E.O. Paton Electric Welding Institute of the National Academy of Science of Ukraine
International Association “Welding”

The Paton Welding Journal 03

2025

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

EDITORIAL BOARD

Editor-in-Chief
Igor Krivtsun
E.O. Paton Electric Welding Institute of the NASU, Kyiv, Ukraine
Deputy Editor-in-Chief
Michael Gasik
Aalto University, Espoo, Finland
Deputy Editor-in-Chief
Jacob Kleiman
Integrity Testing Laboratory, Markham, Canada

Editorial Board Members

Serhii Akhonin
E.O. Paton Electric Welding Institute of the NASU, Kyiv, Ukraine

Chunlin Dong
Guangzhou Jiao Tong University, China
Shiyi Gao
China-Ukraine Institute of Welding,
Guangdong Academy of Sciences, Guangzhou, China

Len Gelman
The University of Huddersfield, UK

Andrey Gumenyuk
Bundesanstalt fir Materialforschung und —priifung (BAM),
Berlin, Germany
Vitalii Knysh
E.O. Paton Electric Welding Institute of the NASU, Kyiv, Ukraine

Volodymyr Korzhyk
E.O. Paton Electric Welding Institute of the NASU, Kyiv, Ukraine

Victor Kvasnytskyi
NTUU «lgor Sikorsky Kyiv Polytechnic Institute», Ukraine
Yuliia Kvasnytska
Physico-Technological Institute of Metals and Alloys
of the NASU, Kyiv, Ukraine
Leonid Lobanov
E.O. Paton Electric Welding Institute of the NASU, Kyiv, Ukraine

Eric Macdonald
The University of Texas at El Paso, USA

Anatoliy Maistrenko
V. Bakul Institute for Superhard Materials
of the NASU, Kyiv, Ukraine

Serhiy Maksymov
E.O. Paton Electric Welding Institute of the NASU, Kyiv, Ukraine

Dhanesh G. Mohan
School of Engineering University of Sunderland England,
United Kingdom
Joédo Pedro Oliveira
Universidade NOVA de Lisboa, Portugal
Valerii Peremitko
Dniprovsky State Technical University, Kamianske, Ukraine
Valeriy Pozniakov
E.O. Paton Electric Welding Institute of the NASU, Kyiv, Ukraine
Uwe Reisgen
Welding and Joining Institute, Aachen, Germany
Massimo Rogante
Rogante Engineering, Civitanova Marche, Italy
Cezary Senderowski
Mechanics and Printing Institute, Warsaw University
of Technology, Poland
Magdalena Speicher
Kempten University of Applied Sciences, Germany
Mattias Thuvander
Chalmers University of Technology, Goteborg, Sweden
Valentyn Uchanin
Karpenko Physico-Mechanical Institute of the NASU, Lviv, Ukraine
Gerald Wilhelm
University of Applied Sciences of Munich, Germany
Yonggiang Yang
South China University of Technology, Guangzhou, China
Executive Editor
Oleksandr Zelnichenko
International Association “Welding”, Kyiv, Ukraine

Address of Editorial Office:

E.O. Paton Electric Welding Institute, 11 Kazymyr Malevych Str., 03150, Kyiv, Ukraine

E-mail: office@paton.kiev.ua; https://paton.org.ua/en/
Address of Publisher:

International Association “Welding”, 11 Kazymyr Malevych Str., 03150, Kyiv, Ukraine
Tel.: (38044) 205 23 90, E-mail: patonpublishinghouse@gmail.com; journal@paton.kiev.ua

https://patonpublishinghouse.com/eng/journals/tpw;j

The Journal was registered by the National Council of Ukraine on Television and Radio Broadcasting on 09.05.2024, carrier identifier R30-04569

ISSN 0957-798X (Print), ISSN 3041-2293 (Online)

DOI: https://doi.org/10.37434/tpwj, from #01, 2020 to now; DOI: https: //doi.org/10.15407/tpwj from #01, 2014 to #12, 2019.

Subscriptions, 12 issues per year:

348 Euro — annual subscription for the printed (hard copy) version, air postage and packaging included;
288 Euro — annual subscription for the electronic version (sending issues in pdf format or providing access to IP addresses).

Representative Offices of “The Paton Welding Journal”:
BRAZIL, Arc Dynamics

Address: Nova Iguacu, Rio de Janeiro, Brazil

Daniel Adolpho, Tel.: +55 21 9 6419 5703,

E-mail: dadolpho@arcdynamics.com.br

CHINA, China-Ukraine Institute of Welding, Guangdong Academy of Sciences

BULGARIA, Bulgarian Welding Society

Address: Blvd. Asen Yordanov No.10, Sofia 1592, Bulgaria
Pavel Popgeorgiev, Tel.: +359 899 96 22 20,

E-mail: office@bws-bg.org

POLAND, PATON EUROPE Sp. z o. o.

Address: Room 210, No. 363 Changxing Road, Tianhe, Guangzhou, 510650, China Address: ul. Kapitatowa 4, 35-213, Rzeszow, Poland

Zhang Yupeng, Tel.: +86-20-61086791,
E-mail: patonjournal@gwi.gd.cn

Anton Stepakhno, Tel.: +38067 509 95 67,
E-mail: Anton.Stepakhno@paton.ua

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:

* «Avtomatychne Zvaryuvannya» (Automatic Welding), https://patonpublishinghouse.com/eng/journals/as;
e «Suchasna Elektrometalurhiya» (Electrometallurgy Today), https://patonpublishinghouse.com/eng/journals/sem;
o «Tekhnichna Diahnostyka ta Neruinivnyi Kontrol» (Technical Diagnostics & Nondestructive Testing), https:/patonpublishinghouse.com/eng/journals/tdnk.

© E.O. Paton Electric Welding Institute of NASU, 2025
© International Association “Welding” (Publisher), 2025



THE PATON WELDING JOURNAL, ISSUE 03, MARCH 2025 ISSN 0957-798X

CONTENTS

ORIGINAL ARTICLES

G.V. Fadeeva, S.Yu. Maksymov, Chuanbao Jia, D.V. Vasiliev, A.A. Radzievska
DETERMINATION OF THE QUANTITATIVE PHASE COMPOSITION OF THE METAL OF
WELDED JOINTS OF HIGH-ALLOY STEELS, INCLUDING DUPLEX STEELS* ..........covvvvvnen.n. 3

Samarendra Acharya, Soumyadip Patra, Santanu Das
EMPLOYING ARTIFICIAL NEURAL NETWORKS TO ESTIMATE WELD BEAD
GEOMETRY IN A-TIG WELDS ..ottt e e e e e e e et e e e e e e e e e eeeaaaeeas 13

L.A. Krushinska, Ya.A. Stelmakh, R.A. Tkach, 0.0. Yukalchuk, A.A. Dudnik
INFLUENCE OF HEAT TREATMENT ON THE STRUCTURE, PROPERTIES
AND DURABILITY OF FLAT TUNGSTEN CATHODES™ ..o 24

A.Yu. Severyn, V.Yu. Bilous, L.M. Radchenko, V.A. Kostin, l.l. Alekseenko,

L.T. Yeremeyeva, M.M. Kuzmenko

STUDY OF THE TEMPERATURES OF PHASE TRANSFORMATION IN HEAT-RESISTANT
TITANIUM ALLOY OF Ti—Al-Zr—Si—Mo—Nb—Sn ALLOYING SYSTEM™* ... ..., 30

Yu.O. Nikitenko, V.O. Shapovalov, V.V. Yakusha, O.M. Gnizdylo, D.M. Zhirov
STUDY OF THE EFFECT OF ELECTRICAL DISCHARGE CUTTING ON FORMATION
OF ADAMAGED LAYER DURING PROCESSING OF TUNGSTEN SINGLE CRYSTALS** ...... 35

V.M. Torop, V.B. Hutsaylyuk, M.D. Rabkina, E.O. Davydov
STUDY OF INTERGRANULAR CORROSION CRACKING IN WELDED JOINTS

OF CHORNOBYL NPP PIPELINES. MATERIALS SCIENCE ASPECT** ........ccccovuniinriirnennne. 41
INFORMATION
TO THE 155" ANNIVERSARY OF THE BIRTH OF EVGENY PATON .......cccccooiiiininiiiciiciciene 49

*Translated Article(s) from “Avtomatychne Zvaryuvannya” (Automatic Welding), No. 1, 2025.
**Translated Article(s) from “Suchasna Elektrometalurhiya” (Electrometallurgy Today), No. 1, 2025.
***Translated Article(s) from “Tekhnichna Diahnostyka ta Neruinivnyi Kontrol” (Technical Diagnostics & Nondestructive Testing), No. 4, 2024.

-!E:%;'r_fl!’; PCrossref EBSCO Gohggle

[@ ] JouRnALs ULRICHSWEB"™

MASTER LIST GLOBAL SERIALS DIRECTORY

Indexing: The electronic edition of the Journal is stored in the V.I. Vernadsky National Library of Ukraine (eVerLib),
included in the OPEN UKRAINIAN CITATION INDEX database and international databases: CROSSREF, EBSCO,
Google Scholar, INDEX COPERNICUS, ULRICHSWEB.



INFORMATION

TO THE 155" ANNIVERSARY OF THE BIRTH OF EVGENY PATON

Evgeny Paton was born on March 4, 1870, into the family of a Russian Empire
consul in Nice, France. He received his higher education in 1894 at the Royal
Saxon Technical University in Dresden, Germany. He was offered a teaching
position at the Department of Structural and Bridge Statics, and he had already
begun working at the design office for the construction of the new Dresden rail-
way station, but he declined the offer.

After graduating in 1896 from the St.-Petersburg Institute of Railway Engineers,
Paton began teaching at the Institute while simultaneously working in the techni-
cal department of the state railways, where the designed bridges and floors. Since
the spring of 1889, he worked at the Moscow Engineering School of Railway
Communications, and in 1901 he defended his dissertation and was appointed
professor of the Department of Bridges.

In 1905, Paton began working at the Kyiv Polytechnic Institute, where he headed
the Department of Bridges and was elected dean of the Civil Engineering Fac-
ulty. He improved educational programs, established laboratories, created an engineering museum, continued
scientific work, and published manuals and textbooks. In 1914, Paton organized the Bridge Section of the
Military-Industrial Committee of the Southwestern.

Front, where he designed and supervised the production of bridges, pivot-lift trestles, icebreakers, and other struc-
tures. For crossings over the Dnipro River, he developed the designs for seven large strategic demountable bridges.

For about 35 years of scientific, engineering, and teaching activity, Paton dedicated himself to bridge construc-
tion. He published over 160 scientific papers and created designs for 35 bridges, floors, and crossings. From
1920 onward, Paton, together with his students, actively participated in the restoration of destroyed bridges.
Simultaneously, from 1921 to 1931, he served as head of the Kyiv Bridge Testing Station.

In 1929, Paton was elected an academician of the All-Ukrainian Academy of Sciences (now the National
Academy of Sciences of Ukraine). Within the Academy, he organized the Electric Welding Laboratory and
the Electric Welding Committee — public organizations that facilitated cooperation between scientists and
engineering-technical workers interested in the development of welding production. Paton was elected chair
of the Committee.

From 1929 to 1933, Paton and a small team conducted studies of the performance characteristics of welded
structures and carried out comparative testing of a series of full-scale riveted and welded products. The results
were presented in 1933 in the first domestic manual on the design of welded structures, which was later re-
printed in foreign editions.

In 1932, Paton was the first in the world to develop and propose a comprehensive program for the development
of welding, which was supported by the government. In 1934, the government of the Ukrainian SSR issued
a decree on the establishment of the Electric Welding Institute (EWI). Evgeny Paton was appointed director.
In line with the Institute’s main areas and the comprehensive nature of its work, he organized several de-
partments: scientific-research, design, welding equipment, welded structures, and an experimental-production
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Arch bridge over the Alley of Magdeburg Rights in Kyiv today (built in 1910) Demountable bridge of the Evgeny Paton system, 1914
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base (workshops for manufacturing instruments and devices). EWI became a model scientific institution capa-
ble of creating innovative technologies — from conceptual and fundamental research to wide-scale industrial
implementation.

At Paton’s initiative, who paid great attention to personnel training, a department for training welding engi-
neers was established in 1935 at the Kyiv Industrial Institute (National Technical University of Ukraine “Igor
Sikorsky Kyiv Polytechnic Institute””), which later became the Welding Faculty and Department. He headed
them until 1939.

The results of research on processes in the welding pool and other works laid the foundation for a new scientif-
ic direction — the metallurgy of welding processes. A remarkable achievement was the development of auto-
matic submerged arc welding. By early 1939, under Paton’s leadership, equipment, materials, and technology
for high-speed automatic welding had been developed, which ensured high-quality welds when working with
structural steels.

On December 20, 1940, the USSR leadership adopted a decree on the implementation of high-speed automatic
submerged arc welding in industry. Paton was appointed a member of the Council on Mechanical Engineering
under the Council of People’s Commissars of the USSR and was entrusted with supervision over the imple-
mentation of this decree. Simultaneously, he was assigned to head the Welding Department at the Central
Scientific Research Institute of Machine Building Technology (Moscow) while maintaining his position as
director of EWI. Within six months, EWI staff managed to implement the innovative technology at 20 large en-
terprises, significantly increasing production efficiency. In 1940, Paton authored the monograph “High-Speed
Automatic Submerged Arc Welding”.

In August 1941, EWI was evacuated to Nizhny Tagil. In 1942, under Paton’s leadership, automatic welding of
complex-alloyed armor steels was developed for the first time in the world. This accelerated the production of
tank hulls tenfold. In the shortest possible period, under his direction, mass production of all types of tanks,
aerial bombs, rocket shells, and many other types of weapons and ammunition was organized.

In 1943, Evgeny Paton became the first Ukrainian scientist to be awarded the title Hero of Socialist Labor.

In 1944, the EWI returned to Kyiv, and Evgeny Paton became involved in addressing the issues of restoring
and developing the national economy. The conversion of the highly efficient “military” technology — au-
tomatic submerged arc welding — for civilian use became the institute’s primary task. By the end of 1944,
automatic submerged arc welding had been implemented at 12 major enterprises in Ukraine. In 1947, Evgeny
Paton was entrusted with the scientific and organizational support of all welding operations in the USSR.
During 1947-1948, 670 welding automatic machines were introduced at 111 plants across the country; EWI
organized worker training, developed manuals, and created a special railcar equipped with training and demon-
stration equipment.

Evgeny Paton initiated fundamental research that became the theoretical foundation of the science of welding,
improved the principles of designing new welding equipment, welding process control systems, and equip-
ment for manufacturing metal structures, as well as addressing other engineering challenges.

One of Paton’s ideas was to divide structures into units and weld them using specialized machines at separate
positions along conveyor lines, which was a fundamentally new approach to the design and production of
machines, tanks, pipe, and industrial structures. The Institute addressed tasks related to improving the manu-
facturability of welded products, reducing their weight, and decreasing the number of connecting parts.

Under his leadership, innovative industrial methods were developed for the production of pipes, welding of
main pipelines, oversized tanks, blast furnace complexes, wagons, ships, atc. — primarily at the plants of the
Dnipro and Donbas regions. From 1946 to 1948, a railway tank production line was launched at the Illich Iron
and Steel Works in Mariupol.

With Evgeny Paton’s active involvement, the following were developed for the first time in the world: a meth-
od of semi-automatic submerged arc welding with mechanized feeding of the electrode wire through a flexible
hose to a manually operated holder with a nozzle and a flux hopper; a welding gun for ceiling structures; spe-
cialized installations for welding boiler equipment and industrial building steel structures.

For the first time in the world, it was proven that the shape of welded structures could be changed, and a fun-
damentally new method of constructing large sheet structures was developed — by rolling up fully welded
sheets. Since 1948, this method has been used for building tanks.
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Also for the first time in the world, EWI developed technologies for combined assembly and welding, relevant
machine tools and conveyor lines, and rational welded designs of mining, power, and metallurgical equipment,
as well as furnaces and bridges. Several welding machines, mechanisms, and devices — such as the roll-weld-
ing machine for mining carts, electroslag welding equipment, and a continuous system for automatic welding
of large-diameter pipes — had no foreign equivalents.

For construction and installation works, technologies and equipment for automatic welding of vertical and
overhead seams under flux were developed for the first time. The first all-welded blast furnace in Europe, with
a volume of 1033 m?, was erected in 1948 in Zaporizhzhia using this technology.

To increase welding speed, new technologies were developed for automatic submerged arc welding with an
electrode tilted “forward along the weld axis”, split electrodes, atc. In 1946-1947, EWI created a welding
technology with a speed of 160-200 m/h using two separately burning arcs, along with the necessary welding
apparatus.

In 1949, the first domestic continuous pipe electric welding machine, welding equipment, and power sources
were put into operation at the Khartsyzk Pipe Plant. For the first time, assembly and welding were performed
in a single unit with a stationary welding head and a moving workpiece.

From 1949 to 1953, the processes and nature of current flow through the slag bath, electrode metal melting,
and heat exchange between slag and the welded product were studied. The electroslag welding method, which
allows single-pass welding of thick-walled metal structures, was invented for the first time in the world.

In 1949-1950, the regularities of electric and metallurgical processes during arc welding of steel in active
gases were studied. It was established that the metal quality could be improved by introducing additional de-
oxidizers, and the technology of welding in carbon dioxide was created for the first time in the world. In 1952,
studies were conducted on the interaction of chlorine and fluorine with components of the arc plasma and
molten metal during welding of aluminum and its alloys. For the first time, chemical compositions of haloid
fluxes and arc welding technology were developed.

By the mid-1950s, Ukraine had restored its mining-metallurgical and fuel-energy industries. A mechanized
method for welding circumferential seams of main pipelines was developed and applied in constructing the
Dashava—Kyiv—Bryansk—Moscow pipeline.

In 1952, research was conducted for the first time in the world, establishing the fundamental possibility of
using welding heat sources to produce extra hight-purity metal in the electroslag process. The first electroslag
remelted ingot was produced, and a special remelting unit was created.

Under Evgeny Paton’s leadership, comprehensive publications on various aspects of welding science and
technology were issued. In 1948, he founded and became the chief editor of the Automatic Welding Journal.

Fundamental research laid the groundwork for the development of new scientific fields and breakthrough
innovative technologies in numerous industries. Electroslag welding was invented for the first time globally,
establishing the basis for a new branch of special electrometallurgy of high-quality metals.

From 1947 to 1952, the principles of weld metal alloying via flux-cored wire were established. Compositions
of wires were developed, and arc surfacing techniques for wear-resistant surfaces of components operating
under high temperatures and impact loads were introduced.

Between 1946 and 1951, under Paton’s guidance, a special low-carbon steel grade MSt3 was created for weld-
ed bridges. It was less sensitive to the thermal deformation cycle of welding. A new bridge design was devel-
oped, welding equipment was improved for both automatic
and mechanized welding of structures, and technologies for
plant-based and on-site welding were devised.

An outstanding example of the universal application of au-
tomatic submerged arc welding is the construction of the
all-welded highway bridge across the Dnipro River in Kyiv,
with a total length of over 1.5 kilometers. The bridge was
completed in 1953 and recognized by the American Weld-
ing Society as an exceptional welded structure. The largest & - :
all-welded highway bridge in Europe was opened in Kyiv in & * o =
November 1953. Evgeny Paton did not live to see its inaugu-  welding of a bridge deck beam, Dnipropetrovsk, 1952
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ration — he passed away on August 12, 1953, less

than three months before the opening.
@ The American Welding Society in 1995 awarded

the Evgeny Paton Bridge as a significant welded
;;?T;f.iii:?ﬁ":'i{’{f“ Eiruciars structure of the twentieth century.

el RS PATON In 2000, the International Institute of Welding es-
; tablished the interna-
tional Evgeny Paton
prize for profession-
als, who has made a
significant contribu-
tion to science and
technology  through
his lifetime dedication
to applied research
and development in the field of advanced technologies, materials and equipment
for welding and allied processes.

WINNERS OF EVGENY PATON PRIZE:

1953 3

American Welding Society commemorative plaque

Evgeny Paton Prize Medal

e 2000 Dr. Stephen Maddox (United Kingdom); e 2011 Prof. Wolfgang Fricke (Germany);

e 2002 Eur. Ing. Wayne Thomas (United Kingdom); e 2012 Dr. Michael Szczesny (USA);

@ 2003 Prof. William Lucas (United Kingdom); e 2013 Dr. Adolf F. Hobbacher (Germany);

e 2004 Dr. Nobutaka Yurioka (Japan); e 2017 Prof. Yoshinori Hirata (Japan);

@ 2005 Prof. John Norrish (Australia); ® 2018 Univ.-Prof. Dr.-Ing. Uwe Reisgen (Germany);
@ 2006 Dr. Alan Sanderson (United Kingdom); ® 2019 Prof. David Olson (USA);

e 2007 Dr. Pingsha Dong (USA); e 2021 Prof. Michael Ghede (Germany);

e 2009 Prof. Shang Yang Lin (China); e 2023 Dr. Murali Tumuluru (USA);

@ 2010 Dr. Carl D. Lundin (USA); ® 2024 Prof. Suck-Joo Na (Korea Repyblic).

Evgeny Paton established the globally renowned Paton scientific and engineering school,
which became a symbol of the effective implementation of fundamental scientific devel-
opments and will continue to make significant contributions to the advancement of science
and technology in Ukraine.

Dr. of Historical Sci. Oleksandr Kornienko

Evgeny Paton bridge today
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