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PRESS TIME
NEWS

FABTECH International & AWS Welding Show Forms 
Alliance with METALFORM

Four trade show organizers have recently formed an alliance to better serve the needs
of trade show exhibitors and manufacturers in North America from the fields of fabri-
cating, tube and pipe, welding and cutting, metalforming, and related processes.

The show alliance between the three organizers of the FABTECH International &
AWS Welding Show [the Society of Manufacturing Engineers, the Fabricators and Man-
ufacturers Association International, and the American Welding Society (AWS)] and
the organizer of METALFORM [the Precision Metalforming Association (PMA)] will
result in a combined annual exhibition.

“AWS is pleased that METALFORM will join with the FABTECH International &
AWS Welding Show,” said Ray Shook, AWS executive director. “Metalforming compa-
nies are major customers of the welding and cutting industries. We’re confident this al-
liance will add significant value for both exhibitors and attendees.”

The first official combined exhibition will take place in November 2009 in Chicago,
Ill., but the partners have agreed to a soft start at the 2008 FABTECH International &
AWS Welding Show, to be held October 6–8 at the Las Vegas Convention Center, Las
Vegas, Nev. This year’s show will include a METALFORM pavilion, displaying innova-
tions in stamping technology.

The 2009 show is expected to cover 650,000 net sq ft with 1300 exhibiting companies.
Additionally, FABTECH International, AWS, and PMA will also conduct independent,
but complementary, professional conferences and technical education programs during
this show. In 2010, the FABTECH International & AWS Welding Show and METAL-
FORM event will be held November 2–4 in Atlanta, Ga.

Navy Metalworking Center Innovation Approved for 
Use on Navy’s Next-Generation Aircraft Carriers

A material processing innovation developed through a Navy Metalworking Center
(NMC) project has been incorporated into the design of the USS Gerald R. Ford (CVN
78), the lead ship in the Navy’s new class of aircraft carriers. The project was funded by
the Office of Naval Research’s Manufacturing Technology Program.

The goal is to reduce topside weight and lower the center of gravity on this ship. An
initial solution using 10 Ni steel did not produce the intended results, so the Integrated
Project Team, led by the center, increased the performance and strength of HSLA-100
steel through heat treatment.

Recently, the Future Aircraft Carriers Program Office approved the incorporation
of HSLA-115 into the CVN 78 ship design conditional upon successful completion of
the current project tasks. Ship construction is expected to begin next year.

By improving the processing and heat treatment of HSLA-115, the team increased
yield strength without compromising weldability, toughness, survivability, and formabil-
ity. The support of Mittal Steel USA was appreciated in the optimization of this alloy
processing. The anticipated weight savings for this ship is estimated to be between 100
and 200 long tons.

The NMC project will continue through February 2010, first certifying a vendor that
can produce the large HSLA-115 plates needed on CVN 78, then providing relevant
data on further evaluation that are required for life-cycle management for this ship and
future HSLA-115 applications.

Welding Metallurgy Subsidiary of Air Industries 
Wins Major Contract

Air Industries Group, Inc., Bay Shore, N.Y., an integrated manufacturer of precision
components and provider of supply chain services for the aerospace and defense indus-
tries, recently announced its Welding Metallurgy subsidiary has won a new contract val-
ued at more than $700,000. This has been received from GKN Aerospace of Alabama
for helicopter welded assemblies over a multiyear period.

In addition, to accommodate the elevated level of business activity and in anticipa-
tion of future growth opportunities, Welding Metallurgy has relocated to a 25,000-sq-ft
facility in Hauppauge, N.Y.
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EDITORIAL

I...am...IRON...MAN...
I am also Tony Stark, CEO of Stark Industries, and when I’m not doing superhero

stuff in my Iron Man getup, I’m running a business. Unlike my fellow superheroes, such
as Spider-Man and Captain America, I have to deal with making payroll, keeping cus-
tomers happy, maintaining production quality, and paying taxes. (I don’t think the Hulk
has filed a tax return for years. The IRS makes him ANGRY, if you know what I mean.)

The technical standards, certifications, and educational programs of AWS have been
crucial to my business, but if you don’t believe me (since I’m a fictional character),
believe the real companies that depend on these AWS programs to stay competitive.
These companies thank the Society and its members on a daily basis, I’m sure.

I am writing today to express my thanks to AWS for sponsoring the latest Iron Man
comic book from Marvel Comics, being distributed now in conjunction with the premiere
of the Iron Man movie.

The new Iron Man comic book (or “graphic novel,” as I prefer to call it) tells the story
of three teenage welding students who save me from an attack by a pair of supervillians:
Spymaster and that lightweight flunky Titanium Man. And they use their welding skills
to do it. (You gotta love that SENSE program.)

These brave students — Heather, Sam, and Josh — will go on to find rewarding
careers in welding, thanks in no small part to their dedicated welding instructor. And
Heather has received a college scholarship from the AWS Foundation. I’d hire all three
of them myself — but they have a world of opportunities to choose from, just like the
comic book says.

The best part of the Iron Man comic book is that it invites young readers to order the
free AWS career guide, Your Career in Welding. This 32-page booklet dramatizes the
many career choices available — from sales to teaching to inspection — for any student
who is interested in the welding industry, and why — right now — as the world faces a
dire shortage of skilled welders and technicians, those choices can be so financially
rewarding.

The free comic book and career guide are just the most visible components of the
Society’s efforts to reverse the skilled welder shortage. A campaign using video, the
Internet, and other media is under development, and the AWS Foundation is deploying
a mobile “SOS” (Solutions Opportunity Squad) team in the field to find real-world solu-
tions, by connecting educators, employers, and local governments so their efforts can be
coordinated to solve this problem.

The welding industry is responding to the Foundation’s “Welding for the Strength of
America” capital campaign. The campaign continues to focus on pledges to support
scholarships, but a major new emphasis is the Welder Workforce Development Program.
The focus is on building the welder workforce in the United States from “recruitment to
retirement” to help solve the anticipated shortage of 200,000 welders by 2010. The weld-
ing industry has responded generously by pledging more than a million dollars. You can
help, too. Donors have the ability to specify how they want their dollars used; for exam-
ple, contributions are being earmarked for welding camps, a celebrity spokesman cam-
paign, and a career Web site. 

I hope you enjoy the Iron Man movie (in which I use welding to escape from terror-
ist kidnappers) as well as the Iron Man comic book. The
comics are being distributed through AWS Section leaders,
so contact them for your copy. Copies of Your Career in
Welding can be ordered online at www.aws.org/career. If
you’re in a position to encourage young people (or even
older folks) to pursue a career in the welding industry, please
order some copies and pass them on.

You’ll be helping solve the skilled welder shortage and
you’ll be doing someone a great favor. They’ll think of you as
a hero, and AWS will think of you as super!
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INTERNATIONAL
UPDATE

South Korean Firm Wins Rights to Use
North Korean Ship Repair Yard

Acheon Global Corp., South Korea, recently obtained the ex-
clusive right to use the Ryongnam Ship Repair Factory in Nampo,
North Korea. According to company officials, the right to use the
facility will allow Acheon to gain domestic and overseas investment
in its ship repair and steel-structure manufacturing businesses.

The factory, which was built in 2005, has two docks for ship re-
pairs and a wide yard around it. Acheon has not yet received the
required approval from the South Korean government for the inter-
Korean cooperative program, but plans to do so if a trial run of a
welding machine assembly business at the factory is successful.

Yonhap Electric, an Acheon affiliate, plans to build 20 car-
bon dioxide welding machines at the factory to see if the joint
business would be lucrative.

Thompson Secures Contracts for Seven
Friction Welding Machines

Thompson Friction Welding Ltd., based in Halesowen, UK,
recently secured contracts for seven new friction welding ma-
chines from several top international makers of construction ma-
chine components, including Caterpillar.

The machines, which are valued at more than $10 million, are
designed to friction weld a variety of hydraulic cylinder piston
rods in a wide range of diameters from 20 to 130 mm. They will
be built at the company’s manufacturing facilities in Hereward
Rise and Chancel Way.

Four of the machines are being supplied to customers in Eu-
rope, the United States, and the Far East. The others will be de-
livered to manufacturers based in South America and Asia.

Northwire Expands and Relocates
Asian Operations

Northwire, Inc., Osceola, Wis., recently relocated and ex-
panded its Asian operations. The new facility, located in Jiangsu
Province, China, includes a 5300-sq-ft warehouse and 3400-sq-ft
office. The company also increased its sales force there.

“Demand for Northwire products has increased significantly
around the world, and we’ve expanded in response,” said Allan
Lin Hong Jin, general manager of the company’s China opera-

tion. “The previous Asian operation, located in Shanghai, China,
did not include a warehouse — it was simply a sales office. With
a warehouse in China, we will be able to expedite shipping to cus-
tomers and distributors throughout Asia.”

The new facility will stock a wide range of bulk cable 
products.

Nederman Sells Equipment for Use in Car
Inspection Centers in Turkey

Nederman, Inc., Westland, Mich., recently sold $1.6 million
worth of exhaust-extraction equipment for car-inspection cen-
ters in Turkey. The company will equip 188 inspection sites for
cars and other vehicles in 81 towns in Turkey.

The first delivery took place in January. The systems are the
same type used by the Swedish vehicle inspection authority. In-
stallation will be supervised by the company’s agent in Turkey,
Havak Endustri Tesisleri Tic. Ltd.

UK College Opens Engineering Facility; Air
Products Donates Welding Equipment

Yale College in Wrexham, North Wales, recently opened a
new Engineering and Construction Skills Center. The $10 mil-
lion center will play a major part in training the local workforce
for careers in the aeronautical, automotive manufacturing, and
construction industries, and in getting students interested in pur-
suing the high-level skills industry requires.

“Staff at Yale College are excited to be part of this cutting
edge development in post 14 facilities for engineering and con-
struction training,” said Yale College Principal Paul Croke. “The
investment made by the Welsh Assembly Government indicates
the exceptionally high regards with which they hold Yale College
and our quest to deliver outstanding training that matches the
best available in the UK.”

In addition, Air Products, Walton-on-Thames, has donated
$60,000 worth of welding equipment to the school. The equip-
ment includes gas tungsten arc and gas metal arc welding ma-
chines, and a comprehensive maintenance package. The com-
pany also offers an apprenticeship scheme for students at the col-
lege, and the company’s engineers provide the college with train-
ing, works visits, and assistance with specialized expertise. The
collaborative program is intended to encourage students to enter
the welding profession.◆

Thompson Friction Welding has received orders for seven new fric-
tion welding machines to weld a variety of hydraulic cylinder piston
rods (inset). Apprentice Jason Gray (left), a first-year mechanical engineering

student at Yale College, shows some of the new engineering center’s
equipment to North Wales Secretary of State Paul Murphy.
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Automatic welding, for which the equipment requires little or no observation or manual adjustment, has enabled
industry to dramatically accelerate output and increase quality. This conference covers new technologies in automatic
controls, training, and management innovations, and automation breakthroughs for the latest welding processes,
including friction and thermal stir welding, hot-wire tungsten arc, fiber lasers, laser/GMAW hybrid welding, as well as
automation technologies for traditional processes, such as submerged arc.
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Founded in 1919 to advance the science, technology
and application of welding and allied joining and cutting
processes, including brazing, soldering and thermal spraying.

Conference on Automatic Welding
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Job Skills Grant Supports 
Workforce Training

New craft skills training will be brought to the Cloquet, Minn.,
area thanks to a partnership between Sappi Fine Paper North
America, Fond du Lac Tribal and Community College, and the
Minnesota Job Skills Partnership (MJSP).

The $328,180 MJSP grant will support the three-year training
collaboration, with Sappi contributing more than $816,000 to
fund the project. About 318 current Sappi electricians, techni-
cians, and mechanics will receive entry- and advanced-level train-
ing in welding, instrumentation skills improvement, industrial
rigging, and fluid power. The grant is further endorsed and sup-
ported by the SEIU-NCFO (National Conference of Firemen &
Oilers) Local 939.

The majority of the training will take place in Sappi’s newly
created technical training center’s classroom and shop floor set-

tings, while the welding training will take place at the fully
equipped welding lab facility at Cloquet Senior High School.

Hobart Institute Releases Programs for
Gas Tungsten Arc Welding of Pipe

Two new training programs have recently been released by
Hobart Institute of Welding Technology, Troy, Ohio.

Gas Tungsten Arc Welding of 2-inch Pipe provides a step-by-
step explanation of how to weld mild steel pipe in the 2G, 5G,
and 6G welding positions using gas tungsten arc welding (GTAW).
The training materials package includes 2 DVDs (90 min), one
instructor guide, and one written test (50 copies).

Gas Tungsten Arc Welding – Shielded Metal Arc Welding of 6-
inch Pipe is the second portion developed to complete the GTAW
pipe course. This includes 2 DVDs (135 min), one instructor

ABB Robotics Offers Mobile Tour with Interactive Activities

ABB Robotics, Auburn Hills, Mich.,
is launching “Robotics on the Move —
Partnership in Productivity Tour.” This
mobile tour will span North America to
reach manufacturing facilities, schools,
and universities. Designed to connect
with manufacturers and students alike,
it encompasses both demonstrations and
interactive activities, specifically focus-
ing on robotics technology and trends.

The tour will help manufacturers find
ways to utilize robotics to their fullest
potential. Visitors will learn how other
manufacturers have used robotics; how
robotics are a key part of lean manufac-
turing; the improvements of safety with
robotics implementations; and how ro-
botics can be a cost-effective way to solve
difficult manufacturing challenges.

In addition, the mobile exhibit houses
an interactive theater and two live robot
demonstrations, and is equipped with de-
tailed robot product information. This
educational display will engage visitors
and clarify the facts about robots. With
two fully functioning robots onboard,
this opportunity will also allow manufac-
turers to get close to robots normally
found only inside facilities.

Visit www.robotics-events.com to lo-
cate a stop near you and to register.

ABB’s tour featuring robotics is useful for manufacturers and students alike. It is scheduled to visit numerous locations in North
America this year. Among the highlights of the mobile exhibit are an interactive theater and two live robot demonstrations.
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guide, and two written tests (50 copies).
Student workbooks are also sold individually for both these

programs. For more information, visit www.welding.org.

Lincoln Electric Chairman and CEO 
Rings the NASDAQ Opening Bell

John Stropki, chairman and chief executive officer of Lincoln Elec-
tric Holdings, Inc., rang the opening bell at NASDAQ on March 7
in New York City. In the above picture, Stropki (center) is shown
during this affair writing his signature. That same day, Lincoln Elec-
tric Holdings also hosted a conference for investors and research
analysts at the NASDAQ MarketSite. Speaking at this event, along
with Stropki, were as follows: Vincent K. Petrella, Lincoln’s chief
financial officer; David M. LeBlanc, president of Lincoln Electric
Europe; Thomas A. Flohn, president of Lincoln Electric Asia Pa-
cific; and Steven R. Sumner, director of global marketing. (Photo-
graph © 2008, The NASDAQ OMX Group, Inc.)

United Spiral Pipe Breaks Ground for New
Manufacturing Facility

United Spiral Pipe, LLC, Pittsburg, Calif., a joint venture of
United States Steel Corp., POSCO, and SeAH Steel Corp., re-
cently broke ground for a spiral welded pipe manufacturing fa-

For info go to www.aws.org/ad-index

Present at the United Spiral Pipe ground-breaking ceremony were
(from left) Robert R. Smith, president of USS-POSCO Industries;
Will Casey, mayor of the city of Pittsburg; W. I. Gong, president and
CEO of SeAH; John P. Surma, chairman and CEO of U.S. Steel;
Eun Yeon Hwang, senior vice president of marketing for POSCO;
B. W. Koo, Korean Consul General; and M. S. Lee, president of
United Spiral Pipe, LLC.

News of the Industry May 2008:Layout 1  4/8/08  9:45 AM  Page 13

creo




MAY 200814

cility. The plant will have pipe making and coating facilities and
be capable of producing 300,000 net tons of API specification
line pipe per year in outside diameters from 24 to 64 in. The fa-
cility will benefit from an automated two-step welding process.

“North America is experiencing strong demand for spiral
welded pipe due to a number of construction projects for new
natural gas and oil transmission infrastructure,” said John P.
Surma, chairman and CEO of U.S. Steel, at the event.

In May of next year, the plant is expected to come online, and
approximately 120 new full-time manufacturing jobs will be cre-
ated. To construct the facility, approximately 300,000-h of local
building and construction trade labor will be required.

Kalamazoo Machine Tool Completes 
Plant Expansion

Kalamazoo Machine Tool, Portage, Mich., has completed its
plant expansion. The additional space provides more room for
accessory manufacturing in its expanded machine shop, a sepa-
rate area for welding and painting, a larger spare parts inventory,
and customer service for the company’s line of metalworking
saws. The facility encompasses 18,000 sq ft.

ESAB Enters Agreement with MegaStir®

ESAB Welding & Cutting Products, Florence, S.C., has recently
signed an agreement with MegaStir® giving the company exclusive
worldwide license to manufacture and distribute friction stir weld-
ing machines using MegaStir’s technology for ferrous alloys, 
nonferrous alloys, metal matrix composites, and superalloys.

For info go to www.aws.org/ad-index
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Additionally, this agreement gives ESAB worldwide distribution
rights, except in certain countries, to distribute MegaStir branded
tools.

Koike Aronson Installs Machining Center

Koike Aronson/Ransome, Inc., a manufacturer of cutting and posi-
tioning equipment for the metalworking industry, has finished in-
stallation of a new 5-axis Sachman PX 120 machining center at its
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Friends and Colleagues:

The American Welding Society established the honor of Counselor to recognize
individual members for a career of distinguished organizational leadership that has
enhanced the image and impact of the welding industry. Election as a Counselor shall be
based on an individual’s career of outstanding accomplishment.

To be eligible for appointment, an individual shall have demonstrated his or her
leadership in the welding industry by one or more of the following:

• Leadership of or within an organization that has made a substantial contribution
to the welding industry. The individual’s organization shall have shown an ongoing
commitment to the industry, as evidenced by support of participation of its employees in
industry activities.

• Leadership of or within an organization that has made a substantial contribution
to training and vocational education in the welding industry. The individual’s organization
shall have shown an ongoing commitment to the industry, as evidenced by support of
participation of its employee in industry activities.

For specifics on the nomination requirements, please contact Wendy Sue Reeve at
AWS  headquarters in Miami, or simply follow the instructions on the Counselor
nomination form in this issue of the Welding Journal. The deadline for submission is 
July 1, 2008. The committee looks forward to receiving these nominations for 2009
consideration.

Sincerely,

Alfred F. Fleury
Chair, Counselor Selection Committee
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LETTERS TO THE
EDITOR

Reader Comments on Arc Start
Instability, Spatter Mentioned in
Research Paper

The following letter and response are in ref-
erence to the paper by U. Ersoy, S. J. Hu,
and E. Kannatey-Asibu titled ‘Observation
of Arc Start Instability and Spatter Genera-
tion in GMAW,’ published in the February
2008 Welding Journal, pages 51-s to 56-s.

The “arc start instability” described in
this paper as “a common problem in gas
metal arc welding (GMAW) where the arc
initially fails to ignite, resulting in low weld
penetration and high spatter generation”
is not a common problem as the authors
of this paper claim.

Such an instability only occurs when
someone does not follow well-known pro-
cedures for starting GMAW arcs. The so-
called “fuse” action starts, or “exploding
wire” starts, are well known. They were

described in detail more than 50 years ago
by A. Lesnewich, in his Welding Journal
paper ‘Power Supplies for Gas-Shielded
Metal-Arc Welding’ (July 1956, pages
655–664). Another typical description of
starting GMAW arcs appears in Welding
Processes and Practices, a book by Koell-
hoffer, Manz, and Hornberger, Chapter
3, Section V, Wiley & Sons, 1988.

There is no mention of the effect of cir-
cuit “dynamics” on arc starts. It is well
known that control of the magnitude of
short circuit current and circuit induc-
tance has a major effect on arc starts. Low
inductance (rapid rate of current rise) cre-
ates a “harsh” start because of the high
rate of the pinch effect caused by the cur-
rent. High inductance (not too high) cre-
ates a “soft” arc start because of the lower
rate of the pinch effect. (See Welding Re-
search Council Bulletin 97, July 1964, by
Hackman and Manz, as well as many ar-
ticles published over the years in the Weld-
ing Journal and other journals, etc.) This

is not new information. The only time gas
metal arc welding starts cause a problem
is when the operator does not follow well-
established starting procedures. In addi-
tion to control of the electrode tip shape,
it is important to control the magnitude
of the current and the system time con-
stant (via inductance). Start problems
occur when these well-known teachings
are not practiced.

The authors also state “that spatter is
mainly generated due to CO gas explo-
sion (underlined for emphasis) at the in-
stant the short circuit breaks.” This is very
misleading. Much of GMAW is practiced
on nonferrous metals, with shielding gases
based on argon with additions of oxygen
or other gases. There is no CO present.

Figure 5 shows current and voltage
traces with perturbations in the rising
wave fronts. These need an explanation.
It should also be noted that the current
waveform shows the lack of circuit induc-
tance. Therefore, a lot of spatter is in-

For info go to www.aws.org/ad-index
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evitable. However, if these traces are for
a system that reduces the current at the
instant the molten metal bridge is broken,
then spatter will be minimal, but that op-
tion was not discussed for the figure.

Figure 7B shows a perpendicular rela-
tionship between the work and the elec-
trode. This is an improbable situation in
the real world. Also, ends of the electrode
are not usually squared off as shown in
Figs. 7A and 8.

Figure 9 needs some identification for
the various curves shown. What current
magnitude, what voltage, etc. Give details.

It is a puzzle to me that the authors did
not acknowledge the well-known proce-
dures that minimize the “start instability”
they investigated.

A. F. Manz
AWS Fellow

The authors collected real welding pro-
duction data from three separate industrial
plants during a two-year period. The total
data include around 200,000 weld electri-
cal signals, and around 5% of the welds had
the problem of unstable arc starting.

The authors do not claim that this is the
first time arc start instability was investi-
gated. The authors present the consequences
of unstable arc start by observing it with
high-speed camera images and the electri-
cal signals. In the paper, the electrical sig-
nals are interpreted in synchronization with
the high-speed images when the arc start in-
stability occurs.

The purpose of the paper is not to im-
prove arc starting, but to observe it and pres-
ent the consequences, such as spatter and
electrode disintegration. The authors are
aware of the effect of electrical circuit pa-
rameters on the arc start quality; however,
it was not the goal of the paper to investi-
gate them.

The authors presented the “CO gas ex-
plosion” as part of the literature survey on
spatter estimation methods. This was refer-
enced from the paper: Chen, J. H., Sun, Z.
C., and Fan, D. 1996. Study on the mecha-
nism of spatter produced by basic welding
electrodes. Welding Journal 75(10): 312-s
to 316-s. This paper studied the short-
circuiting metal transfer mode and spatter
generation.

In our paper, the spatter generated due
to electrode disintegration was studied, and
the interpretation of the electrical signals is
discussed in detail in the “Spatter Estima-
tion with Unstable Arc Start” section.

In addition, the simulations were per-
formed with the assumption of a flat-tip
electrode. In the last paragraph of the sec-
tion, “Simulation Results,” a discussion of
pointed electrode tips is given. In the case
of pointed electrode tips, the electrode tip

will experience higher temperatures due to
high contact resistance (small area of 
contact).

The process conditions are listed in Table
1 (“Experimental Procedure, Materials, and
Equipment” section). The curves in Fig. 9
are the temperature distribution along the
electrode at different time intervals after the
electrode contact.

Ugur Ersoy
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Change of Address?
Moving?

Make sure delivery of your Welding
Journal is not interrupted. Contact the
Membership Department with your
new address information — (800) 443-
9353, ext. 217; smateo@aws.org.
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NEW
PRODUCTS

Welding Power Supply
Includes Automatic Shield
Gas Control

The Swagelok® M200 welding power
supply offers 200-A capability and weighs
less than 50 lb. A high-resolution, 12.1-in.
color industrial touch screen gives users a
pathway to enter weld programs. Users
can choose from one of three forms to
enter weld programs. The automatic
shield gas control (patent pending) sim-
plifies setup of shielding gas, requiring no
use of a separate flow meter. Multilan-
guage capability is built into the product

as well. Universal voltage input (100 to
230 V AC) requires a cord/plug change to
accommodate an input voltage. It works
with all currently available Swagelok weld
heads. Additionally, it includes four USB
ports, Ethernet port, USB device (output)
port, VGA output, and serial port. All gas
and electrical connections, plus the high-
speed thermal printer, are accessed from
the unit’s side panels.

Swagelok Co.
www.swagelok.com
(440) 349-5934

Remote Video Inspection
System Comes in 
Two Models

The SnakeEye III™, a lightweight,
portable remote video inspection system,
has been added to the company’s Envi-
sion line. Its modular design allows in-
spection in various areas including behind
walls, inside ceilings, around pipes and
machinery, and under vehicles and air-
craft. Base Kit W features an interchange-
able camera head with built-in LED light-
ing. This camera attaches to a wand ex-
tender, enabling inspection of areas that

have access openings as small as 1.1 in.
Base Kit CW includes a C-mount camera
for use in attaching a borescope or fiber-
scope to the system’s display monitor, al-
lowing for the recording of images and en-
abling more than one person to make a
visual inspection at the same time. The
product is also constructed of high-
impact, heavy-duty plastic for resisting
water, dust, and dirt particles.

Titan Tool Supply, Inc.
www.TitanToolSupply.com
(716) 873-9907

GTAW Torch Contains
Fingertip Switch

The LS17 air-cooled torch is an addi-
tion to the company’s Legacy™ Series of
GTAW torches. It is rated at 150-A DC
and 125-A AC, both at 60% duty cycle.
The torch includes a interchangeable fin-
gertip switch that provides remote amper-
age control and can be replaced without
any tools. Also, a knuckle joint at the base
of the torch handle permits greater torch
control and easier movement, while min-

Hand-Held Analyzer Identifies Alloys in Seconds
The new generation

XL3™ line of hand-
held material analyzers
offers improved per-
formance. With their
point-and-shoot oper-
ation, these X-ray flu-
orescence instruments
typically take less than
2 s to identify an alloy
grade. The instruments
are useful for a range
of applications, includ-
ing positive material
identification, metal
fabrication, electronic
component testing,

and solder analysis. This advance in performance comes from the incorporation of
advanced electronics combined, in the XL3t, with a powerful X-ray tube. Also, the
instruments are supplied with Niton data transfer software, a suite of data manage-
ment utilities that allows users to produce certificates and reports, and monitor or
operate the instrument remotely from a PC or PDA. The XL3t can further be
equipped with small-spot sample analysis to allow users to switch between full area
analysis for large samples and a 3-mm small-spot to analyze small sample areas.

Niton UK
www.nitonuk.co.uk
+44 (0)1256 397860
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imizing stress on the power cables and the
back end of the torch body. The torch is
available with a 121⁄2- or 25-ft single-piece
rubber cable assembly, each of which
comes standard with a protective sheath.
The rubber cable assemblies resist kink-
ing that could lead to interruptions in
shielding gas flow and/or cause weld qual-
ity problems associated with lack of gas
coverage. Each package comes with a 14-
pin connector and control wire for con-
nection to a Miller® power source. Sev-
eral models are available with a manual
gas control valve.

Weldcraft
www.weldcraft.com
(800) 752-7620

Hand-Held Ultrasonic Flaw
Detector Offers Readability
in Bright, Dark Conditions

The EPOCH LTC digital ultrasonic
flaw detector, weighing 2.12 lb, is built for
use in a range of weather conditions and
difficult inspection environments. The
multicolor transflective LCD with full
VGA resolution provides readability from
sun light to darkness. In addition, the unit
includes a keypad that allows full control
from the left or right hand for direct ac-
cess to all important functions. The in-
strument features a square wave pulser,
selectable digital filtering, gain range from
1 to 110 dB, peak memory, 0.001-in. 
measurement resolution, and one gate
with programmable alarm. Dynamic
DAC/TVG software is standard.

Olympus NDT
www.olympusNDT.com
(781) 419-3900

Valve Handles Tiny
Increases in Pressure

Safety valve type AV619 activates at
tiny pressure increases in the range of 5
to 500 mbar. The unit reliably complies
with the pressure limit, too. Sensitive sys-
tems can be protected from damage be-
cause the pressure is relieved reliably be-
fore reaching the operating limit. The
safety valve measures 52 by 70 mm. It can
be used for nearly all technical gases and

has various input and output connections
available. It is offered in a choice of brass
and stainless steel, with the seals adjusted

For info go to www.aws.org/ad-index
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to the specific medium in each case. It also
offers a large temperature range of –40°
to 300°C.

Witt Gasetechnik GmbH & Co.KG
www.wittgas.com
+49/ 2302/8901-140

Self-Contained, Portable
Gas Fill Plant Delivers
Gases Quickly

The MOFS system is designed to fill
high-pressure gas cylinders in a safe 

liquid-to-gas supply system. The 3-ft wide
× 6-ft high × 7-ft long package utilizes a
submersed liquid-to-gas pump with a 5-
hp electric motor drive that sends liquid
into the vaporizer and out to the cylinder
manifold or other supply application. It
can deliver oxygen, nitrogen, or argon up
to 1.5 gal/min at 2500 lb/in.2. The system
includes a vaporizer, start/stop panel, and
vacuum pump in its compact frame. It can
be used with liquid cylinders, microbulk,
or customer station liquid product 
supplies.

Cryogenic Industries Service Companies
www.cryoindservice.com
(800) 327-6461

Borescopes Feature Angled
Inspection Mirror

The COBRA-4™ and COBRA-6™,
part of the COBRA™ series of multipur-
pose borescopes, feature interchangeable
blue- and white-light LED flashlights en-
abling technicians to inspect and leak
check hard-to-see components. The blue-
light LED flashlight is useful for fluores-
cent leak detection and detecting surface
flaws, while the white-light LED flashlight
is better for component inspection. A
press-fit coupler allows quick attachment
of the flashlights to the borescope. The
CB-600 COBRA-6™ has an ultrathin, 6-
mm, 38-in. shaft, while the CB-400
COBRA-4™ has a thinner, 4-mm, 36-in.
shaft to get into crammed areas. Included
with both scopes is a clip-on, angled in-
spection mirror. Three AA alkaline bat-
teries (included) power each flashlight.
Fluorescence-enhancing glasses are in-
cluded as well.

Spectronics Corp.
www.spectroline.com
(800) 274-8888

Stand Designed for Product
Testing in Research and
Development Areas

The ESM300 is a 300-lbF-capacity mo-
torized programmable test stand designed
for tension and compression testing.For info go to www.aws.org/ad-index
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When fully equipped, the tester has an
available speed range of 0.02–45 in./min,
programmable cycling sequences with
dwell time at force or travel limits, au-
toreturn, button control options, and pass-
word protection. However, all these fea-
tures are optional and may be purchased
at the time of order or added by the user

in the field. An LCD with menu naviga-
tion allows for simple setup. Modular me-
chanical design makes remote configura-
tion possible.

Mark-10 Corp.
www.mark-10.com
(888) 627-5836

Heat-Resistant Materials
Withstand Degradation at
400–600 A

The Heavy-Duty and Gasless Center-
fire™ components are designed to reduce
operator downtime and improve weld
quality for companies that weld at high
amperages or frequently change between

GMAW and self-shielded flux cored weld-
ing. The Heavy-Duty nozzles feature
thicker walls, a heat-resistant insulating
material, and a removable nozzle cone.
Additionally, they contain a built-in spat-
ter guard that produces a calmer gas flow
for improved weld pool protection. For
companies that use the same power source
for both GMA and self-shielded welding,
the Gasless parts allow operators to con-
vert a Q-Gun from one process to the
other. To install the parts, users just re-
move the nozzle and replace it with a tip
holder and insulator.

Bernard Welding Equipment
www.bernardwelds.com
(800) 946-2281

Covered Electrode
Features Self-Removing
Slag System

Rocket 7024 is a new generation of
mild steel covered electrodes designed to
improve productivity on flat and horizon-
tal welding applications. Featuring a sys-
tem that completely releases slag, they im-
prove productivity by minimizing post-
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Ultrasonic testing (UT) is another
widely applied inspection technology. Ul-
trasonic methods are an extremely diverse
set of techniques based upon the genera-
tion and detection of mechanical vibra-
tions or waves in test objects. The objects
that can be tested are not limited to met-
als or even to solids.

The methods enabled by ultrasonic
technology are often used to detect and
size internal flaws in metals, ceramics, and
composites, but they can also be used to
assess the integrity of interfacial material
bonding, to measure thickness and extent
of corrosion, and to determine physical
properties such as the structure, grain size,
and elastic constants of various materials.

The term ultrasonic refers to sound
waves of frequency above the limit of
human hearing, approximately 20 kHz. The
frequencies between 1 and 10 MHz encom-
pass the range used for most ultrasonic
techniques, although lower and higher fre-

quencies are sometimes used for special ap-
plications. Ultrasonic velocity in a material
is a simple function of its modulus and den-
sity, and thus ultrasonic methods are
uniquely suited to materials characteriza-
tion studies. In addition, the sound waves
are strongly reflected at physical bound-
aries where materials properties change,
and thus they are often used for thickness
measurements and crack detection.

History and Recent
Advancements

The study of ultrasonics originated in
the nineteenth century; however, the use
of ultrasonic waves for nondestructive
testing (NDT) is more recent, beginning
in the late 1920s. Developments since the
1930s enabled ultrasonic techniques to
become a widely used NDT method. In
the years following 1955, advancements
in ultrasonics were rapid and extensive.
The rapid development of instrumenta-
tion for ultrasonics, which was spurred by
the technological advances from the
1950s, continues today. From the 1980s
through the present, computers have pro-
vided technicians with smaller and more
rugged instrumentation that have greater
capabilities.

In recent years, ultrasonic imaging
techniques have greatly progressed, and
the need to extract exact data from UT

has led to the development of more quan-
titative test techniques (Ref. 1). Other re-
cent advancements, including develop-
ment of noncontact techniques for the
generation and detection of ultrasonic en-
ergy are evolving around lasers and elec-
tromagnetic tranducers (Ref. 2). Phased
array ultrasonics is now available in
portable instruments. With this approach,
the timed or phased firing of arrays of ul-
trasonic elements in a single transducer
allows for precise tailoring of the result-
ing ultrasonic waves in the test object
(Refs. 3, 4).

Physical Principles

Ultrasonic inspection is based on in-
troducing beams of ultrasonic energy
(usually 0.1 to 25 MHz high-frequency
sound waves) into materials and deter-
mining the resulting perturbations in the
energy in order to detect surface and sub-
surface flaws in the material. The sound
waves travel through the material with
some loss in energy (attenuation) and are
also reflected at interfaces. The reflected
beam, or in some cases the transmitted
beam, is then analyzed to determine the
presence, size, and location of flaws and
discontinuities.

The basic electronic instrument used
in pulsed UT contains a source of voltage
spikes to activate a piezoelectric trans-

Benefits of this technology include its capability for inspecting a variety of
materials, and the availability of easy-to-use, affordable, commercial equipment 

GEORGE A. MATZKANIN and H. THOMAS YOLKEN are with AMMTIAC, Rome, N.Y.

Reprinted with permission from AMMTIAC Quarterly, 2(3): 9–13; http://ammtiac.alionscience.com/ammt/quarterly.do.

Selecting a Nondestructive 
Testing Method:

Ultrasonic Testing

BY GEORGE A. MATZKANIN AND H. THOMAS YOLKEN

The following article is the fifth install-
ment of a series dedicated to the subject of
nondestructive examination published in
the AMMTIAC Quarterly. The 
AMMTIAC Quarterly is published by the
Advanced Materials, Manufacturing, and
Testing Information Analysis Center
(AMMTIAC), which is a U.S. Department
of Defense-sponsored Information Analy-
sis Center.
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ducer (the pulser) and a display mecha-
nism that permits interpretation of the re-
ceived ultrasonic acoustic impulses. Fig-
ure 1 shows a typical block diagram of the
basic instrumentation system.

In contrast to light waves or X-rays,
which are a form of electromagnetic en-
ergy, ultrasonic waves are a form of me-
chanical energy that consist of oscillations
or vibrations of the atoms or molecules of
a material. Ultrasonic sound waves be-
have much in the same way as audible
sound: they propagate through solids, liq-
uids, and gases but not through vacuum.
The interaction of ultrasonic waves with
materials and flaws can now be success-
fully modeled using various simulation
techniques (Ref. 6).

Wave Generation and Detection

In most cases, ultrasonic waves for
NDT are generated and detected using
piezoelectric transducers that require a
couplant to transfer the ultrasonic waves
between the transducer and the sample.
Piezoelectric transducers contain piezo-
electric crystals (e.g., barium titinate, lead
zirconate, lead titinate) that change shape
rapidly when an electric current is applied.
They also behave in the reverse by gener-
ating an electric field when they are rap-
idly stressed and strained. Ultrasonic
waves for NDT can also be generated and
detected by several other methods. One
such method utilizes noncontact air-
coupled transducers, which are based on
microelectromechnical systems (MEMS)
technology. Another method generates a
noncontact pulsed laser by rapid thermal
expansion or ablation at the surface of the
sample, the detection of the generated ul-
trasonic waves is accomplished using laser
interferometery or air-coupled transduc-

ers. In addition, magnetic metals can also
be inspected by ultrasonics using noncon-
tacting electromechanical acoustic trans-
ducers (EMATS) to both generate and 
detect the ultrasonic waves (Ref. 5). 
Ultrasonic inspection usually detects flaws
or discontinuities by one or more of the
following:
• Reflection of sound from interfaces that

are material boundaries or discontinu-
ities in the material

• Transit time or time of flight of the ul-
trasonic waves

• Attenuation of the ultrasonic waves
• Features in the spectral response of the

transmitted or reflected signal

Types of Ultrasonic Waves

There are a number of different types
of ultrasonic waves, including longitudi-
nal waves, transverse or shear waves, sur-
face or Raleigh waves, and Lamb or plate
waves. Longitudinal waves travel through
the material with each particle vibrating
parallel to the direction of the wave mo-
tion as an alternating series of compres-
sions and rarefactions; they are the most
commonly used type of waves for ultra-
sonic inspections. Transverse waves are
also used extensively in ultrasonic inspec-
tions and are analogous to the vibrations
of a rope that is shaken rhythmically. The

Table 1 — Advantages of Ultrasonic Inspection (Ref. 5)

• Superior penetrating power, up to a few meters in many parts and up to 6 meters axially
• High sensitivity, permitting the detection of extremely small flaws
• Greater accuracy in determining the position of internal flaws, estimating their size, and charac-

terizing their orientation, shape, and nature
• Only one surface needs to be accessible
• Operation is electronic, which provides almost instantaneous indication of flaws. Suitable for

immediate interpretation, automation, rapid scanning, in-line production monitoring, and
process control

• Volumetric scanning ability to inspect from the front surface to the rear surface of a part
• Nonhazardous operation
• Portability
• Provides a digital output that can be used by a computer to characterize defects and material

properties

Table 2 — Disadvantages of Ultrasonic Inspection (Ref. 5)

•Manual operation requires careful attention by experienced technicians
•Extensive technical knowledge is required for the proper development of inspection procedures
•Parts that are rough, irregular in shape, very small, or not homogenous are difficult to inspect
•Discontinuities that are in a thin layer immediately below the surface are difficult to detect
•Couplants are usually required to provide transfer of ultrasonic wave energy between transduc-

ers and parts being inspected
•Physical reference standards are needed, both for calibrating equipment and characterizing flaws

Fig. 1 — Basic pulse echo system for ultrasonic testing (Ref. 5). Fig. 2 — Large automated quality control system containing modu-
lar ultrasonic test component (Ref. 5). (Copyright 2007 ©. Reprinted
with permission from the American Society for Nondestructive 
Testing.)

Matzkanin Feature May 2008:Layout 1  4/7/08  4:05 PM  Page 27



MAY 200828

atoms or molecules vibrate up and down
in a plane perpendicular to the direction
of wave propagation. Surface waves,
sometimes used for ultrasonic inspection,
travel along the flat or curved surface of
relatively thick parts. Lamb waves, used
in some cases for ultrasonic inspection,
propagate in plates of material that are a
few wavelengths thick. Reflections at in-
terfaces depend to a large degree on the
physical state of the materials at the in-
terface and to a lesser degree on the spe-
cific physical properties of the materials.
Tables 1 and 2 show the main advantages
and disadvantages of ultrasonic testing.

Inspection Requirements
Ultrasonic methods of inspection are

applied to measure a variety of material
characteristics and conditions. They are
applied in the flaw detection mode for the
detection of surface and internal anom-
alies in test objects. Test objects must sup-
port propagation of acoustic energy and
have a geometric configuration that al-
lows the introduction and detection of
acoustic energy in the reflection, trans-
mission, or scattered energy configura-
tions. General process steps include (Ref.
7):

1. An ultrasonic transducer is located
in contact or in close proximity to the test
object

2. The transducer is energized in a
pulsed mode to direct and propagate
acoustic energy into the test object

3. Acoustic energy is transmitted, 
reflected, and scattered within the test 
object

4. Energy within the test object is trans-
mitted or redirected by internal interfaces
(test object geometry features or internal
anomalies)

5. Transmitted or redirected energy
from the test object is detected by a trans-
ducer located on or near the test object

6. The transmitted or redirected energy
is analyzed in the time and/or frequency
domains, and interpretation of the inter-
nal condition of the test object is made by
the pattern and amplitude features.

Special equipment and specialized

probes are required to perform the in-
spection. Procedure development, cali-
bration artifacts, and process control are
required to assure reproducibility of re-
sponse in the selected test object. The
method is a surface and volume inspec-
tion process, and procedures are varied
to increase sensitivity and resolution of
specific test object features.

Manual and Automatic
Techniques

Depending on the application, the in-
spection may be performed manually or
automatically. Manual (hand) scanning is
performed using instruments that have an
oscilloscope-type readout. Operator in-
terpretation is made by pattern recogni-
tion, signal magnitude, timing, and re-
spective hand-scan position. There may
be significant variations in instrument
readout due to variations in manual scan-
ning. A permanent record of inspection
is not provided by this method.

Automated scanning is performed
using an instrumented scanner that keeps
track of probe position and automated sig-
nal detection (time, phase, and ampli-
tude) such that a response map of the in-
ternal structure of the test object can be
generated. Resolution of the system is
somewhat dependent on the fidelity of the
scan index and on the filtering and signal
processing that are applied in signal de-
tection. A scan map and/or commented
report may be generated by automated ul-
trasonic scanning and instrumentation
systems. The relative features of manual
scan and automatic scan are summarized
and compared in Table 3.

Practical Considerations

Equipment Portability

Ultrasonic testing instruments may be
grouped into three categories. The first
category includes manual instruments
that are typically portable send/receive
units (there are many commercially avail-
able to choose from). The second cate-
gory includes customized instruments that
are programmed for specific industrial ap-
plications and are usually not portable
(some of these contain large water baths
or “water squirting systems” and auto-
mated scanning devices). Figure 2 shows
a typical large, automated ultrasonic qual-
ity control system. Finally, the third cate-
gory includes special purpose systems that
are used typically in the laboratory. Within
the past few years, a new, small, portable,
hand-held ultrasound camera has become
available that provides a direct image of
the part being inspected (Ref. 8).

Training/Certification

One of the most critical aspects of the
UT process is the qualification of the test-
ing personnel, because the quality of the
test is highly dependent on the skills and
knowledge of the inspector. Even with
highly automated equipment, correct pro-
cedures including calibration must be
carefully followed to achieve acceptable
results. There are a number of commer-
cially available ultrasonic NDT training
courses available. In addition, the Ameri-
can Society for Nondestructive Testing
(ASNT) has three programs for the qual-
ification and certification of NDT person-
nel (Ref. 9):

1. ASNT Recommended Practice No.
SNT-TC-1A provides guidelines to em-
ployers for personnel qualification and
certification in NDT, and it requires the
employer to develop and implement a
written practice for personnel qualifica-
tion and certification in NDT.

2. ANSI/ASNT CP-189, Standard for

Fig. 3 — An impact-damaged graphite/
epoxy specimen is positioned for inspection
in the immersion tank for large structures.

Fig. 4 — A prototype composite airfoil is
aligned for ultrasonic inspection. Auto-
mated inspections can be made of small or
large components in this tank.

Fig. 5 — Manual ultrasonic inspection of
an aircraft.
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the Qualification and Certification of Non-
destructive Testing Personnel, resembles
SNT-TC-1A but establishes specific re-
quirements for the qualification and cer-
tification for three different levels of
ASNT certification. Level I and Level II
are specifically covered, while Level III
references an examination administered
by ASNT. It should be noted that CP-189
is a national consensus standard as de-
fined by the American National Standards
Institute (ANSI).

3. The ASNT Central Certification
Program (ACCP), unlike SNT-TC-1A and
CP-189, is a third-party certification
process that identifies qualification and
certification attributes for Level II and
Level III NDT personnel. The ASNT pro-
gram certifies that the individual has the
skills and knowledge for many NDT
method applications.

In addition to ASNT programs, the
Aerospace Industries Association has
promulgated a national consensus stan-
dard for certification and qualification of

NDT personnel in the aerospace indus-
tries: NAS 410, National Aerospace Stan-
dard (NAS) Certification and Qualifica-
tion of NDE Personnel. In the interna-
tional arena, the International Organiza-
tion for Standardization (ISO) has estab-
lished international standard ISO 9712,
Nondestructive Testing-Qualification and
Certification of Personnel, Third Edition
(Ref. 10).

Cost

Hand-held, portable UT equipment is
generally low cost (around $10,000) and
is intended for discontinuity detection and
thickness gauging. These instruments pro-
vide a video display of the ultrasonic sig-
nals. More elaborate, conventional trans-
portable UT systems generally cost be-
tween $25,000 and $30,000. Industrial pro-
duction ultrasonic inspection systems are
often modular and offer multichannel ca-
pabilities. These systems can be easily op-
timized for a particular production re-
quirement through plug-in modules and
changes in computer control software.
The initial cost of a modular system is typ-
ically around $50,000. Other hardware,
such as water immersion tanks, water
squirting systems, laser sound generation,
and automated scanning systems, can also

substantially add to the cost of the systems
(another $50,000 or more).

Selected Examples
Figure 3 shows an inspector examining

a composite material that sustained im-
pact damage. The immersion tank is used
for large structures but can be used for
small components as well — Fig. 4. The
ultrasonic scanning system capable of high
resolution enables precision inspection of
a vast array of specimens while maintain-
ing exacting precision in the inspection
area of interest. Figure 5 shows an aircraft
being inspected with a portable UT sys-
tem. A permanent ultrasonic testing sta-
tion, as shown in Fig. 6, can provide con-
tinued high-quality testing capabilities for
various materials and components.

Conclusions
Ultrasonic testing is a mature technol-

ogy with a strong physics foundation and
maturing modeling of inspection results
capability. There is widespread availabil-
ity of user-friendly, affordable, commer-
cial equipment and complete turnkey sys-
tems. Ultrasonic testing equipment
providers offer a broad array of equip-
ment types to meet the needs of users, in-

Table 4 — Ultrasonic Testing Summary

Discontinuity types (e.g., what types the method can detect) • Cracks
• Holes
• Corrosion
• Impact damage
• Delaminations

Size of discontinuities • Capable of detecting embedded flaws with a surface area of 1.3 mm2 or
0.002 in.2

Limitations • Complex geometries and very small components are difficult to inspect
• Detailed inspection procedure

Advantages • Superior penetrating power in all media (solid, liquid, gas)
• High sensitivity
• Locates flaw/discontinuity location accurately
• Only one surface must be accessible to carry out inspection of component/system
• Can be used to determine physical properties of materials (e.g., structure,

grain size, elastic constants, etc.)
• Can be used on metals, ceramics, polymers, composites, and laminates

Inspector training (level and/or availability) • Training available through ASNT, ASNI, etc.
Inspector certification required • Strongly recommended that inspection personnel are trained and certified
Equipment • Portable equipment available

• Automated systems capable of inspecting large components available 
Relative cost of inspection • Relatively inexpensive equipment costs ($10,000–$50,000), but larger systems

and more sophisticated equipment are more costly

Table 3 — Manual (Hand) vs. Automated Scanning and Inspection (Ref. 7)

Manual Automated

Cost of Inspection Low Moderate
Cost of Equipment Moderate High
Operator Skill Requirements High Moderate
Process Control Requirements Moderate High
Process Variance/Margin Requirements Moderate Low

Fig. 6 — A materials engineer positions the
ultrasonic transducer for a scan while a
computer specialist enhances scanning and
image analysis capabilities.
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cluding hand-held devices; portable, com-
puterized multifunction instruments;
modular systems for industrial produc-
tion; and laboratory instruments for
R&D. The following ultrasound sources
and detectors can be chosen to meet in-
spection requirements: piezoelectric
transducers; EMATS; lasers and laser in-
terferometers; and air-coupled transduc-
ers. Table 4 provides a summary of ultra-
sonic testing. 

Ultrasonic NDT is widely used in man-
ufacturing quality control, manufacturing
acceptance testing, and for in-service in-
spection. It can be readily applied to met-
als, composite laminates, ceramics, and
polymers to locate and define discontinu-
ities. It is used to determine thickness of
materials, the quality of adhesively
bonded structures, the mechanical modu-
lus of materials, and materials character-
istics such as grain size and orientation.
Many applications are found in the petro-
leum and aerospace/aeronautical indus-
tries, and the method is commonly used
in nuclear power plants and on structural
concrete infrastructure.◆
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The versatility of gas metal arc weld-
ing (GMAW) makes it a widely
used process.  It can be imple-

mented in semiautomatic and automated
operations to weld many different steels
including carbon, high-strength low-alloy,
stainless, aluminum, copper, titanium,
and nickel alloys. The process utilizes an
externally supplied gas for proper opera-
tion, and the selection of the right gas or
combination of gases  is one of the  im-
portant variables needed to produce a
quality weld.

Shielding Gases

The primary function of the shielding
gas is to exclude the atmosphere from con-
tact with the molten weld metal. This is
necessary because most metals, when
heated to their melting point in air, ex-
hibit a strong tendency to form oxides and,

to a lesser extent, nitrides. Oxygen also
reacts with carbon in molten steel to form
carbon monoxide and carbon dioxide. 

These varied reaction products may re-
sult in weld discontinuities such as slag in-
clusions, porosity, and weld metal embrit-
tlement. Reaction products are easily
formed in the atmosphere unless precau-
tions are taken to exclude nitrogen and
oxygen.

In addition to providing a protective
environment, the shielding gas and flow
rate also have a pronounced effect on the
following:

• Arc characteristics,
• Mode of metal transfer,
• Penetration and weld bead profile,
• Speed of welding,
• Undercutting tendency,
• Cleaning action, and
• Weld metal mechanical properties.
Generally,  electrode manufacturers

are good sources of information on select-
ing the optimum shielding gas for use with
their electrodes.

The principal gases used in the spray
arc mode of gas metal arc welding are
shown in Table 1. Most of these are mix-
tures of inert gases that may also contain
small quantities of oxygen or carbon diox-
ide. The use of nitrogen in welding cop-
per is an exception. Table 2 lists gases used
for short-circuiting gas metal arc welding.

Inert Shielding Gases: 
Argon and Helium

Argon and helium are inert gases and
they generally do not react with the met-
als being joined. Argon and helium or mix-
tures of the two are used to weld nonfer-
rous metals and stainless, carbon, and low-
alloy steels. The physical differences be-
tween argon and helium are density, ther-

Choosing
Shielding Gases
for Gas Metal
Arc Welding

Choosing
Shielding Gases
for Gas Metal
Arc Welding

Source: Welding Handbook, Vol. 2, Ninth Edition, Welding Processes, Part 1.  

Fig. 1 — Bead contour pattern and penetration patterns for various shielding gases.

Shielding gases have an
effect on many
characteristics of the
weld; therefore, it is
important to select the
right gas or gas mixture
for the application ARGON ARGON-HELIUM HELIUM CARBON DIOXIDE
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mal conductivity, and ionization potential,
all of which influence arc characteristics.

Argon is approximately 1.4 times
denser than air, while the density of he-
lium is approximately 0.14 times that of
air. The heavier argon is most effective at
shielding the arc and blanketing the weld
area in the flat position. Helium requires
approximately two to three times higher
flow rates than argon to provide equal
protection.

Helium has a higher thermal conduc-
tivity than argon and produces an arc
plasma with more uniformly distributed
arc energy. The argon arc plasma, on the
other hand, is characterized by a high-
energy inner core and an outer zone of
less energy. This difference strongly af-
fects the weld bead profile. A welding arc
shielded by helium produces a broad, par-
abolic weld bead. An arc shielded by argon
produces a bead profile characterized by
narrow, deep penetration, and improved
weld metal/ base metal wetting at the weld
toes. Typical bead profiles  for  argon,  he-

lium,  argon-helium  mixtures,  and car-
bon dioxide are illustrated in Fig. 1.

Helium has a higher ionization poten-
tial than argon, and thus produces a higher
arc voltage when other variables are held
constant. As a result, helium can present
problems during arc initiation. Arcs
shielded only by helium do not exhibit true
axial spray transfer at any current level.
The result is that helium-shielded arcs
produce more spatter and rougher bead

surfaces than argon-shielded arcs. Argon
shielding (including mixtures with as low
as 80% argon) produces axial spray trans-
fer when the current is above the transi-
tion current. 

Mixtures of Argon and Helium 

Pure argon shielding is used in many
applications to weld nonferrous materi-
als. The use of pure helium is generally

Fig. 2 — Effect of oxygen compared to carbon dioxide addition to an argon shield.  

Table 1 — GMAW Shielding Gases for Spray Transfer

Metal Shielding Gas Characteristics

Aluminum 100% argon Best metal transfer and arc stability; least spatter; good 
cleaning action.

35% argon–65% helium Higher heat input than 100% argon; improved fusion 
characteristics on thicker material; minimizes porosity.

25% argon–75% helium Highest heat input; minimizes porosity; least cleaning action.

Magnesium 100% argon Excellent cleaning action; stable arc.

Argon + 20%–70% helium Improved wetting; less chance of porosity.

Carbon steel 1%–5% oxygen, balance argon Improves arc stability; produces a more fluid and 
controllable weld pool; good fusion and bead contour; 
minimizes undercutting; permits higher speeds than pure argon.

5%–15% carbon dioxide, balance argon High-speed mechanized welding; low-cost manual welding.

Low-alloy steel 98% argon–2% oxygen Minimizes undercutting; provides good toughness.

Stainless steel 99% argon–1% oxygen Improves arc stability; produces a more fluid and controllable
weld pool, good fusion and bead contour; minimizes 
undercutting on heavier stainless steels.

98% argon–2% oxygen Provides better arc stability, coalescence, and welding speed 
than 1% oxygen mixture for thinner stainless steel materials.

Nickel, copper, and their alloys 100% argon Provides good wetting; decreases fluidity of weld metal.

Argon-helium Higher heat inputs of 50% and 75% helium mixtures offset high
heat dissipation of heavier gauges.

Titanium 100% argon Good arc stability; minimum weld contamination; inert gas 
backing is required to prevent air contamination on back of 
weld area.

Source: Adapted from American Welding Society (AWS) Committee on Arc Welding and Cutting, 1994, Recommended Practices for Gas Metal Arc Welding, ANSI/AWS C5.6-94R, Miami: American
Welding Society, Table 3.

ARGON-OXYGEN ARGON-CARBON DIOXIDE CARBON DIOXIDE
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restricted to specialized applications be-
cause an arc in helium has limited stabil-
ity. However, the desirable weld profile
characteristics (i.e., a broad, parabolic
weld) obtained with the helium arc are
quite often the objective in using an argon-
helium shielding gas mixture. The result
is an improved weld bead profile (Fig. 1)
in addition to the desirable axial spray
metal transfer characteristic of argon.

In short-circuiting transfer, argon-
helium mixtures of from 60% to 90% he-
lium are used to obtain higher heat input
into the base metal for better fusion
characteristics. For some metals, such as
the stainless and low-alloy steels, helium
additions are chosen instead of carbon
dioxide additions because the latter may
adversely affect the mechanical proper-
ties of the deposit.

Mixtures of argon and 50% to 75% he-
lium increase arc voltage (for the same arc
length) over that achieved when using pure
argon. These mixtures are used for weld-
ing magnesium and copper because the
higher heat input (from the higher volt-
age) reduces the effect of the high ther-
mal conductivity of these base metals.

Oxygen and Carbon Dioxide
Additions to Argon and Helium 

Pure argon and, to a lesser degree,  pure
helium produce excellent results in weld-
ing nonferrous metals. However, pure
argon shielding on ferrous alloys results in
an erratic arc and a tendency for undercut
to occur. The additions of 1% to 5% oxy-
gen or 3% to 25% carbon dioxide to argon
produces a noticeable improvement in arc
stability and reduces the tendency for un-
dercut. This is due to the elimination of

arc wander on the tip of the electrode.
The optimum amount of oxygen or car-

bon dioxide to be added to the inert gas
is a function of the workpiece surface con-
dition (e.g., the presence or absence of
mill scale or oxides), the joint geometry,
the welding  position or technique, and
the base metal composition. Generally,
2% oxygen or 8% to 10% carbon dioxide
is considered a good compromise to cover
a broad range  of these variables.

Carbon dioxide additions to argon may
also enhance  the  weld  bead  configura-
tion  by  producing  a  more readily defined
pear-shaped profile, as illustrated in Fig.
2. Adding between 1% and 9% oxygen to
the gas improves the fluidity of the weld
pool, penetration,  and the arc stability.
Oxygen also lowers the spray transition cur-
rent at which a spray transfer is achieved.
The  tendency to undercut is reduced, but
greater oxidation of the weld metal occurs,
with a noticeable loss of alloying elements
such as silicon and manganese.

Argon-carbon dioxide mixtures (up to
25% CO2) are used on carbon and low-
alloy steels, and to a lesser extent on stain-
less steels. The addition of carbon diox-
ide may produce adverse effects such as
an increase in spray transition current, in-
creased spatter, deeper penetration, and
decreased arc stability. Argon-carbon
dioxide mixtures are primarily used in
short-circuiting transfer applications, but
are also usable in spray transfer and when
pulsed currents are employed.

A mixture of argon with 5% carbon diox-
ide has been used extensively for pulsed-
current welding with solid carbon steel
wires. Mixtures of argon, helium, and car-
bon dioxide are favored for pulsed-current
welding with solid stainless steel wires.

Argon-Oxygen-Carbon Dioxide
Shielding Gas Mixtures

Gas mixtures of argon with up to 20%
carbon dioxide and 3% to 5% oxygen are
versatile. They provide adequate shield-
ing and desirable arc characteristics for
both the spray and short-circuiting modes
of gas metal arc welding. Mixtures with
10% to 20% carbon dioxide are not in
common use in the United States but are
popular in Europe.

Argon-Helium-Carbon Dioxide
Shielding Gas Mixtures

Mixtures of argon, helium, and carbon
dioxide, commonly referred to as tri-mix,
are used with the short-circuiting and
pulsed-current welding of carbon, low-
alloy, and stainless steels. Mixtures in
which argon is the primary constituent are
used for pulsed-current welding, and
those in which helium is the primary con-
stituent are used for short-circuiting gas
metal arc welding.

Argon-Helium-Carbon Dioxide-
Oxygen Shielding Gas Mixtures

The mixture of argon, helium, carbon
dioxide, and oxygen, commonly referred
to as quad-mix, is popular for high-
deposition gas metal arc welding using a
very high current density. This mixture
yields good mechanical properties and
operability over a wide range of deposi-
tion rates. Its major application is for the
welding of low-alloy, high-strength base
materials, but it has been used on mild
steel for high-production welding. Weld-

Table 2 — GMAW Shielding Gases for Short-Circuiting Transfer

Metal Shielding Gas Characteristics

Carbon steel 75% argon + 25% carbon dioxide High welding speeds with minimum melt-through; minimum
spatter; clean weld appearance; good pool control in vertical
and overhead positions.

100% carbon dioxide Deeper penetration; faster welding speeds; high spatter levels.

Stainless steel 90% helium + 7.5% argon + 2.5% No effect on corrosion resistance; small heat-affected zone;
carbon dioxide minimizes undercut.

Low-alloy steel 60% to 70% helium + 25% to 35% Minimum reactivity; excellent toughness; excellent arc
argon + 4.5% carbon dioxide stability, wetting characteristics, and bead contour; little spatter.

75% argon + 25% carbon dioxide Fair toughness; excellent arc stability, wetting characteristics, and
bead contour; little spatter.

Aluminum, copper magnesium, Argon and argon + helium Argon satisfactory on sheet metal; argon-helium preferred for
nickel, and their alloys thicker base material.

Source: American Welding Society (AWS) Committee on Arc Welding and Cutting, 1994, Recommended Practices for Gas Metal Arc Welding, ANSI/AWS C5.6-94R, Miami: American Welding Society,
Table 4.
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ing economics is an important considera-
tion in using this gas to weld mild steel.

Reactive Shielding Gas: 
Carbon Dioxide

Carbon dioxide is a reactive gas widely
used in its pure form for the gas metal arc
welding of carbon and low-alloy steels. It
is the only reactive gas suitable for use
alone as a shield in the gas metal arc weld-
ing process. Higher welding speed, greater
joint penetration, and lower cost are gen-
eral characteristics that have promoted
the use of carbon dioxide shielding gas.

With a carbon dioxide shield, the metal
transfer mode is either short-circuiting or
globular. Axial spray transfer requires an
argon shield; therefore, this mode cannot
be achieved with a carbon dioxide shield.
With globular transfer, the arc is quite
harsh and produces a higher level of spat-
ter. To minimize spatter, the welding con-
ditions can be set with high current and
low voltage to provide a very short arc,
called a buried arc (i.e., the tip of the elec-
trode is actually below the surface of the
workpiece).

In overall comparison to the argon-rich
shielded arc, the carbon dioxide-shielded
arc produces a weld bead of excellent pen-
etration with a rougher surface profile and
much less wetting action at the sides of the
weld bead due to the buried arc. Very sound
weld deposits are  achieved,  but  mechan-
ical  properties  may  be adversely affected
due to the oxidizing nature of the arc.

Shielding Gas Flow Rates

The flow rate of the shielding gas also
has an influence over the quality of the re-
sulting weld deposit. If the flow rate is too
low, the weld may not be properly pro-
tected from atmospheric contamination.
If the flow rate is too high, turbulence may
be created as the gas exits the gun nozzle,
causing oxygen and nitrogen to be drawn
into the weld zone. In either case, the re-
sult may be welds contaminated with en-
trapped oxides, nitrides, or porosity.

The selection of the proper flow rate is
dependent on the gas being used and the
size of the gun nozzle. When a light inert
gas such as helium is used, a higher flow
rate will be required to achieve the same
shield integrity as that obtained with argon,
a heavier gas. As the gun nozzle size is in-
creased, the flow rate requirement will gen-
erally increase proportionally.

The selection of the proper flow rate
is subject to some trial and error for the
particular application. Factors such as
material, joint design, welding position,
travel speed, and type of electrode must
be considered.◆
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High-volume production of structural
parts for the automotive industry is chal-
lenging due to the extreme focus on pro-
ductivity, quality, weight savings, and
functional requirements. For welded alu-
minum structures, the load-bearing capac-
ity of the welds is of major concern since
the mechanical integrity of the welded
component is always poorer than that of
the base material (Ref. 1). For Al-Mg-Si
alloys the HAZ usually represents the
weakest part of the weld. Therefore, the
design stress cannot exceed the minimum
strength level in this zone if yielding is not
permitted during service (Ref. 2). On the
other hand, adding thickness to the mem-
bers to increase the load-bearing capacity
of the joint should be avoided because of
the resulting weight and cost penalties. 

WELDSIM™
In order to optimize the functional re-

quirements of a specific component at
minimum costs, process modeling tech-
niques can be applied. A powerful predic-
tive tool in the context of engineering de-
sign is the multipurpose software program
WELDSIM™ (Refs. 3–7), which handles
both welding and conventional heat treat-
ment of precipitation-hardened alu-
minum alloys. The predicted weld ther-
mal history is used as input to a mi-
crostructure module that calculates the
evolution of the particle size distribution
with time, as illustrated in Fig. 1. Ad-
vanced dislocation mechanics are then
employed to convert the computed parti-
cle size distribution into an equivalent
room temperature yield strength. The re-
sults from the microstructure module are
then transferred to a mechanical module
to obtain the actual residual stress and dis-
tortions. The accuracy of these predictions

has recently been documented for auto-
matic gas metal arc welding (GMAW) of
a complex front module in aluminum in
tests performed by a group of German car
manufacturers (Ref. 8). Figure 2 shows
the main inputs and outputs from the pre-
dictive model.

Design Optimization

The yield strength distribution across
a butt joint weld in AA6082-T6 after com-

plete natural aging is illustrated in Fig. 3,
where σmin and Δyeq

red are important de-
sign parameters. If yielding is not permit-
ted during service, the design stresses can-
not exceed σmin. Thus, in order to main-
tain the load-bearing capacity of the joint,
the reduced strength within the HAZ
must be allowed for by increasing the di-
mensions of the component (thickness or
width).

In engineering design today, various
codes are used to compensate for the

Utilizing a Predictive Tool 
for Designing Welded 

Aluminum Components
A multipurpose finite element code is used to achieve cost savings in the

fabrication of aluminum components for the automotive industry

BY OLE RUNAR MYHR AND ØYSTEIN GRONG

OLE RUNAR MYHR is with Hydro Aluminum Structures, Raufoss, Norway. ØYSTEIN GRONG is with Norwegian University of Science
and Technology, Department of Materials, Science and Engineering, Trondheim, Norway. Both authors are associated with the Structural Im-
pact Laboratory (SIMLab), Center for Research-Based Innovation, Department of Structural Engineering, Norwegian University of Science
and Technology, Trondheim, Norway.

Fig. 1 — Example of WELDSIM™ simulation results illustrating the temperature distribu-
tion during welding and resulting precipitate structure in the HAZ as illustrated by the TEM
micrograph. The schematic figures illustrate the particle size distribution and particle-
dislocation interactions during loading, as described in the text.
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strength reduction due to welding. As seen
from Fig. 4, these codes give an inconsis-
tent prediction of σmin and Δyeq

red for the
same alloy and temper condition. 

WELDSIM™ is able to predict very ac-
curately the strength level and strength
profile as seen from Fig. 5, showing excel-
lent correlation between calculated and
measured hardness across the HAZ.

Therefore, the model was used to cal-
culate σmin and Δyeq

red for different com-
binations of welding parameters, q0/vd, h,
and d. This was done for various alloys,
and Fig. 6 shows the results for AA6082-
T6. From the graphs in Fig. 6, values for
σmin and Δyeq

red can be extracted and
process diagrams like the one shown in
Figure 7 can be produced. From these
plots, optimized welding parameters can
be selected in order to minimize the size
of Δyeq

red and achieve as high as possible
value of σmin.

As expected, the
design parameters
are seen to depend
both on the applied
heat input during
welding as well as
on the actual value
of the heat transfer
coefficient between
the aluminum plate
and the steel back-
ing. The absolute
value of σmin is de-
termined by the
alloy composition,
which represents a
third option that
can be exploited in
engineering design.
For a given alloy
composition mini-
mization of the

Fig. 2 — Main inputs and outputs of WELDSIM™. Fig. 3 — Schematic diagram showing the yield strength profile across
an AA6082-T6 butt joint weld following complete natural aging. 

Fig. 4 — Recommended combinations of minimum strength level and
reduced strength zone width for 2-mm-thick GMA butt joint welds of
AA6082-T6 according to BS 8118 (Ref. 9) and Eurocode 9 (Ref. 10),
respectively. 

Fig. 5 — Comparison between measured and predicted hardness pro-
files across the HAZ of two different single pass GMA butt joint welds
following complete natural aging (NA). A — AA6060-T6-W-NA; 
B — AA6082-T6-W-NA. Welding conditions: q0 = 4.08 kW, v = 6.25
mm/s, d = 5 mm, and h = 1800 W/m2K. Data from Ref. 11.

B

A
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HAZ strength loss will require that the
q0/vd ratio is kept as low as possible dur-
ing welding. At the same time, the alu-
minum plate should be properly clamped
to the steel backing (if this is practically
feasible) to make sure that the excess heat
from the fusion zone is effectively trans-
ferred to the steel plate and not allowed
to diffuse into the HAZ. It is, however,
important to realize that the parameter
q0/vd is not a free variable in the context
of engineering design. For example, in
GMAW the wire feed rate depends on the
applied arc current, which means that q0

influences both the weld bead shape and
the corresponding cross section of the fu-
sion zone.

Case Study
Gas metal arc welding of 2-mm

AA6082-T6 sheet material represents a
good case study for illustrating the poten-
tials of the present modeling approach for
calculating the design stress on the basis
of the available input data for σmin and
Δy     . As already pointed out, the current
design codes yield inconsistent values for

these parameters, which again depart sig-
nificantly from those calculated using
WELDSIM™. This follows from a com-
parison between Figs. 4 and 7. In the pres-
ent case study, attempts will be made to
quantify the significance of these differ-
ences under varying loading conditions in
terms of potential weight reductions and
cost savings for a specific aluminum com-
ponent. This is designed to withstand a
fixed tensile load P without yielding. 

Notice that the basis for these calcula-
tions is that welding shall not affect the
mechanical integrity of the joint. Hence,

Fig. 6 — Predicted HAZ yield strength profiles for single-pass butt joint welds of AA6082-T6 immediately after welding (W) and following
complete natural aging (NA). A — Effect of the applied heat input q0/vd on the HAZ yield strength distribution for h = 0 (adiabatic surfaces
— no heat loss to the surroundings); B — effect of the heat transfer coefficient h on the HAZ yield strength distribution for q0/vd = 0.1 kJ/mm2.
Note that the two curves for h = 500 W/m2K and h = ∞, respectively, apply specifically to butt joint welding of 2-mm sheet material.

Fig. 7 — Predicted process diagrams for Al-Mg-Si butt joint welds,
showing the variation in the design parameters σmin and Δy
with q0/vd and h = 0 for the Alloys AA6060-T6, AA6005-T6, and
AA6082-T6 following complete natural aging.

Fig. 8 — Definition of the loading conditions used in the case study,
i.e., loading perpendicular to the weld.eq

red

eq
red

A B
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the associated strength loss must be com-
pensated by a corresponding increase in
the width (w > w0) of the component to
restore its load-bearing capacity. Prior to
welding the component is assumed to have
a cross-sectional area, A, that is large
enough to withstand tensile load without
yielding when σmin approaches σb. For a
case where the load is perpendicular to
the weld (Fig. 8), the necessary increase
in the cross section of the component ΔA
to compensate for the associated strength
loss due to welding is calculated from the
following equation:

(1)
where σb = 280 MPa for the peak-aged
base material.

By inserting the appropriate values for
σmin from Figs. 4 and 7 into Equation 1,
we get

BS 8118 (1991)

Eurocode 9 (1998)

WELDSIM™ (2006)

It follows that BS8118 overestimates
the strength loss, i.e., it requires an in-
crease of the cross-sectional area of the
component with 100%. On the other
hand, Eurocode 9 underestimates the
softening effect, with the consequence
that the component should fail by yield-
ing if it is designed according to this code. 

Similar calculations can also be done
for other loading conditions, showing the
same inconsistency in the calculated load-
bearing capacity of the joint (Ref. 6).

Concluding Remarks
WELDSIM™ was demonstrated to be

a powerful and accurate modeling tool,
and it can be used to design optimized di-
mensions for welded components made
of age-hardening aluminum alloys.◆
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Many alloys, ranging from basic stain-
less steels to titanium, require attention
to cleanliness and inert gas shielding to
protect the weld zone from foreign ma-
terials and atmospheric contamination.
Reactive metals like titanium and zirco-
nium, and higher performance alloys like
super-duplex stainless steels require a
higher level of effort for acceptable re-
sults. In the case of some nitrogen-
strengthened steels, controlling nitrogen
in purge gas may also be important to de-
velop proper weld strength and corrosion
properties.  Even in more traditional ma-
terials proper root protection using purg-
ing is often an important factor affecting
final weld quality.

Yet purging is often done with minimal
thought to just what is happening in the
space being purged. In many cases, this
lack of consideration leads to the use of
less than adequate purging techniques.

This article uses the inert gases argon
and helium as examples, but the princi-
ples are applicable to any gas, based on
its density under normal conditions  —
Table 1.

Purging

In many instances, protection of the
root side of a weld requires the space on
the root side of a weld to be purged. Un-
fortunately, many cases that require purg-
ing are also difficult or impossible to in-
spect visually after welding to confirm that
the shielding was effective. Examples are
complex small-diameter pipe systems,  coil
and dimple jacketed pressure vessels, and
reinforcing pads. Quality assurance for
the root of the weld must then rely on the
certainty of creating completely inert at-
mospheres in the purge space.

The quality of the inert gas used for
purging does not guarantee the quality of

the gas in the purge space. Leaks in dis-
tribution equipment or in welding equip-
ment can reduce purity. Once introduced,
the purging gas must first displace air and
then dry any moisture. The presence of
foreign materials (dirt) and air or mois-
ture traps (e.g. faying surfaces of lap
welds) sometimes make it impossible to
achieve desired purge quality. Thus, the
only reliable way to verify purge quality is
to monitor the dew point of the purge gas
as it exits the purged space.

Welding heat may cause further re-
lease of contaminants after an initial clean
purge is obtained. Mild preheating may
be effective in minimizing this problem.
However, good practice is to first achieve
the required purge exit quality, then con-
tinue purge gas flow (possibly at a reduced
gas flow rate) to sweep any released con-
taminants out of the space.

Gas Containment

Purge gas should be contained in as
small a volume as practical. For example,
for pipe welds, inflatable purge dams are
available to fit standard pipe sizes that
allow purging of just a short section of
pipe.

Larger pipes or irregular spaces where
access is available for subsequent removal
can be closed with 6-mil plastic film sealed
with ordinary masking tape. Water-
soluble sheet and tapes are available
where access for removal is restricted.
Transparent Plexiglas® covers may allow
visual observation of the weld root during
welding to both verify effectiveness and
inspect the appearance of the weld root. 

Plug Flow and Mixing

Plug flow occurs when one fluid (gas)
displaces another with no mixing, as de-

picted in Fig. 1A. One gas volume com-
pletely replaces another. Completely
mixed flow occurs when one fluid mixes
instantly and completely with another
such that the outlet concentration equals
the average concentration in the space, as
depicted in Fig. 1B. Many gas volumes are
required to obtain a high purity of the
purge gas. Under realistic mixed flow,
there is some mixing of the two gases, but
also some tendency to plug flow, as in Fig.
1C. Minimum gas usage results from get-
ting as close to plug flow as is feasible.

Factors Affecting Gas Volume
Required for Purging

Estimate the volume of the space to be
purged and use this volume for a guide-
line as to how long initial purging is 
required.

In a normal purging operation, air is
displaced readily. Even where there may
be minor adsorbed surface moisture,
welding-grade argon with a dew point
below –51°C (–60°F) quickly causes evap-
oration. However, it is uncertain how rap-
idly drying occurs, nor what added time
or precautions may be needed where in-
ternal geometry can entrap surface mois-
ture, nor to what extent welding heat
causes adsorbed or trapped material or
moisture to be released.

A purge space that is not clean often
precludes achieving an adequate purge.
Moisture trapped in foreign materials can
take a very long time to diffuse and be
swept from the space. When an adequate
purge cannot be achieved in a reasonable
time, it may be best to stop and reclean
the purge space surfaces and then try
again.

The metal surface temperature should
be well above the dew point and should
be given time to adjust to the temperature

Using Inert Gases
for Weld Purging
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Key elements of purging and instrumentation to verify gas purity are presented
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in the welding area. Interior surfaces of
long pipes or complex configurations can
take a long time to eliminate surface mois-
ture. Mild preheating (100°–150°F,
40°–65°C) can be used to minimize the risk
of adsorbed moisture, and may also be a
good first step when initial purge quality
cannot be achieved.

The general shape of the purge space
is an important consideration, and all
spaces are not equal. A long pipe, for ex-
ample, tends to promote plug flow com-
pared to the more mixed conditions in a
short cylinder. For example, a 10-ft length
of 12-in. pipe has an internal volume of
about 7.5 ft3. A 1-in. pipe has the same 7.5
ft3 volume in about a 1200-ft length. The
1-in. pipe will require less gas volume than
the 12-in. pipe because the argon tends to
mix with air more in the larger diameter,
short space while the argon in the small
pipe tends to push the air ahead of it with
minimum mixing.

The way gas is introduced into the
purge space affects the volume of gas re-
quired to achieve displacement of the air.
A free-jet, high-velocity argon flow from
a single inlet tube (Fig. 2A) will mix with
the air in the purge space more than a slow
gas flow achieved either using a baffle
(Fig. 2B) or a diffuser (Fig. 2C), like a
backup shielding device, for example.
However, in any of these cases, the lower
the gas flow, the less mixing will occur.

Because argon is heavier than air, it will
displace the air from the bottom of the
space being purged — Fig. 3A. For exam-
ple, if our 12-in. pipe is in the vertical po-
sition, introducing the argon from the bot-
tom using a diffuser will gently lift the air
above it with minimal mixing, while intro-
ducing it from the top causes the argon to
cascade through and continually mix with
the air — Fig. 3B. Clearly, it will take many

times more argon to achieve a clean purge
if it is introduced from the top. The oppo-
site is true for a lighter gas like helium.

When a water glass is inverted in a
basin filled with water, the glass will re-
tain a pocket of air. Argon acts in a simi-
lar manner. Any inverted pocket will trap
air above the heavier argon — Fig. 4A.
Such pockets must either be vented to
allow the air to escape from the top, or
lighter helium must be added to the purge
gas — Fig. 4B. Obviously, using just he-
lium results in the opposite problem.

Collection of argon in low spaces also
creates a  risk of drowning that must be
considered whenever using significant vol-
umes of argon.

Purging Technique

Interior surfaces in purged volumes
must be free of dirt that can entrap air or
moisture. This requires cleaning the entire
surface of the space to be purged almost as
carefully as the weld preparation itself.

Openings in the purge space, the ends
of the pipe, or openings in a structure can
be covered with metal or plastic sheet
sealed with ordinary masking tape. Do not
use cardboard or paper as air diffuses
through them too rapidly. 

Be aware of traps or blind spaces that
can prevent air escape.  Either provide
secondary gas escape (pinholes in tape)
or consider the use of gas mixtures such

Fig. 1 — A — With perfect plug flow, there is no mixing. One volume
of argon will displace all air; B — with perfectly mixed conditions, out-
let concentration matches the average concentration in the space.
Many volumes of argon are required to displace sufficient air to 
obtain a satisfactory purge; C — under more realistic mixed flow,
argon mixes with air at the gas interface during purging. 

A B

C

Table 1 — Properties of Gases that May Be Encountered in Purging for Welding

Gas Formula Molecular Density- -NPT Density- -STP
Weight kg/m3 lbm/ft3 kg/m3 lbm/ft3

Hydrogen H2 2.016 — — 0.08992) 0.00562)

Helium He 4.02 0.1664(a) 0.010391) — —
Water Vapor H2O 18.016 0.804 0.048 — —

Nitrogen N2 28.02 1.1651) 0.07271) 1.2502) 0.07802)

Air — 29 1.2051) 0.07521) 1.2932) 0.08062)

Oxygen O2 32 1.3311) 0.08311) 1.4292) 0.08922)

Argon Ar 39.948 1.6611) 0.10371) — —
Carbon Dioxide CO2 44.01 1.8421) 0.11501) 1.9772) 0.12342)

1) NTP — Normal Temperature and Pressure — is defined as air at 20°C (293.15 K, 68°F) and 1 atm
(101.325 kN/m2, 10 14.7 psia, O psig, 30; n Hg, 760 torr)

2) STP — Standard Temperature and Pressure — is defined as air at 0°C (273.15 K, 32°F) and 1 atm
(101.325 kN/m2, 10 14.7 psia, O psig, 30 in Hg, 760 torr)

1 lb/ft3= 16.018 kg/m3

1 kg/m3= 0.0624 lb/ft3
Data source: Engineers Toolbox.xom
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as argon-helium to be certain traps will be
purged. Use the arrangement in Fig. 5
where a horizontal or vertical blind space
cannot be vented.

Weld preparations can be sealed with
masking tape until the purge quality is ver-
ified. Pin holes in the tape at the high point
are effective in allowing minor gas escape
where the weld preparation can act as a
trap. Weld preparations should be kept
sealed except in the immediate area where
welding is being done.  In practice, for
GTAW, for example, for the root pass 4 to
6 in. of tape is removed and the root pass
completed to within about 25 to 50 mm (1
to 2 in.) of the tape. Repeat this process
until the root is sealed. 

If tape used in sealing is heated by
welding, materials in the adhesive may be
volatized and can themselves contami-
nate the weld. During welding of a root
pass in particular, it may be necessary to
reduce heat input (usually by welding a
short distance, then stopping to allow
cooling before continuing). For this rea-
son, manual welding of the root pass may
be necessary in joints that otherwise
might be fully automatically welded.
Higher-temperature fiberglass or alu-
minum tapes with special adhesives are
used to minimize (not eliminate) this
problem, but their higher cost suggests
they be used only where necessary.

Gas should be fed continuously from
the lowest end of the pipe or low point in
the structure and be vented through a tube
near the top. The top tube should be used
to test gas purity.

Typical purge
rates of 10–25
L/min (20 to 50
ft3/h) are used to
start, and can be re-
duced to 2.5–10
L/min (5 to 20
ft3/h) once an inert 
atmosphere is
achieved.

Gas flow should
be maintained at
these lower rates to
maintain a slight
positive pressure
and sweep any
volatized contami-
nants from the
purge space until
the weld is com-
plete or enough
thickness is de-
posited so that no oxide forms on the root
during welding. A good rule of thumb for
reactive or sensitive metals where root in-
spection is not possible is to require at
least 9 mm (3⁄8 in.) of base or weld metal
thickness before removing purge gas.

When welding long joints (either ver-
tical or horizontal) using a purge space,
the welding direction should be away from
the purge entry and toward the purge exit.
On the root pass, this allows the deposited
weld to positively seal the space behind
the welding torch where protection of the
cooling metal is critical. In addition, weld-
ing heat causes surface adsorbed materi-
als to volatize. To some extent these will

be absorbed into the weld or be adsorbed
by the cooling metal surface. However, if
the gas flow sweeps the contaminants
ahead of the weld, this risk is reduced —
Fig. 6A, B.

Purging of Reinforcing Plates
and Tightly Fitted Attachments

A special case of purging that is wor-
thy of attention is reinforcing plates at-
tached to a pressure or structural part by
fillet welding. The root is forever hidden
from view, so no direct inspection of weld
root surface is possible and no nonde-
structive test is available that can tell with

A

A

B

BC

Fig. 2 — A — Simple jetting at inlet tube increases mixing of air with
incoming argon; B — inlet baffle eliminates jetting to reduce gas re-
quired to achieve purge quality; C — inlet diffuser further reduces mix-
ing of air with incoming argon.

Fig. 3 — A — Top entry purge (left). Heavier argon cascades through
and mixes with air precluding purge gas purity; B — heavier argon dis-
places air and minimizes mixing.
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any certainty if the root of the joint is 
contaminated.

While reinforcement welds might ap-
pear to be simple fillet seal welds with no
structural loading, nothing could be fur-
ther from the truth. These “unstressed”
attachment welds must be capable of car-
rying a proportional share of the load of
the adjacent structure.

Temperature cycles can cause sufficient
differential expansion between the rein-
forcement and the main structural materi-
als steel to induce relatively large stresses
on a weld joint that is, from a structural
point of view, not a particularly good de-
sign. The larger the plate, the greater the
potential for a problem. That is because all
of the differential expansion that occurs
must be resisted by the fillet weld.

A failure of these welds may allow flu-
ids or other foreign materials to enter the
space behind the plate.  Weld repair then
becomes more difficult because it is next
to impossible to remove all of the foreign
material from behind the plate, leaving
complete removal of the plate as the only
way to have a chance of restoring original
joint integrity for long service.

Good practice for such plates is to pro-
vide a purge hole and a test hole. After

tacking, the edges
of the joint can be
sealed using mask-
ing tape. Purging
gas is fed to one
hole and allowed to
escape through the
second (here it
could be checked
for dew point), pos-
sibly augmented by
pin holes at the
highest point of the
weld. Tape can be
stripped back and
welding accom-
plished in steps
until the joint is sealed. In the absence of
dew point instrumentation, small theoret-
ical gas volumes make  displacement cal-
culations less useful, and diffusion of any
moisture trapped at the interface can take
a long time. Several minutes at low gas
flows may be the best way to deal with this
case if instrumentation cannot be utilized.

Oxygen Meters, Dew Point
Indicators, and Surrogates

Shops welding more sophisticated ma-

terials such as superduplex stainless steel,
titanium, zirconium, or other reactive
metals with any frequency should have a
high-quality dew point instrument, and
use it regularly.

A practical maximum dew point of 
–40°C (–40°F) measured at the exit of the
purge space is typically accepted as ade-
quate for normal industrial applications
for reactive metal welding. A similar level
for other sensitive or specialty materials
is probably reasonable.

Portable instruments for measurement
of dew point (hygrometers) utilizing alu-
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A

B

B
Fig. 4 — A — Gas traps may not purge with argon only unless vented
(left); B — argon-helium mixtures effectively purge gas traps.

Fig. 5 — Purging blind spaces from the far end better assures air 
displacement.

Fig. 6 — A — Welding toward the purge entry risks air entrainment as
gas flows past the  open joint; B — welding away from the purge entry
eliminates the risk of air entrainment as gas flows past the open joint
and sweeps volatized surface contaminants ahead of hot metal.
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minum oxide sensor elements are proba-
bly the best choice for a combination of
ease of use and rugged construction. Dew
point instruments have an extended re-
sponse time that may have an effect on at-
tempts to continuously monitor gas pu-
rity. However, thin film versions of the in-
strument are available that may have a
faster response time. Suppliers of these
instruments can be found on the Internet.

Some shops are using oxygen meters
to monitor inert and purge gas quality. If
used, oxygen meters must be capable of
readings down to at least 10 ppm. Some
users specify oxygen levels of 100 to 200
ppm as adequate for welding. Oxygen sen-
sors designed for vessel entry safety pur-
poses are about 10,000 times less sensi-
tive and are not suitable for monitoring
welding gas.

Dew point is the better standard for
determining the quality of a purge. Gas
purity is usually guaranteed to a dew point
standard, providing a basic reference
value. When a space is purged, it is logi-
cal that air will be displaced before all
moisture evaporates, particularly if mois-
ture is trapped in tight crevices or in for-
eign materials. Oxygen measurements will
not detect this.

While monitoring the purity of the
purging gas using one or more of the
above methods is necessary for critical
welds, purge time is sometimes used as a
substitute. This should be limited to cases
where the risk of a problem is judged to
be minimal and must be accompanied by
consistent cleaning and other preparation
practices. A commonly used rule of thumb
has been to purge at least six times the vol-
ume of the purge volume for spherical or
tubular structures and twelve times the
volume of the space for irregular shapes,
but these times have no validity when the
space being purged is not completely clean
and dry.

Economic Impact

Shielding and purging gas represents a
significant welding expense. When work re-
quires purging large volumes, there can be
a noticeable effect on overall gas consump-
tion. Following the principles outlined here
can at least minimize that cost.◆

Works Consulted

1. Inert Gas Shielding and Purging for
Titanium and Zirconium Welding. 2005.
Presented at the Wah Chang Corrosion
Solution Conference, Sunriver, Oregon.

2. Requirements of Inert Gas Shield-
ing and Purging for Successful Titanium
Welding. 2005. Stainless Steel World, Vol.
17 No. 4, pp. 36–41.
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STAINLESS
Q&A BY DAMIAN J. KOTECKI

Q: I understand that the exposure limit
for workers to hexavalent chromium in
fumes from welding has been greatly re-
duced. Can you offer any suggestions to
help my shop comply with this new limit? 

A: Stainless steel welding is not the only
welding affected by the reduction of the
permissible exposure limit (PEL). Most
nickel-based alloys include chromium, as
do most hardfacing alloys, and many low-
alloy steels. Welding of all of these mate-
rials is affected by the reduced PEL. 

Actually, the “new” limit isn’t all that
new. OSHA published this PEL in the Fed-
eral Register on Feb. 28, 2006. It reduced the
PEL from the former limit of 0.05 mg/m3 to
the current limit of 0.005 mg/m3.

This change went into effect May 30,
2006, for employers with 20 or more em-
ployees. It allowed six months for employ-
ers to come into compliance with most
provisions, and four years from the effec-
tive date to install feasible engineering
controls. So, you have two more years to
complete installation of engineering con-
trols. This is a good time to begin.

I suggest that you first assess your cur-

rent situation by making fume exposure
measurements now. Your OSHA compli-
ance officer should be able and willing to
help you. If you find that current exposure
approaches or exceeds the hexavalent
chromium limit, or any other fume limit,
then you can turn to increased ventilation,
local exhaust, fume-extraction welding
guns, and/or welding process changes to
reduce the exposure. You can get infor-
mation about options for ventilation, local
exhaust, and fume-extraction welding
guns from ANSI Z49.1, Safety in Welding,
Cutting and Allied Processes (available for
free download online at www.aws.org), and
from AWS F3.2M/F3.2, Ventilation Guide
for Weld Fume (available from the Ameri-
can Welding Society).

After you have made whatever changes
seem appropriate, you should again meas-
ure fume exposure to determine whether
you are in compliance. If all of the
changes fail to produce compliance, then
you may have to turn to air-supplied res-
pirators for your workers.

There are some very significant things
you may be able to do in the area of weld-
ing process changes that can have dra-

matic effects on hexavalent chromium ex-
posure. The remainder of this column ad-
dresses these options.

Chromium generally exists in three ox-
idation states — divalent (Cr++), trivalent
(Cr+++), and hexavalent (Cr++++++).
Only the hexavalent form is considered to
be a possible carcinogen (cancer-causing
agent) and that falls under this regulation.
The divalent and trivalent compounds
have PELs of 0.5 mg/m3, which is 100
times higher than the new PEL for hexa-
valent chromium.

Certain elements strongly promote the
formation of hexavalent chromium rather
than divalent or trivalent chromium. In
welding, the most important hexavalent
chromium promoters are sodium and
potassium. These elements are commonly
found in slag systems used for stainless
steel welding because they excel at stabi-
lizing the arc. They also are included in the
binders that hold the coating on covered
electrodes. They react with the chromium
in the fumes to form sodium and potas-
sium chromates, which are the most im-
portant hexavalent chromium compounds
found in stainless steel welding fumes. 

MAY 200846

StainlessQ+A May:Layout 1  4/8/08  9:59 AM  Page 46



An interesting exercise is to make a
bead-on-plate deposit with a stainless
steel covered electrode, leave the con-
densed fume on the base metal until it
cools, then plunge it into clear water under
a bright light. You should see a flash of yel-
low color, characteristic of water-soluble
hexavalent chromium, before the hexava-
lent chromium compounds are diluted
into the bulk of the water.

In studies that I conducted in my pre-
vious life at Teledyne McKay twenty years
ago, I generally found that the hexavalent
chromium in the fumes from stainless
steel covered electrodes and flux cored
electrodes was on the order of 5% of the
total fume. I doubt that these products
have changed drastically since then. If the
hexavalent chromium comprises 5% of
the total fume, and the PEL for hexavalent
chromium is 0.005 mg/m3, then the limit
for total fume to stay under the PEL for
hexavalent chromium would be 0.005/0.05
= 0.1 mg/m3. This is extremely restrictive
as compared to other fume limits.

Engineering controls in the form of
welding process changes are available to
reduce emission of hexavalent chromium
in welding fume. Changing from covered
electrodes (SMAW process) or flux cored
electrodes (FCAW process) to the sub-
merged arc (SAW) process where possible
can have a major impact on reducing hexa-
valent chromium exposure, and on reduc-
ing all fume exposure. Of course, SAW is
limited to the flat position and to stainless
steel that is generally at least 3⁄16 in. (5 mm)
thick, while a lot of stainless fabrication is
much thinner than that and the flat posi-
tion for welding is often not possible. Be
aware, however, that most SAW fluxes
contain sodium and/or potassium com-
pounds, so that whatever fumes do escape
from the flux cover can still be relatively
high in hexavalent chromium — it is only
the quantity of fume that escapes that is
reduced by a change from SMAW or
FCAW to SAW.

Another alternative is to change from
flux shielded processes SMAW or FCAW
to a process that doesn’t employ a flux,
thereby virtually eliminating sodium and
potassium from the arc environment and
drastically reducing the formation of hexa-
valent chromium compounds in the fumes.
The fluxless welding processes include gas
metal arc (GMA), gas tungsten arc (GTA),
plasma arc (PA), laser beam (LB), and
electron beam (EB). Perhaps the easiest to
implement, without a loss of productivity
or purchase of very expensive equipment,
is GMAW. Per pound of weld metal de-
posited, in my experience, GMAW pro-
duces on the order of half as much total
fume as SMAW or FCAW, or less, and the
hexavalent chromium content of that
fume, as a percent of the total, is in general
orders of magnitude lower than in the

fumes from SMAW or FCAW. This does
not mean that you will not find any hexa-
valent chromium in the fumes from
GMAW. You will still have to measure to
determine that you are in compliance with
the new OSHA PEL for hexavalent
chromium, as well as with the other OSHA
PELs including that for manganese.

So as a significant step toward getting
into compliance with OSHA, I’d suggest
changing, wherever possible, from SMAW
or FCAW to either SAW or a fluxless
welding process like GMA for stainless
steel fabrication and for fabrication of
other chromium-containing materials.♦
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DAMIAN J. KOTECKI is president,
Damian Kotecki Welding Consultants, Inc.
He is a past president of the American Weld-
ing Society, a past vice president of the Inter-
national Institute of Welding, and a member
of the AWS A5D Subcommittee on Stainless
Steel Filler Metals, and the AWS D1K Sub-
committee on Stainless Steel Structural
Welding. He is a member and past chair of
the Welding Research Council Subcommit-
tee on Welding Stainless Steels and Nickel-
Base Alloys. Send your questions to Dr.
Kotecki at damian@damiankotecki.com, or
to Damian Kotecki, c/o Welding Journal, 550
NW LeJeune Rd., Miami, FL 33126.
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© American Welding Society 2008

The aircraft and
aerospace industry is
making great strides in cost
reduction. One aspect of this is
utilizing composites in place of
aluminum. Another innovation is to
build critical parts from the ground up,
rather than ordering expensive forgings and
castings that have to be machined down to
size.

Welding is in the very thick of it on both fronts.
Improved processes are being developed to weld
carbon fiber composite structures. In the world of “born to
shape parts,” innovative welding processes like electron
beam, laser, and others are getting the job done efficiently and
economically.

September 16-17, 2008
Wichita, Kansas
September 16-17, 2008
Wichita, Kansas

Welding in Aircraft and
Aerospace Conference
Welding in Aircraft and
Aerospace Conference
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At this AWS conference in Wichita, emphasis will be given to friction stir welding,
fiber laser welding, and the gas-shielded welding processes. The role of titanium is
growing, and the emergence of a number of new aluminum-lithium alloys poses
new welding challenges. Ultrasonic welding, a front-runner for the welding of
thermoplastic composites, will be on the agenda, as well.

Plans for vehicles to carry humans to the moon by 2010 (and later, to Mars) will
also be discussed.

To register or to receive a descriptive brochure,
call (800) 443-9353 ext. 455, (outside North
America, call 305-443-9353), or visit
www.aws.org/conferences

Founded in 1919 to advance the science, technology
and application of welding and allied processes including
joining, brazing, soldering, cutting and thermal spraying.

Titanium Friction Stir Welding
and Laser Welding
Development for Commercial
Aircraft
Daniel G. Sanders, Senior Technical
Fellow, Director of M&P Science,
Materials & Process Technology, The
Boeing Co., Seattle, WA

Potential Uses for Fiber Lasers
in Aerospace Applications
Paul Denney, Laser Researcher,
Connecticut Center for Advanced
Technology, Inc., East Hartford, CT

Friction Stir Weld Assembly of
the Eclipse 500 Very Light Jet
Brent Christner, Manager, Materials and
Process Engineering, Eclipse Aviation,
Albuquerque, NM

Electron Beam System
Technology for Welding and
Additive Manufacturing
Robert C. Salo, Sales Manager, Western
Region, Sciaky, Inc., Chicago, IL

High Powered Ultrasonics and
Thermal Stir Welding
Jeff Ding, Aerospace Welding Engineer,
NASA Marshall Space Flight Center,
Huntsville, AL

Advanced Manufacturing and
Repair of Nickel and Titanium
Alloys
Nick Kapustka, Applications Engineer,
Arc Welding, Lasers & Automation,
Edison Welding Institute, Columbus, OH

Development of Third
Generation of Aluminum
Lithium Alloys
Michael Niedzinski, Director of
Technology and Standardization USA,
Alcan Aerospace, Chicago, IL

Returning to the Moon:
Welding and Fabrication of the
Ares I Upper Stage Hardware at
Marshall Space Flight Center
Jeff Ding, Aerospace Welding Engineer,
NASA Marshall Space Flight Center,
Huntsville, AL

Path Independence of Friction
Stir Welding
Dr. Dwight Burford, Senior Research
Scientist, Director, Advanced Joining &
Processing, National Institute for
Aviation Research, Wichita State
University, Wichita, KS

Aerospace Gas Tungsten
Welding
Wyatt Swaim, Chief Executive Officer,
WJS Consulting Inc., Geuda Springs, KS

Developments in Usage of
Fiber Lasers for Aerospace
Welding Applications
Eric Stiles, Applications Manager, IPG
Midwest Operations, IPG Photonics,
Wixom, MI

Laser Weldbonding of Thin
Aluminum Structures
George Ritter, Technology Leader,
Plastics and Adhesives, Edison Welding
Institute, Columbus, OH

Metal Part Fabrication and
Component Repair with Laser
Engineered Net Shaping
Rich Plourde, Director, Aerospace and
Defense Business Development,
Optomec, Inc., Albuquerque, NM

Eddy Current Array and
Ultrasonic Phased-Array
Technologies as Reliable Tools
for Inspection of Friction Stir
Welds
Michael Turner, Advanced Technical
Sales, Olympus NDT, Kansas City, MO;
and Andre Lamarre, Business
Development Director, Aerospace and
Defense, Olympus NDT, Quebec City,
Canada

AWS Welding in Aircraft and Aerospace Conference

Broadview Hotel • Wichita, Kansas

September 16-17, 2008

®
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Friends and Colleagues:

I want to encourage you to submit nomination packages for those individuals whom you
feel have a history of accomplishments and contributions to our profession consistent with the
standards set by the existing Fellows. In particular, I would make a special request that you look
to the most senior members of your Section or District in considering members for nomination.
In many cases, the colleagues and peers of these individuals who are the most familiar with
their contributions, and who would normally nominate the candidate, are no longer with us. I
want to be sure that we take the extra effort required to make sure that those truly worthy are
not overlooked because no obvious individual was available to start the nomination process.

For specifics on the nomination requirements, please contact Wendy Sue Reeve at
AWS headquarters in Miami, or simply follow the instructions on the Fellow nomination form
in this issue of the Welding Journal. Please remember, we all benefit in the honoring of those
who have made major contributions to our chosen profession and livelihood. The deadline
for submission is July 1, 2008. The Committee looks forward to receiving numerous Fellow
nominations for 2009 consideration.

Sincerely,

Nancy C. Cole
Chair, AWS Fellows Selection Committee
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CONFERENCES

Automatic Welding Conference
New Orleans, Louisiana

May 13, 14

The urgency of this conference on automatic welding will be
spelled out by John Bruskotter, AWS vice president, in his open-
ing talk about the welder shortage that is causing many managers
to consider automatic welding as never before. Discussions of
both modified old processes and new processes will give the au-
dience much to think about in their plans for the future. John
DeLoach from the Naval Surface Warfare Center will bring every-
one up to date on the improvements that have been made to sub-
merged arc welding. Jorge dos Santos of the Institute for Mate-
rials Research in Germany will discuss friction stir welding of
aluminum, titanium, and magnesium, and Russell Steel from
MegaStir will talk about the process’s new thrusts into steels and
stainless steels. Two speakers from the Edison Welding Institute,
Susan Fiore and Ta-Chieh Huang, will talk about the handling of
fumes in the workplace and real-time monitoring, respectively.
Discussions of new processes will include fiber laser welding by
Bill Shiner of IPG Photonics, magnetic particle welding by
Michael Blakely of Hirotec America, hot wire GTAW by Jonathan
Salkin, and thermal stir welding by Jeff Ding from the NASA
Marshall Space Flight Center. Several speakers will tackle the
subjects of robotics and welder training.

Welding in Aircraft & Aerospace Conference
Wichita, Kansas

Sept. 16, 17

Innovations in the aircraft and aerospace industries will take
center stage at this conference. These industries are taking giant
steps in cost reduction. One is the use of composites in place of
aluminum in aircraft and space vehicles. Another is to find ways
to build critical parts from the ground up, rather than ordering
expensive forgings and castings that have to be machined down
to size, at great expense.

Welding is in the very thick of it on both fronts. Improved
processes are being developed to weld many of the carbon com-
posite structures. In the world of “born to shape parts,” such
processes as electron beam and laser beam welding are being
called on to get the jobs done quickly, efficiently, and at reason-
able cost. Emphasis will be given to friction stir welding, fiber
laser welding, and the gas shielded welding processes. The role
of titanium is growing, while the emergence of a number of new
aluminum-lithium alloys poses challenges to welding technolo-
gies. Ultrasonic welding, a front-runner for the welding of ther-
moplastic composites, will also be on the agenda.

The vehicles planned to carry astronauts to the moon by 2010
and later possibly to Mars — part of the Orion project — will
also be discussed. 

Welding of Engineering Plastics 
and Composites Conference

Orlando, Florida
Nov. 11, 12

Welding has found a new home in the fabrication of engineer-
ing plastics. The welding of engineering plastics is already a way
of life in the automotive industry, and this technology is spilling
over into many areas, including equipment used in medicine. 
Engineering plastics, as opposed to commodity plastics, include
such thermoplastic grades as nylon, polycarbonates, polypropy-
lene, ABS, PVC, acetals, acrylics, vinyls, and others. The estab-
lished processes for joining plastics include ultrasonic welding,
hot plate welding, vibration welding, spin welding, and hot gas
welding. Laser welding is also starting to attract considerable 
attention.

Among the speakers at the Orlando conference will be ex-
perts from several of the plastics-producing companies and engi-
neers who are knowledgeable about the processes used to weld
these materials.

Here’s What’s Happening at the Show

The following conferences will be held during the FABTECH
International & AWS Welding Show on the dates listed. 
For more information, contact American Welding Society 
(800/305) 443-9353, ext. 455, or visit www.aws.org/conferences.

◆ New Technologies in Thermal Cutting, Oct. 6
◆ New Nondestructive Testing Technologies, Oct. 7
◆ Friction Stir Welding, Oct. 8

For more information, contact the AWS Conferences and Sem-
inars Business Unit at (800) 443-9353, ext. 455. You can also visit
the Conference Department at www.aws.org/conferences for up-
coming conferences and registration information.
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COMING
EVENTS

JOM 15, Int’l Conf. on the Joining of Materials, and 6th Int’l
Conf. on Education in Welding. May 3–6, Helsingør, Denmark.
Contact: JOM Institute, jom_aws@post10.tele.dk.

INTERTECH 2008. May 5–7, Contemporary Resort, Walt Dis-
ney World, Orlando, Fla. Topics to include practical applications
for superabrasives for machining, grinding, drilling, polishing,
wear parts, wire dies, etc. Visit www.intertechconference.com.

Int’l Laser Technology Congress, AKL ’08. May 7–9, Aachen,
Germany. Visit www.lasercongress.org.

Montreal Mfg. Technology Show. May 12–14, Place Bonaventure,
Montreal, Canada. Society of Mfg. Engineers. Call (313) 425-
3187; visit www.smecanada.ca/montreal.

XXXIX Steelmaking Seminar — Int’l. May 12–16, Estação Em-
bratel Convention Center, Curitiba, Paraná, Brazil. Visit
www.abmbrasil.com.br/seminarios/aciaria/2008/default-i.asp.

♦Automatic Welding Conf. May 13, 14, New Orleans, La. This
conference covers new technologies in automatic controls, train-
ing, and management innovations, and automation break-
throughs for the latest welding processes, including fiber and disk
lasers, friction and thermal stir welding, hot-wire tungsten arc,
laser/GMA hybrid welding, as well as automation technologies for
traditional processes. Contact: American Welding Society
(800/305) 443-9353, ext. 455; visit www.aws.org/conferences.

Automotive Laser Application Workshop, ALAW 2008. May
13–15, Plymouth, Mich. Contact: The Laser Institute of Amer-
ica, www.alawlaser.org; (407) 380-1553.

MarineLog Tugs & Barges 2008 Conf. and Expo. May 13, 14,
Stamford Marriott Hotel & Spa, Stamford, Conn. E-mail
mzolkos@sbpub.com; visit www.marinelog.com/DOCS/Conf.html.

♦Sheet Metal Welding Conf. XIII. May 14–16, VisTaTech Center,
Livonia, Mich. Sponsored by the AWS Detroit Section. Call (586)
466-7070; visit www.awsdetroit.org for program information.

13th Beijing Essen Welding & Cutting Fair. May 14–17, China
Int’l Exhibition Center, Beijing. Visit http://essen.cmes.org/en/
info.htm.

7th Int’l Metal Working, Mould, and Automation Technology
Fair. May 15–18, Kültürpark Expo Center, Izmir, Turkey. Visit
www.yagmurfuarcilik.com.

IIW Int’l Regional Congress, 2nd Latin America Welding Con-
gress. May 18–21, Club Transatlantico, São Paulo, Brazil. Visit
www.abs-soldagem.org.br.

EASTEC 2008 Expo. May 20–22, Eastern States Exposition
Grounds, West Springfield, Mass. Society of Mfg. Engineers. Call
(313) 425-3187, or visit www.sme.org/eastec.

NOTE: A DIAMOND (♦) DENOTES AN AWS-SPONSORED EVENT.
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Rapid 2008 Conf. and Expo. May 20–22, Disney’s Coronado
Springs Resort & Convention Center, Lake Buena Vista, Fla. So-
ciety of Mfg. Engineers. Call (313) 425-3187; visit
www.sme.org/rapid.

15th Int’l Conf. on Textures of Materials. June 1–5, Carnegie
Mellon University Center, Pittsburgh, Pa. Contact: American
Ceramic Society, www.ereleases.com.

♦Trends in Welding Research™, 8th Int’l Conf. June 1–6, Call-
away Gardens Resort, Pine Mountain, Ga. Sponsored by ASM In-
ternational, www.asminternational.org/trends; cosponsored by the
American Welding Society, www.aws.org.

World Congress on Powder Metallurgy & Particulate Materials.
June 8–12, Gaylord National Resort and Convention Center, Na-
tional Harbor, Md. Sponsored by Metal Powder Industries Fed-
eration and APMI Int’l. Visit www.mpif.org.

Automatica 2008: Assembly-Robotics-Vision. June 10–13, Mu-
nich, Germany. Visit: www.automatica-muenchen.de.

20th Canadian Materials Science Conf. June 18, 19, Univ. of Al-
berta, Edmonton, Alb., Canada. Visit http://cmsc.ualberta.ca.

19th AeroMat Conf. & Expo. June 23–26, Austin Convention
Center, Austin, Tex. Cosponsored by NASA and ASM Int’l. Visit
www.asminternational.org/aeromat/website/default.htm.

Coatings for Africa 2008. Aug. 19–21, Champagne Sports Re-
sort, Central Drakensberg, Kwazulu-Natal, South Africa. E-mail
rosalie@coa.co.za; visit www.coatingsforafrica.org.za.

For info go to www.aws.org/ad-index
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2nd Int’l Orthotropic Bridge Conf. Aug. 25–29, Sacramento,
Calif. Sponsored by the American Society of Civil Engineers.
Visit www.orthotropic-bridge.org; call (916) 961-2723.

♦Welding in Aircraft and Aerospace Conf. Sept. 16, 17, Wichita,
Kan. Contact American Welding Society (800/305) 443-9353, ext.
455; visit www.aws.org/conferences.

Canadian Manufacturing Week — Metal Finishing Expo. Sept.
23–25. Int’l Centre, Toronto, Canada. Society of Mfg. Engineers.
Call (313) 425-3187; visit www.sme.canada.ca/cmw.

Guangzhou Int’l Trade Fair for Moldmaking and Tooling, De-
sign, and Application Development. Sept. 24–26, Guangzhou
Int’l Convention & Exhibition Center, Guangzhou, China. Visit
www.asiamold-china.com.

♦FABTECH International & AWS Welding Show. Oct. 6–8, Las
Vegas Convention Center, Las Vegas, Nev. This show is the largest
event in North America dedicated to showcasing the full spectrum
of metal forming, fabricating, tube and pipe, welding equipment,
and technology. Contact: American Welding Society, (800/305)
443-9353, ext. 455; visit www.aws.org.

Educational Opportunities
AWS Certified Welding Supervisor (CWS) Examination (CWS
550), Preparation Course. A one-week-long course beginning
June 23, Aug. 25, and Nov. 17. Contact Hobart Institute of
Welding Technology, www.welding.org; call (800) 332-9448; (937)
332-5000.

Advanced Concepts in Laser Safety. Aug. 11–13, Orlando, Fla.
Contact: Laser Institute of America. Call (800) 345-3737; visit
www.laserinstitute.org.

Nominate an individual, group or
organization in one of seven categories:
Individual, AWS Section, Large Business,

Small Business, Distributor, Educator,
Educational Facility.

The deadline to submit your nominations is
June 16, 2008. Winners will be honored at

the show in Las Vegas.

Visit www.aws.org/image or call
800-443-9353 for more information.

Who will be the next
Image of Welding
award winners?

Who will be the next
Image of Welding
award winners?

6th Annual
Image of Welding Awards

For info go to www.aws.org/ad-index
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Certified Welding Inspector (CWI)
LOCATION SEMINAR DATES EXAM DATE

Oklahoma City, OK May 18-23 May 24
Birmingham, AL May 18-23 May 24
Long Beach, CA EXAM ONLY May 31
Hartford, CT Jun. 1-6 Jun. 7
Pittsburgh, PA Jun. 1-6 Jun. 7
Fargo, ND Jun. 1-6 Jun. 7
New Orleans, LA Jun. 1-6 Jun. 7
Sacramento, CA Jun. 8-13 Jun. 14
Kansas City, MO Jun. 8-13 Jun. 14
Miami, FL EXAM ONLY Jun. 19
Phoenix, AZ Jun. 22-27 Jun. 28
Orlando, FL Jun. 22-27 Jun. 28
Miami, FL EXAM ONLY Jul.17
Los Angeles, CA Jul. 13-18 Jul. 19
Louisville, KY Jul. 13-18 Jul. 19
Corpus Christi, TX EXAM ONLY Jul. 19
Beaumont, TX Jul. 20-25 Jul. 26
Milwaukee, WI Jul. 20-25 Jul. 26
Cleveland, OH Jul 27-Aug. 1 Aug. 2
Denver, CO Jul 27-Aug. 1 Aug. 2
Philadelphia, PA Jul 27-Aug. 1 Aug. 2
Miami, FL Aug. 3-8 Aug. 9
San Diego, CA Aug. 3-8 Aug. 9
Charlotte, NC Aug. 10-15 Aug. 16
San Antonio, TX Aug. 10-15 Aug. 16
Rochester, NY EXAM ONLY Aug. 16
Bakersfield, CA Aug. 17-22 Aug. 23
Portland, ME Aug. 17-22 Aug. 23
Salt Lake City, UT Aug. 17-22 Aug. 23
Houston, TX Sept. 7-12 Sept. 13
Pittsburgh, PA Sept. 7-12 Sept. 13
Seattle, WA Sept. 7-12 Sept. 13
Miami, FL EXAM ONLY Sept. 18
Las Vegas, NV Sept. 14-19 Sept. 20
Minneapolis, MN Sept. 14-19 Sept. 20
St. Louis, MO Sept. 14-19 Sept. 20
Corpus Christi, TX EXAM ONLY Sept. 20
Anchorage, AK EXAM ONLY Sept. 20
Miami, FL Oct. 19-24 Oct. 25
New Orleans, LA Oct. 19-24 Oct. 25
Tulsa, OK Oct. 19-24 Oct. 25
Long Beach, CA Oct. 26-31 Nov. 1
Newark, NJ Oct. 26-31 Nov. 1
Portland, OR Oct. 26-31 Nov. 1
Cleveland, OH Nov. 2-7 Nov. 8
Atlanta, GA Nov. 16-21 Nov. 22
Dallas, TX Nov. 16-21 Nov. 22
Roanoke, VA Nov. 16-21 Nov. 22
Corpus Christi, TX EXAM ONLY Nov. 22
Sacramento, CA Nov. 30-Dec. 5 Dec. 6
Spokane, WA Nov. 30-Dec. 5 Dec. 6
Syracuse, NY Nov. 30-Dec. 5 Dec. 6
St. Louis, MO Nov. 30-Dec. 5 Dec. 6
Miami, FL EXAM ONLY Dec. 13
Reno, NV Dec. 7-12 Dec. 13

9-Year Recertification Seminar for CWI/SCWI
LOCATION SEMINAR DATES EXAM DATE

Orlando, FL Sept. 8-13 NO EXAM
Dallas, TX Oct. 20-25 NO EXAM
Miami, FL Dec. 1-6 NO EXAM
For current CWIs and SCWIs needing to meet education requirements without
taking the exam. If needed, recertification exam can be taken at any site listed
under Certified Welding Inspector.

Certified Welding Supervisor (CWS)
LOCATION SEMINAR DATES EXAM DATE

Columbus, OH May 19-23 May 24
Minneapolis, MN Jun. 23-27 Jun. 28
Atlanta, GA Jul. 14-18 Jul. 19
Philadelphia, PA Aug. 18-22 Aug. 23
Atlanta, GA Sept. 15-19 Sept. 20
Tulsa, OK Oct. 20-24 Oct. 25
Atlanta, GA Nov. 17-21 Nov. 22
Long Beach, CA Dec. 8-12 Dec. 13
CWS exams are also given at all CWI exam sites.

Certified Radiographic Interpreter (CRI)
LOCATION SEMINAR DATES EXAM DATE

Nashville, TN May 19-23 May 24
Manchester, NH Jun. 9-13 Jun. 14
St. Louis, MO Aug. 18-22 Aug. 23
Denver, CO Sept. 15-19 Sept. 20
Philadelphia, PA Oct. 20-24 Oct. 25
Seattle, WA Nov. 17-21 Nov. 22
Jacksonville, FL Dec. 8-12 Dec. 13
Radiographic Interpreter certification can be a stand-alone credential or
can exempt you from your next 9-Year Recertification.

Certified Welding Educator (CWE)
Seminar and exam are given at all sites listed under Certified
Welding Inspector. Seminar attendees will not attend the
Code Clinic portion of the seminar (usually first two days).

Senior Certified Welding Inspector (SCWI)
Exam can be taken at any site listed under Certified Welding
Inspector. No preparatory seminar is offered.

Code Clinics & Individual Prep Courses
The following workshops are offered at all sites where the CWI
seminar is offered (code books not included with individual prep
courses): Welding Inspection Technology (general knowledge and
prep course for CWI Exam-Part A); Visual Inspection Workshop
(prep course for CWI Exam-Part B); and D1.1 and API-1104
Code Clinics (prep courses for CWI Exam-Part C).

On-site Training and Examination
On-site training is available for larger groups or for programs
customized to meet specific needs of a company. Call ext. 219 for
more information.

International CWI Courses and Exams
Please contact international seminar & testing locations directly.
LOCATION SEMINAR DATES EXAM DATE

Mexico City, Mexico* EXAM ONLY Jul. 4
Mexico City, Mexico* EXAM ONLY Nov. 7
Monterrey, Mexico** Jul. 7-11 Jul. 12
Monterrey, Mexico** Nov. 3-7 Nov. 8
Sao Paulo, Brazil*** EXAM ONLY Sept. 6
* Contact info@omcs.org.mx
** Contact info@dalus.com
*** Contact d.almeida@abs-soldagem.org.br

For information on any of our seminars and certification programs,
visit our website at www.aws.org/certification or contact AWS at (800/305)
443-9353, Ext. 273 for Certification and Ext. 455 for Seminars. Please
apply early to save Fast Track fees. This schedule is subject to change
without notice. Please verify the dates with the Certification Dept. and
confirm your course status before making final travel plans.

AWS Certification Schedule
Certification Seminars, Code Clinics and Examinations

Application deadlines are six weeks before the scheduled seminar or exam. Late applications will be assessed a $250 Fast Track fee.

© AWS 2008 CER1324-5
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Six basic items of information that describe weld discontinu-
ities are made available through ultrasonic examination, depend-
ing upon the test sensitivity. They are as follows:

1. The amplitude of the returned signal relative to that of a
reference reflector is an approximate measure of the reflecting
area — Fig. 1.

2. Search unit travel in the lengthwise direction determines
discontinuity length — Fig. 2.

3. Location of a discontinuity in the weld cross section can be
estimated — Fig. 3.

4. Orientation, and to some degree, the shape of the disconti-
nuity can be determined by comparing signal sizes that are de-
rived from examining from different directions — Fig. 4.

5. Reflected pulse shape and sharpness can be used as an in-
dicator of discontinuity type — Fig. 5.

6. Height of the discontinuity can be estimated by the coordi-
nation of the travel distance of the search unit to and from the
weld with the rise and fall of the signal — Fig. 6.

The first two items (the returned signal size and length) are
used as a basis for accepting or rejecting a single discontinuity in
a weld. The third item (location of the discontinuity within the
cross section of the weld) is useful when making a repair or eval-
uating a discontinuity for its severity. The last three items of in-
formation — orientation, pulse shape, and dynamic envelope
(how the signal size and shape change with transducer move-
ment) — are used to enhance the accuracy of the evaluation of
the nature of the discontinuity. This information is valuable in
determining if the welding procedures are under control and
whether the component can continue in service without repair.

MAY 200860

Datasheet 295

Excerpted from the Welding Handbook, Vol. 1, ninth edition.

Evaluation of Weld Discontinuities with Ultrasonic Testing

Fig. 1 — Size of the reflecting area indicated by echo height. Fig. 4 — Discontinuity orientation indicated by echo height.

Fig. 5 — Discontinuity type and shape indicated by echo shape.

Fig. 6 — Estimating the height of the indication within the weld.

Fig. 2 — Discontinuity length determined from search unit travel
distance.

Fig. 3 — Estimating the location of an indication.
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Career Guide Highlights Growing
Opportunities for Welders

There may be a shortage of skilled
welders, but there is no shortage of
lucrative welding careers. 

The American Welding Society has
just released its first-ever welding career
guide, Your Career in Welding. It takes
readers on a journey through the weld-
ing industry while highlighting its many
diverse career paths and entryways. 

What’s Inside the Career Guide

The 32-page, full-color guide is pro-
fusely illustrated. It provides a wealth of
interesting information presented in an
attractive easy-to-read format. Intended
to be read by students, parents, teachers,
and career-changers, it describes the nu-
merous welding-related careers opening
up or already available. Articles include
concise descriptions of the major weld-
ing processes using colorful graphics, a
list of welding careers with essential de-
tails, and several feature articles includ-
ing “A Look at Owning Your Own Weld
Shop,” “Welding Offers Women New Ca-
reer Opportunities,” “Discovering a
World of Adventure in Welding,” plus
several feature stories relating the expe-
riences of young people who found re-
warding careers in the welding field. The
guide also discusses the state of the weld-
ing industry and presents the reasons why
it is a great time to enter the field.

Welder Shortage Equals 
More Job Opportunities

The facts are clear. With nearly half
of the North American welder workforce
due to retire soon, this country faces a
potential shortage of 200,000 skilled
welders by 2010. Several U.S. construc-
tion and manufacturing companies report
significant problems due to the welder
shortage, including slowed or halted
production.

Ray Shook, AWS executive director,
said, “Our quality of life is dependent on
the strength of our manufacturing, con-
struction, maintenance, and repair indus-
tries, and each demands welding profes-

sionals to thrive. But,” he stressed, “too
many welders are retiring and too few stu-
dents are entering the field.” 

What the Guide Offers as a
Resource and Recruitment Tool 

The guide features the latest facts and
figures about the welding industry, AWS
scholarships, student chapters, popular
welding competitions, and a range of
welding professions. Most importantly,
readers will learn about the basics of
welding and joining while exploring some
of the industry’s most dynamic and prof-
itable opportunities. 

To illustrate the diversity of careers in
the industry, the guide matches popular
welding occupations with specific inter-
ests and hobbies. For example, race car
enthusiasts might enjoy welding for
NASCAR®. A devoted artist may chose
to explore metal sculpting. And an entre-
preneur may decide to open his or her
own fabrication business. 

In addition, the guide features inspir-
ing success stories about welders in the
classroom and field. Readers will get a
glimpse into the life of a traveling welder
and inspector, be made aware of the chal-
lenges and rewards of being an industry
business owner, and discover the pride
and sense of accomplishment that is en-
joyed by many of today’s female welders. 

The various career choices and path-
ways featured in the guide include infor-
mation on typical work environments and
career demands. For example, under the
welding sales career profile, common
daily activities are mentioned along with
possible job requirements and types of
products sold. Additional welding careers
highlighted are welding engineer; under-
water welder; welding salesperson; weld-
ing technician; welding educator; and
welding machine operator.

Comments from a Reader

David Cotner, welding department
head at Pennsylvania College of Technol-
ogy, said, “The new AWS welding career

guide is an incredibly useful tool for in-
troducing students to the welding indus-
try’s many positive attributes and diver-
sifications. I look forward,” he stressed,
“to sharing this guide with my students
as well as others who are interested in ca-
reers in welding and its many related
fields.”

The Guide as Part of the Wider
Welder Workforce Development

AWS is taking several measures to
help promote the welding industry and
related career opportunities. The career
guide is part of a wider AWS initiative,
the Welder Workforce Development Pro-
gram, which is aimed at drawing positive
attention to the welding industry. 

In 2006, the AWS Foundation, a sub-
sidiary of AWS, launched this program to
address the critical need for recruitment
and specialized training of entry-level
welders while supporting industry work-
force needs. The Welder Workforce De-
velopment Program is an essential com-
ponent of the AWS Foundation’s $10 mil-
lion capital campaign, Welding for the
Strength of America, which works to fa-
cilitate programs, scholarships, and other
projects in support of the industry.
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Tech Topics

AWS was approved as an accred-
ited standards-preparing organi-
zation by the American National

Standards Institute (ANSI) in 1979. AWS
rules, as approved by ANSI, require that
all standards be open to public review for
comment during the approval process.
Draft copies of AWS national standards
may be obtained from  Rosalinda O’Neill,
(800/305) 443-9353, ext. 451,
roneill@aws.org.

ISO Standards for Public Review
Copies of the following draft Interna-

tional Standards are available for review
and comment through your national stan-
dards body, which in the United States is
ANSI, 25 W. 43rd St., 4th Fl., New York,
NY 10036; (212) 642-4900. Any com-
ments regarding ISO documents should
be sent to your national standards body.
In the United States, if you wish to par-
ticipate in the development of Interna-
tional Standards for welding, contact An-
drew Davis, adavis@aws.org; (305) 443-
9353, ext. 466. Otherwise contact your
national standards body.

ISO/DIS 4063 — Welding and allied
processes — Nomenclature of processes
and reference numbers.

ISO/DIS 9539 — Materials for equip-
ment used in gas welding, cutting, and al-
lied processes.

Standard Approved by ANSI:
B5.17:2008, Specification for the Qual-

ification of Welding Fabricators. Ap-
proved:  2/20/08.

Technical Committee Meetings
All AWS technical committee meet-

ings are open to the public.  Persons wish-
ing to attend a meeting should dial (305)
443-9353 and the extention of the staff
secretary of the committee listed below.

May 1, J1 Committee on Resistance
Welding Equipment. Bowling Green, Ky.
Contact:  A. Alonso, ext. 299.

May 5–7, A2B Subcommittee on Def-
initions. Cincinnati, Ohio. Contact: A.
Alonso, ext. 299.

May 5–7, A2C Subcommittee on Sym-
bols.  Cincinnati, Ohio. Contact: A.
Alonso, ext. 299.

May 7, A2 Committee on Definitions
and Symbols. Cincinnati, Ohio. Contact:
A. Alonso, ext. 299.

May 7, SH1 Subcommittee on Fumes
and Gases. Columbus, Ohio. Contact:  S.
Hedrick, ext. 305.

June 18, Safety and Health Commit-
tee. Columbus, Ohio. Contact: S.
Hedrick, ext. 305.

Officers Elected to Key Technical 
Committee Posts

Jeff Fluckiger

Jon Lee

Ben Grimmett

Nigel Scotchmer

als & Corrosion Group in Houston, Tex.
Nigel Scotchmer has been elected to

serve as chair of the C1 Committee on Re-
sistance Welding. He has published arti-
cles in the Welding Journal, and served as
president of Huys Industries, a supplier
of resistance welding products.

Bob Waite has been elected to serve as
chair of the B4 Committee on Mechani-
cal Testing of Welds. Waite is a consult-
ant residing in Valley Stream, N.Y.

Matt J. Lucas
Jr. has been
e l e c t e d

chairman of the Tech-
nical Activities Com-
mittee, R. L. (Dick)
Holdren has been
named first vice chair,
and A. W. (Allen) Sin-
del has been elected
second vice chair. 

Lucas, a renowned
brazing expert, is with
Belcan Engineering doing consulting
work for GE Aviation. Holdren is vice
president of engineering and quality at
Applications Technologies Co. LLC,
Columbus, Ohio. Sindel is a project qual-
ity manager at Alstom Power.

Jeff J. Fluckiger has been elected to
serve as chair of the B2 Committee on
Welding Procedure and Performance
Qualification. Fluckiger, quality assur-
ance manager at Idaho National Labora-
tory, has served on the AWS B2 Commit-
tee for 20 years.

Bennett B. (Ben) Grimmett has been
elected to serve as chair of the A2 Com-
mittee on Symbols and Definitions. Cur-
rently, Grimmett is a principal engineer
for Babcock and Wilcox Companies work-
ing for the Nuclear Operations Group in
Lynchburg, Va.

Jon Lee has been elected to serve as
chair of the A5 Committee on Filler Met-
als and Allied Materials. Lee is a senior
welding engineer for Chevron’s Materi-

Matt J. Lucas Jr.

AWS D15.1/D15.1M:2008
Railroad Welding Specification for 

Cars and Locomotives

The following errata have been iden-
tified and incorporated in current reprints
of this document.

Page v, Name misspelled. Correct to
read M. R. Desjardins.

Page 75, 10.1.13.5. “For procedures
utilizing a powered filler metal, active flux
or an alloy flux.” Change final period to
a colon.

Page 110, Table 11.3, 2nd column in
the Plate-Groove row, directly adjacent
to the 3G in that second column. Change
Note (4) to Note (d).

Page 141, Table 17.1, first row under
Class headings, Change Note (3) to (c).

Page 155, 19.2.3.1, Change Table 10.6
to read Table 11.1.

Page 155, 19.2.4.1, Change reference
to Table A.1 to Table B.1.

Page 204, Index under Groove welds
— complete joint penetration. Change
reference 13.3.4.5 to 6.3.4.5.

Page 206, Index under Root face.
Change reference 8.5.4.3 to 8.4.5.3.

Page 208, Index under Welding Oper-
ator. Sends the reader to clause 10 which
is a carryover from the 2001 edition and
revise subclause 12.3 to 12. Should take
readers to welding operator qualification.

Page 208, Index under “wind velocity.”
The clause next to wind velocity in the
index 18.2.1.4 does not exist. Remove the
subclause and replace with subclause
8.5.2.6.

Errata D15.1
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Tech Want Ads

C5 Committee: Arc
Welding and Cutting 

The AWS C5 Committee on Arc
Welding and Cutting seeks volunteers to
assist in the preparation of recom-
mended practices for all of the widely
used arc welding and cutting processes.
Much of the content of the AWS Weld-
ing Handbook on arc welding and cut-
ting processes is taken from these C5 rec-
ommended practices. To learn more
about this committee’s work, contact J.
Gayler, (800) 443-9353, ext. 472;
gayler@aws.org.

J1 Committee:
Resistance Welding

Share your expertise by contributing to
the development of AWS standards. Vol-
unteers are needed by the J1 Committee
on Resistance Welding Equipment to
help prepare standards related to RW
consumables, components, and machin-
ery. Contact A. Alonso, (800) 443-9353,
ext. 299; aalonso@aws.org.

D1I Subcommittee:
Reinforcing Bars

Volunteers are sought to serve on the
D1I Subcommittee on Reinforcing Bars.
This subcommittee is currently revising
D1.4, Structural Welding Code — Rein-
forcing Steel. To learn more about this
committee’s work, contact S. Morales,
(800) 443-9353, ext. 313;
smorales@aws.org.

The new Specification for the Quali-
fication of Welding Fabricators was
developed by the AWS Personnel

and Facilities Qualification Committee in
response to industry demand for a quali-
fication document specific to welding
fabricators.

This third edition outlines the mini-
mum requirements for establishing a
welding fabricator certification program.
In this edition, significant changes were
made to the quality manual requirements.
This specification is intended to be used
regardless of industry welding process and
materials used. It does not cover weld-
ment design or nonwelding related fabri-
cation processes, such as bolting and coat-

ings. The welding fabricator can become
accredited by AWS as an AWS Certified
Welding Fabricator, providing he/she
meets the requirements of AWS QC17,
Standard for Accreditation of Welding Fab-
ricators for AWS Certified Welding Fabri-
cator Program. The 20-page document is
$52 list, $39 for AWS members.

All AWS publications may be pur-
chased in the United States and Canada
from World Engineering Xchange
(WEX), Ltd. Visit www.awspubs.com, or
call toll-free (888) 935-3463; elsewhere,
call (305) 824-1177. A catalog listing all
AWS standards and other documents is
available for download from the AWS
Web site, www.aws.org/catalogs.

AWS has issued a caution about the
use of  unauthorized translations
of AWS standards and other AWS

publications in that have appeared in Chi-
nese, Spanish, and other languages. AWS
has not sanctioned these translations and
cannot attest to their accuracy. Users of
AWS standards should be aware that se-
rious technical errors may exist in unau-

thorized translated material. 
Currently, AWS has authorized only

the translations of AWS D1.1/D1.1M:
2004, Structural Welding Code — Steel, and
the 2006, Structural Welding Code — Steel,
into Japanese. To report unauthorized
translations, call AWS Technical Services
at (800) 443-9353, ext. 466;  or e-mail
adavis@aws.org. All AWS publications

may be purchased in the United States
and Canada from World Engineering
Xchange (WEX), Ltd. To order, visit
www.awspubs.com, or call toll-free (888)
935-3463; elsewhere, call (305) 824-1177.

A catalog listing all AWS standards
and other documents is available for
download from the AWS Web site,
www.aws.org/catalogs.

AWS Publishes Specification for the
Qualification of Welding Fabricators

Alert Issued for Unauthorized Versions of AWS Documents

The Society has completed a Mem-
ber Satisfaction Survey in order to
get a better understanding of mem-

ber needs and expectations. The top re-
search firm, InsightMAS, was hired to
conduct a survey of AWS Individual Mem-
bers. Since a large percentage of mem-
bers are Certified Welding Inspectors, the
study included a CWI satisfaction com-

ponent. The goal of the research was to
assess:
• Importance of general and specific
membership benefits
• Satisfaction with membership benefits 
• Quality of service provided by AWS
Headquarters
• Satisfaction with the CWI Certifica-
tion Program

The study was a random, Web-based
survey of a statistically valid, representa-
tive sample of AWS members.  More than
700 members participated in the study. A
summary of the survey’s findings were
presented to the AWS board of directors
last fall. The entire survey findings can be
viewed or downloaded as a PDF by visit-
ing www.aws.org/membership/survey.

Results of Member Satisfaction Survey Posted Online

Welding Handbook, Vol. 3, in-
cludes  the many important ad-
vancements that have taken

place during the past ten years. The text
includes chapters on resistance spot and
seam welding, projection welding, high-
frequency, flash, and upset welding. In ad-
dition to a chapter on friction welding, a
new chapter details friction stir welding.
Interesting additions are the more recent
developments in laser beam cutting and
electron beam welding. Other processes
detailed include ultrasonic welding, ex-
plosion welding, diffusion welding and
brazing, adhesive bonding, thermal and
cold spraying, and water jet cutting.

This peer-reviewed 669-page text in-

cludes 15 chapters, three appendixes, 59
reference tables, and more than 400 draw-
ing and photographs. The price is $192
list. Volume 2, Part 1, Welding Processes,
and Vol. 3, Part 2, Welding Processes, may
be purchased together for the reduced
rate of $288. Domestic Individual AWS
members may purchase the Welding
Handbook, Vol. 3, for only $25 by contact-
ing the AWS Membership Department,
(800/305) 443-9353.

All AWS publications may be pur-
chased in the United States and Canada
from World Engineering Xchange
(WEX), Ltd. Visit www.awspubs.com, or
call toll-free (888) 935-3463; elsewhere,
call (305) 824-1177. 

Welding Handbook, Vol. 3, Published
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Sustaining Member Companies

BETZ Engineering & Technology Zone
49 Vellalar St., Adambakkam, Chennai

Tamil Nadu 600 066 088, India
Phone/FAX: (044) 22441234

http://betzinternational.com/index.htm
Representative: R. G. Ganesan

BETZ Engineering is certified to ISO
9001:2000 and approved by Indian Boiler
Regulations to conduct residual life assess-
ment of boilers. The company is AWS cer-
tified to conduct seminars and examina-
tions. Its services include failure analysis
and metallurgical tests, and nondestructive
testing using visual, eddy current, pene-
trant, magnetic particle, radiographic, and
ultrasonic technologies. It offers quality as-
surance and third-party inspection services
for in-service and preservice inspections,
residual life assessment studies, training
services, and manpower development.

Builders Steel Co., Inc.
1924 S. 49th West Ave.

Tulsa, OK 74107
(918) 583-1191

www.builderssteel.com
Representative: Robert K. Bridgeman
Builders Steel Co., Inc., established in

Tulsa, Okla., in 1962, is  a well-respected
fabricator and erector of structural and
miscellaneous steel for commercial, indus-
trial, and institutional buildings. The com-
pany also manufactures, installs, and serv-
ices overhead bridge cranes through an as-
sociated division, Builders Overhead
Cranes, located at the same facility.

Welding Distributor
FASTENAL

8349 Ronda Ave.
Canton, MI 48187

Supporting Companies
Aerospace Welding, Inc.

890 Michele – Bohec Blvd.
Blainville, QC J7C 5C3, Canada

Beijing ESS Ltd.
No. 2 Cannes Industrial Park, No. 18,

Shuang, Beijing 100024, China

Farakoush Sanat Pars
3rd Fl., # 7, 7th St., Shahid Beheshti Ave.

Abuzar Blvd., Tehran, Iran

Nippon Steel U.S.A., Inc.
780 Third Ave., 34th Fl.

New York, NY 10017

Zamil Steel Industries, SSD/PEG
2nd Industrial City, Al Hasa St. Ext.

Dammam, Eastern 31421
Kingdom of Saudi Arabia

Affiliate Companies
Chicago Metal Rolled Products

3715 S. Rockwell St. 
Chicago, IL 60632

Experi-Metal, Inc. 
6385 Wall St. 

Sterling Heights, MI 48312

Fairley Welding & Fabrication, Inc.
23430 Herman Ladner Rd. 

Saucier, MS 39574

First Capital PCF
251 Herman St.
York, PA 17404

Malatos Iron Works 
1205 Bay St. 

Fall River, MA 02724

Mid Cities Erectors, LLC
333 Sansom Blvd.

Saginaw, TX 76179

Russell’s All American Welding
3890 Big Hungry Rd. 
Flat Rock, NC 28731

Svendsen Enterprises Inc.
10 Lincoln Blvd.

East Moriches, NY 11940

Willamette Valley Co.
675 McKinley St. 

Eugene, OR 97402

Educational Institutions
Center for Employment Training

3295 Market St.
San Diego, CA 92102

Central Wyoming College
2660 Peck Ave.

Riverton, WY 82501

Elite Welding Academy
9740 Near Dr.

Cincinnati, OH 45246

Erie County Technical School
8500 Oliver Rd.
Erie, PA 16509

J. Sargeant Reynolds C. C.
1851 Dickerson Rd.

Goochland, VA 23063

John Lopez Welding School
5310 Norris Rd., Unit B
Bakersfield, CA 93308

Lincoln Technical Institute
2915 Alouette Dr.

Grand Prairie, TX 75052

Tulia High School
501 NE 1st Pl.

Tulia, TX 79088

Valdosta Technical College
4089 Val Tech Rd.

Valdosta, GA 31603

WeldTrain, LLC
81 Malfait Tracts Rd.

Washougal, WA 98671

Membership Counts

Member As of 

Grades 4/1/08

Sustaining..........................................489
Supporting.........................................313
Educational.......................................451
Affiliate..............................................416
Welding distributor............................50
Total corporate members..................1,719

Individual members.....................48,017
Student + transitional members........5,093
Total members..............................53,110

New AWS Supporters

Nominees Solicited for Prof. Koichi  Masubuchi Award

November 3 is the deadline for
submiting nominations for the
2009 Prof. Koichi Masubuchi

Award. The award is presented each
year to one person, 40 years old or
younger, who has made significant con-
tributions to the advancement of mate-
rials joining through research and de-

velopment. The award,  presented dur-
ing the FABTECH International &
AWS Welding Show, consists of a $5000
honorarium and a plaque. Send a ré-
sumé listing background, experience,
publications, honors, awards, plus at
least three letters of recommendation
from researchers to Prof. John DuPont,

jnd@lehigh.edu. The award is sponsored
by the Dept. of Ocean Engineering at
Massacuusetts Institute of Technology.
It was established to honor Prof. Koichi
Masubuchi for his contributions to the
advancement of the science and tech-
nology of welding in the fields of marine
and outer space structures.
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The Dayton Section of the American
Welding Society held its annual stu-
dents’ night dinner and program on

March 11, hosted by the Hobart Institute
of Welding Technology in Troy, Ohio.
More than 100 students from local voca-
tional schools and Hobart Institute, as well
as welding instructors, parents, and AWS
members were in attendance to enjoy the
meal and presentations.

Chuck Ford of Hobart Institute served
as emcee. He welcomed the group then
focused his discussion on the advantages
of AWS Student Membership and the
scholarship programs sponsored by the
American Welding Society. He then in-
troduced Bryce O’Baugh, a skill instruc-
tor who teaches at the Institute.

O’Baugh told the audience about the
enticements that inspired him to become
a welder, beginning with his early years as
a teenager working in his uncle’s shop, and
how his uncle encouraged him to study
welding at the Institute. He explained that
during his time as a student, “I knew I had
to compete, not only with the student in
the next booth, but with all those welders
in industry who may some day be vying
with me for the same position  in the work-
place.  My welds are a direct reflection of
myself.”

After welding for more than a year in
industry for an automaker supplier,
O’Baugh returned to school to obtain his
associate degree from Edison Community
College. When an opportunity surfaced

to become an instructor at Hobart Insti-
tute, he seized the opportunity.

“I surround myself every day with in-
structors who know more than I do and I
keep learning,” says O’Baugh. “Industry
is very demanding and we all need to con-
tinue the learning process.

“There are many opportunities for
young welders,” he explained. “Just be-
cause you are welding today does not
mean that you will be doing the same job
in five years. There are many branches of
the industry from engineering, designers,
and supervisors, to sales and quality con-
trol, and certified welding inspectors. We
need to replace those who are retiring,”
O’Baugh cautioned, “not only replacing
welders, but also replacing a work ethic
of those who have been welding for 30
years.”

Russ Shurtz, technical instructor at
Hobart Institute, said, “I made many
choices so that I can be where I am today
and doing what I love.” After completing
a bachelor’s degree, Shurtz attended the
Combination Structural and Pipe Weld-
ing Program at Hobart Institute.  

“I went to work and I got to weld. I
loved it!” said Shurtz. “Solving welding
problems increases your confidence.”

Following a lay-off, he moved into an
inspection position and did some travel-
ing. His family commitments soon forced
him to seek a more settled life style and
when an opportunity to teach at Hobart
Institute arose, he made the decision to

join the staff.
Shurtz urged the students to, “Jump at

every chance you have for continuing your
education. Education,” he stressed, “al-
ways increases your worth and adds value
to you, as a person, and to your job. Be a
willing, lifetime learner.”

Zack Tobias, a welding engineer at
KTH, a tier-one automotive supplier to
Honda, then provided the audience with
his definition of a welding engineer and
described the areas of study in that field
of work. Tobias also gave the students an
idea of salary ranges in welding-related
positions based on education levels.

This Dayton Section event concluded
with the presentation of the door prizes
donated by a number of the local vendors
to the welding industry. The grand prizes
in the student raffle included Hobart In-
stitute apparel, Hobart welding machines,
a Lincoln welder package, and a training
credit for Motoman’s one week Basic
Robot Programming.

Dayton Section and Hobart Institute
Stage Inspirational Event for Students

Russ Shurtz urged the welding students to
“be a willing, lifetime learner.”

Luis Aceves, an instructor at the
Manitowoc Crane Division’s Man-
itowoc, Wis., welding school, was

honored in a company ceremony for
earning first place in the AWS Profes-
sional Welders Competition held during
the FABTECH International & AWS
Welding Show in Chicago. Aceves re-
ceived a check for $2500 from Christo-
pher Pollock, AWS director, research and
development — professional programs.

Jim Hoffmann, a welding engineer at
Manitowoc, said Aceves’s winning the
award reflects on the high skill level of
the welders working for the company.
“Two years ago,” Hoffmann said, “Scott
Braun and Troy Yeager ranked first and
second in this contest, and now we have
Luis winning the first-place honor.”

The AWS contest is conducted every
two years. The most recent competition
attracted a record number of entrants
with 188 welders participating from
across the country.

Luis Aceves (left) is congratulated on his grand-prize welding performance by Christopher
Pollock, AWS director, research and development — professional programs. 

Manitowoc Co. Honors Its Prize-Winning Welder 
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Member-Get-A-Member Campaign

Listed are the members participating
in the 2007–2008 AWS Member-
Get-A-Member Campaign for the

period between June 1, 2007, and May 31,
2008. For campaign rules and a prize list,
see page 69 of this Welding Journal. Stand-
ings are as of 3/17/2008. If you have any
questions regarding your member pro-
poser points, call the Membership Depart-
ment, (800) 443-9353, ext. 480.

Winner’s Circle
Members who have sponsored 20 or

more new Individual Members, per year,
since June 1, 1999. The superscript indi-
cates the number of times the member has
achieved Winner’s Circle status.
J. Compton, San Fernando Valley7

E. Ezell, Mobile5

J. Merzthal, Peru2

G. Taylor, Pascagoula2

B. Mikeska, Houston1

R. Peaslee, Detroit1

W. Shreve, Fox Valley1

M. Karagoulis, Detroit1

S. McGill, NE Tennessee1

L. Taylor, Pascagoula1

T. Weaver, Johnstown/Altoona1

G. Woomer, Johnstown/Altoona1

R. Wray, Nebraska1

M. Haggard, Inland Empire1

President’s Guild
Members sponsoring 20 or more new

Individual Members. 
L. Taylor, Pascagoula — 124
E. Ezell, Mobile — 20
President’s Roundtable

AWS Members sponsoring 9–19 new
Individual Members.
J. Compton, San Fernando Valley— 13
J. Sanchez, Cuautitlan Izcalli — 9
President’s Club

AWS Members sponsoring 3–8 new
Individual Members.
R. Cook, Utah — 8
S. Christensen, Nebraska — 7
R. Ellenbecker, Fox Valley — 7
D. Wright, Kansas City — 7
A. Castro, South Florida — 6
J. Krall, Dayton — 5
V. Raloff, J.A.K. — 5
P. Johnson, Houston — 4

K. Kotter, Utah — 4
T. Lowe, Northwest Ohio — 4
L. Garner, Mobile — 3
C. Gilbert, East Texas — 3
P. Hanley, Peoria — 3
T. Nielsen, Pittsburgh — 3
President’s Honor Roll

AWS Members sponsoring 1 or 2 new
Individual Members. Only those sponsor-
ing 2 AWS Individual Members are listed.
M. Beaton, North Texas
D. Campbell, North Texas
D. Daugherty, Indiana
M. Enis, Arizona
R. Gaffney, Tulsa
W. Galvery Jr., Long Beach/Or. County
J. Hope, Puget Sound
H. Jackson, L.A/Inland Empire
C. Johnson, Northern Plains
J. Johnson, Northern Plains 
D. Landon, Iowa
S. Leighton, Louisville
J. McCarty, St. Louis
T. Moffitt, Tulsa 
J. Nieto, Corpus Christi
R. Norris, Maine
R. Panter, Long Beach/Or. County
F. Schmidt, Niagara Frontier
G. Sinkule, Northern Michigan
T. Snider, Mobile
A. Sumal, British Columbia
J. Truitt, San Diego
R. Wright, San Antonio
P. Zammit, Spokane 
Student Member Sponsors

Members sponsoring 5 or more new
AWS Student Members.
S. Siviski, Maine — 45
D. Berger, New Orleans — 38
M. Reiter, Columbus — 36
G. Euliano, Northwestern Pa. — 34
R. Evans, Siouxland — 34
T. Zablocki, Pittsburgh — 28
M. Anderson, Indiana — 26
N. Goncalo, Milwaukee — 21
G. Smith, Lehigh Valley — 20
J. Daugherty Louisville — 19
G. Seese, Johnstown-Altoona — 19
B. Yarrison, York-Central Pa. — 19
J. Kacir, Detroit — 18
C. Kipp, Lehigh Valley — 18
D. Ketler, Willamette Valley — 17

M. Arand, Louisville — 16
J. Ciaramitaro, N. Central Florida — 16
T. Bridigum, Northwest — 15
C. Donnell, Northwest Ohio — 15
T. Moore, New Orleans — 15
D. Roskiewich, Philadelphia — 15
R. Briddell, St. Louis — 14
H. Browne, New Jersey — 14
T. Geisler, Pittsburgh — 14
C. Overfelt, SW Virginia — 14
A. Stute, Madison-Beloit — 14
J. Compton, San Fernando Valley — 13
A. Wyatt, Holston Valley — 13
H. Hughes, Mahoning Valley — 12
R. Munns, Utah — 12
B. Suckow, Northern Plains — 12
D. Zabel, Southeast Nebraska — 12
T. Buchanan, Mid-Ohio Valley — 11
M. Rotary, Detroit — 11
W. Harrris, Pascagoula — 10
D. Lynn, Ozark — 10
R. Tully, San Francisco — 10
P. Bedel, Indiana — 9
R. Hutchinson, Long Beach/Or. Cty. — 9
D. Vranich, North Florida — 9
D. Williams, North Texas — 9
A. Badeaux, Washington D.C. — 8
W. Komlos, Utah — 8
D. Kowalski, Pittsburgh — 8
M. Legel, Maine — 8
J. McCarty, St. Louis — 8
C. Schiner, Wyoming Section — 8
T. Smith, Utah — 8
J. Theberge, Boston — 8
J. Boyer, Lancaster — 7
L. Smerglia, Cleveland — 7
T. Strickland, Arizona — 7
W. Troutman, Cleveland — 7
J. Cox, Spokane — 6
B. Hallila, New Orleans — 6
S. McDaniel, inland Empire — 6
E. Norman, Ozark — 6
G. Rolla, L.A/Inland Empire
T. Shirk, Tidewater — 6
L. Taylor, Pascagoula — 6
B. Wenzel, San Francisco — 6
P. Carney Jr., Lehigh Valley — 5
B. Hardin, San Francisco — 5
R. Hilty, Pittsburgh — 5
R. Olesky, Pittsburgh — 5
R. Richwine, Indiana — 5
S. Robeson, Cumerland Valley — 5

Nominees Sought for Robotic Arc Welding Awards 

December 31 is the deadline for
submitting nominations for the
2009 Robotic and Automatic Arc

Welding Award. 
The award recognizes individuals for

their achievements in the area of robotic
arc welding, including the introduction of
new technologies, establishment of the
proper infrastructure (training, service,
etc.) to enable success, and any other ac-
tivity that significantly improved the state

of a company and/or industry. 
The award consists of a $1500 hono-

rarium and a plaque. Funded by private
contributions,  the award is presented
during the FABTECH International &
AWS Welding Show held each fall. 

The nomination packet should include
a summary statement of the candidate’s
accomplishments, interests, educational
background, professional experience,
publications, honors, and awards. Send

your nomination package to Wendy Sue
Reeve, awards coordinator, 550 NW
LeJeune Rd., Miami, FL 33126. For more
information, contact Reeve at
wreeve@aws.org, or call (800/305) 443-
9353, ext. 293.

The Robotic and Automatic Arc Weld-
ing Award was established in 2004 by the
AWS D16 Robotic and Automatic Arc
Welding Committee, with the approval of
the AWS board of directors. 
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District 1
Director: Russ Norris
Phone: (603) 433-0855
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Shown at the Long Island Section meeting are (from left) Barry McQuillen, Jeff  Feiner,
Chair Brian Cassady, Vice Chair Harland Thompson, Treasurer Ray O’Leary, Anthony
Zampelli, and Ron Pandoisi.

The students studied pipe welding at the Central Mass./Rhode Island Section program.

Nigel Howe (left) and Bruce Richardson
demonstrated pipe welding for the Central
Mass./Rhode Island Section.

Philadelphia Section Chair John DiSantis
(left) is shown with speakers Bob Fandray
(center) and Jason Ostroff.

Shown at the Philadelphia Section program
are (from left) Rick Davis, Chairman John
DiSantis, and Joseph Nedorezov.

CENTRAL MASS./
RHODE ISLAND
FEBRUARY 7
Activity: The Section members studied
demonstrations of downhill pipe welding
procedures using E6010 electrodes. Also
demonstrated were magnetic particle in-
spections of the welded pipes. The pre-
senters were Nigel Howe, a pipe welder
and field superintendent at Fraser Engi-
neering, and Bruce Richardson, president
of ABC Testing, Inc. The talks included
discussion of welding and testing codes
and procedures. Section Chair Douglas
Desrochers, a welding instructor at the
school, conducted a hands-on welding ex-
ercise for the 9th–12th-grade welding stu-
dents. The program was held at Old
Colony Regional Vo-Tech High School in
Rochester, Mass. 

District 2
Director: Kenneth R. Stockton
Phone: (732) 787-0805

LONG ISLAND
FEBRUARY 21
Activity: The Section held a technical dis-
cussion at The Nook Restaurant in Wan-
tagh, N.Y. 

PHILADELPHIA
MARCH 12
Speakers: Jason Ostroff, branch manager;
and Bob Fandray, regional coordinator 
Affiliation: Team Industrial Services, Inc.

Topic: On-line leak repairs 
Activity: Chairman John DiSantis pre-
sented Joseph Nedorezov with the District
Meritorious Certificate Award, and Rick
Davis with the Section Meritorious Award
for their services to the Section through-
out the year.

District 3
Director: Alan J. Badeaux Sr.
Phone: (301) 753-1759
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LEHIGH VALLEY
MARCH 4
Speaker: Gene Lawson, AWS president
Affiliation: ESAB Welding & Cutting
Products
Topic: A changing welding environment
creates new opportunities
Activity: The Section hosted its 38th an-
nual awards banquet at The Meadows in
Hellertown, Pa. The winners were an-
nounced for the Section’s annual student
welding competition held January 23.
Mike Wiswesser was introduced as the in-
coming District 3 director. The students
attending the event included Amir Am-
mary, Michael Kozlowski, Tyler Baggitt,
Corey Virnelson, Dylan Morris, Ronnie
Bellsheidt, Jake Amelio, Ryan McCollum,
Kyle Rohner, Cody Reiss, Bryon Millham,
Rich Hoffman, and Eddie Izykowicz. Pre-
senters included Chair Rich Gallagher,
District 3 Director Alan Badeaux, and
Scholarship Chair John Johnston.

READING
FEBRUARY 21
Speaker: John DuPont, associate director
Affiliation: Lehigh University Energy Re-
search Center
Topic: Welding in critical engineering ap-
plications
Activity: Honored were the past Section
chairs present, Merilyn McLaughlin, Paul
Levengood, John Miller, Dave Hibshman,
and Steve Gammon. District 3 Director
Alan Badeaux presented an overview of
the Society’s activities. The meeting was
held at Cabela’s Sporting and Conference
Center in Hamburg, Pa.

YORK CENTRAL-PA.
MARCH 6
Speaker: Gene Lawson, AWS president
Affiliation: ESAB Welding & Cutting
Products
Topic: A changing welding environment
creates new opportunities
Activity: This was a joint meeting with
members of the local chapter of Ameri-
can Society for Nondestructive Testing.

YCST Student Chapter
MARCH 6
Speaker: Gene Lawson, AWS president
Affiliation: ESAB Welding & Cutting
Products
Topic: A changing welding environment
creates new opportunities
Activity: The program was held at York
County School of Technology in York, Pa.

Area welding students who participated in the Lehigh Valley Section annual welding com-
petition are shown at the awards banquet.

Shown at the Lehigh Valley Section awards banquet are (from left) Chair Rich Gallagher,
District 3 Director Alan Badeaux, AWS President Gene Lawson, incoming District 3 Direc-
tor Mike Wiswesser, and Scholarship Chair John Johnston.

Reading Section past chairs are (from left) Merilyn McLaughlin, Paul Levengood, John
Miller, Dave Hibshman, and Steve Gammon.

Shown at the Reading Section meeting are (from left) Secretary Merilyn McLaughlin, Chair
Joe Young, Treasurer Dave Hibshman, speaker John DuPont, and Vice Chair Ed Yanowski. 

District 4
Director: Roy C. Lanier
Phone: (252) 321-4285
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Gene Lawson, AWS president (white shirt), is shown with the York County School of Technology students and staff.

York Central-Pennsylvania Chair Dave Herr
(right) presents a speaker gift to Gene Law-
son, AWS president.

Shown at the Atlanta Section program are (from left) Chair Carl Matricardi, speaker Brad
Walden, and DeKalb Tech welding instructors Robbie Zappa and Will Harvey.

Alan Shissler (wearing the cap), Florida
West Coast Section student affairs chair, is
shown with welding scholarship winners
(from left) Richard Goodbread, Johnathan
Yohe, and Robert Dirling.

Florida West Coast Section golfers head off
for the Section’s 16th annual golf outing.

Student Johnathan Yohe demonstrates his
welding techniques for the Florida West
Coast Section members on March 12.

ATLANTA
FEBRUARY
Speaker: Brad Walden, underwater
welder
Topic: Repairing bridges and other under-
water structures
Activity: The program was held at DeKalb
Technical College in Clarkston, Ga.

FLORIDA WEST COAST
MARCH 1
Activity: The Section hosted its 16th an-
nual golf tournament to benefit its schol-
arship program. 

More than 80 golfers participated in
the fund-raising event. Scholarship funds
were presented to Richard Goodbread,
Johnathan Yohe, and Robert Dirling,
welding students attending Pinellas Tech-
nical Education Center in Clearwater,
Fla. The tournament was held at Walden
Lakes Golf and Country Club in Plant
City, Fla.

MARCH 12
Activity: The Florida West Coast Section
hosted a students’ night program at Pinel-
las Technical Education Center in Clear-
water, Fla. The students demonstrated
their welding expertise for the members
and guests, and displayed a variety of
welding projects they had completed. 

SOUTH CAROLINA
FEBRUARY 21
Speakers: Charles Dunning, quality di-
rector; John Hayes, director of operations

District 5
Director: Steve Mattson
Phone: (904) 260-6040
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Affiliation: B&D Marine and Industrial
Boilers, Inc.
Topic: History and overview of the com-
pany’s projects
Activity: This South Carolina Section
program was held at the B&D Marine
and Industrial Boilers facility in
Charleston, S.C. 

Shown at the South Carolina Section program are (from left) Gary Nance, Odell Haselden,
Mark Zurbach, speakers Charles Dunning and John Hayes, Mary Beth Dew, Richard Oliver,
Toby Kearney, Allen Kinard, Melvin Backmann, and Kathy Hoy.

Participants in the Niagara Frontier Section’s welding competition are (from left) Matt
Gibbs, Jake Fisher, James Mulenne, Mark Dryja, John Lathigee, Conrad Richter, and John
Naveski.

Dayton Section Chair Steve Whitney (left)
answers questions for visitors to the Sec-
tion’s Tech Fest booth. 

Don Howard (far right), District 7 direc-
tor, chats with Johnny Appleseed Section
members.

District 6
Director: Neal A. Chapman
Phone: (315) 349-6960

NIAGARA FRONTIER
FEBRUARY 2
Activity: The Section members partici-
pated in a student welding competition
held at Erie 1 BOCES (Board of Coop-
erative Educational Services) in West
Seneca, N.Y.

robot’s tracking accuracy that attracted
many visitors to the booth. Also displayed
on a big screen was a welding movie. Sec-
tion members discussed welding careers
with the parents and students.

MARCH 11
Activity: The Dayton Section hosted its
annual students’ night dinner and pro-
gram at Hobart Institute of Welding
Technology in Troy, Ohio. Read the com-
plete story on page 65 of this issue.

JOHNNY APPLESEED
FEBRUARY
Activity: The Section held its first meet-
ing of the year touring Warsaw Engineer-
ing and Fabrication, Inc., in Warsaw, Ind.,
an AWS Affiliate Company. Company
President Joe Weaver made a presenta-
tion and guided the Section on a tour of
the facilities. More than 120 members
and guests attended the event, including
Don Howard, District 7 director.

JOHNSTOWN/ALTOONA
JANUARY 31
Activity: The Section members toured
the tubular laser cutting, bending, and
machining facilities at Johnstown Weld-
ing and Fabrication, Inc., in Johnstown,
Pa. Rachael Williams, workforce devel-
opment coordinator, made a presenta-
tion and conducted the tour.

FEBRUARY 19
Activity: The Johnstown/Altoona Section
members toured DRS Laurel Technolo-
gies in Johnstown, Pa. The tour was con-
ducted by John Barbadaes, director, final
assembly manufacturing.

MARCH 11
Speaker: Gene Lawson, AWS president
Affiliation: ESAB Welding & Cutting
Products
Topic: Workforce development
Activity: This Johnstown/Altoona Sec-
tion past chairmen’s night program was
held in Johnstown, Pa.

DAYTON
FEBRUARY 16, 17
Activity: The Section members partici-
pated in the Tech Fest held at Sinclair
Community College in Dayton, Ohio.
The Affiliate Societies Council, com-
prised of more than 50 engineering soci-
eties, has sponsored this event annually
since 2003. The Tech Fest introduces
grade school students to the world of sci-
ence and technology. It is a family event
with interactive exhibits demonstrating
science, technology, engineering, and
math. About 2600 people attended the
event this year. The Dayton Section’s
booth featured a Motoman robot weld-
ing an S-shaped T-joint. Chairman Steve
Whitney of Motoman demonstrated the

District 7
Director: Don Howard
Phone: (814) 269-2895
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Shown during the Johnny Appleseed Section tour are Chair Brian Barnes (left) presenting a speaker appreciation gift to Joe Weaver, presi-
dent of Warsaw Engineering and Fabrication.

AWS President Gene Lawson is shown with welding students at the March meeting of the
Johnstown/Altoona Section.

Bill Krupa, Johnstown/Altoona Section secretary-treasurer, presents Rachael Williams a
speaker gift during the January program.

J. Bart Sickles, Johnstown/Altoona Section chairman (left, front), presents a speaker gift to
John Barbadaes (holding gift) in February.

Speaker Ray Childers (left) is shown with
Bill Brooks, Chattanooga Section chair, in
February.

Presenter Dale Hicks (left) is shown with
Holston Valley Section Chairman Walt
Rose.

CHATTANOOGA
FEBRUARY 19
Speaker: Ray Childers, president/CEO,
registered lobbyist
Affiliation: Chattanooga Manufacturers
Assn.
Topic: The future of manufacturing in
Chattanooga — different, but bright
Activity: Jack Samples addressed his in-
volvement with workforce development
in the area. Following the lecture, Phillip
Hobbs gave a tour of the Chattanooga
State Engineering Dept. The meeting was
held at Chattanooga State College in
Chattanooga, Tenn.

District 8
Director: Joe Livesay
Phone: (931) 484-7502

HOLSTON VALLEY
MARCH 12
Activity: The Holston Valley Section
members toured the Tennessee Technol-

ogy Center in Elizabethton, Tenn. Dale
Hicks, welding distributor, made a pres-
entation and conducted the tour of the
company’s facilities.
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Western Carolina Section members joined with members of the Piedmont Chapter of ASNT
and local vendors for their annual students’ and vendors’ night program March 18.

Northwest Pennsylvania Section members toured Eriez Magnetics in Erie, Pa.

Shown at the Drake Well Section meeting
are speaker Eric Miller (left) and Chair
Mike Owens.

Marty Siddall discussed certification issues
at the NW Pennsylvania Section program.

Harjindar Singh (right) is shown with AWS
President Gene Lawson at the Detroit Sec-
tion program.

John McKenzie (left) receives the Detroit
Section Meritorious Award from Eftihios
Siradakis, District 11 director.

Gene Lawson (right), AWS president, re-
ceives a speaker plaque from Mark Rotary,
Detroit Section technical program chair.

WESTERN CAROLINA
MARCH 18
Activity: The Section and the ASNT Pied-
mont Chapter jointly sponsored their an-
nual students’ and vendors’ night program
in Greenville, S.C. Members of local in-
dustry made presentations describing
their operations and employment oppor-
tunities. The event attracted more than
250 people.

District 9
Director: George D. Fairbanks
Phone: (225) 673-6600

District 10
Director: Richard A. Harris
Phone: (440) 338-5921

DRAKE WELL
MARCH 4
Speaker: Eric Miller 
Affiliation: Miller Welding and Machine
Co.
Topic: The company’s new Web site 
Activity: It was announced the Section’s
library has been moved to the Venango
Technology Center. 

NW PENNSYLVANIA
FEBRUARY 13
Speakers: Marty Siddall
Affiliation: The Lincoln Electric Co.
Topic: Weld inspection and CWI certifi-
cation
Activity: Following the technical meeting
and dinner at Tristate Business Institute,
the Section toured Eriez Magnetics in
Erie, Pa., to study its techniques for gas
tungsten arc welding stainless steel prod-
ucts for use on food, pharmaceutical, and
industrial products.
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DETROIT
MARCH 13
Speaker: Gene Lawson, AWS president
Affiliation: ESAB Welding & Cutting
Products
Topic: Problems facing the welding indus-
try and AWS’s efforts to confront these
issues
Activity: Gene Lawson presented Harjin-
dar Singh his Silver Membership Certifi-
cate Award for 25 years of service to the
Society. District 11 Director Eftihios Sir-
adakis presented the Section Meritori-
ous Award to Secretary John McKenzie,
a past Section chairman. The program,
held at the Ukrainian Cultural Center in
Warren, Mich., was attended by 50 mem-
bers and guests.

District 11
Director: Eftihios Siradakis
Phone: (989) 894-4101

District 12
Director: Sean P. Moran
Phone: (920) 954-3828

FOX VALLEY
FEBRUARY 1, 2
Activity: District 12 Director Sean Moran
conducted a Welding 101 course for high
school technical education teachers. The
Wisconsin Technical Education Assn. is
working in partnership with AWS District
12 members to host a two-day welding
workshop. The purpose of the workshop
is to train, review, and introduce the high
school technical education teachers on
many aspects of arc welding principles
and practices.

LAKESHORE
MARCH 13
Speaker: David Ramseur, senior manu-
facturing engineer
Affiliation: Manitowoc Cranes, Inc.
Topic: The life of Gen. Stephen Dodson

Shown at the Racine-Kenosha Section tour are (from left) Chair Dan Crifase, Tim Adams,
Roy Bolling, Jose Rameriz, Dave Jacobi, Robert Saunders, and Ken Karwowski, vice chair.

Shown at the February 20 executive board meeting are (from left) Eric Krauss, Hank Sima,
Craig Tichelar,  Jim Greer, Chuck Hubbard, Marty Vondra, and Cliff Iftimie.

Shown at the Chicago Section’s Valentine’s Day social are (from left) Chuck Hubbard, Dave
Lenef, Stevie Lang, Pete Skach, John Deasy, Craig Tichelar, and Hank Sima.

Shown at the Lakeshore Section program
are speaker David Ramseur (left) and
Chairman James Hoffman.

Ramseur
Activity: The Section hosted its annual
past chairmen’s and ladies’ night event at
Machut’s Supper Club in Two Rivers,
Wis.

RACINE-KENOSHA
FEBRUARY 4
Activity: The Section members toured the
GM Chevrolet SUV manufacturing plant
in Janesville, Wis. 

District 13
Director: W. Richard Polanin
Phone: (309) 694-5404

CHICAGO
FEBRUARY 13
Activity: The Section hosted its annual
date night in celebration of St. Valentine’s
Day at Bohemian Crystal Restaurant. The
blues, rock, and funk music was performed

Society News MAY:Layout 1  4/8/08  4:39 PM  Page 75

creo




MAY 200876

District 14
Director: Tully C. Parker
Phone: (618) 667-7744

by The Blues Persuaders, featuring “West
Side Dave” Lenef, guitar; “Lil Stevie”
Lang, double neck guitar; Pete “Mr. P.”
Skach, bass guitar; and John “DC” Deasy,
percussion.

FEBRUARY 20
Activity: The Chicago Section held an ex-
ecutive board meeting at Bohemian Crys-
tal Restaurant. In attendance were Eric
Krauss, Vice Chair Hank Sima, Chair-
man Craig Tichelar, past AWS President
Jim Greer, Chuck Hubbard, Treasurer
Marty Vondra, and Cliff Iftimie.

Shown at the Indiana Section Feb. 22 activity are the SkillsUSA Indianapolis regional state
qualifiers (from left) Adam Bolyard, Jayson McGee, Jordan Jackson, and Isiah Huesman.

Indiana Section members studied energy-
efficient vehicles being developed at Rose-
Hulman Institute February 20.

George Hlifka discussed welding P91 and
P92 steels at the Kansas City Section tech-
nical session.

Speaker Joe Edgell (left) is shown with Rich
Hanny, Nebraska Section chair, at the Feb-
ruary meeting.

The lucky winners of the Nebraska Section
February drawing were Larry Scarborough
(left) and John Wolf.

INDIANA
FEBRUARY 20
Activity: The Section members toured the
Rose-Hulman Institute of Technology
Mechanical Engineering Department. A
highlight of the tour was the work being
done to develop several energy-efficient
vehicles using diesel and electrical drive
systems.

FEBRUARY 22
Activity: The Indiana Section members
met at Central 9 Vocational School in
Greenwood, Ind., to judge the welding
skills of 22 high school students from six
local high school welding programs. The
qualifiers for the Indiana SkillsUSA In-
dianapolis Regional State Contest are
Adam Bolyard from Whitewater Tech,
and Jayson McGee, Jordan Jackson, and
Isiah Huesman from New Castle Area
Career Programs.

District 15
Director: Mace V. Harris
Phone: (651) 287-3267

KANSAS CITY
MARCH 13
Speaker: George Hlifka
Affiliation: The Lincoln Electric Co.
Topic: Welding P91 and P92 steels
Activity: The program was held at
Shawnee Steel and Welding in Kansas
City, Mo. 

NEBRASKA
JANUARY 19
Activity: The Section hosted its second
annual bowling tournament at Maple-
wood Lanes in Omaha, Neb., with 17
teams competing. More than $900 was
raised for the scholarship fund through
entrance fees, lane sponsorships, and the
silent auction. The winners of the tourna-
ment were Jeff Rodgers and Gary Barnes.
Kelsey Orendach was presented a $1000
scholarship to help her pursue a degree
in welding technology at Metro Commu-
nity College. Noah Banks, Anthony
Caniglia, and Andy Smith each received
$250 scholarships. The lane sponsors in-
cluded Davis Erection Co., Ironworkers
Local 21, Linweld, Metro Community
College, Olsson Associates, Praxair Dis-
tribution, and TSA Manufacturing. 

FEBRUARY 21
Speaker: Joe Edgell, QA/QC
Affiliation: Zachry Construction Co.
Topic: Shortage of CWIs and welders
Activity: This Nebraska Section program
was held at Metropolitan Community
College in Omaha, Neb.

MARCH 1
Activity: The Nebraska Section hosted its
third annual career fair at Metropolitan
Community College, South Omaha Cam-
pus. Manning the AWS booth were past
Chair Monty Rogers, Chairman Rick

District 16
Director: David Landon
Phone: (641) 621-7476
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District 17
Director: J. J. Jones
Phone: (940) 368-3130

Shown at the Nebraska Section career fair in March are (from left) Monty Rogers, Jason
Hill, Chairman Rick Hanny, and Nick Weidenbach.

Shown are some of the participants in the Instructors Institute presented by the Houston
Section.

Shown at the Northern Alberta Section pro-
gram are Vice Chair Ken Nelson (left) with
speaker Neil Shannon, District 19 director.

Olympic Section members are shown during their tour of the Imperium Grays Harbor plant.

Hanny, Vice Chair Jason Hill, and Secre-
tary Nick Weidenbach. Twelve speakers
made presentations to an audience of 100
attendees. Companies manning booths in-
cluded Davis Erection/Ironworkers Local
#21, Drake Williams Steel, Elliott Equip-
ment Co., Fleet Pride, InterSystems, Ne-
braska Advanced Manufacturing Coali-
tion, Olsson Associates, Owen Industries
(PVS), Puritan Manufacturing, Sheet
Metal Workers Local #3, and Valmont
Industries.

District 18
Director: John Bray
Phone: (281) 997-7273

HOUSTON
FEBRUARY 22
Activity: The Section hosted its 2008 In-
structors Institute at Airgas Welding Lab
in Houston, Tex. The topic of the course
was gas metal arc welding. Instructors in-
cluded two technical representatives from
SAWS, ESAB, Miller Electric, Lincoln
Electric, and Thermal Arc. Working the
event were Chair John Husfeld, Darcy
Hickman and Jonathan Davis from Lin-
coln Electric, Sid Tweetle and Mike
Richards from Miller, Justin Kirby from
Thermadyne, and Bob Lynch from ESAB.
Students participating in the program
were Jim Jones, Alex Terronez, Shawn
Trader, Don Bigelow, Rhonda Morgan,
Hunter Morgan, Gary Ashton Jr., Tim
Smith, J. P. Hancock, Chad Reiter, Monty
Main, Marc Hackstedt, Charlie Boland,
and Derrick Cooper.

SAN ANTONIO
MARCH 12
Speaker: John Mendoza, AWS vice pres-
ident
Affiliation: CPS Energy
Topic: Student Chapter fund-raising ac-
tivities
Activity: The program was held at St.
Philip’s College in San Antonio, Tex.

District 19
Director: Neil Shannon
Phone: (503) 201-5142

NORTHERN ALBERTA
FEBRUARY 26
Speaker: Neil Shannon, District 19 direc-
tor
Affiliation: Carlson Testing, project en-
gineer

Topic: Electroslag surfacing of naval
propulsion shafting 
Activity: The program was held at the
University of Alberta Faculty Club in Ed-
monton, Alb., Canada.

OLYMPIC
FEBRUARY 27
Speaker: Lisa Marthe, office manager
Affiliation: Imperium Grays Harbor
Topic: Tank construction and operation
of the Imperium Grays Harbor biodiesel
plant
Activity: The program was held at Grays
Harbor Community College in Ab-
erdeen, Wash. Following the talk, Rod
McDonald, a welding instructor at the
college, conducted a tour of its new weld-
ing facility.
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Albuquerque Section members and students toured the welding labs at Central New Mexico Community College. 

Colorado Section Chair James Corbin (left)
is shown with past Chair Farren Elwood.

David Murphy discussed welding torches at
the Colorado Section program.

Shown at the Los Angeles/Inland Empire Section program are (from left) speakers Richard
and Nan Samanich, Chairman George Rolla, District 21 Director Jack Compton, Secre-
tary Mariana Ludmer, and Education Chair Mary Means.

Inc. D. Twitty, an instructor at Dona Ana
College and chairman of the AWS CWE
Project Committee, discussed the
progress of the CWE Qualifications doc-
ument. D. Heritage, associate dean at
Eastern New Mexico University at
Roswell, led a discussion on the Perkins
Grant Funding. After dinner, District 20
Director Bill Komlos, owner of ArcTech
LLC, gave a talk about career opportuni-
ties in the welding industry. The follow-
ing Section awards were presented: Edu-
cator Award to Ron Hackney; Apprecia-
tion Awards to Charlie Trujillo, Jack Tix-
ier, Al Trujillo, Robert Bretelle, and Wade
Florence; Meritorious Awards to Kelly
Bingham and John Stubbs; and Hamilton
Memorial CWI of the Year Award to Pat
Bauman. The AWS Student Chapter
Member Award was presented to Eddie
Isasi. District Awards included Educator
Award to Brandon Whatley, Hamilton
Memorial CWI of the Year Award to Kelly
Bingham, and Meritorious Award to Tom
Lienert. The Section Scholarship winners
were Dakotah Hargrove and Jennifer
Aragon. District Scholarships went to
Davin Argo and Daniel Maldonado. The
program was held at Central New Mexico
Community College.

COLORADO
MARCH 13
Speaker: David Murphy, president
Affiliation: DMD Torch
Topic: How to properly set pressure and
volume controls for oxygen-acetylene
torches
Activity: The Student Chapter Member
Award was presented to Erik Soderstrom,
a student at Colorado School of Mines.
The 2006–2007 Chairman’s Award was
given to CWI Farren Elwood. The meet-
ing was held at Holiday Inn in Denver.

District 20
Director: William A. Komlos
Phone: (801) 560-2353

ALBUQUERQUE
FEBRUARY 1
Activity: This students’ night program in-
cluded Chair Tom Lienert who presented

information for applying for AWS schol-
arships. Career-related talks were pre-
sented by local industry representatives
K. Bingham, a CWI at LANL; J. Kunz,
president, Mega Corp.; P. Bauman,
owner of Atomic Inspection; W. Stellwag,
engineer at LANL; B. Whatley, welding
instructor at ENMU; and D. Drake, pro-
duction manger at Array Technologies,

District 21
Director: Jack D. Compton
Phone: (661) 362-3218
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Emirates Welding members are shown at the January 7 meeting.

Shown at the January 7 Emirates Welding
Section program are (from left) speaker M.
P. Dhanuka, Chairman Bernard D’Silva,
and C. Achuthan from Alkhalij Enterprises.

Shown at the January 22 Emirates Welding Section program are (from left) Gunter Dimm-
ler, Prabhat Kumar, speakers Joseph Heinemann and Jurgen Tuchtfeld, and Secretary R.
Bashkar.

Emirates Welding Section members are shown at the January 22 program.

Shown at the San Francisco Section pro-
gram are speaker Jeff Hanna with Liisa
Pine, vice chair.

L.A./INLAND EMPIRE
JANUARY 27
Speakers: Richard Samanich, Nevada
Section chair; and Nan Samanich, Dis-
trict 21 deputy director
Topic: AWS D1.8, Structural Welding
Code — Seismic Supplement
Activity: District 21 Director Jack Comp-
ton attended the program. The meeting
was held at Royal Cut Restaurant in On-
tario, Calif.

SAN FRANCISCO
MARCH 5
Speaker: Jeff Hanna
Affiliation: Flexovit USA, Inc.
Topic: Safety using abrasives
Activity: The program was held at
Spenger’s Restaurant in Berkeley, Calif.

SANTA CLARA VALLEY
MARCH 11
Speaker: Alex Guterrez
Affiliation: PG&E

District 22
Director: Dale Flood
Phone: (916) 933-5844

Middle East
Section

Topic: Latest developments in welding
consumables
Activity: The question and answer ses-
sion following the talk lasted an hour. The
meeting was held in Dubai, UAE.

JANUARY 22
Speakers: Joseph Heinemann, head of
quality and technical department; and
Jurgen Tuchtfeld, mechanical engineer
Affiliation: UTP, Germany
Topic: Welding of Inconel® 625 and In-
conel® 825 high-nickel alloys
Activity: This meeting of the Emirates
Welding Section was held in Dubai, UAE.

Topic: The importance of gas shielding
for GTAW
Activity: The program was held at Harry’s
Hofbrau in San Jose, Calif.

EMIRATES WELDING
JANUARY 7
Speaker: M. P. Dhanuka, executive direc-
tor
Affiliation: Gee Ltd., Mumbai, India
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Guide to AWS Services
550 NW LeJeune Rd., Miami, FL 33126

www.aws.org; phone (800/305) 443-9353; FAX (305) 443-7559
(Phone extensions are shown in parentheses.)

AWS PRESIDENT
Gene E. Lawson
glawson@esab.com

ESAB Welding and Cutting
25108 Margurite Pkwy. #165 

Mission Viejo, CA 92692

ADMINISTRATION
Executive Director

Ray W. Shook.. rshook@aws.org  . . . . . . . .(210)

CFO/Deputy Executive Director
Frank R. Tarafa.. tarafa@aws.org  . . . . . . . .(252)

Deputy Executive Director
Cassie R. Burrell.. cburrell@aws.org  . . . . .(253)

Associate Executive Director
Jeff Weber.. jweber@aws.org . . . . . . . . . . . .(246)

Executive Assistant for Board Services
Gricelda Manalich.. gricelda@aws.org . . . .(294)

Administrative Services
Managing Director

Jim Lankford.. jiml@aws.org  . . . . . . . . . . .(214)

IT Network Director
Armando Campana..acampana@aws.org . . .(296)

Director
Hidail Nuñez..hidail@aws.org . . . . . . . . . . . . . .(287)

Database Administrator
Natalia Swain..nswain@aws.org . . . . . . . . . . . .(245)

Human Resources
Director, Compensation and Benefits

Luisa Hernandez.. luisa@aws.org  . . . . . . .(266)

Manager, Human Resources 
Dora Shade.. dshade@aws.org  . . . . . . . . . .(235)

INT’L INSTITUTE of WELDING
Senior Coordinator 

Sissibeth Lopez . . sissi@aws.org  . . . . . . .(319)
Provides liaison services with other national and
international professional societies and standards
organizations.

GOVERNMENT LIAISON SERVICES
Hugh K. Webster. . . hwebster@wc-b.com
Webster, Chamberlain & Bean, Washington, DC,
(202) 466-2976; FAX (202) 835-0243.  Identifies
funding sources for welding education, re-
search, and development. Monitors legislative
and regulatory issues of importance to the in-
dustry.

Brazing and Soldering 
Manufacturers’ Committee

Jeff Weber.. jweber@aws.org . . . . . . . . . . . .(246)

RWMA — Resistance Welding 
Manufacturing Alliance

Manager
Susan Hopkins.. susan@aws.org  . . . . . . . .(295)

WEMCO — Welding Equipment
Manufacturers Committee

Manager
Natalie Tapley.. tapley@aws.org  . . . . . . . . .(444)

CONVENTION and EXPOSITIONS
Associate Executive Director

Jeff Weber.. jweber@aws.org . . . . . . . . . . . .(246)

Corporate Director, Exhibition Sales
Joe Krall.. krall@aws.org  . . . . . . . . . . . . . . .(297)
Organizes the annual AWS Welding Show and

Convention, regulates space assignments, regis-
tration items, and other Expo activities.

PUBLICATION SERVICES
Department Information  . . . . . . . . . . . . . . .(275)

Managing Director
Andrew Cullison.. cullison@aws.org  . . . . .(249)

Welding Journal
Publisher/Editor

Andrew Cullison.. cullison@aws.org  . . . . .(249)

National Sales Director
Rob Saltzstein.. salty@aws.org . . . . . . . . . .(243)

Society and Section News Editor
Howard Woodward..woodward@aws.org  .(244)

Welding Handbook
Welding Handbook Editor

Annette O’Brien.. aobrien@aws.org  . . . . .(303)
Publishes the Society’s monthly magazine, Weld-

ing Journal, which provides information on the
state of the welding industry, its technology, and
Society activities. Publishes Inspection Trends, the
Welding Handbook, and books on general welding
subjects.

MARKETING COMMUNICATIONS
Director

Ross Hancock.. rhancock@aws.org  . . . . .(226)

Assistant Director
Adrienne Zalkind.. azalkind@aws.org  . . . .(416)

Webmaster
Angela Miller..amiller@aws.org  . . . . . . . . .(456)

MEMBER SERVICES
Department Information  . . . . . . . . . . . . . . .(480)

Deputy Executive Director
Cassie R. Burrell.. cburrell@aws.org  . . . . .(253)

Director
Rhenda A. Mayo... rhenda@aws.org  . . . . .(260) 
Serves as a liaison between Section members and
AWS headquarters. Informs members about AWS
benefits and activities.

CERTIFICATION SERVICES
Department Information  . . . . . . . . . . . . . . .(273)

Managing Director, Certification Operations
John Filippi..jfilippi@aws.org  . . . . . . . . . . .(222)

Managing Director, Technical Operations
Peter Howe.. phowe@aws.org  . . . . . . . . . . .(309)

Manages and oversees the development, in-
tegrity, and technical content of all certification
programs.

Director, Int’l Business & Certification Programs
Priti Jain.. pjain@aws.org  . . . . . . . . . . . . . .(258)

Directs all int’l business and certification pro-
grams. Is responsible for oversight of all agencies
handling AWS certification programs.

EDUCATION SERVICES 
Managing Director

Dennis Marks.. dmarks@aws.org  . . . . . . . .(237)

Director, Education Services Administration
and Convention Operations

John Ospina.. jospina@aws.org  . . . . . . . . .(462)

Director, Research and Development — 
Professional Programs

Christopher Pollock.. cpollock@aws.org  .(219)
Assists Government Affairs Liaison Commit-

tee and Product Development Committees

AWS AWARDS, FELLOWS, COUNSELORS
Senior Manager

Wendy S. Reeve.. wreeve@aws.org  . . . . . .(293)
Coordinates AWS awards and AWS Fellow and
Counselor nominees.

TECHNICAL SERVICES
Department Information  . . . . . . . . . . . . . . .(340)

Managing Director
Andrew R. Davis.. adavis@aws.org  . . . . . .(466)

Int’l Standards Activities, American Council of
the Int’l Institute of Welding (IIW) 

Director, National Standards Activities
John L. Gayler.. gayler@aws.org  . . . . . . . .(472)
Personnel and Facilities Qualification, Comput-

erization of Welding Information

Manager, Safety and Health
Stephen P. Hedrick.. steveh@aws.org (305)
Metric Practice, Safety and Health, Joining of

Plastics and Composites

Technical Publications
AWS publishes about 200 documents widely used

throughout the welding industry.
Senior Manager 

Rosalinda O’Neill.. roneill@aws.org  . . . . .(451)

Staff Engineers/Standards Program Managers
Annette Alonso.. aalonso@aws.org  . . . . . .(299)
Automotive Welding, Resistance Welding, Oxy-
fuel Gas Welding and Cutting, Definitions and
Symbols, Sheet Metal Welding

Stephen Borrero.. sborrero@aws.org . . . . .(334)
Welding Iron Castings, Joining of Metals and Al-
loys, Brazing and Soldering, Brazing Filler Met-
als and Fluxes, Brazing Handbook, Soldering
Handbook

Rakesh Gupta.. gupta@aws.org  . . . . . . . . .(301)
Filler Metals and Allied Materials, Int’l Filler

Metals, Instrumentation for Welding, UNS Num-
bers Assignment

Brian McGrath . bmcgrath@aws.org  . . . . .(311)
Methods of Inspection, Mechanical Testing of

Welds, Welding in Marine Construction, Piping
and Tubing, Robotic and Automatic Welding

Selvis Morales.....smorales@aws.org  . . . . .(313)
Welding Qualification, Structural Welding

Matthew Rubin.....mrubin@aws.org  . . . . . .(215)
Machinery and Equipment, Robotics Welding,

Arc Welding and Cutting Processes

Reino Starks...rstarks@aws.org  . . . . . . . . .(304)
Welding in Sanitary Applications, High-Energy

Beam Welding, Aircraft and Aerospace, Friction
Welding, Railroad Welding, Thermal Spray

Note: Official interpretations of AWS standards
may be obtained only by sending a request in writ-
ing to the Managing Director, Technical Services.
Oral opinions on AWS standards may be ren-
dered. However, such opinions represent only the
personal opinions of the particular individuals
giving them. These individuals do not speak on
behalf of AWS, nor do these oral opinions con-
stitute official or unofficial opinions or interpre-
tations of AWS. In addition, oral opinions are in-
formal and should not be used as a substitute for
an official interpretation.
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Only Sustaining Members, Members,
Honorary Members, Life Members,
or Retired Members who have been

members for a period of at least three years
shall be eligible for election as a director or
national officer.

It is the duty of the National Nominating
Committee to nominate candidates for na-
tional office. The committee shall hold an
open meeting, preferably at the Annual Meet-
ing, at which members may appear to present
and discuss the eligibility of all candidates.

To be considered a candidate for the po-
sitions of president, vice president, treasurer,
or director-at-large, the following qualifica-
tions and conditions apply:

President: To be eligible to hold the office
of president, an individual must have served
as a vice president for at least one year.

Vice President: To be eligible to hold the
office of vice president, an individual must
have served at least one year as a director,
other than executive director and secretary.

Treasurer: To be eligible to hold the of-
fice of treasurer, an individual must be a

member of the Society, other than a Stu-
dent Member, must be frequently available
to the national office, and should be of ex-
ecutive status in business or industry with
experience in financial affairs.

Director-at-large: To be eligible for elec-
tion as a director-at-large, an individual
shall previously have held office as chair-
man of a Section; as chairman or vice chair-
man of a standing, technical, or special com-
mittee of the Society; or as District direc-
tor.

Interested persons should submit a let-
ter stating which office they seek, including
a statement of qualifications, their willing-
ness and ability to serve if nominated and
elected, and a biographical sketch.

E-mail the letter to Gricelda Manalich,
gricelda@aws.org, c/o Gerald D. Uttrachi,
chair, National Nominating Committee.

The next meeting of the National Nom-
inating Committee is scheduled for Octo-
ber 2008. The terms of office for candidates
nominated at this meeting will commence
January 1, 2010.

The Honorary-Meritorious Awards Committee makes recommendations for the
nominees presented for Honorary Membership, National Meritorious
Certificate, William Irrgang Memorial, and the George E. Willis Awards. These

awards are presented during the FABTECH International & AWS Welding Show held
each fall. The deadline for submissions is December 31 prior to the year of awards pre-
sentations. Send candidate materials to Wendy Sue Reeve, secretary, Honorary
Meritorious Awards Committee, wreeve@aws.org; 550 NW LeJeune Rd., Miami, FL
33126. Descriptions of the awards follow.

William Irrgang Memorial Award is
awarded each year to the individual who has
done the most over the past five years to en-
hance the American Welding Society’s goal
of advancing the science and technology of
welding.

This award consists of a $2500 honarium
and a certificate. It is presented during the
FABTECH International & AWS Welding
Show held each fall. The award is adminis-
tered by the American Welding Society and
sponsored by The Lincoln Electric Co. to
honor the late William Irrgang.

George E. Willis Award is awarded each
year to an individual who promotes the ad-
vancement of welding internationally by fos-
tering cooperative participation in areas such
as technology transfer, standards rationaliza-
tion, and promotion of industrial goodwill. 

The award consists of a $2500 honarium
and a certificate. It is presented during the
FABTECH International & AWS Welding
Show held each fall. The award is adminis-
tered by the American Welding Society and
sponsored by The Lincoln Electric Co. to
honor George E. Willis.

Honorary Membership Award is pre-
sented to a person of acknowledged emi-
nence in the welding profession, or who
is accredited with exceptional accom-
plishments in the development of the
welding art, upon whom the American
Welding Society sees fit to confer an hon-
orary distinction. Honorary Members
have full rights of membership.

National Meritorious Certificate Award
is given in recognition of the candidate’s
counsel, loyalty, and devotion to the affairs
of the Society, assistance in promoting cor-
dial relations with industry and other organ-
izations, and for the contribution of time
and effort on behalf of the Society.

International Meritorious Certificate
Award is given in recognition of signifi-
cant contributions to the welding indus-
try for service to the international weld-
ing community in the broadest terms. The
awardee is not required to be an AWS
member. Multiple awards may be given.
The award consists of a certificate and a
one-year AWS membership.

AWS Publications Sales

Purchase AWS standards, books, 
and other publications from

World Engineering Xchange (WEX), Ltd.
orders@awspubs.com; www.awspubs.com
Toll-free (888) 935-3464 (U.S., Canada)

(305) 824-1177; FAX (305) 826-6195

Welding Journal Reprints
Copies of Welding Journal articles may be

purchased from Ruben Lara. 
(800/305) 443-9353, ext. 288; rlara@aws.org

Custom reprints of Welding Journal
articles, in quantities of 100 or more, 

may be purchased from 
FosteReprints 

Toll-free (866) 879-9144, ext. 121
sales@fostereprints.com

AWS Mission Statement

The mission of the American Welding
Society is to advance the science, 

technology, and application of 
welding and allied processes, 

including joining, brazing, soldering, 
cutting, and thermal spraying.

It is the intent of the American 
Welding Society to build AWS to the 

highest quality standards possible. 
The Society welcomes your suggestions.

Please contact any staff member or 
AWS President Gene E. Lawson,
as listed on the previous page.

AWS Foundation

The AWS Foundation, Inc., is a not-for-profit 
corporation established to provide support

for educational and scientific endeavors 
of the American Welding Society. 

Information on gift-giving programs is 
available upon request.

Chairman, Board of Trustees
Ronald C. Pierce

Executive Director, AWS
Ray Shook, ext. 210, rshook@aws.org

Executive Director, Foundation
Sam Gentry, ext. 331, sgentry@aws.org

Corporate Director, SOS
Monica Pfarr, ext. 461, mpfarr@aws.org

550 NW LeJeune Rd., Miami, FL 33126
(305) 445-6628; (800) 443-9353, ext. 293

general information:
(800) 443-9353, ext. 689; vpinsky@aws.org

Nominees for National Office

Honorary Meritorious Awards
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Precision Waterjet Systems
Illustrated in Brochure

A new brochure highlights the com-
pany’s lines of precision waterjet cutting
products. Featured are cutting tables with
expandable high-rail gantries available in

2-ft increments from 4 × 4 ft to 24 × 14 ft,
a mid-rail gantry in sizes up to 30 × 100 ft,
and a compact abrasive machining center
in three models from 30 × 30 in. to 
48 × 96 in. Detailed are intensifier pumps
in a wide range of powers capable of pro-
ducing pressures to 90,000 lb/in.2, plus
precision cutting accessories including
cutting heads, abrasive delivery, removal
and recycling systems, and a closed-loop
filtration system.

Jet Edge, Inc.
www.jetedge.com
(800) 538-3343

SME Publications Catalog
Offered Online

The Society of Manufacturing Engi-
neers (SME) recently released its 119-
page, full-color, profusely illustrated cat-
alog featuring more than 370 books,
DVDs, study packages, and CD-ROM
products. A few of the 20 new products
detailed are DVDs titled Advanced Ro-
botic Welding, What Lean Means, Incorpo-
rating Lean from the Factory to Front Of-

fice, Medical Applications of Rapid Proto-
typing, Minimum Quantity Lubrication, the
Fundamentals of Tool Design video series,
and new texts including Walking the Talk:

NEW
LITERATURE

— continued on page 84
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Moving into Leadership, by Michael Ter-
minini; Fundamentals of Composites Man-
ufacturing: Materials, Methods, and Appli-
cations, by A. Brent Strong; and The Story
of a Lean Journey, by James K. Lewis. To
download the catalog, visit the Web site;
or request a free hard copy by phone.

Society of Manufacturing Engineers
www.sme.org/store
(800) 733-4763

Lincoln Offers Complete
Products Catalog Online

The company’s complete lines of weld-
ing machines, consumables, wire feeders,
robotic solutions, fume-extraction sys-
tems, and plasma and oxyfuel cutting
equipment, are detailed in its 168-page
2008 Product Catalog, available online or
by phone. Included are the company’s
complete lines of guns, torches, and ac-

cessories. New items include the 15-lb In-
vertec® V155-S shielded metal arc weld-
ing machine. Every section starts with a
selection guide that highlights each ma-
chine’s capabilities at a glance and allows
for easy comparisons. Once users have
narrowed their choices, they can turn to
the color-coded product pages for more
detailed information on each machine, in-
cluding welding process, key features and
benefits, output range, input power, di-
mensions, and a photo. When ordering
the catalog online, type Bulletin E1.10 in
the search field.

The Lincoln Electric Co.
www.lincolnelectric.com
(888) 355-3213

Micro Air Offers Spanish
Language Brochure 

The company recently released a Span-
ish language edition of its 8-page, full-
color general products brochure. The lit-
erature covers its full line of products, fea-

turing an application guide, product ap-
plication chart, application photos with
detailed descriptions, and photos of each
item. The products pictured offer multi-
ple solutions for controlling welding
smoke and fume, machining mist and
smoke, metalworking dust, process dusts,
process dusts and powders, and commer-
cial applications. The application guide
and quick reference chart are designed to
quickly determine which solutions are best
for a given application. The brochure can
be downloaded from the listed Web site.

Micro Air Clean Air Systems
www.microaironline.com/media/l2519.pdf
(866) 566-4276

Directory of Indian Steel
Makers Released

The 396-page Indian Steelmakers Di-
rectory 2008 presents complete informa-
tion on 720 steel makers in India. The doc-
ument will be of value to product man-
agers, equipment makers, and those con-
cerned with iron, steel, ferroalloys, con-
sumables, and raw materials. The data in-
clude company names, addresses, phone
and fax numbers, and e-mail and Web site
addresses. The directory is offered as a
PDF via e-mail or CD. The PDF price is
$1250. E-mail reports@guru.com for com-
plete ordering information.

Free Podcasts Address
Lean Manufacturing Skills

The first in a new series of 8 to 10-min.-
long podcasts, Developing Front-Line Su-
pervisors to Succeed, features manufactur-
ing expert Jamie Flinchbaugh discussing
guidelines for companies to successfully
implement and sustain lean manufactur-
ing practices. He also presents guidelines
for ensuring that supervisors are effec-
tively trained and supported to fulfill their
roles in lean operations. The podcasts are

DO YOUR OWN TESTING

www.fischerengr.com ! (937)754-1750

Bend Testers - Bend Specimen Cutting

Fixtures - Coupons -Tensile Testers

BT1C

BT1B

Visit our website

for all sizes and

models available

BSC-1PLT

TT1

For info go to www.aws.org/ad-index
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PERSONNEL

CMW Names Operations
Manager

CMW, Inc., Indi-
anapolis, Ind., has ap-
pointed Vincent
Sanders operations
manager. Sanders
previously worked for
12 years at O’Neal
Steel, a Midwest full-
line metals service
center, where he
most recently served
as manager of

process improvement.

Bosch Rexroth Appoints
Product Manager

The Electric Drives
and Controls Tech-
nology Group of
Bosch Rexroth Corp.,
Hoffman Estates, Ill.,
has named Ted
Thayer PLC and
HMI product man-
ager. Prior to joining
the company, Thayer
supervised the tech-
nical assistance cen-

ter at Mitsubishi Electric Automation.

Engineer Hired at Laser
Cladding Services

Eswar Yarrapareddy
has joined Laser
Cladding Services,
Houston, Tex., to
serve as laser
cladding develop-
ment engineer. Prior
to joining the com-
pany, Yarrapareddy
was a research assis-
tant at South Dakota
School of Mines and

Technology and at Southern Methodist
University.

AWS Foundation Adds
Two Board Members

Robb F. Howell and Rick Richardson
have been appointed to serve on the AWS
Foundation board of directors for three-

year terms. Howell is owner and president
of MCD Plastics & Manufacturing, an
Ohio-based supplier of precision-
machined components. He is the grandson
of William H. Hobart Sr., one of the
founders of Hobart Brothers Co. Richard-
son is owner of Sky Cylinder Testing, Inc.,
Evansville, Ind. The company services the
high-pressure cylinder gas, propane, and re-
frigerant industries, with a dedication to hy-
drostatic and ultrasonic cylinder retesting.
The not-for-profit AWS Foundation, led by
a volunteer board of directors, was estab-
lished to provide funding for welding engi-
neering undergraduates and fellowships for
welding research to ensure the growth and
development of the welding industry. 

Thermadyne Designates
Three Business Managers

Thermadyne In-
dustries, Inc., St.
Louis, Mo., has ap-
pointed Charlie Fis-
cher, Mark Powers,
and Barry McCarter
to the position of au-
tomation business
manager. In the in-
dustry for 30 years,
Fischer will be re-
sponsible for clients

in Michigan, Indiana, Ohio, and Ken-
tucky. Powers, previously with OTC Dai-
hen, will service the Dakotas, Illinois,
Iowa, Minnesota, Missouri, Nebraska,
and Wisconsin. McCarter, working from
Houston, Tex., will manage accounts in
Oklahoma and Texas.

Apelian Appointed TMS
President

The Minerals, Metals & Materials So-
ciety (TMS) has named Diran Apelian its
president, succeeding Robert D. Shull of

the National Institute
of Standards and
Technology who held
the post in 2007.
Apelian is Howmet
Professor of Engi-
neering and director
of the Metal Process-
ing Institute at
Worcester Polytech-
nic Institute in
Worcester, Mass. 

CK Worldwide Announces
Staff Changes

CK Worldwide, Inc.,
Auburn, Wash., has
promoted Jeff Sharpe
to vice president, and
Aaron Walsberg to
general manager.
With the company for
27 years,  Sharpe most
recently served as na-
tional sales manager.
Walsberg, with 11
years of service, previ-
ously headed up the IT

department as well as the machine shop.
Vice President John Schmidt has retired
after 30 years of service. 

VP Announced at Kaman 
Industrial Technologies

Kaman Industrial
Technologies, Wind-
sor, Conn., has an-
nounced the promo-
tion of Thomas A.
Weihsmann to vice
president, regional
manager. With the
company since 1982,
Weihsmann most re-
cently served as re-
gional manager,

southeast group.
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Board of Laser Safety
Names Executive Director

The Board of Laser Safety, Orlando,
Fla., has promoted Barbara Sams to ex-
ecutive director. With the Laser Institute
of America for 13 years, Sams previously
served as standards director, assisting with
the revision of Z136 laser safety standards
and developing new ones.

Wheelabrator Designates
VP and General Manager

Wheelabrator Group and Wheelabrator
Plus Commercial Op-
erations, La Grange,
Ga., has appointed
Martin Magill vice
president and general
manager. Magill
joined the company in
2004 after serving
eight years in the Plas-
tics Div. of General
Electric Co.

Obituary

Terry Lee Bush

Terry Lee Bush, 60, died Oct. 17 at his
home in Boise, Idaho.
An AWS member
since 1985, he worked
briefly (1990–1991) as
an instructor in the
Education Depart-
ment at AWS head-
quarters in Miami,
Fla., and chaired 
the now-disbanded
Southwest Idaho Sec-
tion 1991–1992. Bush

was born in Baker, Ore. Following high
school, he served in the U.S. Marine Corps
then took a welding position with United
Airlines in San Francisco, Calif. Later, he
worked in Boise for Hobson Sheet Metal
and also taught welding through the Boise
State Trade School program. He also taught
welding for the National Training Fund, a
position that took him all over the country
doing what he loved most. He also worked
in Georgia, with Super Steel in Milwaukee,
Wis., and in New York state building a lo-
comotive for the Long Island Railroad.
Bush is remembered as a perfectionist in his
welding, but most of all he loved teaching
and certifying others in welding. He is sur-
vived by his mother, two daughters, a son,
two brothers, and his best friend, Glenda
Self of Rome, Ga.
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Martin Magill

Terry Lee Bush

Obituary

R. David Thomas Jr.

R. (Royal) David Thomas Jr., 93, an
AWS Fellow, AWS Honorary Member,
and past AWS president (1960–61), died
March 4 in St. Albans, Vt. Thomas
served as AWS treasurer (1966–69), was
a member and a past chair of the
Philadelphia Section, and later was ac-
tive with the Green and White Moun-
tains Section in Rutland, Vt. He was a
Professional Engineer licensed in Penn-
sylvania and Vermont. 

Born in Oakmont, Pa., Thomas re-
ceived his master’s in chemical engineer-
ing from Cornell University in 1939. His
thesis was titled, Reactions in Electric Arc
Welding. In 1938, the year he joined AWS,
he was appointed director of research at
Arcos Corp. in Philadelphia, Pa., where
he was named president in 1956, and
chairman of the board in 1977. Following
his retirement in 1980, Thomas formed
R. D. Thomas & Co., a consulting firm. 

Thomas is best known for his work on
standards for welding consumables. He
worked with the AWS A5 Committee on
Filler Metals and Allied Materials and its

many subcommittees, and the International Institute of Welding (IIW) commissions
dealing with international standards. He led the movement to the metrication of weld-
ing filler metals specifications, and the filler metals UNS numbering system. He
served as chair of the A1 Committee on Metric Practice and the High Alloys Filler
Metal Subcommittee, and was a member of the subcommittees on Low-Alloy Elec-
trodes, Nickel Alloy Electrodes, and Copper Alloy Electrodes. 

Thomas was secretary for the Joint Navy-NEMA Committee charged with the de-
velopment of low-hydrogen ferritic electrodes. With the Welding Research Council,
he served as secretary (1948–1951) of the High Alloys Committee, and was a mem-
ber of the Subcommittees on Corrosion, and the Welding of Stainless Steels. He was
a member of the AEC Advisory Committee for a project on welding Type 347 steels,
and an advisor to the National Research Council Committee on Welding during
World War II. In 1952, Thomas served as a member of a National Academy of Sci-
ences committee concerned with alloy welding. 

In Philadelphia, Thomas taught various courses at Temple University and Drexel
Institute of Technology where, in 1952, he helped to establish courses for its welding
program.

Thomas was a Fellow of ASM International and an Honorary Fellow of The Weld-
ing Institute, UK. His many awards include the AWS Samuel Wylie Miller Memorial
Medal (1958), Honorary Membership Award (1969), R. D. Thomas Memorial Award
(1981), Plummer Memorial Education Lecture Award (1987), Prof. Rene Wasserman
Memorial Award (1987), George E. Willis Award (1992), International Meritorious
Award (2000), and the Edstrom Medal from the International Institute of Welding.

In recognition of Thomas’s achievements in the development of international
standards, IIW established the R. D. Thomas Jr. International Lecture Award. The
medal is presented at the Annual Assembly of the IIW and the lecture is delivered at
a special session during the FABTECH International & AWS Welding Show.

Thomas was an accomplished small boat sailor and racer, occasional fisherman,
and gardener, and active on the governing boards for Episcopal churches in Philadel-
phia and Vermont. He liked to vacation on the New Jersey shore and Laxawaxen on
the Delaware River.

He is survived by his wife, Rev. Virginia Campbell Thomas, a daughter, two sons,
six grandchildren, four great-grandchildren, and many nieces and nephews.

R. David Thomas Jr.
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Arcade, N.Y., facility. It has five axis heads and a continuous rotary
table. The company will make the machining center available to
other manufacturers in western New York for contract work as well.

Industry Notes

• PTC Alliance has invested approximately $7 million to estab-
lish a dedicated components facility in Beaver Falls, Pa. It will
have new equipment including precision cutting, machining,
and flange welding.

• Terra Nostra Resources Corp. recently announced its stainless
steel joint venture, Shandong Quanxin Stainless Steel Co. Ltd.,
China, is manufacturing continuous cast Grade 310S stainless
steel. This is used in the petroleum and other industries.

• Praxair Distribution, Inc., Danbury, Conn., has acquired Kirk
Welding Supply, Inc., Kansas City, Mo. The acquired company
had sales of $28 million last year.

• Indiana Steel and Tube will construct a new steel processing
facility in Brownstown, Ind., creating more than 100 jobs by
2010. The company plans to invest more than $8 million to
build and equip an 80,000-sq-ft center.

• The 3M™ Speedglas™ SL (Super Light) welding helmet and
autodarkening filter was the recent recipient of an interna-
tional Red Dot Design Award.

• An interactive Product Approval Guide on Hobart Brothers’
Web site offers users a way to locate filler metals that have
been approved by various agencies. It is located at
www.hobartbrothers.com/product-approvals/.

• EQT III, Stockholm, Sweden, has completed the sale of Finn-
Power Group to Prima Industrie SpA. Finn-Power develops,
manufactures, and markets flexible and automated sheet metal
working machines and manufacturing systems.

• Donaldson Co., Inc., Minneapolis, Minn., has acquired the as-
sets of LMC West, Riverbank, Calif., a manufacturer of indus-
trial dust-collection and air-filtration systems.

• Adept Technology, Inc., Livermore, Calif., has reached a mile-
stone with the shipment of its 25,000th robot.

• Jackson Safety recently announced the closure of the Fenton,
Mo., manufacturing and distribution center effective April 1.

• Airgas, Inc., Radnor, Pa., has acquired Merriam-Graves Corp.,
an independent distributor of industrial, medical, and specialty
gases and related supplies operating in 25 locations in New
England and New York.

• J & P Wire, Milwaukee, Ore., has added an automated CNC
wire forming machine to its facility. It is also equipped with a
wire butt joint welding machine.

• FARO Technologies, Inc., Lake Mary, Fla., has been named to
Forbes Magazine’s list of America’s 25 Fastest-Growing Tech
Companies.

• APS Dynamics, Inc., Carlsbad, Calif., a designer and manufac-
turer of vibration shakers and systems, recently announced the
Assets and Product Line have been acquired by SPEKTRA.

• The Orbitform Group, Jackson, Mich., launched a new Web
site at www.orbitform.com. Its features include a virtual tour
and product groups with riveting and welding.

• ABP Induction, LLC, Dortmund, Germany, and Pillar Induc-
tion Co., LLC, experts in induction melting and heating, have
combined their operations into ABP Induction, LLC.

• AAR Corp. has received an order to provide containerized roll-
in/out platforms for the U.S. Army valued at $28 million. The
equipment will be manufactured by AAR SUMMA Technol-
ogy in Cullman, Ala., through June 2009.

• Material Technologies, Inc., has formed a strategic alignment
with Smith Emery Co., a Los Angeles-based engineering, ma-
terials testing, and inspection firm.

• RathGibson, Lincolnshire, Ill., has acquired Mid-South Con-
trol Line, Inc., Marrero, La., a global source for downhole con-
trol line tubing for land-based subsea oil and gas wells.

• Kaman Industrial Technologies recently announced the
planned opening of a new distribution center in Savannah, Ga.
This 46,000-sq-ft center is scheduled to open in June 2008.

• Applied Manufacturing Technologies, Inc., Orion, Mich., has
acquired K-R Automation, Warren, Mich., an automation con-
trols design, engineering, and panel manufacturing company.

• Magid Glove & Safety Manufacturing Co. LLC, Chicago, Ill.,
has earned recognition as a Partner-level supplier for 2007 in
the John Deere Achieving Excellence Program.

• Wolverine Tube, Inc., Huntsville, Ala., has closed the sale of
its Small Tube Products business to Standish Capital. The Al-
toona, Pa., based operation produces redraw and cut tubing.

NEWS OF THE INDUSTRY
— continued from page 15
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weld activities. Designed for AC, DCEN,
or DCEP welding, these electrodes are
available in 1⁄8, 5⁄32, 3⁄16, 7⁄32, and 1⁄4 in. diame-
ters. They provide high deposition rates
for faster travel speeds, while a smooth,
quiet arc adds to ease of use. These elec-
trodes also offer a minimum tensile
strength of 70,000 lb/in.2.

Hobart Brothers Co.
www.hobartbrothers.com
(800) 424-1543

Work Boot Solves for Heat
Loss in the Toe Area

The Thermal Force work boot features
a heat-retention system designed for those
who work in cold environments. In the
steel toe version, the toe cap area is coated
with a ceramic-based material to add a
primary layer of insulation. In both the
steel and nonsteel toe versions, aerogel
nano-technology is applied atop the toe
box to provide a lightweight, space-saving
insulation. Also, the boot features 3M®
Thinsulate™ Zone insulation. The Sym-
paTex Reflexion® membrane captures
and reflects body heat back to the foot. It
further includes a cold formula outsole

with the Timberland PRO® Ice Trax Rub-
ber Outsole for flexibility. It is available
in 8-in. steel toe and 8-in. soft toe water-
proof/insulated versions, and a 6-in. steel
toe waterproof/insulated version. Sizes
range from 7 to 15 M/W.

Timberland PRO
www.timberlandpro.com
(800) 258-0855

Dust Collector Controller
Extends Filter Life

The new FDC Controller provides re-
liable pulse cleaning control for all types
of cartridge and baghouse dust collection
systems. Using factory-programmed or
customer-selected settings, the unit mon-
itors pressure differential across the fil-
ters to ensure efficient pulse cleaning, re-
ducing compressed air energy usage, and
extending filter life. Clear, permanent in-
structions are posted on the NEMA 4X
water- and chemical-proof box. A pulse

cleaning switch on the front of the box al-
lows the user to turn pulsing off, to pulse
continuously based on predetermined set-
tings, or to clean on demand when the
high-pressure setting is reached and a
dirty filter alarm sounds.

Farr APC
www.farrapc.com
(800) 479-6801

Weld Material Provides
Wear Resistance in Severe
Abrasion Environments

The company recently announced the
availability of its latest alloy line utilizing
the company’s patented Super Hard
Steel® (SHS) technology. SHS 9700 fea-
tures an ultrarefined crystalline mi-
crostructure and hardness up to 69 Rc
without the use of nickel, molybdenum,
or tungsten. The product is available in
25-lb and 125- to 500-lb bulk spooled wire
packaging for GMA/open arc/submerged
arc welding, and 10-lb bottle and 
25-lb bucket powder packaging for PTA
welding.

The NanoSteel® Co.
www.nanosteelco.com
(877) 293-6266
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Reprints are a polished way to showcase third party
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available for listening or free download
from the company’s Web site. Additional
podcasts will feature guest experts and in-
formation to help manufacturers and
OEMs understand and apply lean princi-
ples and practices in their businesses. The
discussions include applying lean princi-
ples to the engineering process, tips on
designing manufacturing equipment for a
lean environment, lean manufacturing
case studies, plus other topics.

Bosch Rexroth
www.boschrexroth-us.com/leanpodcast
(847) 645-3600

Factory and Shop Products
Featured in Master Catalog

The recently released 2008 Master Cat-
alog features more than 60,000 items from
precision machining tools to janitorial
supplies. Included are power tools, abra-
sives, measuring instruments, raw mate-
rial products, welding equipment, batter-
ies, safety products, coolant systems, coat-
ings, adhesives, broaches, counterbores,
end mills, taps, tool bits, sand blasters,
grinding wheels, calipers, depth gauges,
optical products, etc. New items include
the full lines of Iscar, OSG, and Precision
Twist cutting tools, plus additional items
in the 3M Abrasives, Dewalt power tools,
SPI measuring instruments, Anilam digi-
tal readouts, and two CNC Turn-Pro™
vertical mill packages. In key areas of the
catalog are 20 informative technical intro-
duction pages and selection guides. View
or order the catalog online, or call for your
copy.

Enco
www.use-enco.com
(800) 873-3626

Instructional DVD for 
Entry-Level GMA Welders

Ron Covell’s MIG Welding Made Easy
DVD is a new instructional video for be-
ginners and others interested in improv-
ing their gas metal arc welding skills. The
70-min.-long video covers the basic
process, proper machine setup, joint
preparation, welding wire selection, weld-
ing gun angles, travel speeds, and what to
check when things go wrong. Real-world
examples are used to show the correct
welding technique; and, to demystify the
welding process, he shows exactly what
happens to the weld when the various pa-
rameters are changed. Priced at $40, the
DVD may be purchased from the com-
pany’s Web site, or ordered by phone. At
the Web site, type MIG Welding Made
Easy DVD in the search window.

Miller Electric Mfg. Co.
www.millerwelds.com/resources/
(717) 393-3831

Catalog Pictures Machine
Safeguarding Techniques

The 2008–2009 Product Selection
Guide combines all of the company’s safe-
guarding technologies into one publica-
tion for the first time. Each product page
includes a SpeedSpec number that can be
inserted into any Omron STI Web page
for instant access to all of the available in-
formation for a given product, including
manuals, dimensional drawings, product
approvals, and receiving prompt quotes
online. The safety technologies detailed
include laser scanners, perimeter access
guards, light curtains, contact strips and
edges, mats and area guards, interlock
switches, monitoring relays, two-hand
controls, enabling switches, process safe-
guards, hydraulic press brake safeguards,
safeguards for cutting and turning ma-

chines, disconnect switches, motor
starters, controls and accessories, and
awareness signs. 

Omron Scientific Technologies, Inc.
www.sti.com
(800) 479-3658

Stud Welding System
Pictured in Catalog

The company’s POWERfast™ system
is detailed in a comprehensive new cata-
log. Described is the full range of ultra-
high reliability weld stud fasteners and
equipment including arc weld studs, ca-
pacitive discharge (CD) weld studs, and
cable management studs. Discussed are
the advantages of stud welding’s reliabil-
ity and excellent performance in the
harshest environments, along with its
manufacturing productivity and cost effi-
ciencies. Included is complete application
information along with useful reference
information for manufacturers of
switchgear, transformers, and other
power-distribution equipment. Request a
copy of the catalog online, or call the toll-
free number.

IMAGE Industries, Inc.
www.imageindustries.com
(800) 722-7883
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CLASSIFIEDS

CAREER OPPORTUNITIES

Experienced Outside/Inside
Sales Representative

Immediate openings for gas and weld-
ing sales personnel in Denver or Salt
Lake City.  United States Welding, Inc,
a distributor of Industrial, Medical,
Specialty, and Cryogenic Gases has
been in business for over 70 years.
We are seeking applicants with 3 or
more years of experience.  Opportu-
nities for continued advancement
through management in one of our 17
locations. A bachelor degree or equiv-
alent work experience. Full benefits
package. Applicants should fax re-
sume to 1-801-972-8304.  Principles
only. No phone calls please.

Faculty In
Welding Technology

Vincennes University is seeking appli-
cants for a full-time faculty position with
benefits.

The Manufacturing Department has an
existing 1-yr. Certification Program in
Welding, with an expectation to develop
it into an A.S./A.A.S. Degree program.
The successful applicant should pos-
sess a Bachelor’s degree in Welding;
current API & AWS certifications. 

For a complete job description and ap-
plication details visit our website at
www.vinu.edu/vujobs. VU is committed
to diversity in the college community. 

AA/EOE

Brazing Specialist - 
Aerospace

Triumph Thermal Systems, Inc. (TTS) has
an opening for a Braze Engineer located
in Northwestern Ohio.   All candidates must
possess permanent authorization to work
in the US. As Brazing Specialist, Consult-
ant and Project Leader ensures timely and
efficient completion of brazing related en-
gineering projects. Assumes technical re-
sponsibility for design planning, organiz-
ing, and conducting technical projects in-
volving development of new or improved
products and/or processes. Competitive
salary, comprehensive benefit package
and bonus program are key compensation
elements.  Please apply through the fol-
lowing website:

www.triumphgroup.com

From the Home Page select:
“CAREERS” in the maroon band 
beneath the Company logo.

An Equal Employment Opportunity Em-
ployer.

Experienced Welder
Repair Technician

Immediate openings for experienced
Welder Repair Technician at our Salt Lake
City facility.  United States Welding, Inc, an
independent distributor of Gases and
Welding Equipment in the Rocky Mountain
Region has been in business for over 70
years. We are seeking applicants with 3 or
more years experience. An associate de-
gree or better is a definite asset. We offer
a full benefits package including: competi-
tive salary, car allowance, medical and den-
tal insurance, life and disability insurance,
401K, vacation and holiday pay, paid sick
days.  Some relocation expenses will be
reimbursed. Applicants should submit re-
sumes via fax to 1-801-972-8304.  No
phone calls please.

Level II Ultrasonic Technicians
and Level II AWS Inspectors

SGS has an immediate requirement
for experienced Level II ultrasonic in-
spectors and experienced Level II 
welding inspectors. We offer a
permanent assignment in Eastern
USA. In the near future, candidates
will be required, after proper training,
to pass Canadian certification in
NDT. 
Please submit your resume to
melanie.cromps@sgs.com.

Welding Engineer & 
QMS Specialist

Welding Engineer permanent position in
Spain assisting a Structural Steel Fabrica-
tor who designs, fabricates and erects
complex projects worldwide. 
Duties:  Revise/create company's welder
qualification program/procedures; function
as liaison with customers on QMS func-
tions; interpret US/International code re-
quirements; Lead quality/inspection pro-
gram.
Requirements:  Welding Engineering de-
gree or 7-10 years experience in structural
steel; Bilingual, English and Spanish
mandatory; Knowledge of US codes and
standards (ie: AWS D1.1/D1.5, AISC certi-
fication, ISO 9001 a plus); AWS CWI Cer-
tified (or ability to be); travel aprox. 15%
from base in Spain. 

Forward qualifications and salary require-
ments to Atema by email: 
information@atema.com.

The American Welding Society is currently accepting résumés from experienced auditors for con-
tract work in our Accredited Test Facility (ATF) and Certified Welding Fabricator (CWF) Programs.
Applicants must possess the following minimum qualifications: 

• Certified Welding Inspector for the past five years.
• Two years of previous auditor experience.
• Auditor certification or certificate of completion for an auditor training course from a nationally or 
internationally recognized quality organization.

• Participate in/perform one or two monitored AWS Accredited Test Facilities and/or Certified 
Welding Fabricator audits.

• Attendance and participation in AWS annual auditor seminar after acceptance as an AWS auditor. 
(This AWS annual seminar is not counted as the nationally recognized auditor training for qualifi-

cation.)

If you are interested in this exciting opportunity, please send your résumé to Frank Lopez Del Rincon
at the American Welding Society.

Phone: (800) 443-9353, ext. 211
Fax: (305) 443-6445
E–mail: flopez@aws.org

BECOME AN AUDITOR
FOR THE AMERICAN WELDING SOCIETY

500 N.W. LeJeune Road
Miami, FL 33126

Distributors Needed

for aluminum manifolds used in
the welding industry for air, water
and oil.

PH:  (616) 456-6043
FX:  (616) 456-8849
www.pamarkinc.com
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Experienced Product Manager
for Welding Consumables

Seeking full charge product manager
for engineered line of welding consum-
ables to work in Birmingham, Alabama.
Tricon Metals & Services is a leading
supplier of proprietary abrasion-resist-
ant plate materials, alloy shafting and
specialty steels.  We are a complete
service center, custom fabricator and
also manufacturer of clad products.
Applicants must have 10 or more yrs
exp in welding consumables sales.
Resp for new product dev, pricing, sales
strategies, inventory control and
prospecting.  35% travel.
Email:  tcain@triconmetals.com

CAREER OPPORTUNITIES

AWS Education Services is recruiting a program developer to manage the pro-
duction of program content for professionals that are currently in the welding pro-
fession. Some of the top responsibilities include:

• Management of revisions and content updates of resources and instructional
assets,

• Research and development for new seminars/programs requested by welding
professionals,

• Event manager for professional services, 
• Collaborate with other members of the development pod on projects, 
• Customer service to society members. 

Qualifications for the position include:

• Background knowledge or experience in the overall technical aspects of 
welding,

• Experience in instructional design, project management and program 
development,

• Possess excellent computer skills: MS Office Suite, MS Project, WebEx, etc., 
• Ability to manage and direct adjunct contractors that are commissioned as 

subject matter experts, 
• Able to coordinate multiple projects and timelines, including producing high

quality work under tight deadlines, working independently and as a team, 
• Excellent communication skills, 
• Ability to multi-task several projects and programs, 
• Demonstrate a high degree of organization, consistency and detail in all asset

and program/project management, 
• Operate within the position’s expectations as defined by the managing director

of education services. 

Please submit your electronic resume to Dennis Marks at dmarks@aws.org.

PROGRAM DEVELOPER 
EDUCATION SERVICES

500 N.W. LeJeune Road
Miami, FL 33126

Associate/Full Professor of Materials Science and
Engineering - Tenure Track

The Department of Mechanical and Materials Engineering invites 
applications for a tenure-track faculty position.  Applicants must have a
PhD in Materials Science and Engineering or a closely related field, and
an established record of excellence.  Experience working in or with 
industry is desirable.

The successful candidate should have expertise in the areas of materials
joining, welding metallurgy and solidification processes.

Interested individuals should submit electronically a complete curriculum
vitae, research plan, a description of your ongoing research programs,
funding history, and summary of teaching interests (2 page maximum
each) and the names and contact information (including e-mail addresses)
of at least three references to:

Chair Materials and Manufacturing Research Faculty Search Committee:
Maseeh College of Engineering and Computer Science
Portland State University
Portland, OR 97207-0751

Or as an attachment via email to: mrri_search@cecs.pdx.edu.  Portland
State University is an Affirmative Action, Equal Opportunity Institution and,
in keeping with the President’s diversity initiative, welcomes applications
from diverse candidates and candidates who support diversity.

Job categories for welders, 
engineers, inspectors, and more
than 17 other materials joining

industry classifications!

AWS JobFind

Post Jobs. 
Find Jobs.

www.aws.org/jobfind
@

Regional Sales Engineer
Bortech Corporation

www.bortech.com

Bortech is seeking qualified sales people
to sell our semi-automated MIG welding
machines in virtually all industries. You
will be a "one person band" in your region.
We expect you to do it all, from prospect-
ing to demonstrating to closing. If you
enjoy solving customer problems with
custom MIG welding solutions, we have
an outstanding opportunity for you.

Contact lwhite@bortech.com
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Welding Positioners & Turning Rolls
New and Used

Large selection in stock for
immediate delivery.

www.allfabcorp.com

Call, Fax or Email for a free catalog.

Email: sales@allfabcorp.com
Web: www.allfabcorp.com
Phone: 269-673-6572
Fax:     269-673-1644

EQUIPMENT FOR SALE OR RENT

MITROWSKI RENTS
Made in U.S.A.

Tank Turning Rolls
10-Ton - 1000-Ton

Used Equipment for Sale

www.mitrowskiwelding.com
sales@mitrowskiwelding.com

800-218-9620
713-943-8032

United Welding
rents and sells

Turning Rolls, Positioners,
Manipulators,

Orbital Welding Equipment,
Facing & Cutoff Saws, Sub-

Arc Equipment
Engine Drives (Gas &

Diesel)

WE ARE THE
COMPETITION

www.unitedwelding.us

Toll Free: 877-336-3350
503-335-3350

TOOLS & SUPPLIES
FOR SALE OR RENT

www.

.com
OrbitalWelding
www.

.com

Boiler Tube
Alignment Tools

Walhonde Wallbanger™
• DB model

• HD model

Walhonde Wallstick™
NEW
•

More alignment tools available at 
our website: www.walhonde.com
Walhonde Tools, Inc.
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CERTIFICATION & TRAINING

CWI Refresher...a fresh approach!
Review and learn the most controversial, often-
misinterpreted issues facing welding inspectors.

Master quality tools to implement true quality
solutions for your clients or your company.

Learn more: Call for the 40 hour syllabus,
comparable to the AWS body of knowledge.

Suitable as continuing education for CWIs
or for any welding inspection personnel

Convenient classes in Chicago and Allentown:
312-861-3000  |  info@atema.com 

www.atema.com/cwi.htm

visit booth #7148 AWS Show-Chicago

SERVICES

CWI PREPARATORY
Guarantee - Pass or Repeat FREE!

2 WEEK COURSE (10 DAYS)
MORE HANDS–ON/PRACTICAL APPLICATIONS

Pascagoula, MS  July 2–11  Aug. 13–22
Charlotte, NC  June 4–13

Houston, TX  June 18–27  Sep. 3–12
Houma, LA  July 23–Aug. 1

SAT–FRI COURSE (7 DAYS)
EXTRA INSTRUCTION TO GET A HEAD START

Pascagoula, MS  July 5–11  Aug. 16–22
Charlotte, NC  June 7–13

Houston, TX  June 21–27  Sep. 6–12
Houma, LA  July 26–Aug. 1

MON–FRI COURSE (5 DAYS)
GET READY–FAST PACED COURSE!

Pascagoula, MS  July 8–11  Aug. 18–22
Charlotte, NC  June 9–13

Houston, TX  June 23–27  Sep. 8–12
Houma, LA  July 28–Aug. 1

Test follows on Saturday at same facility

FOR DETAILS CALL OR E-MAIL:

(800) 489-2890

info@realeducational.com

The AWS
Certification Committee

Is seeking the donation of sets of Shop and
Erection drawings of highrise buildings
greater than ten stories with Moment
Connections including Ordinary Moment
Resistant Frame (OMRF) and Special
Moment Resistant Frame (SMRF) for use
in AWS training and certification activities.
Drawings should be in CAD format for
reproduction purposes. Written permission
for unrestricted reproduction, alteration,
and reuse as training and testing material
is requested from the owner and others
holding intellectual rights. For further infor-
mation, contact:

Joseph P. Kane 
(631) 265-3422 (office) 
(516) 658-7571 (cell) 
joseph.kane11@verizon.net

EQUIPMENT FOR SALE OR RENT

Turning Rolls
Positioners

& Manipulators
New and Used 

Joe Fuller LLC
@ www.joefuller.com

or email joe@joefuller.com 
Phone:  979-277-8343

Fax:  281-290-6184
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Arcos Industries, LLC  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .IBC
www.arcos.us . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .800-233-8460

Astro Arc Polysoude  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .13
www.astroarc.com  . . . . . . . . . . . . . . . . . . . . . . . . . . .661-702-0141

Atlas Welding Accessories, Inc  . . . . . . . . . . . . . . . . . . . . . . . . . .44
www.atlaswelding.com  . . . . . . . . . . . . . . . . . . . . . . . .800-962-9353

AWS Certification Services  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .59
www.aws.org  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .800-443-9353

AWS Education Services  . . . . . . . . . . . . . . . . . . . . . . . . .10, 48, 87
www.aws.org  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .800-443-9353

AWS Member Services  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .46, 82
www.aws.org  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .800-443-9353

AWS WEMCO  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .58
www.aws.org  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .800-443-9353

Bruker AXS, Inc.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .24
www.brukerhandheld.com . . . . . . . . . . . . . . . . . . . . .978-439-9899

CM Industries, Inc.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2
www.cmindustries.com  . . . . . . . . . . . . . . . . . . . . . . .847-550-0033

Commercial Diving Academy  . . . . . . . . . . . . . . . . . . . . . . . . . . .23
www.commercialdivingacademy.com  . . . . . . . . . . . .888-974-2232

CONCOA  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .39
www.concoa.com . . . . . . . . . . . . . . . . . . . . . . . . . . . . .800-225-0473

Cor-Met  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .14
www.cor-met.com  . . . . . . . . . . . . . . . . . . . . . . . . . . . .810-227-3251

C-Spec  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .85
www.weldoffice.com  . . . . . . . . . . . . . . . . . . . . . . . . . .877-977-7999

Diamond Ground Products, Inc.  . . . . . . . . . . . . . . . . . . . . . . . .57
www.diamondground.com  . . . . . . . . . . . . . . . . . . . . .805-498-3837

Divers Academy International  . . . . . . . . . . . . . . . . . . . . . . . . . .15
www.diversacademy.com  . . . . . . . . . . . . . . . . . . . . . .800-238-3483

Dynaflux, Inc.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .14
www.dynaflux.com  . . . . . . . . . . . . . . . . . . . . . . . . . . .800-334-4420

Electralloy  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .55
www.electralloy.com  . . . . . . . . . . . . . . . . . . . . . . . . . .800-458-7273

ESAB Welding & Cutting Products  . . . . . . . . . . . . . . . . . . . .7, 83
www.esabna.com . . . . . . . . . . . . . . . . . . . . . . . . . . . . .800-372-2123

Fischer Engineering Co.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .84
www.fischerengr.com  . . . . . . . . . . . . . . . . . . . . . . . . .937-754-1750

Fischer Technology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .35
www.Fischer-Technology.com  . . . . . . . . . . . . . . . . . .800-243-8417

Flawtech, Inc.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .56
www.FlawTech.com . . . . . . . . . . . . . . . . . . . . . . . . . . .704-795-4401

Gedik Welding, Inc.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .19
www.gedikwelding.com . . . . . . . . . . . . . . . . . . . .+90 216 378 50 00

Hobart Inst. of Welding Tech.  . . . . . . . . . . . . . . . . . . . . . . . .54, 56
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ABSTRACT. Furnace brazing was carried
out to produce joints between commer-
cially pure titanium and low-carbon steel
using copper-based filler metal (Cu-
12Mn-2Ni) in the temperature range of
930° to 1000°C (1706° to 1832°F). The mi-
crostructures of the transition joints were
revealed in optical and scanning electron
microscopy (SEM). The study depicts the
presence of different reaction layers in the
brazed area, and their chemical composi-
tions were determined by energy disper-
sive spectroscopy. The occurrence of dif-
ferent intermetallic compositions such as
FeTi and Fe2Ti has been predicted from
the chemical analyses and confirmed by x-
ray diffraction technique. The maximum
shear strength of 61 MPa (8.8 ksi) was ob-
tained for the couple bonded at 1000°C
(1832°F) due to better coalescence of the
mating surfaces. At a lower joining tem-
perature of 930°C (1706°F), the bond
strength is also lower due to incomplete
coalescence of the mating surfaces.

Introduction

Titanium offers an excellent combina-
tion of mechanical properties and corro-
sion resistance. These features have led to
the extensive use of titanium and its alloys
in various industrial sectors. The major
disadvantages of this metal are its high
cost and difficulty in joining it with other
materials. Among the methods for over-
coming these disadvantages is joining tita-
nium to steel. These joints, if successfully
made, possess all the requirements for
high-quality joints, and also reduce the
amount of materials needed, thus making

them economically attractive and viable.
A review of the existing literature re-

veals that diffusion welding has been used
successfully in joining titanium to steel al-
loys. However, the great care required in
the surface-preparation stage and the im-
practicality of this method for mass pro-
duction have limited the use of this process
(Refs. 1–5). Explosion welding has also
been used to clad titanium to steel alloys in
many applications (Refs. 6–8). Although
brazing is one of the most common and
simplest joining processes for dissimilar
metals (Refs. 9, 10), to the best of our
knowledge, only data on microstructure in-
vestigation on brazing titanium to stainless
steel have been reported (Refs. 11, 12). 

In the case of brazing titanium to steel,
the chemical compositions of the brazing
filler metal and the brazing atmosphere
are very important. Many kinds of brazing
filler metals for titanium and titanium al-
loys had been studied such as Ag-based,
Al-based, Ti-based, and Cu-based brazing
filler metals (Refs. 13–17). On the other
hand, although filler metals other than
copper have been used in the brazing of
low-alloy steel assemblies, copper is gen-
erally preferred because of its low cost and
the high strength of the produced joints
(Ref. 18). In this study, Cu-12Mn-2Ni was
chosen as the brazing filler metal because
it provides good chemical compatibility in

fusion reaction applications, and  has good
wettability to many materials. Further-
more, it is suggested that the higher per-
centage of Mn was responsible for the ad-
ditional improvement of its wettability,
and it is not expensive compared to most
of the other filler alloys. 

The brazing of titanium to steel can be
carried out using a vacuum furnace or in-
duction heating within a vacuum system.
The advantage of induction heating is that
the entire assembly does not need to be
heated, and the throughput time is quicker.
However, it is only suitable for a few par-
ticular configurations of components, such
as ducts and fittings. In the majority of the
cases in which complicated components
are to be joined, a vacuum furnace has al-
ways been the choice (Ref. 19).

The objective of this investigation was
to focus on the brazing of commercially
pure titanium plate to a low-carbon steel
plate by using a vacuum furnace at various
brazing temperatures to investigate the ef-
fects of the brazing temperature on the
joint strength and microstructure.

Experimental Method

The commercially pure titanium and
the low-carbon steel (0.12 C, wt-%) plate
were in the form of 2-mm (0.079-in.)
plates. The plates were cut into 125- × 28-
mm (4.921- × 1.102-in.) chips for shear
strength testing and 10- × 10-mm (0.394-
× 0.394-in.) chips for microstructure
analysis. These specimens were then sub-
jected to several stages of grinding papers
up to 1000 grit, and subsequently, ultra-
sonically cleaned in acetone before braz-
ing. The filler metal was a 100 μm (0.004
in.) Cu-12Mn-2Ni (wt-%) foil, and its
melting range was 970° to 990°C (1778° to
1814°F). The brazing foil was cleaned in
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acetone before brazing and then sand-
wiched between the overlapped areas of
the base metal.

After adjusting the overlap width to 6
mm (0.236 in.) (three times the thickness of
base metal), the joints were fixed with a
stainless steel clamp, and then carefully
placed into the vacuum furnace. Brazing ex-
periments were carried out between 930°

and 1000°C (1706° and 1832°F) to study the
effect of the brazing temperature on the
metallurgical and mechanical properties of
the joint. Brazing experiments were carried
out for 15 min at a pressure of 2 × 10–5 Pa
(2.9 × 10–9 lb/in.2). The heating and cooling
rates were adjusted at 15°C/min (59°F/min).

The cross sections of the bonded tita-
nium/steel joints were prepared for metal-

lographic analysis by standard polishing
techniques and then etched by 5% HF, 20%
HNO3, and 75% glycerol solution for 60 s
for titanium side, and by 3% Nital solution
for the steel side. The microstructures were
investigated by optical and scanning elec-
tron microscopes. Moreover, X-ray diffrac-
tion (XRD) analyses were carried out with
the help of diffractometer to identify the

Fig. 1 — Microstructure of the joint brazed at 930°C (1706°F). A — General view of the microstructure; B — enlarged view of the brazed area.

Fig. 2 — Microstructure of the joint brazed at 1000°C (1832°F). A — General view of the brazed joint; B — enlarged view of the fillet of the joint; C — enlarged
view on the middle area of the joint.

A

B C

A B
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phases formed on joint fracture surfaces
after having performed the shear test. Cu
Kαand Ni were chosen as X-ray source and
filter for the analysis. 

The hardness measurement was per-
formed with the help of a Vickers hard-
ness testing machine with 25-s impressing
time. Shear specimens were machined out
in accordance to AWS C3.1-63 (standard
test for brazed joints). The test was per-
formed at room temperature, and the dis-
placement speed was 0.5 mm/s (0.02 in./s).

Results and Discussion

Microstructure of Joints

The brazing filler metal could not be
melted completely at a brazing tempera-
ture of 930°C (1706°F), especially at the
middle of the brazed joint, compared to
the areas in contact with titanium and

steel substrates, which showed melting
and interaction of the brazed alloy with
the two base metals, as it is shown in Fig.
1. This is attributed to the mutual diffu-
sion and dissolving of elements from base
metals into the brazing filler metal and
vice versa, which lowers the melting tem-
perature of this area compared to the bulk
of brazing filler metal. 

Figure 2 shows a typical microstructure
appearance of the specimen brazed at a
temperature of 1000°C (1832°F) for 15 min.
It is clear that a sound joint was obtained
since a homogeneous microstructure with-
out voids or cracks was observed along the
joint, as it is shown in Fig. 2A. According to
the Cu-Ti binary phase diagram, copper
plays the role of a melting point depressant
for the titanium alloy since it diffuses read-
ily in titanium, lowers its melting point, and
dissolution of titanium substrate took place
as is clearly shown in the fillets, which

formed at both sides of the joint — Fig. 2B.
Several interaction layers occur between
the copper-based brazing alloy and the two
substrates, as shown in Fig. 2C. The
steel/copper bonding interface is planar in
nature, and a thin diffusion black layer was
revealed at the interface area. Columnar
structure resulted from generation of a fer-
rite phase in the vicinity of the interface by
the diffusion of the ferrite-stabilizing Ti el-

Table 1 — Chemical Analysis at Areas Shown
in Fig. 3

Region Average chemical analyses, at.-%
Ti Fe Cu Mn

A 87.80 4.32 6.25 1.63
B 99.97 0.03 — —
C 73.36 7.85 16.34 2.45
D 48.96 16.65 31.72 2.68
E 71.91 9.26 15.49 3.34

Fig. 3 — SEM image of the brazed joints at temperatures of 1000°C
(1832°F).

Fig. 4 — Microstructure at steel/copper interfacial area at a brazing tem-
perature of 1000°C (1832°F).

Fig. 5 — Microstructure of the joint brazed at 970°C (1778°F). A — General view of the microstructure; B — enlarged view on the steel/copper interfacial area.
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ement into the steel, which is located in the
austenite state at the holding temperatures.
In general, the formation of ferrite in an
austenite matrix is important in the case of
steels, which exhibited columnar grains
(Ref. 20). On the other hand, the grains of
titanium showed excessive grain growth
after recrystallization as shown in Fig. 2A.

Figure 3 shows a SEM image of the
transition joints at a brazing temperature
of 1000°C (1832°F). Moreover, results of
chemical analyses for the different areas
are listed in Table 1. It is worth noting that
the migration of Cu, Fe, and Mn (strong β-
stabilizing elements) in the titanium sub-
strate lowers the eutectoid transformation

temperature of Ti andα−β phase aggre-
gate forms by the decomposition of β-Ti
during cooling (Refs. 21, 22). The β-Ti
phase is shown by region A in Fig. 3. The
β-Ti forms as bright needles while the α−
Ti forms as dark platelike structure be-
tween the needles of β-Ti (region B). The
β-Ti showed high content of Cu and Fe in
comparison to α-Ti, since the solubility of
Cu and Fe in β-Ti is much higher than α-
Ti, as it is indicated in the Ti-Cu and Ti-Fe
phase diagrams (Ref. 23). The composi-
tion of region C in Fig. 3 shows that this is
the β-Ti phase, which is enriched by more
content of Fe and Cu. Based on the chem-
ical analysis of area D, it is expected to

contain FeTi + Cu intermetallic phase
(FeTi). According to Van Beek et al., the
Fe-Ti-Cu ternary alloy phase diagram sug-
gests that nearly 38 at.-% Cu could be dis-
solved in FeTi (Ref. 24) while the irregu-
lar phase, which is represented by the area
E, is a phase mixture of α−βTi. 

Because of the high percentage of tita-
nium, which reached the steel interfacial
area with the copper brazed alloy, tita-
nium reacted with the steel substrate and
formed a continuous reaction layer as it is
shown in Fig. 4. It was determined by com-
positional analysis that this layer was a re-
action layer consisting of Fe2Ti. On the
other hand, close to the Fe2Ti phase at the
steel side, a ferrite structure containing
TiC particles was detected. The formation
of this region provides evidence for the
diffusion of Ti into the steel.

The microstructure features of a tita-
nium/steel brazed joint at 970°C (1778°F)
are shown in Fig. 5A. Similar to the
brazed joint at a temperature of 1000°C
(1832°F), the microstructure showed a
mixture of α−β Ti in the brazed zone,
Fe2Ti, and TiC at the interfacial area.
Meanwhile, the FeTi phase formed as a
thin layer, probably owing to the lower
diffusion rate of Fe into the brazing alloy
at a brazing temperature of 970°C
(1778°F). Figure 5B provides an enlarged
view on the steel/cooper interfacial area.

Mechanical Properties of Joints

The hardness distribution along the
joints brazed at temperatures of 1000°C
(1832°F) and 970°C (1778°F) is shown in
Fig. 6A and B, respectively. Because of the
formation of the FeTi phase at the
steel/copper interfacial area, this layer
presented the highest value of hardness in
all joints and consequently, it is brittle and
constitutes the most detrimental phase in
the microstructure. The mixed structure
of α−βTi at both brazing temperatures
also showed a high hardness level owing to
the high solubility of Fe, Cu, and Mn in β-
Ti phase. Moreover, owing to the forma-
tion of Fe2Ti and TiC at the steel interfa-
cial area to the brazed alloy, hardness
values of this area were higher than the
steel base metal. 

Figure 7 represents the average shear
strengths of the joints at different brazing
temperatures. The average shear strength
of the joint showed the highest value (61
MPa or 8.8 Ksi) at a brazing temperature of
1000°C (1832°F) compared to joints brazed
at 970°C (1778°F) and 930°C (1706°F). It
was expected that the joint brazed at a tem-
perature of 970°C (1778°F)  achieves higher
shear strength than the joint brazed at
1000°C (1832°F) due to the low thickness of
FeTi phase which, as mentioned before,
represents the most detrimental phase in

Fig. 6 — Hardness distribution along the brazed joints. A — Joint brazed at 1000°C (1832°F); 
B — joint brazed at 970°C (1778°F). 

Fig. 7 — The average shear strengths of the joints at different brazing temperatures.
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the joint. However, the lower shear
strength of the joint brazed at a tempera-
ture of 970°C (1778°F) could be attributed
to the incomplete fusion at some points of
the interfacial area, since the brazing tem-
perature was not high enough to com-
pletely fuse the brazed alloy. 

The fracture path after having per-
formed the shear test is shown in Fig. 8A
and B at brazing temperatures of 1000°C
(1832°F) and 970°C (1778°F), respectively.
As expected from the values of hardness
measurements, in all joints the fracture
path took place at the interfacial region be-
tween steel and the brazing alloy in be-
tween FeTi and Fe2Ti phases. The fracture
morphologies corresponding to previous
fracture paths are presented in Fig. 8C and
D. Massive cleavage fracture was highly
prominent at both brazing temperatures. 

X-ray diffracton was utilized in order
to detect the phase constituent in the frac-
ture surfaces after having performed the

shear test. X-ray diffraction patterns from
fractured surfaces of the titanium side at
brazing temperatures of 1000°C (1832°F)
and 970°C (1778°F) were analyzed as
shown in Fig. 9A and B. The test results in-
dicate that the interface phase consisted
of Ti, Cu, Fe, Mn, FeTi, Fe2Ti, and MnxTi,
where x is 1, 2, or 5. Therefore, XRD not
only confirmed the presence of Fe2Ti and
FeTi intermetallics, but also suggested the
presence of MnxTi at the fracture surface.
The occurrence of MnxTi phases has not
been observed in SEM micrograph, per-
haps due to its low volume fraction. 

Conclusions

The furnace vacuum brazing was car-
ried out between commercially pure tita-
nium and low-carbon steel using 100 μm
(0.004 in.) copper-based brazing alloy.
The brazing was carried out in the tem-
perature range between 930° to 1000°C

(1706° to 1832°F) for 15 min. The charac-
terization of the transition joints reveals
the following:

1) Sound titanium/steel brazed joints
were obtained with the copper-based
brazing alloy at temperatures of 970°C°
(1778°F) and 1000°C (1832°F), while the
temperature of 930°C (1706°F) was not
high enough to completely melt the filler
alloy.

2) Interaction layers containing α−βTi,
Fe2Ti, FeTi, and TiC were formed at the
interfacial area at brazing temperatures of
1000°C (1832°F) and 970°C (1778°F). 

3) The average shear strength of the
joint showed the highest values at the tem-
perature of 1000°C (1832°F) compared to
joints brazed at 970°C (1778°F) and 930°C
(1706°F). In spite of the formation of thick
FeTi intermetallic compound at a brazing
temperature of 1000°C (1832°F), the bond
strength improved due to the complete co-
alescence of the mating surfaces.

Fig. 8 — Cross-section fracture path and fracture morphology. A — Fracture path for a joint brazed at 1000°C (1832°F); B — fracture path for a joint brazed
at 970°C (1778°F); C — fracture morphology for a joint brazed at 1000°C; D — fracture morphology for a joint brazed at 970°C. 
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4) At all brazing temperatures, the
fracture took place at the interfacial re-
gion between steel and the brazed alloy as
a result of formation of intermetallic com-
pounds of FeTi and Fe2Ti.

5) XRD analyses not only confirmed
the presence of Fe2Ti and FeTi inter-
metallics, but also suggested the presence
of manganese-rich titanium intermetallic
at the fracture surface.
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ABSTRACT. This paper concerns the
welding characteristics of a new, high-
chromium nickel alloy designed specifi-
cally for use in concentrated wet process
phosphoric acid, a key chemical in the
agrichemical industry. The alloy was also
designed to resist chlorides and other oxi-
dizing acids. The study involved use of the
Varestraint weldability test, to assess the
susceptibility of the alloy to solidification
cracking, and evaluation of the mechani-
cal properties of gas tungsten arc and gas
metal arc weldments. In addition, the cor-
rosion properties of weldments were de-
termined by immersing all-weld-metal
samples of the alloy in a number of acid
media. For perspective, this paper also 
includes Varestraint test data for several
well-established, corrosion-resistant
nickel-based alloys, and defines the 
corrosive conditions under which the new
alloy excels.

Introduction

About ten million tons of phosphoric
acid is produced annually in the United
States, 80% of which is used in the produc-
tion of agricultural fertilizers. Most of this
acid is made by the “wet process” involving
a reaction between sulfuric acid and phos-
phate rock, which generates impure phos-
phoric acid and calcium sulfate. Impurities
include fluoride ions, chloride ions, silica,
aluminum, iron, calcium, and sodium. The
concentration of the phosphoric acid so
produced is determined by the amount of
rinse water needed to separate it from the
calcium sulfate, and is normally in the
range of 30 to 32 wt-% P2O5.

To increase the concentration of this
product, for ease of transportation and

use, it is taken through a series of evapo-
ration steps. The evaporators are of the
heat-exchanger type and operate at tem-
peratures in excess of 90°C. Some evapo-
ration steps are beyond the capability of
metallic materials; others involve use of
high-chromium stainless steels and high-
chromium nickel-based alloys. The alloy
described in this paper, Hastelloy® G-
35® alloy (UNS N06035), was designed to
extend the use of metallic materials in
phosphoric acid evaporators. It has the
following nominal composition (in wt-%): 

Fortuitously, this composition has
many other potential uses, mainly in the
chemical process industries, but also in
metal pickling. Tests so far indicate high
resistance to oxidizing acids, chloride
salts, and alkalis. With pressure vessel ap-
plications in mind, the material has been
approved for use by ASME and is covered
by several ASTM standards.

To assess the solidification cracking
(fusion zone hot cracking) propensity of
this new alloy, the Varestraint test devel-
oped by Savage and Lundin (Ref. 1) was
used. Solidification cracking occurs when

partitioning of elements during solidifica-
tion causes low-melting-point films to
form along solidification grain boundaries
(Ref. 2). As the weld metal cools and
shrinks, a level of strain may develop that
exceeds the ductility of the partially solid-
ified material, resulting in separation of
the grain boundaries along the liquid
films. This type of cracking normally ap-
pears along the centerline of highly re-
strained welds. The Varestraint test pro-
vides a means of applying augmented
strains to small laboratory samples to sim-
ulate highly restrained production weld-
ments. There are two types of Varestraint
test — the “full scale” and the “subscale.”
The former is for samples thicker than 6.4
mm (0.25 in.); the latter is for samples 1.5
to 3.2 mm (0.06 to 0.125 in.) thick. Since
most previous work on nickel-based alloys
has involved the “subscale” test, this was
also selected for the present work, so that
comparisons could be made easily.

Evaluation of the mechanical proper-
ties of G-35 welds involved two types of
samples, namely transverse samples from
welded plates and cylindrical, all-weld-
metal samples taken from AWS B4 Cruci-
form assemblies. Similar all-weld-metal
samples were used to provide discs for cor-
rosion testing in a range of environments.

Experimental Procedure

The actual composition of the G-35
material used in these tests is given in
Table 1, along with the actual composi-
tions of the comparative alloys used in
previous tests. In the subscale Varestraint
test, an autogeneous gas tungsten arc weld
bead is deposited down the length of a
sheet sample. At a predetermined loca-
tion during welding, the sheet sample is
bent over a die block of known radius, by
means of a cable attached to the free end
of the sample. This introduces a con-
trolled amount of strain in the vicinity of

Chemical Composition

Ni    Cr  Mo  Fe *  Si **  Mn *  Al *  C *

Bal.  33  8     2       00.6    0.5     0.4    0.05
* Maximum
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the trailing edge of the weld pool. There
are two ways to quantify the resistance of
a given alloy to solidification cracking.
The first is to measure the lengths of all
visible cracks induced by the test, and to
calculate the total crack length (the sum of
the lengths) and/or maximum crack dis-
tance (the length of the longest crack), as
a function of augmented strain. The sec-
ond is to determine the minimum amount
of augmented strain needed to induce
cracking. In this work, it was decided to
determine both the total crack length
(TCL) and the maximum crack distance

(MCD), at three levels of augmented
strain. Details of the sample geometry and
welding conditions used in the “subscale”
Varestraint test are given in Table 2.

To evaluate the mechanical properties
of G-35 weldments, plates of 12.7 mm (0.5
in.) thickness were joined with a matching
(ERNiCrMo-22) welding wire using gas
metal arc welding (GMAW) and gas tung-
sten arc welding (GTAW), and transverse
tensile and Charpy impact samples were
removed for testing. SingleV-grooves,
with 70-deg included angles and 3.2-mm
(0.125-in.) root opening, were used for the

plate welds. Joint angles were created by
use of the plasma arc cutting process, then
finished with a manual grinder equipped
with an aluminum oxide grinding wheel.
Prior to welding, the samples were cleaned
using acetone. The welding parameters
used to make the welds are given in Table
3. All welding was performed manually in
the flat position, with a maximum inter-
pass temperature of 93°C (200°F). For the
all-weld-metal tests, cylindrical samples of
12.7 mm (0.5 in.) diameter were electrical
discharge machined from AWS B4 Cruci-
form assemblies filled manually using the
GMAW process and the welding parame-
ters defined in Table 3, again with a maxi-
mum interpass temperature of 93°C
(200°F). Similar cylinders of 15.9 mm
(0.625 in.) diameter were used for the cor-
rosion tests.

To assess the corrosion behavior of G-
35 welds, discs of 3.2-mm (0.125-in.) thick-
ness were taken from these cylinders and
tested in four inorganic acids (hydrochlo-
ric, hydrofluoric, nitric, and sulfuric), wet
process phosphoric acid (from a plant in
Florida), and two ASTM standard acid
mixtures. Except in hydrofluoric acid, the
discs were tested in glass flask/condenser
systems for 96 hours, with interruptions
every 24 hours, during which the samples
were weighed. The hydrofluoric acid tests
were performed in Teflon®−coated
flask/condenser systems for 240 hours (un-
interrupted), shorter times having proved
inappropriate for nickel alloys.

Results and Discussion

The Varestraint test results, generated
for G-35 alloy in this work and for com-

Fig. 1 — Total crack length vs. augmented strain. Fig. 2 — Maximum crack distance vs. augmented strain.

Table 1 — Actual Compositions of G-35 and Comparative Alloys

Alloy G-35 G-30 C-276 C-2000* 625
2316-4-8000

Heat No(s). 2334-2-2450 8103-8-8517 2760-8-3657 2316-9-8024 2650-6-6993
2316-6-8005

UNS No. N06035 N06030 N10276 N06200 N06625

Al 0.31 0.26 0.23 0.27 0.19
B <0.002 <0.002 0.002 < 0.002 0.004
C 0.004 0.01 0.0031 0.003 0.02

Nb <0.05 0.74 0.05 0.03 3.65
Co 0.06 2.75 1.53 0.05 0.17
Cr 33.09 28.62 15.55 22.83 21.55
Cu 0.03 1.82 0.07 1.61 0.04
Fe 1.07 14.27 5.99 0.70 4.40
Mg 0.008 0.028 0.019 0.042 0.03
Mn 0.24 1.09 0.5 0.21 0.27
Mo 7.71 5.25 15.41 15.95 9.07
N 0.06 0.06 0.024 0.03 0.03
Ni 57.38 42.6 55.34 57.78 59.27
P <0.005 0.01 0.007 0.003 0.006
S 0.001 0.002 0.0014 0.004 0.002
Si 0.18 0.19 0.04 0.02 0.17
V <0.01 0.05 0.15 0.05 —
W 0.01 2.81 3.98 0.07 0.11

*Average composition of three heats of material
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parative alloys in previous work (Ref. 2)
are given in Table 4. These data are pre-
sented graphically in Figs. 1 and 2. The re-
sults indicate that, of the nickel alloys
tested, G-35 alloy is among the most resis-
tant to solidification cracking. The solidi-
fication characteristics of Alloy 625, which
exhibited the highest average TCL and
MCD values, are described in Refs. 3–5.

These references suggest that the low-
melting-point films in 625 alloy are closely
associated with niobium, an essential in-
gredient of the alloy. Depending on the
carbon and silicon levels, gamma/MC,
gamma/Laves, and/or gamma/M6C eutec-
tic-like constituents are formed in 625
alloy during solidification. That niobium
may be responsible for the higher suscep-

tibility of 625 alloy to solidification crack-
ing is supported by the results for G-30®
alloy (the second most susceptible mater-
ial), which also has deliberate, albeit
smaller, addition of niobium. For perspec-
tive, 625 alloy is generally regarded as hav-
ing good weldability (Ref. 6), so perfor-
mance of C-276, C-2000®, and G-35
alloys can be considered excellent.
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Fig. 3 — Low magnification photomicrographs of the weld fusion zones as follows: A — G-35 alloy; B — G-30 alloy; C — C-2000 alloy; and D — 625 alloy.

Table 2 — Welding Parameters Used for 
Subscale Varestraint Tests

Sample Dimensions 25.4 × 152.4 × 3.2 mm
(1.0 × 6.0 × 0.125 in.)

Current 70 A
Travel Speed 1.9 mm/s

(4.5 in./min)
Arc Length 0.94 mm

(0.037 in.)
Shielding Gas Flow 0.28 L/s

(100% Argon) (35 ft3/h)
Electrode Type Tungsten, 2% Thoriated

Electrode Diameter 2.4 mm
(0.094 in.)

Electrode Angle 60 deg

Table 3 — Welding Parameters Used for Mechanical Test Specimens

ERNiCrMo-22
Sample Welding Welding Wire Current Voltage

Type Process Diameter Shielding Gas A V
mm in.

Transverse GTAW 3.2 0.125 100% Argon 155–220 14–16
Tensile

Transverse GMAW 1.1 0.045 75% Ar + 25% He 175 28
Tensile (Synergic)

All-Weld-Metal GMAW 1.1 0.045 75% Ar + 25% He 175 28
Tensile (Synergic)

A

200 μm

200 μm

200 μm

200 μm

B

C D
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Low- and high-magnification photomi-
crographs of fusion zone cracks in several
of the test alloys are shown in Figs. 3 and
4. The high-magnification photomicro-
graphs in particular indicate the low-melt-
ing-point eutectic-like constituents along
which the cracks propagate. The mechan-
ical properties of G-35 weldments are
given in Tables 5 and 6. These indicate
moderate strengths and high ductilities,
typical of corrosion-resistant nickel alloys.
The Charpy V-notch results at –196°C in-
dicate that the alloy can be used, in welded
form, in cryogenic applications, without
fear of embrittlement.

With regard to the corrosion resistance
of G-35 weldments, the results of corro-
sion tests are given in Table 7. These indi-
cate excellent resistance to 2.5% hy-
drochloric acid, 10% sulfuric acid, 65%
nitric acid, and 5% hydrofluoric acid, at
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Fig. 4 — High-magnification photomicrographs of the weld fusion zones as follows: A — G-35 alloy; B — G-30 alloy; C — C-2000 alloy; and D — 625 alloy.

Table 4 — Average Total Crack Lengths and Maximum Crack Distances

Alloy Strain Number of TCL MCD
Tests mm in. mm in.

G-35 1.1 4 0.0 0.000 0.0 0.000
G-35 1.6 4 0.2 0.007 0.2 0.007
G-35 2.5 3 0.9 0.035 0.4 0.014
G-30 1.1 4 0.9 0.037 0.4 0.016
G-30 1.6 4 3.7 0.145 0.8 0.030
G-30 2.5 4 4.6 0.182 1.0 0.038
C-2000 1.0 6 0.0 0.000 0.0 0.000
C-2000 1.5 9 0.4 0.017 0.2 0.010
C-2000 2.5 16 1.0 0.040 0.3 0.012
C-276 1.0 3 0.0 0.000 0.0 0.000
C-276 1.5 3 1.0 0.040 0.4 0.015
C-276 2.5 6 2.1 0.084 0.4 0.018
625 1.0 3 1.7 0.067 0.6 0.024
625 1.5 3 4.8 0.188 1.1 0.043
625 2.5 6 6.8 0.269 1.2 0.049

A B

C D

20 μm

20 μm 20 μm

20 μm
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the test temperatures, and excellent resis-
tance to a boiling mixture of 50% sulfuric
acid and 42 g/L ferric sulfate (ASTM G
28A test). They also indicate that welds of
G-35 alloy are equivalent to G-35 base
metal in terms of their resistance to wet
process phosphoric acid (at least when the
concentration of the P2O5 constituent is
52 wt-%). The high test temperature in
phosphoric acid was at the request of a po-
tential customer. Normally, the tempera-
ture limit for metallic materials in 52%
P2O5 is just above 120°C, at which corro-
sion rates of about 0.1 mm/year would be
expected for G-35 weld and base metal.

Table 7 does indicate significant per-
formance differences between the weld
and base metals of G-35 alloy in 10% hy-
drochloric acid and in a mixture of 6% fer-
ric chloride and 1% hydrochloric acid.
The latter solution is recommended by
ASTM Standard G 48 in assessing the re-
sistance of stainless steels and nickel alloys
to pitting and crevice corrosion. The term
critical pitting temperature (CPT) in Table
7 refers to the lowest temperature at which
pitting is observed in this solution, in tests
of 72 hours duration. In this work, it was
determined by testing samples of G-35
weld and base metal at different tempera-
tures in mixtures of 6% ferric chloride and
1% hydrochloric acid. To identify the CPT
(40°C) for G-35 weld metal, testing in du-
plicate at 40°, 45°, 50°, and 60°C was re-
quired. To establish the G-35 base metal
CPT (95°C), duplicate testing at 80°, 90°,
95°, and 100°C was needed. As to a reason
why G-35 weld metal should be signifi-
cantly less resistant than the base metal to
pitting in this mixture, and to uniform at-
tack in 10% hydrochloric acid, this is likely
due to segregation in the weld microstruc-
ture and the criticality of these two tests.

Conclusions

1. G-35 alloy possesses excellent resis-
tance to solidification cracking, being
equivalent to C-276 and C-2000 alloys in
this regard.

2. The marked susceptibilities of 625
and G-30 alloys to solidification cracking
are probably related to their deliberate
niobium additions.

3. G-35 weldments are characterized
by moderate strengths and high ductilities,
even at cryogenic temperatures.

4. In most environments, and in partic-
ular wet process phosphoric acid, the cor-
rosion resistance of G-35 weldments is
equivalent to that of the base metal.

Acknowledgments

The authors would like to acknowledge
the contributions of Mark Britton and
Mark Rowe to this study. Britton per-

formed the Varestraint tests and Rowe 
analyzed the results.

References

1. Savage, W. F., and Lundin, C. D. 1965.
The Varestraint test. Welding Journal 44(10):
433-s to 442-s.

2. Rowe, M. D., Crook, P., and Hoback, G.
L. 2003. Weldability of a corrosion-resistant Ni-
Cr-Mo-Cu alloy. Welding Journal 82(11): 313-s
to 320-s.

3. Cieslak, M. J., Headley, T. J., Kollie, T.,
and Romig, A. D. 1988. A melting and solidifi-
cation study of Alloy 625. Metallurgical Trans-
actions 19A: 2319 to 2331.

4. Dupont, J. N., Robino, C. V., Michael, J.
R., Notis, M. R., and Marder, A. R. 1998. So-
lidification of Nb-bearing superalloys: Part I.
Reaction sequences. Metallurgical and Materials
Transactions 29A: 2785 to 2796.

5. Dupont, J. N., Robino, C. V., Marder, A.
R., and Notis, M. R. 1998. Solidification of Nb-
bearing superalloys: Part II. Pseudoternary so-
lidification surfaces. Metallurgical and Materials
Transactions 29A: 2797 to 2806.

6. Lingenfelter, A. C. 1972. Varestraint test-
ing of nickel alloys. Welding Journal 51(9): 430-
s to 436-s.

Hastelloy, G-30, G-35, and C-2000 are regis-
tered trademarks of Haynes International, Inc.

Table 5 — Tensile Data for Weldments

Welding Test 0.2% Offset Ultimate Elongation
Process Temperature Yield Tensile %

°C °F Strength Strength
MPa ksi MPa ksi

RT 438 63.5 696 101.0 44.0
GTA

(Transverse Sample 260 500 310 44.9 545 79.0 40.0
from Welded Plate of 538 1000 249 36.1 448 65.0 37.0
12.7-mm Thickness )

RT 459 66.5 724 105.0 31.5

Synergic GMA
(Transverse Sample 260 500 335 48.6 555 80.5 43.0
from Welded Plate of 538 1000 246 35.7 501 72.7 51.0
12.7-mm Thickness)

RT 486 70.5 696 101.0 43.0
Synergic GMA

(All Weld Metal Sample 260 500 336 48.8 538 78.0 46.0
of 12.7-mm Diameter) 538 1000 302 43.8 441 64.0 42.0

Table 6 — Charpy V-Notch Impact Data for Weldments

Welding Notch Test Impact Strength
Process Position Temperature J ft lbf

°C °F

Synergic GMA Midweld RT 273 201
(Transverse Sample –196 –320 207 153
from Welded Plate Heat-Affected RT >358 >264
of 12.7-mm Thickness) Zone –196 –320 >358 >264

Table 7 — Corrosion Rates and Critical Pitting Temperatures of G-35 Weld and Base Metal

Solution Temp. Corrosion Rate, mm/y
G-35 Weld Metal G-35 Base Metal

G 28A Boiling 0.10 0.09
2.5% HCl 79°C 0.01 <0.01
10% HCl 38°C 0.77 0.17
10% H2SO4 Boiling 0.15 0.11
65% HNO3 Boiling 0.08 0.07
5% HF 52°C 0.11 0.10
52% P2O5 162°C 1.59 1.65

Critical Pitting Temperature, °C
6% FeCl3 + 1% HCl 40 95
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ABSTRACT. Metal transfer modes in gas
metal arc welding (GMAW) using direct
current electrode positive (DCEP) in a va-
riety of binary Ar-CO2 shielding gas mix-
tures and electrodes with diameters as
small as 0.016 in. (0.41 mm) were investi-
gated. Droplet detachment frequency was
determined by analyzing the voltage signal
with Fast Fourier Transform, and the re-
sults were verified with high-speed laser
shadowgraph techniques. A newly de-
signed contact tip was used with the
thinnest electrode that improved process
stability at feed rates up to 1443 in./min. It
was found that the average droplet diam-
eter in the spray region did not decrease
proportionally with electrode diameters.
When using small-diameter electrodes
(<0.035 in.) with shielding gas mixtures
containing less than 30% CO2, the average
droplet diameters did not become smaller
than electrode diameters, regardless of
the current used. Repelled transfer was
dominant with shielding gas compositions
containing more than 30% CO2 regardless
of electrode diameter.

Introduction

Gas metal arc welding (GMAW) is cur-
rently the most widely used arc welding
process in industry. Benefits such as high
production rates, high weld quality, ease
of automation, and the ability to weld
many metals make it attractive to manu-
facturers. One of the unique characteris-
tics in this process is the way molten metal
is transferred across the arc. The transfer
of metal from the electrode to the work-
piece influences penetration, bead mor-
phology, fume generation, process stabil-
ity, and spatter. Metal transfer is

controlled by several parameters, includ-
ing current, voltage, polarity, electrode ex-
tension, shielding gas composition, and
electrode diameter.

The choice of shielding gas affects
welding quality through its influence on
metal transfer and also has a direct impact
on welding costs. CO2 is more plentiful,
widely available, and less expensive than
argon; however, weld bead quality and de-
position rates often decrease with the in-
crease of CO2 in a binary Ar-CO2 mixture.
Currently, argon costs two to three times
as much as CO2. If it were possible to cre-
ate welds of the same quality and deposi-
tion rates of high Ar mixtures with less ex-
pensive mixtures containing significant
amounts of CO2, the savings in the weld-
ing industry would be substantial.

This research studied the transition be-
tween globular and spray transfer in Ar-
CO2 atmospheres. What differentiates
this work from previous investigations is
that behavior of thin electrodes (as small
as 0.016 in. diameter) is explored. The mo-
tivation to study these thin electrodes is
the possibility that they might avoid glob-
ular and repelled transfer, as is discussed
later. Our experiments show that this is
not the case with DCEP welding, but that
an unexpected metal transfer mechanism
occured. To the best of the authors’ knowl-
edge, there is no published research on
metal transfer with electrodes smaller
than 0.030 in. (0.76 mm).

Previous Research on Metal Transfer

The American Welding Society (AWS)
and the International Institute of Welding
(IIW) have classified metal transfer into
different categories (Refs. 1, 2). For
GMAW applications, the two main cate-
gories are short circuiting and free flight.
Short circuiting transfer is characterized
by the electrode periodically contacting
the weld pool. The electrode never con-
tacts the weld pool during free-flight
transfer; molten droplets detach from the
electrode, travel through the arc, and are
deposited on the base metal. Free-flight
transfer is usually divided into subcate-
gories that include globular, spray, rotat-
ing, and repelled (nonaxial globular). Ob-
servations of metal transfer during
GMAW began to be published in the
1950s and continue to be of interest in re-
search because of its direct application to
industrial conditions.

A key aspect of free-flight metal trans-
fer in GMAW is the existence of a rela-
tively sharp “transition current.” Among
the first to report on this transition current
were Muller, Greene, and Rothschild
(Ref. 3). They used DCEP polarity and
showed that metal transfer is influenced
by the type of shielding gas, the electrode
composition, welding current, voltage,
and electrode extension. 

Below the transition current, metal is
transferred in the form of large droplets
(globular transfer). In this regime, the di-
ameter of the droplets is often larger than
the wire diameter, and the frequency of
droplets is relatively low. Above the tran-
sition current, metal is transferred as small
droplets at a relatively high frequency
(spray transfer).

For example, Lesnewich (Refs. 4, 5) re-
ported a transfer rate of 5 Hz for droplets
of 0.16 in. diameter in the globular regime
with 0.0625-in.- (1.59-mm-) diameter elec-
trode, argon+1%O2 shielding. In the
spray transfer regime, he reported a de-
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tachment frequency of 240 Hz for droplets
of 0.04 in. diameter. The maximum mea-
sured current for pure globular transfer
was 255 A, and the minimum measured
current for pure spray transfer was 265 A.
Lesnewich defined the transition current
as the average between these limiting val-
ues (260 A in this case). In this work, we
use the same definition.

The exact mechanism that causes the
transition in metal transfer mode is not yet
fully understood; however, two main the-
ories have provided good results in the
analysis of metal transfer: pinch instability

theory (PIT) and static force balance the-
ory (SFBT). Rhee and Kannatey-Asibu
(Ref. 6) analyzed both and found that
SFBT gives good predictions for the glob-
ular regime, and PIT is better for the spray
regime. During the transition from globu-
lar to spray, neither theory by itself is ac-
curate in predicting metal transfer. Re-
cently, computer models have enabled a
better understanding of the physics of
metal transfer. A GMAW simulation
model based on computational fluid dy-
namics generated predictions of droplet
diameters that agreed well with experi-

mental values in the transition region
(Ref. 7). A comprehensive model for
metal transfer in GMAW was developed
by Hu and Tsai (Ref. 8); with it, they were
able to predict droplet size, detachment,
and velocity for both constant and pulsed
current conditions.

Previous Research on Carbon Dioxide
in Shielding Gas

Cost savings were identified as early as
1956 when Rothschild (Ref. 9) reported
that CO2 shielded arc welding was a feasi-

Fig. 1 — Effect of shielding gas composition on transition region using
0.0625-in.- (1.59-mm-) diameter electrodes. Increasing amounts of CO2 in-
crease transition currents until the transition from globular to spray is re-
placed by the occurrence of repelled transfer (Ref. 11).

Fig. 2 — Schematic showing the effects of increased welding current in
argon. The current density at the anode spot (dotted lines) remains con-
stant. When current increases, the anode spot area increases.
1<C1<C2<C3. Transfer mode changes when the anode spot envelops
the droplet.

Fig. 4 — Schematic drawing showing the effects of decreasing electrode
diameter. The current density remains constant, but a change in transfer
mode occurs due to position of the arc attachment point.

Fig. 3 — Schematic showing the effects of CO2 on current density and metal
transfer. 1>K1>K2. The current density becomes higher with increasing
amounts of CO2, resulting in a smaller anode spot at the same current, and
changing the transfer mode from spray to repelled.
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ble alternative to argon during the joining
of mild steel. Using uncoated steel elec-
trodes and nonpulsed power supplies with
DCEP, Smith (Ref. 10) reported stable,
axial types of free-flight transfer when the
CO2 concentrations are less than 25%.
Above 25% CO2, the operating character-
istics of the process changed to repelled
transfer during free-flight mode; however,
using short circuiting transfer, quality
welds could be made with 100% CO2 at
decreased deposition rates.

The addition of CO2 in the shielding
gas increases the transition current and
decreases the maximum droplet detach-
ment frequency, as shown in Fig. 1. Re-
searchers (Ref. 11) conducted experi-
ments using varying compositions of
shielding gas with 0.0625-in. (1.59-mm)
steel electrodes. These changes are appar-
ent up to 25% CO2, then the process ex-
hibits repelled transfer as the dominant
mode of metal transfer at all currents.

Higher amounts of CO2 in the shielding
gas leads to constriction of the arc, which
results in repelled transfer. Haidar and
Lowke reported an increase in anode spot
current density from 7 × 103 to 3.3 × 104

A/cm2 as CO2 concentration increases
from 0 to 100% (Ref. 12). Mechev et al.
(Ref. 13) showed through calculations that
the CO2 arcs are more constricted; the dy-

namic processes that
occur in a CO2 arc are
concentrated within a
narrower region
when compared to
argon. The interac-
tions between the
plasma and the elec-
trode, including
chemical reactions,
spatter formation,
and droplet detach-
ment are significantly
changed with addi-
tions of CO2. Nem-
chinsky (Ref. 14) de-
veloped a model for
current conduction in
the near-anode
plasma layer and
compared current
distributions between
argon, helium, and
molecular gases. The

results agree with observations that arc
constriction and current distribution over
the anode surface is controlled by the
plasma gas. Pires et al. (Ref. 15) recently
proposed a similar model involving arc en-
velopment and anode spot contraction
that was supported with experiments using
seven different Ar-O2-CO2 gas mixtures.

Two approaches to improve free-flight
metal transfer with CO2 levels above 25%
have been proposed. The first approach
uses an electrode with dilute coatings, and
the second approach uses pulsing power
supplies. Dilute coatings of alkali and rare
earth metals on the electrode were inves-
tigated at Airco by Lesnewich (Ref. 16)
and Cushman (Ref. 17). They developed
an electrode that operated in 100% CO2
shielding gas that gave stable metal trans-
fer and generated much less spatter than
uncoated electrodes. The researchers con-
cluded that spray transfer is impossible
when the path of welding current at the tip
of the electrode is confined to a small
high-current-density area, and postulated
that by having negative polarity on the
electrode and adding thermionic emissive
agents to the surface of the electrode, they
could control the current density at the tip
of the electrode.

The second approach uses pulsing of
the welding current or voltage. Control-

ling the current is one of the main advan-
tages of pulsed power supplies because it
directly affects the EM forces and metal
transfer mode. Needham and Carter (Ref.
18) showed it is possible to have better
quality welds made at larger deposition
rates in CO2 when using pulsed current.
Nonetheless, this new technology was un-
able to surpass the deposition rates and
cleanliness of welds made with argon-
based shielding gases. Later, Matsuda et
al. (Ref. 19) used an adjustable rectangu-
lar-wave pulse machine to create welds in
CO2. Using a 0.045-in.- (1.14-mm-) diam-
eter electrode, mean current of 250 A, and
pulsing frequencies of 38 Hz, welds were
made in CO2. This reduced the spatter to
20% of the nonpulsed process.

Current state-of-the-art processes for
GMAW with CO2 do not use free-flight
transfer; instead, they use advanced short
circuiting metal transfer. Sophisticated
computer program control of welding pa-
rameters enables waveforms never before
used in GMAW. In this technology, the
droplet is formed with a large current
pulse, dipped into the weld pool, and de-
tached by surface tension. Power source
manufacturers offer several variations on
this technology, which modulates the
power input very quickly in order to re-
duce the amount of spatter. Miller Elec-
tric’s Regulated Metal Deposition
(RMD™) and Lincoln Electric’s Surface
Tension Transfer (STT®) are two varia-
tions of this technology available for use in
industry. Deposition rates are approaching
those of free-flight transfer, but limiting
factors such as stubbing and arc length
changes become prominent at high wire
feed speeds. Recent developments com-
bine the use of pulsing and high-speed re-
versible wire feeding to address these is-
sues, as described by Cuiuri et al. (Ref. 20).

Behavior of Anode Spot

The envelopment of the droplet by the
arc is essential to the metal transfer mode,
therefore it is useful to analyze it in detail.
Through experimental observation, Rhee
and Kannatey-Asibu (Refs. 6, 11) re-
ported that the globular/spray transition
occurs when the arc covers the droplet sur-
face and suggested that helium and CO2
shielding gases do not exhibit transition
because the arc does not climb over the
droplet. This evidence suggests that the
transition from globular to spray occurs
when the arc covers the entire droplet. Arc
envelopment of the droplet is expected to
change the distribution of forces upon the
droplet, thus directly influencing the
transfer mode.

The mechanism of envelopment of the
droplet in an argon rich atmosphere is il-
lustrated schematically in Fig. 2. In this

Fig. 5 — Experimental matrix used in this research. Solid circles represent
full data collection parameters and hollow circles represent exploratory ex-
periments. The transition line marks the area of mixed transfer, where both
nonaxial and axial detachments are observed.

Table 1 — Electrode Diameters and Compositions Used in This Research

Wire Diameter (in.) AWS Classification Composition (wt-%)
C Mn Si P S Cu

0.045 ER70S-6 0.07 1.40 0.80
0.035 ER70S-6 to to to 0.025 0.035 0.50
0.023 ER70S-6 0.15 1.85 1.15
0.016 ER70S-G 0.13 0.51 0.08 0.010 0.010 0.62
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case, the current density at the anode spot
is approximately constant, independent of
current or droplet size (Ref. 12). At low
currents, represented on the left side, the
anode spot covers only a small portion of
the droplet’s surface area, A. In the figure,
the anode spot area is represented by the
dotted interface. Globular transfer is the
dominant transfer mode, having droplet
diameters larger than the electrode. As
the current increases from I to C1I, the
anode spot area increases to C1A as well,
but does not completely envelop the
droplet. Transition occurs at higher cur-
rents, when the current increases to C2I,
and the relative anode spot area, C2A, be-
comes large enough to cover the entire
droplet. At this point, the arc attachment
is above the droplet and climbing up the
electrode, climbing even higher as current
increases to C3I. At these high currents,
more of the electrode is in the arc and
melting occurs radially, creating a taper.
The morphology of the taper and relative
size of the droplets will determine whether
the spray transfer is projected or stream-
ing spray. In projected spray transfer, the
electrode has a short taper with droplets
slightly smaller than the diameter of the
electrode. Streaming spray has an elec-
trode with a long taper and the droplets
are much smaller than the electrode.

Shielding gas composition can change
the metal transfer mode with all other
variables held constant. Experimental ob-

servations of arc constriction indicate that
current density depends mainly on shield-
ing gas composition. Figure 3 is a
schematic that illustrates how increasing
amounts of CO2 in the shielding gas alters
the metal transfer mode. From left to
right, the CO2 concentration is increasing
in the shielding gas. When concentrations
approach a critical level, a transition oc-
curs where metal transfer changes from
axial spray to repelled transfer. Greater
amounts of CO2 increase the current den-
sity at the electrode. For a constant cur-
rent, the anode spot becomes smaller with
increasing amounts of CO2. If the anode
spot becomes small enough that it is un-
able to cover the droplet, the transfer
mode changes from spray to globular. De-
pending on the current and current den-
sity values, the plasma pressure concen-
trated in a small area on the droplet can
result in a force large enough to levitate
the droplet, resulting in repelled transfer.
The increase in anode spot density with
CO2 is not well known, and it is not neces-
sarily linear. 

For typical electrode diameters, their
size also influences the metal transfer
mode. Figure 4 shows the effects that di-
ameter has on the transition from globu-
lar to spray transfer. At a given current
and shielding gas composition, the arc at-
tachment point is located under the
droplet for the largest electrode. As the di-
ameter of the electrode is decreased, the

arc attachment point climbs up the droplet
because current density remains the same.
When the electrode diameter becomes
small enough, the arc attachment point
moves above the droplet and results in a
transition from globular to spray.

Because the current density at the elec-
trode tip is a function of shielding gas, in-
creasing the amount of CO2 will increase
the current density, such that the anode
spot area will decrease for a given current
and lead to arc constriction on the droplet.
This work explores whether this effect
could be counteracted by decreasing elec-
trode diameter such that the arc attach-
ment is forced above the droplet, en-
veloping it, and causing a transition to
spray transfer.

Procedure

Experimental Matrix

Figure 5 shows the experimental ma-
trix followed in this research. The circles
shown on the graph represent particular
welding parameters used. The full circles
are the focus of this research, while the
hollow circles represent parameters where
repelled transfer occurred and prevented
further measurements. The dotted line
shows the transition region where the
transfer was mixed between nonaxial (re-
pelled) and axial types of detachments. On
the graph, the double cross-hatched shad-

Fig. 6 — A — Voltage signal of a weld made with 0.035-in.-diameter electrode in a 90Ar-10CO2 shielding gas mixture; B — Fast Fourier Transform (FFT) of
A. The voltage signal is fairly periodic, leading to a distinguishing frequency peak in the FFT. C — Voltage signal of a weld made with 0.035-in.-diameter elec-
trode in 60Ar-40CO2 that shows repelled metal transfer. Droplet detachment is random and nonaxial; D — FFT of C.
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ing on the right shows regions where pub-
lished data were found. On the left, the
single cross-hatched region shows unex-
plored parameters for electrode diame-
ters and shielding gas compositions. From
the conditions that are shown on the
graph, testing revealed that repelled trans-
fer begins to dominate when concentra-
tions of CO2 are at or above 30% for elec-
trode diameters 0.023 in. (0.58 mm) and
larger. For the 0.016-in.- (0.41-mm-) di-
ameter electrode, repelled transfer be-
comes dominant at 20% CO2.

For a given electrode diameter and
shielding gas composition, the transition
current was determined using Lesnewich’s
definition described previously. The tests
began at low wire feed speeds (WFS) that
corresponded to globular transfer mode
and relatively low currents. The WFS was
increased until a transition was observed
and spray transfer mode becomes domi-
nant. Voltages were adjusted in order to
keep the electrode extension constant.
Contact tip-to-workpiece distance
(CTWD) remained constant for each elec-
trode diameter tested. The three largest
electrodes were tested with 1.0-in. (25.4-
mm) CTWD and 0.5-in. (12.7-mm) arc
length. The 0.016-in.- (0.41-mm-) diame-
ter electrode was tested using 0.75-in.
(19.1-mm) CTWD and 0.38-in. (9.7-mm)
arc length for improved process stability.

Droplet Diameter Measurement

Comparing droplet size to wire diameter
is useful, since the traditional criterion of
globular transfer is stated in those terms.
For the parameters tested, high-speed laser
shadowgraphs indicated that the detaching
droplets have a shape close to spherical for
nonrepelled transfer.  Droplet diameters
can be calculated using a volume balance re-
sulting in the following expression:

where dd is the droplet diameter in inches,
WFS is the wire feed speed in
inches/minute, de is electrode diameter in
inches, and fd is the droplet detachment
frequency in Hertz. This calculation as-
sumes that losses due to evaporation are
small, and requires a measurement of the
droplet detachment frequency.

Frequency Measurement

In this work, two methods were used to
measure droplet detachment frequency:
Fast Fourier Transform (FFT) of the volt-
age signal, and high-speed laser shadow-
graph. FFT of the current signal was also
performed, but was of inferior quality than
the FFT from voltage.

Fast Fourier Transform (FFT) is simple
to implement and accurate for the stable
transfer cases, in which a peak in the FFT
spectrum is clearly discernible. In our
case, the FFT spectra were generated by
sampling the voltage signals at 5 kHz for 5
s. Figure 6 shows the voltage waveforms
and the FFT plots for both stable and re-
pelled metal transfer. During stable metal
transfer, the voltage waveform shows a
relatively stable frequency and amplitude.
The sharp peak in a narrow frequency
range in Fig. 6B indicates that detachment
frequency is relatively constant, and con-
strained within a narrow range. In this
case, the peak in frequency distribution
begins at approximately 300 Hz, has a
maximum value at 340 Hz, and ends at ap-
proximately 375 Hz. This spread in fre-
quencies corresponds to a spread in
droplet diameter between 0.037 and 0.039
in. (an error of approximately 5%).

When the transfer mode approaches
repelled transfer, droplet detachment be-
comes erratic and the FFT spectrum be-
comes broad, without a clearly identifiable
peak representative of the detachment
frequency. The distinctly different wave-
form and FFT are shown in Fig. 6D. The
broad spectra distributed over a large fre-
quency range represent the inconsistent
timing of detachment events. 

Droplet detachment frequency was
also measured using high-speed laser
shadowgraphs. In this case, images were
taken at 3000 frames per s., and detach-
ments were counted for three separate
0.1-s intervals of the run. Because of its
simplicity of use, most of the frequencies
reported in this work correspond to the
peak frequency of the FFT spectrum.
When the FFT spectrum did not show a
sharp peak, the frequency reported corre-
sponds to the droplet counting technique
using high-speed video. The agreement
between the two frequency measurement
techniques was tested for stable globu-
lar/spray transfer modes. In this case, both
measurements are within 10% of each
other for all electrode diameters, consis-
tent with previous observations by other
researchers (Refs. 21–23). 

Materials

Flat position bead-on-plate welds were
made on 0.375-in.- (9.5-mm-) thick ASTM
A36 bars using four different electrode di-
ameters ranging from 0.045 to 0.016 in.
(1.14–0.41 mm). Table 1 gives the chemi-
cal compositions of the different elec-
trodes. The three largest electrodes were
commercially available ER70S-6 welding
electrodes manufactured by Hobart.
Smaller electrode diameters are not com-
mercially available, so a special 0.016-in.-
diameter electrode was manufactured by
California Fine Wire Co. Industrial-grade
argon and CO2 were used as shielding
gases. Mixtures of 100Ar, 90Ar-10CO2,
80Ar-20CO2, and 70Ar-30CO2 were used
for the four different electrode sizes.

Fig. 7 — Schematic of the newly designed contact tip (A) and the fabricated part (B). The elec-
trical contact point is restricted to the point shown. An insulating alumina tube lines the hole in
the main body.

Fig. 8 — A detailed view of the modified wire feed-
ing unit. The distance from the end drive rolls to
the welding gun has been minimized to prevent
buckling and allow smooth feeding of small-
diameter electrodes.

d
WFS d

fd
e

d

=
⋅

⋅

⎛

⎝

⎜
⎜

⎞

⎠

⎟
⎟

2
1

3

40

A B

Soderstrom Supplement May 08:Layout 1  4/7/08  8:17 AM  Page 128



WELDING RESEARCH

-s129WELDING JOURNAL

No commercially produced contact
tubes were available for the 0.016-in.-
diameter electrode, so two different types
were fabricated. The first design followed
the conventional tube-type contact tip
configuration. Meltback events increased
as electrode diameters became smaller be-
cause of the sensitivity of the system.
Small changes in current have larger ef-
fects on electrode extension with smaller
electrodes. Also, the point of electrical
contact is unknown due to the variability
of contact points within the tube. Waszink
and Van Den Heuvel have estimated this
point to shift as much as 0.050 in. (1.25
mm) during the welding operation (Ref.
24). As the electrical contact points vary,
so does the effective electrode extension.
A new design was needed as electrode di-
ameters became smaller and process sta-
bility became more sensitive to small
changes in welding parameters. 

Figure 7 shows the new design for the
contact tip used with the 0.016-in.-diame-
ter electrode. The function of the device
relies on the stiffness of the electrode to
establish electrical contact with the tip.
The point at which the electrode intersects
the U-wire is the exact place of electrical
transfer and was used to measure the
CTWD. This ensures that the electrode
extension is kept constant, unlike tradi-
tional tube-style contact tips. This feature
reduces the amount of meltbacks when
compared to the conventional design and
enables a fast change when they do occur.
This new design is well suited for thin elec-
trodes (0.016 in.) because it avoids the
tight manufacturing tolerances of the
small hole of a conventional contact tip.
The improved performance of this new
contact tip suggests that process stability
can be improved by precisely controlling
the point of electrical contact between the
electrode and the contact tip. A patent is
pending for the design of the new contact
tip (Ref. 25).

Equipment

The power source used in this research
was a Miller Electric Maxtron 450 CC/CV
power supply operated in CV mode. No
pulsing or waveform programming was
implemented in the experiments. The wire
feed machine was a constant-speed Miller
Electric S-70 with high-speed motor op-
tion, capable of feed rates up to 1443
in./min. Several modifications were made
to the unit to improve the performance
during this research, shown in Fig. 8. The
distance between the contact tip and the
drive rolls was minimized from 72 to 8 in.
for better feeding of thin electrodes. An
adapter was fabricated that repositioned
the welding gun immediately adjacent to
the wire drive assembly.

An Omega gas proportioning rotame-
ter was used for varying the composition
of the shielding gas. A calibrated flow-
chart was supplied from the manufacturer
for the binary Ar-CO2 gas mixtures. Con-
stant flow rates of 40 ft3/h were used
throughout the entire study. The mixer
was received from the factory calibrated
with an accuracy of ±2% in composition.

In this work, laser shadowgraph tech-
niques and a high-speed digital camera
were used to image metal transfer. The
system used in this research was similar to
that of Allemand’s (Ref. 26). The laser
source was a helium-neon laser manufac-
tured by Melles-Groit with a maximum
output of 30 mW at a wavelength of 632.8
nm. The beam passed through a spatial fil-
ter, collimator, aiming mirror, and then
the arc. On the other side of the arc, the
beam traveled through a bandpass inter-
ference filter, allowing light in the range of
632.8 ± 0.5 nm to pass. The shadow of the
contact tip, electrode, droplets, and base
metal were projected onto a piece of
frosted glass and filmed with high-speed
video. A Kodak Ektapro EM digital high-
speed camera was used to record the weld-
ing process. Figure 9 shows a compilation
of screenshots taken from the same ex-
periment as Fig. 6C, D. The frames are 10
ms apart, during repelled transfer using a
0.035-in. electrode in a 60Ar-40CO2
shielding gas mixture.

The second method for determining
metal transfer mode used voltage and cur-
rent analysis. Both the current and voltage
transducers were manufactured by LEM,
with the signal conditioning units made in-
house. A National Instruments data acqui-
sition system interfaced to a computer,
where National Instruments Labview pro-
gram was used as the control software. The
sensors were calibrated with a Fluke multi-
meter having both voltage and current
measuring capabilities. For all experi-
ments, the voltage and current signals were
sampled at 5000 Hz for approximately 5 s,
and then analyzed using MATLAB.

Results and Discussion

Welding Current Effects

Figures 10–13 show the relationship
between average droplet diameter and
welding current for the four electrode di-
ameters tested with different shielding gas
mixtures. Several distinguishable trends
can be noted. Shielding gas composition
seems to have little influence on droplet
size for currents above the transition.
Shielding gas compositions containing
more than 30% CO2 exhibited substantial
amounts of repelled transfer and are not
included in these plots for the 0.045-,
0.035-, and 0.023-in.-diameter electrodes.
Shielding gas compositions only up to
20% CO2 are shown in Fig. 13 because re-
pelled transfer occurred above this gas
composition. It is unclear whether this ef-
fect is due to the extremely small electrode
diameter or to the small differences in
chemical composition of that electrode.

Droplet Diameter

Figure 14 shows the relationship be-
tween average droplet diameter and cur-
rent for the different diameter electrodes
tested in a 90Ar-10CO2 atmosphere. All
electrodes exhibit a transition from large
droplet diameters (low detachment fre-
quency) to small droplet diameters (high
detachment frequency). After the transi-
tion, a lower shelf for droplet diameters
exists for all electrodes. For the 0.045-in.
electrode, calculations indicate that the
average droplet diameter becomes
smaller than the electrode diameter. This
observation is consistent with several
other researchers, and has been the tradi-
tional definition of spray transfer.

The 0.035-, 0.023-, and 0.016-in.-diam-
eter electrodes still exhibit the same type
of transition from large to small droplet
diameters with increasing current. Past
the transition, the transfer mode would
appear and sound like spray transfer to the

Fig. 9 — High-speed shadowgraphs of repelled transfer during welding using a 0.035-in. electrode in a
60Ar-40CO2 shielding atmosphere. The contact tip shadow is clearly visible at the top of the screen, with
the electrode shown in the middle. The droplet first moves upward before detaching from the electrode.

Soderstrom Supplement May 08:Layout 1  4/7/08  8:17 AM  Page 129



WELDING RESEARCH

MAY 2008, VOL. 87-s130

senses of a skilled welder; however, it
would not fit to the traditional definition
of spray transfer. Analysis shows that the
average droplet diameters do not become
smaller than the electrode diameters. The
traditional spray definition that droplet
diameters are smaller than electrode di-
ameters is not applicable to small-diame-
ter electrodes. Figure 14 shows the results
for a 90Ar-10CO2 shielding gas mixture,
and the same trends are evident with the
100Ar and 80Ar-20CO2 mixtures.

The change in minimum droplet diam-
eter is smaller than the change in their as-
sociated electrode diameters. Figure 15
shows the average droplet size just after
the transition as a function of electrode di-
ameter for 90Ar-10CO2 gas mixtures. As
the electrode diameter changes from
0.045 to 0.035 in., the average droplet size

only changed from 0.042 to 0.038 in. These
small variations of spray transfer droplet
diameter with wire diameter may be con-
trolled by surface tension; however, initial
calculations indicate that additional fac-
tors not yet identified must be at play.

Shielding Gas Effects

Free flight mode begins to become re-
pelled with concentrations of CO2 be-
tween 20 and 30%. This is consistent with
several other researchers’ observations
and can now be extended to electrodes
with diameters as small as 0.016 in. The
addition of CO2 does not have a propor-
tional influence on metal transfer. In this
research, there is little effect until CO2
concentrations reach 30% and then re-
pelled transfer begins to appear, as shown

in Fig. 16. The transition current was de-
termined using Lesnewich’s definition de-
scribed above. The smallest (0.016-in.-
diameter) electrode is not included in this
graph because an upper limit in the spray
region was not found, since it occurs at
wire feed speeds beyond the capability of
the equipment.

A transition from large-diameter
droplets to small-diameter droplets occurs
for all-diameter electrodes in shielding gas
concentrations of up to 30% CO2 as the
current is increased. 

The effect of shielding gas on transi-
tion current is a relatively gradual increase
for the 0.045-in. wire, while it shows a lit-
tle effect, even a slight decrease, for the
0.023- and 0.035-in. wires. The behavior of
the transition current for the largest elec-
trode (0.045-in.) is consistent with that de-

Fig. 10 — The average calculated detached droplet diameter as a func-
tion of current for the 0.045-in. electrode with different shielding gas 
compositions.

Fig. 12 — The average calculated detached droplet diameter as a func-
tion of current for the 0.023-in. electrode with different shielding gas
compositions.

Fig. 13 — The average calculated detached droplet diameter as a function
of current for the 0.016-in. electrode with different shielding gas 
compositions.

Fig. 11 — The average calculated detached droplet diameter as a function
of current for the 0.035-in. electrode with different shielding gas
compositions.
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scribed in the schematic of Fig. 3, in which
a more constricted anode spot requires
larger currents to envelop the droplet and
create the transition. The effect of CO2 on
the thinner wires does not follow this pat-
tern, suggesting that the behavior of the
anode spot in thin electrodes involves fac-
tors that are not relevant for larger elec-
trodes. This effect is currently being 
investigated.

At shielding gas concentrations of
80Ar-20CO2, the dominant transfer is sta-
ble axial, whether within the globular or
spray regime. For shielding gas mixtures
containing 60Ar-40CO2, repelled transfer
becomes dominant at all currents. The
mixture at 70Ar-30CO2 shows a mixed
mode. At this level, repelled transfer be-
gins to become apparent not only through
high-speed video but also through in-
creased spatter on the base metal. The
0.016-in.-diameter electrode showed
more repelled transfer at 80Ar-20CO2
than the larger electrodes.

The appearance of repelled transfer is
consistent with an increase in current den-
sity on the electrode and a subsequent in-
crease in plasma pressure exerted on the

droplet. The direction of the plasma pres-
sure is upward and acts as an attaching
force on the droplet. The droplet must
then grow to a larger size in order to de-
tach. In all cases, increasing the amounts
of CO2 above a critical level leads to
plasma pressure becoming large enough
to suspend the droplet and cause erratic
detachment. Other researchers (Refs. 13,
14) have noted similar findings.

By using electrode diameters as thin as
0.016 in., the traditionally defined spray
transfer mode was not achieved in CO2
concentrations greater than 30%. It was
expected that smaller electrode diameters
would produce smaller droplet diameters
and cause the arc to climb above the
droplet forcing a transition from globular
to spray, but this was not the case. Droplet
diameters after the transition did not de-
crease proportionally with the decrease in
electrode diameter, as shown schemati-
cally in Fig. 17. This is a key result of this
research. Instead of droplet diameters be-
coming smaller with decreasing electrode
diameters, the droplets remained rela-
tively equal in size. The anode spot area is
not significantly changed by the electrode

diameter. The arc was unable to climb
over the droplet, therefore no transition
occurred. While operating, the process
sounded and appeared to be spray trans-
fer mode; however, detailed inspection of
the laser shadowgraphs did not show the
envelopment of the droplet by the arc,
characteristic of spray transfer. Pulsing
could potentially overcome this problem
by detaching the droplets before they
grow, and it is a current area of research.

Conclusions

This investigation extended the range
of droplet detachment analysis in GMAW
to electrodes as thin as 0.016 in. in binary
Ar-CO2 gas mixtures operated with
DCEP. Voltage signal analysis and high-
speed laser shadowgraphs were used to
determine transfer mode, droplet detach-
ment frequency, and average droplet 
diameters.

A newly designed contact tip was used
with the 0.016-in. electrode that improved
process stability. By precisely controlling
the electrical contact point between the
electrode and contact tip, the number of

Fig. 14 — Characteristics between droplet diameter and current for four different electrode diameters. The droplet diameters never become smaller than elec-
trode diameters in the three smallest electrodes.
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meltback events decreased when com-
pared to conventional tube-type designs.

Binary Ar-CO2 shielding gas composi-
tions were tested with CO2 amounts up to
50%. At 30% CO2, the process began to
exhibit repelled transfer for the 0.045-,
0.035-, and 0.023-in. electrodes and at
20% CO2 for the 0.016-in.-diameter elec-
trode. During repelled transfer, the aver-
age droplet size grows larger than the elec-
trode and observations from high-speed
shadowgraphs suggest that the constricted
arc might cause an upward force that lev-
itates the droplet.

When operating in the stable metal
transfer regime, a change in transfer mode
with increasing current from large-diame-
ter droplets at low detachment frequency
to small-diameter droplets at high detach-
ment frequency is seen in all electrode di-

ameters when CO2
concentrations in the
shielding gas are lower
than 30%. The aver-
age current used to
define the transition is
not much affected by
the amount of CO2 for
small electrode diam-
eters (0.023 and 0.035
in.) and increases
slightly for 0.045 in.
This supports previ-
ous findings as well as
extends the results to
the unexplored range
of 0.016-in.-diameter
electrodes.

The traditional clas-
sification of spray and
globular transfer re-
lies on comparing the
diameter of the
droplets to that of the

electrode. However, the findings of this
research indicate that this definition is not
useful for 0.035-in. steel electrodes and
smaller. All electrodes exhibited an in-
crease in droplet detachment frequency
with current as well as a transition from
large- to small-diameter droplets. How-
ever, the average droplet size is still larger
than the electrode diameter (up to about
twice as large), regardless of current.
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