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AWS Technical Lecture
Series VII

Dear Reader,
Recent data on economic revival is though
encouraging but it cannot be taken for granted. We
have to wait to see the economy of the country to
become stable. Welding industry falls in the LIFO (last
in first out) category. It gets the impact of improved
economic benefits last but is first to get the hit. A
sustained economic growth is, therefore, essential
for the welding industry for achhey din (better days).

Construction of Steel Structures

The Indian Institute of Welding – Foundation is a nonprofit division of The Indian Institute of Welding dedicated
to promote research in welding and to uplift the image
of welding in India. In its efforts to propagate knowledge
in welding the Foundation jointly organizes a Technical
Lecture Series (at five to six locations) with American
Welding Society (AWS) on a contemporary welding topic
every year. The faculty is drawn from the experts from
USA. Till now six lecture series have been organized. In
the past more than 500 delegates participated in each
lecture series.

There is an increasing demand in welding processes,
which guarantee an excellent welding quality, an
increase in productivity and a reduction of costs at
the same time. This demand led to the development
of high-performance welding processes with
increased deposition rate. With modern highperformance welding methods the deposition rate
/ welding speed can be increased approximately
by a factor of three. In the lead article different
possibilities of high-performance welding processes
have been presented. The non-consumable
tungsten electrodes come in a variety of sizes and
lengths and compositions. The article in education
section describes their composition and how to pick
the best one for your application. It also states the
importance of proper tungsten electrode preparation
and how to do it. The technical section covers the
perennial problem of distortion faced during welding.
This article defines weld distortion and provides a
practical understanding of the causes of distortion,
effects of shrinkage in various types of welded
assemblies and how to control it. In the world of
science, each discovery builds a foundation for future
advancements. The same is true for welding. A review
has been made of tracing our welding genealogy.
Understanding the roots of welding advances allows
researchers to build on those discoveries for future
refinements and breakthroughs. A brief discussion of
the past, present, and possible future of welding and
cutting technology has been presented.

The proposed forthcoming seventh series is on “Construction
of Steel Structures” by Mr. Robert E Shaw Jr. (Bob). He is
a member of the American Welding Society’s D1 Structural
Welding Committee, including subcommittees on Design,
Seismic Issues, and Strengthening and Repair. He chairs
International Institute of Welding’s Commission XV on
Design, Analysis and Fabrication of Welded Structures,
as well as IIW Select Committee on Quality Management
in Welding and Allied Processes.
The proposed areas to be covered during lecture are:
a. Introduction to Design and Welding,
b. Economical Design and Constructability,
c. Welding Symbols,
d. Design using Prequalified Status,
e. Design Values,
f. Welding Details,
g. Qualification Requirements,
h. Fabrication Requirements,
i. Inspection,
j. Retrofitting Existing Structures,
k. Fatigue Design,
l. Seismic Welding.
Importance will be given to specific structures like towers,
bridges, high rise buildings and the like.

We hope you enjoy the features in this edition.

In case you are interested in attending the lecture at any
of the locations (Pune, Cochin, Trichy, Chennai, Bhilai,
Kolkata, Delhi, Vadodara or Mumbai) please contact at
the following address:

Dr. S. Bhattacharya

Organising Committee
(Technical Lecture Series VII)
IIW-I Foundation
Email: foundation@iiwindia.com

Editor
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Lead Article
New Developments in High-Performance Arc Welding GMAW Processes*
INTRODUCTION
There is an increasing demand in welding processes,
which guarantee an excellent welding quality, an
increase in productivity and a reduction of costs at the
same time. This demand leads to the development of
high-performance welding processes with increased
deposition rate, which are defined by a deposition rate
higher than 8 kg/h. With modern high-performance
welding methods the deposition rate / welding speed
can be increased approximately by a factor of three.

Fig. 1: High-performance power supply which
delivers a welding current up to 900 A

WELDING EQUIPMENT
For high-performance welding it is not sufficient
enough that the power supply delivers a high current
only, but the whole equipment has to be adapted
properly.

Wire Feeder
High-performance welding is characterized by
high welding current and / or high wire feed speed.
Therefore not only the power supply has to be
changed to fulfill the requirements, but also the wire
feeder has to be adapted for high currents and high
wire feed speeds. Table 1 summarizes the different
wire feeders and their special fields of application.

Power Supply
In the new power supplies for high-performance
welding the principle of power sharing is employed.
Power sharing describes the use of more than one
(preferably two) power supplies to increase the
welding current and / or the duty cycle. Another
advantage of power sharing is that the two power
supplies can be disconnected and used as separate
standard power supplies when high-performance
welding is not necessary. There are two possibilities
in power sharing:

Wire
diameter

0.8 - 3.2
mm

0.8 - 3.2
mm

0.8 - 1.6
mm

0.8 - 1.6
mm

Wire feed
speed

0.5 - 11 m/
min

0.5 - 12 m/
min

0.5 - 30 m/
min

0.5 - 22 m/
min

Application

Thick wires

Thick wires,
high torque

High wire
feed speed

Standard

Table 1: Wire feeders for high-performance
welding with their application

• Both power supplies act together in one single arc
(single-wire welding).
• Both the power supplies act in two arcs (tandem
welding).

High-performance welding is commonly used in
automated systems. Each automated system should
be completed by a torch cleaner to remove spatters
in early state and to prevent system shutdown.
The new touchless cleaners clean torches, without
touching, by an electromagnetic pulse and therefore
prevents damage to gas nozzle etc.

Both in single-wire and tandem welding power
sharing requires a rapid data exchange between
the two power supplies to synchronize them. This
problem is solved using a Local High Speed Bus,
which exchanges data at a rate of 10 MB per
second. Fig. 1 shows a high current power source
arrangement formed by two power sources and
delivers a welding current up to 900 A together with
a schematic drawing.

APPLICATIONS
The first step to high-performance welding is an
increase of the wire feed speed in single-wire
welding. The next step is the development of tandem
welding (welding with two wire electrodes deposited

* Dr. Karin Himmelbauer, Fronius International GmbH, Austria
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which has been further developed for this application
(Fig. 2). The contact tube has a rectangular opening
to guide the wire in both horizontal and vertical
direction. The gas nozzle is water-cooled to the very
tip, which is especially important for high welding
currents.

at the same time). While single-wire welding with
high wire feed speed bears the problem of cutting,
the torch positioning of tandem welding of non-linear
profiles is difficult, as the relative position of the two
wire electrodes and the welding direction must be
held constant. A further possibility to increase the
deposition rate is the use of strip-wires, resulting in
deposition rates up to 11 kg/h. The main advantage
of strip-wire welding compared to tandem welding is
the single power supply and the easier handling.

Due to the difficulties in wire feeding arising from the
rectangular shape of the wires, strip wire welding
is preferably used with sample handling or for long
linear seams, where the torch is moved on a linear
drive.

High performance welding is applied in a variety of
fields, e.g. automotive industry, heavy steel industry,
railway industry etc. Both weld-joining and hard-facing
processes can be performed. In the following three
different applications of high-performance welding
will be presented, namely strip wire welding, welding
with large-diameter wires and tandem welding.

Figure 3 shows the material transition of strip wire
welding in case of a pulsed arc. Pictures are taken
both from the long and from the short edge of the
wire. It is important to mention that the arc burns
stable on the whole edge of the strip wire the whole
time. Besides, the arc has a pronounced elliptic
shape at the strip wire but becomes almost round at
the sample to be welded. Also the droplets which are
detached from the wire are approximately spherical,
which can be attributed to surface tension.

Strip Wire Welding
Table 2 shows the most commonly welded solid strip
wires. The width of the electrodes is in the range of
4.0 – 4.5 mm while the thickness is around 0.5 – 0.6
mm. Strip wires are produced either by deformation
of round wires or by cutting broader bands.
Generally the ratio of surface to cross-section area is
larger for strip wires than for round wires and so the
surface quality of the wires is even more important
for the welding result. For steel the wire feed speed
can be increased up to 11 m/ min, which corresponds
to a deposition rate of more than 11 kg/ h, while
deposition rates up to 4 kg/ h can be achieved for
the Al-alloys.
Filler Material

G3Si1
(ER70S-6)

AlMg4.5Mn

AlSi5

Cross section

4.5 x 0.5 mm

4.0 x 0.6 mm

4.0 x 0.6 mm

2

2

2

2.4 mm

2.4 mm

Upto 10.7 m/
min

Upto 9.2 m/
min

Upto 9.2 m/
min

Upto 11.3 kg/h

Upto 3.6 kg/h

Upto 3.6 kg/h

Cross-section area

2.3 mm

Wire feed speed
Deposition rate

Fig. 2: Push-Pull torch for strip wire welding and
application with sample handling robot

Fig. 3: Material transition of the AlSi5 strip wire
(wire feed speed 5 m/min). View from the
long and from the short edge of the wire.

Table 2: Most commonly welded solid strip wires
and welding parameters.
The torch used in strip wire welding is a Push-Pull torch
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steel also have feeding problems as these wires are
very stiff, when the diameter is very large.

The penetration of strip wire welding was compared
to the penetration of round wires with 1.6 mm
diameter, as these wires have similar cross-section
areas. As a result it was found that the penetration of
strip wires is much less than the penetration of round
wires. Besides the penetration of strip wire welding
is almost independent from the angle between long
edge of the strip wire and welding direction. The
smaller penetration of strip wires compared to round
wires makes strip wire welding preferable for hardfacing processes. Experiments with Ni-based strip
wires were already performed and showed good
results.

Due to welding with large-diameter wires it is possible
to weld fillet joints with a large throat thickness in
one single pass, while it takes two or more passes
with conventional wires. Therefore cycle time can
evidently be decreased and productivity increased.
Tandem Welding
The main difference between tandem welding and
double wire welding is the fact that in tandem welding
the contact tubes of the two wires are electrically
isolated so that the two electrodes can have
different electrical potential. Therefore arc mode
(standard, pulsed), arc length, current, power etc.
can be adjusted separately for both arcs. Also the
material transition of both arcs can be influenced and
optimized separately. In many cases both electrodes
act in a pulsed arc with the material transitions
shifted by 180°, which means that one wire has base
current while the other wire has pulse current and
vice versa.

The increase in deposition rate in high-performance
welding can either be transformed into a higher
welding speed, which is the goal in most cases, or
into a larger cross-section of the weld seam. Fig. 4
shows overlap seams of 3 mm sheets with different
filler materials. When comparing these welding
speeds with standard round wire welding, it can be
seen that the welding speed with strip wires can
be strongly increased compared to standard round
wires. The heat input into the base material is also
decreased for strip wire welding.

CONCLUSIONS
To increase productivity the first step is an increase
in the wire feed speed in conventional single-wire
welding. The next step is an increase in the wire
cross-section area, either by increasing the diameter
of the wire up to 3.2 mm or by using strip wires
with a rectangular shape. Another way to increase
deposition rate is to melt more than one wire
electrode at the same time as it is done in tandem
welding. While conventional single-wire welding with
high wire feed speed bears the problem of cutting,
the torch positioning of tandem welding of non-linear
profiles is difficult, as the relative position of the two
wire electrodes and the welding direction must be
held constant. The main advantage of strip-wire
welding compared to tandem welding is the single
power supply and the easier handling.

▪ AlMg4.5Mn vs. 165cm/min    ▪ AlSi5 vs. 300 cm/min      ▪ G3Si1 vs. 180 cm/min

Fig. 4: Maximum wire feed speed for overlap
seams of 3 mm sheets with different filler
materials.
Welding With Large-Diameter Wires
In standard single-wire welding the wire feed speed
cannot be increased endlessly, as at a certain point
the problem of cutting occurs. For further increase of
the deposition rate in single-wire welding it is possible
to maintain round wires, but to increase the diameter
of the wires up to 3.2 mm. These wires are available
in all common materials (Al, Al-alloys, steel, copperbase wires, flux-cored wires, etc.) and are usually
welded in flat or horizontal vertical position. The main
disadvantage of these wires is the wire feeding: very
soft wires such as Al are difficult to feed as they lack
form stability. On the other hand hard wires such as

“Learn from yesterday, live for today, hope
for tomorrow. The important thing is to not
stop questioning.”
-Albert Einstein
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Education
Selection and Preparation Guide for Tungsten Electrodes*
The non-consumable tungsten electrodes come in a variety of sizes and lengths and compositions. This
article describes how to pick the best one for your application and proper tungsten preparation
1.5% LANTHANATED
1.5% lanthanated tungsten electrodes (AWS
classification EWLa-1.5) contain a minimum of
97.80% tungsten and 1.30 to 1.70% lanthanum,
or lanthana. These electrodes have excellent arc
starting, low-burn-off rate, good arc stability and
excellent re-ignition characteristics. Lanthanated
electrodes work well on AC or DC electrode negative
with a pointed end or they can be balled for use
with AC sine wave power sources. It maintains a
sharpened point well, which is an advantage for
welding steel and stainless steel on DC or the AC
from squarewave power sources. The addition of
1.5% lanthana increases the maximum carrying
capacity by approximately 50% for a given size
electrode.

The TIG (Tungsten Inert Gas) or GTAW (Gas
Tungsten Arc Welding) process relies on tungsten’s
hardness and high temperature resistance to carry
the welding current to the arc without melting, as it
has the highest melting point of any metal (3,410
degrees Celsius). These non-consumable electrodes
are composed of either pure tungsten or with other
rare earth elements and oxides. This article will
describe tungsten options, how to pick the best one
for application and proper tungsten preparation.
PURE TUNGSTEN
Pure tungsten electrodes (AWS classification
EWP) contain 99.50% tungsten, have the highest
consumption rate of all electrodes and are typically
less expensive than “alloyed” counterparts. These
electrodes form a clean, balled tip when heated and
provide great arc stability for AC welding but is not
typically used for DC welding.

ZIRCONIATED
Zirconiated tungsten electrodes (AWS classification
EWZr-1) contain a minimum of 99.10% tungsten
and .15 to .40% zirconium. A zirconiated tungsten
electrode produces an extremely stable arc and
resists tungsten spitting. It is ideal for AC welding.
Under no circumstances is zirconiated recommended
for DC welding.

2% THORIATED
2% thoriated tungsten electrodes (AWS classification
EWTh-2) contain a minimum of 97.30% tungsten
and 1.70 to 2.20% thorium. They are the most
commonly used electrodes today and are preferred
for their longevity and ease of use. Thorium improves
arc starts and allows for a higher current carrying
capacity. Unlike pure tungsten, these electrodes
are only for specialty type AC welding but they are
exceptional for DC electrode negative on carbon and
stainless steel, nickel and titanium applications.

RARE EARTH
Rare earth tungsten electrodes (AWS classification
EWG) contain unspecified additives of rare earth
oxides or hybrid combinations of different oxides, but
manufacturers are required to identify each additive
and its percentage on the package.

2% CERIATED
2% ceriated tungsten electrodes (AWS classification
EWCe-2) contain a minimum of 97.30% tungsten and
1.80 to 2.20% cerium. These electrodes perform best
in DC welding at low current settings but can be used
proficiently in AC or DC processes. Ceriated tungsten
features slightly different electrical characteristics
than thorium. Using ceriated electrodes at higher
amperages is not recommended.

TUNGSTEN PREPARATION
Balled
A balled tip is generally used on a pure tungsten
electrode and is suggested for use with the AC
process on sine wave and conventional squarewave
TIG welding machines. To properly ball the end of
the tungsten, simply apply the AC amperage
...continued on Page 9

* Adapted from an article of Weldcraft, Website of Miller Electric, USA
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Technical
WELD DISTORTION*
This article defines weld distortion and provides a practical understanding of the causes of distortion,
effects of shrinkage in various types of welded assemblies and how to control it
(or yields) and thins out, thus adjusting to the volume
requirements of the lower temperature. But only
those stresses that exceed the yield strength of
the weld metal are relieved by this straining. By the
time the weld reaches room temperature - assuming
complete restraint of the base metal so that it cannot
move - the weld will contain locked-in tensile stresses
approximately equal to the yield strength of the metal.
If the restraints (clamps that hold the workpiece, or an
opposing shrinkage force) are removed, the residual
stresses are partially relieved as they cause the base
metal to move, thus distorting the weldment.

INTRODUCTION
Distortion in a weld results from the expansion and
contraction of the weld metal and adjacent base
metal during the heating and cooling cycle of the
welding process. During this heating and cooling
cycle, many factors affect shrinkage of the metal and
lead to distortion, such as physical and mechanical
properties.
REASONS FOR DISTORTION
To understand how and why distortion occurs during
heating and cooling of a metal, consider the bar of
steel shown in Fig. 1. As the bar is uniformly heated,
it expands in all directions, as shown in Fig. 1(a).
As the metal cools to room temperature it contracts
uniformly to its original dimensions.

HOW TO MINIMIZE DISTORTION
To prevent or minimize weld distortion several
ways can be used to minimize distortion caused by
shrinkage:

Heated bar

Bar at room
temperature before
heating and
after cooling
(a)

Bar restrained
during heating

Restrained bar
after cooling

(b)

(c)

1. Do not overweld
Correctly sizing a weld for the requirements of
the joint minimizes distortion. The amount of weld
metal in a fillet weld can be minimized by the use
of a flat or slightly convex bead, and in a butt joint
by proper edge preparation and fit-up. The excess
weld metal increases shrinkage forces. If distortion
is a problem, select either a joint in which the weld
stresses balance each other or a joint requiring the
least amount of weld metal.

Fig. 1.: Different stages of heating a steel bar
If restrained, as in 1(b), during heating, it can expand
only in the vertical direction - become thicker. On
cooling, the deformed bar contracts uniformly, as
shown in 1(c), and, thus, is permanently deformed.
This is a simplified explanation of basic cause of
distortion in welding assemblies. In a welded joint,
these same expansion and contraction forces act
on the weld metal and on the base metal. As the
weld metal solidifies and fuses with the base metal,
it is in its maximum expanded from. On cooling, it
attempts to contract to the volume it would normally
occupy at the lower temperature, but it is restrained
from doing so by the adjacent base metal. Because
of this, stresses develop within the weld and the
adjacent base metal. At this point, the weld stretches

2. Use intermittent welding
Another way to minimize weld metal is to use
intermittent rather than continuous welds where
possible. Intermittent welds can reduce the weld
metal by as much as 75 percent yet provide the
needed strength.
3. Use as few weld passes as possible
Fewer passes with large electrodes are preferable
to a greater number of passes with small electrodes
when transverse distortion could be a problem.

*Adapted from the publication in iWeld Newsletter, May 2014, of Lincoln Electric
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4. Place welds near the neutral axis
Distortion is minimized by providing a smaller
leverage for the shrinkage forces to pull the plates
out of alignment. Both design of the weldment and
welding sequence can be used effectively to control
distortion.

is not permitted on the final pass. Thus, the utility of
the technique is limited. Another method for removing
shrinkage forces is by thermal stress relieving controlled heating of the weldment to an elevated
temperature, followed by controlled cooling known
as stress relieving heat treatment.

5. Balance welds around the neutral axis
This practice offsets one shrinkage force with another
to effectively minimize distortion of the weldment.
Here, too, design of the assembly and proper
sequence of welding are important factors.

10. Minimize welding time
The time factor affects distortion. In general, it is
desirable to finish the weld quickly, before a large
volume of surrounding metal heats up and expands.
The welding process used, type and size of electrode,
welding current, and speed of travel, thus, affect the
degree of shrinkage and distortion of a weldment.
The weld made with the higher heat input generally
results in a greater amount of distortion.

6. Use back-step welding
In the back-step technique, the general progression
of welding may be, say, from left to right, but each
bead segment is deposited from right to left. As each
bead segment is placed, the heated edges expand,
which temporarily separates the plates at other end.
With successive beads, the plates expand less and
less because of the restraint of prior welds.

SUMMARY:
A CHECKLIST TO MINIMIZE DISTORTION
Follow this checklist in order to minimize distortion
in the design and fabrication of weldments:- Do
not overweld. Control fit-up. Use intermittent
welds where possible and consistent with design
requirements. Use the smallest leg size permissible
when fillet welding. For groove welds, use joints that
will minimize the volume of weld metal.

7. Anticipate the shrinkage forces
Presetting parts before welding can make shrinkage
perform constructive work. The required amount of
preset for shrinkage to pull the plates into alignment
can be determined from a few trial welds. Prebending,
presetting or prespringing the parts to be welded
is a simple example. Another common practice is
clamping the parts tightly together.

Consider double-sided joints instead of singlesided joints. Weld alternately on either side of the
joint when possible with multiple-pass welds. Use
minimal number of weld passes. Use low heat input
procedures. This generally means high deposition
rates and higher travel speeds. Use welding
positioners to achieve the maximum amount of flatposition welding. Balance welds about the neutral
axis of the member.

8. Plan the welding sequence
A well-planned welding sequence involves placing
weld metal at different points of the assembly so that,
as the structure shrinks in one place, it counteracts
the shrinkage forces of welds already made. An
example of this is welding alternately on both
sides of the neutral axis in making a complete joint
penetration groove weld in a butt joint. Clamps, jigs,
and fixtures that lock parts into a desired position
and hold them until welding is finished are probably
the most widely used means for controlling distortion
in small assemblies or components.

Distribute the welding heat as evenly as possible
through a planned welding sequence and weldment
positioning. Weld toward the unrestrained part of the
member. Use clamps, fixtures, and strongbacks to
maintain fitup and alignment. Prebend the members
or preset the joints to let shrinkage pull them back
into alignment. Sequence subassemblies and final
assemblies so that the welds being made continually
balance each other around the neutral axis of the
section.

9. Remove shrinkage forces after welding
Peening is one way to counteract the shrinkage
forces of a weld bead as it cools. Generally, peening
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New Product
PurgEye® 200 Weld Purge Monitor®
...continued from Page 6
recommended for a given electrode diameter and
the ball on the end of the tungsten will form itself.
The diameter of the balled end should not exceed
1.5 times the diameter of the electrode
Pointed or Truncated
A pointed and/or truncated tip (for pure tungsten,
ceriated, lanthanated and thoriated types) should
be used for inverter AC and DC welding processes.
Generally, you will want to grind the taper on the
tungsten to a distance of no more than 2.5 times
the electrode diameter. When welding with lower
currents on thinner materials (those ranging from
0.125 to 1mm), it is best to grind the tungsten to a
point. However, for higher current applications, it
is best to grind your tungsten to a truncated tip. To
achieve this shape, first grind the tungsten to a taper
and then grind a 0.25 to 0.75 mm flat land on the end
of the tungsten.

Huntingdon Fusion Technologies, U.K., has
introduced a monitor, PurgEye 200 Weld Purge
Monitor, to assess the level of purging in an enclosed
areas.It is an essential tool for the process industry,
with various models serving different levels of weld
purge requirement.

There are applications that can be satisfied with
monitors measuring down to 10 ppm of oxygen.  
PurgEye® 200 Weld Purge Monitor® is one such Safety note: if you are grinding thoriated tungsten,
model that has just been developed for the process make sure you control and collect the dust, have
industries.
an adequate ventilation system at the grinding
station and that you follow manufacture’s warnings,
The lifetime sensor of PurgEye® 200 Weld Purge instructions and MSDS sheets.
Monitor® eliminates the need for changing cells
once every year or so, subject to the type of usage CONCLUSION
the “wet” cells receive.   Alarm signals can be given In any application, the type and shape of tungsten
by the PurgEye® 200 to show when the purge gas one uses help determine the arc quality and
level is within or outside the preset range.
welding performance one will achieve. Each of the
six types of tungsten discussed here bring with it
The industries which require lower oxygen levels
distinct advantages and disadvantages. That is why,
such as Aerospace, Food and Drinks, Semiregardless of type of material you are TIG welding
conductor, Biofuelsetc that need to achieve oxygen
or whether one is using an AC or DC process, it is
levels down to 10 ppm there are other models of
always important to choose tungsten wisely for each
purge monitors.
application.
PurgEye® 200 is a hand held, battery driven monitor
that will read very accurately down to 10 ppm.

Ideal Tungsten Preparation - Stable Arc

It is probably the lowest cost Weld Purge Monitor® of
its kind even though it contains an internal electromechanical pump for drawing samples of gas
automatically over the sensor before discharging it
to atmosphere.

1. Stable Arc 2.Flat 3.Grinding Wheel 4.Straight Ground
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Review
Tracing Our Welding Genealogy*
Understanding the roots of welding advances allows researchers to build on those discoveries for future
refinements and breakthroughs
In the world of science, each discovery builds a
foundation for future advancements. The same is
true for welding. Following is a brief discussion of
the past, present, and possible future of welding and
cutting technology.

on his covered electrode for what is now known as
shielded metal arc welding (SMAW)

THE BEGINNING (ANTIQUITY TO 1919 AD)
There is general agreement among scholars that
forge welding was practiced more than 5500 years
ago (3500 BC). Forge welding, brazing, and soldering
were practiced by ancient craftsmen. Except for
mechanical means, until the year 1800, these same
forge welding, brazing, and soldering processes
were the only way metals were joined.

During these years, great strides were being made
in electrical engineering, chemical engineering,
metallurgical sciences, etc.

In about 1810, Sir Humphry Davy (1778–1829)
(Fig. 1), the head of the Royal Institution in London,
used its “Great Volta Pile” (also known as the “Great
Battery”), to demonstrate his discovery of a carbon
arc.
The next 80 to 90 years saw development of the
technologies that led to the invention of arc welding,
oxyacetylene welding, and resistance welding
processes. A few milestones related to these
technologies follow:
1832 - Hypolite Pixii made the first true generator
1836 - Edmund Davy, cousin of Sir Humphry Davy,
discovered acetylene
1856 - James Joule discovered the principles of
resistance welding
1885 - de Benardos and Olszewski (both from Russia)
obtained what is considered the first practical carbon
arc welding patent
1886 - Elihu Thomson — considered the father of
resistance welding — was issued U.S. Patent
1901 - Picard and Fouche of France announced their
newly developed oxyacetylene torch.
1907 - Oscar Kjellberg of Sweden filed for a patent

1919 - The first “Constitution and Bylaws” of the
American Welding Society (AWS) were adopted in
March

THE NEXT 20 YEARS (1920 TO 1939)
Shielded metal arc welding, also called stick
electrode welding or covered electrode welding, rose
to worldwide importance, and a stream of patents
was issued around the world. Most of them covered
electrode chemistry and manufacturing techniques.
Electrodes were developed that would weld with
either alternating current (AC) or direct current (DC),
or both. This led to the development of a wide variety
of transformer AC welding power supplies, as well as
generators for DC welding. Rectifier/transformer DC
power supplies for welding were not being marketed
yet.
Oxyacetylene was the most popular method for gas
welding and cutting. Acetylene gave the highest
temperature of all the gases that were used for
welding and cutting. Among the gases available
during this time were petroleum distillates like Pintsch
Gas and Isolite, as well as gases such as propane.
Efforts to automate SMAW led to the development of
submerged arc welding (SAW) in which a flux, similar
to that on a SMAW electrode coating, was produced
in a granular form and deposited on the weld zone.
A solid metal electrode was fed into and beneath the
flux, where a “submerged arc” performed the welding
action. There were a number of patent disputes over
whether or not there was an arc beneath the flux,
or was it a resistance action as the current passed
through the molten flux in the welding zone. The
AWS has defined it as SAW.

* August F. Manz, Union, N.J., is an AWS Fellow, Welding Journal, June 2014, Vol. 93, No. 6
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WELDWELL SPECTRUM
PRE AND POST WORLD WAR II YEARS (1940–
1959)
During the 1930s, aircraft companies were beginning
to use more aluminum and magnesium in their
designs. It was at Northrop Aircraft, Inc., that Russell
Meredith made the first gas tungsten arc welding
(GTAW) torch. It used a tungsten electrode and
helium to shield the arc zone. A patent was filed
January 4, 1941. This new monumental process
was introduced as “Heliarc” welding. It has also been
called tungsten inert gas (TIG) welding, wolfram
inert gas (WIG) welding (wolfram is another name
for tungsten), argon arc welding (because argon
was used in place of helium), and other names. The
official AWS terminology is GTAW.

have systems with separate control of the static and
dynamic characteristics that were first described in
1962. By linking these power supplies with digitally
controlled wire feeding systems, many manufacturers
now provide their own version of the “one knob”
GMAW systems first described as “synergic” welding
systems. The ability to control GMAW (and GTAW)
arc parameters with digital technology and computers
has made data retrieval and retention routine. This
ability has vastly improved quality control and reduced
costs. These same improvements in technology
have made it practical to take advantage of lasers
and electron beams for welding and cutting. Even
resistance welding and friction welding have seen a
renaissance.

It was after the end of World War II that another
monumental discovery by Albert Muller, Glenn
Gibson, and Nelson Anderson was made and
patented in 1950. It described, for the first time, the
principles for achieving spray metal transfer with
a continuously fed steel electrode. The AWS calls
this process, which is used all over the world, gas
metal arc welding (GMAW). Gas metal arc welding
has many variations, and is known by names such
as metal inert gas (MIG) welding, shielded inert gas
metal arc (SIGMA) welding, argon metal arc (AMA)
welding, and metal active gas (MAG) welding.
Another version uses short circuit metal transfer
(GMAW-S as it is identified by AWS), which is also
known as dip transfer, short arc, micro wire, etc.
Further development has led to GMAW with pulse
power transfer, or as AWS calls it GMAW-P. Even
GTAW has a pulse power version that is called
GTAW-P by AWS.

THE FUTURE
New problems that arise in welding and cutting will
be solved by those who have knowledge of how
problems of the past were solved. Just because one
has a computer to gather data it does not mean one
will find the answer to problems. The information one
seeks may not be there. The Internet only contains
information that someone put there; it is not the
source of all knowledge. It may be helpful to do some
additional hard-copy research in books, magazines,
patents, etc. Get to know what was done in the past.
My advice to future investigators of welding and
cutting technology is to get to know the history of
the subject you are investigating before you start.
There is an old saying “what you don’t know, you
don’t know you don’t know.” The publications of
the American Welding Society are good places to
start your investigative journey. More refinements
in equipment design, computers, nanotechnology,
materials, etc., are to be expected.

THE MODERN ERA (1960 TO TODAY)
As a consequence of developments in solidstate electronic devices and circuitry, as well as
computer technology, welding and cutting equipment
manufacturers have produced an astonishing array
of system options. For example, the size and
weight of equipment has been drastically reduced
because of the inverter technology that is used in
almost every system marketed today. Digital circuitry
has made it possible to build welding and cutting
systems with computer programming and control.
Many manufacturers of GMAW power supplies

Fig. 1 Sir Humphrey Davy the discoverer of Electric
Arc 1810
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