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Abstract

The International Institute of Welding was founded in 1948 by Welding Institutes and Associations in 13
Countries, as a consequence of the experience form the second World War, when the importance of the
technology was proofed to be essential for the industrial development of countries, and not only for military
applications. The main goal of lIW has been set “to allow exchange of knowledge in the field of welding”.
Since then, welding technologies have developed, widened, and embraced allied technologies and related
approaches. lIW followed this development and enlarged in membership having now more than 50 members
on the 5 continents, and considered a widened scope to include all welding processes as applied to metallic
and polymeric materials, form the nano- to the full-scale, and approaching design, fabrication, repair and life
extension, quality management and also covering training and certification. The science and technology
excellence in research and industrial institutions constitute the IIW community of experts with over 2500
individuals, meeting at least twice every year to discuss research topics, construction and failure cases and to
develop collaborative work in form of books, ISO standards, recommendations, statements, training
guidelines and other industrial tools.

Having IIW as a privileged observation point, the presentation will cover the future trends in Welding and
Allied technologies, covering the matter through the IIW wide-angled view.
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1 The International Institute of Welding (1IW)

1.1 From stone age to founding of IIW

Welding is a very ancient art. Some historical artefacts were found demonstrating that man was able to join
of metals since the stone age. At that time, given the limited power density of available heat sources, the only
processes available were forge welding (aged 5.000 B.C.) and soldering (aged 3.000 B.C.).

Despite welding is most probably older than writing, it stopped developing until the end of the 19" century
when in different areas of the world modern welding processes were discovered. in 1877 Elihu Thomson
invented Resistance Welding, in 1903 Edmond Fouché and Charles Picards developed the first applications of
oxyacetylene welding and in 1907 Nikolai Slavianov registered a covered electrode for arc welding.
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Figure 1 - Andirons joined by forge welding (Stone-age)

As it happens many times, wars gave a significant pulse to developing manufacturing technologies, and this
included also welding. In-between World War 1 and World War 2 membership associations were established
to study welding technologies and applications, aimed at understanding profitability, advantages and
reliability of welded joints in comparison with traditional joining methods (riveting and bolting). This happened
in a few countries in the world, as in the UK, France, Germany, and USA.

One of the first industrial sectors to understand welding related opportunities was shipbuilding. The most
known case is Liberty Ships, built during World War 2 for the naval bridge linking USA to Europe and derived
to include welding as a technology to speed up production from a design developed in UK. These ships are
most famous in the scientific community for their brittle fractures, but they should also be remembered as
being welded to allow the defeat of Nazism. Speed for production obtained by welding instead of studding,
bolting and riveting is a turning key in modern history.

Figure 2 - SS John W. Brown in 2000 (one of the last Liberty ships to sail)

At the end of WW2, the possibilities achievable by welding were clear to the community of engineers as they
gathered in national membership organisations to study, exchange information on, and develop welding
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applications. This happened in several countries in Americas, Europe, Africa and Japan. In many cases, the
founding fathers of these national organisations developed their knowledge abroad, and this created the first
germ of a global approach in the welding culture. Therefore, in 1948 national welding membership
organisations in 13 countries agreed to found the International Institute of Welding.

Figure 3 — Book “ITW 1948-1958”, ITW

Some may consider this moment a cornerstone in the history of the manufacturing industry: welding is
transformed from an ancient form of art to real and promising industrial technology.

1.2 The growth of IIW up to the 21% Century

After the first meeting of the IIW Governing Council on 11 June 1948, IIW started operating based on a scope
given by its constitution: “to promote the development of welding by all processes”. It was also agreed that
membership is limited to non-for-profit distributing organisation and that it should not engage in any
commercial or trade action, clearly identifying IIW as a scientific organisation.

Even more important than that, it was clearly stated in the constitution that the aim of the Association was
considered as to "allow the exchange of knowledge on welding as refers to Materials, Technologies,
Standardisation, Terminology, testing and construction problems”. The approach chosen to deal with these
matters made the IIW a rather unique organisation: each of this item is dealt with by a Technical Commission,
populated by experts and delegates sent by all members, which should meet at least annually and develop
consensus work to be reported to the Assembly of members and published to make it available to all involved
stakeholders (Industry, training and research institutions, standardisation bodies). A few years after the
foundation of IIW, it was agreed that an annual gathering of all commissions should be held in the form of
an Annual Assembly.
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As most common in those times, the [IW was a bilingual organisation: every document was written and
published in English and French. At that times the IIW was also managed by two secretariats, an administrative
secretariat in London (Welding Institute) and a technical Secretariat in Paris (Institute Soudure). Since 1994 IIW
adopted English as its only official language towards the goal of speaking with one voice. The two secretariats
were gathered in a General secretariat in Paris in 1995, and in 2020 was moved to Italy (hosted by IIS — the
ltalian Institute of Welding), where the organisation is currently incorporated.

In his history, IIW had to overcome a continuing evolving scenario, survived and grew across the
reconstruction after WW2, the cold war, economic and political crisis and environmental disasters affecting
international relationships. Ten years after foundation, IIW gathered 52 members form 27 Countries
worldwide, and no continent was excluded. In 1999 it had more than 35 countries involved. To date, [IW
members represent the welding communities form over 50 countries. Form the initial 15 commissions, IIW
currently has 18 commissions and 3 Groups, as new technologies and approaches were developed since the
foundation, such as joining of non-metallic materials, bonding, joining at the nano- and microscale, metal
additive manufacturing and as the IIW branded education, training, qualification and certification scheme is
operated.

The lIW vision, mission and strategies were adapted constantly to the evolving scenarios. The latest review
was carried out in 2018, and defined the IIW mission “To advance welding and joining through a worldwide
network” and Vision “The leading global community linking industry, research and education to the
advancement of welding and joining for a safer and sustainable world”. The strategy is focussed on increasing
the impact on stakeholders in Welding and allied activities and is having the [IW recognised as the best
international provider of certification and best practices ensuring the highest standards for all welding projects
with global scope and impact.

Several milestones are associated with the IIW history, including those given below.

1.2.1 Publication activities

In 1963, the first issue of the IIW flagship journal “Welding in the world” was published, mostly aimed at the
dissemination of IIW'’s work (the journal was bilingual). In 1983, the publication of the journal was taken over
from Pergamon Press, and in 2014 the journal finally landed on the publishing platform of Springer, with a
significant increase of exposure and influence within the scientific community. This is demonstrated by the
impact factor of the journal, which is getting very close to 2.0 in only 7 years.

In addition to its journal, lIW has been publishing several books, statements, and best practices on a variety
of themes.
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Figure 4 — The ITW book “Structural Hot-Spot Stress Approach to fatigue analysis of welded components”

Through this dissemination, many of the [IW deliverables become of common use by industry, such as the
Carbon equivalent formulas, the Preheat calculation models, a variety of recommendations on fatigue design
of welded components, reference radiographs on welded defects, recommended practices to weld different
base materials, and many more. Some of these documents were also further developed in form of a Standard.

1.2.2 Standardisation

In 1985 IW applied to ISO to become an international standardizing body. Given the high reputation of the
organisation, by ISO resolution 24-1986, IIW was officially approved to develop standards in the field of
welding and related processes. This was reinforced in 1991 when the “Vienna Agreement” was signed by 1SO,
CEN and IIW to avoid duplication of works by identifying protocols to adopt standardisation work of one of
the three bodies.

[IW played a further, significant role in standardisation when ISO accepted the principle of “cohabitation” that
allows two paths for a standard in the case where two somewhat different systems of national/regional
standards have evolved in the world market. The case of welding consumables classification is the most known
example.

Several widespread Standards were developed in IIW, such as the calibration Blocks for Ultrasonic testing of
welds, ISO classification of welding consumables, a variety of standards dealing with resistance welding
processes and Friction Stir Welding. Welding terminology is a standing item in IIW standardisation work.
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1.2.3  Qualification and Certification of Personnel and companies

In 1950, soon after IIW was established, commission XIV “Welding instruction” was created to deal with
teaching methods and qualification standard.

The latter task has been very heavy, considering the cultural differences in the world as also reflected in the
different standards applied to the topic. For this reason, the Commission initially decided to deal with it in so
far as the study of these subjects reflects the organisation of instruction and the establishment of syllabuses.
Throughout the years, the commission has been exchanging practices and materials on training at all levels,
from welders to engineers.

In 1974, the European Council for Cooperation in Welding (ECCW) was founded in Europe to meet the wide
interest and need prevailing in Europe for harmonising qualifications of welding professionals, such as welding
engineers, technologists, specialists and welders. The council later become EWF — European federation for
Welding, joining and cutting and developed in the early 90s the guideline for the education, training and
qualification of European Welding Engineers, which was extended by the end of the century to Welders,
Practitioners, Technologists and Inspectors. Having signed an agreement with EWF in 1991, the world adopted
the European System becoming then global and developing the qualifications on the most international
scope. This brought to the establishment of a new board in [IW, the International Authorization Board (IAB)
which is still managed by EWF based on a recently updated agreement between the two parties.

IAB develops and manages the IIW Certification of companies in accordance with ISO 3834, and almost 20
education, training and qualification programmes for welding personnel. Over 162,000 diplomas were
awarded until 2019, and amongst these IWE® (International Welding Engineer) was issued to over 55,000
individuals, making this the most know IIW product in industry.

INTERNATIONAL
INSTITUTE OF WELDING

7rmneTy

is horeby awarded the diploma of

INTERNATIONAL WELDING ENGINEER

Date 270372001 Diploma IWEAT, 10175

Figure 5 - A diploma of IWE (International welding Engineer), 2001
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1.2.4  Meetings and gatherings of the IIW community

A few years after the Foundation, the international welding community started gathering in the IIW Annual
Assembly. Soon after the first one held in 1948 (the founding assembly), numbers started growing and, after
7 years only, the number of participants was stably over 500. Since 1983 a concurrent International Conference
has facilitated access for the local welding industry and young professionals to international experts and
leading-edge research and technology and provided a platform for showcasing developments in the host
nation to the welding world.

Figure 6 — Opening of the 11W Annual Assembly in 1954 (Florence, Italy)

The number of experts joining these yearly events is dependent on several factors, including location,
proximity to fairs, and external conditions. However the IIW Annual Assembly is considered the “Yearly world
gathering of the Who's Who in welding”, with participants in the range of 600 to 800 (but with peaks far over
1000, the latest in 2000 in Florence, Italy and in 2013 in Essen, Germany).

As the Commissions started to meet in 1948 after their establishment, they immediately realised that one
meeting per year was not sufficient to allow proper progression in developing their tasks and reaching their
goals. Therefore, the concept of meetings intermediate to the Annual assembly was developed, and through
this, the focus and approach of these gatherings were declined in a way that still works these days. Different
from any other conference, during these meetings (with participation mostly free of charge) participants are
presenting the results of their work, openly sharing their concerns, and waiting for other experts to comment
and contribute. This allows professional growth to anyone attending, facilitating the human relationships
amongst the most widely recognised experts, but always in a welcoming environment for newcomers. The
approach in conducting meetings was soon extended to the Annual Assemblies and, by this, the IIW
community is very often recalled as “lIW family”.

Through the years, IIW started opening programs for other types of events focussed on regional areas (IIW
regional Congresses), specific subjects (IIW International Congresses), and Young scientists or professionals
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(YPIC, Young Professionals in welding International Conferences). IIW also developed a process for the
Authorisation of IIW associated events hosted by organisations having scopes consistent with the [IW mission.

In 2020, IW had to face a global pandemic which affected the possibility of having physical gatherings and
international travels. However, given the strength of the IIW community and the ability of reaction of the
management, the IIW turned this situation into the opportunity to have its first IIW on-line Annual Assembly,
with over 700 participants that joined the platform for 6 days in a row at 13:00 to 16:00 CET (a timing chosen
to fit the most of the time zones). In 2021, the experience will be repeated with increased content, including
the first on-line International Conference.

-
W20
ON-LINE ANNUAL

ASSEMBLY

Figure 7 — Virtual Conference Center for the I11W Annual Assembly in 2020 (online)
2 The lIW as observatory of welding science, technology, and applications

From the observation point of highly qualified experts joining the IIW community (more than 2,100), IIW has
always focussed on identifying trends in science, technology and applications for welding and allied processes.

The most recently published document expressing the [IW perspective of the welding world is the “llW White
paper — improving the global quality of life through optimum and innovation of Welding and joining
Technologies”, delivered in 2012 under the authorship of IIW and edited by Mr Chris Smallbone and Dr
Mustapha Kocak. The book describes strategic challenges and agendas for the welding industries, personnel,
scientists, and end-users through the years 2012 to 2021. The content is visionary, and the time span can be
further extended onwards.
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Figure 8 — IW White paper, 2012

Taking the content of the IIW White paper as still mostly valid in 2021, the following items are considered of
highest impact and relevance form the leaders of the IIW scientific and technical work, the Chairs of IW
commissions and Groups.

2.1 Efficient design of welded structures

The design of metallic structures is mostly affected by the behaviour of welded metals as in many fields of
operation, the notching effect of welding results in higher wall and components thickness, with corresponding
effects not only in the design itself but also in manufacturing and transportation costs.

One of the areas currently under investigation of Commission Xl “fatigue design of welded components” is
the development of a master-curve S-N weld fatigue design methodology.

Welds and other components are currently designed using a familiar system of S-N curves with associated
weld classifications and ancillary refinements accounting for various factors such as environment, post-weld
improvement and some aspects of weld quality. Recent research has been directed at the fresh examination
of the effects of weld geometry and local weld profile studied with detailed laser scanning. The challenge has
been to reduce the many and highly variable factors to a coherent set of parameters that can be easily linked
to a robust local stress descriptor. If this proves possible and generally applicable, then a new approach to
fatigue design becomes possible whereby fatigue capacity could be determined by a master S-N
curve for a given material combined with a simple stress concentration factor to account for the weld.
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Other areas of interest are the design of welded structures under different types of loading, such as creep
and creep-fatigue and/or in difficult environments, such as corrosion.

2.2 New, high-performance materials

The history of welding is made of materials manufacturers developing new materials with higher performance
and consumable manufacturers chasing the relevant properties. In the last year, new materials have focused
on manufacturing procedures and mostly on delivery conditions, which have always been a concern on Weld
metals and Heat affected zones.

Base and Filler
Materials

Welding / Joining | Weldability /

- Service Load / Environment
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Figure 10: Interrelationship between key factors of welded structures?

T1IIW White Paper, “Needs and challenges of major industry sectors for future applications”, pag 114, 2012 IIW
2 |IW White Paper, “Needs and challenges in welding and joining technologies”, pag 20, 2012 W
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This search for property of weldments has not stopped in the most recent years, and Commission Il “Arc
welding and filler metals” and Commission IX Behaviour of Metals Subjected to welding have been
concentrating on various ferrous and non-ferrous materials, but recently mostly on ultra-high-strength steels
addressing to the relevant concerns, including hydrogen limitation & elimination, internal stress relieving,
optimization of weld metal chemistry in respect to highest yield in combination with acceptable toughness.

Nevertheless, this trend is driving new, modern technologies to the edge. As manufacturers are asked to join
these materials, while maintaining their superior properties, new methods must be developed allow for a
broader range of dissimilar metal joining and to join materials that have strict thermomechanical processing
regimes that joining tends to upset.

2.3 Modern welding technologies and manufacturing processes

Technology has always been a driving force in welding. Even it may seem that most welding processes have
been invented, technology is driving them to a new age. Mostly, in the next years, it is expected that the link
between collected data from the process and quality assurance will be tightened. On one side, there is the
possibility of acquiring and elaborating a huge amount of data as collected by power sources and a variety
of sensors, on the other side there is a chance that these data are compressed, filtered and elaborated to
allow reliable on-line monitoring of welding conditions and quality.

The availability of high-speed connections will also allow remote management and control of welding
procedures. A possibility highly requested from the industry is having the opportunity of qualifying procedures
remotely, allowing witnessing, certification, and use in different sites. The availability of data should allow
filtering feedback from use and ensure continuous improvement.

Figure 11 — Additive manufactured parts and specimens - (courtesy of 11S)

M
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Additive manufacturing has been one of the most studied subjects in the last years. Even if studying the
subject earlier, in 2019 [IW renamed its Commission | to “Additive Manufacturing and Surfacing”, to define a
precise working environment for this topic (previously already covered also in other commissions). The
technology has two relations with welding, as the physical process of melting for joining layers is, in essence,
welding; and as additive manufacturing components may be roughly considered as another type of base
materials to be welded with similar or dissimilar components. Several lines of development should be
considered, such as properties (especially long-time properties), behaviour in welding, quality control and
assurance, and qualification of personnel, equipment and procedures.

2.4 Welding personnel to meet industrial needs in a global market

As welding manufacturing is moving more and more globally, the industry is facing many challenges related
to human resources. A matter almost solved since many years is the competence of welding managers.
European Welding Federation did in the '80s and IW enforced it in the '90s, they developed a scheme for the
qualification of Welding Engineers, Technologists, Specialist and Practitioners to let personnel access training
globally and industry to employ local resources. If the definition of this scheme is not a challenge, its
application, control and development in recent years may become a challenge. [IW is facing several cases of
fake qualifications, and remote (blended training) is the approach to be developed, used and controlled to
bring the system in the new decade. From a different perspective, IIW is developing a certification scheme for
International Welding Inspectors to match with the needs of the global industry, to gain the same level of
recognition of the IWE and its relatives, and also allowing the same degree of accessibility of its cousin with
the huge number of sites for delivery, use of different languages and adaption to local standards and rules.

With great similarity, lIW is going to join again with EWF in the international Scheme for Qualification of
Additive manufacturing Personnel. It is the first global system to qualify professions in the field of Metal
Additive manufacturing and is based on experience with IIW welding even if adapted to the current ages.

5
-

IAMQS

Figure 12 — Since 2021 11W joined the International Additive Manufacturing Qualification System
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Since at least two decades, [IW is monitoring the development of virtual welding simulators and virtual training
of welders. Tools developed from an old fashioned “video game” to allow students getting the appropriate
dexterity, to Virtual Reality approaches where students are trained to become welders in the actual workshop
environment. In this sense, technology is developing very fast, but its recognition from the market is more
conservative. Experienced welders are still refraining from considering these useful tools to improve their skills,
and the industry is in general reluctant in investing resources in purchasing this equipment. Nevertheless,
welding simulators are an excellent opportunity for attracting young workers to the world of welding. It is not
the fascination of videogames, but the possibility for training institutions to reduce risks and improve efficiency
related to training, allowing wider access to the welder profession.

Another critical aspect related to human resources in welding is the risk that welding managers are missing
appropriate soft skills as required by their position and role. On one side, the huge amount of data requires
skills to select, evaluate ad derive technical decisions. From a different perspective, human beings are solely
capable of formulating creative solutions, solving problems and develop strategies using critical thinking skills,
an area where electronic means cannot support. These skills will need to be trained, qualified and properly
selected in recruiting procedures.

2.5 Healthier and Safer welding environment

Every year, the sensitivity to a healthier and safer working environment is increasing globally. The consequence
of this is clearly an improvement in the conditions for welders (and welding-related personnel in general), but
also the risk that welding manufacturing loses sustainability in developed countries, shifting production to
developing countries.

The continuous decrease in exposure limit is the clear signal of this trend. In recent years, the possible adverse
health effects of several substances which are eventually contained in welding fumes were discussed and the
relevant exposure limits were lowered multiple times. These limits are, in most cases, referred to a given
substance itself, regardless of the environment where it is developed and to the availability of tools for
practical (and not laboratory) measurement. [IW is witnessing this trend by providing a forum for the exchange
of knowledge from a variety of disciplines (medicine, industrial hygiene, epidemiology, chemistry, welding
engineering) and points of view (industry, academia, training and research institutions): this reveals as the only
possible key to ensure the sustainability of welding operations in the future. The challenge is exporting this
approach to research and governmental institutions to let them approach ten matter transversally.

2.6 Modern communication

The experience with the limitation in gatherings associated with the COVID pandemic gave a significant jolt
to approach in communications. Before it started, a variety of individuals approached remote meetings with
great scepticism and faced adversely those seeing this as the key for a future without travels, physical meetings
and relevant time losses.

Turning the pandemic from a possible disaster into opportunities, IIW demonstrated that online meetings are
feasible and effective, but that they cannot substitute face-to-face interactions and discussions. The challenge

13
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here is transferring these approaches to industrial fields in welding, to include training, qualification,
certification and remote witnessing.
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Figure 13 — Final Programme of the 2020 On-line Annual Assembly
3 Coping with trends in welding science, technology and applications

The items above offer just a rough idea of those aspects that may impress a change to the welding industry
in the next years. They are also giving a tasting of the sense of joining the IW community.

Entering the [IW community is very easy: by contacting the local member of IIW (http://iiwelding.org/iiw-
members) or the IIW secretariat (iw@iiwelding.net) everyone may have the opportunity of joining the

Commissions of [IW to access the [IW knowledge bank of documents and be an expert, a contributor to the
work of the association and a driver for the future of welding. Being financially supported by our Members,
joining our community is free of charge, even if the commitment to welding and related subjects is strongly
required.

Another possibility could also be joining the IIW during the annual Assembly and International conference
(www.iiw2021.com), the Event where the “who's who of welding” meets yearly. In 2021, the meeting will be

on-line, but with a calendar already fixed for face to face events: 2022 in Tokyo (Japan), 2023 in Singapore
and 2024 in Rodos (Greece).

Members of our community are given the opportunity to stop chasing trends in welding, by starting to
develop future trends in welding science, technology, and applications.
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Figure 14 — I1W technical Working Units
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