E.O. Paton Electric Welding Institute of the National Academy of Science of Ukraine

International Association «Welding»

The Paton Welding Journal 12

2023

International Scientific-Technical and Production Journal ¢ Founded in January 2000 (12 Issues Per Year)

Editor-in-Chief
1.V. Krivtsun

Deputy Editor-in-Chief

S.V. Akhonin

Deputy Editor-in-Chief

L.M. Lobanov

Editorial Board Members

O.M. Berdnikova
Chang Yunlong

V.V. Dmitrik

Dong Chunlin

M. Gasik

A. Gumenyuk

V.V. Knysh

V.M. Korzhyk

V.V. Kvasnytskyi
Yu.M. Lankin

0.V. Makhnenko
S.Yu. Maksymov
Yupiter HP Manurung
M.O. Pashchin

V.D. Poznyakov

U. Reisgen

1.0. Ryabtsev

V.M. Uchanin

Yang Yonggiang
Executive Director

EDITORIAL BOARD

E.O. Paton Electric Welding Institute, Kyiv, Ukraine

E.O. Paton Electric Welding Institute, Kyiv, Ukraine

E.O. Paton Electric Welding Institute, Kyiv, Ukraine

E.O. Paton Electric Welding Institute, Kyiv, Ukraine

School of Materials Science and Engineering, Shenyang University of Technology, Shenyang, China
NTUU «Kharkiv Polytechnic Institute», Kharkiv, Ukraine

Guangzhou Jiao Tong University, Guangzhou, China

Aalto University Foundation, Finland

Bundesanstalt fur Materialforschung und —prufung (BAM), Berlin, Germany

E.O. Paton Electric Welding Institute, Kyiv, Ukraine

E.O. Paton Electric Welding Institute, Kyiv, Ukraine

NTUU «lgor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine

E.O. Paton Electric Welding Institute, Kyiv, Ukraine

E.O. Paton Electric Welding Institute, Kyiv, Ukraine

E.O. Paton Electric Welding Institute, Kyiv, Ukraine

Smart Manufacturing Research Institute, Universiti Teknologi MARA, Shah Alam, Malaysia
E.O. Paton Electric Welding Institute, Kyiv, Ukraine

E.O. Paton Electric Welding Institute, Kyiv, Ukraine

Welding and Joining Institute, Aachen, Germany

E.O. Paton Electric Welding Institute, Kyiv, Ukraine

Karpenko Physico-Mechanical Institute, Lviv, Ukraine

South China University of Technology, Guangzhou, China

O.T. Zelnichenko, International Association «Welding», Kyiv, Ukraine

Address of Editorial Board

E.O. Paton Electric Welding Institute, 11 Kazymyr Malevych Str., 03150, Kyiv, Ukraine
Tel./Fax: (38044) 205 23 90, E-mail: journal@paton.kiev.ua, patonpublishinghouse@gmail.com
https://patonpublishinghouse.com/eng/journals/tpw;j

State Registration Certificate 24933-14873 NP from 13.08.2021
ISSN 0957-798X, DOI: http://dx.doi.org/10.37434/tpwj

Subscriptions, 12 issues per year:
$384 — annual subscription for the printed (hard copy) version, air postage and packaging included;
$312 — annual subscription for the electronic version (sending issues in pdf format or providing access to IP addresses).

Representative Office of «The Paton Welding Journal» in China:

China-Ukraine Institute of Welding, Guangdong Academy of Sciences

Address: Room 210, No. 363 Changxing Road, Tianhe, Guangzhou, 510650, China.
Zhang Yupeng, Tel: +86-20-61086791, E-mail: patonjournal@gwi.gd.cn

The content of the Journal includes articles received from authors from around the world in the field of welding, cutting, cladding,
soldering, brazing, coating, 3D additive technologies, electrometallurgy, material science, NDT and selectively includes translations into
English of articles from the following journals, published in Ukrainian:

e Automatic Welding (https://patonpublishinghouse.com/eng/journals/as);

¢ Electrometallurgy Today (https://patonpublishinghouse.com/eng/journals/sem);

o Technical Diagnostics & Nondestructive Testing (https://patonpublishinghouse.com/eng/journals/tdnk).

© E.O. Paton Electric Welding Institute of NASU, 2023
© International Association «Welding» (Publisher), 2023



THE PATON WELDING JOURNAL, ISSUE 12, DECEMBER 2023 ISSN 0957-798X

CONTENTS
ORIGINAL ARTICLES

V.M. Korzhyk, D.V. Strohonov, O.M. Burlachenko, O.M. Voitenko, D.V. Kunitskyi
DEVELOPMENT OF PLASMA-ARC TECHNOLOGIES

OF SPHERICAL GRANULE PRODUCTION FOR ADDITIVE MANUFACTURING

AND GRANULE METALLUR GY ™ oottt e e et e e e e e e e e e e eeeas 3

S.V. Adzhamskyi, G.A. Kononenko, R.V. Podolskyi, S.I. Badyuk

INFLUENCE OF BLOWING AND LOADING OF WORKING SPACE

ON MECHANICAL PROPERTIES OF SAMPLES MANUFACTURED

USING SLM TECHNOLOGY™ ..ottt ettt e e e e st e e e e e e e st e e e e e e e e ansnnnneeeeaeeeaanns 19

S.L. Schwab, R.V. Selin, S.V. Akhonin, M.M. Voron, D.V. Kovalchuk
METAL-CORED WIRES BASED ON TITANIUM AS MATERIALS
FOR ADDITIVE MANUFACTURING OF PART S ..ot 24

O.P. Masiuchok, M.V. lurzhenko, R.V. Kolisnyk, A.O. Shadrin,

V.Yu. Kondratenko, M.G. Korab

STUDY OF THE INFLUENCE OF FDM 3D PRINTING PARAMETERS

ON FORMATION PROCESSES, STRUCTURE AND PROPERTIES

OF POLYLACTIDE PRODU CT S ..o 31

V.A. Zaitsev, Yu.V. Kostetskyi, G.O. Polishko, V.A. Kostin, V.P. Petrenko, E.O. Pedchenko
INVESTIGATIONS OF THE QUALITY OF METAL

OF HIGH-MANGANESE STEEL ALLOYED BY ALUMINIUM AND CHROMIUM AFTER
ELECTROSLAG REMELTING™ ™ ...ttt et e e e e e e 39

S.V. Akhonin, V.Yu. Bilous, R.V. Selin, E.L. Vrzhyzhevskyi, S.L. Antonyuk

MECHANICAL CHARACTERISTICS OF WELDED JOINTS

OF HIGH-STRENGTH TITANIUM ALLOYS PRODUCED

BY VARIOUS WELDING METHODS™ ™ ...ttt eeeeaaeeens 50

“Dneprometiz” — New Solutions for Welders ..., 59

*Translated Article(s) from “Automatic Welding”, No. 11, 2023.
**Translated Article(s) from “Electrometallurgy Today”, No. 4, 2023.



INFORMATION

“DNEPROMETIZ” —
NEW SOLUTIONS FOR WELDERS

“‘Dneprometiz” is a leading manufacturer of hardware in Ukraine, specializing in the production
of low- and high-carbon wire. In order to meet the needs of consumers, the company is actively
developing the production of welding wire of the Sv-08G2S and 4Si1 brands. Welding wire pro-
duced by “Dneprometiz” successfully competes with the products of European manufacturers in
the markets of different countries, thanks to its high reliability and European quality. The range
of welding wire packaging offered by the “Dneprometiz” plant has been expanded with a new
type — 250 kg barrels. Welding wire in barrels is used for robotic welding complexes. It is impos-
sible to imagine the work of large-scale production without robotic technology. In particular, it is
better to entrust welding to special welders. The operation of such equipment is more productive
and has stable quality, and it also completely eliminates the risks of injury during welding. Weld-
ers automatically join and create metal structures of varying degrees of complexity, from the
largest to the smallest. Many models and a variety of software allow you to customize the ma-
nipulator for the finest, almost jewelry work. Such devices perform the same type of operations
at high speed. They are also capable of performing different types of tasks, either individually or
simultaneously.

As part of the implementation of an investment program aimed at modernizing production, in
July the plant received new equipment for wind-
ing welding wire into 250 kg barrels. Production
capacity is 1500 tons per year. The launch of the
new line took place in October 2023. All tests were
successfully completed, the products demonstrat-
ed good welding and technological properties.
The use of welding wire in 250 kg barrels in pro-
duction has a number of advantages:

e The balance of the wire and high-quality copper
coating ensures stable current conductivity in the
contact (wire-tip).

e Productivity increases due to continuous opera-
tion of welding machines.

e Wire is threaded into the torch less frequently
and, as a result, its losses for the threading ends
are reduced.

e The wire from the barrel goes directly into the :
hose, thereby protecting it from dust and clogging
of the feed channel.

e Layer-by-layer laying of wire along the height of the container facilitates easy feeding into the
welding zone and accuracy of its positioning in the weld.

e The packaging is made from fully recyclable materials and does not cause any harm to the
environment.
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e Impossibility of wire theft due to the large weight
and volume of the packaging.

e Continuous feed of wire into the welding zone
| allows making long welds and improves their
quality.

e \Welders do not need to strain themselves physi-
cally, constantly changing cassettes with wire and
wasting working time.

e |t reduces the need for maintenance of the weld-
ing machine mechanism.

Currently, about 98 % of steel structures are weld-
ed. High quality and durability of metal welded
structures depend on the quality of welding work
and the efficiency of welding materials. One of
the main conditions for welding metal structures,
which affects their quality and performance, is the
correct choice of the welding wire used, which
must have high technological and mechanical
properties, since it is the main material that pro-
vides the necessary chemical composition and
properties of the weld metal. In this case, the most
widely used welding electrode wire is made of sil-
icon-manganese steel, of type Sv-08G2S grade. Welding wire of Sv-08G2S brand is produced
both in a copper-plated version (for protection against corrosion) and without coating. This popu-
larity is explained by a wide range of applications, high versatility and excellent quality of welded
joints.

In the production of welding wire, the most modern equipment from the leading Swedish manu-
facturer Lamnea Bruk AB and high-quality raw materials are used. Quality control of the wire rod
used in production, as well as testing of finished products, are carried out in our own accredited
laboratory, equipped with instruments and test equipment for chemical analysis, mechanical
tests, as well as welding and technological tests.

This allows the plant to produce “extra-class” products, the highest quality of which has been
proven when used at leading industrial enterprises. In 2020, 4Si1 welding wire was certified to
meet the requirements of EU standards. SV-08G2S and G4Si1 welding wire manufactured by
“Dneprometiz” Is delivered in accordance with EN ISO, AWS, TU standards.

The production quality management system complies with ISO 9001 and is certified by the
authority of certification of management systems of GLOBAL-CERTIFIC LLC. PrJSC “Dnepro-
metiz” has been granted the right to mark products with the CE mark.

The commissioning of modern production facilities made it possible to expand the product range,
satisfy the demand for welding wire and provide the domestic and foreign markets with products
of the highest quality. Welding wire produced by “Dneprometiz” successfully competes with the
products of European manufacturers in the markets of different countries, thanks to its high re-
liability and European quality.
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