs, 4To
HaJIMYMeE 3JIEKTPUIECKUX CHJI B OKPECTHOCTH 3aPSI?KEHHON YaCTUIIBI IPUBOINT K 06PA30BAHUIO CJIOSI TIPOCTPAH-
CTBEHHOTO 3apsi/la, CTeTIeHb HOHU3AITNN KOTOPOTO OTJIMYAETCS OT PABHOBECHON MOHU3AIINY a30BOM (Pa3bl MJIa3MBbI.
W3smenenue crenenu moHusanuu 06ycaoBIeHO 3(PHEKTOM CMeIeH s NOHU3AIMOHHOTO PABHOBECHS B ra30BOI
dase ABIMOBOII MJIA3MBI U TIPUBOIAT K 06PA30BAHNIO HEPABHOBECHBIX HOCUTEJIEH 3apsi/ia, KOTOPbIE 06ECTIEYMBAIOT
u3MeHeHue JaBJeHusl ra3oBoil (as3bl HA ITOBEPXHOCTb KOH/JEHCUPOBAHHON YaCTHIIbI, Olpe/eseMoe Kak
muddysnonHoe 1aBIeHne HePaBHOBECHBIX HocuTesel. [locaeiHee MpUBOANT K COMMKEHUIO OJTHONMEHHO 3apsi-
JKEHHBIX KOH/IEHCUPOBAHHBIX YACTHIL ¥, IPOTUBOAENCTBYS CUJIE JIEKTPUUECKOTO OTTATKMBAHUS, 06ECIIEYNBAET
HEKOTOPOEe PaBHOBECHOE TPOCTPAHCTBEHHOE paciipe/ieJieHue TbIJIEBBIX YaCTUIl B JBIMOBOH TLJIa3Me.

DEVELOPMENT OF 3D ADDITIVE PROCESSING FOR
PRODUCT MANUFACTURING IN MODERN INDUSTRY

V. Kovalenko

Laser Technology Research Institute of NTUU «KPI», Kiev, Ukraine
Research Center of Laser Processing Technology and Engineering
Zhejiang University of Technology, Hangzhou, P.R. China

Today civilized societies may reach the success in their industrial development only based on sustainable
competitive manufacturing. Such approach is justified because of the constant danger of spreading the new
crises in economy caused by increasing lack of row materials, energy and water supply, strict environment
limitations, etc. Modern industry expects new materials and new technologies which provide the improvements
in functionality of manufactured products, the decrease in consumption of materials and energy in production
different machines and devices with higher productivity at minimizing cost.

Analyzing the situation in industrial sphere it is obvious that the largest amount of products is manufactured
using up to now the classic technologies as mostly adapted to the general level of technology development -
casting, forging, punching, stamping, mechanical machining, etc. Meanwhile the development of science and
technology for the last decades has proposed the new and entirely original technology based on the mechanism
taken from Nature — 3D object growing, now familiar under different names — 3D printing, rapid proto-
typing, 3D object manufacturing, 3D additive processing, etc. At such technologies three main factors are
involved — material (metal sheet or powder, polymer solid or liquid, paper, wood powder, etc.), energy
(laser or electron beam, electric discharge, plasma stream, etc.) and the virtual model of component to be
manufactured.

3D printing is quite well known in light industry for manufacturing great varieties of goods from plastic,
wood, paper, rubber, etc., which is realized via mechanisms of stereo lithography, plastic melting, wood or
paper cutting, etc.

For heavy industry, where metal components are mainly manufactured, the most applicable technology is 3D
additive processing via the mechanism of laser cladding (LC) or selective laser sintering (SLS).

The discussed technologies are already used in automotive, airspace, ship, electric power and other industries
(even in houses construction field) for components manufacturing and remanufacturing.

Alongside with already mentioned advantages of the new unique technologies their implementation into the
modern industry allows to cut down the cost and duration of the production cycle due to exclusion the waste
of labor, time and materials on preparatory operations.
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CHUHEPTETUYECKASI AKTUBAI[S IIPOIECCA
Nd(Yb):YAG JIABEPHOI1 CBAPKU CTAJIEM
C ICIIOJIb3OBAHUEM TUT JYTU (TUTAJ IPOIIECC)

A. Koea.zzemco’, . Kpueuyn’, . Koea./temco1,

V. Paiizeer?, B. T epxapacz, A. 3a6upoe2
7HHcmumym anexkmpoceapxu um. E.O. Ilamona HAHY, Kues, Yxpauna
2R WTH Aaxenckuii Ynusepcumem, ISF —

Hucmumym ceaprxu u coedunenusi mamepuanos, Aaxen, I'epmanus

VceaieoBaH IPOIece CHHEPTeTHYECKON aKTHBAINK TadepHoii ceapku craseii nzaydennem Nd(Yb): YAG naszepos
3a CYeT JIONOJHUTEIbHOTO ucoab3oBanug TUT gyrn (TUTAJI iporiecc), B TOM 4HCJ/Ie C IPIMEHEHNEM aKTHBA-
TOPOB. BbBIMOIHEH CPaBHUTEJNbHBIH aHATN3 PE3YJbTATOB IKCIIEPUMEHTAJIbHBIX WCCJIEIOBAHWI TIPOTLIABIEHUS
MeTasia U (POPMUPOBAHUS MITBOB TIPH MCIIOIb30BAHUY CJIEIYIONNX TpeX mpoiieccoB cBapku: TUT cBapka apro-
HOBOIT Ayroit Ha Tokax oT 5 A0 150 A, masepuas capka myukom usnaydenuss Nd:YAG win Yb:YAG nazepos
HEMPEPBIBHOTO JieicTBIst MOTHOCTBIO 0T 250 10 1000 BT 1t ru6puanas Nd(Yb): YAG + TUT capka Ha yKa3aHHBIX
soie peskumax (TUTAJL nponece). IIBbl BbINOHAIMCH Ha o6pas3nax u3 HepsKapeomied craaum tuma 304
toammnoii 1,2, 1,5 u 2,0 MM u yraepoauctoit cranu tTumna S235JR rtommmnoit 5 MM Ha ckopoctu 100 MM/ MuH.
IIokasano, uto npu ncnosab3osanu TUTAJI npouecca cBapku no cpasHenuio ¢ TUT cBapkoii cylecTBeHHO
MOBBINIAETCSA YCTOMYUBOCTH TOpeHust caabotounoii ayru (Ha Tokax qo 10 A), a 10 CpaBHEHUIO ¢ Pas/e/bHBIM
npuMeHenneM JazepHoit u TUT cBapku Gosiee yeM B 2 pasda TMOBBIMAETCS TyOHHA TIPOIJIABJICHUS U /10 2 pa3
IJIOIIA/Ib MTPOILJIABJIEHUST MeTaJljIa.

ADVANCEMENTS IN JOINT RESEARCH OF LASER
CLADDING AT COMPONENTS MANUFACTURING

V. Kovalenko 2, J. Yao’, M. Anyakin2, 0. Zang’, R. Zhukz, H. Hu!

'Research Center of Laser Processing Technology and Engineering,
Zhejiang University of Technology, P.R. China
’Laser Technology Research Institute of the National Technical University «KPIs, Kiev, Ukraine

The collaboration activity in laser technology research between two universities has started more than ten
years ago. At first it had been exchanges of visits, mutual consulting on different aspects and then the
Agreement on international collaboration activity between two research groups had been signed with planned
cooperation in studying new processes of laser cladding for components manufacturing and remanufacturing.
In the framework of that Agreement the following tasks had been solved:

e studying the factors influencing the quality of laser cladding;

e simulation of gas-powder stream feeding into the cladded zone;

e development of laser beam focusing system coaxial with gas-powder stream;

e development of slot nozzle feeding-focusing system;

e experimental tests of designed and manufactured powder feeding-focusing systems.

The main goal of joint research had been the achievement of higher productivity and quality of processing,
the development of reliable systems to control the parameters of cladded layers, studying the possibilities to
provide better processing versatility which may adapt it with time to universal industrial system for 3D laser
additive processing at components manufacturing and remanufacturing.

The results of joint research had been published in11 papers and presented in a number of International and
National Forums, Congresses and Conferences. In conjunction with Paton Welding Institute of the National
Academy of Science of Ukraine laser experts of two Universities from China and Ukraine had participated
in arranging three International Conferences «Laser Technology in Welding and Material Processing» in
Katsively, Crimea, Ukraine — LTWMP-2011, LTWMP-2013 and in Odessa, Ukraine — LTWMP-2015.
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METAL PENETRATION IN TIG, LASER
AND HYBRID (TIG + LASER) SPOT WELDING.
PART I — EXPERIMENTAL STUDY

I. Kriotsun” 2, V. Abdulakh1, M. Svirzhevskaz, U. Reisgens, B. Gerhards®
"E.O. Paton Electric Welding Institute of NASU, Kiev, Ukraine

°National Technical University of Ukraine «KPI>», Kiev, Ukraine
SRWTH Aachen University, ISF — Welding and Joining Institute, Aachen, Germany

Comparative experimental studies for TIG, laser (CO2- and Yb:YAG laser) and its hybrid spot welding
processes were carried out. Experiments were performed for different times of heat input into the workpiece.
In the case of hybrid welding, the interaction between the laser beam and the arc plasma is dependent on
the wavelength and the power of the laser was examined as well. To carry out the experiments, a special
hybrid welding torch was used. This torch combines arc and laser heat sources in one common weld pool.
Geometry of the cross-sections for different welding times were examined. The experimental results were
used for the analysis of complex physical processes that occur in hybrid spot welding, in order to identify
the role of each process in the improvement of the penetration depth of the hybrid heat source. Furthermore,
the experimental data was used for the verification of mathematical models of metal penetration in TIG,
laser and hybrid (TIG + COz2 laser) spot welding.

METAL PENETRATION IN TIG, LASER
AND HYBRID (TIG + LASER) SPOT WELDING.
PART II — MATHEMATICAL MODELLING

I. Krivtsun’, K. Hubaiev’, I. Krikent’, 0. Semenov’, U. Reisgen‘z, A. Zabirov®

"E.O. Paton Electric Welding Institute of NASU, Kiev, Ukraine
°RWTH Aachen University, ISF — Welding and Joining Institute, Aachen, Germany

The efficiency of fusion welding processes is greatly defined by conditions of heat, mass and charge transfer
in the weld pool. These conditions in turn are defined by the interaction between the base metal and heat
source in use (electric arc, laser beam). Therefore, the most adequate models for numerical modelling of
metal penetration in welding are those which allow for description of physical processes in the heat source,
on the metal surface, and in its volume by self-consistent way. This paper is devoted to that kind of model
as well as simulation of penetration in arc (TIG), laser (CO2 laser) and hybrid (TIG + CO2 laser) spot
welding. The proposed model provides the possibility of self-consistent consideration of physical processes
taking place in the arc column and arc anode region with refractory cathode (TIG), including interaction
with arc plasma of focused laser beam (TIG + COg laser) that results in the appearance of a combined laser-arc
discharge. Heat transfer, electromagnetic and hydrodynamic processes in the volume and on the surface of
the metal being welded (anode) are also captured by the proposed model. The model of physical processes
in metal accounts for metal evaporation from the weld pool surface along with its deformation, influence of
arc pressure, plasma shear stresses and thermocapillary Marangoni effect (surface forces). The influence of
Lorentz and buoyancy forces on hydrodynamic processes and convective heat transfer in the weld pool are
also taken into account (volume forces). The governing equations of the model are solved by means of a finite
element method. The comparison of calculated results with experiments is carried out.

29



PLENARY PAPERS

INTERACTION OF CO2-LASER BEAM WITH ELECTRIC
ARC PLASMA IN HYBRID (TIG + LASER) WELDING

1. Krivtsun’, I. Krikent’, V. Demchenk01, U. Reisgenz, A. Zabirovz, O. Mokrov®

'E.O. Paton Electric Welding Institute of NASU, Kiev, Ukraine
°RWTH Aachen University, ISF — Welding and Joining Institute, Aachen, Germany

Self-consistent mathematical model was proposed for the processes of energy-, mass- and charge transfer in
the plasma of the column and anode region of electric arc with refractory cathode, running in inert gas, and
exposed to a focused beam of CO2-laser radiation, propagating along the arc column. Mathematical description
of the processes running in such a system uses single-temperature model of arc plasma, allowing for additional
plasma heating due to laser radiation absorption, as well as its multicomponent nature, associated with metal
evaporation from cathode surface. Influence of laser beam power and anode surface temperature on thermal
and electromagnetic characteristics of plasma of the column and anode region of argon arc on refractory
cathode was analyzed. It is shown that as a result of additional local heating of arc plasma by laser radiation,
its temperature in the paraxial zone of arc column can rise by 5000—10000 K, compared to the respective arc
in TIG welding. This leads to an essential restructuring of spatial distributions of electric potential and
density of electric current in the arc column near-anode region, as well as density of thermal flow applied
by the arc to the anode, thus changing the distributed and integral characteristics of its thermal and dynamic
impact on the metal being welded. It is established that the impact of a focused laser beam on arc plasma
leads to the effect of electric current contraction in the center of the region of anode binding of the arc and
respective increase of the density of heat flow, applied by the arc to the anode, in hybrid (COz-laser + TIG)
welding. This promotes an increase of the energy applied to the metal, which is consumed in its melting and,
therefore, an increase of penetrability of laser-arc heat source. It is shown that anode metal evaporation leads
to a certain weakening of the effect of electric current contraction in the arc near-anode region, which is
exposed to a focused laser beam. The influence of laser radiation absorption and refraction in arc plasma on
the characteristics of laser beam interacting with it and its thermal impact on the surface of metal being
welded under the conditions of hybrid (COz2-laser + TIG) welding was studied. It is shown that laser beam
absorption in arc plasma leads to a certain decrease of radiation power, reaching the anode surface. The size
of beam focusing spot on the above surface practically does not change, i.e. beam refraction in arc plasma
turns out to be insignificant.

EXPERIMENTAL RESEARCH OF HYBRID WELDING
PROCESS IN COMBINATION OF GTA WITH CO2-
OR Yb:YAG-LASER BEAM

1. Krivtsun’, U. Reisgenz, B. Gerhardsz, A. Zabirov®

'E.O. Paton Electric Welding Institute of NASU, Kiev, Ukraine
°RWTH Aachen University, ISF — Welding and Joining Institute, Aachen, Germany

Hybrid welding is a field in welding technology in which sev-eral welding procedures are combined to operate
in one weld bath. An attempt is being made to combine the positive prop-erties of the processes in a way
that synergy effects take place and can be taken advantage of. Comparative experimental analysis of hybrid
welding processes is carried out. The used hybrid welding process is a combination of tungsten cathode in
argon shielding gas atmosphere and laser beam of different wave length (CO2- and Yb:YAG-laser). Both
lasers were used in heat transfer mode. To carry out these experiments, a special hybrid welding torch was
developed to combine arc and laser heat sources in one common weld pool. Depth of penetration and the
area of welds’ cross sections for pure TIG, TIG plus CO2 Laser and TIG plus Yb:YAG Laser were com-pared.
High speed video images (500 frames per second) with synchronized current and voltage recording were used.
The experimental results demonstrate a different behaviour of the arc in CO2- and Yb:YAG Laser hybrid
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welding. Tt is shown that in case of hybrid welding the efficiency of input energy from the arc is higher than
the sum of two separately used heat sources.

ITOBBINIEHUE OOD®EKTUBHOCTU
TUBPUIHOI CBAPKU AJTIOMUHUEBBIX CIIJIABOB

H.B. Kpueuyu” 2, B.H. Cuaopeuz, B.IO. Xac:cuuz,
B.H. Kopmmc” 2, A.H. Bymma’g, Luo Ziyi’

1 . . . .
T'yandoncxuii I'enepanvhviii HAyuHo-uccae008amesbCKull UHCIMUMYM NPOMBIUIEHHIX MEXHOL02UL
(Tyanuxoycrkuil HayuHO-uCCAe008AMENLCKUTL UHCINUMYM YBeMHLIX Memaanos), Kumail
Hucmumym anexmpoceapxu um. E.O. Ilamona HAHY, Kuees, Ykpauna

OpmHOll M3 aKTyaJbHBIX TPO6JIEM COBPEMEHHOI HAYKM U TEXHHKHM B OOJIACTH CBAPKU METAJJIOB IJIABJIEHHEM
SIBJISIETCS] CO3/laHNe HOBBIX ¥ YCOBEPIIEHCTBOBAHWE CYIIECTBYIOMINX JIAa3€PHO-AYTOBBIX HMCTOYHMKOB TEILIA.
3uanue ¢usnyeckux 0oco6eHHOCTell TUOPUAHONW JIA3€PHO-AYTOBOIl CBApPKU [O3BOJIIET IOBBICUTH €€
TIPpOMN3BOAUTEJIBHOCTD 3a CHET ITOBBIIICHUA 3(1)(1)6KTI/IBHOFO KHII, T.€. YBEJIMYCHUA OTHOMICHUA MOIIHOCTH TEII-
JIOBOTO WMCTOYHUKA, JEUCTBYIOIIETO0 HA METAJLI MPHU CBApPKe, K CYMMAapHOIl MOIIHOCTU 3JIEKTPUYECKOH AyTU U
Jazeproro Jjyda. Opuum u3 myrteit mosbimenus: addextruBHoro KIT/[ cBapku sBsieTcs CHUKEHUE MOTEPD Jia-
3epHOIl 9HEPTUU, CBSIBAHHBIX C OTPAsKEHUEM M3JIyYeHHS OT CBAaPUBAEMOIl IOBEPXHOCTH.

W3ydeHo BAUAHMS COITYTCTBYIONIETO MOI0TPeBa, 00eCcIieYnBaeMOro 3JIeKTPHUUYECKOH IyToii, Ha U3MEHEHUE YCJIOBUI
TIOTJIOMIEHUS JIA3EPHOTO U3JTyYEeHUs ATIOMIHIEBBIME CIIJIABAMU TIPU UX JIa3ePHO-IyTOBOI CBapKe, a TaKyKe orpe-
JleJIEHbI TTapaMeTpbl peskiMa CBapku, obecrieunBaioliiie mosbiienne ahdexkrusroro KII/[ 3a cuer cHmkenus
MOTEPH JIa3epHOU sHeprun. 1Ipu 3TOM paccMOTpeHHe TEIMJIOBOTO JAEHCTBUS AYTH HE 3aBUCENO OT BUAA AYTOBOTO
CBApPOYHOTO IpoIlecca: cBapKa JAYTOl IJIaBSANIErocs 3JIeKTPO/a WU CBapKa JYToi HEelJIaBAIIerocs 3JeKTPoja.

CdopmysnpoBana u pelleHa 33/Ja4a OINpeeeHIs] TEMIIEPATYPHON 3aBUCUMOCTH K03 dUIIMeHTa moTJIome st
JIAa3ePHOTO M3JIYUIEeHUS aTIOMUHHEM B PAMKaX MOJEJN ITOYTH CBOOOIHBIX 37IeKTPOHOB. CpaBHEHNE MOJyYeHHBIX
PaCUYeTHBIX 3aBHCUMOCTE} IOTJIOIATENbHON CIIOCOGHOCTH C MMEIONIUMICS 9KCIIEPUMEHTATbHBIMU JAHHBIMU TOKA-
34710 UX YAOBJETBOPHUTEJIbHOE coBHajeHMe. /Ly ompegesieHNs TaKMX IapaMeTPOB PEeKUMa JIa3epHO-IyTOBOH
CBApKH, KaK MOIIHOCTb yTOBOW COCTABJISIONIEN U PACCTOSHUE MEXK/IY 30HOU JeWCTBUS JYTH U OCBIO JIa3€PHOTO
JIyda, pellajn COOTBETCTBYIONee ypaBHEHNE TEIJIOIMPOBOAHOCTH. JKCIIEPIMEHTAJbHAS TIPOBEpKa TPeIJIOKEH-
HOro moxaxoja K mnoBblimenuio addexrtuHoro KIIJ rubpuaHoii cBapku, NpoBeneHHAas Ha 06pasiiax u3
QIIOMIHNEBOTO crtaBa AMr6, moaTBepnIa JOCTOBEPHOCTD CIIPOTHO3MPOBAHHBIX PE3YJIbTAaTOB.

SURFACE HARDENING OF THE STEEL PARTS
BY LASER AND ULTRASONIC TREATMENT

D. Lesyk1, S. Martinezz, V. Dzhemelinskiy’, B. Mordyukg,
A. Lamikizz, G. Prokopenk03

"National Technical University of Ukraine «KPI», Kiev, Ukraine
2University of the Basque Country, Bilbao, Spain
3Kurdyumov Institute for Metal Physics of NASU, Kiev, Ukraine

Development of new industrial technologies in the automotive, aviation, acrospace, and shipbuilding industries
occurs towards the integration of the known technologies into the hybrid and combined processes. The problem
of improving the quality and operational characteristics of the surface layer of parts is one of the important
problems in mechanical engineering industry.

One of the most effective methods for combined surface hardening of steel parts is laser surface hardening
and subsequent ultrasonic strain hardening, which can provide the required ultrafine-grained structure, high
hardness, guaranteed compressive stress of the surface layer as well as minimal roughness microrelief.
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The optimal regimes of thermal action by the scanner equipped fiber laser and straining action by multi-pins
ultrasonic impact head, which promoted the improvement in roughness, hardness and wear resistance of steel
parts, were established by theoretical and experimental studies.

Laser surface hardening combined with subsequent ultrasonic plastic straining cause 4—8 times decrease in
the roughness parameter, and 2.5—3 times increases in hardness of the surface layer. Moreover, compressive
residual stresses (up to — 400 MPa) are formed, and significant diminishment in crystallite size (down to
~84 nm) is observed. In comparison with the initial state, the effects of the combined thermo-straining action
provides double and triple enhancements in wear resistance of the surface layer AIST D2 steel at static and
dynamic conditions, respectively. Besides, the formed regular wavy microrelief promotes economical use of
lubricating materials.

CTPYKTYPA, IPOYHOCTh U TPEHIIMHOCTOMKOCTH
COE/IMHEHUM CTAJIU 14XTH2M/IADB
IPU TUBPU/HOM JASEPHO-/IYTOBOI CBAPKE

JI.H. Mapkxawoea, B./]. lo3nsaxoe, B./]. Illleasizun,
E.H. Beponukxosea, T.A. Anexceenxo
Hucmumym saexmpoceapxu um. E.O. Ilamona HAHY, Kues, Yxkpauna

[IpencraBieHbl pe3yabTaTbl WCCJAEAOBAHUN CTPYKTYpPbl M (Pa3oBOro cocraBa, (GOPMHUPYIONUXCS B CBAPHBIX
coemHeHnsX Bbicokorpounoil cramm 14XTH2M/IAMD, BbITOTHEHHBIX € MCTOJb30BAHNEM CBAPOYHO MTPOBO-
gokn Ce-10XH2TCM®TIO. CsapHble COeIMHEHUS NOJyYad B YCJIOBUAX pasjnuHbix ckopocrei (Vep ~
~72M/4; 90 M/ u; 110 M/ 4) Ja3epHO-IYTOBON CBapKK ¢ pUMeHeHneM TexHosorndeckoro CO2-masepa.

[Toxazano, uTo mpu 6EHUTHON CTPYKTYypPe OCHOBHOTO METAJA, B CJydyae YBEJIUYEeHUsI CKOPOCTH CBAPKU OT Vg ~
~72M/4 1o 110 M /4 $a3oBbIif cocTaB MeTaJa MBOB U ydacTKa nieperpeBa 3TB He nsmensercs — GeHHUTHO-
MapTEHCUTHBI, OJHAKO M3MEHSIeTCs COOTHOMIeHHe (a3oBbIX cocTaBisionux (GeiiHNTa HUKHETO, BEPXHEro U
MapTEHCUTa): 3aMETHO yMeHbInaercss obbeMHas Ao HuxkHero Oefinmta (1o 20 %), NMPEMMYIECTBEHHO
dhopmupyercs cTpykTypa Bepxuero Geiinuta (70 %) u maprercuta (20 %). IIpu 5T0oM, HaGIIOAAIOTCS TPAJANEHTHI
10 pa3MepaM 3€pPeHHOH M cy63epeHHOI CTPYKTYPbI TP HEPABHOMEPHOM M3MEHEHUN MUKPOTBEPIOCTH, a TAKXKe
0 IIOTHOCTH Aucaokauuii (B 2,5 pasa) — or p ~ 4-6-1010 cm 2 J0 p ~ (1—1,5)~1011CM_2.

AHa/MTUYECKUMH OIleHKaMH MeXaHWYeCKUX CBOMCTB CBapHBIX COEJIMHEHWH IO 30HE CBApKU B YCJOBUSIX
rUOPH/IHOI J1a3ePHO-/YTOBOM CBapKK MOKA3aHO, YTO HAMGOIBIINIT BKIaJA B yIpouHeHue Metasia (Gr) U MOBbI-
menune Bsskoctu paspymienuss (Kic) BHOcUT cy6erpykrypa HmkHero Geitnura (Ace ~ 300—400 MIla) npwu
cKopocTH cBapku Vep ~ 72 M/4. B ciyuae yBesmuenusi ckopoctu cBapku 10 Vep ~ 110 M4 BcaeacTsue
(bopMUPOBaHKSA IPEUMYTIIECTBEHHO CTPYKTYPbI GeiiHuTa BepXHero 3HadnTe1bHo cauxkaercs (na 30 %) nmokaszaresib
Kic npu yBesnuennn ynpouHenust merasia va 1015 %.

OneHKaMU pacipe/ieleHust YPOBHS JIOKAJIbHBIX BHYTPEHHUX HANPSDKEHUH (Tpn) B CTPYKTYPHBIX 30HAX UX KOH-
IIEHTPATOPOB TIOKA3aHO, YTO MAKCHMasbHble 3HaueHus Tpy ~ 1900—2800 MIIa (0,2—0,35)treop popmMupyioTCs
mpu Veg ~ 110 M /4 Bosib Tpanuil peek GeifiHuTa BEPXHETO, YTO MOKET IPUBOJANUTD K 3aPOKIEHII0 MUKPOTPEIIH
U CHUIKEHUIO TPEUIMHOCTOMKOCTH CBAPHBIX COEJUHEHUI.

YcraHoBJIEHO, YTO Hanbojiee ONTUMAJIbHAS CTPYKTYPA, KOTOPas 06eCIeunBaeT BBICOKUE TIOKA3aTe U IPOYHOCTH,
BSI3KOCTU W TPENUHOCTONKOCTA MeTaJiia cBapHbIX coequHennii cramu 14XTH2MJIADD, dopmupyercss npu
CKOPOCTSX cBapku Vg ~ 7290 M /u.
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NUMERICAL SIMULATION OF RESIDUAL STRESSES
AND SENSITIZATION INDUCED BY LASER BEAM
WELDING IN A 12 9% Cr STAINLESS STEEL PIPE

O. Makhnenko, A. Muzhichenko
E.O. Paton Electric Welding Institute of NASU, Kiev, Ukraine

12 % Cr stainless steel are chosen for many engineering applications in aggressive environments in chemistry
and in the high temperature (up to about 650 °C) boiler tubing and piping components used in modern power
generating plants.

Components of 12 % Cr stainless steels can be welded by SMAW welding process using similar martensitic
filler materials or by using a nickel-based alloy (Inconel) dissimilar weld materials. Proper preheat, interpass
temperature for 200—300 °C and PWHT to 760 °C are not optional, they are mandatory to decrease residual
stresses, reduce the microstructural nonuniformity and provide structural integrity at welding (hot and cold
cracking) and during operational period (IV type cracking).

New methods for joining materials are of interest to increase the efficiency and productivity. Optimized joints
require narrow heat affected zones, low residual stress, strain and distortion, low tendency to sensitization
and creep. Of particular interest is the laser welding of the 12 % Cr steels used extensively in the power
plants. The objective of this paper is compare the predicted by numerical simulations residual stresses and
sensitization for 12 % Cr steel between laser and arc welding processes. The FE simulation consists of thermal
analysis and a sequentially coupled structural analysis. Solid state phase transformation is included in the
analysis to account for the volumetric changes due to martensitic transformation during cooling. The char-
acteristics of the residual stress distribution, degree of sensitization, the influence of phase transformations
and needing of PWHT (Post Weld Heat Treatment) are discussed.

IIPOYHOCTHh XOPUOPETUHAJBHOTO COEIAHEHUS
IOCJIE BO3/IEMCTBUSI BBICOKOYACTOTHOM
AJEKTPOCBAPKU BUOJIOTUYECKUX TKAHEN
1 IUO/THOMN SHIO0JA3SEPHOI KOATYJIAIUU

H.B. Ilaceunuxoea, B.A. Haymenxo, H.H. Y maneuy

Hucmumym zaasnvix 6onesnei u mxanesoti mepanuu um. B.I1. @uramosa HAMHY, Odecca, Yxpauna
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NUMERICAL MODELLING
OF STRUCTURAL COMPOSITION
IN LASER WELDED STEEL ELEMENTS
BY USING Yb:YAG LASER

W. Piekarska, M. Kubiak, Z. Saternus
Institute of Mechanics and Machine Design Foundations, Czestochowa University of Technology, Poland

Nowadays, the laser welding is constantly evolving in terms of production efficiency and quality of the
product. Increasing demand for a high quality of welded joints at reduced production costs is forcing manu-
facturers to create newer types of lasers. One of the most modern type of lasers is solid state laser Yb:YAG
type with the active element in a shape of a disk. This laser is characterized by the high efficiency and a low
optical quantum defect. Many new phenomena occur in the laser welding of steel that are not found in the
conventional welding methods. One of basic problems is the formation of hardening structures, induced by
the action of highly concentrated thermal energy on a small area of the workpiece, which are contributing
to the arising of high cooling rates in the process.

The work concerns the numerical prediction of structure composition in the joint and heat affected zone
during Yb:YAG laser butt-welding of sheets made of higher strength steel. The motion of liquid material in
the fusion zone is taken into account in the numerical analysis of thermal phenomena. Structural composition
of the joint is predicted using classic models of the kinetics of phase transformations in solid state during
heating and cooling processes. For diffusive transformations Johnson-Mehl-Avrami (JMA) models is used
while Koistinen-Marburger (KM) model for martensite transformation. Start and finish temperatures and
times of arising phases are determined using Continuous-Heating-Transformations (CHT) and Continuous-
Cooling-Transformations (CCT) diagrams for S355 steel. In the modelling of thermal phenomena Chorins’
projection is used with finite volume method taking into account interpolated distribution of Yb:YAG laser,
developed on the basis of Kriging method and measured distribution of laser beam power intensity. Presented
in this work results include predicted the temperature history and structural composition in Yb:YAG laser
welded joint.

BJIUAHUE TEPMUYECKUX IUKJOB CBAPKU
HA CTPYKTYPY U CBOMCTBA COE/IMHEHUM
BBICOKOIIPOYHOI CTAJIU, BBIITIOJHEHHBIX
C ITOMOII[bIO TUBPUIHOI
JIABEPHO-/IYTOBOM CBAPKU

B./1. lIo3usxoe, B./]. llleaseun, A.B. 3asdosees, C.J/I. JKdanoe,
A.A. Makxcumenko, A.B. Bepuauxuii
Hucmumym anexmpocsapxu um. E.O. Ilamona HAHY, Kues, Ykpauna

Ha paunnbiit MoMeHT Bce 6O0Jiblliee Pa3BUTHE TIOJIYYalOT TMOPUIHBIE CIIOCOOBI CBapKU, K KOTOPBIM OTHOCHTCS
rubpuaHas Ja3epHo-IyroBas cBapka. OTHAKO OIleHKe BJMSHI TEPMUYECKUX IIMKJIOB CBADKU HA MeXaHIMYECKITe
CBOICTBA COeIMHEHUIT YIeISeTCs He JOCTATOUHOe BHUMaHUe. B CBSI3U ¢ 9TUM 11eJib HACTOSIIEN paGOThI COCTOSLIA
B CPaBHHUTEJHbHOU OIl€HKE TEPMUYECKUX ITMKJOB, CTPYKTYDPBI M MEXaHWYECKUX CBOICTB COEIMHEHUI BBICOKOM-
pounoii crasu 14XTH2MJIADD, xapakTepHbIX /7151 JIa3epHOI, THOPU/IHOIT JTA3€PHO-IYTOBOII U IyTOBOI CBAPKH.
AHaJM3 TepMUYECKNUX IKJOB CBAPKM TOKA3aJ, YTO NP PA3JUYHBIX CKOPOCTSIX TMOPHUIHON J1a3epHO-IyTOBOM
cBapku: vcg = 72, 90 u 110 M /4 CKOPOCTHU OXJIAXK/IEHUS W6 /5 IPUMEPHO OJMHAKOBBI U cocTaBJisgioT 58—63 °C /c.
CrpyKTypHO-(Da30BBINl aHAIN3 MTO3BOJUJI YCTAHOBUTH, YTO IIPU CKOPOCTH THOPUAHON CBAPKU Ucg = 72 M /U
(basoBblii coctas Merasia mBa U ydactka neperpesa 3TB Geltuuthbiil (¢ IpenMyniecTBEHHBIM COAEPKAHUEM
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GeilHnTa HUKHETO0). YBeJMyeHne CKOPOCTH cBapku 10 90 M /4 IIPUBOAAT K U3MeHeHHI0 (ha3oBOro coctaBa MpH
nepexojie ot mBa K 3TB or Geitnurno-maprencurnoro (M > Bu > BB) B mBe 10 Geitnurnoro (B > Bs) B
3TB. D10 06yciaBiuBaeT IMOBBINIEHNE MEXAHUYECKUX CBOICTB (60,2, o8, KCV). B pannom cJaydae, Map-
TEHCUTHASI COCTABJISIONIAs 00eCIieYnBaeT MPUPOCT MPOYHOCTHBIX XaPaKTEPUCTHK, a HAJIWYue HUKHEro GeifHuTa
06ecrieyrBaeT MOBbIIIEHNE YAAPHON BSI3KOCTH.

TaxuM 06pa3oM, ONTHMAIbHBIM CIIOCOG0M, 06ECTICYMBAIONIMM BBICOKME MEXaHMYeCKHe CBOICTBA U 1OKA3aTesN
YVIapHOI BSA3KOCTH MeTaJlJa 1Ba cBapHbIX coemaunenuii cramn 14XTH2MIADDB, ssisercsa rubpuaHas Jasep-
HO-/IyTOBasi CBapKa, BBIMOJIHIEMAst CO CKOPOCTHIO Ucs = 90 M /4. Tlpu sTOM, HCoNb30BaHNE THOPUIHON Ja3ep-
HO-/TyTOBO# CBAPKH HAa BBINEYKA3aHHBIX PEXXIMAaX CO CKOPOCTIMU Ucg = 72 1 110 M /4 yIOBJIETBOPSIET YCIOBUSIM
obecrieueHns mokasaTesiell yaapHoi Bsiskoctu Ha ypoBae KCV-40 > 30 I/ v,

JA3EPHE ®OPMOYTBOPEHHS JINCTOBUX JIETAJIEN
3 TEPMIYHO 3MIITHEHUX MATEPIAJIIB

Bb.C. Pomanos, JI.D. I'oaosxo, A.M. JTymatii
HTYY «KIIl», Kuis, Ykpaina

[o xmacy TepMiuHO 3MiITHEHWX MarepiafiB Bi/IHOCSITh: 3arapTOBaHi CTaJli HA MapTEHCHUT, HU3BKO BiJIMyIIeHi
CTaJii, 3icTapeHi aJIIOMiHI€EBI Ta TUTAHOBI CILJIABU.

MDopMOYTOBPEHHST JIUCTOBUX KOHCTPYKIIH 3 JAHOTO KJacy MarepiafiB Mae Ppsiji TEXHOJIOTIYHUX MPOoO6JeM.
3ruHaHHS 3arapTOBAHNX CTAIBHUX JUCTIB — BaskKa 3aj[a4ya, TOMY M0 MaTepiaJ Ma€ BUCOKY MIiIlHICTb | KDUXKiCTb.
ExcriepuMeHTaIBHO OBEIEHO, IO TIPOIIEC JiazepHoro GopMOyTBOPEHHS J03BoJisie (DOPMYBATH JIMCTH 3 3arap-
TOBAHOI cTasi. YMOBa Jia3epHOro (hOPMOYTBOPEHHS 3arapTOBAHMUX CTaJieil: B 30HI (DOPMOBKY TIOBUHHO TIPOXOH
nosiMmopHe TTepPEeTBOPEHHS MAPTEHCUTY B ayCTEHIT 110 BCill ToBIUHI JmcTa. 1o 3akiHUeHHIO TIPOoTIeCy JIa3epHOTO
¢gopMoyTBOpEHHS CTPYKTYypa 3arapToBanoi craii B 3TB mepeTBopoeThcs B MApTEHCHUT.

BisbmiicTs TUTAHOBHUX CILIABiB BOJIOAIIOTH BiJIMIHHOIO TEXHOJIOTIYHOIO IJIACTHYHICTIO TIpU Tapsidiii o6poOii
TUCKOM. AJie OCHOBHUM HEJOJIIKOM IpPHU Tapsdiii o6poOili TUTAHOBUX CILJIaBiB € OKUCJEHHS i YTBOPEHHS Ha
HOBEpXHi Jeraneil razonacudeHoro (OXpyIdeHoro) mapy, 1o MPU3BOAMTH 40 Opaky gertani. IIpn j1asepHoMy
(pOPMOOYTBOPEH] JIMCTOBUX TUTAHOBMX CILIABiB (POPMOBKA MPOXOAUTH JIOKAAbHO (3 1mojaveio 3 30Hy 06pPOGKH
iHepTHOro Tasy), TO6TO CTPYKTYPHi 3MiHi y BCbOMY MaTepiaji He MPOXOAATh, HI0 € OCHOBHOIO MEPEBArolo.
DOopMOYTBOPEHHSI JIMCTOBUX jleTaseil 3a sicrapenux amoMminiesux cryasis (J{16T, B-95T) mae ocHoBHMi
HeJIOJIiK: 1le TOXMOKA B TOYHOCTI BUTOTOBJIEHOI [€TaJli 32 PaXyHOK BHCKOI TBEPAOCTi i HU3BKOI IIACTHYHOCTI
criiaBy. Bucka meska MilHOCTI Ta HU3bKa IJIACTUYHICTD B 3iCTapeHUX aJIOMiHieBUX CIIaBaX BUHUKAIOTH 3a
pPaxyHOK /ipi6HO mucniepcHuX yactuHok inrtepmerasnigy CuAly. Ilpu nazepuomy dopmoyTBopenHi BifGyBaeTbes
aKyMyJIsIllisl TeMIIEPATypH, 10 MPU3BOAUTH A0 KoaryJsiii Ta po3unHenHs yactuHok CuAlp. [{ng Bupiienus
3azmaui 3ueminHenHss npu JID 6yno 3acTOCOBAHO MOAATKOBE OXOJIOKEHHSI MapaMé as3oTy ab0 XOJOJHUM
noBiTpsiM. ExmiepeMeHTaIbHO T0BE/IEHO, 1O TIPH JiazepHOMY (hOPMOYTBOPEHHI 3icTapeHUX aJIOMiHi€EBUX CILJIaBiB
MU (POPMYEM JIMCTOBY KOHCTPYKIIIO 3 MiHiMaJbHOIO TIOXUOKOIO Ta 3i CTAJUMM BJIACTHBOCTSIMHU MaTepiaiy.

IIVIASMA + JIASEP — HOBbBIE BOGMOKHOCTU
IIJIABMEHHO-IIOPOIIKOBOI1 HAILIABKU

AN, Com’, H.B. Kpueuyn2

'oo0 Gdupma «Ilnazma-Macmep JImos, Kues, Ykpauna
2HHcmumym anexmpoceapku um. E.O. IHamona HAHY, Kues, Yxpauna

B TocJjie/inee BpeMs B Hay‘-IHO-TeXHI/I‘-IeCKOfI JINTEPATypE IOABJIACTCA BCE 60JIbIIIE Hy6JII/IKaHHﬁ O IMIpUMEHEHUN
KOM61/IHI/IPOB3HHbIX IIpoIeccoB CBapKM, OCHOBAHHbIX Ha COBMECTHOM HCIIOJIb30BAHUN JIA3EPHOI'O U3JIYy4Y€HUA U
3HeKTqueCKOﬁ, B TOM YHCJIE TJIa3MEHHOI Ayru. Takas KOM6I/IHaHI/IH NpUBOAUT K yJIYUIIECHUIO HpOCTpaHCTBeHHOfI
CTaél/IJII/ISaLII/II/I TIATHA YT Ha HOBEPXHOCTU CBAPUBAEMOI'0 METAJljla U IMOBBIIIEHUIO yCTOfI‘{I/IBOCTI/I €€ ropeHusa
IIpU MaJIbIX TOKaX N OOJIBIIIIX CKOPOCTAX IepeMenieHnsa OTHOCUTE/IbHO U3A€J1A. O,C[HOBpeMeHHO YBEJIMNYUNBACTCA
KOS(b(I)I/IHI/IeHT TMOTJIOMIEHUSA JTa3€PHOI'0 U3JIYUYEHUSA ITOBEPXHOCTHbIO METAJLJIA, YTO 0COOEHHO BayKHO IIpU UCII0JIb-
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30BaHUU JIa3epOB HeGOJBINON MOIMHOCTU. Bce aTO MO3BOJIIET, C OJHOI CTOPOHBI, 3HAYUTETBHO YBEJIHYUTD
NPOU3BOANTEBHOCTD W CTAGUIBLHOCTD AyToBOH (ITasMeHHON) CBApKH, a ¢ APYTOM - MOBBICUTD 3 (PEKTUBHOCTD
U CHU3WUTb ce6eCTOMMOCTD JiazepHoi cBapku. Llesb HacTosmero A0KIana - MPOBe/leHHe TEOPETHYECKUX U 9K-
CTIEPUMEHTAJIBHBIX WCCJIEOBAHNIN BJIMSHUS JIa3€PHOTO My4YKa Ha MPOIlECC TIa3MEHHO-TTOPOIIKOBOI HATJIaBKH
(IITTH) u BBIABJIEHHE HOBBIX TEXHOJOIMYECKUX BO3MOKHOCTEH KOMOMHUPOBAHHOIO CIIOCO6A - JIa3epHO-ILIA3-
MeHHOH nopomkosoil Hamtasku (JIIIIIH). HamGosee panuoHaabHONW, Ha HAIl B3IJIAJ, CXEMOH pealn3aliin
TaKOr0 KOMOMHMPOBAHHOIO IPOIECCA SIBJISIETCS COOCHOE OGbeUHEHNe JTa3ePHOTO MyYyKa W IJIa3MeHHON Ayru
MIPY pacrpeieJIeHHON TIo/[aue TPUCaI0YHOTO TIOPOIIIKA B IIa3My paspsiga. [IocKOoIbKY B 3TOM ciydae Jia3epHBIi
NYYOK JIOJDKEH IPOXOIUTH OIPE/IeJIEHHOE PACCTOSTHYE B IyTOBOIl IJ1a3Me, IPU pa3paboTKe pacCMaTPUBAEMOTO
crioco6a HaIJIABKU HEOOXO/MMO YYUTBIBATh HE TOJBKO IJIA3MEHHOE W Jia3epHOE BO3/IeiiCTBUE HA MPUCAIOYHDBIIH
Marepuas 1 06pabaThbIBAEMyIO TIOBEPXHOCTb, HO M HEIOCPEICTBEHHOE B3aUMO/leiicTBIE C(HOKYCUPOBAHHOTO Jia-
3epHOTO IIyuKa C ILIa3MON CoKaToll Lyru.

IIEPEBATU 3ACTOCYBAHHA KOTEPEHTHOI'O
TA HEKOTEPEHTHOI'O BUITPOMIHIOBAHH,
ARE BUROPUCTOBYETDBCA
B ROATYJATOPAX AJd OBPOBKU PAH

I.1O. Xyi)eumcm?’, I.B. Kpieuyn’, I.A. nying
1Haui0Ha/leuzZ mexniunuil ynieepcumem Yxpainu <KIII», Kuis, Yxkpauna

’r Hemumym esexmpozeapiosanns im. €.0. Hamona HAHY, Kuie, Ykpaina
Bysaosa 3aniznuuna nixapusa Ne 1 </Aapnuysa», Kuis, Yrpaina

[Tpo6iema 06pobku paH € ojHieI0 3 PyHAaMeHTaIbHUX Ipo6eM Xipyprii. Ha pisHux eTanax po3BUTKY JIIO/ICTBA
BOHA BHUpIlllyBajach BiJIIOBIIHO 0 [OCATHYTOTO PiBHSA PO3BUTKY (yHAAMEHTAJIbHOT HAyKH Ta iCHYIOYMX
TEXHOJIOTIYHUX PillleHb B MEJUIIMHI.

TF'onoBHMMY MUTAHHAME NIPH BUPilleHH 11ie] mpo6semMu OyJI: 3yIMHKa KPOBOTEUi, BUIAJICHHS HE SKUTTE3ATHUX
Ta Ae3iH(eKNis yIIKO/KeHNX TKAHUH B paHi. Ba/aMBUM KpuTepieM yCHIiIIHOCTI TeXHOJOTilt 06pOOKM paH €
BiJICYTHICTb YCKJIQJTHEHb Ta YaC 3aTOEHHS PaHU.

Bynu mpoBeneni ekcriepuMeHTANbHi JOCHI/KEHHSI BILIMBY KOTE€PEHTHOTO BHUIIPOMIiHIOBAaHHS iH(pPayepBOHOTO
JliaTta3oHy, HEKOTEePEeHTHOTO BUIPOMIHIOBAHHS BUAMMOTO Ta iH(PAYepBOHOTO /iala3oHy Ta KOMOIHOBAaHMX ITOTOKIB
iHdpayepBOHOTr0 BUIIPOMiHIOBAHHS Ta KOHBEKI[IIHIX BICOKOTEMIIEPATY PHUX MOBITPSHUX MOTOKIB HA M’ sIKi 6i0T0riYHi
TKAHUHU 3 METOIO OILIHKHU YCITIIHOCTI BUKOHAHHS OKPEMUX XipypPridYHUX MaHiMyJIAMiil mpu o6pobIl paH.

[IpoBeneni mocipKeHHS TO3BOMINA 3pOOUTH BUCHOBKY, 0 BUAAJTEHHS HESKUTTE3ATHIX TKAHUH MOXKHA TIPO-
BOJIUTHU 3 BUKOPUCTAHHAM PiXKyunx Xipypriuaux incrpymentis (PX1), BucokoyacTtoTHUMHI GillOISIPHUMU iHCTPY-
merramu (BBI) tuny Hoxuii Ta jgasepauMu npomensMu. Halikpaiuii pesyibratr Moske 6yTH JOCATHYTHI TIpH
3aCTOCYBaHHS JIa3€PHOTO MMPOMEHS MOTY KHicTIO 65 BT miisixoM Baropusartii, HapukJ/aam, XipyprivunumM Jiazepom
GreenLightPV B pyunomy pexxumi a6o sazepom moryxkuictio 120—150 Bt npu ymoBi mocsrHeHHS BUCOKOI
KOHIIEHTpaIllii ITPOMEeHs Ta [OCTATHiM HMIBUAKOCTI MPOXO/PKEHHSI B MeXKaX paHH, 110 B CBOIO Yepry BHUMarae
3aCTOCYBaHHS MEBHUX aBTOMATU30BAaHUX MTPUCTOCYBaHb. 3acTocyBanud Tpaaulliinux PXI Tpaauliiiino m03BoJise
06po6JiATH paHu B HAi6iJbIl aBTOHOMHOMY peXuMi, XO4a i Hece Iijmii psii 3arpo3. BucokouacrorHuit
6iToIApHUT iHCTPYMEHT MOXKHA BBAXKATU HANOGL/IBIN IPUHHATHUM JIJI1 BUKOHAHHA 11i€] MaHiIyJisiii 3a mapamer-
poM 11iHa / e(eKTUBHICTb.

[Ipu mopiBHSHHI yCHINIHOCTI HOCATHEHHSI TeMOCTAa3y B PaHi MPiopuTeTH PO3MOAiININCh HACTYITHUM YiHOM. [Ipn
3YMUHII KPOBOTEYi 3 CYJWH BEJMKOTO Ta CEPEIHLOTO JiaMeTpy HaiBHIy edeKTHBHICTh mokazaaun BBI, sk
AJIbTEPHATUBA 3aCTOCYBAHHS TPAJAUIINHUX TEXHIK HAKJIA[eHHs Jiratyp 4 cko6ok. [Ipu kpoBoreui 3 apiGHIX
CY[IMH Ta KamiJsapiB, a TAaKOX IPH caHaIlii paH nepeBara Ha 601l KOMOIHOBaHMX KOHBEKITIITHO-iH(padyepBOHNX
noToKiB. [l tocsirHeHHs: Heo6Xi/IHOT KoaryJIsiil HOBEepXHi PaHK 3 METOIO FeMOCTa3y Ta CaHallii 3 3aCTOCYBaHHSIM
naseE)Horo BUIIPOMIHIOBAHHS HeOOXi[HO CTBOPUTH IMOTIK MOTyKHicTi0 moHax 120 Br/c 3 miormeio mpomens
1 ¢cm”. 3acTocyBaHHS TaKUX Ja3epiB B oNepaliiiHuX B JaHWI Yyac € HAJAMIpHO 3aTpaTHUM. Pa3oM 3 TUM Tporpec
y PO3poO0ILi JTa3epHOT TEXHIKHU J03BOJISIE TIepe16aYNT MOMKINBICTD 3aCTOCYBAHHS JIa3epPiB [IJIsl FeMOCTa3y Ta CaHarlii
paH yxke B Halbmmwkui 5—10 pokis.
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BO3MOKHOCTHU TPUMEHEHNA
JA3EPHOI1 OBPABOTKH /IJI1 IOBBINIEHU
KAYECTBA 3JIEKTPO/IHOM ITPOBOJIOKI

C.b. IlIeeuemco HB Kpueuyu J.D. To./zoexo1,
A.H. JIymau B.II. CJ10606}1HIOK3

HaquHa/lebtu mexnuueckull ynueepcumem Yrxpaunot HTYY «KIIH »
Hﬂcmumym 3/le7<mpoceap7<u um. E.O. Illamona HAHY, Kues, Yxpauna
AT «IlnasmaTexs, Bunnuua, Yxpauna

[Ipu mosryaBTOMATHYECKOI CBApKE B KAUECTBE CBAPOYHOTO 3JIEKTPO/IA IIIMPOKO IPUMEHSIETCS CTAJbHAS TIPOBOJIOKA
nuamerpom 0,8—1,6 MM ¢ MeJTHBIM TaJTbBAaHUYECKUM TIOKPbITHEM. [Ipoliecc cBapKu 1 ee KaueCTBO B 3HAYUTETbHON
Mepe 3aBUCAT OT OJHOPOJHOCTH XMMUYECKOTO COCTaBa MOBEPXHOCTHOTO CJIOSI CaMOW CTAJIbHOIN MPOBOJIOKU H
00y CJIOBJIEHHOTO 9TUM KauecTBa MeHOTO MOKPbITHs. K HacTosieMy BpeMeHr pa3paboTaH HeIblil Psi/i PA3JIUYHbIX
€1oco60B OYUCTKHU TIOBEPXHOCTH CBAPOYHON MPOBOJIOKH IEPE/l MEJIHEHNEM OT Pa3jIMYHOTO Pojia 3arpsi3HEHUil,
MO3BOJIAIONIUX JIUIIb YACTUYHO IOBBICUTH CILJIONTHOCTb IOKPBITUS U HECKOJbKO CHU3UTh pPa3OpbI3rUBaHue
MaTepuaJia 3JeKTPOJOB MPU CBapKe, HO He PeIuThb 1pobJeMy B 1iesioM. KoHIleHTpalus OKCHU/IOB JKese3a |
JIPYTUX HEMETAJIMYECKUX BKJIIOUEHHUU, 06PA30BABIIMXCS B MOBEPXHOCTHOM CJIOE TIPOBOJIOKU HA PA3JUYHBIX
STalax BOJIOYEHHs, KOTOPbIE CHMKAIOT KAYeCTBO MEHOrO IIOKPBITHs, MEHSETCA B IMPOKoM auarnasone (or 20
10 40 %). Tlpu atom ray6uHa ux 3aseranust He mpesbimaer 20—30 MiM.

Paspa6oran croco6 u o6opynoBaHue [Jisi OUUCTKHM TTOBEPXHOCTH CBAPOYHON IIPOBOJIOKH IEpe]] HaHECEHHeM
MEJTHOTO TIOKPBITUS OT TaKUX HEMEeTAJTMYECKUX BKJIOYeHU o6paboTkoit usayuernem CO2 sazepa. JlazepHas
06paboTKa CBAPOYHOIT TPOBOJIOKU HEIIPEPBIBHBIM M3JIy4eHUeM C JTHOU BoJHbI 10,6 MKM 32 CYeT HHTEHCUBHOTO
n36UPaTENbHOTO €TO MOTJIONIEHNS OKCUIAMU 3HAUYNTEIBHO YMEHBIAeT X KOJTHYECTBO B MOBEPXHOCTHBIX JedeK-
tax. OcBOGOAMBIINECST OT OKCUIOB 0ObEMbBI HA TIOBEPXHOCTH CBAPOYHOIT MPOPBOJIOKH TIPU MOCJIEYIONEM HaHe-
CEHWH TIOKPBITUS 3ATIOJHSIOTCS ME/IBIO.

[TokazaHO, YTO OCHOBHBIM MEXAHU3MOM DPa3pyIIeHWUS OKCH/IOB SBJSETCS XPYIKOE pa3pylleHne B pe3yJbTare
PE3KOro yBeJnYeHust X o6beMa BCJIEJCTBUE BHICOKOCKOPOCTHOTO JIA3€PHOTO HATPEBA M YACTUYHO - UCITAPEHHUS.
[lyis paBHOMEpPHOTO yJaJeHus OKCHIOB CO BCel IHMIWHAPWYECKOW TOBEPXHOCTU MPOBOJIOKH I€JecO06pa3HO
JlazepHOe M3JyueHre (POKYCHPOBATb C MOMOIIBIO TOPOMIAJbHOTO 3epKaja B KOJbIIO, Yepe3 KOTOPOe 3aTeM ee
HPOTSITUBATD.

[l coBMelieHust Ocu TOPOUJATBHOTO 3ePKajia ¢ OChbI0 TPOBOJIOKH MTPEYCMOTPEHA CIIeIUAIbHAS I0CTHPOBOYHAS
cucrema. PerymupoBKa 1 cTaGUIN3aIH OJIO0KEHNS OCH IIPOBOJIOKHU B TPOCTPAHCTBE OCYIIECTBJISIETCS € TIOMOIIHIO
JIBYX TIap POJIMKOB CO B3aMMHOIEPIIEHANKYISPHBIMU OCSAMU. B 30HY JENCTBUS JIa3epHOTO U3JIy4YeHUS HA IMPO-
BOJIOKY TIPUHYIUTEHHO MOJAETCS 3AIMUTHBIN ra3. J[Js yaaaeHus: mpoayKToB Jia3epHO# 06pabOTKH TIPEyCMOT-
peHa crienuaabHast BbITSKHAS CUCTEMA.

JJASEPHA PYUYHA YCTAHOBRKA AJIAd 3BAPIOBAHHS
BHUPOBIB 3AJISHUYHOI'O TPAHCIIOPTY

B. /. Ille./mzm B.A. K pu./to 1.B. IIIy6a A.B. Bepuauwcuu’,
Bane Yynwene®, Ban ﬂmaa , doxen IlIyxyeu3
7IHcmumym enexmpossapiosanns im. €.0. Iamona HAHY, Kuis, Ykpaina
anuyHCbKuu 6azonobydicnuii 3a600, Yanuyns, Kumaiicoxa Hapoona Pecnybiaixa
3 Kumaiicxo-Pociiicvruii mexnonapx, Yanuyno, Kumaiicoka Hapoona Pecnybiika

[cnye psim TexXHIYHMX 33124, PillleHHs SKUX MOTpe6ye BUKOPUCTAHHS PYYHOTO Ja3epHOro iHCcTpyMeHTy. Taki
3aj/lavi OB’ sA3aHi i3 3BapIOBAHHAM, HAILJIABJIEHHAM Ta Pi3aHHAM TOHKOJIUCTOBUX METAJIiB (ByFJIeI_IeBI/IX cTaJjen,
AJIIOMIHIEBUX, THTAHOBMX CIJIaBiB) NP BUTOTOBJIEHHI OAMHUYHUX BUPOOiB, APiGHUX TapTiil getaseii aGo mpo-
BejleHHI POGIT y BaKKOJOCTYIHHUX MICIIX TP BUTOTOBJIEHHI cepiitnux Bupo6iB. Hampukiaza, 3BapioBaHHs
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Ky30BHUX €JIEMEHTIiB aBTOMOOIIiB, BHYTPIIIHiX MePErOPoJOK Ta KPIljeHb 3aJi3HUYHUX BATOHIB; 3BapIOBAHHS
CTIJTHPHUKOBUX TMaHeJ el Ta TOJiOHUX 0 HIX KOHCTPYKITiH Tomo. /IJ1s1 BUPillleHHST HU3KU BUIIEHABEJCHUX 3a/1a4,
B IE3 im. €.0. Ilarona 3a TexHiunuM 3aBaaHHsM YaHUuyHCHKOTO BaroHOGyAiBHOrO 3aBoiay, Ta Kuraiicbko-
Pociiicbkoro TexHOMapKy BUKOHaHAa pO3pOOKa Ja3epHOI PY4YHOI YCTAaHOBKHU /IS 3BApIOBAHHS BHYTPIllIHiX
€JICMEHTIB 3aJIi3HUYHUX BaroHiB.

[o ckjamy yCTaHOBKM BXOJSITb CHUCTEMM: NEPETBOPEHHS Ta TPAHCIOPTYBAaHHS JIa3ePHOIO BUIIPOMiHIOBaHHS;
ra3oBOTO 3aXUCTY; <«Cross-jet»; OXOJIO/KEHHS; AiarHOCTUKU Ta KOHTPOJIO. MacorabapnTHi XapaKTepUCTUKH
PO3po6IIeHOT 3BapIOBAILHOI TOJOBKM (Bara He IepeBuIlye 8 Kr) [A03BOJISIOTH BUKOHYBAaTH POGOTY y PisHHX
MPOCTOPOBUX TOJIOXKEHHSAX. 3a JOMOMOTOI0 po3pob6JieHOI YCTAHOBKM BUTOTOBJIEHI [OCJIiZHI 3pasKél 3BapHUX
3’eqHanb B Hamyctky 3i cranmi 08X18H10T tosumHoio 1,5 mMm. IIpoBezseni BunpoOyBaHHS Ha 3CYyB ITOKa3aJH,
0 3YCWJIA 3CYBY [IJIs OJePsKaHUX 3BapHuUX 3’eqHaHb (6e3 PO3ropTaHHs Ja3epHOTO BUIPOMiHIOBAHHS IO
JOBiIBbHIN TpaekTOpii) ckmamae 13,5-15,5 kH, ax i a4 3BapHUX 3’€IHAHD, OJEPKAHUX 3a JOIIOMOIOI0 aBTO-
MATUYHOTO JIa3epHOTO 3BapioBaHHA. lle cBigunTH PO MEPCHEKTHBHICTD BUKOPUCTAHHS PO3PO6JIEHOI pydYHOI
YCTAaHOBKM [IJIsI BUPillIEHHS 3a/1a4 Ja3epPHOTr0 3BapIOBAHHS Y Pi3HUX Tasy3sX IPOMHUCJIOBOCTI.

KAYECTBO CBAPHBIX COE/IMUHEHUI
TUTAHA BT1-0 /{1, ®OPMUPYEMBIX IIPU JIABEPHOI
CBAPKE B ATMOC®EPE C TOBABJIEHUEM A30TA

B./l. lleaszun, |B.51. Caenxo|, A.A. loauwxo, B.A. Pa6unun, A.B. Bepnauxuii,
A.B. Cuopa, A.IO. Tynux, C.H. Cmenanwx, H.H. Kaouxos, C.I'. I'puzopenxo

Hucmumym anexmpocsapxu um. E.O. Ilamona HAHY, Kues, Ykpauna

[Toxazana BO3MOXXHOCTb IOJIyYeHMS JIa3€PHOH CBApPKOW PAaBHOIPOYHBIX € OCHOBHBIM METAJIJIOM CTbIKOBBIX
coequHenmii sucroBoro npokara BT1-0 rtosmunoit 12 mM. Vcexomubiit MeTasa Obll YyHPOYHEH a30TOM
(0,098 mac. %) u3 rasoBoii dasbl B mporecce ayrouuiakoporo nepemasa (J[IIIT). CBapKy ABYXCTOPOHHUX
CTBIKOBBIX IIBOB BBIIOMHUN ¢ TipuMeneneM YAG-nasepa B usiydennu Nd B armocdepe akrusroro (N2) u
nnepthbix (Ar, He) rasos.

[IpoBenen komiieke MeTaaorpadudecKuxX MCCAeTOBAHUN CTPYKTYPbl U MEXaHUYECKUX UCIIBITAHWH /IBYXCTO-
POHHMX CBapHBIX COCAMHEHWI, TTOJYYEHHBIX B aTMocdepe TOIbKO MHEPTHBIX ra3oB (1) u ¢ mo6aBjeHueM asora
(2). TlokaszaHno, 4TO TIOJyYEHHbBIE IBYXCTOPOHHHIE CTHIKOBbIE BBl XaPAKTEPUIYIOTCS XOPOIITHM (POPMUPOBAHUEM,
KaKNUX-J160 TIOBEPXHOCTHBIX /Ie(heKTOB B IMIBAX MJIH 30HE TEPMIYECKOTO BIMSHUS He 00HAPYKEHO. Y CTAHOBJIEHO,
YTO pa3Mep 3epHa /i /IBYX BaPHAHTOB CJIEAYIONIUI:

06[)336[1 Me€TaJljla CBapHOTro

Paamep 3epHa

*

Pa3mep 3epna

COe/IUHEHHUS B CBapHOM CO€/IMHEHHH, MKM B 30HE CTbIKa IIBOB, MKM
1 250—450 50-100
350 75
2 150—-250 40—-100
200 70
* min—max
B Tabnuie npuBe/ieHbl 3HAYEHUST B CJIETYIONIEM BH/IE T

JlocTUTHYTO TOBBINIIEHNE MUKPOTBEPAOCTH B 06pa3ile CBAPDHOTO COEAMHEHUS, TTOJYYEHHOTO B atMocdepe ¢ 110-
GasJienneM azorta Ha 10 % 1o cpaBHEHUIO ¢ 06PA3IIOM CBAPHOTO COEMHEHNS, TIOTyYEeHHOTO aTMOC(hepe HHEPTHDBIX
ra3os.

B pesyJsibTate MexaHMUECKIX UCIBITAHWMI Ha CTAaTHYECKOE PACTSKeHUe, M3TU6 M yIapHBIH N3TH6 yCTAaHOBJIEHO,
YTO YPOBEHD IIPOYHOCTHBIX CBOICTB CBAPHOTO COeINHeHNUs, CHOPMUPOBAHHOIO JIA3E€PHOI CBAPKOIi ¢ J06aBIeHIEM
a30Ta BbIIIE, TIPU 9TOM ITOKA3aTENN TIACTHIHOCTH coxpaHsiorces. Dpaxkrorpadirueckumii aHaIM3 MOBEPXHOCTEH
M3JIOMOB TIOKa3aJ CMENIaHHBIA XapakTep paspyiienus (BA3KUA U MEK3ePEHHbIN ).
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Takum o6pasoM, MOKazaHo, 4To A06GABJEHNME A30Ta B ra3oOBYIO0 CMECh IIPH JIA3ePHON CBAapKe IMOJIOKUTENbHO
BJIMSIET Ha CTPYKTYPY M CBOWCTBA CBAapHOTO coefawHeHwus JinctoBoro npokara BT1-0 JUIIT tommmHOn 12 MM,
npeaBapuTesibHo yrpounerHoro azorom (0,098 mac. %) us rasosoii ¢aspr B mporecce [IITI. CymiecTBeHHOro
BJINSTHIIST HA TEXHOJIOTHUECKIEe PESKUMBI CBAPKHU J00aBJICHNE a30Ta He OKa3ato. PaGoTel B JaHHOM HaIpaBJIeHUN
6yIyT TIPOIOJKEHDI.

TMbPU/IHAA JJASEPHO-AYIOBAA CBAPKA
AJTIOMHNHUEBDBIX CIIJIABOB

B./l. Hlensizun, B.IO. Xackun, A.B. Bepnauxuii, A.B. Cuopa, A.H. Ilaaazewa

Hucmumym anexmpocsapxu um. E.O. Ilamona HAHY, Kues, Yxpauna

WccnenoBanbl 0cO6EHHOCTH U OTIpe/ieJieHbl paboune Mara3oHbl PESKUMOB IMOPU/IHOI J1a3epHO-/IyTOBOI CBApKU
IUIABSIIIUMCST JIEKTPOIOM uMityibcHoi ayroit (MICITD + CJIN) ¢ ucnoabzoBanueM usnyuennst Nd:YAG-ia-
3epa, KOTopble 06eCeYnBaIOT Y/I0BJIECTBOPUTEIbHOE (POPMUPOBAHNE IIIBOB HA AJIOMHUHUEBBIX crjaBax AMr6 n
J116 TosmmuHoi 2—.6 MM 1 1420 TosmmHO# 4 MM. Pa3zpa6oTaHbl TEXHOJIOTHYECKUE TTPUEMBI JTA3€PHON U THOPUTHON
JIa3ePHO-/[yTOBOI CBApKU 3JIEMEHTOB KOHCTPYKIIHIi, KOTOPbIe IPUMEHSIOTCSI B aBUa- U PAKETOCTPOCHHH.

YcTaHoBJIEHbI U3MEHEHUSI TEOMETPUUYECKHX TTAPAMETPOB IIIBOB B 3aBUCUMOCTHU OT U3MEHEHUSI MOITHOCTH JIA3€PHOTO
uznayuenus (or 1,3 go 4,4 kBr) u Toka ayru miassamerocs snektpona (or 50 go 200 A). ITposeseHbI MeTalI-
JorpaduyuecKie MCCaeJOBAHUS COeJMHEHII aTIOMIHUEBBIX CILIABOB cucTeM JiernpoBanus Al-Mg, Al-Cu—Mg
u Al-Mg-Li.

Omnpeneneno, uto B cpaHenuu ¢ MCII, rubpuanas capka MICII9 + CJIN nosBoJser noBuicuth B 2,0—
2,5 pa3a CKOPOCTh CBapK! MeTaJ/ula TOMmuHoi 6 MM (B amamasone ckopoctu cBapku 30—120 M/4.), CHU3UTH
B ~1,5 pasza TeNsOBJOXKEHNE B CBAPOYHBIN METAJJI M 3HAYUTETBHO YMEHBIIUTH JeOpMAlUU COeIMHEHUI
TOJIIIUHOM 2—4 MM. YCTaHOBJIEHO, YTO BBe/leHHE B THOPUIHBIN TPOIECC UMITYJIbCHONW MOYJSIUU JIA3ePHOTO
U3JIy4yeHUs, PaBHOH 110 4YacTOTe€ OJHOIOJAPHON HUMILYJbCHOH MOAYJSIMHU [yTH, TI03BOJISAET YJYUIIUTD
(opMupOBaHIeE MIBOB M YBEJUYUTD IyOuHY mpoBapa 10 30 %. BingHue Ha reoMeTprYecKre mapaMeTphl IBOB
JI0JIei MOIITHOCTEN JIA3ePHOTO U3JTyYeH S U AJIEKTPHYECKOIT IyTH, IPH UX 006IIeM JeHCTBUY B TIPOIlecce TMOPUIHOM
JIA3ePHO-ZIYTOBOI CBAPKH, CBSA3aHO CO CJIOKHBIMU ITPOIIECCAMU, TPOUCXOSIINMU B JIyTe€ M BOKPYT yTOBOI 30HBI,
a Take ¢ yMEeHbIIIEHUEM JI0JIA MOIITHOCTH JIA3ePHOTO U3JIy4eHUs, 101 Ial0lIero B cBapouHylo BanHy. [locaennee
00yCIaBJIMBAETCS MOBBIIEHNEM MOTJIOMIAIONIEH CIIOCOGHOCTH Ta3o-TIa3MEHHON cpeapl Haja BaHHOU (3a cuer
aspo3oJieii, KoTopble 06pa30BbIBAIOTCS IIPM UCIAPEHUM U OKUCJEHMU Kaleb 3JEKTPOJHOIO IIPOBOJIOKH) U
3HAYUTEJIBHON OTPa’skaroleil ClioCOOHOCThIO aJIOMUHUEBBIX CILTABOB.

PA3PABOTKA TEXHOJIOTHUU JIABEPHOI CBAPKHU
KOPIIYCHBIX 9JIEMEHTOB
I'PY30BbIX JKEJIESHOAOPORKHbBIX BATOHOB

B. 1. IlIeJmauH1, B.I1O. Xac:cuH1, A.B. Bepnamcuﬁ’, A.B. Cuopa’,
A.H. IIa.zmzezua’, A.IO. Tynwc1, E.H. Touuapeuxo’, A ‘Ienypnoﬁz

7HHcmumym anexmpoceapku um. E.O. IHamona HAHY, Kues, Yxpauna
2chytmo—umlcehtepm;ni uenmp YK «PTX», Mapuynosv, Yxkpauna

Kak nokasblBaeT OIBIT 9KOHOMMYECKU PA3BUTBIX CTPaH, OJHOH M3 IEPCIEKTHB MOJEPHU3ALUN COBPEMEHHOIO
BarOHOCTPOEHUsI SIBJISIETCSI 3aMeHA TPAJUIIMOHHON aBTOMATUYECKOH AyroBOW CBAPKH JIA3epHOU U TuOpPUAHON
JIa3€PHO-/LyTOBOIl CBApKOii. ITO CBSI3aHO € TIOBBIIIEHUEM TPOU3BOAUTEIbHOCTH TPy/Ja (3a CYET MOBbINIEHYS
CKOPOCTH CBapKH, €€ aBTOMaTu3allui N yMEHDbIICHUA 06HEeMOB IIOATOTOBUTEJIbHDBIX onepaum‘/’[), IIOBBIIIIECHNEM
KayecTBa II0Jy4YyaeMbIX COEJUHEHUN, 3HAYUTEJbHbIM CHMKEHHEM BeJMYUH OCTATOYHbIX JedopMaliuii, yJyy-
IeHHeM YCJOBUIT TPya cBapIIMKoB (B T.4. 32 CUET CHUIKEHHsT BBIOPOCOB BPEIHbBIX adpO30.Jieil).
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JlazepHyio cBapKy Ipu M3rOTOBJICHUH >KEJIE€3HOJOPOSKHOTO BaroHa 11e1eco06pasHo MPUMEHATh B TEX CJIydasx
BBIITOJTHEHUA HAXJIECTOUYHBIX W IIPOPE3HBIX MIBOB, KOI'/la HE TpeéyeTc;{ CKBO3HOE€ ITPOILJIaBJIEHNE HUKHEN 13 ABYX
CBapUBAEMbIX IJIACTHH. B ciryyasx Heo6X0MMOCTH CKBO3HOTO ITPOIJIABJIEHNUS W CBAPKH CTBIKOBBIX COEMHEHMI
60J1ee TIepCIEKTUBHON SIBJsIeTCST THOPHU/IHAS JIa3epHO-AyToBast cBapka. [y yuydmieHns ¢opMbl IBa, YMEHb-
MIEHNS €r0 3ePHICTOCTH, TOBBINIEHNS MEXAaHWYECKUX XapaKTePUCTHK COEJAMHEHHS U CHIDKEHHS OCTATOYHOTO
TEPMUYECKOTO BJINSHIS Ha CBapuUBaeMble KOHCTPYKIIMH JIa3ePHYIO U THOPUIHYIO CBAPKY >KeJIaTeJbHO BeCTH Ha
BBICOKHX CKOPOCTAX.

[Tocsie BbIOTHEHUS CBAPOYHBIX PAOOT HEOOXOAUMM KOHTPOJIb CBAPHBIX NIBOB, MO3BOJISIONINI aTTECTOBATD TIPO-
ey psol cBapku corsiacio EH ISO 15609. TIpu aToM 11e/1ec006pa3Ho MPUMEHSITh METO/] ATTECTAIINH, OCHOBAHHDBII
Ha WCIBITAHUU TIPOIE/yPbl CBAPKH.

[esibio paboTh! siBJIsieTCSl pa3paboTKa U MOATOTOBKA TEXHOJIOIMH BBICOKOIIPOU3BOIUTENBHOI aBTOMATH3UPOBAH-
HOW JIa3epHOU CBapKu (PParMeHTOB KOPIYCHBIX 9JIEMEHTOB KPBITHIX I'DY30BBIX KeJIE3HOJOPOXKHBIX BArOHOB,
nsroroBJsieHHbIX 13 ctaau 0912C, k arrecramuu.

RESEARCH PROGRESS
OF SUPERSONIC LASER DEPOSITION TECHNOLOGY

Jianhua Yao' 2, V. Kovalenko! % 3

'Research Center of Laser Processing Technology and Engineering,
Zhejiang University of Technology, Hangzhou, P.R. China
2Zhejiang Provincial Collaborative Innovation Center of High-end Laser Manufacturing Equipment,
Hangzhou, P.R. China
3Laser Technology Research Institute of NTUU «KPI», Kiev, Ukraine

Supersonic laser deposition (SLD) is a new coating and fabrication process in which a supersonic powder
stream generated in cold spray (CS) impinges onto the substrate and a laser irradiates it simultaneously. Tt
will be increasingly employed for depositing coatings and metal additive manufacturing because of its unique
advantages: solid-state deposition of dense, homogeneous and pore-free coatings onto a range of substrate,
high build rate at reduced operating costs without the use of expensive gas heating and large volumes of
helium gas, and opening up a new opportunity for efficiently depositing high hardness metallic powders
which are usually difficult to be deposited solely by CS.

Based on the current research results in our group, this paper systematically reviews the state of the art of
supersonic laser deposition technique at home and abroad, from the viewpoints of materials selection, process
optimization, properties characterization, equipment design and so on. The existing issues in these aspects
are deeply analysed and the corresponding solutions are tentatively proposed. Meanwhile, the potential
industrial applications of supersonic laser deposition technique in various fields are elaborated in detail as
well as the future perspectives and challenges facing this technology, in order to provide insight for further
investigations and innovation in supersonic laser deposition as an emerging combination additive remanufac-
turing technology with high efficiency, low cost and high quality.
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INIABUIIEHHA EOEKTHNBHOCTI
POBOYOIO IHCTPYMEHTY

M.I. Ansxin, O.T. Cepdimos, 10.B. Kaounuxoe, I'.C. Moiceeuxo, M.I. Ili;xoe

Hauionarvnuii mexwniunutl ynieepcumem Yrxpainu <KII1», Kuie, Ykpaina

Y poborti npuBeieHi pe3yabTaTh i IBUIIEHHS eEeKTUBHOCTI pOOOYOTO iHCTPpYMEHTY i3 cTaseit ¥8, X12M nuisxom
¢gopMyBaHHS Ha X TOBEPXHSX Pi3HUX MOKPUTTIB, HAHECEHUX JA3€PHUM HAIJIABJCHHIM Ta XiMiKO-T€PMidHOTO
06po6Kot0. [TpoBeieHi OC i IPKEHHST Ta aHAJIi3 MiKPOTeOMeTpii 3 BAKOPUCTAHHAM METO/IiB PACTPOBOT MiKPOCKOTIII.
Bcranosiieni oco6mmBocti hopMyBaHHs TOKPUTTIB. AHAJII3 TOBEPXOHD 3Pa3KiB [MOKA3aB, 10 B IIPOIIECi TPUBAIOL
excrryatanii  (Giapmre 700 Toamu) BigOyBaeTbess ix  pylinyBanHsa (mosBa MiKpOTpimmH, 36iIbINEHHS
MiKpOHEpiBHOCTEH, Bi/IKOJIIB Ta iHIITHAX MiKpO/:Le(peKTiB), sIKe TPU3BOJNTD JI0 Pi3KOT0 3HIKEHHS (DYHKITIOHATBHITX
BJIACTUBOCTEH IIUX ITOKPUTTIB i IIpale3/JaTHOCTi IHCTPyMeHTa B 111JI0MY.

B pesysibrati ckIepoMeTpUYHUX JOCJIi/IPKeHb a/re3iiHUX BJACTUBOCTEN IMOKPUTTIB BCTAHOBJIEHO, 1110 KPUTUYHE
HaBaHTAXKEHHS, TIPU SKOMY 3’SIBJISLINCS TIEPII BiJIKOJIU i Bi/{IIapOBYBaHHS MOKPUTTs, ckJamano 145—-165 H,
10 3HAYHO TEPEBUIIY€E€ KPUTHYHE y1apHe HaBanTaxeHHs B 10 H / MM Ipu eKcrTyaTailii inctpymentis (eposoro
cBep/Ia) i3 crami Y8 6e3 NOKpUTTS.

OTpuMaHi METOZOM aTOMHO-CHJIOBOI MiKpockorii 3a gormomoroto npuiany NT-206V npodini inctpymenty i3
craneir X12M Tta Y8 6e3 NOKPUTTS i 3 IOKPUTTSMU BKA3YIOTh Ha BUCOKY CYIIIJIbHICTb TIOKPHUTTSI HABITH IMiCJIsST
fioro TpuBasoi ekcryaraiii, sika B 1,4—1,6 pa3u nepeBuIlye 4ac eKcIyaTaiii iHCTpyMeHTy 6e3 MOKPUTTS 32
THX JXe PeKUMiB. Pe3ybTaT ZOCTiKeHHsT po60YNX iHCTPYMEHTIB 6€3 TIOKPUTTS Ta 3 MOKPHUTTSIM J03BOJIIIN
HiZBUIMTH TepMiH ekciuryatanii incrpymenty o 1300 roaus 1OpiBHSIHO 3 iHCTPYMEHTOM 6€3 MOKPUTTS —
850 rox nipu 3ycusii Ha incrpyment 180 H.

JIASEPHbBIE TEXHOJIOI'I B CBAPKE
N OBPABOTKE MATEPHAJIOB:
AHAJIN3 IO MATEPUAJIAM ITYBJUKAITUN
B CBAPOYHbBIX KYPHAJIAX
1 TPYJIAX KOH®EPEHIIUI1 LTWMP

A.T. Beavnuuenxo, H.10. Pomanoea
Hucmumym aaexmpoceapxu um. E.O. Iamona HAHY, Kues, Yxpauna

B nocaennee necsituiietiie 3HAYUTENHHO BO3POC MHTEPEC K JIa3epHBIM TEXHOJIOTHSIM B CBapKe, pesKe, Iaiike,
HATJIABKE U IPYTUM TEXHOJOTHSIM TEPMUYECKON 06Pa00TKH MaTepHAJIOB, GA3UPYIONIMXCS HA SHEPTUH JIA3EPHOTO
U3JIyY€eHHUsI, YTO CBSI3aHO C MTOSIBJIEHUEM OTHOCUTEIBHO JIEIEBBIX, C HUBKUM MOTPeOIeHEM SHEPTUH, KOMITAKTHBIX
JIMO/IHBIX JIA3€POB, € BO3MOKHOCTBIO TI0/[BO/IA JIA3EPHOTO M3JIyYEHUSsI 110 ONTOBOJIOKHY HMPAKTHYECKU K JIIOOOMY
OIIEPAIIMOHHOMY MECTY.

B noksaze npuBesen aHaiu3 1yGAMKAIMOHHONW AKTUBHOCTH B YKA3aHHOW OOJIACTH JIa3epHBIX TEXHOJIOTHUII,
6azupyiomniuiicst Ha ny6ukanusx 3a 2010—2014 rr. B skypHasax «ABToMaruuecKkas cBapkay, «Biuletyn Instytutu
Spawalnictwas, «Przeglad Spawalnictwa» u «CBapouHoe mpou3BOACTBO», a TaK¥Ke B TPyAax KoHdepeHIHi
«JlazepHble TEXHOJOTH B cBapKe u o6paGorke marepuanos» (20032013 rr.).
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CHUHTE3 CBEPXOHEPITETUYECRKUX CTPYRTYP
TP NMIIYJbCHOM JIASEPHOM OBJYYEHNN
HAHOCTPYRTYPHbBIX MATEPUAJIOB
HA OCHOBE YIJVIEPOJA

A.M. IIpyonuxos, B.H. Bapioxun, A.B. 3asdogees

Honeyxuil pusuxo-mexnuueckuti uncmumym HAH Yxpaunoi, Kues, Yxkpauna

Ha nmanubrit MoMeHT cuHTe3 KpucTaindeckux ¢das murpuga yriaepoga B-CsNy elle He peaqu3oBaH B MOJHOMN
Mepe. OGHAPYKHUJCS Pl TEXHOJOTUYECKUX TPO6JEM B TOJMYYEeHUN TAaKOTO pPOJla MaTepuala, CBSI3aHHBIX C
TPYAHOCTSIMU OGecIiedeHnsT BBICOKOI KOHIIEHTPAI[MK a30Ta B BelleCcTBE, a TaKXKe C TeMIIepaTypHOil He-
cTaGUIBbHOCTBIO KOH/IeHcaTa B iporiecce pocta. B-CsNy siByiserTcss MeTacTaGUILHBIM TTPU HOPMAJBHBIX YCJIOBUSX.
[Toatomy a5 ipeoTBpaliienust 06paTHoro $HazoBoro Iepexoia Heo6X0IUMA TOCTATOYHO OBICTPAsST PeJIAKCAIH
TEPMOJNHAMUYECCKUX IMTaPaMETPOB K X HOPMAJIbHBIM YCJIOBUAM. K stont TpyI1iie METOA0B OTHOCUTCA UMITYJIbCHAA
JlazepHasi 06paboTKa.

B nannoii pa6oTe METOZOM MarHETPOHHOTO PACHbLICHNSI THOPHUIHON MUIIIEHH GBIJIO BBIPAIIIEHO /[BE CEPUH TLJIEHOK:
dbyrnepenononobubie cuctembl C—N u Hanokosonapubie cucteMbl C—N—Ni. [Tocie pocTta o6pasiisl Io1BEPTAIICH
JIa3ePHOMY OGJIyYeHUI0 HaHOCEKYHIHBIM JjazepoM JITM-701 npu HOPMaJbHBIX YCIOBUSIX.

FEATURES AND BEHAVIOR OF PLASTICS
AT LASER WELDING

M.V, ITurzhenko, O.0. Tarasenko, V.L. Demchenko, A.O. Shadrin,
A.M. Palagesha, O.V. Fedoseeva, M.G. Menzheres

E.O. Paton Electric Welding Institute of NASU, Kiev, Ukraine

Among the classical welding methods, laser welding has recently become an interesting alternative and offers
a number of advantages. This method is characterized by improved optical properties, small heat affected
zone, miniaturization, less thermal, mechanical or electrical load upon the product, less flash or no flash at
all, feasibility of 3D weld geometries etc. Also in some cases it allows to weld dissimilar polymers, which
cannot be welded by other methods.

There are two kinds of laser welding: overlap (transmission) welding and butt welding. Today the most
commonly used is transmission welding. In this method the first material is transparent and the second is
absorbing of the laser irradiation. Laser beam penetrates through the first polymer (upper) and it is absorbed
by the second (lower) one. The result and process depend on the type of polymers and lasers. The major
benefits of the transmission laser welding technique can be summarized as: weld high quality seam, no direct
contact with the welding tool, flexible configurations of joint, controlled and localized energy input, high
strengths of joint, minimal thermal motion and deformation. In process of the butt welding, laser beam
focuses at the junction of two semi-transparent materials. The result and quality of junction depends on
optical properties of plastics to be joined, their thickness and thermal properties.

There are no researches in Ukraine of plastics laser welding, and it is very vivid nowadays. The main areas
of progress and plastics laser welding researches can be the following: multilayer film welding (triple layer
joining), influence of different laser irradiations on different plastics, welding of high-temperature thermop-
lastics, technological features in welding of plastics.

In this work we present the results of investigations of laser irradiation influence of different lasers on
engineering plastics like high density polyethylene, namely PE-100, PE-400, PP, PEEK and PEI plastics.
CO9, Nd:YAG and fiber lasers were used. This made it possible to investigate the effect of different wavelengths
on each polymer. After lasers’ processing the microscopic analysis of morphological changes in these plastics
have been performed.
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CTEH/AOBBIE JOKJIA/bBI

MMPOTHO3UPOBAHUE CBAPOYHBIX IE®OPMAIIUI
PABOYETO KOJIECA PA/IUAJIBHOTO HATHETATEJA
HP-7500 TIPU IYTOBOU
U JIASEPHOI TEXHOJIOTUU CBAPKU

A.C. I'aspuaos, O.B. Maxnenxo

Hucmumym aaexmpoceapxu um. E.O. Iamona HAHY, Kues, Yxpauna

Ormpesiesienyie cBApOYHBIX JlehopManuii KpyImHOraGapuTHBIX KOHCTPYKIHI ¢ GOJIBIINM KOJIMYECTBOM CBApPHBIX
CoeIMHEHNH pacyeTHBIMHI METO/aMM, OCHOBAHHBIMHU Ha OOIINX TOAXO0/JaX TEOPUH TePMOIJIACTUIHOCTH, TpebyeT
GOJIBIINX BBIYMCJNTENBHBIX 3aTpaT. B aHHOil pa6oTe Mpe/IosKeHo YCOBEPIIEHCTBOBAHNE N3BECTHOTO TT0/[X0/1a
KOMOMHIPOBAHHOTO HMCIIOJBb30BAHIS OOINX METO0B TEPMOIIJIACTHYHOCTH W TIPUOJIIKEHHOTO MeToAa (PYHKINN
YCAJIK¥ JIJIT IPOTHO3MPOBAHKS 06IIMX JiepOopMaIiii KOHCTPYKITHIA.

C menpio peanmsanuy MeTofa (YHKINUH YCAJKU AJS CBAPHBIX COEJUHEHMI CJIOXKHOI IPOCTPAHCTBEHHOMN
KOH(UTYpanny MCHOJIb30BAJICS METO/| KOHEUHBIX 3JIEMEHTOB M YCOBEPIIEHCTBOBAHHAS METOJMKA (PMKTHUBHBIX
TeMIepaTyp AT OIIMCAHNS JOTOJHUTETbHBIX YCAJ0UHBIX e)OpPMAIliii B 30HE CBAPHBIX COEINHEHNIT ¢ TOMOIIBIO
MO/IeJIMPOBAHNS COE/IMHSCMBIX 3IEMEHTOB KOHCTPYKIINH KAK KOMIIO3UTHOTO IBYXCJIOIHOTO MaTepyasa ¢ aHH30T-
POIHBIM TEPMUYECKUM pacmupeHneM. Takoe TIpeicTaBIeHNe MO3BOJISIET NPUMEHSTbh B KOHEUHO-3JIeMEHTHOMN
MO/IeJM SKOHOMIUYHbBIE 060JI04eYHble 3JIEMEHTBI U JIETKO 33/[aBaTh KaK IIPOJIOJIbHYIO U ITONEPEYHYIO YCAJKHU, TaK
u YraoBble JAedOpMaly [ CBApHBIX COEJUHEHHI JII000TO TIPOCTPAHCTBEHHOTO DPACHOTIOKEHHS M
KoHUryparmm.

YCOBepLHGHCTBOBaHHbeI IIoAX0[4 KOM61/IHI/IPOB3_HHOI‘O HCITOJIb30BaHUA 06]_I.II/IX METOAO0B TEPMOILTACTUYHOCTU M
npUOIMKEHHOTO MeTo/a MYHKIUKN yca[Ky ObLI IIPUMEHEH [IJIs IIPOTHO3UPOBaHUs o6uNX AedopMariuii HOBOI
CBapHOI KOHCTPYKIMU pabovero Kosjeca paananbHoro HarHetareas HP-7500.

Ha merannypruueckux npeanpusaTusx Y KPauHbl [ OTKAYUBAHUS MPOAYKTOB CrOPAHUS MAPTEHOBCKUX Ieveit,
arJOMepaluoOHHBIX U KOHBEPTEPHBIX T'a30B HCIOJb3YIOTCS PaJHabHbIC HAaTHETATEJU WMEIONNe KJeMaHHYTo
KOHCTPYKIIMIO. B CBSI3M € KOPOTKUM CPOKOM JKCILTyaTaluy ¥ HEOOXOAUMOCTbIO YaCTOTO IIJIAHOBOTO PEMOHTA
pabouero Kojeca B HACTOsIIIee BpeMst pa3pabaTbIBaeTCs MPUHITUITHAIBHO HOBast CBapHast KOHCTPYKITHS pabodyero
KoJsieca pajauajsbHoro Haruerartesnss HP-7500.

B cBs131 ¢ BBICOKMMU 3aTpaTaMy Ha 9KCIIEPUMEHTAJbHOE OIpe/ie/IeHre CBAapOYHBIX AedhopMaliuii mpu pa3paboTKe
TEXHOJIOTUU U3TOTOBJICHUS KOJIeca HarHeTaTeisd YNCJAeHHOe Mo/le/IMpoBaHue e opMaluii Ipu CBapKe siBJIgeTcs
HamboJee 1esiecoo6pasHbIM penieareM. C 3TOH 1esbI0 OTpeieIeHbI TapaMeTpbl (DYHKITUH YCAIKH JJIS TABPOBOTO
CBApHOTO COEIMHEHUsI, THIIOBOTO [IJI1 KOHCTPYKIIMU paGovyero Kojeca, Kak JJIsl TEXHOJOTHU JYTOBOI CBapKH,
TaK W JJIS TEPCIEeKTUBHON JiadepHoil cBapku. [l 3TOro OBLJIM PACCUUTAHBI C MOMOIIBIO METO/IOB TEPMOII-
JIACTUYHOCTH TI0JISI OCTATOUHBIX JiechopMallnii Ipy cBapKe TaBPOBOTO COEIMHEHN MIJIACTUH U3 COOTBETCTBYIOIIETO
MeTaJlJla ¥ TOJIIIHMH MTPH AYTOBOI 1 TazepHoil cBapke. Co3/laHa KOHEYHO-3JIeMEHTHASI MOZIEIb KOJIeCa PAHATbHOTO
HarHerartesisgs. C MOMOIIBIO YCOBEPIIIEHCTBOBAHHOIO MeTo/a (PYHKIIMU yCAIKU OIpe/iesieHbl OOIie CBAPOYHbIe
nedopmariiy iocsie CBapKy Beeil KOHCTPYKIUU. Pe3ybTaTsl MPOBEIEHHOTO MOJICTMPOBAHUS TIOKA3aJI1 BBICOKYTO
2P EKTUBHOCTD YCOBEPIEHCTBOBAHHOTO TOAX0/IA TIPOTHO3UPOBAHMS O6IUX JiehOpMAIIHii.
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