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We welcome the New Year with hope that this
year will be better than the previous one and wish
you all a very Happy and Prosperous New Year
2012. Towards the second half of the last year the
industrial growth faced some road blocks which
reflected in the overall business scenario of the
welding fraternity.

National Welding Seminar 2011
The National Welding Seminar, 2011 was organized
by the Bhilai Branch of The Indian Institute of Welding
in association with the Bhilai Steel Plant at Bhilai from
15th to 17th December, 2011. The theme of the seminar
was “Welding Science & Technology in Infrastructure
Industries”. About 200 delegates participated in the
seminar. Forty technical papers were presented.
National level competitions for the Best Welding
Engineer and Best Welders in two categories of welding
were conducted prior to the seminar.

Dear Readers,

With the emphasis on increasing productivity use
of metal cored wire is gaining importance. Higher
duty cycles, faster travel speeds, low fumes
and better cost effectiveness are some of the
primary reasons. By exploring the advantages
and disadvantages of the metal cored wires, one
can best determine whether this is a process
that one should employ to increase productivity
and ultimately the profitability. The lead article
describes in detail all these aspects. The article
in the section technical is intended to assist
welders in selecting one of the most important and
frequently overlooked Gas Tungsten Arc Welding
(GTAW) process variables: the electrode. With the
increasing grades of stainless steel and varied
applications identifying the major grades within
a short notice is found to be very useful in areas
where sophisticated equipments are out of bounds.
Some tips have been provided in the education
section to help chemists to do so. Titanium is
well known for its light weight and high strength.
But because of the high reactivity of titanium and
titanium alloys at temperatures above 550°C,
additional precautions must be applied to shield
the weldment from contact with air. In the review
section various aspects of welding of titanium is
covered. In addition to the routine sections new
developments in plasma cutting machines and
current events have been presented for you to
enjoy.

Mr. R.Ravi, President of IIW-India presided over the
inauguration ceremony. He stressed the importance
of close association of steel produced with welding
industry. He hoped that this seminar would play a
significant role in dissemination of knowledge on recent
developments in the field of welding and its related
technologies.
The seminar was inaugurated by Mr. Pankaj Gautam,
CEO of the steel plant. He said that the BSP is one of
the flagship companies of SAIL. It has won nine Prime
Minister’s Award for the best integrated Steel Plant.
He further added that as one of the producers of the
longest rails in the world, BSP has made significant
contributions towards corporate social responsibility,
environment conservation etc. He also said that the
significance of welding is rising day by day in the field
of development of infrastructure. He hoped that the
seminar would provide conclusive platform for welding
professionals and decision makers from industries,
academic and research institutions to share and
enhance the knowledge of fast developing science &
technology of welding.
Mr. P.K. Singh, Executive Director, BSP, in his key
note address, asserted that welding is the lifeline not
only for the steel plants but for the entire infrastructure
industries. Such seminars are fruitful in meeting the
future challenges and to be a milestone in the direction
of knowledge sharing.
During the seminar, Dr. R.S.Parmar, an eminent
scientist, author of a number of books on welding and
an expert in welding technology was conferred with
the Life Time Achievement Award of the Institute. Also
a number of other welding technologists who have
made significant contributions in the field of welding
technology were also honoured.

Dr.S.Bhattacharya
Editor
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Lead Article
Advantages and Disadvantages of Metal Cored Wires* 1,2
INTRODUCTION
The main goal in every advancement is to improve first
the integrity of the weld and second to improve upon
the process itself to make it faster, more efficient, and
more cost effective through higher productivity. The
answer came in the form of a fabricated composite
cored wire known as the metal cored wire.

similar to an E70S-6 solid wire would be classified
as an E70C-6 composite wire. Considered to have
some characteristics similar to flux cored wires and
other characteristics similar to solid wire, metal cored
wires do share a similar construction to flux cored
wires and performance similar to solid MIG wires.
ADVANTAGES
Metal cored wire combines the best properties of a
solid wire and a flux cored wire. Benefits of metal
cored wire include the following:

The internal components of a metal cored wire
are composed chiefly of the alloys, manganese,
silicon, and in some cases, nickel, chromium and
molybdenum as well as very small amounts of arc
stabilizers such as sodium and potassium, with the
balance being iron powder. Metal cored wires give
the benefit of being able to have alloy compositions
formulated for specific applications in smaller batches
than the normal large heats of solid wire. Many
alloy compositions employing chromium, nickel and
molybdenum are now available including austenitic
and ferritic stainless steel alloys. Metal cored wires
have little to no slag forming ingredients in the
internal fill of the wire. Welds made with a metal
cored wire will only have small silicon islands from the
deoxidized products that appear on the surface of the
weld. This allows for multiple pass welding without
deslagging. The outer metallic sheath of a cored wire
conducts the electrical current for welding. Because
of the nature of cored wires, their current carrying
density is greater, which improves deposition rates
at equal current levels when compared to solid MIG
wires.

• High deposition rates and travel speeds.
• Minimal slag and low spatter.
• Little to no postweld cleanup or cleaning between
passes.
• Excellent sidewall fusion and root penetration.
• Ability to bridge uneven fitup without meltthrough.
• Ability to weld thin materials without meltthrough.
• Typically able to use the next larger electrode
diameter compared to solid wire.
• Specialized alloys available for a variety of
applications.
• Weld out-of-position with pulsed spray or short
circuit transfer.
• Low diffusible hydrogen levels, typically less
than 4 mL/100 g of deposited weld metal, meets
ABS, DNV, API, Lloyds, ANSI/AWS D1.1 and
other standards.

SPECIFICATIONS
Metal cored wire is technically called a tubular
electrode. Metal cored wires are classified under the
American Welding Society specification with solid
MIG wires (AWS A 5.18 for mild steel, AWS A5.28 for
low alloy and AWS A5.9 for stainless steel). Metal
cored wires will carry the same basic classification
for strength level and chemical composition as solid
MIG wire, but are denoted by a “C” for composite
wire. For example, a 70 ksi metal cored wire having
a chemical composition and mechanical properties

• Reduced smoke and fumes compared to flux
cored wire
• Handles rust and mill scale well.
Some of the key advantages are in comparison
to similar processes are shown in the following
diagrams.

* 1,2 Based on article by 1. Dwight Myers, Director of Marketing, Filler Metals for ESAB Welding and
Cutting Products & 2. Tim Hensley, The Fabricator, March 14, 2011
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APPLICATIONS
Metal-cored wires are appropriate for welding on
mild, low-alloy, and stainless steel. They work
particularly well in the automotive industry for welding
components such as chassis and steel wheels,
primarily because of their ability to provide a wide
bead profile and high travel speed.

Deposition Efficiency
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In the manufacturing and fabrication industries, metalcored wires are suitable for welding agricultural and
heavy equipment, as well as railcars, mostly because
of their ability to weld through the rust and mill scale
typically encountered in these applications. The wires
can weld thicker as well as the thinner materials
found in the food and chemical industries. The
wires, however, are not recommended for welding
sheet metal. Other applications in which metal-cored
wires can be used include welding piping or other
components with poor fit-up, applications prone to
burn-through, and those requiring aesthetic bead
appearances. They also are suitable for singleand multipass welding using a robotic or automatic
welding process. Metal-cored wires can be an
alternative to submerged-arc or gas-shielded, fluxcored welding processes in some applications. They
also might be suitable in applications that typically
employ solid wire, such as those requiring singlepass welding for welds that are 3 in. or longer welds
in the flat and horizontal positions using the spray
transfer mode.
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DISADVANTAGES TO METAL CORED WIRES
So far this paper has been weighted to show the
advantages of converting solid MIG wires or flux
cored wires to a metal cored wire, but there are
few disadvantages as well. To gain the fullest
potential benefit from using a metal cored wire, an
automated or robotic set up is required. Expecting
the maximum potential increase in travel speed
to be met and consistently maintained in a hand
held operation is expecting a lot from a welder. If a
current application is being handled only by hand
held welding stations, a capital investment would be
needed in an automated system. Repetitiveness of
an application is necessary to minimize set up and
jig costs. The cost of the automated system has to
be taken into account also as well as the ability to

Travel Speed
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.... continued on page 8

figure 2 and 3 continued on Page 5
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Education
Differentiating Stainless Steel
Iron in its elemental form is not suitable for any
engineering application. It needs at least one
alloying element to make it useful for such purposes.
The essential element is carbon that provides it the
required strength. To improve other properties a host
of alloying elements have been tried. Two of the
most common alloying elements are Chromium (Cr)
and Nickel (Ni). They impart corrosion resistance to
the steel.

Take 50 ml of clean water and add about two-thirds
of a tea spoon (about 10 gms) of laboratory grade
ferric chloride and mix completely. Use a glass rod to
put a drop of ferric chloride solution on a pre-cleaned
surface of the stainless steel sample. Let it stay on
for 2-3 minutes. Then wash away the ferric chloride
droplet under running water. Do not wipe. Different
colours are observed on etched surfaces of different
grades.

In 1821 Frenchman Berthier added Cr to steel to
improve the corrosion resistance. Unfortunately
further increase in Cr reduced the formability of the
steel due to higher carbon content. During the first
decade of twentieth century low carbon Cr bearing
steel developed due to increased requirements
for corrosion resistant materials and finally it was
observed that to be stainless a minimum of 10.5% of
Cr is required in the Fe-Cr-C system alloy. This level
of Cr allows formation of a passive surface oxide that
prevents oxidation and corrosion of the underlying
metal under ambient noncorrosive condition. In
the year 1913 while analyzing the cause of failure
of 5% Cr steel Brearly of Thomas Firth & Sons,
Sheffield, concluded that the high C was the cause.
Next year the first acceptable 13% Cr stainless steel
was produced. Since then more than 300 grades of
stainless steel have been developed to meet varied
application requirements.

It will be observed that SS 304 and SS 430 leave
whitish patches. Low-nickel stainless steels leave
a blackinsh-brown patch, the intensity of the colour
increases with lowering of nickel content.

All these grades are used in many different
applications. But it is, however, difficult to differentiate
between the above grades as they all look alike.
Only 430 is attracted by magnets but not the others.
Below we are suggesting some simple chemical tests
to differentiate and arrive at a qualitative estimate to
which grade a given sample belongs.

Cross section comparison shows the deep “finger” of penetration
with a solid welding wire

fig. 2 and 3 continued from Page 4

Ferric chloride solution etches these grades differently
and is especially gelpful in getting an idea of the level
of nickel in the low-nickel stainless steels.
Procedure
This procedure explains how to differentiate SS
304, 430 and those containing 1%, 2% and 4%
Nickel.

Given the same amperage and wire diameter, a metal cored
welding wire will have a higher wire feed speed
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Technical
A Practical Approach in Selecting Tungsten Electrode
INTRODUCTION
This article is intended to assist welders in selecting
one of the most important and frequently overlooked
Gas Tungsten Arc Welding (GTAW) process variables:
the electrode. The electrode used in GTAW is made
of tungsten or a tungsten alloy, because tungsten has
the highest melting temperature among pure metals,
at 3422°C (6192°F). As a result, the electrode is not
consumed during welding, though some erosion
(called burn-off) can occur. Pure Tungsten– has a
high work function 4.5 eV i.e.it takes a great deal of
energy to operate. This makes it difficult to start and
maintain a stable arc. It also has a high burn-off rate
and thus a shorter service life.

Promoting better welding than pure tungsten
It has a low work functions, and it performs reasonably
well when overloaded with extra amperage.
This tungsten is used primarily for DC welding and
may split if used for AC welding
Remarks
It does not hold its point as well as some other nonradioactive tungsten that have been introduced.
Low level of radioactivity, emits alpha rays during
welding.
Significant danger to welders through exposure to
vapors during welding or from ingestion of material/
dust in the manufacture and grinding of the tungsten
(electrode).

For improved performance, dopants (emission
enhancing compounds) such as stable oxides of
Thorium, Cerium and Lanthanum are added. These
oxides migrate from inside the tungsten to the hot
point of the electrode, give off their oxide element
in the arc, and leave a film of the metal alloy with
tungsten on the tip. This causes the electrode to
have a different temperature at the tip based on the
work function of that element. The oxides that are
emitted at the tip serve to improve arc starting and
stability. They also cause the electrode to provide
the same level of emission as pure tungsten at much
lower temperatures. Lower temperatures improve the
longevity of the tungsten and keep the grains within
the tungsten smaller for improved arc stability.

Usage is banned due to health concerns. Inhaling of
dust especially during grinding tips is carcinogenic
Grade : Ceria Stabilized
EWCe-2-2% CeO2 97.3% W Orange Tip - 2.84 eV
Usage
First non-radioactive alternative to Thoriated
Tungsten. Normally, 2% Ceriated is used
Cerium has good migration rate, so has good weld
properties such as, low arc ignition and good arc
stability, consumes about 10% less amps than
thoriated, useful for low current, DC, orbital tube,
pipe and thin sheet applications and lasts longer
than thoriated for such applications

Selecting the proper tungsten material for your
specific application is dependent on the type of
welding you are doing, the composition of the
material you are welding, your amperage level, and
many other factors. Recommendations are made for
different applications that are believed to be reliable
information from industry end users and tungsten
manufacturers.

Remarks
Limited application due to lower current carrying
capacity

Grade : Thoria Stabilized
EWTh - 2 2% ThO2 97.3% W Red Tip - 3.35 eV

The migration rate reduces after some time, as fewer
oxides remain.

Usage
First and most commonly used grade till recently. It
forms the basis of all comparisons

It would generally be good for short welding cycles
and also where a specific number of welds are called
for and then the electrode is to be replaced.
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Not suitable for high amperage applications

Preferred for welding of Aluminum

This tungsten(electrode) may split if used for AC
welding

Resists contamination well in AC welding, therefore
best suited for Radiographic – quality welding

Grade: Lanthana Stabilized
EWLa-1.5 - 1.5% La2O3 97.5% W Gold (+)Tip
3.3eV

Remarks
On the whole it is the worst non-radioactive tungsten
from a performance standpoint because of high
%age of Tungsten and less stabilizing oxides

Usage
Popular alternative for most applications. It is available
as 2%, 1.5%, and 1% Lanthanated tungsten.

Grade: Combination Stabilized
Sp. grade with advanced combination of three non
- radioactive oxides EWG - House Blue Body Stem
2.9 eV

Very low work function - starts easy and has very low
temperature at the tip that promotes longer service
life. Excellent ignition and re-ignition properties

Usage
Good welding characteristics during welding with
DC, as well as, AC. Excellent all-purpose electrodes

Good at resisting “Thermal shocks” of pulsing,
welding in situations where there are numerous
re-ignitions with a short weld cycle, resistance to
contamination.

It starts and re-ignites very well and offers a particularly
excellent service life in welding situations where
welding cycles of at least 15 minutes are used.

It requires about 15% less amps to start and sustain
low current arcs.

They offer long life, repeatable performance and
reliable arc starting even after numerous ignitions.

This tungsten is primarily used for DC welding,
but also shows good results for AC welding & can
therefore be used for welding of Aluminum

The blend produces electrode with balancing of
migration and evaporation rates and keeping work
function down

Remarks
It is quite costly, hence lower oxide versions are
available
The stabilizing
distributed

oxide

is

not

very

The performance of this grade in comparison with
normally used Zirconiated Tungstens, for aluminum
welding showed that these Tungstens strike cleaner
and keep the weld bead narrow due to the lack of

uniformly

The characteristics change significantly
overloading and life becomes shorter

balling on the tip which proved to be a definite
advantage to the welder and to the product being
welded.

on

Grade: Zirconia Stabilized
EWZr-1 - 0.3% ZrO2 99.1% W Brown Tip -

With the new Multi Strike™ the weld remained much
cleaner, with no sooty build ups on the surface of the
weld which would otherwise cause porous welds and
weld crack.

Usage
This material is most commonly used for AC welding
because it balls up well in AC welding and has a
more stable arc

Remarks
Multi-strike Tungstens are an example, where the
blending process is fully computerised and dopants
are evenly distributed. Every electrode is traceable
and each batch is identified by a specific number

Good current carrying and arc starting characteristics
than pure tungsten
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The new recipe dopant has only half the density of
Thoria, so with the 2% of this new dopant means
there is twice as much striking power because of the
improved distribution of the dopant. Under heavy
loading, the MULTI-STRIKE electrode maintained the
shape of the electrode better than the 2% thoriated
tungsten electrode. This indicates that there was
significantly less melting of the electrode tip of the
MULTI-STRIKE electrode relative to the 2% thoriated
tungsten electrode

tungsten is best for every application.

Overall the new Multi Strike™ tungsten performed
much better in all aspects than the Zirconiated
Tungsten

...lead article, continued from page 4

DOCUMENTS WHILE COMPARING PRODUCTS
• Ease of Ignition and re-ignition (arc starting)
• Maximum number of ignitions - Retention of tip
geometry during use
• Arc shape - Arc stability - Quality of welding joint
- Depth of weld pool
• Diameter of the electrode
• Power Consumption
provide a reasonable payback on the investment.
To gain all position capability with a metal cored wire,
like the solid MIG wires, either a short arc transfer
mode or pulse mode is required. Short arc would
cause significant drop in deposition rate, deposition
efficiency and increase in spatter. A significant
increase in productivity and through put in one station
will be negated if the subsequent stations down the
line cannot handle the additional parts. It would not
be an advantage to increase productivity by 30-40%
in a weld station if the station is only operated 5060% of the time due to parts backing up.

DETERMINANTS OF ELECTRODE
PERFORMANCE
• Utilizing materials that last longer
• Reduced down time in replacing and preparing
new electrodes
• Lower temperatures
• Low voltage necessary to strike an arc
• Low temperature at the tip
• More of an oxide added to tungsten the better it
will arc start
• Larger diameters can accommodate higher
amperages; and larger diameter electrodes will
last longer than smaller ones, but smaller ones
will be easier to arc start.
• Possibility of using at higher current levels than
specified
• Current levels that are too low for a specific
electrode diameter
• Direct current with electrode positive requires a
much larger diameter
• The current carrying capacity of an electrode on
AC is between that of DCEN and DCEP
• Each oxide has a different density. Thus a 2% by
weight thorium, cerium, or lanthanum electrode
will all have different amounts of oxides by
volume.
• Larger diameter electrodes will be harder to arc
start.

CONCLUSION
The industry to a large extent still views metal cored
wires as being somewhat marketing smoke and
mirrors. It is not until actual results are obtained that
the reality of what can be achieved is believed. Trying
metal cored wires in your application could result in
significant improvement in productivity. Evaluating
the total picture should result in being able to identify
specific benefits over the consumables that may
be currently in used. Among these benefits, which
translate into cost savings, are high deposition rates,
high deposition efficiencies, high duty cycles, high
travel speeds, low slag volume and low spatter.
In addition, the newer technology offered by
manufacturers would give the operators the added
benefit of lower fume generation rate for a safer,
healthier weld environment. Metal cored wires can
be a benefit regardless of whether they are used in a
hand held operation or in an automated weld station.
From hand held to simple automation to a full multiprocess robot, metal cored wires can and do offer
benefits over other choices in consumables.

However, the best way to determine which tungsten
material is best suited for your particular application
is through testing. Because of the number of process
variables, it is very difficult to generalize about which
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New Product
Sharpen your cutting edge! Upgrade to Hypertherm’s Duramax retrofit torch
Hypertherm has recently introduced improved retrofit torches which give increased consumable life
leading to lower consumable expenditure. The improvements also include increased ease of retrofitting.
ADVANTAGES
Some of the major advantages of this new series of
retrofit torches are mentioned below:

reduces heat on the trigger and your hand
• Hard stop on the torch body prevents overtightening consumables and crushing of the
swirl ring
• Shadowed trigger limits damage from spray
back

5 times more durable
Proprietary, fiber-reinforced torch handle is 5 times
more impact resistant and 20% more heat resistant to
withstand your toughest metal-cutting applications.

Duramax consumables can also be used for gouging.
The angle of the torch is perfect. It keeps the molten
metal and heat away from hand. It also lasts 2 times
as long.

More reliable arc-starting
Spring Start™ electrode technology eliminates
moving parts in the torch for more reliable arcstarting.

Duramax HRTs Handheld, straight retrofit torch
Some of the specific benefits Duramax HRTs torch
offers are:

Up to 55% longer consumable life
Conical Flow™ nozzle and spring electrode give you
up to 55% more consumable life for up to a 30%
reduction in consumable costs.

Designed for gouging at the correct angle every
time
• Long torch neck for cutting in hard-to-reach
areas
• Proprietary, fiber-reinforced torch handle is 20%
more heat resistant and 5 times more impact
resistant than the standard Powermax torch
• Enhanced trigger for a smooth action, more
control and easy activation
• Ergonomic torch for noticeably easier handling
• Square handle grip for more control
• New spring strain-relief design to improve bend
reliability by 10 times
• More abrasion-resistant torch lead

Easy plug-and-play upgrade
Duramax RT torches use the same Easy Torch
Removal (ETR) connection as your standard torch
which makes retrofitting to a new Duramax torch
simple.
Compatibility
All the new improved torches are compatible with
Hypertherm cutting machines like:
•
•
•
•
•

Powermax1000
Powermax1250
Powermax1650
Powermax65
Powermax85

Mechanized retrofit torch
• Full-length machine torch converts to a minimachine torch configuration for improved cutting
accessibility in robotic applications. Full-length
torch – 15” (380 mm)
• Features a removable gear rack

BENEFITS
Duramax HRT Handheld retrofit torch
Some of the benefits of this hand held torch are:

Benefits
The offer comes with1 year torch and lead warranty.

• Internal stainless steel switch improves capsense reliability to eliminate cap-sense failures
• Torch neck is 20% slimmer for greater arc
visibility and increased accessibility
• Greater distance from torch head to trigger

For all available consumable kit options please visit
www.hypertherm.com/consumablekits or contact
Nivek Agencies (email: nivek@vsnl.com)
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Review
Welding of Titanium Alloys*
INTRODUCTION
Commercially pure titanium and most of titanium alloys
can be welded by procedures and equipment used in
welding austenitic stainless steel and aluminum. Because
of the high reactivity of titanium and titanium alloys at
temperatures above 550°C, additional precautions must
be applied to shield the weldment from contact with air.
Also, titanium base metal and filler metal must be clean to
avoid contamination during welding.
Unalloyed titanium and all alpha titanium alloys are
weldable. Although the alpha-beta alloy Ti-6Al-4V and
other weakly beta-stabilised alloys are also weldable,
strongly beta-stabilised alpha-beta alloys are embrittled
by welding. Most beta alloys can be welded, but because
aged welds in beta alloys can be quite brittle, heat
treatment to strengthen the weld by age hardening should
be used with caution.
UNALLOYED TITANIUM
This metal is generally available in several grades,
ranging in purity from 98.5 to 99.5% Ti. These grades are
strengthened by variations in oxygen, nitrogen, carbon,
and iron. All grades are usually welded in the annealed
condition. Welding of cold-worked alloys anneals the heataffected zone (HAZ) and eliminates the strength produced
by cold working.
TITANIUM ALLOYS
Titanium alloys having alpha microstructure like Ti-5Al2.5Sn, Ti-6Al-2Sn-4Zr-2Mo, Ti-5Al-5Sn-2Zr-2Mo, Ti-6Al2Nb-1Ta-1Mo, and Ti-8Al-1Mo-1V are also always welded
in the annealed condition.
Alpha-beta alloys of Ti-6A1-4V can be welded in the
annealed condition or in the solution-treated and partially
aged condition, with ageing completed during postweld
stress relieving. In contrast to unalloyed titanium and
the alpha alloys, which can be strengthened only by cold
work, the alpha-beta and beta alloys can be strengthened
by heat treatment.
The low weld ductility of most alpha-beta alloys is caused
by phase transformation in the weld zone or in the HAZ.
Alpha-beta alloys can be welded autogenously or with
various filler metals. It is common to weld some of the

lower alloyed materials with matching filler metals. Filler
metal of an equivalent grade or one grade lower is used
to ensure good weld strength and ductility. Filler metal of
matching composition is used to weld the Ti-6Al-4V alloy.
This extra low-interstitial (ELI) grade improves ductility
and toughness.
The use of filler metals that improve ductility may not
prevent embrittlement of the HAZ in susceptible alloys.
In addition, low-alloy welds can be embrittled by hydride
precipitation. However, with proper joint preparation, fillermetal storage, and shielding, hydride precipitation can be
avoided.
Metastable beta alloys Ti-3Al-13V-11Cr, Ti-11.5Mo-6Zr4.5Sn, Ti-8Mo-8V-2Fe-3Al, Ti-15V-3Cr-3Al-3Sn, and
Ti-3Al-8V-6Cr-4Zr-4Mo are weldable in the annealed or
solution heat treated condition. In the as-welded condition,
welds are low in strength but ductile. Beta alloy weldments
are sometimes used in the as-welded condition. Welds in
the Ti-3Al-13V-11Cr alloy embrittle more severely when
age hardened. To obtain full strength, the metastable beta
alloys are welded in the annealed condition; the weld
is cold worked by planishing, and the weldment is then
solution treated and aged. This procedure also obtains
adequate ductility in the weld.
WELDING PROCESSES
The following fusion-welding processes are used for
joining titanium and titanium alloys:
•
•
•
•
•
•
•

Gas-tungsten arc welding (GTAW)
Gas-metal arc welding (GMAW)
Plasma arc welding (PAW)
Electron-beam welding (EBW)
Laser-beam welding (LBW)
Friction welding (FRW)
Resistance welding (RW)

Fluxes cannot be used with these processes because
they combine with titanium to cause brittleness and may
reduce corrosion resistance. The welding processes that
use fluxes are shielded metal arc welding, electroslag
welding, submerged arc welding, and flux-cored arc
welding. These processes have been used on a limited
basis. However, they are not considered to be economical
because they require high-cost, fluoride-base fluxes.
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• Gas-tungsten arc welding
GTAW is the most widely used process for joining titanium
and titanium alloys except for parts with thick sections.
Square-groove butt joints can be welded without filler
metal in base metals up to 2.5 mm thick. For thicker base
metals, the joint should be grooved, and filler metal is
required. The heated weld metal in the weld zone must be
shielded from the atmosphere to prevent contamination
with oxygen, nitrogen, and carbon, which will degrade the
weldment ductility.
• Gas-metal arc welding
GMAW is used to join titanium and titanium alloys more
than 3 mm thick. It is applied using pulsed current or the
spray mode and is less costly than GTAW, especially when
the base metal thickness is greater than 13 mm.
• Plasma arc welding
PAW is also applicable to joining titanium and titanium
alloys. It is faster than GTAW and can be used on thicker
sections, such as one-pass welding of plate up to 13 mm
thick, using keyhole techniques.

either spot welds or continuous seam welds. The process
is also used for welding titanium sheet to dissimilar
metals, that is, cladding titanium to carbon or stainless
steel plate.
FILLER MATERIAL AND ELECTRODES
Filler-metal composition is usually matched to the grade
of titanium being welded. For improved joint ductility in
welding the higher strength grades of unalloyed titanium,
filler metal of yield strength lower than that of the base
metal is occasionally used. Because of the dilution that
occurs during welding, the weld deposit acquires the
required strength. Unalloyed filler metal is sometimes
used to weld Ti-5A1-2.5Sn and Ti-6A1-4V for improved
joint ductility.
The use of unalloyed filler metals lowers the beta
content of the weldment, thereby reducing the extent of
the transformation that occurs and improves ductility.
Engineering approval, however, is recommended when
using pure filler metal to ensure that the weld meets
strength requirements.

EBW is used in the aircraft and aerospace industries
for producing high-quality welds in titanium and titanium
alloy plates ranging from 6 mm to more than 76 mm thick.
Because the welding is performed in a high-vacuum
atmosphere, low contamination of the weldment is
achieved.

Another option is filler metal containing lower interstitial
content (oxygen, hydrogen, nitrogen, and carbon) or
alloying contents that are lower than the base metal being
used. The use of filler metals that improve ductility does not
preclude embrittlement of the HAZ in susceptible alloys.
In addition, low-alloy welds may enhance the possibility of
hydrogen embrittlement.

• Laser-beam welding

Shielding gases

• Electron-beam welding

LBW is increasingly being used to join titanium and
titanium alloys. Square-butt weld joint configurations can
be used, and the welding process does not require the
use of vacuum chambers; gas shielding is still required.
This process is more limited than electron-beam welding
regarding base metal thickness, which cannot usually
exceed 13 mm.
• Friction welding
FRW is useful in joining tube, pipe, or rods, where joint
cleanliness can be achieved without shielding.
• Resistance welding
RW is used to join titanium and titanium alloy sheet by

In welding titanium and titanium alloys shielding gases
used are only argon and helium, and occasionally mixture
of these two gases. Because it is more readily available
and less costly, argon is more widely used.
Electrodes
The conventional thoriated tungsten types of electrodes
(EWTh-1 or EWTh-2) are used for GTAW of titanium.
Electrode size is governed by the smallest diameter able
to carry the welding current. To improve arc initiation and
control the spread of the arc, the electrode should be
ground to a point. The electrode may extend one and a
half times the size of the diameter beyond the end of the
nozzle.

* Website Key to Metals AG
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