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Arc welding with covered stick electrodes - the
invention on which Oscar Kjellberg based his
company ESAB.
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Introduction

Foreword

On 12th September 2004, we celebrate one hundred
years of ESAB. The world is now a vastly different
place than the one Oscar Kjellberg, ESAB’s founder,
knew at the start of the last century. Then heavy steel
manufacturing was centred on Europe and North
America, whereas today’s production geography is
truly global, with new economies in Asia and the
emerging markets setting the pace in ship construction
and other volume steel fabrication. Over the ensuing
period, many new materials and processes have
emerged creating many new opportunities for expansion
and development.

A hundred years ago Oscar Kjellberg invented the
coated stick electrode in his search for a practical
method for repairing leaks in ships’ steam boilers.
Little would he have realised that his technology
would go on to revolutionize metal construction in
every branch of industry and serve as the springboard
to the development of modern arc welding processes.
Unlike many inventors, Oscar Kjellberg had both the
vision and drive to pursue his idea commercially and
so laid the foundations for what has become today’s
global leader in welding and cutting.

The success of our industry, and the way we are
best able to serve it, has always been dependent on
the active interchange of ideas, applications and
experiences between our customers, suppliers, welding
institutes and our own engineers. For almost seventy
years Svetsaren has been a cornerstone for the
encouragement of that interchange.
My special thanks go to Bertil Pekkari, retiring publisher
of Svetsaren, who together with editor Ben Altemühl
and other members of the editorial team, have
compiled this special centenary edition and have
continued in a long tradition as custodians of this
extraordinarily incisive and informative journal.
Jon Templeman

ESAB has always remained in the vanguard of
technological development and Svetsaren (the Welder)
has played an important part. Walter Edström,
Kjellberg’s successor after his death in 1931, started
the journal in 1936 having then recognized the need
for ESAB technicians and customers to be informed
of developments in technology and applications. Over
the ensuing years Svetsaren has chronicled ESAB’s
wider process of change from simple repair company
to world leading supplier of consumables, equipment
and expertise.
This special issue guides you through the history of welding and examines ESAB’s role as a major player. We start
with a brief autobiography by Oscar Kjellberg himself
followed by a recollection of a welding assignment into
northern Russia in 1914. We map the story of ESAB’s
global expansion and also focus on developments in the
welding of stainless steel and aluminium, from both an
historical and future perspective.
This issue is my last as publisher, having recently
retired from ESAB. I hand over the baton to Johan
Elvander, ESAB’s international head of R&D, in the
knowledge that Svetsaren continues in good hands.
My special thanks go to all our contributors whose
abounding enthusiasm and research has made this
special issue possible. I wish you an enjoyable read.
Bertil Pekkari
Svetsaren no. 1 • 2004 •
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Oscar Kjellberg’s
Autobiography
Travel back to March 1918 and read how the inventor
of the coated electrode describes his life and work.

I was born in the parish of Arvika on 21 September 1870,
the son of Johannes Kjellberg, a railway construction
worker employed by a British company, and his wife
Karolina. My father was murdered in Heatings in the
USA. I was then the oldest of five siblings.
I left school in 1886, after which I paid for my own
education. I became an apprentice at the Kristinehamn
Mechanical Workshop and worked in different
departments until the spring of 1890, when I went to
sea to obtain practical qualifications from working with
machinery – and to earn money for my further education.
Over the next few years, I worked on several steamships,
which included about two years on the s/s Guernsey af
Tönsberg, at the time, the largest ship in the Nordic
countries. In 1894 and 1895, I worked at the Kockum
Mechanical Workshop in Malmö.
In the spring of 1896, I qualified as a second engineer
at the Malmö School of Navigation. I worked as an
engine-room officer on different Swedish, Russian and
Norwegian ships in different waters, until the spring of
1898, when I qualified as chief engineer at the Malmö
School of Navigation. I then, immediately took a job as
chief engineer at the Hallands Ångbåts Aktiebolag.
During various periods of leave of absence, I worked as
a trainee at Fretzner in Laura Hytte and at the Ottenser
Eisenwerk, the largest and most modern steam boiler
workshops on the Continent at that time.

In 1902, I qualified as "Schiffsingenieur" (ship engineer),
at the technical college (Technikum) in Bremen.This
qualification entitles the holder to work as the top
engineer on the largest German passenger ships.
In 1903, I passed a special extra electroengineering
exam at the Göteborg School of Navigation. During
the years since I began my technical career, I have
been dissatisfied with the unsatisfactory patching and
repair methods used on ships, their steam boilers and
machine components in general. Back in 1900, I started
to investigate how any of these items of equipment
had been repaired using welding. Carrying large
machine components to, and into, a furnace was out of
the question, and it was therefore necessary to consider
using electricity as the heating medium which could, in
effect, be ‘carried’ to the workpiece in a copper wire.
First of all, however, it was necessary to study what had
been done in this area. I discovered that people in several
countries had studied this subject seriously and, as early
as 1864, a patent relating to the use of electricity had
been issued.At the end of the 1880’s, literature of the
Svetsaren no. 1 • 2004 •
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time enthusiastically mentions electrical welding.
However, the methods were not successful for a number
of reasons which researchers at the time overlooked.
Electrical welding was a total failure. So the ground had
in no way been prepared but, as problems are there to
be overcome, I decided to investigate why the engineers
of the 1880’s had not fully analysed the subject. In-depth
studies of what they had done proved that this was the
case. I succeeded in seeing my predecessors’ mistakes
and learning from them. I persevered with my experiments and they produced favourable results, thereby
endorsing my belief that a solution could be found.
At the beginning of 1904, my experiments had
advanced to such a stage that the first real work could
begin. It involved welding the cylinders and sleeves
of the anchor gear on the H.M. Svensksund gunboat,
which had frozen and broken. It is still working
without any problems.
Late in the summer of 1904, Elektriska Svetsnings
Aktiebolaget was set up to take advantage of the
success that had been achieved in the field of electrical
welding. I have been the managing director since this
company was founded.
In 1904, 1905 and 1907, the first patents were applied
for and granted. Of these, the 1907 patent laid the
foundations for a totally new epoch of electrical
welding, as this invention made it possible to exclude
the oxygen in the air from the workpiece that was
exposed to the heat of welding.The presence of oxygen
had a particularly harmful effect, and significantly varied
the chemical and mechanical properties of the weld joint.
Welding on the underside of the object was also made
possible.To achieve this, the effect of gravity on the
molten iron had to be eliminated.This was accomplished
by mastering the adhesion and cohesion forces to
produce what could be described as a combined
capillary force or movement which acted on the
molten metal material and was to be transferred from
the working electrode to the workpiece.As this force
is larger than gravity, melting iron from the working
electrode moves upwards through the air to the workpiece.Additional patents have since been obtained for
improvements to this method.
There is no question that, because of the total distrust
that had been shown in electrical welding when my
method was developed, the past few years have not
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exactly been a bed of roses.They have instead been
characterised by doubt and suspicion.To begin with,
the task was both enormous and difficult to give
electrical welding a world-reputation - but first, and
foremost, in Sweden.
The results were so successful that this welding
method is still the leading welding method and has
been patented and introduced in every one of the
leading industrial countries.
At the present time, at least 3,000 horsepower are
definitely being used to perform this work in Sweden
and, at global level, tens of thousands of horsepower
are being used for the same purpose.
As usual, "no prophet is without honour save in his own
country", so, here too, the work has been difficult.The
leading technical press has lacked any understanding
and leading technicians, in addition to false suspicion,
have gone so far as to encourage and support disloyal
exploitation and the stealing of technical assets from
me and my company.
The same thing has also taken place outside Sweden,
even if this is less surprising. In spite of this, the foreign
trade press, leading technical writers and, first and foremost, leading technicians have been more appreciative
of the work that has been done than those in Sweden.
For example, the French magazine L’Usine, the mouthpiece of the French mechanical engineering industry,
wrote the following on 7 January 1917.
"To solve the problems posed by electrical welding
using a metal electrode as a soldering rod, it was
necessary to find a way of forcing the arc in a certain
direction and then bringing the welding metal to the
precise point one required, in order to create a uniform
weld joint, and to do this while using an arc that was
sufficiently weak to avoid damaging the workpiece.”
"This problem has been solved by the engineer
O. Kjellberg of Göteborg, Sweden, in a manner that is so
elegant and straightforward that one might ‘a priori’
have been tempted to deny him the value of this
invention. However, the fact that this solution has finally
been found after 25 years of fruitless attempts and that
it has succeeded in creating an industrially applicable
electrical welding method, which can easily be
compared with blow-lamp welding, serves as sufficient
proof that this is a real invention.What is more, this

M ARCH 1918
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invention is of even greater value as it is not dependent
on the use of combinations of fragile mechanical and
electrical devices of different kinds but quite simply
involves the use of everyday, well-known equipment, the
use of which immediately produces beneficial results."
Some people might think that this work has brought
me a rich harvest and a good life, but this is not the
case. So far, however, I have derived my income from
it and the people who have loyally supported and
promoted my work are not disappointed.

7

I am therefore satisfied, embracing the fundamental
theory that the people who are persistent and pleasant
will triumph, while those that are lazy and unpleasant
and live unfairly off other people’s work will eventually
be the losers.
Future generations will decide whether my efforts have
been of importance and, if they have, whether the
effects have been for the greater good.
Partille, 28 March 1918

Svetsaren no. 1 • 2004 •
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Oscar Kjellberg –
Inventor and Visionary

By: Bo Sörensson, formerly ESAB AB, Gothenburg.

ESAB’s early years are inextricably linked with its founder,
Oscar Kjellberg. The inventions, the formation of Elektriska
Svetsningsaktiebolaget (ESAB), establishing the ESAB brand
overseas were the life’s work of this extraordinary individual.
Since 1904, various authors have written histories of ESAB.
But Kjellberg, the man, has always been overshadowed by
his achievements. So, who was he? And what drove and
motivated him?
Oscar Kjellberg was born into a time of unprecedented
technological progress. The latter half of the 19th
century saw a sustained innovation in every technical
and scientific discipline from medicine to manufacturing, laying the foundations of the world as we now
know it. Across Europe and North America, industrial
revolutions transformed national economies from
largely agricultural into manufacturing based, aided by
the development of mechanized transport. A new
breed of engineer-entrepreneur, exemplified by Robert
Stephenson, Isambard Kingdom Brunel, Thomas
Edison, Karl Benz, Samuel Colt and the Wright
Brothers, drove this along.
Sweden similarly fostered industrial pioneers who
exhibited the ability to innovate and then go on to establish companies which have survived and prospered.
Gustaf de Laval (the inventor of the first useable steam
turbine), Gustaf Dalén (inventor of lighthouse equipment
and MD of AGA) and C.E. Johansson (the first gauge
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blocks) belong to this pioneering club. As does Oscar
Kjellberg, born in 1870 in the little village of Mötterud.
He was the eldest of five children born to Johannes and
Karolina Kjellberg. Johannes, a railway construction
worker, emigrated to Canada in the early 1880’s,
hoping to find work to support the family.
Unfortunately, shortly after his arrival, he died during
railway construction work, under circumstances that
have remained unclear. Oscar Kjellberg was then 12
years old and it must have been a very difficult time for
the family. Nevertheless he was able to continue his
education and at 16 he enrolled as an apprentice at
Kristinehamns Mekaniska Verkstad.
It is said that he was a quiet and very hardworking
pupil, who was not content with the lessons he
received in the daytime, but who borrowed specialist
literature on mechanical engineering, which he studied
long into the evenings.

There is an anecdote from his time in Kristinehamn.
One evening, Kjellberg was sitting on a bench in the
port and entered into a conversation with an older
gentleman. This was Axel Broström, who had already
started to build the shipping empire that would later
become the Broström group. Axel Broström is said to
have remarked that somebody should invent a process
so that the plates forming the hull of a boat could be
welded together instead of riveting them. Kjellberg, a
17 year old at the time, is reputed to have responded:
“Surely, that ought not to be impossible!”
Perhaps he remembered the young man because in
1888 when Oscar Kjellberg applied to work for
Axel Broström, he was immediately employed as an
engine-room apprentice. He worked for four years on
different ships belonging to the Broström fleet and also
attended night school. At 22, he came ashore to
become an engineer fitter at Kockums Mekaniska
Verkstad in Malmö, whilst continuing with his studies.
Four years later, he completed his engineer exams and
was able to take up the post of engine room officer. He
served for the next two years on various ships, whilst
continuing with the theoretical side of his education,
and he passed the chief engineers’ exam in 1898.
Now, he was presented with the opportunity to work
and continue his studies in Germany. At the age of
32, he passed the German ship’s engineer exam. The

following year he was able to add electrical engineering
to his list of qualifications.
By 1903, Oscar Kjellberg had an impressive theoretical
education, very good qualifications and 15 years of
practical experience, mainly gained from work onboard
steamships. He now had the opportunity to work as a
technical officer on one of the biggest ships of that
time, an easy choice for most.
Not for Oscar Kjellberg, however. All that studying,
while he worked for his upkeep, all the experience
which he had accumulated, appears to have been
preparation for fulfilling the vision sparked by that
evening in Kristinehamn and that brief conversation in
the harbour. “Surely, that ought not to be impossible!”

The inventor
Instead of installing himself as the chief technical
officer on one of the world’s biggest steamships, Oscar
Kjellberg rented a small workshop near to
the Masthuggskajen quay in Gothenburg, where he
began his welding experiments. He was aware of
previous attempts at electrical welding, and had
encountered craftsmen who could solder and weld
using contemporary methods.
Importantly he was fully aware of the two major
failings of existing welding processes. Firstly, the welded

The small workshop at Henriksberg in Gothenburg where Oscar Kjellberg conducted his first experiments
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joint was not of the same quality as the parent metal,
instead it was normally more brittle and porous.
Secondly not all welding positions could be tackled
successfully; overhead welding, for instance, was virtually impossible. For welding to become the universal
method of repair which he aspired to he needed to
solve these critical problems.
One of his strengths was his own practical experience
of the problems with which a chief engineer on a
steamship had to grapple. Marine boilers were riveted
and, without exception, they began to leak after a time.
This was a serious problem, as pressure could not be
maintained, which resulted in reduced power from the
engine. Therefore, leaks had to be sealed as quickly
as possible. Normal practice was to force a wedgeshaped nail, followed by flax and hemp, into the
leaking joint. This was a very difficult task under the
worst conditions imaginable. The boiler had to be
cooled down so that workers could endure working on
it. Also leaks would sometimes occur on the underside
of the boiler, making access difficult.
As a ship’s engineer Oscar Kjellberg had experience of
repairing these types of leak and was motivated to
develop a better and more permanent method of repair.
The principle of electrical welding was well known,
and explained in over 300 patents. However existing
methodology was not capable of providing a workable
solution for boiler repair. In this respect Kjellberg’s
strength was his perception that the solution nevertheless lay within the scope of electrical welding, if the
method and the equipment were improved.
Working in his experimental workshop, he set himself
the task of developing a complete solution comprising
both the method and the equipment that was needed.
Oscar Kjellberg himself put the matter into words in a
posthumous text.

10 • Svetsaren no. 1 • 2004

An example of Oscar Kjellberg’s flawless handwriting.

”Electrical welding came about at a time of total abject
poverty. It was not a beaten path that was being trod.
However, difficulties are often there to be overcome
and I decided to investigate whether the engineers of
the 1880’s had left the subject unresolved. After
detailed studies of what they had done and achieved,
it thus became apparent that this was indeed the case.
I managed to see my predecessors’ mistakes and I
learnt from them.”
When we know this, it is unsurprising that welding as a
method or a process interested Kjellberg. His first
patent, dated 14 July 1905, is consequently a process
description. He was able to obtain the patent based on
the existing well-documented process, whereby an
electric arc between an iron electrode and the base
material makes the metal heat up until it is liquid.
However, he added two important modifications. First,
only a very short piece was to be welded, strictly
speaking only enough so that there appears a clear
melt. Then, the electrode is taken away, and the still hot
weld is fashioned (puddled) with a hammer.
In a working description, which Oscar Kjellberg wrote
around the same time as he received his first patent,
there are very detailed instructions on how to hold
the electrode in the left hand in order to be able to
hold the hammer in the right hand. These instructions,
titled “Working method for electrical welding, including
material and how it is handled", dated 1 October
1904, are preserved in the original. The 8-pages of
instructions are handwritten; there is not one spelling

mistake, not one correction – typical of his methodical
approach and attention to detail.

helped to finance continued development of welding
through formation of a company.

At this point it should be mentioned that, by 1904,
Oscar Kjellberg had already developed the theoretical
basis for what became his major contribution to electrical welding – the coated or covered electrode. In the
minutes of a board meeting that took place that year, it
is stated that he had deposited a confidential report in
a bank safe. We now know that in this secret report
there is an account of the first experiments with coated
electrodes.

Its mandate was “to machine and weld metals, and to
manage a business that promotes these activities”.
A professor from Chalmers University of Technology
and a chief engineer from Lindholmens Mekaniska
Verkstad in Gothenburg were included on the company's board of directors. Oscar Kjellberg was appointed
as the company's managing director.

It was quite natural that in a large maritime city such as
Gothenburg, it became known that Kjellberg was in
the process of revolutionising welding. Although in
many circles there was well founded cynicism
regarding the effectiveness of welding as a method of
repair, Oscar Kjellberg was soon given the opportunity
to demonstrate his improved methods.
In the early part of 1904, he repaired some parts of a
Swedish warship that were frozen and broken. The
result was so good that both shipping companies and
industrial concerns took an interest. This probably

The statutory meeting was held on 12 September
1904. The name of the new company was Elektriska
Svetsnings Aktiebolaget. However, the abbreviation
ESAB was used in everyday speech right from the
beginning.
As was apparent from the name of the company and
also from its articles of association, it was the welding
method that was the business concept; the equipment
required was of secondary importance. During the
early part of the company's existence, execution of
different welding assignments was its most important
product and source of income. Solving practical repair
problems was thus the basis of the early ESAB.
In parallel with being MD for the company and actively
participating in all areas of its work, Kjellberg continued
to develop the welding process. His second patent
came in 1906 and describes an “electric switching
device”. Its function was to limit the output for a directcurrent generator.
However, the big breakthrough came with the invention
that was granted a patent on 29 June 1907.
The patent is called “Procedure for electric welding
including the electrode intended for this purpose.” Its
revolutionary property was that Kjellberg had coated
the welding electrode with non-conductive material,
which gave many advantages. Firstly, the coating
generated a protective gas (CO2 ) when it melted. This
gas prevented the formation of iron oxides in the hot
melt and it became possible to weld longer pieces,
up to a whole electrode length, without needing to
interrupt the welding. Welding could therefore be more
continuous. Moreover the patent described how to
build up a weld with several beads.
Secondly, we remember that Oscar Kjellberg sought
a solution to the problems associated with difficult
welding positions, particularly overhead welding.

Advertisement offering welding services in Newcastle and Glasgow,
to Swedish shipping companies. Note the first ESAB logo.

When he formulated a ‘recipe’ for the coating that
melted at exactly the same rate as the welding metal
rod, he found that a crater was formed at the tip of the
weld electrode. This crater directed the flow of molten
metal and after many experiments with different
coating compositions he was able to find one that
enabled overhead welding.
Svetsaren no. 1 • 2004 •
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ESAB’s workshop in Marieholm, around 1920 (View from the harbour). Here early production of electrodes and power sources took place.

The genius of the patent is that it neglected to describe
the composition of the coating, and the patent became
a principal patent on the coated electrode. We have to
be grateful for the fact that Oscar Kjellberg had had the
practical experience of repairing leaky boilers, and that
the leaks appeared on the underside. Otherwise, he
may have been content with just his first patent.
Mastering difficult welding positions was the challenge
that led to this third patent, which is the basis for all
modern welding with coated electrodes.

The company manager
Oscar Kjellberg has been described primarily as a
gifted researcher and inventor. From 1907 until his death
there was, however, another side of his character that
assumed an ever-increasing role. It is possible that
fellow directors understood how the Kjellberg inventions could be exploited, but it is beyond doubt that
Oscar Kjellberg himself made a very active contribution
to this work.
Early activities were concentrated in Gothenburg,
where ESAB offered repair facilities from a barge in the
port. During this time, he participated in all types of
work. However the training of welders was a task that
he willingly took upon himself to lead. Without skilful
welders, welding wouldn't be able to win ground from
other repair methods.
Kjellberg had ambitions that ESAB should establish
workshops in large ports all over the world. However he
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soon realised that the company lacked the financial
resources for such a massive expansion. Therefore,
both Swedish and foreign companies were offered
licences to use the Kjellberg method. To start with, the
going was tough; ESAB had to accept a number of
unprofitable agreements, where in some cases a
company gained the exclusive right to use the Kjellberg
patent within an entire country. However by 1911, the
company had sufficient capital to set up its first whollyowned foreign subsidiary.
Great Britain was the foremost industrial and maritime
nation of this time. ESAB already had some licence
holders in England, and it took a year before
the Anglo-Swedish Electric Welding Co., - as the
subsidiary was called - could be formed. Based in
London, it offered similar practical welding services to
its parent company. In fact the British subsidiary was
also the last to discontinue such activities. Two years
later a second foreign subsidiary was established in
Belgium. At the same time, a very extensive contract
was signed with Mitsubishi Zosen Kaisha in Japan.
It might have been thought that the Kjellberg method
would win fast acceptance in engineering circles. This
was not the case, and Oscar Kjellberg had to devote a
lot of his time to arguing the case in favour of MMA
welding, both in Sweden and abroad. He was a skilful
presenter and always well prepared. At the core of
his argument was the cost benefit for customers of
welding compared with other repair methods. He was
able to draw on examples where repairs with welding

to the greatest possible extent. This would prove itself
to be a very good principle during and after the First
World War 1914 – 1918.
During the war, things went well for the company, and
when the difficult years arrived after the war, ESAB
could survive on the money it had saved. During, and
directly after the war, wider acceptance of the process
saw companies starting to use welding not only for
repair work, but also for new construction work. This
opened up completely new opportunities for ESAB.
However, initially the classification societies did not
accept welding as a replacement for riveting when
building new ships.
During and after the First World War, however, there
was considerable need to replace and repair both naval
and mercantile tonnage. Here the economic argument
was strong as welding instead of riveting could reduce
the sheet metal weight by up to 10%.

had been performed at a cost that was only about 2%
of the cost to repair in another way or to replace with
something new.
Proving the quality and durability of welded repairs was
also important. He followed up all jobs undertaken by
the company for several years after their completion
and could show a very low complaints ratio by the
standards of the time at about 0.5 to 1.0%.
Oscar Kjellberg thus became a tireless promoter
and developer of the electric arc welding process, continuously improving the capabilities of the equipment,
consumables and techniques and aiming to convince
people by demonstrating actual results. He dealt with
setbacks by increasing his already large workload. He
participated in the practical work both in Gothenburg
and at the subsidiaries and agents. He was without
doubt the greatest expert on welding of his time.
Companies and colleagues turned to him if they needed
advice on how to manage especially difficult jobs. It has
also been said that he had an incredible memory.
Everything from contracts to welding method descriptions were remembered word for word, and he never
needed to refer to his notes. As well as being an
inventor/innovator/industrialist and one-man publicity
machine, Kjellberg was also financially astute. If
ESAB’s most important task was to perform practical
welding work, its second most important task was
to remain independent of banks and other financial
institutions. He wanted his company to be self-financing

Lloyds Register in London was the first classification
company to investigate the possibilities of all- and
part welded ships. Trials were carried out at ESAB's
premises in London and the results were highly positive.
Consequently, in 1920, Lloyds approved all-welding as
a production method for all types of ship.
Shipowners remained skeptical so Oscar Kjellberg
commissioned a small floating workshop to be built.
ESAB IV was launched on 29 December 1920. It
became the world's first all-welded ship to be classified
by Lloyds, and it contributed to dispelling the prejudice
of shipowners and shipyards against welded ships.
ESAB IV still exists today and forms part of
Gothenburg's Maritime Museum.
The next challenge for ESAB was a double challenge;
to establish a subsidiary in Germany and to commence
manufacture of welding power sources. In 1921, the
German company was formed and after a slow start it
became the largest subsidiary within the group. The
factory in Finsterwalde was equipped to manufacture
rotary converters, which ESAB started to sell in
Sweden in 1923.
It was typical of Oscar Kjellberg that he chose to start
manufacturing power sources rather than turning
to an already established electrical equipment company. It was the demand for very special functional characteristics that determined the decision to start manufacturing rotary converters within ESAB, as the compromises that an external supplier might have demanded were unthinkable.
Gradually, production at Finsterwalde came to comprise a number of different welding machines and electric motors, and much more besides. At its peak in
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1939, 5000 employees were kept busy, 1500 of them
with welding equipment.
The minutes from board meetings and other records
from Elektriska Svetsnings-Aktiebolaget's first 25 years
reveal that Oscar Kjellberg didn't leave anything that
concerned his company outside his personal control.
The records sometimes state approximately, “that
director Kjellberg informed the board that he had....” In
other words, the issue was already resolved. It could
be a matter of agreements concerning the right to
make use of the company's patent, or large or small
purchases or setting up abroad.
Like many successful industrialists Kjellberg probably
perceived himself and the company to be indivisible. It
is testified that he didn't have many interests other than
the company and its development. He was its MD, and
its technical director at the same time. He managed the
foreign contacts, he was engaged in practical welder
training, and he was an indefatigable lecturer on everything to do with welding.
Within his field he was the fount of all knowledge. By
the time of his death at the early age of 61, Oscar
Kjellberg had received several awards in recognition of
his efforts, including, in 1927, the Royal Swedish
Academy of Engineering Sciences (IVA) gold medal.
Dedication to his work ultimately undermined his
health, but he ignored medical advice to reduce his
workload. He was working right up until the very end
and died on 5 July 1931, sitting at his desk. He was
mourned by his wife and four children, of whom the
youngest, Björn, would follow in his father’s footsteps.
By 1931, he had fulfilled the vision that had driven him
all those years. Electric arc welding was a generally
recognised method, not just for repair work, but also
for new production and construction. ESAB was a
well-established, respected company with a range of
foreign subsidiaries and interests.
Even so, by 1931 ESAB was facing new challenges.
The original business concept, to carry out welding on
contract, was no longer sustainable and the world was
in recession. It was a time of change requiring new
ideas and a new set of business goals.
Had Oscar Kjellberg lived longer he would doubtless
have responded with the same optimism, enthusiasm
and tenacity that recommended him to Axel Broström
that evening in Kristinehamn over forty years before:
“Surely, that ought not to be impossible!” In the event it
was left to his successors to demonstrate that to be the
case.
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The information in this article has been collected by Bo
Sörensson from several sources, including the following works:
• Gösta Ferneborg: Oscar Kjellberg
• Bertil Lundberg: Maskinhistorik
• Memorial publication:
Elektriska Svetsnings-Aktiebolaget 1904 - 1929
• Sixten Wiberg: En vandring genom åren, ESAB 50 år
• As well as through articles and other historical
material that have been collected by Eva Persson,
responsible for the historical archives at ESAB in
Gothenburg.

The ESAB IV in the harbour of Gothenburg. Date unknown.
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Finding new Frontiers –
A Century of Global Expansion
This article has been based on historical research performed by Bo Sörensson, formerly ESAB Gothenburg, with
valuable contributions from Klaus Blome, ESAB Germany and Jerry Utrachi, ESAB USA.

Elektriska Svetsningsaktiebolaget (ESAB), established in 1904, is now a global
company with sales and/or production operations in 35 countries. At an early
stage the first board of directors, realised that Oscar Kjellberg’s inventions had
potential a long way outside Sweden’s borders. In this short summary of ESAB’s
overseas adventures we record ESAB’s development into the most international
supplier of welding and cutting products.
1904–1931 – The early years
The minutes of the first board meeting of Elektriska
Svetsningsaktiebolaget, held on 12 September 1904
include a reference to “Mr Kjellberg’s method for
welding metals.” This pre-dated Oscar Kjellberg’s first
patent, so the method was referred to as “the secret
welding method”. Even then, however it was decided
to sell licences to different companies to entitle them
to use the Kjellberg method as a means of generating
revenue for the fledgling company.
On 20 November 1904, the minutes refer to negotiations
with a Swedish engineering company relating to the
sale of a license for SEK 10,000 to use the method in
its entirety. By the end of 1904, a “consortium in
Cristiania” (the present day Oslo) had inquired about
learning welding according to the Kjellberg method and
purchasing all the necessary equipment. The same
minutes state that the Nobel brothers in Russia had
expressed a similar interest.
These early license fees provided funding to enable
Oscar Kjellberg to continue his experiments. To begin
with, only individual companies were able to purchase
a license, but fairly soon licenses for an entire country
were issued. The Scandinavian countries were mentioned at an early stage, starting with Norway (1905).
By 1908, board minutes report that negotiations were
being conducted via an agent with a prospective
licensee in Japan and an agreement had been signed
with an agent in the USA. In 1908, this US agent was
asked “in your name and on behalf of us to acquire
the Electric Welding Co. in New York for approximately
SEK 500”. It is possible that Electric Welding was
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ESAB’s first foreign subsidiary, but what subsequently
happened to this company is not known. In fact
it would be many years before ESAB achieved real
success in the USA.
During the 1900’s, Great Britain was the leading
industrial nation in Europe. ESAB’s management was
keen to have a presence there and in mid-1909, plans
were afoot to set up the ‘British Electric Welding Co.’
However, to save time, an agency company, the
Kjellberg Syndicate, was established. It appears that
this company did not prosper and in 1912, ESAB
founded the Anglo-Swedish Electric Welding Company
Ltd in London. In March 1914, a subsidiary based in
Antwerp, Belgium, was set up.
The incentive to create these early subsidiaries in
England and Belgium probably stems from ESAB’s
business plan, based on establishing workshops
to offer welding services. During the early years
the majority of customers came from the shipping
industry and it was reputedly Oscar Kjellberg’s dream
that there should be an ESAB depot in the form of
a welding workshop in every major port. London
and Antwerp were then two of the largest merchant
shipping ports in the world and would have been
logical locations for the ambitious new company.
As the business expanded the need arose for manufacture of more equipment to support the activities
of ESAB’s network of subsidiaries and licensees.
In 1920, negotiations with ASEA relating to the
production of dynamos, converters and transformers
designed for welding broke down and ESAB’s board

Figure 1: Established in 1914, the Belgium-Swedish Electric
Welding Company in Antwerp was one of the first foreign
subsidiaries. It carried out ship repair jobs in the harbour.

of directors decided to develop its own production
capability. On 12 November 1921, Kjellberg Elektroden
GmbH, with headquarters in Berlin, was set up. At the
beginning of 1922, premises were purchased in
Finsterwalde for “the production of machinery and
equipment”. To run these production operations,
Kjellberg Elektromaschinen GmbH was set up. This
would secure ESAB’s requirements for converters, transformers and other welding equipment.
At Oscar Kjellberg’s death on 5 July 1931, ESAB
had subsidiaries in Finland, Poland, Germany, the
Netherlands, Belgium, France and England, plus
licensees in many other countries. The company was
at its peak as a provider of welding services for
repairs and new production and, though general sales
of consumables and welding machines had begun,
they accounted for only a small percentage of ESAB’s
turnover.

his lack of welding expertise though as time passed,
perhaps unsurprisingly, he became an authority on
welding.
At ESAB, Walter Edström’s name will be associated
with the methodical rationalisation of electrode
production and the replacement of dipped electrodes
with extruded ones but his lasting legacy is that he
transformed ESAB into the outward looking company
that it is today.
In 1956, he was succeeded as managing director of
ESAB by Göran Edström who retained this position
until 1970, when he was succeeded by Åke Ahlström.
During this period, ESAB reinforced its position as the
leading welding company in Europe, and substantial
investments were made in production facilities for
consumables.

The succession

1931–1945 – sales companies
for electrodes and machines

Oscar Kjellberg was succeeded by Walter Edström
who led ESAB for twenty-five years. He came to the
company with sparse knowledge of welding and the
welding market. However, he had wide experience of
sales and production and commercial conditions in
other countries. This more than compensated for

Walter Edström recognised that ESAB’s future lay in
the sale of consumables, welding machines and other
welding equipment. In a sense the company needed to
catch up as by this time it had numerous competitors
in the market who were actively selling products
rather than services.

Svetsaren no. 1 • 2004 •

17

Figure 2. Walter Edström
was ESAB's CEO from 1931
until 1956. He changed
ESAB's business philosophy
from a repair company to
a producer of welding equipment and consumables, and
expanded ESAB's foreign
establishments. He was succeeded by Göran Edström.

ESAB’s European engineering operations were never
wholly owned by ESAB, as local partners were
always involved. At Edström’s suggestion, ESAB
started to increase its shareholdings in these foreign
companies, particularly in England, Belgium and
Germany. New subsidiaries were set up to focus
exclusively on the sale of products. In other markets,
such as Spain, sales engineers were employed and
new sales oriented companies were created.
In 1932, L’Electro-Soudure Autogène Belge S.A. was
set up in Belgium; this was a suitable name, as it could
be abbreviated to ESAB S.A. In England, Welding
Supplies Ltd. was founded in London in 1933; it
became the basis of ESAB’s operations involving the
production and sale of welding products in the UK and
is today known as ESAB UK.
In Denmark, Burmeister and Wain and, in Norway,
Elektrisk Sveisning held contracts giving them sole rights

to weld using the Kjellberg method and to produce
electrodes in accordance with ESAB’s formula. At the
end of 1932, Walter Edström initiated negotiations in
Copenhagen and Oslo with the aim of recovering the
rights to sell electrodes and welding machines. The
objective was to set up ESAB-owned subsidiaries in
Denmark and Norway. Once concluded, a Danish
sales company opened in 1933 followed, in 1938, by
its Norwegian counterpart.
Rapid expansion into new markets followed. In
Czechoslovakia a subsidiary of Kjellberg Elektroden
und Machinen in Finsterwalde was set up; it was
involved with both production and local sales. At the
end of 1932, ESAB Iberica was set up in Madrid to
produce electrodes. These companies were only partly
owned by ESAB as Walter Edström and members of
the local management team normally had the chance
to purchase shares in the new companies.
German subsidiaries had a unique status, as they were
also entitled to run sales operations outside Germany.
Czechoslovakia has been mentioned, but Italy was
also part of the German companies’ district. In 1934,
Walter Edström identified the importance of the Italian
market and in 1935 an Italian subsidiary was set up.
Thus, the first eight years under Walter Edström’s
leadership were characterized by rapid establishment
of partly-owned subsidiaries across Europe and
creating bridgeheads for the sale of consumables and
machines.
Though electrodes were initially imported from
Sweden and machines from Germany, the company
soon realised that local production of electrodes
was the best way to capture significant market share
and secure local profitability. Eventually electrode
plants were built in almost every country where ESAB

Figure 3. Railway bridge over the river Esla
in Spain. Steel reinforcement for the world's
biggest concrete arc of its time. ESAB Iberia
was involved with products and technology.
Svetsaren March 1941, page 679.
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had a sales subsidiary. Some of the profits could be
transferred to Sweden, as the production companies
purchased licenses for the transfer of technology that
was involved in the export of Swedish formulas and
production technology.

contact with subsidiaries in Europe; sometimes the
only sign of life were short messages stating that the
staff were still alive. Nevertheless, in the midst of the
war (1943), ESAB set up a subsidiary in Finland,
which produced its own electrodes.

During this period, ESAB’s group turnover increased
dramatically (from SEK 912,000 in 1931 to SEK
4,554,000 in 1939). In certain years, the German subsidiaries reported such a high profit that the German
authorities confiscated large sums as “surplus profits”.

In Germany, production was directed to focus entirely
on war-related production and a company, Fimag,
was set up for the kind of products the German
authorities had decided ESAB was going to produce.
During a short period after the outbreak of war, ESAB
was able to obtain deliveries from Finsterwalde, but
it was apparent that deliveries could not be relied
on in the long term. As a result, production of welding
converters was started at the plant at Marieholm in
Gothenburg. However these premises were not suitable
for this kind of production. ESAB ultimately found
what they were looking for in Laxå – both premises
that could be converted and a municipal board that
was more than willing to support ESAB’s business
plans. Production of the machines that had formerly
been supplied from Finsterwalde began in 1942.

The war years
For ESAB, as for most other companies, the Second
World War was a very difficult period. Shortages
of raw material made it impossible to maintain
production and, in the occupied countries, ESAB’s
deliveries of consumables and equipment to German
troops were looked upon with disapproval. As a result,
the scale of operations in the Netherlands and Belgium
was minimised; only established, loyal customers could
expect deliveries, whenever anything was actually
produced.
The Norwegian and Danish companies were hit
extremely hard. In Norway, the occupying forces
executed a member of ESAB Norway’s management,
whilst the plant in Copenhagen was sabotaged
on two occasions in bombing attacks. For long
periods, ESAB’s management in Gothenburg had no

1945-1980 – consolidation and establishment
outside Europe
When World War 2 ended, Europe’s infrastructure
had to be rebuilt. There was huge demand for
ESAB’s products and services. Initially, ESAB had to
concentrate on rebuilding, refurbishing and replacing
its own facilities. After the division of Germany,

Figure 4. The Kjellberg electrode factory in Finsterwalde around 1940.
After the war, it was confiscated by the government of the DDR.
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Figure 5. Electrode factory in Brazil.

Finsterwalde was located in East Germany and the
authorities there took the factories out of ESAB’s control.

and Mexico, the sale of ESAB’s products was
organized through agents.

Consequently a new West-German subsidiary was set
up on July 22, 1949. Initially premises were rented in
Düsseldorf but in 1959, the company moved to its
current base in Solingen, which was extended during
1971. In order to better serve German customers with
demand for heavy automation, the Tehac company in
Bochum was merged with ESAB GmbH. Tehac added
expertise in automated welding production and handling
equipment. In 1982, ARCOS GmbH was merged with
ESAB in Germany, adding a second consumables and
equipment brand, and in 1991 ESAB would open a
1000 m2 Application Centre for mechanized welding
in Solingen.

Activities in North America were initially less successful.
In 1940, ESAB Welding Corporation, had been set up
in the USA, but it was liquidated in 1962. In Canada,
the company known as ESAB Arc Rods was founded
in 1958 in Montreal, but it too, was wound up
after a fairly short period. At a later date (1969), an
agreement was signed with Liquid Carbonic
Corporation in Toronto involving production of ESAB’s
electrodes in Canada but it was not until 1972 before
ESAB made another attempt to set up its own sales
company in the USA – more on this later.

Welding Supplies in London expanded rapidly and
soon needed larger premises, which it found at
Gillingham in Kent.
Before World War 2, ESAB had no representation in
France, but in 1950 ESAB finally set up a French
subsidiary. From then onward, ESAB was represented
in every European country with its own sales companies
and in many cases with its own electrode production.
Through its subsidiary in Spain and its distributor in
Portugal, ESAB made many valuable contacts in
South America after the war. In Brazil, this led to
establishment in 1953 of a subsidiary in collaboration
with the Pareto family. This company quickly became
the leading company in its sector in this huge country.
In other South-American countries, such as Argentina
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At the beginning of the 1970’s, ESAB turned its attention
to the south and east. Joint-venture agreements
involving electrode production based on the transfer
of technology were signed and ESAB set up sales
companies and established a foothold on markets
that were experiencing interesting developments. In
1972 and 1973, ESAB thus established a presence in
South Africa, Iraq, Angola, Algeria and Turkey. In the
following year, it was the turn of Singapore, together
with the Ekman trading company, and one sales
company in Iran. ESAB arrived in Australia in 1975,
establishing a sales company in Sydney. In the same
year, an additional production unit was set up in Italy,
in collaboration with the Italian company Falck.
In Eastern Europe, it was virtually impossible to establish
subsidiaries for production and sales, but ESAB
signed agreements with local producers, which meant
that ESAB’s production technology, and formulae

were nonetheless introduced. An agreement signed in
1975 with Csepel-Werke in Hungary, resulted in the
production of electrodes using ESAB’s production
equipment and formulae, and ultimately became the
first step towards ESAB establishing a presence in
Hungary.

Not only welding, but also cutting
Throughout its history, ESAB has pursued a policy of
forming partnerships with customers, to help them to
solve problems with optimum cost and performance
benefits. Welding is never an isolated process, but
normally part of a production flow where cutting
and joint preparation is as important as welding.
Salesmen, welding specialists and development staff
often encountered problems where the solution was a
combination of welding and cutting technology.
Over time it became evident that the company
needed formal involvement with cutting technology. In
1938, ESAB became a partner in the Kjellberg- Eberle
company in Frankfurt that developed and produced
oxyfuel cutting equipment. During World War 2,
production was temporarily moved to Laxå. By 1962,
the company had outgrown its facilities, and a new
factory was found in Rodheim. By 1975, it was time
for another move, this time to Karben, near Frankfurt,
where the operation remains today. The range of

cutting machines now also includes plasma, laser and
water-jet cutting equipment as well as oxy-fuel.

1980–1992 – a period of expansion
ESAB has experienced three major periods of expansion during its one-hundred-year history. However,
the one that has attracted the most attention is the
period under Bengt Eskilson’s leadership. It forms a
textbook example of how a company with an active
acquisition strategy in an industry beset by problems
can become dominant in that sector.
Bengt Eskilson took over as managing director in
1980. The situation prior to his appointment is
well documented. ESAB – and its competitors – had
accumulated substantial production resources in
Europe. However, the economic crisis of the early
1970’s and the decline of European shipbuilding
yards, traditionally one of ESAB’s largest customers,
made for difficult trading. ESAB’s management
thought this was an economic downturn and elected
to maintain production and build up inventories.
However by 1978, it had become clear that the
decline had little to do with the economy but was
instead structural.
The welding industry had too much production
capacity in general and electrode capacity in particular.

Figure 6. IIW congress in Oxford,
1951. Walter Edström was closely
involved in the foundation of the
IIW and became Chairman in 1960.
Today, Bertil Pekkari follows in his
footsteps as President of the IIW
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Moreover the production of consumables was a none
core activity for many of ESAB’s competitors. In an
attempt to maintain volumes, a price war began which
totally eroded profitability. For ESAB the situation
became increasingly critical, as welding was its sole
source of revenue and by 1980 the company was in
serious financial trouble.
In a very inspired move, instead of down sizing
its operations to attempt to evade the problem, the
company’s owners decided to focus on expansion. A
new management team in Gothenburg, led by Bengt
Eskilson, analysed ESAB’s and its competitors’
circumstances and embarked on a round of European
acquisitions.
The ESAB group issued a policy statement that ESAB
was prepared to “actively contribute to a restructuring
of the whole industry” and to help loss-making
competitors out of the business at a lower cost to
them than if they had chosen to restructure or close
on their own. This was a masterful strategy aimed at
competitors like GKN, Philips and BOC where their
welding operations were small in relation to their total
business, and therefore only of marginal interest.
Between 1981 and 1991, ESAB acquired 26 companies
in Europe and the USA and divested five. It closed a
number of its own production facilities, together with
some it had acquired, in countries including Sweden,
the UK, Denmark, Norway, Finland, France and the
Netherlands. This resolved the problem of surplus
capacity. At the same time, by taking over distribution
channels and brands, it was able to increase market
share.
Bengt Eskilson and sales director Bo Sandquist had
learnt how to maximize the benefit of multiple brands
from Electrolux, and ESAB was eventually represented
on most markets by at least two different brands.
In the United Kingdom, for example, ESAB acquired
BOC’s Murex brand, which it retained and developed,
but simultaneously amalgamated a number of other
brands under a unified ESAB identity.
Although not every investment during the period
made a profit, the company was generally able to gain
from its experience; for several years, ESAB owned a
German laser welding specialist. As ESAB technical
director, Bertil Pekkari, puts it, “The deal didn’t make
us rich, but it gave us enormous experience of a new
and exciting welding sector. We have since been able
to utilise this knowledge in many other areas”.
Happily for ESAB its rationalization program was
supported by an improving economy. Sales rose from
SEK 1.6 billion in 1980 to SEK 6.7 billion in 1990 as
the company returned to profitability. This undoubtedly
delighted ESAB’s owners, the largest of which was
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Figure 7. Bengt Eskilson,
CEO of ESAB in 1980 and
architect of the acquisition
policy that converted
ESAB into a leading
welding company.

then the investment company Incentive, controlled by
the Swedish Wallenberg Group.

World’s largest welding market – USA
Throughout the 1970’s, ESAB was the leading supplier
of welding consumables and equipment in Europe. In
South America, the company was represented by
ESAB do Brasil and there were successful distributors
in many other countries. However, it had no corporate
presence in North-America other than a joint venture
between ESAB’s German cutting machine company
(Kjellberg-Eberle) and the US company Heath
Engineering, based in Fort Collins, Colorado, in which
ESAB had acquired a large shareholding in 1976.
In the USA, sales were primarily run by distributors
and Lincoln, Hobart and Miller had well-established
dealer networks. Welding companies wanting to
establish themselves in the USA had to obtain access
to distribution through the dealer chain.
One way of doing this was to acquire established
companies, together with their distribution channels.
ESAB chose a “best of both worlds” solution. In 1972,
it opened a sales office in Detroit in collaboration with
Sandvik. Its mission was to sell parts for the heavyduty automation equipment that had been sold to US
shipyards and to introduce European semi-automatic
technology to the USA. At this point, there was a
shortage of certain types of electrodes and ESAB’s
US venture was boosted by the import of electrodes
from the company’s factories in Europe.
In 1974, the head of ESAB’s operations in the US,
sales director Lars Magnusson, made contact with
the US company Chemetron, which was interested in
divesting parts of its welding operations. The idea
was that it should take over Chemetron’s distributors
at the same time. Lars Magnusson completed the
deal the same year. However the Chemetron distributors were sceptical about both welding machines
imported from Sweden and the product programme
inherited from Chemetron. In 1978, ESAB closed
the former Chemetron plant in Charlottesville and

retreated to the cutting machine operation in Fort
Collins, Colorado.
When the company management in Gothenburg
analysed the reasons for the failure, it acknowledged
that it was impossible to succeed in the USA without
distributor backing. Moreover, the conservative US
welding market had been unimpressed by European
high-tech in the form of inverter power sources and
so on. If the company wanted to succeed, it realized
that it would be obliged to buy existing market share
as it would otherwise have no chance of gaining the
confidence of either customers or distributors.
It was 1984 before ESAB’s management found an
opportunity to establish a new bridgehead in the USA.
Airco had much the same profile as ESAB but
had been struggling with declining market share and
profitability for some time. A take over was agreed
and took place in 1984. ESAB’s welding operations
were then concentrated in Chicago.
Though Airco brought a great deal of market and
product related expertise, success in the US market
eluded ESAB. This time however, Lars Westerberg,
ESAB’s senior manager responsible for US operations
took the view that because Airco alone was too small
a player, ESAB’s problems could best be solved
by finding other companies that would compliment
those that ESAB already had. One such company was
L-Tec, previously known as Linde, which had been
part of Union Carbide.
ESAB started “courting” L-Tec in 1987, but it took two
years for L-Tec’s management to agree to a take over.
By this time, however, ESAB had developed a more
aggressive strategy for the US market. It had decided
that a merger between L-Tec and Airco would
be insufficient to make ESAB a major force in the
North American market. L-Tec had good machines,
but there was an obvious gap when it came to its
consumables programme. Fortunately other companies
were available for acquisition in the USA. Alloy Rods
was a highly reputable consumables company offering
exactly the products that L-Tec lacked. So ESAB
sought to acquire both L-Tec and Alloy Rods.
The simultaneous acquisition of the two companies was
a major coup. Surprised competitors had to accept that
ESAB had arrived on the US market and was there to
stay. Almost overnight ESAB became the second
largest welding systems supplier in the USA; it went
on to acquire AlcoTec in 1998, adding products for aluminium welding and a further tier of process knowledge.
Importantly the new ESAB strategy for North America
worked. ESAB remains a force in the market and is
now an established supplier both to direct customers
and via distributors. Its US operation is devolved

among centres in Florence, Hannover, Traverse City
and Ashtabula and all of the acquired brands have
been merged under the ESAB name.

1990–1995 – expansion to the east
Following the collapse of the Soviet empire in 1991,
the rules that had prevented ESAB from setting up its
own production in countries such as Hungary, the
Czech Republic and Poland, were amended and
foreign investment was welcomed. Bengt Eskilson
and Lars Westerberg presented the ESAB board with
a plan to acquire major production facilities in Poland,
Hungary and Czech Republic. The board was reluctant,
but Eskilson explained that this was more a question
of self-preservation. The cost of producing welding
consumables in the former Eastern Bloc countries
was much lower than in Western Europe and unregulated export from Poland, Hungary and Czech Republic
could undermine the profitability of consumables in
Western Europe. The board accepted the plan, and
ESAB started a new round of company acquisitions. The
value of having supplied production equipment and formulas to licensees in the former Eastern Bloc also
became clear. When ESAB came to Csepel’s plant in
Mor in Hungary, it was like coming home.
With the continuing support of Lars Westerberg,
who became ESAB’s managing director in 1991, the
management team for the consumables business
area, under Anders Backman and Torsten Körsell,
managed to outflank their competitors by rapidly
purchasing production capacity. ESAB simultaneously
captured a large part of the domestic market and the
distribution channels. Torsten Körsell ensured that
the quality of the products was comparable to that
produced in Western Europe. As a result customers
in France, Spain and Germany were soon being
supplied from Hungary and the Czech Republic,
enabling local production to be terminated. This
process was meticulously planned and ESAB could
therefore ensure that quality and service were
unchanged.

1994 - 2004 – consolidation
A new phase in ESAB’s history began in 1994, when
ESAB was acquired by the British industrial group,
Charter Plc. Strategic acquisitions continued, but
this was also the beginning of a period of market
consolidation, where further organic growth could be
achieved within the global markets where ESAB had
built a strong presence.
The “expansion to the east phase” continued, with the
purchase of Poland’s leading equipment manufacturer,
OZAS, based in Opole. Soon afterwards, ESAB fully
acquired the Polish consumables manufacturer,
Electrody Baildon, in which ESAB had previously
held a minority interest, and similarly FERSAB, a
manufacturer of agglomerated fluxes. Poland thereSvetsaren no. 1 • 2004 •
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fore became one of the most important European markets for ESAB. At the same time, ESAB established a
sales company in Moscow, followed by the first
Russian electrode production unit, a joint venture
based in St Petersburg.

disseminate information on, and provide practical
assistance in the use of ESAB's technology, products
and services to new markets. It is thanks to all these
men and women that ESAB is able, in 2004, to call
itself a world leader in welding.

In South America, CONARCO became part of the
ESAB family, adding significantly to ESAB’s position
in Argentina.

This article has been written with the assistance of
Bengt Eskilson, Lars Westerberg, Anders Backman,
Anders Andersson, Curt Karlsson, Klaus Blome, Jerry
Uttrachi and Bertil Pekkari. However, the most important contribution has been made by Eva Persson, who
is responsible for ESAB’s historical archive. Without
Eva, this résumé could never have been written. I
would like to extend my sincere thanks to everyone
involved!

In 1998, Alcotec, the global leader in aluminium
welding wires based in Traverse City, USA was
acquired, a very important milestone.
In parallel with these activities ESAB has continued to
grow its operations throughout the Middle East,
based on its regional centre in Dubai and, of course,
throughout Asia, and in particular China, currently the
most rapidly expanding welding market in the world.
Thus it is that ESAB continues along the route mapped
by its founders a hundred years ago. Wherever there
is a requirement for welding technology, ESAB is to be
found, whilst the advent of the world-wide web has
made access to detailed information more straightforward then ever.
Nevertheless, we should acknowledge all the ESAB
employees who have travelled around the globe to
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Bo Sörensson was employed as product manager for
handwelding power sources in 1972. He was involved in
ESAB’s US venture in 1975. After a short period with
another company, Bo returned in 1986 to lead ESAB’s
large-scale programme for the training of sales staff. Since
1993, he has been focusing on information technology and,
between 1997 and 2002, he was responsible for ESAB’s IT
operations in Europe. He has now retired from ESAB and
works as a consultant in the field of Information
Technology.
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An Unusual Assignment
By: Nils Åsander

The Elektra II
Nils Åsander, an ESAB welding instructor who retired in
1982 takes us back to 1914. His father Ragnar Åsander
travelled by sleigh into Russia to repair a saw mill using
Oscar Kjellberg’s brand new welding method under very
primitive conditions.

Stoker needed.
The “Elektriska Svetsningsaktiebolaget i Stockholm”
(ESABIS) was set up during the 1900’s as a licensee
for Oscar Kjellberg’s patent welding method using
thin-coated electrodes. Eventually the company opened
a branch office in Sundsvall comprising the Elektra II,
a workshop boat carrying equipment including a direct
current welding generator.This provided the mobility
needed to perform welding work at sawmills, factories
and merchant vessels in the Sundsvall area.
In 1909, a stoker was needed on the boat and Ragnar
Åsander, then just 18 years old, was given the job. He
was born in 1891, the year the Russian Nicolaj Slavjanov
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(1854-1897) obtained a patent for metal arc welding
using uncovered electrodes.

Welding training offered
Soon after joining the company, the office in Sundsvall
had received so many inquiries about welding work that it
decided to recruit another welder. Ragnar was offered the
chance to train for the job. He was suited to the task, as he
was good at handiwork and was a trained woodworker.
He was also teetotal; this made welder training more
straightforward, as Oscar Kjellberg did not allow people
to have a beer in conjunction with welding! He accepted
and was sent to headquarters in Stockholm. Once training
was completed, he returned to Sundsvall and executed
numerous welding assignments in southern Norrland but
none quite like his Russian assignment in 1914.

An unusual assignment
At the beginning of the 20th century, an Anglo- Swedish
sawmill consortium had been set up with its registered
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office was in Sundsvall, under the management of a
lawyer named Berggren. It built a large sawmill at a
place called Kovda on the south-west coast of the Kola
Peninsula, just above the Arctic Circle. It was a large mill,
with six saw gates. However, at the 1913/1914 year-end,
one of these gates broke.

1914

arrival it turned out that the sawmill building had burnt
down the day before.The photograph shows the six
saw gates, with an arrow indicating the broken gate.
However, the building was quickly repaired and during
this time, Ragnar repaired the saw gate.

The welding procedure
As the company had originated in Sundsvall, its management was aware of the ESABIS company and its capability
to perform welded repairs.An enquiry was made as to
whether that company could send someone to Kovda to
weld the saw gate together and Ragnar was assigned to
the job.

As with most early 20th Century technology, by current
standards there was a major manual element to early
electric welding practice. Moreover the inherent dangers
of working with high current electricity explain Oscar
Kjellberg’s insistence on sobriety among his welding
technicians.

Journey to the White Sea

Ready-prepared consumables and portable power
supply equipment were not dreamt of. Instead, Ragnar’s
luggage included bundles of core wire and bags of
coating powder. His first task involved mixing the
powder to the right consistency to enable the core wire
to be dipped to make the electrodes. For horizontal
welding, he dipped the wire once, whereas he dipped it
twice for vertical and overhead welding. He then pegged
the wires onto a washing line in the machine shop and
left them to dry.

By present-day standards it was an epic journey, undertaken in mid-winter. On 16 January 1914, he began his
journey by rail to Karungi. He then took a sleigh to
Torneå, followed by another train to Uleåborg.When he
reached Haparanda, he discovered that he had forgotten
his passport and was obliged to spend several days at
the hotel there until the post from Sundsvall arrived.
From Uleåborg, his journey continued via the border
station at Kusamo across northern Finland using sleighs
owned by various inns. He crossed into Russia at
Nissajärvi. Progress was slow – at a speed of about 10
kilometres an hour - and there were 30 to 40 kilometres
between inns where the horses were changed,
sometimes with a long wait.

The next thing needed was welding current. Fortunately,
the sawmill had a 220 V direct-current generator powered
by a steam turbine to produce electricity for the mill.
The welding cables had to be connected directly to
this generator but it was then necessary to regulate the
current to the appropriate values.

The journey highlighted the cultural differences of
the time.While in Finland, he slept in beds, whereas in
Russia he was obliged to sleep on the floor on skin rugs.
Meals were ‘difficult’ in Russia, as everyone ate with their
fingers from the same bowl. He was unimpressed by this
and often he went out to the sleigh and ate a piece of
American bacon he had purchased in Finland, together
with some crispbread.

To do this, Ragnar used baths of water, as shown in the
diagram. Bath A was used for rough adjustments, while
precision adjustments were made using bath B.An
ammeter was connected across the plates in bath B and
an assistant adjusted the distance between the plates
until the ammeter showed a pre-determined value for
the electrode diameter in question. Rough adjustments
were made by throwing salt into bath A, if a higher

Neither was the journey without risk.To travel by horsedrawn sleigh, every traveler needed a revolver to protect
himself from wolves. Ragnar had what was known as a
barrel revolver, but happily he never needed to use it.
Overall the journey to Kovda took eight days, but on

A

B
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A

²
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+

Regulation of the welding current by means of water baths.
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The sawmill building. The arrow indicates the broken gate.

current was needed. For reduced current, water was let
out and fresh water was added. Bath C provided the load
resistance to ensure that the load on the generator was
uniform when no welding was in progress.The contact
(K) had been brought from Sundsvall, together with the
electrode holder (H).
When joint preparation and re-alignment of the gate had
been completed, welding work could begin. As no one
was able to provide an analysis of the steel in the gate,
Ragnar chose to pre-heat the joint area. He did this using
two large blowlamps held by Russian workers! In view
of the high voltage, it was necessary for them to have
dry hands and feet!
At that time, welding was done with the left hand in
order to be able to take hold of the welding hammer
quickly. Its peen was in line with the handle to enable
it to enter a V-joint and stretch the weld, which was
performed in short sections.
Through an interpreter, Ragnar warned onlookers not
to look into the arc, but, after the first day of welding, a
number of people visited the village doctor. He did not
understand what had happened to people who arrived
with red eyes and were more or less blind. Eventually he
suspected that it could have something to do with the
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welding and went to see Ragnar. He was then told about
"welding flash" and the ‘arc-eye’ condition it causes.
When the gate repair was successfully completed, the
mill management discovered a number of other tasks.
Ragnar was asked to weld and repair some corrosion in
the bottom of the walling boiler - he carefully removed
all the boiler scale so that the clean metal could once
again be seen. He was then given the task of welding
gears to the bottom of the boiler on two tugboats.

All’s well that ends well
The journey home was a repeat of the journey there and
Ragnar arrived back in Sundsvall on 16 February, one
month after he had left.The fate of the sawmill was to
be taken over by the Bolsheviks when the Russian
Revolution began in October 1917. In the same week,
Ragnar had a son.The son grew up and, at the age of 15,
he started learning the basics of welding from his father.
I remained a welder for the rest of my working life. After
50 years in the business I retired in 1982 as the head of
Swedish ESAB AB’s eastern region. I still have the last
welding hammer used by my father.
Adapted from an original account by Nils Åsander, first
published May 2001.

Volvo Wheel Loaders and ESAB.
A long relationship and a shared history.
By Lars-Erik Stridh, ESAB, Gothenburg & Hans Broström, Volvo Wheel Loaders, Arvika Plant.

Oscar Kjellberg was born close to the site of what is now the Volvo Wheel Loader
factory in Arvika, Sweden. His ideas were to influence and benefit the plant
following its adoption of electric arc welding. Strong ties between Volvo and
ESAB are symbolised by the Oscar Kjellberg Museum in Arvika, founded by Volvo
Wheel Loader’s Plant Manager, Göran Bergdahl. Today, Arvika is sometimes
known as, the Town of King Oscar II.

Figure 1: Volvo Wheel Loader, Arvika Plant, Sweden. Oscar Kjellberg was born nearby.

Volvo’s plant in Arvika (population 20,000) is one of the
largest and most modern production centers for wheel
loaders in the world. Founded as Avikaverken by Per
Andersson in 1885, it produced farm machinery that
was exported all over the world. Volvo BM acquired the
company in 1960 and subsequently began production
of earth moving equipment.
Near to the plant is the small village of Ryfalla where
Oscar Kjellberg was born in 1870. Later, the family
moved to Hagenet, the farm where Oscar grew up. In
1886, he left the area and in 1904 established ESAB,
based on his invention of the coated electrode.

Figure 2. Left: Ryfalla, where Oscar was born, in 1870.
Right: Hagenet, the farm where Oscar grew up.
Svetsaren no. 1 • 2004 •
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Figure 3. The Imbert producer-air unit,
welded using ESAB equipment and
consumables.

Figure 4. A potatoo picking machine,
welded using ESAB products.

During the first half of the 20th century, while ESAB
was becoming a major European welding company,
Avikaverken, was established as a world leading
producer of farming equipment and tools. In addition
to a mechanical workshop, an assembly shop and
a foundry, the company had its own sawmill
for production of wooden shafts for horse drawn
equipment. At its peak, it employed around 1,200
workers, and all of the families in Arvika were somehow
connected with Arvikaverken.
Oscar Kjellberg never returned to Arvika, but ESAB
welding technology came into use at Arvikaverken in
the 1940’s. This late introduction of arc welding was
connected with the design of farming equipment,
which was often made from steel and wood. Farmers
found them fairly easy to repair and, of course, they
were not familiar with welding. During World War 2, due
to fuel shortages, Arvikaverken started to fabricate
Imbert producer-gas generators for cars, buses, lorries
and tractors. These units were the company’s first
welded products.
However, once electric arc welding technology
was implemented, development of new farming
machinery accelerated. Equipment that had been bolted
and riveted, was re-designed - with the help of welding
experts from ESAB - to enable flexible production.
New welded products included mowers, harvesting
machines and tractors.
Innovation and high productivity were, and still are the
hallmarks of the company. Introduction of high recovery
electrodes for example resulted in simplified and more
efficient manual production welding.
Volvo BM was established in 1950, after Bolinder
Munktell, based in Eskilstuna, was acquired by Volvo.
A decade later Volvo BM took over Arvikaverken. A
year later, the assembly plant in Arvika burned down,
but it was rebuilt and a new era of new product
development commenced utilizing new welding

30 • Svetsaren no. 1 • 2004

Figure 5. The BT 267 harvesting machine
and a Bolinder Munktell tractor.

techniques. New products included tracked vehicles
and ammunition transporters for the army, and road
graders. With these came more productive welding
processes such as GMAW and SAW.
Later, automated production began to follow the
development of wheel loaders and a closer relationship
developed with ESAB. It was extremely important for
both companies to share production and welding
knowledge, so a partnership formed with ESAB for
training, process development and implementation of
new welding techniques.
In the mid-1980’s, for example, introduction of cored
wires, involved the qualification of welders and
implementation of the FCAW process in production.
Volvo BM was actually the first workshop in Sweden to
use all-position rutile cored wires. At this time, it still
relied on manual welding by work teams that built
complete frames and were responsible for quality.
A new era dawned with installation of the factory’s
first welding robot in 1982. Together with ESAB,
tests with metal-cored wires were conducted, and
the use of welding robots gradually increased.
In 1985, Volvo sold 50% of Volvo BM shares to
Clark Equipment in the USA, and Volvo Michigan
Euclid (VME) was formed. Under pressure from
the Americans, solid wires were re-introduced
into production, leading to development of high
productivity methods of solid wire welding. One of the
first Tandem MAG installations was installed at Arvika.
American involvement lasted for 10 years after which
Volvo bought back the shares. Subsequently, Volvo
Construction Equipment (Volvo CE) was formed.
Today metal cored wires are back in production with
the Tandem MAG process, used in combination with
solid wires, providing quality advantages. With the
increasing number of robot lines, programming times
became increasingly important to maintain the
company’s competitive edge.

“Off line programming” was adopted and, today,
Volvo’s Arvika workshop is a leader in this field - with
extremely short programming times. ESAB played a key
role in providing welding parameters and productivity
data for the consumables in the robot lines. The ability
to simulate the movements of the welding torch and
welding speeds, in order to calculate cycle times, is
vital and is used to calculate line capacity, before and
after the welding station. Simulation of the whole robot
station, including fixtures and access, are other advantages of the OLP technique.

In 2000, Volvo Wheel Loader’s plant manager, Göran
Bergdahl, received the Kjellberg medal (Fig. 7) for his
exceptional contribution to the museum.

Today, ESAB and Volvo in Arvika, exchange information
based on mutual trust, and co-operate in development
projects. Volvo Wheel Loaders has around 1000
employees and produces some 5.000 wheel loaders a
year for worldwide distribution. Within Volvo, the Arvika
site is a pilot plant, responsible for wheel loader development and employing the most modern welding technology - whose roots are directly traceable to Oscar
Kjellberg’s early experiments.
In 1996, Volvo Wheel Loaders and ESAB opened the
Oscar Kjellberg Welding Museum as a tribute to the
co-operation between the two companies and the fact
that Oscar Kjellberg was born close to the Arvika factory. The Visitor Center receives some 3500 visitors a
year, from all over the world. ESAB management and
some 3000 employees attended the museum’s opening.
A surprise event was the appearance of the ESAB IV that
had steamed up from Gothenburg to Arvika.
The County Governor of Värmland, Ingemar Eliasson,
inaugurated the museum, and Mrs. Nonnie Welin,
Oscar Kjellberg’s daughter, also attended.

Figure 7. Göran Bergdahl (left) receives the Kjellberg medal
presented by Dr. Nils Stenbacka of AGA and also vice
chairman of the Swedish Welding Commission.

About the authors

Figure 6. Opening of the Oscar Kjellberg museum.
The ESAB IV had steamed up to Arvika.
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A History of Welding
By Klas Weman, ESAB Welding Equipment AB, Laxå, Sweden.

This article examines the history of arc welding, which was invented
towards the end of the 19th century. ESAB has been associated with its
development almost from the beginning, as Oscar Kjellberg formed the
company to exploit his invention of the coated electrode.

Prior to the 1880’s, welding was only carried out in the
blacksmith's forge. From then onward the march of
industrialisation and two world wars, have influenced
the rapid rate of development of modern welding. The
basic welding methods - resistance welding, gas
welding and arc welding - were all invented before
World War One. However during the early 1900’s gas
welding and cutting were dominant for manufacturing
and repair work and it was some years before electric
welding gained similar acceptance.

Resistance welding
The first instance of resistance welding dates back to
1856, when James Joule, the man behind the Joule
heating principle, managed to fuse and weld a bundle
of copper wires by electric resistance heating.
The first resistance welding machines were used for
butt welding. Elihu Thomson, in the USA, made the
first welding transformer in 1886 and patented the
process the following year. His transformer produced
an output of 2000A at 2V open circuit voltage.
Thomson later developed machines for spot welding,
seam welding, projection welding and flash butt welding.
Spot welding later became the most common method
of resistance welding and is, today, extensively used
in the automotive industry and many other sheet
metal applications.
The first robots for resistance spot welding were
delivered by Unimation to General Motors in 1964.

Figure 1. Thomsons resistance welding transformer.

for illumination, and this soon became the main use of
acetylene. However, many big explosions occurred
when the gas was transported and used. It was found
that acetone could dissolve large quantities of acetylene,
especially if the pressure was increased. In 1896, Le
Chatelier developed a safe way of storing acetylene
using acetone and a porous stone inside the cylinders.
Many other countries made use of this French invention
to store acetylene, but still some explosions were
reported during transportation. The Swede Gustaf
Dahlén of AGA changed the composition of the porous
content and managed to get it 100 % safe.

Arc welding
Gas welding
Gas welding with an oxyacetylene flame was developed
in France at the end of 19th century. The first torch suitable
for welding was made by Edmund Fouche and Charles
Picard, around the year 1900. The flame proved to be
extremely hot - above 3100°C - and the torch subsequently became the most important tool for the welding
and cutting of steel.
Acetylene gas had been discovered much earlier when
Edmund Davy, in England, found that a flammable gas
was produced when carbide was decomposed in
water. The gas, when burned, proved to be excellent
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In 1810, Sir Humphrey Davy created a stable electric
arc between two terminals - the basis for what is now
known as arc welding. At ‘The First World Electrical
Exhibition’ in Paris in 1881, the Russian, Nikolai
Benardos, presented a method for arc welding in
which he stroke an arc between a carbon electrode
and the workpiece (Figure 2). A filler metal rod or wire
could be fed into the arc or molten pool. He was, at
that time, a pupil at the French Cabot Laboratory and,
together with his friend Stanislav Olszewski, managed
to get a patent in several countries in 1885–1887. The
patent showed an early electrode holder, see Figure 2.
Carbon arc welding increased in popularity towards the

process with a continuous wire. The most successful
invention was submerged arc welding (SAW) where the
arc is "submerged" in a blanket of granular fusible flux.

Figure 2. Benardos’ method for welding
with a carbon electrode.

end of the 19th century and into the first years of the
20th century.
A compatriot of Benardos, Nicolai Slavianoff, further
developed the method and, in 1890, gained a patent
for the use of a metal rod as the electrode instead of
carbon. The electrode melted and thus worked both
as heat source and filler metal.
However, the weld was not protected from air and
subsequent quality problems were experienced. The
Swede, Oscar Kjellberg, when using the method for
the repair of steam boilers on ships, noticed that the
weld metal was full of pores and small openings that
made it impossible to get a watertight weld. Trying to
improve the method, he invented the coated electrode
which he patented on June 29th, 1907 (Swedish patent
number 27152). The improved quality produced a
breakthrough in electric welding as it could now also
be used for industrial applications. The Electric
Welding Company (ESAB, from its Swedish initials)
had been founded on September 12th, 1904, as a ship
repair company.
Later, in the 1930’s, new methods were developed.
Until then, all metal-arc welding had been carried out
manually. Attempts were made to automate the

Figure 3. An illustration from Oscar Kjellberg’s Swedish
patent of 1907 showing the use of a covered electrode.

Arc welding in a shielding gas atmosphere was patented
as early as 1890, by C. L. Coffin. During the Second
World War, however, the aircraft industry needed a
method for welding magnesium and aluminium. In
1940, in the USA, intense experimentation took place
to shield the arc by inert gases. By using a tungsten
electrode, the arc could be struck without melting
the electrode, which made it possible to weld with or
without filler material. The method is now called TIG
welding (Tungsten Inert Gas).
Some years later, the MIG welding process (Metal
Inert Gas) was developed using a continuously fed
metal wire as the electrode. Initially, the shielding
gases were the inert gases helium or argon.
Lyubavskii and Novoshilov successfully tried to use
CO2 as it was more easily obtainable (MAG welding).
Using the "dip transfer" method, they reduced some
problems caused by the intense generation of spatter.
By then, the majority of the welding processes we use
today had been invented. These were later followed
by other methods such as laser beam welding and
friction stir welding, both developed by the Welding
Institute in England (Table1).

Welding power sources
One of the reasons why electric welding was not
introduced before the end of the 19th century, could be
the lack of suitable power sources. At the end of the
18th century, the Italians, Volta and Galvani, managed
to produce electric current with galvanic elements.
An important development was Michael Faraday’s
founding of the principles for the transformer and
generator, in 1831.
The first welding experiments were carried out with
various types of solutions for the supply of the welding
current.
• Sir Humphrey Davy used a battery as power source
for the first arc experiments, in 1801.
• Benardos used a 22 hp steam-engine to drive a DC
generator and 150 batteries to produce the electricity for his carbon arc welding. The total weight
of just the batteries was 2400 kg.
• Thomson used a transformer when he developed
machines for resistance welding.
• Oscar Kjellberg used the mains 110 V DC voltage and
reduced the current to a suitable level by letting the
current pass through a barrel filled with salt water.
AEG in Germany produced a welding generator in
1905. It was driven by a three phase asynchronous
motor and had suitable characteristics for welding. It
weighed 1000 kg and developed 250 A.
DC current was normal for arc welding until the 1920’s.
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The development of stick electrodes made it possible
to use AC current. The welding transformer soon
became popular, as it was less expensive and had
lower energy consumption.

could be improved beyond what had previously been
possible. New materials and combinations of dissimilar
metals could be welded. The very narrow beam made
it necessary to use mechanised equipment.

At the end of the 1950’s, static welding rectifiers
were produced. Initially, selenium rectifiers were used,
followed soon afterwards by silicone rectifiers. Later,
thyristor rectifiers made it possible to control the
welding current, electronically. These are now commonly
used, particularly for larger welding power sources.

Robots have been used for resistance welding since
1964. Arc welding robots appeared about 10 years
later. Electric robots could then be designed with the
high accuracy required to satisfy the demands of MIG
welding. Originally, the robots were programmed with
the same welding data used by manual welders.

The most dramatic development in power sources
was the welding inverter. ESAB’s first prototype
inverter was built in 1970, but inverters did not come
into industrial use, generally, before 1977. In 1984,
ESAB introduced the 140 A "Caddy" inverter, having
a weight of just 8 kg.

Many attempts have been made to increase the
productivity of the MIG process. The Canadian, John
Church, used extremely fast wire feed speeds and a
4-component shielding gas. With similar processes, it
has been possible to double the welding speed, still
using normal welding equipment.

Advanced welding processes

The method of using two wires in the same weld pool
– tandem or twin welding – has shown to be still more
productive. The latest high productivity method is
hybrid welding - where two different processes
are combined. Most promising is, perhaps, laser-MIG
hybrid welding where very high speed and high
penetration are achieved.

When Plasma welding was introduced, it proved to be
a much more concentrated and hotter energy source,
making it possible to increase welding speed and
decrease heat input. Similar advantages applied
when laser and electron beam welding were
introduced during the 1960’s. Quality and tolerances

Welding process

Abbreviation

Resistance welding

Inventor

Year

Elihu Thomson

1886–1900

Institute

Country

Thomson Electric

USA

Welding
Oxyacetylene Welding

OAW

Edmund Fouche

1900

France

Charles Picard
Thermit welding

TW

Goldschmidt

1900

Manual metal arc welding

MMA, SMAW

Oscar Kjellberg

1907

Goldschmidt AG

Germany

Elektriska Svetsnings-

Sweden

aktiebolaget (ESAB)
Electroslag welding

Plasma welding
Gas tungsten arc welding

ESW

PAW
TIG, GTAW

N. Benardos

1908

Russia

R.K. Hopkins

1940

USA

1950

Paton Welding Institute

UkrSSR

Schonner

1909

BASF

Germany

R.M. Gage

1953

USA

C.L. Coffin

1920

USA

H.M. Hobart and

1941

USA

P.K. Devers
Flux cored wire

FCAW

Stoody

Stud welding
Gas metal arc welding,

1926
1930

MIG, GMAW

(Inert gas)

1930

Airco and Battelle

P.K. Devers

1948

Memorial Institute

USA

National Tube Co.

USA

SAW

Robinoff

1930

Gas metal arc

MAG, GMAW

Lyubavskii and

1953

USSR

Novoshilov

Laser cutting

Peter Houldcroft

1966

Laser welding

LBW

Martin Adams

1970

Friction stir welding

FSW

Wayne Thomas

1991

et al

Table 1. The development of welding processes.
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USA

H. M. Hobart and

Submerged arc welding
welding, CO2

USA
New York Navy Yard

BWRA (TWI)

England
England

TWI

England

Mechanised welding opened up new applications.
Narrow gap welding saved time and consumables,
and reduced the distortion in the welding of heavy
sections. Initially, the MIG process was used, but later
also SAW and TIG. Around 1980, ESAB delivered
heavy SAW Narrow gap welding equipment to
Volgadonsk in the former Soviet Union.
Friction stir welding was patented in 1992 by TWI. The
method works very well for aluminium. It can be joined
without melting and produces a very high quality joint.
The process does not use consumables and has low
energy consumption. Another benefit is low
environmental impact. The process is so simple and
effective that it must be considered to be one of the
20th century’s most remarkable welding innovations.

Future trends
Some general trends in welding are very obvious:
the continuing aim for increased productivity; further
mechanisation; and the ongoing search for more effective
welding processes. Constructions with reduced weight
are achieved by means of new designs and the
increased use of high strength steel and aluminium
alloys. A visit to a welding exhibition shows clearly that
the development of electronic components, computer
technology and digital communication influences
the development of the welding equipment. New
processes such as hybrid laser MIG and FSW have
been introduced, but the traditional TIG, MIG and SAW
methods will, no doubt, continue to dominate.
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Dipping of electrodes

From Bare Rod to Big-time – Uncovering
the Story of the Coated Electrode
By Johan Elvander, ESAB, Gothenburg, Sweden.

Welding has a long and fascinating history: it is first
mentioned in Genesis, chapter IV, where the blacksmith
Tubal-Kain used welding in his forge. For centuries
afterwards this was the principal method available.
However, in 1885, the Russian Benardos used a
carbon electrode to generate an electric arc and fed a
metallic rod into the molten puddle to make a weld
deposit.
Arc welding was born, but short electrode life, poor
weld quality due to oxidation and nitrogen pick-up, and
risk of hardening by the excessive carbon pick-up of
the weld limited its usefulness.
About five years later Slavianoff, used a bare metal rod
to combine the arc generator with the filler metal but
failed to solve the fundamental problem with oxygen
and nitrogen entering the weld pool - so weld metal
quality remained poor.
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The break-through came with Kjellberg's invention of
the coated electrode. This development also solved
the problem of overhead welding, making it possible
to weld in confined spaces where the workpiece
could not be moved or rotated – for example the
steam boiler in a ship. As with all new technologies,
care and understanding were needed, so Kjellberg
wrote the following: ”The work must be conducted with
the highest possible care and the worker must under
no circumstances consume alcohol, wine or beer
before or during work. A worker is incapable of
performing a good job after as little as half a bottle of
beer; the light radiation seems, together with a very
modest quantity of alcohol, to have the most
paralysing effect on him.”
As with many emerging technologies, the development of coated stick electrodes took many different
paths, traces of which remain apparent today.

1910-1920

1930-39

From 1910 to 1920, dipped electrodes came into use
in Europe through licensing agreements with ESAB.
Although considered “thick-coated”, they had quite a
porous coating and produced little slag. The welding
technique with these electrodes required both hands:
the left hand controlling the electrode; and the right
hand using a hammer to forge porosity out of
the weld. Oscar Kjellberg wrote that a sound weld is
characterised by its regular fish-scale pattern, derived
from the hammering!

In the 1930’s, extrusion started to replace dipping as
a production method, although dipped electrodes
remained in use for some time. Technology shifts
seldom happen overnight. Coating developments led
to the “balanced” oxidizing coating being introduced.
Metals are added to the coating to compensate for
the burn-off. In ESAB’s range, examples include OK
48, a wound extruded electrode from England; OK 40,
a thin coated type, OK 42P with oxidizing coating and
OK 52P. OK 52P was extruded as the “P” indicates.
Moreover it was a thick-coated electrode of the
modern type, i.e. leaving a fair amount of slag, and
was categorized as a “quality electrode”. The coating
was “neutral” as it did not alter the core wire analysis
to the same degree as other coating types.

Meanwhile in England, another method of coating the
wire rod was invented - by winding asbestos thread
around the core wire. The advantage over dipped
electrodes was that the weld pool was visible to the
welder and the electrodes were more concentric.
Pressing a paste between the asbestos threads
further developed the “wound” electrode, and this is
how the “extruded” electrode originated.
During the same period, in the United States, R.S.
Smith introduced a paper-coated electrode that
offered gas protection to the weld pool and reduced
nitrogen levels. Lincoln Electric further developed this
paper coating and the extruded cellulose electrode
was born. Both this type and the wound electrode
were thin-coated with little slag and enabled the
welder to see the weld pool.
Thin-coated electrodes became popular in England
and the United States while, in the rest of Europe
mineral coating was preferred. Traces of these preferences are still seen today.
To overcome the drawbacks of the thick-coated,
dipped electrode with its porous coating, numerous
dipping formulae were investigated. It was important
to find a mixture that provided an equivalent amount
of slag in relation to the coating. This eventually
resulted in the refining or oxidizing coating.
The following weld metal composition was obtained
by Oscar Kjellberg in 1909. Not too impressive against
today’s standards, but the weld metal produced joints
that met the purpose.
%C

0.06

%Si

0.06

%Mn

%P

%S

0.1

0.05

0.03

Oxygen and nitrogen were identified early as being
detrimental to weld metal properties. Tests made in
the early 1930’s revealed the following levels in weld
metals produced by bare wire, thin coated and thickcoated electrodes, respectively:

Oxygen
Nitrogen

Bare wire

Thin coated

Thick coated

1600 ppm
1300 ppm

1000 ppm
1000 ppm

700 ppm
300-400 ppm

This period also saw the introduction of two stainless
electrodes, OK R3 and OK R7, as well as two hardfacing
types. In 1939, OK 47 was introduced, having the same
coating type as OK 52P but with lower weld metal
strength. OK 47 was produced both as a dipped and
extruded electrode (OK 47P).
A number of these electrodes were, even then, approved
by Lloyds Register, Bureau Veritas and Norske Veritas.
On the metallurgical side of welding, the phenomenon
of fish-eyes was studied. At ESAB, Elis Helin
conducted a series of investigations to try to understand the effect. He concluded that hydrogen causes
the fish-eyes, but that it only plays a role in the testing
of the weld metal, and only at loads above the yield
point. He also observed that heat-treating at 125-375ºC
for 48 hours can cure fish-eyes. The observations were
correct though, today, not everyone may agree with the
conclusions! Nevertheless he highlighted the hydrogen
problem and work in this field has been ongoing since
then. In 1941, Elis Helin was awarded the Kjellberg
gold medal by the Royal Swedish Academy of
Engineering Sciences for his important contribution to
the science of welding metallurgy.

1940-49
During the war years, with scarcity of raw materials,
ESAB introduced OK 44P, a cellulose electrode. This
type of electrode was extensively used in the UK and
the US, but required a different welding technique and
never really took off in the Scandinavian countries,
being a “basic” region by tradition.
The forties, nevertheless, saw some interesting
developments and in 1946, OK Rapid was introduced.
This is a deep penetration electrode for welding
I-joints with an arc voltage of 60V (!) and requiring
heavy duty power sources. OK 90P was launched in
1943. This Cr-Mo high strength type was used by
SAAB to weld the landing gear on a number of aircraft.
Electrode weldability is always a major consideration
Svetsaren no. 1 • 2004 •
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for development engineers and the words of Elis
Helin, in 1942, still hold true:
“The best welding properties will only give ordinary
weld metal, while superior weld metal will sacrifice
welding properties”.
Having said this, ESAB introduced OK 50P, the first acid
type, trying to combine the mechanical properties of the
basic OK 48P with the good weldability of the 47P.
In 1945, an important development was made by
P. C. van der Willigen, working for Philips in the
Netherlands. He added large amounts of iron powder
to rutile and acid electrodes to increase productivity.
The high recovery electrode was born.
Welding automation as we know it today, was not
available in the forties, though efforts were made to
mechanise stick electrode welding. At ESAB, in
Denmark, K. K. Hansen developed a mechanical
system for electrodes, which offered continuous
welding. As the first electrode melted to its stub end,
it ignited the second electrode “waiting” behind the
first, some distance down the joint to be welded. At
this moment, the welder moved the holder of the first
electrode, reloaded and placed it behind the second
electrode, now welding. The reloaded electrode
would then ignite; the welder changes again and
so on! The electrodes were 600mm long and up to
16mm diameter. Today, gravity welding is still in use,
with a less complicated set-up, but still using large
diameters and 600 or 700 mm long electrodes.
Innovation from ESAB’s German factory in Finsterwalde
took the form of an electrode with two separate core
wires in the same coating. The electrode had a high
welding speed but, for obvious reasons, was too
complicated to produce. Today, we find the same
concept in twin-MAG.

The now well established OK 48P, for use with DC+,
was joined by OK 48PV, for AC welding. OK 48PV was
packed in cardboard with a plastic wrapping for
improved moisture protection. An article about
OK 48PV, indicated that moisture protection of basic
electrodes is important - and that the plastic wrapping
is not intended for rain protection of the welders
bicycle saddles!
In 1957, OK Unitrode (OK 48P produced by ESAB,
England), is used for the welding of heat exchangers
for the nuclear power station at Calder Hall. ESAB
by now had a range of about 13 stainless steel
electrodes, rutile and basic.
In 1956, the stainless electrode OK R303 was introduced. It had a mild steel core wire with all the alloying
through the coating, a “synthetic” electrode. The price
for the R303 was 5 Euro cent per piece compared to
4 Euro cent per piece for the ordinary type. Higher
current carrying capacity of the R303 gave increased
welding speed and reduced weld cost by 30-50%.
In 1952, ESAB introduced OK Spiral, a continuous
covered electrode. The format was a solid core wire
with a flexible coating paste and a cross winding of
steel threads onto the coating. The electrode was
spooled onto 25kg reels and the cross-wound steel
threads served as contact points for the current pick-up.
The diameter range was 5-7mm and the coating paste
basic. Care had to be taken in the production of OK
Spiral to ensure that the paste did not cover the wound
steel threads and, thereby, isolate the contact points.
Analysis of the different electrodes and coatings introduced during this decade, shows that thin coated
types have virtually disappeared; acid types, which

During this period, there were no impact toughness
requirements set in the specifications for ordinary
construction steels - and not for weld metals either.
There had been reports of sudden cracks when
welding outside at subzero temperatures and the
causes, susceptible microstructures and 3-axis
tension, were well known. Still, it would take some
years for toughness requirements to be mandatory.

1950-59
This decade saw the introduction of OK Femax I and
later, OK Femax II electrodes, with 200% and
150% recovery, respectively. The growing shipbuilding
industry became a major user of these products, especially in the Nordic countries though there was some
reluctance elsewhere. This had nothing to do with weld
joint integrity, but much to do with wage demands of
welders having to work at high welding speeds!
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Calder Hall Nuclear Power Station in the UK. ESAB OK
Unitrode electrodes used for welding the heat exchangers.

electrode. Its lower hydrogen levels and improved
mechanical properties expanded use of high recovery
types. The high recovery concept was also applied
to stainless steel electrodes and, in 1968, ESAB
introduced OK 61.41 and OK 63.41 which used novel
rutile coatings.
Statistics from 1966 indicate that 80-90% of the welding
in many European countries was done manually with
stick electrodes, although solid wires and cored wires
were growing in popularity. In the United States, cored
wires had already achieved much wider usage.
OK Spiral, continuous
coated electrode.

peaked in the forties, are now in steady decline, while
basic types are growing in use.
With regard to standardisation and quality control, in
1953, the IIW, (International Institute of Welding),
issued the Radiographic Atlas, in which welding
defects such as porosity, slag inclusions and lack of
fusion are classified and graded.

1960-69
In 1961, ESAB changed electrode designations to the
current 4-digit system. For example, OK 48P became
OK 48.00 and OK Femax II became OK 39.50.
This does not mean that the composition of OK 48.00
has remained the same and has never been improved.
In 1941, the formula for OK 48P had six coating
ingredients. The production cycle had many steps, from
mixing in small wet mixes, keeping the temperature
to around 17ºC, to floor drying and baking. The total
time was about three days, most being spent in
“floor drying” to avoid cracks. For this basic electrode, a baking temperature of 80-90ºC was used but
instructions noted that if the floor drying was too long,
a baking temperature of 250ºC might be needed for
a few hours. The electrode gave visually porosity free
welds, but this was the time before stringent radiographic requirements changed the view on porosity
levels.
By comparison the latest OK 48.00 holds more than
20 components, and is baked at temperatures which
are multiples of the 48P, while production time is a
fraction. Today’s welders are pleased with the welding
characteristics, as are inspectors and approval bodies
that set very stringent requirements on weld metal
soundness and mechanical properties.
Development of high recovery electrodes continued
and ESAB introduced OK 33.60 and OK 33.80 in the
early sixties. In this period, most high recovery types
were acid or rutile. An important innovation, in 1957, by
van der Willigen, was the zircon-basic high recovery

1970 and onwards.
The pioneering period for stick electrodes was the first
few decades after Oscar Kjellbergs invention and patent
in 1907. General concepts and coating composition
principles were investigated and documented, though
not all mechanical and metallurgical phenomena
were fully understood. Although today’s knowledge,
instruments and methods are far more sophisticated,
many areas of weld metal properties and the interaction
between weld metals and the welded joints still
require advanced research. One example is the welding
of high strength steels and matching the properties of
weld metals.
Today, the percentage of deposited weld metal from
stick electrodes is down to about 15% of the total,
while solid wires and cored wires dominate.
This does not mean that development work with electrodes has ceased. Electrodes remain a convenient
method of producing experimental weld metals, as
the chemical compositions can be varied endlessly,
providing the basis for alloying concepts for other
processes.
More important may be the level of quality and
sophistication which continuing product development
work leads to. Examples are low hydrogen levels,
low moisture absorption, and toughness that can
be achieved, not forgetting vast improvements in
weldability or “welder appeal”.
Oscar Kjellberg would probably be very pleased with
today’s electrodes and maybe would have commented:
”That is what I expected from such a great invention!”
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Welding of Ships, a Matter of Classification.
By: Olle Thomsson.

”The Society’s Rules for the application of welding to ship construction formulated
and revised from time to time in light of experience gained, have proved to be of
no little value to Naval Architects and Shipbuilders. These Rules are sufficiently
rigid to ensure the necessary margin of safety, yet elastic enough to permit of the
progress which must be made in welding technology”
Lloyds Register Staff Association, Transactions 1934-35

Methane tanker "Jules Verne". Ateliers
et Chantiers de la Seine- Martime,
France. An example of MMA applied
in shipbuilding. Svetsaren 4/1964

From riveted to fully-welded ships
During the 19th century, steel began to replace wood
as a shipbuilding material. In 1850, about 90% of the
world fleet was made of wood. Introduction of steel
took some time and, initially, confidence in the new
material was low. More substantial use of steel came
with composite-design (steel/wood) which made it
possible to build larger ships with greater cargo
space. Early steel-ships were constructed using
forged plates joined by rivets, which remained the
main construction method for a long period.
Around the beginning of the 20th century, welding
began to be considered as a possible alternative to
riveting - but was fifty to sixty years before riveting
was completely superseded. A statement, made in
1960, said: ”Riveting is generally regarded as a retrograde step by shipbuilders. It is only used at the owners
request.”
There were many reasons for this long period of transition: ship-owners were, traditionally, conservative;
riveting worked satisfactorily; weldable steel had to

be developed; and the process of producing joints
suitable for welding was unidefined.
Examination of the use of welding in the construction
process confirms this. Early welded ships seem, in
many respects, to have been based on riveted designs,
simply replacing rivets with welds. This often led to
cracking in the structure and the need for repairs discouraged use of welding in the construction process.
Gradually, it was shown that properly carried
out welding was superior to riveting - the key issue
being, ”properly carried out”. One problem was
determining whether the weld was fit for purpose.
This had to be resolved before general adoption of
electric welding in ship construction, as it is critically
important for areas in the ship structure such as the
strength-deck, stringer and sheer-strake.
There was nevertheless scope for using welding in
areas such as construction of portable water-tanks,
skylights and ventilators, and attaching eyelets, ringbolts, etc.
Svetsaren no. 1 • 2004 •
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Designers and shipyards saw the many advantages of
welding and the benefits in terms of both steel weight
and productivity. Shipbuilders put pressure on the
Classification Societies to accept welding as an alternative to riveting and early tests for classification
approval took place around the beginning of the 20th
century. Welding began to be used, successfully, in
ship-repairs which encouraged development and use
of the technique.
The first full-welded ship in the UK, the ”Fullager”, was
completed in 1920 and sailed for 17 years, sinking in
1937 after a collision. The ”ESAB 4”, also completed in
1920, was the first full-welded Swedish ship.
For some time a common solution was the “partwelded” ship, where a combination of welded and
riveted strakes was used. Figure 1 shows the midship
section from such a ship built at a Swedish shipyard.
World War 2 marked the period of significant advance
towards general construction of fully welded ships.
However, there were still setbacks and some
Classification Societies retained requirements for
riveted strakes until after 1950.
The first formal rules for classification came in 1920
when Lloyds Register issued tentative rules for welding.
Ships built to these Rules had an addition to the
class-notation; ”Experimental”. In 1932, revised rules
included requirements for strength tests and these
form the basis for today’s rules.

The Rule concept
A fundamental for a Classification Society when writing
a rule is to ensure that reliability can be achieved in
the construction process. Account has to be taken of
both good and bad service experience and progress
in technology. It is necessary to achieve a balance
and not to be too restrictive as this could hinder
technical development. This may appear obvious but
during the transition from riveted to fully-welded ship
construction it was vital.

Figure 1. Midship section of part welded design. Deck and
longitudinal bulkhead are welded. Side and bottom shell is
riveted. Stiffening welded.
(Source:Yrkeslaera for Skibsbyggere, Oslo 1943)

• Welding-procedure qualification
• Inspection and non-destructive testing of welds
Rules are written in such a way as to give responsibility
to the Surveyor supervising the welding-operation
and are necessary to cover the environmental and
commercial conditions at shipyards all over the world.
Some yards are very advanced in the use of welding
equipment, investing considerable capital to achieve
high production efficiency. Other yards still rely on low
cost labour. The Rules have to be general enough
to accommodate both concepts and still provide a
satisfactory result.
From the time that riveting declined and welding
became the main method of construction, major
advances have taken place, in both development of
welding techniques and in ship design. For example,
the introduction of high tensile steel, low temperature
steel (LNG), use of aluminium alloys, stainless steel
and duplex steel.

The ultimate aim of the Rules has always been to
ensure reliable welded connections. Simple enough in
theory but, in practice, there are many parameters
that have to be satisfied. The Rules reflect this by
setting requirements not only for the welding-metal
itself, but also on design of the joint, welding
sequence, environmental conditions and capability of
the welder. The Rules therefore encompass many
quality control factors:

Shipyards have also contributed to improved welding
techniques. The rounded gunwale was a Swedish invention to improve the transition from the side-shell to the
deck. Kockums carried out many tests for the welding of
primary structure brackets to reduce the amount of
welding without losing strength. Classification Societies
witnessed and analysed the results before approval.
Such developments are on-going.

• Qualification procedures for welding material
• Qualification procedure for welders
• Qualification procedure for welding material
manufacturer
• Welding design

The Classification Societies constantly monitor the
Rules to ensure that new developments can be accommodated - without compromising safety. They do this in
different ways, especially with regard to setting of
criteria. This does cause problems for manufacturers of
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welding materials and Unified Rules derived by IACS
(International Association of Classification Societies)
could probably solve such problems.

The strength of the welded connectionw
The principal rule for quality control in the welding
process is that the welded joint should be at least as
strong as the materials that are to be joined. The
advantage of this concept is that the scantling-design
can be produced under the assumption that the welded
connection will have at least equal strength.
The joint must, however, be correctly designed.
Shipyards submit welding-drawings for Classification
approval, clearly indicating details of welded connections of major structural members, including type and
size of welds. The Rules for these parameters cover
welding sequence, workmanship and non-destructive
testing.
The challenge for Classification was, and still is, to
create a set of tests to verify the strength and reliability
of the welded joint. The Rules are therefore very
particular with regard to the tests which are not just a
matter of tensile strength. Toughness, strength in the
heat affected zone, hardness, and bending behaviour
have to be considered.
Figure 2 shows an example of a test specimen
produced to qualify the welding-strength of a butt-weld.
For each test-piece, criteria for acceptance is well
defined. With the criteria met, the weld material
(rod, wire, etc) is approved and can be used for shipconstruction. Figure 3 shows an example of ESAB
product marking to show approval. When a surveyor anywhere in the world - has to approve a welding
procedure, the first thing he looks for is evidence that
the proposed welding rod/material is approved and
suitable for the welding procedure under consideration.
The tests are fundamental to the approval of the weld
material. The procedure for testing may sometimes
seem somewhat laborious and time-consuming but it

Figure 2. Example of test specimen
positioning for destructive test of
a butt weld. (Source; Lloyds
Register of shipping,
Marine Division)

Figure 3. Product declaration on an ESAB welding material
product showing approval details from Classification Societies

does not hinder development of welding technology.
Progress in production methods also continues.
During the 1990’s, the use of lasers was introduced
into shipbuilding: welding speed could be increased
and the heat input reduced compared with arc welding.
Lower heat input results in reduced panel distortion, the
elimination of which is otherwise costly and sometimes
very difficult. There is a requirement for very limited
panel distortion on passenger-vessel hulls, for aesthetic
reasons.
In March 1997, Lloyds Register issued ‘Guidelines for
approval of CO2 –laser welding’, permitting the use of
laser welding for ordinary butt and T-joints in ship
construction. The guidelines provide the main Rule
parameters, such as personnel welding procedures,
base material characteristics, welding consumables,
testing and quality control. Since then, further development
has seen laser hybrid welding applied to ship construction. General approval of the technique has not
yet been given but some yards have been given
approval for specific applications.
New techniques for welding will certainly continue to
be developed. However the Rule concept will remain
and the role for the classification societies in regulating
the balance between functional reliability and further
development of welding technology, will not change.
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Developments in Welding Technology
Illustrated on Postage Stamps
By: Dr. Itsuhiko Sejima, In Tech Information s.c. Ltd., Tokyo, Japan.

Dr. Sejima reviews the history of welding as reflected
in a selection of images from his unique stamp collection.

Figure 1. Creations by Michelangelo

Introduction.
The world of stamp collecting, where a piece of paper
with a size of less than three centimeters square may
represent a value of 100 million Yen extends way back
into history. It is a hobby of great appeal and refined
taste and is said to be ‘the hobby of kings’.
Since postage stamps came into use in England, in
1840, a many thousands off different images, have
been issued all over the world - but those related to
welding are very scarce amounting to no more than
250 different types.

‘welding’ is used for the critical connection between
heaven and earth. It seems to be the first time in
history that man uses the concept of welding, and it is
interesting that it is used in connection with the
creation of heaven and earth. That is why the postage
stamp of the Creations by Michelangelo is included
here (Figure1).

Centenary of welding.

Creation

The joining of metals by forging, or forge welding, has
3,000 years of history, while brazing was carried out in
ancient Rome. But, the origin of all modern welding
technologies (Figure 2) was the invention of carbon
arc welding by N.N. Benardos (1881, Russia). Soon
afterwards, resistance welding was invented by Elihu
Thomson (1885, USA) followed by metal arc welding
by N.G. Slavianov (1890, Russia). It was the prelude to
today’s highly-developed age of welding.

“The heaven came downwards to us in four walls,
which at their lower sides are welded to the four sides
of the earth beyond the ocean, each to each”, is a
sentence from an Egyptian priest’s view on Creation
quoted in the book, ‘Mankind and the Universe’, by
J.L. Davis. This supposition, made 2,600 years ago,
is now known to be incorrect; however the term

Benardos may well be regarded as the father of the
modern welding industry; a commemorative stamp
was issued in 1981 to celebrate the 100th anniversary
of his invention (Figure 3). The stamp shows the
portrait of Benardos together with an electrode
holder and a symbol for carbon arc welding. However,

Although few in number, they have been issued in 84
countries, indicating that welding continues to be, an
indispensable technology in industry.
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Figure 4. South Africa (1941- 43)

Figure 5. Japan (1949)

Figure 6. Guinea (1973)

Figure 7. Russia (1981)

Figure 8. Norway (1985)

Figure 9. Romania (1973)

Figure 10. Cuba (1980)

Figure 11. Norway (1993)

Figure 2. Growth of the process
of welding since its beginning
(C. Jackson, Welding Journal,
Vol. 42, 1963, P.216)

the electrode holder he actually used, has been
described in many articles - and it certainly did not
have a ring with pins! It is not known where this drawing
originated.

The world’s first welding stamp.
The use of stamps goes back to1840, but it would be
100 years before the first welding stamp was issued.
Stamps illustrating forging and blacksmiths had
appeared before, but a stamp with an arc welder,
issued in the Union of South Africa, seems to be the
first one symbolising modern welding (Figure 4). It
was part of a series of commemorative stamps issued
to hail the War Effort, during 1941-1943, illustrating
infantry, a nurse and ambulance, an airman and
Spitfires, a sailor, women’s services, artillery, a welder,
Tank Corps and Signal Corps. The fact that a welding
scene was included, emphasises its importance. The
stamp was issued in Afrikaans and English.

Figure 13. Botswana (1990)

Arc welding and its applications
Since arc welding has become a common process,
welding motifs are frequently used on stamps.
Various manual arc welding applications are shown in
Figures 5 to 16.

Figure 12. Syria (1979)

Figure 15. Poland (1956)

Figure 3. Russia (1981)

Figure 14. Romania (1982)

Figure 16. Vietnam (1983)
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Figure 17. Germany (DDR) (1987)

Figure 18. Sweden (1984)

Figure 19. Malaysia (1986)

Figure 20. Russia (1984)

Figure 21. Cuba (1985)

Welding robots
Welding robots initially became popular for spot welding
in the automotive industry, but are now applied in
every field of industry. Industrial robots feature on
many postage stamps. A collection of stamps related
to robotic welding is shown in Figures 17 to 19. The
German stamp (DDR, Fig. 17), was one of a pair to
commemorate the 30th anniversary of the foundation
of the Messe der Meister von Morgen (MMM).
The welding robot is presented as the epitomy of
engineering development.
Sweden issued a series of six stamps featuring products
invented in that country. Figure 18, shows an ABB IRB
welding robot, which is seen as a typically Swedish
development. The Malaysian stamp (Fig. 19), was one
of a series of three to commemorate the 25th anniversary
of the Asian Productivity Organisation and Productivity
Year. It illustrates robotic welding on an automotive
assembly line.

Figure 22. Ghana (1999)

Figure 23. Malagasy (1990)

Figure 24. Taiwan (1988)

High energy density processes
Welding in space
With the collapse of the Soviet Union, the relationship
between the USA and Russia improved to the point
where both nations co-operate in space programmes.
In 1984, the USSR issued a stamp showing welding in
space (Fig. 20). It was issued to commemorate the
25th anniversary of the Paton Institute of Electric
Welding. The portrait of its founder, Prof. E.O. Paton,
is shown in the top left hand corner. The illustration
shows a welder in a space suit with a gun that looks
like a portable electron beam welding gun.
Figure 21 is an imaginary picture of welding in free
flight in space by USSR cosmonauts, issued by Cuba
in 1985, when relations with the USSR were still close.
Laser beam welding.
Several stamps have been issued that illustrate laser
applications such as cutting, joint tracking and surface
treatment but, unfortunately, none with laser welding
has appeared. Dr. Charles Towne (Fig. 22) and
Dr. Arthur Shalow (Fig. 23) are the inventors of laser
technology for which they received a Nobel Prize.
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Stainless Steels - Past,
Present and Future
By: Leif Karlsson, ESAB AB, Gothenburg.

The large and steadily growing family of stainless steels can offer unique combinations of corrosion resistance and properties such as high strength, low temperature
toughness, creep strength and formability. Although small in tonnage compared to
mild steels, they represent an economically important and steadily growing group
of steels finding their way into an increasing number of applications. This review
briefly summarises the history of stainless steel development and discusses
selected weldability aspects. Examples from ESAB’s long history of stainless steel
welding are given and some future trends discussed.

Introduction

Mton

Iron is one of the most common and one of the most
important metals in the earth’s crust. It forms the basis
of the most widely used group of metallic materials,
irons and steels. The success of these metals is due
to the fact that they can be manufactured relatively
cheaply in large volumes and provide an extensive
range of mechanical properties - from moderate
strength levels with excellent ductility and toughness
to very high strengths with adequate ductility.
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Unfortunately, mild and low alloy steels are susceptible
to corrosion and require protective coatings to reduce
the rate of degradation. In many situations, galvanic
protection or painting of a steel surface is impractical.
In the United States, in 2000, it was estimated that
corrosion costs industry and government agencies
$276 billion/year [1]. The benefits of corrosion resistant
chromium alloyed stainless steels can, therefore, be
easily recognised.

5

The vast majority of the world’s steel is carbon and
alloy steel, with the more expensive stainless steels
representing a small, but important niche. Of all steel
produced, approximately 2% by weight are stainless
steels. However, as illustrated in Figure 1, there
has been a steady annual growth of about 5-8% for
stainless steels [2]. With the ever-growing awareness
of environmental issues, the need for easily recyclable
materials and life cycle cost considerations, there is
no reason to expect anything other than a continuing
increase in the use of stainless steels.

“Stainlessness”
”Stainless” is a term coined, early in the development
of these steels, for cutlery products. It was adopted
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Figure 1. World production of stainless steels.
(http://www.jernkontoret.se)

as a generic name and, now, covers a wide range of
steel types and grades for corrosion or oxidation
resistant applications. The minimum chromium content
of standard stainless steels is 10.5% [3]. Other alloying
elements, particularly nickel, molybdenum and nitrogen,
are added to modify their structure and enhance
properties such as formability, strength and cryogenic
toughness.
Stainless steels owe their corrosion resistance to the
presence of a ”passive”, chromium-rich, oxide film
that forms naturally on the surface. Although extremely
thin, 1-5 nanometres (i.e. 1-5 x 10-9 m), and invisible,
this protective film adheres firmly, and is chemically
stable under conditions which provide sufficient oxygen
to the surface. Furthermore, the protective oxide film
is self-healing provided there is sufficient oxygen
Svetsaren no. 1 • 2004 •
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available. Therefore, even when the steel is scratched,
dented or cut, oxygen from the air immediately
combines with the chromium to reform the protective
layer [4-5]. As an example, over a period of years, a
stainless steel knife can literally be worn away by daily
use and by being re-sharpened – but remains stainless.
However, stainless steels cannot be considered to be
”indestructible”. The passive state can be broken
down under certain conditions and corrosion can
result. This is why it is important to carefully select the
appropriate grade for a particular application. Effects
of welding and handling on corrosion resistance also
have to be considered.

History
The history of stainless steels dates back almost as
long as the history of the covered electrode - invented
by the founder of ESAB during the first decade of the
last century.
Stainless steel was discovered independently, around
1913, by researchers in Britain and Germany. The first
true stainless steel was melted on the 13th August
1913, in Sheffield, on the initiative of Harry Brearley.
This first stainless steel was martensitic with 0.24%
carbon and 12.8% chromium. Within a year of
Brearley’s discovery, Strauss & Maurer in Germany
developed the first austenitic grades while experimenting
with nickel additions. Almost simultaneously, Dansitzen
in the United States, who studied alloys similar to those
that Brearley was investigating, but with lower carbon
contents, discovered the ferritic stainless steels.
From these inventions, just before World War 1, the
martensitic, ferritic and austenitic stainless steel groups
[4-5], were developed.
The first duplex stainless steels were produced in
Sweden, around 1930, for applications in the paper
industry. However, commercial production of precipitation
hardening stainless grades did not take place until after
World War 2. New grades with a better weight-tostrength ratio were then required for jet aircraft, which
led to the development of the precipitation hardening
grades such as 17:4 PH [6-7].
The basic metallurgy of the iron/chromium and
iron/chromium/nickel systems was understood by
about 1940 and by the 1950’s stainless steels became
standardised in specifications that have changed little
since that time. As these standard grades became
accepted, the emphasis changed to finding cheaper
mass-production methods, and popularising the use
of stainless steel. The next leap in stainless steel
development was made possible by the development
of the argon-oxygen decarburisation (AOD) process,
in the late 1960’s. This technique made it possible to
produce much cleaner steels with a very low carbon
level and well controlled nitrogen content. The
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introduction of continuous casting in stainless steel
production, in the 1970’s, has contributed to lower
production costs and higher quality.
From the 1970’s onwards, the addition of nitrogen and
lowering of carbon content made it possible to develop the duplex stainless steels into readily weldable
materials. The last two decades have seen the introduction of the “super” stainless steels. Superferritic
grades with very low interstitial levels and high
chromium and molybdenum contents have superior
corrosion resistance compared to standard ferritic
grades. However, although these steels have found
certain applications, their success has been limited.
The highly alloyed superaustenitic and superduplex
stainless steels, with excellent corrosion resistance and
better fabricability and weldability than the ferritic steels,
have found a more widespread use and are today
important engineering alloys. Supermartensitic steel is
the most recent contribution to the stainless family [8].
These steels are extremely low in carbon (typically
<0.010%) and offer a combination of high strength,
adequate corrosion resistance and weldability at a competitive price. Although the use, as is not uncommon
with the introduction of new stainless steel grades,
have been hampered by some unforeseen corrosion
problems, this is still a very interesting material that can
be expected to find increasing use in the future.

Welding
Development of new steels inevitably brings new problems
in manufacturing and joining. This is particularly true for
welding where the desired material properties, carefully
produced by the steelmaker, can be radically changed
by a process that locally melts and recasts part of the
construction. There is definitely a continuing demand
for increased productivity in welding, while maintaining
the parent material properties.
The history of stainless steel welding on an industrial
scale was, until well into the 1950’s, more or less that
of manual metal arc (MMA) welding. Stainless steel
stick electrodes were an early inclusion in ESAB’s
consumable range and, in the first issue of Svetsaren,
in 1936 [9], an application using ESAB OK R3 (18%Cr
10.5%Ni 1.5%Mo) was reported.
Many of today’s martensitic, ferritic, austenitic and
ferritic-austenitic stainless consumable types were
well established more than five decades ago. A common
problem with steels and weld metals in those days
was the high carbon content which introduced the
risk of intergranular corrosion due to precipitation of
chromium carbides at grain boundaries [10] (Fig. 2).
With the introduction of lower carbon grades, this is
rarely a problem, nowadays. The risk of forming intermetallic phases in weld metals was also well researched
at an early stage [11, 12]. However, with the introduction

Figure 2. Intergranular corrosion in the heat
affected zone of a 18%Cr, 8%Ni steel with
0.10%C as tested in 1944 [10].

of more highly alloyed grades, this is still something
that has to be considered when designing welding
consumables and selecting welding parameters.
Manual metal arc welding was the dominating welding
process into the 1980’s and is still significant for welding
of stainless steels [13]. Solid wires for semi-automatic
welding were introduced into ESAB’s consumable
range in the 1950’s, and submerged arc fluxes and
wires and strips were readily available in the early
1960’s (Fig. 3). Cored wires have, in the last decades,
become an important group of consumables offering
advantages in productivity and easier alloy modification than solid wires.

Mechanisation
Although many new fusion and solid state welding
techniques have been introduced and are applied in
specific applications, none has yet been able to replace
conventional fusion welding on a large scale. However,
mechanisation and robots have changed the approach
to welding with increased productivity and quality.
An example is welding of Francis turbines for hydro-

power projects. A 67 tonnes turbine runner produced, in
1957 [15], in 13%Cr steel, was assembled using ESAB
OK R6 (17.5%Cr, 11.5%Ni, 2.5%Mo) consumables.
Joint faces were buttered using a preheat of 250ºC,
directly followed by a post-weld heat treatment at
680ºC. The runner was then assembled (Fig. 4) after
machining of joint faces and the final welding was
at room temperature by 4-5 welders working, simultaneously, on opposite sides to minimise the risk of
deformation. A final stress relieving post-weld heat
treatment at 680ºC ensured optimum corrosion resistance.
A more recent project illustrating the trend towards
mechanisation is the welding of Francis turbine runners for the world’s largest hydroelectric project, the
Three Gorges dam in China [16]. Altogether 26
Francis turbines, 10m in diameter and with a weight of
450 tonnes will be installed. The runners are made of
solid 410 NiMo type martensitic stainless steel (13%
Cr, 4% Ni, 0.5% Mo) castings.
Submerged arc welding (SAW) with two wires (twin-arc)
was considered the best method for joining the vanes
to the crown and band of the runner. The selection
was based both on productivity and weld metal quality
criteria and included the development of OK Flux 10.63
to be used in combination with the matching composition filler wire OK Autrod 16.79. The thickness of the
vane varies along the 4 m long joint, but it is mainly
between 70 and 220 mm. With a typical welding current of 700-800A, and a welding speed of 70 cm/min,
some 200-300 weld beads had to be deposited with
heat inputs of about 2 kJ/mm for each joint.
Consistent performance and reliability were therefore
just as important as deposition rates during welding.
The welding head had to follow precisely the approximately 4m long joints with complicated three-dimensional geometry. High-accuracy numerically controlled
welding manipulators were, therefore, necessary to
obtain all the benefits from a fully mechanised welding
process and to achieve the required productivity (Fig. 5).

Future welding processes
Although techniques such as laser and electron beam
welding have been available and applied for some
time, they have never been able to challenge the more
conventional fusion welding processes on a large
scale. Economic factors, as well as requirements on
joint fit-up, etc, have limited their use. The introduction
of friction stir welding quickly had an impact on welding
of aluminium alloys. Successful attempts to weld
stainless steels have been reported [17], but tool life
and welding speed are still major obstacles to a more
widespread use.
Figure 3. Two examples of submerged arc welds in 8 and 25
mm 18%Cr, 8%Ni austenitic stainless steels from a study in
the early 1960’s [14].

At present, laser-hybrid welding [18] seems to be the
most likely, recently introduced, technique to be used
on a large scale. The hybrid technique combines most
Svetsaren no. 1 • 2004 •
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Figure 5. Mechanised SAW welding of
Francis turbine runners for the Chinese
Three Gorges hydro-power project [16].

Figure 4. Assembly of a 67 tonnes Francis turbine runner in 1957.
Manual metal arc welding with ESAB OK R6 consumables was
used for buttering of joint faces and for final assembly welding (15).

of the best features of laser welding, such as good
penetration, with the gap bridging ability of metal inert
gas (MIG) welding. When combined, high quality
welds can be produced with high productivity, while
retaining the option of adding a consumable wire,
thereby making it possible to compensate for lack of
material and, when needed, to modify the weld metal
composition. Figure 6 shows an example of welding
11mm duplex stainless steel with a combination of
one laser-hybrid run and a second MIG run. Excellent
mechanical properties were achieved, while maintaining proper phase balance in the weld metal and heat
affected zone.

Welding consumable development
Although consumable manufacturers must follow the
lead of steelmakers in formulating new alloys, there
have been significant improvements in consumables
design, both in terms of weldability and control of
residual elements. Weldability has always been, and
will continue to be, an important aspect in stainless
steel development. The range of potential applications
for a new steel grade is definitely smaller if welding is
a problem, or if suitable welding consumables are not
available.
ESAB has a history of closely following steel development. Duplex stainless steel consumables have been
part of the ESAB range for many decades and
considerable effort was put into developing improved
consumables as duplex steel development accelerated
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Figure 6. Laser hybrid welding of 11 mm
22%Cr duplex stainless steel. A first laserhybrid run was combined with a second
MIG run to optimise weld properties and
bead profile. Addition of a standard
22%Cr 9%Ni 3%Mo (OK Autrod 16.86,
Ø 1.0 mm) filler wire was used to ensure
sufficient weld metal austenite formation.

in the 1970’s and 1980’s [19]. A recent example of the
ambition to stay at the frontier of stainless consumable
development is the introduction of matching composition
supermartensitic (Fig. 7) metal-cored wires (OK Tubrod
15.53 & 15.55) [20, 21].
A trend in austenitic and duplex stainless steel production
(the “super-trend”), for more than two decades, has
been the introduction of grades with higher alloy
contents to meet the demand for higher corrosion
resistance in special applications.
Commonly, Cr- and Mo-contents are increased to
improve corrosion resistance although, recently, N and
to some extent W, have become important alloying
elements. From the consumables point of view, this
puts the spotlight on two “old problems”: porosity/loss
of nitrogen and precipitation of intermetallic phases. A
challenge for the future is finding reliable consumable/
welding process combinations for alloys, highly

alloyed with nitrogen, that produce porosity free welds
with matching corrosion resistance and mechanical
properties.
The adverse effect on corrosion resistance of segregation
during the solidification of stainless steel weld metals,
is well known, over-alloying being a well-established
practise to counteract this phenomenon. However, as
alloying content increases, precipitation of deleterious
phases becomes unavoidable, and more structurally
stable nickel-based consumables are employed.
Currently, the corrosion resistance of the most highly
alloyed austenitic grades is difficult to match - even
with nickel-based consumables.
An interesting alloy development is the use of modern
modelling tools to find new ways around what might
seem to be fundamental problems. For example,
thermodynamic calculations and experiments have
showed that a higher total alloying content can be
tolerated in nickel-based weld metal if a combination
of W and Mo is used, rather than either of the two
elements alone [22]. The explanation is illustrated
in Figure 8 showing, that whereas Mo is enriched in
interdendritic regions, a corresponding W-depletion
occurs, resulting in a more even distribution of alloying
elements, better resistance to localised corrosion and
less risk of precipitation.

The stainless future
The future certainly looks bright, shiny and nonstained for stainless steels. With greater attention to
achieving low long-term maintenance costs, increasing
environmental awareness and greater concern with life
cycle costs, the market for stainless steel continues to

improve. However, the cost, relative to alternative
materials, will definitively continue to be an important
factor in finding new markets in rapidly developing
regions.
It is difficult to identify the major product in stainless
steel development since the group is so diversified and
applications range from cutlery to critical components
in the process industry. It is to be expected that
today’s standard grades will remain much the same,
but will be produced at lower costs. The introduction
and increased use of leaner less expensive grades,
such as lean duplex and 11-13Cr ferritic-martensitic
grades, will contribute to a pressure on price reduction
and also to finding new applications where currently,
mild steel is used. There is also continuous development of new specialised highly alloyed grades intended
for very corrosive environments and high temperatures.
Nitrogen is increasing in popularity, being probably the
least expensive of all alloying elements, and is likely
to be introduced, to a larger extent, in standard grades,
in an attempt to improve properties and decrease
alloying costs.
In conclusion, the use of stainless steels is expected
to continue to grow at a significant rate. Existing
grades will be the industry’s workhorses, and upgraded
versions and new alloys will also be seen. New and
existing welding processes are continuously developing
and, in particular, laser-hybrid welding can be expected
to gain ground in the near future.
Nevertheless, it is likely that, for the foreseeable
future, stainless steels will in large part continue to be
welded using established arc processes.

Concentration
Interdendritic Dendrite Interdendritic
region
core
region

Figure 7. Typical microstructure of an all-weld metal deposited with the supermartensitic metal-cored wire OK Tubrod
15.55 (<0.01%C, 12%Cr, 6.5%Ni, 2.5%Mo).

Figure 8. Concentration profiles for W and Mo across dendrites
in a Ni-based weld metal. Mo is enriched in interdendritic
regions whereas W is depleted resulting in a more even distribution of alloying elements and thereby better corrosion resistance.
(Dendrite spacing is approximately 10 µm).
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Families of stainless steels
It is fortunate that corrosion resistance can be
obtained in an iron-based system simply by
the addition of chromium, since, by appropriate
adjustment of other alloying elements such as
nickel and carbon, a wide range of microstructures
can be developed. Hence, stainless steels can offer
a remarkable range of mechanical properties and
corrosion resistance and are produced in many
grades. For example there are more than 150
grades of wrought stainless steel in the latest
edition of EN 10088-1 (3).
The five major families of stainless steel are:
• Ferritic stainless steel has properties similar to
mild steel but with better corrosion resistance due
to the addition of typically 11-17% chromium.
• Martensitic grades can be hardened by quenching
and tempering like plain carbon steels. They
have moderate corrosion resistance and contain,
typically, 11-13% chromium with a higher carbon
content than ferritic grades.
• Precipitation hardening stainless steels can be
strengthened by heat treatment. Either martensitic
or austenitic precipitation hardening structures
can be produced.
• Duplex (Austenitic-Ferritic) stainless steels have
a mixed structure of austenite and ferrite, hence
the term "duplex". Modern grades are alloyed with
a combination of nickel and nitrogen to produce a
partially austenitic lattice structure and improve
corrosion resistance. These steels offer an
attractive combination of strength and corrosion
resistance.
• Austenitic stainless steels have a nickel content of
at least 7%, which makes the steel austenitic
and provides ductility, a large scale of service
temperature, non-magnetic properties and good
weldability. This is the most widely used group of
stainless steels used in numerous applications.
“Super”-austenitic or “super”-duplex grades have
enhanced pitting and crevice corrosion resistance
compared with the ordinary austenitic or duplex
types. This is due to further additions of chromium,
molybdenum and nitrogen.
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The Future of Welding and Joining
By: Bertil Pekkari ESAB AB, Sweden

Since the introduction of the coated electrode 100 years ago, several other
welding processes have been invented, eg. SAW (Submerged Arc Welding),
TIG (Tungsten Inert Gas) welding, MIG/MAG (Metal Inert Gas/Metal Active Gas)
welding, plasma cutting and FCAW (Flux Cored Arc) welding.
What can we expect next to come? Will mechanical joining processes or
structural adhesives be a threat to the traditional processes?

Consumption pattern for metals
and weld metal
Welding, today, is closely allied to the consumption of
metals. Steel dominates and will continue to do so for
the foreseeable future. Global consumption has grown
at 1.4% per annum during the last decade (Fig. 1) [1].
With the extremely high consumption growth in China
during the last five years (26% for 2003), the global
consumption of crude steel is expected to exceed one
billion tons.
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Stainless steel consumption in the world has a steady
growth of 5.5 %/year (Fig. 3). It dropped below 20
Mtons, three years ago, but exceeded this level in
2003, reaching 21.5 Mtons. China contributed to this
with its 54.2 % growth in 2003. This requires the use of
high quality welding processes, eg, TIG- and Plasma
welding. Laser welding is also anticipated.
The change in Al-consumption (Fig. 4) is much lower
than expected at 2.8 %/year, on average, for the period 1990-2003. This figure will dramatically change
when aluminium is more commonly used in cars and
in other parts of the transport industry. The number of
cars with an aluminium body is increasing. Audi,
Jaguar, Honda, Toyota, Ferrari, Mercedes-Benz and
GM are among those offering such cars to reduce
environmental impact and improve passenger safety.
All structures can be designed to absorb the same
energy as steel at only 55% of the weight. Design
concepts in aluminium are continuously changing in
order reduce the manufacturing cost of aluminium
bodies. A former MD for Audi claimed that the

Figure 1. World Steel Consumption 1976 – 2005

China is by far the largest consumer of steel with 27 %
of the world’s production. With more than one billion
citizens and an increasing ownership of products such
as motor cars, the growth of steel consumption will
continue, as shown in Figure 2.
Steel consumption in China is also influenced by a
growing shipyard industry. The Chinese government is
committed to becoming the world leader in shipbuilding,
surpassing the current leader, South Korea. Work has
begun in China on what is the world’s largest shipbuilding
yard. The new yard is being constructed along 8km of
coast on Shanghai’s Changxiang Island. It is scheduled
to be fully operational by 2015, and will help China State
Shipbuilding Corp to become the world’s top
shipbuilder. It will have an annual capacity of 8 Mdwt for
building super tankers, gas carriers and cruise ships.

Figure 2. Change in Steel Consumption in %; 2003 compared
to 2002
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Figure 4. Primary Aluminium consumption 1990-2003

aluminium car body was about 500 EURO more
expensive than steel.
The manufacturing technology for aluminium bodies
needs to be further improved, eg, mechanical joining
with clinching and self-piercing riveting processes.
Laser/MIG hybrid welding is another joining process
that results in lower heat distortion and a stiffer car
body. It will be a considerable time before aluminium
exceeds the use of steel. In 2003, some 26.4 Mtons of
aluminium was produced, about half being used in
industrial products and in capital goods - compared
with steel manufacturing with 855.0 Mtons.
To counter the higher use of aluminium, the steel
industry has introduced advanced high strength
steels (AHSS) in the body and other parts of the car. It
was developed in a project, known as Ulsab, financed
by 33 steel companies. Porsche Engineering
produced the conceptual design, ending up with a
weight saving of 200 kg.
All changes in the consumption pattern of metals
influence, of course, the type and quantity of welding
consumables deposited. In addition the conversion
from stick electrodes to solid and cored wires continues,
as indicated in Figure 5. MMA welding is reducing by
about 5-8 % per year in Europe, while consumption is
levelling out in USA at 11 % of deposited weld metal and,
in Japan, at 15 %. The MMA-portion is 17 % in Europe.
It had been expected that the consumption of cored
wires in Europe wouldapproach the levels of the USA
and Japan by changeover from both stick electrodes
and solid wires, but it is now obvious that this will not
materialize. One reason for this may be that the price
difference between solid and cored wires is bigger in
Europe than in Japan or the USA.

Welding in different industry sectors
Figure 5. Weld metal deposited 1976-2002
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Figure 6 shows that the automotive sector represents
close to one third of the welding market in Western
Europe. This apparently high figure is heavily influenced
by resistance, laser and robotic equipment, where close
to 60% of these products are taken by the automotive
sector. The mass production of cars demands very
robust and cost effective joining processes for steel and
aluminium sheets. The construction of power generation
equipment and installations has a need for welding
processes and materials that meet the highest quality
standards. Such applications are found in power generation from hydro, wind, gas, nuclear, biomass and oil.
In shipbuilding, arc welding is most common and has
been continuously improved to meet productivity and
quality objectives. Mechanised welding is one means
of achieving this together with improvements in the
working environment for the welders and operators. In

2004, more than 90% of all ships are produced in Asia.
China has very ambitious plans to increase its manufacturing capacity. This will certainly result in Asia
completely dominating shipbuilding. Orders continue
to grow, corresponding to 3 years load, based on
global manufacturing capacity. The need for electricity and energy is increasing continuously in the world
(Figure 7).
The search for new sources of power generation
develops rapidly. Wind power was, initially, considered
to be more expensive than other energy sources, but
no longer, as shown in Figures 8 and 9. External costs
are, however, not considered in the calculated investment and production costs. EC concludes: “The cost
of producing electricity from coal or oil would double
and, from gas, would increase by 30 % if the external
costs such as damage to the environment and to
health were taken into account”. No matter what
sources are used, welding faces many challenges.
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Figure 7. Global consumption of energy

It is obvious from the growing consumption of metals,
increasing need of transport and energy, that more
joining and welding will be needed. In addition, every
nation and company will try to defend manufacturing
competitiveness, at all costs. What will happen in
joining and welding in the coming years? Several
processes are expected to emerge.

Tandem MIG/MAG welding
This process offers much higher productivity (50-300%)
and deeper penetration. Users must have simple
guidelines for the many parameter settings, especially
when welding currents are pulsed and phase shifted. In
Sweden, the influence of different gun configurations
(Fig.10) has been evaluated.
With increased electrode inter-distance, an enhanced
process is achieved. There are less arc disturbances,
reduced or eliminated spatter and it becomes easier
to find a stable process.
A large gas nozzle is required for the high gas shield (4050) l/min. This process is applicable both for sheet and
plate welding in steel and in aluminium. The automotive
industry is evaluating the tandem process for lap joints
with travel speeds of 5-7 m/min while, in construction,
fewer weld passes are required with this process.
Currently, there are about one thousand installations
running in the world - less than ten operate in Sweden.

Figure 8 and Figure 9. Investment and production costs of
various energy sources.

Arc and laser brazing
Welding of Zn-coated steel without spatter, pores and
blowholes, is difficult. Better welding results have
been achieved with metal cored wires, flux cored
wires (FCW) and arc brazing. For thicker Zn-coatings
(20 µmm) FCW is recommended, but there is still
some small spatter.
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Figure 10. Tandem MIG/MAG welding gun configurations.
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Figure 12. Showing a brazed joint in a new Audi car

Equal joint strengths are achieved for welded and
brazed specimens. Finding the correct pulsing
settings is crucial - and a challenge. Several car
manufacturers already use arc brazing, while others
laser braze with CO2 or Nd:YAG lasers.
One of the principal applications for laser brazing is
joining the roof to the body shell. Some automotive
manufacturers use this technique for externally visible
joints, and in locations where crevice corrosion is a
problem (Fig.12) Laser brazing offers a large processing
window for the operation, which is a reason for the
automotive industry’s interest in this process.

Synergic Wire Technique in
Submerged Arc Welding (SCM™)
Environmental sustainability objectives are resulting in
an increased number of installed wind power stations,
which feature a high level of weld metal: on average
700 kg for onshore wind towers; and 1500 kg for
offshore. The SAW process is used, when possible, to
get a high deposition rate. The welds must be made in
downhand position with a root pass from inside and the
capping passes from outside, for which two electrodes,
DC and AC, are used. Figure 13 shows typical joint
preparations for material thickness between 8-50mm.

70º

4

2m
70º
55m

Arc brazing offers much better results (Fig. 11).
Almost no spatter or internal porosity occurs; a few
small internal pores can be observed on the X-ray.
The gap bridging ability is also good. Gap sizes, up to
1 mm, can be handled with pulsed arc. Shielding gas
mixture has also an impact on the result.
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Figure 13. Typical joint preparations

Welding data is listed in Table 1.

In this process, SCW™ cold wire is fed in synergy with
the arc wire into the weld pool, offering significant
increase in productivity (Table 2).

45-55º

70º

22

It is now possible to introduce SAW with a synergic cold
wire technique (SCW™), as shown in Figure 14 [2].
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Wire
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current

Speed

Ø mm

A

V

cm/min.

1

4

600

24

50

2

4

600

25

50

3

4

600

26

50
50

5-12

4

600

27

13-19

4

600

30

50

20

4

750

26

50

21-23

4

600

30

50

Table 1. SAW parameters.

Back side

Figure 11. Comparison between MIG/MAG-brazed and
MAG-welded lap-joints. Almost no damage of the Zn-coating
outside the joint can be noticed.
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Figure 14. SAW with synergic cold
wire technique (SCW™)

Arc wire

Cold wire

Productivity

SCW™ increase

(Ø mm)

(Ø mm)

(kg/hour)

in productivity

4.0

-

8.9

-

4.0

2.5

12.4

+39%

4.0

3.0

13.9

+56%

4.0

4.0

17.8

+100%

Table 2. SCW parameters

Re-Stir™ Technology

Example of increase in productivity with SCW™ cold
wire additions for typical welding parameters at a
current of 700 A. The SCW™ process offers higher
deposition rate, decreased heat input and improved
properties of the weld metal.

Friction Stir Welding (FSW)
In contrast to “clean” wind power, nuclear power
produces dangerous waste which must be disposed
of, safely. In Sweden, the Swedish Nuclear Power and
Waste Management Company (SKB), is evaluating the
Electron Beam Welding and Friction Stir Welding
processes for encapsulation of waste in durable Cu
canisters. These would be stored in a deep repository
in the Swedish bedrock. The Cu canister consists of a
five centimetre thick casing. Inside, there is a cast iron
insert to provide mechanical strength. The canister is
close to five metres long and has a diameter of about
one metre. A canister filled with spent fuel weighs
about 27 tonnes.
Full-scale Electron Beam Welding tests have been
performed. In 1998-1999, a test rig was built at TWI
for the Friction Stir Welding of mock-up canisters.
A fixture holds the canister and rotates it during welding.
The lid, with a thickness of 50mm, is pressed down by
four hydraulic cylinders. The welding speed reaches
150 mm per minute. The FSW process functions well
and SKB has ordered an installation for further full
scale evaluation of the application.

New variants of FSW

Skew-Stir™ Technology

R&D activities across the world are evaluating FSW.
At TWI, where the FSW process was invented, new
variants (Figure 15) are being studied:
• Re-Stir™ – Reversal Stir Welding with angular
reciprocating [3], where reversal is imposed within
one revolution, and rotary reversal, where reversal
is imposed after one or more revolutions. This
process is considered to be appropriate for butt,
lap and spot welding applications. The main reason
for this is that the process generates essentially
symmetrical welds and, hence, has the potential to
overcome some of the problems associated with
the asymmetry inherent in conventional FSW
• Skew-Stir™ [5] , which differs from the conventional
FSW method in that the axis of the tool is given a
slight inclination (skew) to that of the machine spindle. The Skew-Stir™ process offers wider weld for
lap and T-joints
• Com-Stir™ [4], which involves the application of a
rotary motion in combination with an orbital motion.
The process offers wider welds and more suitable
for joining of dissimilar materials

Com-Stir™ Technology

In addition, welding of different magnesium alloys has
been successful but, the tolerances of processing
parameters to ensure that sound welds are produced,
have been found to be more restrictive than those

Figure 15. New FSW variants.
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seen in friction stir welding aluminium alloys. Also,
promising welding results for steel have been
achieved with heat resistant tools, but at a much
slower travel speed than with arc welding.

Laser welding
Laser welding could be an alternative when sustainability
is a consideration as a CO2 -laser and a YAG-laser
have an electrical efficiency of 10-15%, and 1-2%,
respectively. Figure 16 shows that the total amount of
energy required per meter of weld is low compared to
arc welding. A similar graph (Fig. 17) for joining of
Aluminium with t=4mm with full penetration shows
that FSW is a very cold process, which explains the
low distortion FSW causes.

Figure 16. Required energy kJ/m for welding of carbon steel
(t=4 mm) with full penetration.

As with FSW, considerable R&D is invested into laser
welding, especially into the laser hybrid MIG process.
Impressive installations are running at:
• Meyer Shipyard in Germany, producing ship panels
with stiffeners 20 times 20 metre in size. About 50%
of welding seams are made with the Laser Hybrid
MIG process. About 850 km has been welded so far.
• Audi and GM for car bodies in aluminium.
The main reasons for choosing the hybrid process
are:
• Productivity – higher welding speed.
• More tolerant process – allows bigger gap than
with pure laser welding.
• Lower heat distortion and, hence, much less
post work, especially in the shipyard application.
• Stiffer car body due to the continuous joint,
compared with resistance spot welding, resulting in
a safer car.
The hybrid process with YAG-lasers is attracting
considerable interest from car manufacturers as
robots with optical fibre for the supply of the laser
power, offer high flexibility. In Japan interesting results
have been achieved with AC pulsed MIG and Diode
laser welding of Al for car bodies (Fig. 18) [7].
This set-up offers large tolerances for joint gap, torchaiming deviations, and good penetrating control and
bead stability. It is a method with high productivity
and consistent and high quality output.
Besides these three types of laser - CO2, YAG and
Direct Diode - a new type, the Fiber Laser, is attracting
a lot of interest. To my best knowledge, no Direct
Diode or Fiber Lasers are, yet, running in regular
production, but several installations are being tested
and evaluated.

Structural adhesive
Structural adhesive as a process is still in its infancy,
needing more in-depth investigation and the satisfying
of concerns about the working environment. The
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Figure 17. Energy consumption for Al with t = 4 mm

Gap

Bead

Cross

0.0mm

0.5mm

1.0mm

Top plate:
A5052, 1.2mm
Bottom plate:
A5052, 1.5mm
Wire: A5356,
1.2mm
Wire feed rate:
13 m/min
Welding current:
135A
Arc voltage:
16.9V
EN ratio:
30%
Laser output power: 2.5kw
Figure 18. AC pulsed MIG arc and YAG-laser beam hybrid
welding at a speed of 4 m/min

• Mechanical joining, such as clinching and
selfpiercing riveting, will continue to grow.
• The main driving forces in the joining processes are:
- Shipbuilding and construction
- Car manufacturing
- Sustainability
• Joining activities will move, geographically, in line
with changes in consumption patterns
It means we will see an evolution rather than a revolution
of joining. There are no current signs of any unique
techniques to be introduced in the near future.
However, unexpected step changes can still occur, and
ESAB is very well equipped to meet this technology
challenge and market opportunity.
Figure 19. Different hybrid bonding techniques
a) Weld - bonded
b) Clinch - bonded
c) Bolted - bonded

long-term properties of adhesive joints must be better
known, and testing methods of glued joints must be
developed. When non-destructive test methods are in
place, the structural adhesive process will grow. Weld
bonding is, however, a process in use for many years
in aerospace applications. Different joining techniques are illustrated in Figure 19.
In many cases, gluing is confused with sealing.
Estimates indicate that 90% of the market covers
sealing. The market for bonding has growth mainly in
the automotive industry. The total market of $20
billion is estimated to grow, annually, at less than 4%.

Summing up
In summary:
• Steel will remain the dominating material - with a
growth of 1.4 %/year.
• China is by far the largest consumer of steel - 27%
with a high annual growth exceeding 25%.
• Stainless steel has the highest growth - 5.5%/year.
• Al consumption lower than expected - 2.8%/year.
• Conversion from stick electrodes to solid and cored
wires will level out - but greater move from solid to
cored wires.
• Al-consumption may increase rapidly when more Al
is used in cars.
• Sustainable environment demands development of
the joining processes.
• Safety issues will require major developments in
welding processes.
• New joining processes introduced include:
- Laser hybrid
- FSW
- Arc and laser brazing
• Structural adhesives will grow - but from a low
level. The limited design knowledge, lifetime of the
joint and working environment concerns are major
hurdles for rapid growth.
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The History of Aluminum Welding
BY: Tony Anderson, Alcotec Wire Corporation, USA

In order to appreciate the history of aluminum welding, it helps to be
familiar with the history of aluminum itself.
Today people come into close contact with
aluminum on an everyday basis and
seldom give the material a second thought.
In America alone, nearly 100 billion aluminum beverage cans are used each year.
More than 60% of these cans are recycled
and made into new aluminum items.
Within just one industry sector, the
automotive industry, there have been major
advancements in the use of aluminum as
a material of preference. The average
modern motorcar contains more aluminum
than ever before. Radiators, engine blocks,
transmission housings, wheels, body
panels, bumpers, space frames, engine
cradles, drive shafts and suspension
frames are now, commonly, made of
aluminium and found on many of today’s
automotive models.
As well as our automobiles, our homes and
office buildings have become more aluminium intensive, incorporating such items as
window frames, gutters, electrical wiring,
siding, roofing and, often, furniture is also
made from aluminium alloys.
To appreciate aluminium in today’s world, it should be
remembered that it was an aluminium engine that
powered the Wright Brothers first flight at Kitty Hawk,
North Carolina on December 17, 1903. And, what is
probably more relevant, if aluminium had not been
available for the development of the aircraft industry,
aircraft, as we know them today, would not exist. The
extremely high strength-to-weight ratio of aluminium
is the very reason why today’s large aircraft can fly
with such relatively small engines.
The United States is the world’s largest producer of
aluminium, although it is made in abundance in many
other areas of the world. Containers and packaging
are aluminium’s largest market; transportation (cars,
trucks, planes, trains) is second, followed by building
and construction. Today, aluminium is everywhere, from
cooking utensils used in kitchens to highway indicator
signs. As commonplace and important as aluminium is
in everyday lives, it might be imagined that it has been
around for a very long time. In reality, the process of
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converting aluminium ore into the metal known and
used everyday as aluminium, was discovered relatively
recently. Industrial production of aluminium only began
in the late 19th century, making this material very much
a latecomer among the common metals.

The story behind the metal
Aluminium is one of 92 metallic elements that have
existed since Earth was formed. It makes up about 8%
of the earth’s crust, exceeded only by oxygen (47%)
and silicon (27%). Despite aluminium’s abundance,
it was not until 2000 years into the Iron Age that it was
freed from its mineral state. Over countless millennia,
(through physical and chemical action), the ancient
aluminium-silicon rocks were ground down to exceedingly fine particles. These particles formed aluminous
clays from which primitive pottery was made. In a wide
belt around the Earth, hard rain and high temperatures
baked and pounded clays and other compounds to
form large deposits of aluminium ore. This ore was discovered first at Les Baux, France, where it became

known as ‘bauxite.’ When the ore was refined, it formed
aluminium oxide, also known as “alumina.’
For thousands of years, people tried without success
to develop something similar to what we now know as
metallic aluminium. The primary reason for such a late
development of this metal was the difficulty of
extracting it from its ore. It combines strongly with
oxygen in a compound that, unlike iron, cannot be
reduced in a reaction with carbon.
Sometime between 1808 and 1812, Englishman, Sir
Humphrey Davy, was the first to concentrate what he
suspected to be a new metal mixed with iron from its
naturally occurring ores. Davy named the new element
“aluminium,” derived from alum, its bisulfate salt,
which was known already to the ancient Egyptians for
its use in dyeing. Hans Christian Orsted first succeeded
in making aluminium on a laboratory scale in Denmark in
1825; Friedrich Wohler did the same in Germany a little
later. Finally, in 1854, Frenchman, Henri-Etienne SainteClair Deville (who named the ore “bauxite”), found a way
to produce aluminium through a chemical process. Even
though several plants were established to make this new
metal, it was so expensive that samples were displayed
to the public next to the crown jewels of France at the
Paris Exposition of 1855.
It took more than 30 more years before an economical
process of making aluminium was developed.
In 1886, by an amazing coincidence, two men (one in
France, and the other in the United States of America),
simultaneously discovered the electrolytic process for
producing aluminium that is still used today.
Charles Martin Hall was an Oberlin (Ohio) College student
when he became interested in producing aluminium
inexpensively. He continued to use the college laboratory
after he graduated in 1885 and discovered his method
eight months later. He had ultimately developed a
workable electrolytic process that formed molten
aluminium when purified alumina was dissolved in
a molten salt called cryolite and electrolyzed with direct
current. When Hall went to patent his process, he
discovered a French patent for essentially the same
process, developed by Paul L. T. Heroult.

using Hall’s process, and in Switzerland at Neuhausen
using Heroult’s process. By 1914, the Hall-Heroult
process had brought the cost of aluminium down
incredibly. Aluminium, once a precious metal used for
fine jewelry, is now becoming an accessible material
that can be used to advantage for many applications.
Consequently, the production of aluminium multiplied
amazingly. In 1918, it had already reached the 180,000
ton level, and it has maintained steady long-term
growth ever since. The production and consumption
of aluminium grew, on average, through the mid-1970
to more than 8% per year. The total consumption of
aluminium in the western world reached 2 million tons
in 1952 and 20 million tons in 1989. Aluminium had
been recognized as a material of the future.

Developments in welding aluminium
After the initial discovery of a suitable method to produce
aluminium as a cost effective material, the next step was
to modify and improve upon the basic material.
Pure aluminium has some unique and very important
characteristics, for example, its corrosion resistance
and electrical conductivity. However, pure aluminium,
because of its relatively low strength, was not the most
suitable material for structural welded fabrications.
It was soon found that by adding relatively small
amounts of alloying elements to pure aluminium, major
changes could be made to the material’s properties.
One of the first aluminium alloys to be produced was the
aluminium-copper alloy. Around 1910 the phenomenon
of precipitation hardening in this family of alloys was
discovered. Many of these precipitation-hardening
alloys would produce immediate interest within the
developing aircraft industry. Following the aluminiumcopper alloys, many other alloys were developed. It
was found that by adding such elements as copper
(Cu), manganese (Mn), magnesium (Mg), silicon (Si),
and zinc (Zn) and combinations of these elements, various
physical and mechanical characteristics of pure

This process is now known as the Hall-Heroult process.
After several unsuccessful attempts by Charles Martin
Hall to interest financial backers in promoting the
discovery, he obtained the support of Alfred E. Hunt and
a few of his friends. Together they formed the Pittsburgh
Reduction Company (later to become the Aluminium
Company of America, ALCOA). Understanding aluminium’s potential, Hall founded an industry in the USA
that contributed to the development of many others,
particularly the manufacture of aircraft and automobiles.
The industrial production of aluminium began in
earnest around 1888 at about the same time in America
and in Europe - in the USA, in Pittsburgh, Pennsylvania,

Figure 1. Welding Alcoa Aluminum,
first published in 1954

Figure 2. Welding Kaiser Aluminum
1st edition published 1967
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aluminium could be dramatically changed. Many of
these new alloys could match the strength of good
quality carbon steel - at one third of the weight.
The development of many new aluminium alloys, which
were suitable for structural application, immediately
posed the question of suitable joining methods. It is
one thing to have a desirable base material, but without
a practical and reliable method of joining such a material,
it becomes impractical to use it as a fabrication material.
The development of welding procedures for aluminium
alloys was somewhat different to that of carbon steel.
Because of the many variations of aluminium base
alloys, and the different effects each alloying element
would have on the weldability of the base materials, it
was necessary to develop many different filler alloys
to accommodate these variables. For instance, some
of the aluminium base alloys were of a particular
chemistry, having been designed that way for specific
desirable mechanical and physical characteristics,
and were not the most suited to good weldability.
These base alloy chemistries were not conducive to
the most desirable solidification characteristics, and
often rendered the base alloys particularly prone
to solidification cracking. The various degrees of
solidification crack sensitivity for each of the different
alloys needed to be established in order to provide
guidance for the development of suitable welding
procedures that would produce consistently crack-free
welds. This welding development work was a major
project in itself. Much development work was performed
by the aluminium base material manufacturers, as it
was most certainly to their advantage to show that
aluminium could be reliably welded, and also by some
of the first aluminium fabricators, who recognized the
potential of this new material and were eager to use
it within their manufacturing operations. Two of the
pioneers in welding development in the USA were
ALCOA (The Aluminium Corporation of America) and
Kaiser Aluminium and Chemical Corporation, with
their publications; Welding ALCOA Aluminium, first
published in 1954 (see fig 1) and Welding Kaiser
Aluminium, first published in 1967 (see Fig. 2).
To be competitive in the modern industrial world, a
structural metal must be readily weldable. The earliest
welding techniques suitable for aluminium included
oxy-fuel gas welding (see Fig. 3) and resistance welding.
Arc welding of aluminium was mainly restricted to the
Shielded Metal Arc Process (SMAW) sometimes
referred to as the Manual Metal Arc Process (MMA).
This welding process uses a flux-coated welding
electrode. It was soon found that this process was not
the most suited for welding aluminium. One of the
main problems was corrosion caused by flux entrapment, particularly in fillet welds where the flux could
be trapped behind the weld and promote corrosion
from the back of the weld.
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Figure 3. US Military water bottle stamped in 1918
and welded with the Oxy-fuel gas welding process.

The breakthrough for aluminium as a structural material
occurred with the introduction in the 1940s of the inert
gas welding processes, for example, Gas Metal Arc
Welding (GMAW), also referred to as Metal Inert Gas
Welding (MIG) and Gas Tungsten Arc Welding (GTAW)
also referred to as Tungsten Inert Gas Welding (TIG)
(see advertisement next page). With the introduction of
a welding process that used an inert gas to protect the
molten aluminium during welding, it became possible
to make high quality, high strength welds at high
speeds and in all positions, without corrosive fluxes.
Today, aluminium and its alloys are readily weldable
using a variety of techniques and welding processes, two
of the most recent being Laser Beam Welding and
Friction Stir Welding. However, the GTAW/TIG and
GMAW/MIG welding processes remain the most popular.
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Fig 4. 1944 -1994 advertisement celebrating 50 years of Heliarc
(The trade name used for the GTAW/TIG welding process that is still used by ESAB today)
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